
• Discrete Cosine Transform (Forward/Inverse) based compression 

·• Two methods for Quantization : H.263 and MPEG~ 

;_ 

Simple Profile uses H .. 263 quantization pply .. Core Profile allows both .. 

• AC/DC Prediction for intra and inter blocks 

:• Three modes of scanning (Zigzag, Horizontal.and V~r~ic;f1l) depending on the I . . . . . . . 
prediction direction 

• Run-Length coding to transmft the VLCs in the bitstream 
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P frame 

I fname 

"-

• Successive Video frames normally have only 

few reg.ions that move~ Even in presence of 

motion, the movement is within bounds .. 

• There f;Xistst~mporal redundancy between . 

two successive f[a11Jes in video scene$ · 
.··• .. ·,:.· , 

• Motion comp,ensation exp.L9i;~>.:sht§ 
• • • .< ·."·. ··_.-,";_., 

redundancy f or·h1g~er compression ratiOSs 

• Both P and B frame based motion 

compensation is used in MPEG-4 .. 
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Display Order 

l BBB PB BB P 

1 3 4 5 2 7 8 9 6 
Encoding Order 

• Encoding of B .. f rames requires the 

coding order to be different f ram 

display order e 

• B .. f ram es use the next and previous. t/ 

or P.{rames fo.rmotion prediction .. 
. .. ·,::.»c.:.'.·>:· 

• Encoder"requires to buffer.the raw· ·· 

video frames to support B .. frame 

codings 
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Motiojn Compensation Uses: 

• ~(;;p~titive padding algorithm .. 

• ,~xtended padding algorithm. 

• Three,st~p/Four step search for 

majority voting, algorithm .. 

• Motion VE;ctor predictior1 .. 

• lntra/lnter,e:r~,CQQing mode decision .. 

• Unrestricted motion vectors 

• 4MV technique for better compression .. 

l!patni 
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• Jn case of constrained 

bandwidths, the viewer may 

choose to lose context 

information rather than have 

.·. qegraded quality for region ·of 

interest. 

• Shape cpcling enables encoding of 

only region of interest by 

efficient means .. 

patni 
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• · Alpha plane information in raw form consumes 

lot of bandwidthQ 

• Context Based Arithmetic (CAE) algorithm is 

used for effi<:ient:~pding of shape information. 
,' 

• CAE uses prob~,bility't9,bles to predictthe alpha 
.. ... ···,,<.:::: 

yalue of next pelfrom previeus::p~lS;:lJJ,;~p:(ltgxt.: . .. -,._..-, .. , '. ' :.·· .. 

• Context and probabitity;tables used for Intra 

and Inter frames are different. 
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• Error resilience enables to reduce 
' 

,propf}gation of error across frames · 

,.,or macroblocks within a frame~ 
. ~,,: ·::.;,: ; ::.;.{·,.\" 

• ~F~~;bnique~.<Uk~ Data partitioning 

and,Re.v~rsible Variabt~t~\1l~:t,D<.· 

coding (RV4C) are employed for this 

purpose~ 
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Encoded 
Bitstream 

i 

I 
Frame skip command "'!llllE:· • 

UCL 

Buff~ Occupancy(%) 
t .. oi,.itio,l:caw:A 

Rate 
Control 

luantisatkm paramete~·"S oaE J 

Transmitted 
Bitstream 

• Different channels have different 

bandwidth limitationso 

• Rate control deals with maintaining the 

output bit.'":rate produced by the 

encogE;r in PF~~~pce of rate variations. 

• A control buff er is ·used\f:or,?(;Q.gtn~,l.~jiig 
. . . ' . .-~ . . . : . -: . '. ' ·. : '. / ,,.·, ·'· .. ~ .. · .. -, : ·:.· :.: · .. ,· \• ": . ·, 

the output rate,. 
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J\ , \ I I 

[\ 
r , 

f..__ _______________________ J 

• MPEG .. 4 does not specify how images 

should be segmented for shape codinga 

• Image Segmentation is still an active 1 

area ofresearch .. 

• Patni has d:eMelpped a motion based- : 

segmeptcltion schertie.:fQr QQJ·§Y q.S,,0~~:U 
.· : ,. ' . . ·· .. ·.··- . . ·: ., . .. ····.-'····:··,< ... :·. . ',;_,<,,··:, ... 

as noiseless video .. 

• The algorithm is suited for Video 

Conferencing applicationsa 

pat ni 
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.. 

V, The following features are supportedby MPEG-4 Video Encoder: 
. .-

• Full compliance to ISO/IEC 1449,6-2 standardo 

·5.... • Supports Simple Profile @ Level 3 6:~ore Profile @ Level 2. 

=::J' • Support for QCIF /CIF encoding. 

· ··· · ' • Support for Error Resilience tool. 

~
~ 

. 
' 

' . 
' 

' 

l 

' 

• Rate Control for. bandwidth limited cm:annelso 

• Provides a Segmentation module that can,l:1~.u:sed for Video 

Conferencing/CCTV based applications. Q)
' 

\I 
. 

. 
. 

. 
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VI ' 

' 

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

·" • Implementation of MPEG-4 Enco.der f~r Tl DSP processor .. 

a.. . 
. 

a, ' . 

I.., 
:::J 
.a-, 
::, . 

. 

'+-

• Implementation of Core Sca>L~ble:J.)fofHee 

• Using Joint Source Channel C,oding Wt;tb:MPEG .. 4 Core:S~;~l~J~ie< .• --} 

Profile .. 

• Optimizing segmentation module for-diverse applications. 

patni 
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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 194 5 Hypertext Transfer 
Protocol 1.0 and RFC 2068 1945 Hypertext Transfer Protocol 1.1) proxies so vie\vers 
behind a firewall can access QuickTime presentations. 

The HTTP transport is built from two separate HTTP 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 
implementation details associated with its use. 

Protocol Requirements 
• It must support use of unmodified RTSP/RTP. 
88 It must be acceptable to HTTP proxies. 
• It must identify the requests and replies as non-cacheable by a proxy. 
88 All requests must originate from the client. 
• It must uniquely identify the request pairs so that they may be successfully bound by 

the server. 
88 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 DNS round robin for example. 
• Any request must be identifiable as one that will eventually tunnel an RTSP 

conversation and RTP data. 

Relationship to RTSPIRTP 
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) 
Unfortunately, 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 nrnkes 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. 
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(HTTP GET) 

----<<<<data<<<<< ----1 
client----- 1---- server 

!-- >>>> data >>>>-------1 

(HTTP POST) 
The virtual connection makes it possible to use unmodified RTSP over the connection. 

HTTP Requirements 

Version - All requests are made using HTTP version 1.0. 

Binding the Channels - Each client HTTP request must 

include a "x-sessioncookie" header with a Globally Unique 

Identifier (GUID) as it's value. This makes it possible for 
the server to unambiguously bind the 2 channels. This 

protocol uses the value as a simple opaque token passed to 

the Clib 'strcmp' function. 

Caching - Server replies include "Cache-Control: no-store", 
and client reqt1est.s inclt1de the HPra.gm,a: no-cact1e" as 

directives in the headers. These are not required by the 

protocol. It is recommended that implementations 

x-server-ip-address Header - The server may optionally 

include a "x-server-ip-address" followed by an IP address 
in dotted quad format in it's reply to the client's initial 

GET request. When this header is present, the client must 

direct its' POST request to the stated IP address, 
regardless of the IP address returned via DNS lookup. 

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 
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connections via a round robin DNS or other load balancing 

algorithms. 

Meaning of HTTP errors in replies - HTTP errors reflect the 

unwillingness or inability of the server to form the 
virtual full duplex connection. They do not imply RTSP 

errors. In general, the server will always reply with "200 

OK", and simply close the connection if problems occur. The 
POST request is never replied to by the server 

Request 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 
base64 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 HTTP 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. 

Encoding a DESCRIBE request 

Original request: 

DESCRIBErtsp://tuckru.apple.com/sw.movRTSP/1.0 
CSeq: 1 

Accept: application/sdp 
Bandwidth:1500000 

Accept-Language:en-US 
User-·Agen.t ~ QTS ( qt-ver=4. J.; cpll=PI?C; os=l',1ac 8 ~ 6) 
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Encoded format: 

REVTQl,TCJQkUgcnRzcDovL3R1 Y2t.ydS~ohcHBsZS~oj b2 Ovc3cubvJ92 IF,TUU1AvMS4w 

DQpDU2VxO il',xDQpBY2 N l cHQ6 I G FwcGxp Y2 F O a W 9uL3 Nkcl-\.0 KQmFuZHdpZHRoO iJ:\x 

NTAwMDAwDQpBY2NlcHQtTGFuZ3VhZ2U61c:vuLVVTDQpVc2VyLUFnZvJcS OCliBRVFMg 

KHF OdmVyPTQuMTt j cHU9UFBD02 9 z PUlhYyJ:1.,:t Lj YpDQoNC<:3 = = 

Sample HTTP Requests 

Sample GET transaction. 

Client :t Server 

GET / sw. mmrHTTP/1. 0 

User-l',g-ent: QTS ( qtver='±. 1; cpu.=PPC; os=Mac 8. 6) 

X·-·SessionCC)Okie: tD9hKgAAfB8.ABCftAAAA.Aw 

Accept: application/x-rtsp-tu.nnelled 

I.;ragrna : no -- cache 

Cache-Control:no-cache 

Server :r.: Client 

HTTP/1. 0 200 OK 

Server: QTSS/2. 0 [vlOl] MacOSX 

Connect.ion:close 

Date: Thu_, 19 P~·L1g 1982 18: 30: 00 GMT 

Cache-Cont.rol:no-store 

Prag-ma: no-cache 

Content. --Type: applicat ion/x-- rtsp-- tunnel 1 ed 

Sample POST request 

Client ::t Server 

POST /sw.rrtoviiTTP/1 ~ 0 

User-Agent:QTS (gtver=4.1;cpu=PPC;os=Mac8.6) 

x-sessioncookie: tD9hKgJ:\AfB8ABCftAPJ'~""w 

Cont.ent--Type: application/x--rtsp-tunnelled 
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Pragma : no - cache 

Cache-Control:no-cache 
Content-Length:32767 
Expires: s-u .. n, 9 L"Tan. 1.972 00: 00: 00 C1IVJT 

Server :t 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 
so frees socket and memory resources 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 details that are not required by the protocol, but 
communicate important information to proxies so that they handle 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. 
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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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Speedtest.net - The Global Broadband Speed Test 

MY RESULTS 

/ What is Speedtest.net? 
Speecttest.net is a free broadband speed test with servers 
:ocated all ove, the world. Compar-" your resuits with others 
and easily share them. 
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. . I 
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Global Stats 
~ How does your ISP perform compared to others? 
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Now that the 802.llg standard has been finalized, comparisons with the other standards in the 802.11 family are 
inevitable. One conclusion that is frequently drawn is that 802.llg offers similar speeds to 802 .. lla. After all, both 
products are advertised as having a data rate of 54 Mbps. 

This article develops a simple model for the maximum TCP throughput of 802. 11 networks so that a comparison can 
move beyond a simple comparison of nominal bit rates. According to the model, 802.llg ,s significantly faster than 
802.11b. In a network consisting only of 802.llg clients, it is even slightly faster than 802.lla. However, "protection" 
mechanisms added to 802.11g to ensure backwards compatibility with legacy 802.l.lb clients can cut the throughput by 
SO percent or more. 
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--------------------------------------------;------------I 

1
_1_1_a_, _54_M_b_ps_· ___ ... _2,_3_3_6 _____________________ !_27.3 ____________________ __J,_4_.9 _______ , 

11g, 54 Mbps/no ! j 
protection 2,336 i 27 .3 4. 9 

llg, 54 Mbps/CTS-to- 1 113 ; 13 o / 2 3 
self protection ~, 1 • -· 

.__~_;_;t_'e_~_i_o~_b_p_s_/R_·y-1 -s_i_c_T_s_,_1_7_s_o _____ l,_i s_._s _______________________________ /_ 1.6 --------------------- ---------------------· 

The Transactional Model 

The basic transactional modei assumed by this article is a maximum-length frame containing a single TCP segment 
followed by a TCP acknowledgement. To cope with the inherent unreliability of radio waves, the 802.l.1 MAC requires 
positive acknowledgement of every transmission, Each TCP packet must therefore be wrapped up in a frame exchange. 
The complete transaction consists of the two 802,11 data frames carrying TCP embedded in their respective exchanges: 

The TCP data segment: 

• Distributed Interframe Space (DIFS): this interframe space indicates that an exchange has completed, and it 
is safe to access the rnedium again. 

• The data frame containing the TCP segment. 
• A Short Interframe Space (SIFS), wh,ch is a small gap between the data frame and its acknowledgement. 
• The 802.11 ACK frame. 

The TCP !\CK: 

• DIFS 
• The data frame containing the TCP ACK 
ID SIFS 
• 802 .. ll ACK frame 

For this model, I will assume that the host operating system iimits the outgoing 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.) 

http:/ /wv.'\v .oreiH ynet. com/pub/a/wireless/2003 /08/08/wireless _ throughput.html 
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Encaps1.ilation 

In addition to the payload data, there are 36 additional bytes of data added In the 
encapsulation process. The 802.11 MAC header adds 28 bytes of data for various 
control and management functions, error detection, and addressing. A fu,ther 
eight bytes are added by the SNAP encapsulation header to identify the network 
layer protocol. (For further encapsulation details, see Figures 3-9 and 3·13 of 
802.11 Wireless Networks.) The total size of the MAC payload for the TCP data 
segment is l.,536 bytes (12,288 bits). For the TCP ACK, the 40 bytes of TCP/IP 
header information also gets a further 36 bytes of SNAP header for a totai of 76 
bytes (608 bits). 

11m:mghput 

This a,ticle measures the throughput of the network at the TCP payload layer. 
Each transaction deiivers one data frnme. There are 1,500 bytes of Ethernet 
payload, but 40 bytes must be subtracted for headers. By adding up the total time 
required for each component of the transaction, a transaction rate can be derived. 
For the throughput, simply rnuitiply by 1,460 bytes. 

Weaknesses of the Model 

The transactional model Is quite simple, and neglects several important effects. 
First of a!!: it assumes a steady stream of well-ordered frames with no contention 
for the medium. 802.11 Implements collision avoidance and exponential backoff, 
so in reality, the time between frame exchanges will be longer than one DIFS. 
Exponential backoff in the presence of contention will further decrease throurihput. 
My initial back-of-the envelope estimate is that contention for the medium would 
reduce the maximum throughput figures above by 25% to 50%, depending on the 
exact assumptions made. 

Furthermore, there is always the possibility of simultaneous transmission. 802.11 
will order layer two frames and prevent collisions, but higher-layer packets may be 
transmitted simultaneously. 802.11 treats TCP segments and acknowledgements 
as unrelated higher-layer frames, so a certain nurnber of collisions are expected. 
(One engineer has told me that up to 10% retr-ansmissions should be expected for 
TCP/lP on 802.11 due to this effect.) 

Furthermore, the rnodel ignores the sophistication in the TCP acknowledgement 
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model. To avoid constraining throughput, TCP uses "sliding windows" and aliows multiple outstanding frames to be 
transmitted before acknowledgement. In practice, TCP acknowledgements can apply to multiple segments, so this 
model overstates the impact of higher-layer protocol acknowledgements. 

The Baseline: 802.1:1.b at 11 Mbps 

The baseline speed comes from 802. llb. It Is not as fast as the newer specifications, but it's what most of the 802. ll 
cards out In the worid do. I'll do the calculation for 802.11b first, and then compare everything else to the result for 

. 802.11b. 

First off, the basic timing numbers for 802.llb: 

o SIFS ~ 10 µs 
o Slot time ~ 20 µs 
o DIFS = 2 x Slot time + SiFS = 50 µs 

802.11b requires that a preamble be fJrepended to every frame before it is transmitted to the air. That preamble may 
be either the traditional 'long" pr·eamble, which requires 192 µs for transmission, or it may be an optional 'short" 
preamble that requires only 96 µs. (For a diagram of the physical layer headers in 802.11b, see Figure 10-26 in 802.1.1 
Wirek,ss Networks.) Support of the Jong pr·eamble is mandatory, and is the default setting on most devices. In the 
interest of reducing the number of calculations, this art;de will perform calculations using only the long prearnble. 

802.11b running at the max speed divides data up into 8-bit symbols. There are 1,536 8-bit blocks in the TCP datil 
segment, and 76 8-bit blocks in the TCP acknowledgement. The ACK does not have SNAP header·s, and Is only 14 bytes 
long. 

Encoding the MAC frames is easy. 802. llb divides up the MAC frame into a series of 8-bit "symbols," and then 
transmits 1.375 miiiion symbols per second. So add up the individual comr;onents of the transaction to get the total 
duration: 

D]~--J~~:::•: 1536/1375 Msps :~::~: 76/1.375 Ms:! 
802.11 Data - 192 µs + 1,118 µs = 192 µs + 56 µs ! 

! = 1,310 µs "' 248 µs ! 

I ::::s + ~

10
"; I 

SIFS 
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802.11 AC~1-=_t_6_;_~-~---: _1_1_µ~s----1'-=_2_0_3_µ_s ---------------------------------' 
--F~~-~~--~-~~-hange total I 1,573 ps I s11 µs I 
Transacti~~--!-~_!!J ______ j 2,084 ys 1------------------------------------------------·I 

Each transaction requ,res 2,084 µs. At that duration, 479 exchanges can complete per second. With a TCP payioad of 
1,460 bytes per exchange, the throughput is 5.7 Mbps. 

802.11a 

802.lla is faster than 802.11b for two reasons: timing relationships between frames in the exchanges are tighter, and 
the encoding used by 802.11a does not require such long preambles for synchronization. 

Mere are the basic timing numbers for 802.11a; 

• SIFS ~ 16 µs 
• Siot time ; 9 µs 
• DIFS ; 2 x Siot time + SJFS ~ 34 µs 

Like 802.llb, 802.lla divides data up into a series of symbols for transmission. However, the encoding used by 
802.lla uses much iarger symbols. At 54 Mbps, each symbol encodes 216 bits. (For a full listing of encoding biock 
sizes, see Table 11-3 ;n 802.11 Wireless Networks.) The OFDM encoding used by 802.11a adds six b,ts for encoding 
purposes to the end of the frame, so our maximum-length frame of 1,536 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 syrnbols, and the 802.11 ACK also requires just one symbol. 

Each frame is prepared for transmission in the air with a 20 ps header to synchronize the receiver. Foliowing the 20 µs 
header is a series of symbols, each requiring 4 µs for transmission. 

I J I 
1 

___ J_TCP_ data __________________________ __j. TCP ACK 

i DIFS 34 µs 34 µs 
' ------------------------· -------------------------------------------- \------------! I ~ 20 µs + 57 * 4 µs/symbo! 20 µs + 3 * 4 µs/symbol 
i 802. 11 Data = 20 µs + 228 µs = 20 + 12 µs 
1 = 248 µs = 32 µs 

---------------------------------· 

SIFS J 16 µs 16 µ-~-------------------------------------------·! 
i 20 µs + 1 * 4 µs/symbol I 

802.11 ACK ! = 20 µs + 4 ps = 24 µs I 
' ,, ...... :' 

i"' 24 µs , 
,------------< 
Frame exchange total! 322 µs I 106 µs 
Transa~ti-~-~-T~i;,---·--r4-28--~-;----------------------------------------___ "'l·-___ -___ -___ -__ -___ -___ -___ -__ -___ -___ -___ -__ -___ -___ -___ -__ -___ -___ -___ -J 

At 428 µs per transaction, it is possible to complete 2,336 exchannes per second. That corresponds to a throughput of 
27.3 Mbps. 
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The New Mainstream Wireless LAN Standard 

Today's popular IEEE 802. 11 b (802. 11b) for wireless local area networks (WLANs) has changed the face 
of networking, providing tremendous flexibility for mobile workers and hassle-free Internet sharing for home 
users. The next milestone in the evolution of WLANs is the introduction of IEEE 802. 11 g (802.11 g). This 
new IE.EE standard will dramatically improve the performance of WLANs, while providing compatibility with 
the existing installed base of 802.11 b networks. The purpose of this white paper is to: 

• Provide an explanation of existing WLAN standards 

• Describe 802.11 g specification requirements 

• Set expectations for 802.11 g performance 

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

WLAN MARKET 

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

• Corporate IT departments deploy WLANs to support roving employees, reduce the cost of cabling and 
recabling the physical plant, and provide a rapid response to changes in demand. 

• The mobile worker uses public access WLANs in cafes, airports, trains, lobbies, and remote corporate 
sites to connect to the corporate network or Internet 

• Small offices and enterprises use WLANs to share Internet connections, printers and peripherals, and 
create backup connectivity solutions while remaining highly scalable and flexible, without the costs of 
C'.,abling. 

• The home customer uses a WLAN to share a broadband Internet connection among multiple family 
PCs without drilling holes and installing cable throughout the home. 

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

The foundation of mainstream VI/LAN 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 letter following the 802.11 name, such as 802.11 b, 
802.11 a, or 802.11 g. The letter 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 
ma.rket The following table briefly summarizes the enhancements related to data rate (the WLAN physical 
layer). More information is available at http://grouper.ieee.org/groups/802/11. 

Table 1: IEEE 802. 11 Specifications 
----------------------------------------------------------------------------------------- ------------

. 802.11.b · ,8()2.11a 8P2-11g . 
""""..,,-----~~-,--,-'-~~-----------------------------------------------------------------------------'-'--

Standard approved July 1999 July 1999 June 2003 
Maximum da"fa--rate _________ Tfl~lbi:i"s----------------------------------....,5=-4'""'M~bp-s---------5=-4c-cf\i'""~c-bp-s 

Modulation CCK OFDM - OFDM and CCK 
Data rat_e_s _____ 1c-,~2-., =s.~5-, ~1,c-, ~M~b-ps---....,6~, 9, 12, 18, 24, 36, 48, 54 Mbps CCK: 1, 2, 5.5, 11 

Frequencies 
5.425-5.675 GHz 
5.725--5 .. 875 GHz 

OFDM: 6, 9, 12, 18, 24, :36, 48, 
54 Mbps 

2.4---2.497 GHz 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------

IEEE 802.11b 

Ratified by the IEEE in July 1999, 802.11 b extends the original IEEE 802.11 direct sequence spread spectrum 
(DSSS) 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 iowest two rates are also allowed on up to 13 overlapping channeis. 

IEEE 802.11a 

Ratified by the IEEE at the same time as 802. 11 b, the IEEE 802. 11 a (802.11 a) standard operates in the 5-GHz 
spectrum. The 802.11 a standard was designed for higller bandwidth applications than 802.11 b, and includes 
data rates of 6, 9, 12, 18, 24, 36, 48, 54 Mbps using orthogonal frequency division multiplexing (OFDM) 
modulation on up to 12 discrete channels. 

IEEE 802.11 g 

In July 1999, the 802.11 g subcommittee was tasked to extend the 2.4-GHz unlicensed spectrum to data rates 
faster than 20 Mbps. The resulting 802. 11 g standard was ratified in June 2003. The 802.11 g standard provides 
optional data rates of up to 54 Mbps, and requires backward compatibility with 802. 11 b devices to protect the 
substantial investments in today's WLAN installations. 

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

Page 2 WL/.\N Standards 
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MARKET ACCEPTANCE OF WLAN STANDARDS 

802.11b 

The industry standard for WLANs has been 802.11 b. Products based on 
802.11 b gained mainstream acceptance as the first wireless networking 
products with acceptable speeds, affordable prices, and universal 
compatibility as certified by the Wi-Fi Alliance. More than 95% of today's 
WLAN infrastructure includes 802.11 b products. 

802.11a 

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

802.11g 

The next mainstream wireless LAN standard is 802. 11 g. This technology 
satisfies the bandwidth needs of the market globally and economically, 
while remaining compatible with the installed base of mainstream 
products. 

802.11 g PERFORMANCE AND CHARACTERISTICS 

802.11 g Approval and 
Certification 

The IEEE 802. 11 g standard was 
approved in June 2003. The IEEE 
standards body, however, does 
not validate interoperabiiity or 
compiiance with the standard; an 
industry association (Wi-Fi 
Alliance) performs these tasks. 
The Wi-Fi Ai!iance is already 
building a testing program to 
certify 802.11 g interoperability 
based on the 802.11g starnjard. 
The Wi-Fi® certification for 
802. 1 i g products is expected in 
the summer of 2003. The 802.11 g 
certification program follows the 
\/Vi-Fi Alliance's successful 
802.11 b and 802. 11 a certification 
programs. 

Products conforming to the draft 
802 .11 g standard have been 
available since late 2002. 
Products shipped prior to June 
may be upgraded via software 
download to ensure standards 
compliance. 

~------------------------------

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

802.11g DATA RATES 

The 802.11 standard technologies all support multiple data rates to allow clients to communicate at the best 
possible speed. Data rate selection ls a tradeoff between obtaining the highest possible data rate while trying 
to minimize the number of communication errors. Whenever there is an error in the data, the systems must 
spend time to retransmit the data until it is error free. Each 802.11 client performs a procedure to select the best 
data rate. The 802. 11 g 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 CCK rates of 11, 5.5, 2, and 1 Mbps. 
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802.11g RANGE AND DATA RATE 

As distance from the access point increases, 802. 11 based produe,is provide reduced data rates to maintain 
connectivity. The 802.11 g standard has the same propagation characteristic as 802.11 b, because it transmits 
in the identical 2.4-GHz frequency band. Because 802.11 b and 802.11 g products share the same propagation 
characteristic~'>, 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 802.11 a product range is limited 
compared to the 802.11 b or 802.11 g product range. 

The following figure illustrates the expected data rate of each technology at different ranges. 

0 -ioo 200 

Range (feet} 

300 

Figure 2: Expected 802.11 a, 802.11 b, and 802.11 g Data Rates at Varying Distance from Access Point 
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Typically, 2.4-GHz 802.11 g networks have the same coverage as 2.4-GHz 802.11 b networks. The 802.11 b 
standard uses CCK modulation, whereas 802.11 g uses both CCK modulation for backward compatibility and 
OFDM modulation to achieve better throughput at a given distance. The 802.11 a 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 

- - - - ;/- - - - -~ - - - - _____________ \ ____ _ 

- - - - - - - - - - - - -

802.11b Range 
2.4 GHz 

802.llg Range 
2.4 GHz 

802.11a Range 
5 GHz 

'--------------------------------------------------------------------------

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

NETWORK ENVIRONMENT CONSIDERATIONS 

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

802.11 bu0NL Y LEGACY ENVIRONMENT 

When the AP and all clients are 802.11 b, communication occurs at 802.11 b data rates. Overhead 
communication 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. 
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,------------------------·····················-,-------------

802.11 g THROUGHPUT 

Throughput is not the same as data rate for networking systems, 
because of overhead, environment, and network composition. 
The throughput of 802.11 g products can depend on whether 
there are 802.11 b products nearby. Performance is best in 
environments where an 802.11 g access point (AP) is only 
communicating with 802.11 g clients in a homogeneous WLAN. 
In these environments, 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 
802.11 b products, the 802.11 g APs coordinate the use of the 
transmission medium with protection mechanisms (see 
sidebar). Because the protection mechanisms require overhead 
communication, compatibility is provided at the expense of 
throughput. The CTS-to-self protection mechanism lowers the 
maximum TCP throughput to approximately 15 Mbps, as shown 
in the following table. 

Table 2: Expected Maximum Throughput for 
IEEE 802. 11 Environments 

-----~~-~~-----~~,-------------------------------------------, 
soi'11g,Mixed. ,}IJ2.11gM/)(ed 

, , u ,, ,',, · · · ,,, ·.. · siJ2.11g- pri.v/ronmEint ; Erwironroent 
61li~ht:il. 8~2'.ifb 802.t,fa ' .. . w(thC,TSi-to-se(f !J!!.fthJJTSICTS 
(fe,etfi; .{Mb~sJ (rvtbpsJ · J >(M.hpsf ··.·.(Mbps) 
~~~~~~~~-~-~.',-'·,,'_,"· .. _,_· __ ,·· __ .:·:_,··-·-·._-_,,_··_·-·,'.,•'.,i·,_: _____ :_.- ___ _ 

10 5.8 24.7 24.7 14.7 
------------------------------------------------------------------------------------------------------------

50 5.8 19.8 24.7 '!4.7 '!1.8 
.. ----------------------------------------------------------------------------------------------------

100 5.8 12.4 19.8 12.7 10.6 
-----------------------------------------.. 

'150 5.8 4.9 12.4 9.1 8.0 
------------------ ---------------------------------------

200 3.7 0 4.9 4.2 4.1 

250 1.6 0 1.6 1.6 1.6 
---------------------------------------------------------------------------------------------------------

300 0.9 0 0.9 0.9 0.9 

802.11g COMPATIBILITY 

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

r--------------------------------------------------------------------.. -,----

i Protection Mechanism: Air Traffic Control 

[ The 802 .11 g standard provides protection 
! mechanisms for managing communication in 
!

111111 

a mixed 802. 11 b/g environment. The 802.11 b 
radios do not hear when the airspace is busy 
with 802.11 g OFDM signals. Protection 
mechanisms prevent 802.1 i b clients from 
transmitting after improperly assessing that 
the airspace is empty whi!e 802.11g OFDM 
signals are being transmitted. The 802.11g 
products still communicate at the same 
802.11 g OFDM data rates wheri protection is 
in use, but a shori 802.11 b rate message 
signals to 802.11 b products to not transmit for 
a specified duration because an 802.11 g 
OFDM message is immediately following. The 
802.11 b protection rnessanes cause signaling 
overhead and result in reduced throughput to 
the user. 

The AP directs clients to use protection 
through a signalinn mechanism specified 
within the 802.11 g standard. Enterprise-c!ass 
802.11 g APs may a!low users to tune the 
protection mechanism algorithm to optimize 
network system performance (some 802.11 g 
APs may a!iow the administrator to override 
the use of the protection mechanism for a 
performance improvement in light traffic 
networks). 

The 802.11g standard ailows 802.11g clients 
to use one of several protection mechanisms 
in a mixed 802.11 big environment. The Wi-Fi 
Alliance wi!I test for one of two signalling 
methods: RTS/CTS and CTS-to-self. Request 
to send (RTS) is analogous to a pilot's take off 
request to an air traffic controi tower-the pilot 
waits to use the airspace until verifying with 
ihe control tower that the airspace is clear. 
The clear to send (CTS) message is !ike the 
clearance from the tower. 

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

With any of the protection mechanisms, 
802.11 g throughput is still greater than 
802.11 b throughput at the same distance. 

_______ _Jl_ ______ _ 

Page 6 Netv,10rk Environment Considerations 
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·---------------------·-······················-------------

802.11 g-ONL Y 802.11 g AP, MIXED CLIENTS 802.11b AP, 802.11g CLIENT 

When the AP and all clients are When the AP is 802.11 g and there When the AP is 802. 11 b and the 
802.11g, communication occurs is a mixture of 802.11g clients and client is 802.11g, the 802.11g 
at the highest possible TCP 802.11bclients,theAPsensesboth client is able to successfully 
throughput. The 802.11 g AP technologies on the network. The associate and communicate with 
detects that all of the clients are 802.11g AP instructs 802.11g the 802.11b AP. Communication 
802.11g and instructs the network clients to use a protection between the AP and the 802.11g 
not to use any protection method. mechanism. Effectively, 802.11 g client uses CCK modulation and 
Without a protection mechanism clients function at reduced 802.11 g achieves typical 802. 11 b speeds. 
engaged, throughput of 24 Mbps TCP throughput (up to 15 Mbps), An 802.11g client can always 
or greater is possible. which is faster than the 802.11 b function as an 802.11 b client. 

client that communicates at a 

-II Acc,,ss P~l!lt£fµir'sX~io,lghiac . 
· · g cn,,nts-:-fuiL~'thr<.,i;ciM,it , .: · 

Figure 4: 802.11g-Oniy 
Environment 

Document 802.11g-WP104-R 
wv.,w.54a.orq 

maximum throughput of up to 
5.8 Mbps. 

iJ ,\(,:CM>;, Rf>l~,-p;1er~t~i in Tiiixeg g tnti<.Je 
~ cnent-'.bal;al/es as·a.licjiet\t . 

J3 Cll<1<1!:;:fa~ier)h;,9 ~; i,l<'l,\(!3T\11~(9 t;r,ly 

Figure 5: 802.11g AP, Mixed 
Client Environment 
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Figure 6: 802.11b AP, 802.11g 
Client Environment 
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--------------------------------------------------------------------

MULTIPLE 802.11 g APS 1 MIXED CLIENTS 

When there are multiple 802. 11 g APs and a single 802.11 b client on the same channel, all overlapping 802. 11 g 
APs signal the use of the protection mechanism. Effectively, 802.11 g clients function at a reduced 802.11 g TCP 
throughput (up to 15 Mbps). which is faster than the 802.11 b client, which communicates at a typical 802.11 b 
TCP throughput (up to 5.8 Mbps). 

The APs can also be configured to use different channels for their 802. 11 g clients so that the 802. 11 g-on!y 
networks do not need to use a protection mechanism. Th1i, affows 802.11g clients to have fut! TCP throughput 
as if they were in an 802. 11 g-oniy net,,vork. 

Figure 7: Multiple 802.11g APs, Mixed Clients 

Broadcom Corporation 
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WHICH STANDARD SHOULD I 
DEPLOY? 

With any network technology, there are tradeoffs 
between performance and cost. With wireless 
technologies, other factors such as range and capacity 
should also be considered. Table 3 summarizes typical 
user requirements and the characteristics of WLAN 
technology. In most cases, 802.11 g provides the 
correct mix of characteristics for the different 
categories of user requirements. Upgrading to 802.11 g 
is the easiest and least expensive choice, because it 
can be done gradually, without sacrificing the current 
WLAN infrastructure. The 802.11 g APs automatically 
support existing 802.11 b clients while providing 
increased speed to 802.11 g clients. 

-----------------------------------------------------------------------~ 

Planning Network Migration 

As network managers plan upgrades from existing 
wireless 802.11 b networks, lhe two basic technologies 
to consider are 802.11 g and 802.11 a/g. An upgrade to 
802.11 g is a simple proposition. Users equipped with 
802.11 g-enabled notebooks will gain immediate access 
to the 802. 1 i b network. These users wil! experience a 
throughput boost as APs are upgraded to 802.11 g. As 
budget allows, dual-band 802.11 a/g products can be 
deployed to meet the demand for more network 
capacity while remaining backward compatible. 

The dual-band APs may need to be more closely 
spaced to ensure coverage for 802.1 i a clients. 
Transmit power control can be enabled in the 802" 1 i g 
network to optimize performance of closely spaced 
access points. Because 802" 11 fl is forecast to rapidly 
replace 802.11 b, a dual-band alb AP solution becomes 
immediately obsolete. 

Table 3: WLAN User Requirements and Technology Characteristics in the U.S. 
------------------------------ ~---c--,--,--.--,-.,,--,--,-,-----~~~-,--,--

-Typical. W:LIJ.NVs~r: Requireme(lts 

. Typt\/Jt~> 
',.;,,,,, /,> 

· .. ·· ·. •-.I~e:;$peed.··· 
,, ,\,• ''. '. ,, ••: n' •;, ____ ._···---·-------·--------······--------'-----------------~~~~--~--~ 

Enterprise High Variable Variable Yes 
-------------------------------------------------------- ------------- ---------------------------------------------------------- --------
Public Access Low Medium High Yes Medium 
-------------------------------------------------------------------------------------------- -----------------------------------------------
Small Business Medium Medium High Yes Low 

-----······--------------------------------------------------------···-----
Home Medium Low High Yes Low 
--------------------------------------~------------,------------------------------------------------------------------------

--------------------------------------------------------------------------------------------, ---------------------------------------------------------~---
WLAN'f"edhrtp/bfft;}Jara~t~r:i~ti(is > .. ······· .. - i< . / .... ; : . ". . , -: } ~ <r :::(:~· :.: --<- / .1·(-: . .::..· "' ,, 

· WLAN>Te;~n;}}i/ · :.;ea;S~ee1 ·. 4;paci6, i t',,2,Jjft1hi~ Ooit .. 
·_ .', ___ . __ : .. '. _··.:_·.·, __ : __ . __ '-._. _·:,·_·._ .. ___ ·, ·:· ___ ·,··--~-~----~~~-,--_.:_:.: _________ .:..:::_.:~~-.::-~ __ .:'.;_.::~:...: __ ~_.: __ ~--~-.:-~------~..:.:: ____________ ~ 
802.11 b Medium Low Yes Low 

--------------------------------------------------------------------------------------------,-------------------------------------------------------------------
802.11a High High Low No Medium 

----------------------------·····----------------------------------------------------------··----
802. i 1g High Medium High Yes Low 
------------------------------,-------------------------------------------------------------------------------------
802.11a/g High High High Yes High 

----------------------------------------------------------------------------,---------------------------------------------------------------------------·----

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

PUBLIC ACCESS-HOTSPOTS {W!aFI ZONE™) 

Compatibility and range matter most to Hotspot operators and public access WLAN customers. Public WLAN 
Hotspots must be certain that their APs can communicate using mainstream standards that offer connectivity to 
the widest possible range of subscribers. Today, nearly all Hotspot traffic is 802.11 b. Public access operators 
remain 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 802.11 g to their networks to add range and preserve interoperability. 

SMALL BUSINESS 

A small business WLAN needs 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, 
802.11 g again makes the most sense: The 802.11 g 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 802.11 g AP and no wired infrastructure at all. 

HOME 

Many homeowners today have multiple computers and want to share a common Internet connection. For these 
uses, low-cost 802.11 g or 802.11 b solutions suffice. As the number of home network devices expand and 
bandwidth-hungry applications grow (such as gaming, home-wide audio 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 two APs. 

--------""'.JL ______ _ 
Page 10 Which Standard Should I Deploy? 
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WHAT IS 54gTM? 

54g TM is the maximum performance implementation of the IEEE 802.11 g standard and is fully compliant. 54gTM 
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 54gTM logo can be found only on products that 
achieve this high level of pe1iormance (see Figure 8). 

54g™-MAXIMUM PERFORMANCE 802.11 g 

The 54g TM implementation is designed to exceed the requirements of the IEEE 802. 11 g 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 
54gTM. These features more than double the expected throughput of a product that just meets the standard. The 
receiver sensitivity of 54g'M products far exceeds the specification for maximum range, and transmit power 
control is included in 54g TM to enable optimized multiple AP deployments. All 54g TM products are WPA Certified 
and embed hardware-accelerated AES security, which future-proofs users in advance of the IEEE 802.11 i 
(802.11 i) standard due to be adopted next year. 

Table 4: 54gTM Pushes the Performance Limits of 802.11g 
------------------------------

54gTM' Spefificaticm 802. Hg Stan~ard 
--'----~-~-------~~-~-------------'------------------------------------' -----------'' -'-----------------------------
Highest mandatory data mte 54 Mbps 24 Mbps 

-----------------------------------------------------------------------------------------------------------------------------------------------------
Shortest mandatory siot time 9 µs 20 µs 
-------------------------------------------------------------------------------------------------------------------------------------------------------
Maximum receiver sensitivity -92dl3m ·--80 ;j!;Jrn 
--------------------------------------------------------------------------------------------------------------------
Transmit power control Included Not specified 
-------------------------------------, ----------------------------------------------------------------------------------
Next generation AES security lncludeid Not specified 

-----------------------------------------------------------------------------------------------------------------------------------------------------------· 

LOOK FOR THE 54g TM LOGO 

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

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

Document 802.11g-WP104-R 
www.54g.org 

Figure 8: 54gTM Logo 
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CONCLUSION 

The IEEE 802.11 g standard will drive the next growth wave in wireless networking. Products built to the IEEE 
802.11 g 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 better range and coverage than current networks 

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

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

Broadcom Corporation 

16215 Alton Parkway 
P.O. Box 57013 

Irvine, CA 92619-7013 
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Tl Developer Conference 

Agenda 

11 Transrating and Transcoding 
- Definitions & Applications 
- Recoding Generation Loss 

- Types of Transcoding 

- Design Issues 

• Statistical Multiplexing 

• Implementation on Texas Instruments 
Programmable DSP's 

• Conclusions/Questions 

4 11;, 

,· ~ 
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Learning Objectives 

• Video Transrating and Transcoding 
- What is it? 

- What is the technology used for? 
- What are the design issues? 

- What are the solution strategies? 

- What is Statistical Multiplexing? . 

• How do programmable DSP's play a role? 
- What benefits do programmable DSP's offer? 

- How are Tl DSP's well suited for transcoding? 

111, ~ J•' 

' 
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Compressed Video Manipulation 

11 Many applications work with compressed video 
- Video servers/streaming 

- Broadcast distributors 

- CUent~side playback/capture 

11 Real-time processing in compressed domain 

I 
Bit rate 

conversion 
Bit rate 

conversion 

Format 
conversion 

I 
Format 

conversion 

,t( '..\ 
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Definitions 

• Transrating 
- Reducing bit rate within single compression standard 

• Transcoding 
- 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 transcoding 
- Fun decode followed by fun encode 
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Recoding 

• Simple to implement 
- Only need functional encoder and decoder 

• Produces worst quality of all transcoding types 
- Suffers from generation loss 

• Most computational form of transcoding 
- No complexity shortcuts are taken 

• Does produce acceptable results in some cases 
- When converting from high bit rate compressed source 

~ " . ' 
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Recoding Generation Loss 

· • Quality degrades with each recoding generation 
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Why Not Change Coding Decisions? 

• An encoder makes many coding decisions 
- 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 

• A transcoder cannot access original 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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Types of Video Transcoding 

11 Type 1 
- Handles small bit rate reduction (at good quality) 

11 Type 2 
- Handles medium bit rate reduction (at good quality) 

- Better quality than Type 1, but higher complexity 

11 Type 3 
- Handles large bit rate reduction (at good quality) 
- Supports resolution reduction 

- Supports frame rate reduction 

- Supports splicing and logo insertion 

/f. ~ ~ 
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Motion Compensated Video Coding 

Motion Compensated (Hybrid) Video Decoder 
; 
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Type 1 Transcoding (Transrating) 

I 
I 
i I 

! Requantization : 
I ! 
"- ,,. __ -- -- ~·- -- - _! 

11'. ~. 
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Type 2 Transcoding (Transrating) 

i 
I 
I 
I 
I 
I 
i 
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I 

Requantization + Error Drift Compensation ! 
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Type 3 Transcoding 
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Transcoding Operational Range 
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Transrating Issues / Strategies 

• 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 1 ... pictures 

• Transrate more aggressively on s ... pictures 
- e ... pictures do not contribute to feedback loop 

- B~pictures are allocated less bits than I or P"pictures 

- Can get by with Type 1 if only s ... pictures are transrated 

- What if bitstream contains only I and p ... pictures? 

; 
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Transcoding Issues / Strategies: 
Within Standard 

• Must decide when to make coding changes 
- 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 lompictures 

• Minimize complexity 
- Reuse origi.nal motion vectors to aid motion estimation 

Rate change (Type 1 or 2) 

Mode change (Type 3) 

D No mode/rate change 
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Transcoding Issues / Strategies: 
Across Standards 

11 Best to match video coding tools 
- Maintain Bmmpictures and interlace coding tools 

- Maintain frame rate and resolution (if possible) 

11 Converting across different coding tools is hard 
- Recoding may be a good (only) solution in some cases 

11 Achieve bit rate reduction via better coding tools 
- Must choose when to use new coding tool 

I 

Transcoding Type Input Standard I OutputStandard 

MPEGm2 MP@Ml , MPEG4 Advanced Type 3 (preferred) 
Simple Profile Recoding 

MPEG~2 MP@Ml MPEG4 Simple Profile Recoding 

'' 
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Statistical Multiplexing 

• Transcode multiple streams into a single stream 
- Try to fit into a constant bit rate channel (usually) 

Individual 
Streams 

1· . . ,~ - . 0 -· "' . 

I 
I 
t 
I 
i 
l 
I 
¥ 

Statistical Multiplexing 

L---------- ----------~ 

Multiplexed 
Streams 

,·, 
,• 
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Statistical Multiplexing Issues 

• Hard to develop good joint rate control 
- Need to estimate statistics across multiple streams 

- Different streams are (often) allotted different bit rates 

- Stagger Groupa.Qfa.Picture (GOP) so lmpictures do not 
coincide across streams 

& Large bit rate 
reduction 

No bit rate 
modification 

Small bit rate 
reduction 

A-1 
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Benefits of Texas Instruments' 
Programmable DSP's? 

• Tl'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.gH Type 1 to Type 3) 

1111 Shorter development cycle than ASIC solutions 
- Faster support of emerging compression technologies 

- Easily reuse software across compression standards 

1111 Longer product life cycles than ASIC solutions 
- Quicker support of new features & hardware platforms 

.~ ... 
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Advantages of Tl 'C6000 DSP's 

• Advanced VLIW architecture 
- Eight parallel functional units with SIMD capability 

- Conditional execution of au instructions 

- Bandwidth management peripherals: Cache and DMA 

• Contains many instructions beneficial for video 
- Sumomof~AbsolutemDifference (SAD) 

- Bilinear average 

- Addition/subtraction with saturation 

- Bytea.aUgned multibyte loads and stores 

- Dot product 

- Bit packing and extracting 

. ... . ~ 

,-
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Conclusions 

• Use of transcoding types depend on application 
- 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 ... quaUty bit rate, resolution and 
frame rate reduction, including format conversion 

- Recoding: capable of all transcoding, but acceptable 
only with highomquality input source 

• Programmable DSP's are ideal for tran~coding 
- Remote configurability is very desirable 

- Tl 'C6000 family of DSP's are optimized for video 

~~ 

~ .. 
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Simplifying Vide. 
Using Metadata 

Editing 

Digital video is becoming increasingly ubiquitous. However. 

editing video remains difficult for several reasons: it is a 

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

and current tools force users to work at the smallest level of 

detail. Based on interviews with professional video editors, 

we developed a video editor, called Silver, that uses meta­

data to make digital video editing more accessible to 

novices. To help users visualize video, Silver provides 

multiple views with different semantic content and at 

different levels of abstraction, including storyboard, 

editable transcript. and timellne views. Silver offers smart 

editing operations that help users resolve the inconsisten­

cies that arise because of the different boundaries in audio 

and video. We conducted a preliminary user study to inves­

tigate the effectiveness of the Silver smart editing. 

Participants successfully edited video after only a short 

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

research suggests several ways in which video editing tools 

could use metadata to assist users in the reuse and 

composition.of video. 

KEYWORDS 

Digital video editing. multimedia authoring, 

metadata, Sliver. lnformedia. 

INTRODUCTION 
Digital video Is becoming increasingly ubiq­

uitous. Digital video equipment Is more 

accessible than ever, and there is an 

increasing amount of video material avail· 

able on the World Wide Web and ln digital 

libraries. As technology and contem 

become available. users will shift from 

· passive spectators to active creators of 

video. Forrester Research predicts that by 

2005. 92% of online consumers will create 

personal multimedia content at leas! once a 

month {17J. However, although many 

exciting research projects are investigating 

haw ta search. visualize, and summarize 

digital video. there is little work an new 

ways to support the use of the video 

beyond just playing it. 

This is unfortunate, because video editing 

has several unique challenges not found 

with other media. One is that digital video is 

a lime-based medium. This property makes 

it difficult ror users to browse and skim 

video. Users. often must linearly search their 

source video ta find the clip they desire. 

Another challenge for editing video is that it 

is a dual medium. Most "video" actually 

consists no! just of a video track but also 

an audio track. These tracks must be kept 
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synchronized, but the user must also be 

able to oilerlay them when desired, for 

e11ample during 1rnnsltlons from one shot to 

another, Further. when a shot is cut from a 

video for use elsewhere. the user must be 

able to dlsentang!e overlaid audio and 

video. 

A third problem is that the syntactic units 

that users want to edit are shots of video 

and words or sentences or audio. but 

current tools require users to examine 

video at the individual Imme level and 

audio using a waveform. To perform most 

editing operations. such as cutting a shot. 

the user must manually pinpoint specific 

frames, which may Involve zooming and 

numerous repetitions of fast-foiward and 

rewind operations. Finding a specific word 

or sentence using a waveform is similarly 

tedious. 

These problems make editing video a diifi" 

cul!. tedious. and error-prone activity. 

Commercially available tools, such as 

Adobe Premiere !2l and Apple IMovie ill, 
allow·creation of high-quality video. but 

they do not adequately address the issues 

raised above. which makes !hem harder to 

use. especially for novices. 

To better understand video editing, we 

visited a video processing studio and inter­

. viewed professional video editors. We also 

examined commercial and research video 

editing systems. 

We created a system. called Silver, to 

explore techniques to make video edi!.ing 

easier. The key innovations in the Silver 

editor include: providing an editable tran­

script view: coordinating the selection 

across all views including partial selections 

and different selectlons in audio and video; 

and smart editing through smart snap, 

smart selection and smart cut and paste. 

Silver can work with video fmm any source, 

although some of its features are especially 

useful with previously edited video. 

Presently it uses video and metadata from 

the lnformedla Digital Video Ubrary !22!. 

This paper is structured as follows. The 

next section discusses related work on 

video systems. Next. we diswss a specific 

challenge for video editing: L-cuts. Then we 

describe the Silver Interface. followed by 

tha evolution or the Sililer interface. Next. 

we discuss Issues in the interface ·and 

Implementation oi Silver. Then we descdbe 

15ll J O!S2002 

a pilot user. study and its results. Finally, we 

discuss future work and conclude. 

RELATED WORK 
In this section, we describe different types 

of related work. We start wlth systems that 

use metadata for video editing. Next, we 

discuss systems that automate the process 

of video editing to some degree. Then we 

discuss work on video visualizations that 

address the issues of scale and time. 

Lastly, we describe !nformedla. which is our 

source of video and Its corresponding 

metadata. 

IIIIETAOATA AND VIDEO EDITING 
The notion of using metadata for editing 

video is not new. For example. Mackay and 

Davenport e11amined 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 !71. 
However. they assumed this data would be 

obtained through manual logging or with a 

"data camera" during filming. 

Currently. there Is a large body of work on 

the extraction and vlsualization of informa­

tlon from digital video (e.g., (9, 19]) that 

make a data camera unnecessary . 

One example of a system that uses meta­

data Is IMPACT !211. which uses automatic 

cut detection and camera motion classifi­

cation to create a high level description of 

the structure of the video. The user can 

organize the shots In a tree structure and 

then edit the composition by moving the 

branches !20l. IMPACT supports this 

process by recognizing objects across 

multiple shots. 

AUTOMATION 
Several systems edit video with varying 

degrees.of automation. Fully automated 

systems may be used for news on demand 

13! or quick skimming [5j. but do not really 

support authoring, 

The Video Retrieval and Sequencing 

System (VRSS) !6! semiautomatlcally 

detects and annotates shots for later 

retrieval. Then. a cinematic rule-based 

editing tool sequences the retrieved shols 

for presentation within a specified time 

constraint. Examples of cinematic rules 

include the parallel rule, which alternates 

two different sets oi shots, and the rhythm 

rule. which selects longer shots for a slow 

rhythm and shorter shots for a iast one. 

The Hitchcock system 19! automatically 

determines the "suitability" of the different 

segments in raw home video. based on 

camera motion, brightness. and duration. 

Similar clips are grouped into "piles." To 

create a custom. video, the user drags 

segments.into a storyboard and specifies a 

total desired duration and Hitchcock auto­

matically selects the start and end points of 

each clip based ori shot quality and total 

duration. Clips in the storyboard are repre· 

sented with frames that can be arranged in 

differeni layouts. such as a "comic book" 

style layout 14!. 

The MovieShaker system automates video 

editing almost completely [18!. The user 

specifies multiple video clips and a ·mood" 

(e.g .. romantic, wild), and the program 

combines and edits the clips into a single 

video. 

· While automation makes editing faster. it 

usually involves taking away power from 

the user. which is not always desirable. In 

fact, user studies led to changes in 

Hitchcock to .give more information and 

control to the user [101. 

VISUALIZING TIME AND SCALE 

Video editing is difficult in plllrt because it is 

hard to visualize time. Oue to the semantic 

and syntactic nature of the video, where 

selecting a five-second piece involves 

fiddling with frames in 11:mth of a second 

increments. it becomes important to 

present the information at different scales. 

No one scale is sufficient to efficiently 

perform all the operations needed. 

The Hierarchical Video Magnlfie; [HJ allows 

users to work with a ilideo source at fine 

levels of detail while maintaining an aware" 

ness o! the context. l! provides a timeline to 

represent the total duration of the video 

source; a second timeline shows a detail of 

the first one and illustrates it with a frame 

sampling. The user can select which 

portion of the top timeline !hat is expanded 

on the next one. There is also a mechanism 

that can be used to add a new timeline with 

a higher level of detail. Successive time­

lines create an ci<plicit spatial hierarchical 

structure of the video source. 
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The Swim Hierarchical Browser l23l signifi· 

cantly improves on this idea by using meta· 
data. Swim displays automatically detected 

shots In the higher level layers Instead or 
frame samples, 

Hierarchical views in the Hierarchical Video 
Magnifier and Swim are used for navigation 

only, .Silver extends hierarchical views to 

allow editing as well. 

iNFORMEDlA 
Sliver currently obtains video from the 

lnformedla Digital Video Library 1221. which 

has over 2,000 hours of material and is 

adding new material dally. Our primary 

motivation for using lnformedia is that it 
generates several types or metadata, which 

Silver uses to enhance its editing capablli· 

lies. 

A textual transcript of the audio track, 

gen·erated from closed-captioning Informa­

tion and speech recognition is one type of 
metadata lnformedla provides [8. 11l. The 
transcript is lime-aligned with the video 

using the Sphinx speech recognition 

system 1161. Silver is the only video editor 
we know of that uses an audio transcript. 

lnformedia uses image analysis to detect 

shot boundaries and extract representative 

thumbnail images from each shot {5l and 

automatically creates t!Ues and summaries 

for video segments. 

lnformedia also provides search infrastruc· 

ture to allow users to find video clips based 

on keywords and to browse the results. 

L·CUTS 

When working with video that has been 
prolessiona!ly edited, it often happens that 

the start and end times of a segment are 
different for lhe audio and the video. 'fhis i::. 

called an "L-cut". For example. in news­
casts. the camera often cuts from an 
anchorperson to a field reporter while the 
anch~rperson is still talking, l·cuts give the. 
video a continuous, seamless feel. but 

make extr\Jcting pieces much harder 

because the video and audio portions must 
be adjusted separately. This requires much 

I 

l 
Video 

Audio 

Stlo!A Shel 8 

line-tuning to remove extraneous video or 

audio portions. 

We conducted an informal study to investi· 

gate the prevalence of these cuts. and 
found it to be slgniftcam. at least In 

recorded news shows. In looking at 238 
transitions in 72 minutes of video clips 

recorded from CNN by !nformedia. 61 

(26%} were L-cuts. Of the 61 L-cuts, 44 

(72%) were cases where ~he 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 Figme _1, Shots A and 
E). Most of the other ways to overlap the 

video and audio were also represented. 

Sometimes. the audio and the video or the 
speaker came in at the same time. but the 

audio continued pas! the video (Figure 1. 
Shot B) or the video ended after the audio 

{Shat D). When en interviewee was being 

introduced while appearing on screen. the 
video might come in before the audio,. but 

both end a! the same time (Shot C), To 

copy or delete any of these would require 
many steps in other editors. 

SILVER 

To address the problems of video editing 

mentioned above, we developed Silver. a 
digital video editor. Sliver simplifies video 

editing primarily by incorporating metadata 
into the Interface and by providing multiple. 

synchronized views of the video composi· 

tian. Silver also includes support for 

. managing L-cuts. 

We want to make video editing as easy as 
text editing. To that end. we have examined 

text editors and have adopted some of their 
techniques. Text editors havo long had. 

multiple representations in order to support 
different styles or editing and different 
tasks. For example. Microsoft Word 
provides "outline," "normal." "prim layout," 
and "print preview" views. The multiple 

views in Silver allow the user to browse the 

video by displaying It across space instead 
of time, to view and manipulate the audio 

I 
,. 

Sho!C Shoto Sha! E I 

and video separately, and to examine the 

video at multiple levels of cletall. An 

overview of the Silver interface is shown in 

Figure 2. 

We envision several uses for Silver. such as 

a high school student getting the latest 
news footage and putting together a short 

presentation on current events. Another 

scenario is processing semi·l3utomat!cally 

home video to extract the metadata and 

then using Silver for editing. Silver could 

even guide video pre-production. starting 

with a script. creating a storyboard. and 
then replacing pieces with the actual video 

as it is shot 

The remainder or'th!s section describes 
these views and how eacti supports video· 

editing. The first subsection describes the 

two views for managing the video directly. 
the storyboard and the tlme!lne. The next 

discusses a vie~ for managing the audio 
track using a transcript. following is a brief 

desc~iptlon of other views in the Silver 
interface. The final subsection describes 
the smart editing features in Silver, 

STORYBOARD VIEW 

The storyboard view allows the user to 
arrange and rearrange the video composi­
tion at a large scale. It displays each clipl 111. 

the composition as a separate icon 

containing a title and a key frame. Initially. 
we dynamically analyzed each clip to iden- · 

tify a representative key rrame. However. 
early users were confused when the 

displayed key frame changed as they 

edited the clip and preferred using a ;;tatic 

frame close to the start of the cilp. The 

clips ere sorted chronologically, so moving 

clips within thi:l storyboard changes the 

order in which they appear in the final 
video. 

In addition to the composition. the story­
board also contains a "scratchpad." or 

staging area. Clips in this area are not part 

of the composition. but are easily 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. 

Dragging a clip across this line a_dds or 
removes it from the composition. 

1 A clip is a con!inuous !illgm<>m of video from a 
single source file. 
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HIERARCHICAL TIMIEUNIE VIEW 

Silver, like most video editors, provides a 

timeline view as the primary view for 

detailed editing. Silver allows users to 

easily view and manipulate video at 

different scales by providing a three-level 

view: clip. snot, and frame levels {see, 
Figure 3). The ti,meline allows the user to 

work at a high level of detail O.e., in the 

frnme level) without losing tne contl:!Kt 

within the composition {Le .. in the shot and 

clip levels). 

The !op line is the clip level which repre. 

scnts tne entire video. At the top are two 

colored bars, one for audio and one for 

video, that sl'low geps in tho tracks and clip 

r~---
, 

Source 

Trnnscrip! 

boundaries. Tne central section of the clip 

level shows a more detailed view of each 

clip than is shown in the storyboard. In 

addition to a representative frame. it shows 

a timeline end if space allows it shows the 
end frame, title. and duration. 

Users control how much is displayed in the 

other two levels of the timellne using a 

sophisticated scrollbar at the bottom of the 

clip levei. In addition to the usual dragging 

behavior. the scrollbar may elso be resized 

to zoom the shot level in or out. It also 

contains a miniature version of the shot 
level scrollbar, which snows the position of 

the frame level within the shot level and can 
be dragged 10 scroll the frame level. 

The shot level allows users to interact witn 
video at a 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 shot is 

displayed using the representative frame 

for the shot as chosen by lnformedia. Shots 

smaller than a certain threshold are 

displayed with proportionally smaller 

thumbnails (for example, the third shot in 
Figure 3). As in the clip level, there is an 

augmented scrollbar at the bottom of the 

·--------·------------
2 A sMt Is a contim.ious segment of video from a 

s!ngie camera. 

--------1 

I 

+- Outline 

Preview 

Timeline i 

____________ _J 
figure 2: Ovm11lew ol the S;iller 1nie,1aca 

Scrollbars 

Framo yiew 

Figure 3: Tlmellno window. T11a scrollbar in the clip Yia'oN can be mov<>d and msi,ed lo scroll and zoom the 

shot view. The shot view scrollbar can be moved and resized to scroll and zoom iiie !mme view. 

l 
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shot level used 10 scroll and zoom the 

frame level. 

The frame level can display the individual 

frames of !he video. so the user can quickly 
find particuliwcut points. The frame !eve! 

addresses the dual medium issue by 
displaying the transcript. including the start 

and end times of every word. ln other 

editors, there is little information about the 

audio. so users must repeatedly play the 

audio to find a desired part. The time· 
aligned tianscript Sliver provides allows the 

user to locate the desired part of the audio 

and video more quickly and easily than is 

possible with comrent!onal editors. 

At all levels. boundaries between clips are 

shown as blue lines. The user can-resize a 
clip by dragging the clip boundary. 

A key feature or the Silver timeline is that it 

shows different representations together. 

allowing the user to see the clip bound­

aries, the time, samples of frames, the cuts. · 
the transcript. annotations. etc. Ir. the 

Mure, other representations could be 

added. such as audio waveform or iabels 
for recognized faces. 

TRANSCRIPT VIEW 

Unlike any other editor of which we are 

aware. Sliver shows a time-aligned textual 

mmscript alongside the video, under it in 
the frame level of the timeline view (see 

Figure 3). This view is very useful for fine. 
grained audio and video synchronization. 
but iittle text can be shown there simu!ta-

·~J~,m,;,:ot 
f/1WM>~ibol,>~olt"°"" 

t,y~whl<:h'btolto, __ 

'!QI' ptt,,,,N ,bl! 8Nl I.S With•"•~. 
~ ""°'1, ni:4 ~ im!l-!ilffl1~g, "why .. 

11,;ir,;,w ~!'!OOl,"<ID!!f11'!~•~· 01>'" 

Figuro 4: T1anscrip1 window. 111 tho top lino. we can 
see tJlue clip tJieaks f'll"l, em::losi11g a gap in audio 

r- ·1. The word lt!lelligencewas cut in the m;ddle. 

The green stars represent noise or recognition errors, 
Al tho edges o! !he selection, l!Blf and deregulaterJ 

mo partially selected. 

neously because it is mapped to time in a 

single line. 

So that the user can more easily view and 

edit the transcript, Silver offers a text­
editor-like window dedicated to the tran­

script (see Figure 4). As in the tlme!ine view. 

the text in the transcrl1)t window Is tied to 

the video, so the user can edlt the. video by 

cutting and pasting the text in the 
transcript. 

One challenge for displaying transcripts is 

the need to display Information in addition 
to the spoken words. Our solution is to 

insert special characters into the text For 

example. the boundary between clips is 

shown as a blue double bar ("Ji"). and 

sections without audio are represented with 
dashes (". 'l This !s shown near the top of 

Figure 4, 

Because speech recognition can coptain 

mistakes. Silver inserts a green star ("'") 

where there appears to be a gap. misalign­

ment. or noise. Silver allows the user to 
manually correct mistakes in timings or 

recognition. Users can type the correct 
text and indicate what video is associated 

with It 

OTHER VIEWS 

Silver provides the user with many other 

views. The Outline and Subject views 

permit the classification of clips in a ,hierar­

ctilcal or !lat taxonomy to help users orga · 
nlze their composition.' The Source view 

provides access to 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. 

Silver is built on top of the !nformedia client 

interface, so the search, browse. and 
summarization views provided by 
lnlormedia are available to the user. For 

example. the user can use the lnformedla 

Search window to enter a keyword and 

then drag one of the clips displayed in the 

Search Results to one of the Silver 
windows. 

These views are described in more detail in 

another paper [151. 

SMART EDITING 

Silver tries to reduce the tedium of editing 
video by using metadata to provide more 

intuitive interaction. One large source ol 
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 

tedious than te>:.t editing. is that with video 
the user must select and operate on a 
irame-by-frnme basis. Simply moving a 

section of video may require many minutes 
while the begin'ning and end points are 

laboriously located. 

for selections in an audio-based view. 

Sliver may snap the edge of video selection 
to a shot break To avoid flashing a few 

frames of another shot. we use a threshold 

!~"\''' 
" ' ~~ 

" 

F;gure S: Smart select,on. Audio 1md video CM De selected separim!ly, end video seloc!!on snaps to shot 
OOunderie::,. 
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of one second when the shot break. ls 

outside of the audio selection. for example, 
. the rlght edge of the video selection in 

Figure 5 is snapped to a shot boundary. As 

shots become longer than a second, they 

no longer are objectionable. We use a 

threshold of 0.3 seconds when the shot 

break is inside the selected region. II is 

preferable not to jump to the middle of a 
shot 

For video-based 11iews. if the selection cuts 

a word in half then Silver extends or 

reduces the audio selection to the nearest 

word edge. This is shown in Figure 5 where 

both edges of the audio selection are 

snapped to a word. This might take the 

audio selection across a shot break. 

Selecting In a miited media view causes the 

selection to snap in both audio and video, 

However, the user is ah111ays in control: the . 

smart selection can be disabled by 

pressing a modifier key. 

Silver eases selectlon by providing a mech­

anism to select a meaningful segment 

based on the view. For example, In the shot 

le11cl of th!l tlme!lne. a double click selects 

the corresponding shot In some cases. a 

larger segment ls selected with a triple 

click. such as In the transcript view (where 

a double dick selects a word and a triple 

click selects a sentence). 

. ,9K· J. 

When the user selects a region. Silver may 

adjust the audio or 11!deo boundaries based 
on editing rules of thumb and the available 

metadata, This is esp~cially useful when 

the source contains L-cuts. 

Smart Snap 
When moving the cursor around in the 

timeline view. the cursor snaps differently to 

features of the composition depending on 
which row the mouse is moving over. In 

video-based rows. the cursor snaps to shot 

breaks if close by, or to the nearest frame 

otherwise. In the transcript row. the cursor 

snaps i! close to a word boundary. In the 

case of silence, the cursor does not snap. 

In addition. the cursor always snaps m clip 

boundaries and the edges of the current 

selection. 

Smart Cut and Paste 

When a segment with non-aligned audio 

and video edges is deleted or pasted. the 

resulting ragged edges would typically 

require the user to again go down to frame 
level and adjust the.edges or create a 

special effecuo avoid gaps in the composi· 

tion. For example. if a segment with shorter 

video than audio (such as Shots A. B. or E 

in Figure 1) is inserted, the user would need 

to close the gap in video by either 

extending the video or shrinking the audio 

on either end of the gap. 

figuro S; Close gap dialog. Thi, di6log would eppes, ii t~e .. sa, deleted the s~lectian i11 H;iure 5. 
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Silver makes this task much easier by 

semi-automatically determining how to deal 

with the uneven ends. It presents a ~ialog 

box to the user with different options to 

, close the gap. This dialog displays the 

current gap and how the different options 

would close it. For example. after deleting 

the segment that is shown selected in 

Figure 5, a dialog box like the one in Figure 

6 would appear. This dialog is needed 

because more audio than video is selected , 

in Figure 5. so deleting the selection would 

leave a gap in the audio. Deleting Shot E in 

Figure 1 would have !he same effect 

If there is a gap in audio (e.g., if Shots C or 

D from Figure 1 are pasted), then Silver 

recommends leaving it because silence is 

generally not disruptive. However, it 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 long as it does not take 

them across a shot boundary. 

In cases where the editing operation leaves 

two gaps. such as when a clip with jagged 

edges on both ends is inserted, Silver 

presents a double version of the.dialog box 

where the user can look at both ends 
simultaneously. 

THE EVOLUTION OF SILVER 

This section describes how the Silver inter­

face changed over 'time a.s a result of 

informal.usage we obser11ed. 

TIMELINE 

The most complex part of the Silver inter­

face is the timellne. Much of the time we 
spent designing Silver focused on this view. 

Our timeline started with a simple scrollbar, 

a 11ideo track, and an audio track. It 

showed the clips in the composition. repre­

senting them by stretching a representative 
key frame, However, we wanted to repre-. 

sent more detailed information 111 the time­

linc. Our simple timeline could not show 

different levels oi granularity simultane­

ously. Our approach was· to show context 

and detail in a multip!e··level hierarchical 
timeline. 

Other video systems also use multi-level 

timelines. Some editors (like Premiere) have 

a two-level timellne. ~ detailed timeline 
represents a short amount of time and is 
used for most editing tasks. It can display 
different tracks. including multiple video 
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and audio channels. effects. etc, The 

second limeline Is a very abstract represen­

tation oi the piece. This t!meline is only 

used to determine what is being shown in 

the detailed timeline. 

TlMEUNE SCROLLBARS 

There are many interaction challenges 

when designing a mult!-!evel view like our 

timeiine. In particular, the correlations 

between the scrollbars required several 

iterations and fine-tuning. Many al our 

Initial assumptions needed to be changed 

in response to user testing. 

Originally, the scml!ber thumbs were 

designed to represent a constant propor -

tlon and position in relation 10 the whole 

scrollbar. So, for example. the ~op scrollbar 

thumb could cover the second half of the 

scrol!bar, meaning that the next level repre­

sents the second half of the composition. 

When the window is resized or the compo·. 

sition Is edited, the scrollbar would stilJ 

cover the second half and the next level 

would still show the second half of !he 

composition. although with a different 

zoom resolution. This behavior was 

extremely_ annoying to users. especially 

aft.er !hey had carefully set the zoom level 

to show, say. shots at a particular resolu­

tion. 

In the same sense. the middle level's 

scrollbar thumb would represent a fixed 

proportion and position In relation 10 the 

top scrollbar. To change the resolution of 

the middle level the user needed to resirn 

the 1op·scrollbar by dragging on one of its 

edges. However, the middle scrollbar 

remained the same. meaning that the 

bottom levers resolution and position 

changed as well. So. changing the top 

scrollbar would often change what was 

displayed In the bottom level and users 

would need to readjust the middle scrollbar. 

Since the middle scrollbar did not change 

in response to changes in the top scrollbar, 

displaying the last frame of the composition 

in the bottom level involved dragging !he 

top scrollbar to the right edge. and then 

dragging the middle scrollbar to its right 

edge. 

We changed the interaction model so each 

scrollbar kept its 20om 0 level constant. We 

assumed users did not want the bottom 

level to change when the top scrollbar was 

resized. So. growing the top scrollbar 

would also shrink the middle scrollbar so 

that the bottom level would maintain its , 

resolution. Furthermore, the resizing 

needed to be centered ori the thumb. so 

that dragging one edge would similarly • 

change the other edge. Otherwise. the 

bottom level would move even ii it main­

tained its resolution. Pressing the alt key 

while resizing disables the centering 

featum, allowing the user to change just 

one side of the scrollbar thumb. This is 

useful when the user is intomsted in some­

thing that Is not in ihe cemer. 

Users had problems recognizing the rela-

11onship between the different levels. That 

is. they did not underst,md that each level 

was a blowup of the previous one, We 

added guiding lines from the scrollbars to 

tile edges of the next level to help indicate 

this. Also, we color-coded each thumb. and 

showed a miniature version of the middle 

thumb in the top-level thumb. 

TIMEUNE VIEWS 
Each part of the timeline represents video 

at diffeirent levels of deta!I. 

Frame View 

Initially, we showed a frame sample row in 

every level. However, in the less-detailed 

levels ~.e., shot and clip). samples could 

seem almost random since a single frame 

sample represented a large amount of time. 

Users were confused because they 

expected the samples to be representative 

of the time they covered on the timelinc. 

The confusion ended when we removed 

frame samples from the other levels. 

In our original presentation of the frame 

view. users would assume that the video 

samples in the frame view represented indi· 

vidual frames. However, the samples only 

showed individual frames if the level was at 

the highest level or detail. 1o make the 

difference between showing a sample and 

all individual frames, we added a double­

line border to frames when snown individu 0
• 

ally. 

Clip view 

We represented clips by stretching the 

picture of a representative frame 10 fill its 

corresponding space in the timeline. For 

long clips. this distortion made the frame 

unrecognizable. Now we represent the clip 

wi!.h the first frame. If there Is enough 

space, we also show the last frame. When 

several clips were shown side by side, it 

became hard to distinguish start frames 

from end frames. So we now display the 

last frame at a reduced size, If there is 

enough space bel.\'lleen the start and end 

frames for a clip, we also show textual 

· information about the clip such as its name 

and duration. 

Since the composltion length, window size. 

and mom level may change, an Important 

consideration for our views was that they 

should always show something meaningful. 

Ciips and shots are displayed ln more detail 

if more space is available. but there is 

always some indication of the presence of 

each shot and clip. For example, if a clip 

has very little space, ii only shows that a 

clip exists (with a thick blue line). With more 

space. it shows the first frame. With more 

space, the first and last frames. Finally. it 

includes title and duration if there is a lot of 

space. The timeline also shows varying 

amounts of information depending on avail­

able space. As space increases. words go 

from small black dots to the word with 

starting and end times. If some words do 

not fit, we try to rearrange them in two 

levels, With frames we sample to show as 

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 inte~ace 

and in its implementation. 

Many views, one model 

All of Silver's views actually represent the 

same composition. Any change to the 

composition is reflected immediately in 

every 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 challenges. 

First. the selection in video may begin end 

end at different limes from the selection in 

audio. As is described in the smart editing 

section, this feature is critical to achieving 

high quality vvhen composing previously 

edited content. Some views only show the 

audio or I.he video track; these views only 

show their corresponding selection. 
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We use color to show selections of different 

media types: orange for video, green for 

audio, and yellow for segments selected in 

both (see Figure S}. Usually, users wan! to 

select audio and video together. but some, 

times they need to separnte the two. 

Single-track selection is done with the right 

mouse 1:11.mon instead of the lefl, which 

selects both. For example. dragging the 

right button across the frame view of the 

limellne would select e piece oi video 

without selecting audio. 

The second problem that arises from 

synchronizcd selection is defining what tho 

"equivalent" portion is. The different views 

show different levels of grnnuiarity, so it 

may not be possible to represent the selec­

tion accurately in some views. For example, 

If a few irnmes are selected in the timeline 

view. as shown in yellow In Figure 5, It is 

not obvious what should be shown in the 

storyboard view, since It shows only 

complete clips. Silver uses a dark shade to 

highlight a fully-selected item, end a lighter 

shade to highlight a partially-selected ono. 

Another example of this problem arises 

between video and audio views. lndivldual 

words in the transcript span multiple 

frames.. When a word is selected in the 

transcript. it Is strnlghtfoiwerd to select all 

the corresponding frames. However. 

selecting only one of those ire mes in. the 

video wili correspond to only part of that 

word. This partial selection is shown in the 

transcript by malling the word italic, for 

mrnmple the words "half" and "deregu­

lated" at the edges of the selected text3 in 

figum 4. In this case. If the selected video 

is moved, the word will be cut into two 

pieces. Silver represents !his by repeating 

the word In both places, but showing them 

in a laded color. For example. the word 

"imelligence· In Figure 4 was split. 

lnformalion Overload 

Video is time-based. which makes it diffi, 

cult to display well statically, and the more 

comprehensive the static display, the more 

screen real estate It requires. Also. the dual 

nature of video demands additional semen 

space. Organizing the large amount of 

information users need while editing video 

l wa wolJld pre!;ir the select1011 highlight to oo 
gman ewer fully selec!ed-words and light g,een 

· over partially sclocrnd words, to be consistent 
with other views. Un!om,nately. !he Visual E!11sic 

tc~l component does not support this. 

has been a significant challenge in the 

design of the Silver interface. 

The problem of lnformation overload is 

exacerbated by the inadequacy oi auxiliary 

media, such as paper, to supplement the 

Interface. in editing a large text document 

or program, people often print sections so 

that they can refer to them while editing 

without using up screen space. However, 

this strategy is not effective for editing 

video because of its dynamic nature. 

The primary mechanism we have used to 

address the information overload problem 

Is the scrollable, zoomable tirneline view. 

With this timeline. the user need not view 

ttie entire video at the highest level of 

detail. but may see only the currently rele­

vant part In detail. and still see the context 

around It in the other. Jess-zoomed-in 

views. Th!s 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. Participants 

were asked to use Silver to perform a 

series of edillrig operations on one video 

with smart editing enabled, and another 

series on a different video. this time with 

smart editing disabled. Our participants 

were seven paid subjects. graduate 

students from the School of Computer 

Science. 

Design 

This study was a within-subjects design. All 

participants did both eKperlmental tasks. 

· Each performed one !!lsk with smart editing 

enabled and one with smart editing 

disabled. The order of the tasks and the 

order of smart editing were counterbal­

anced across participants. 

PROCEDURE 
The ei<perimem had three parts: tutorial, 

experimental tasks. and.post.experiment 

questionnaire. 

ln the first part, participants read the Silver 

tutorial and periormed training exercises In 

it. They loamed how to scroll and zoom the 

t!mellne. select video, and play video. They 

also learned how to delete segments of 

video and clean up the cuts. They 

performed a practice task in which they 

manually cleaned up a cut and a practice 

task in which they used the smart cut and . 

paste. 

In the second part of the study. each partic­

ipant periormed the two experimental 

tasks. For each task; participants were 

given one of two video compositions and a 
corresponding list of edits to be performed. 

One video composition was about the Mars 

polar lander; the other was sbout forest 

fires in Russia. The source videos for each 

task were obtained from CNN footage. The 

videos and shots io cut for each of the two 

tasks were selected to be equally difficult 

and to be emertalning. 

Participants were asked to cut specific 

shots· from the composition. Afte;r each cut. 

they were instructed to play the transition 

and, if they judged it to be "rough", to edit 

it to make it "smooth"- that is, with no 

· gaps or aQrupt transitions. 

At the end, participants filled out a paper 

questionnaire about the study and demo­

graphic Information. Users were asked 

about tile system in general, the smart 

editing features, the tutorial; and each of 

the.two tasks. 

Results and Analysis 

On average, both experimental tasks 

together took participants 33 minutes. 

There were no statistically significant differ -

ences in time to complete either task due 

to task. order. or smart editing. 

We did find significant correlations between 

two questions on the questionnaire and the · 

time to complete-tile task with smart 

editing disebied. Participants who rated 

"exploration of features by trial and error" 

as more "encouraging" than "discouraging" 

(on a scale of 1-9) took longer 10 complete 

tho task {correlation 0.8?.. p < 0.046). This 

may be due to participants who felt emcour • 

aged to explore the interface spending time 

with parts of the imeriace that were not 

directly related to the task. 

Qualitatively, nearly ell participants made a 

positive comment about Silver. such as 

describing it as "cool software. very ln!U· 

itive 10 use". Two users believed they ~xpe­

rienced a learning effect: one said that one 

task was "easier because it was the second 

task". Another user mentioned. "after I 

could familiarize myself with it, it .became 

easier to use and no! as intimidating", 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2000 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



However. tho times recorded show no 

significant learning effect 

We were very encouraged by the fact that · 

all of the study participants were able to 
succeed in both of their editing tasks, 

especially given the brevity of the tutorial. 

The purpose or the tlmelines and what they 

· displayed were not Immediately obvious to 

any of the participants. Participants recog­

nized that one timellne represented the 

video, but did not know what the other two 

were. for all but 2 participants. the tutorial 

cleared up this confusion. 

The ei<istence of L-cuts in video was also 

not apparent to participants until they 

encountered a task in the tutorial where 

they deleted a shot that had an l-cuL The 

Morea! dld not specifically talk about L­

cuts, and it seemed that participants were 

not as watchful for them during the experi­

memel task as they should have been. In 

retrospect. this is not surprising considering 

they were novices In video editing. 

We believe thet the timellnes would have 

been easier to understand and users would 

have been more attenti\le to l-cuts if the 

tutorial had explained what clips. shots, 

and frames were and what L-cuts wern 

conceptually before describing how the 

intcrfece worked. 

Some users had difficulty with the scroll· 

bars at !Imes because the thumbs were 

very small. it was difficult to grab the 

thumbs and move them and even more 

difficult !O resize them. Other than that 

problem, we were pleased to see that users 

understood how to scroll and zoom the 

multiple levels. 

We added a double border to individual 

frames to make it more 0pparnnt when indi­

vidual frnmes were showing In the frame 

level. However, some users did not seem to 

be sure when individual frames were being 

shown and when they were no!. The frame 

view may need an even more overt visual 

cue to make this distinction obvious. 

Users felt disoriented alter deleting a shot. 

When a shot is deleted. timelines in other 

systems typically shrink. whereas in Silver It 

. maintains its size by readjusting its zoom 

level. This sometimes led to participants 

having difficulty locating its former position. 

A brief animation might make this explicl! to 

users. 

;Ne expected to find a greater effect of 

using the smart editing options. The few 

video editing experts that have been 

involved with this project were enthusiastic 

about incorporating these features. 

Apparently. our naive users could not 

distinguish between the effects of the 

different options offered b;i' the smart cut 

and paste dialog. possibly because in many 

· of the l-cuts they encountered in the 

experiment, the gap in the audio or video 

track that was created was very small, 

which caused the different fixes to be only 

very subtly different from one another. 

Users did say that the schematic view of 

tt1e video was intemgible am! helpful. This 

suggests that we should eutomatically 

carry out the recommended action when 

tile effect is small. Also. we should reeval· 

uate the dialog box using video where the 

differences among fixes is clearly percep­

tible. 

We suspect that participant motivation was 

an lmportam variable in performance. 

Some users seemed to try to finish as soon 

as possible, while others experimented with 

the interlace. Time to complete a task 

might not be the best measurement of the 

effe·ctiveness o! a creative euthoring toot. 

since it pen0lizes exploring different 

options and paying attention to detail. This 

mlght explain the significant correlation 

described in the previous section. In the 

future, we hope to study the quality of the 

produced video which might provide richer 

information. 

FUTURE WORK 

There are many possible directions for 

future work with Sliver, For example. 

corrections to the transcript by users could 

guide the speech recognizer in the text 

alignment. so users would not need to align 

!he text manually. The transcript view could 

also support the authoring of new produc­

tions from scripts. The user could type or 

import a new script. and then later the 

system would automatically match the 

script to the video as it is shot. 

We are exploring when these adjustments 

can be fully automated in e reliable way. We 

are also looking at ottmr metadata that 

migt1t be helpful in giving a recommenda­

tion. For example, we are c'onsidering 

mixing tile audio of both edges when ono 

audio track ls music or other background 

sounds. We also want to increase the 

palette of options for handling gaps in the 

composition. For example. a third piece of 

video footage can be placed to cover the 

gap area, or a "special effect" like a 

dissolve can be used to smooth the transi­

tion over the gap. 

Silver could also incorporate other meta· 

date in the future. such as face detection 

and recognition, and voice matching and 

recognition. With these data. Silver could 

allow users to easily perform editing opera­

tions like '.'Cut all video where person )( is 

talking." 

Another type of analysis that would assist 

editing is object recognition and tracking. 

Silver could use this Information to allow 

users to make moving objects hyperlinks. 

or cut and paste all video related to specific 

objects. 

Tracking of people. faces. or objects wCluld 

also allow interesting syi:thetic graphics to 

be overlaid, for example to explain motion 

in a video for physics Instruction. 

CONCLUSIONS 

Silver is a system designed to make high 

, quelity video editing easier. It demonstrates 

several techniques 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 

but also higher-level metadata. A single 

selection ls coordineted across all views, . 

even when the audio and video are 

unaligned. A !exlui31 transcript is linked lo 

the video, providing a view that affords 

quick and accurate editing in the audio 

domain. Silver provides a three-level time­

llne, presenting both context and detail. 

which can be a useful tool for video editing. 

Silver shows !hat video metadata can be 

used to create an advanced Interface for 

aiding novice users in the performance or 

otherwise difficult or tedious editing tasks. 

It demonstrates three forms of smart 

editing. with selection. snap. and cut and 

paste. Currently the metadata used is only 

!he 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 cutting in the middle of 

a panning or zooming camera operation. 
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20, 

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 in 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: 
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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: 

0 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) 

0 Set you KeyFrame Min and Max distinance to 2 Seconds per your framerate 
0 Disable any forced I-frames at Scene cuts_ Usually this is referred to as scene detection or-no-scenecut in x264 
0 If you 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. 

x264.exe -pass l -bitrate 2962-ssim -output NUL -profile high -preset 
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slower -tune film -stats n.stats" -keyint 48 -min-keyint 48 -no-scenecut 
ElephantsDream.avs 

x264.exe -pass 2 -bitrate 2962-ssim -output "MP4\ -nl 2962.mp4" -profile 
high -preset slower -tune film -stats ~.stats" -keyint 48 -min-kevint 48 
-no-scenecut ElephantsDream.avs 

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 modifying the Folder Path that you want to use for it. 

Job Templates 

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 in 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 <seq> element. 

<seq> element you list the <video> or <audio> tracks that you wish to use from your MP4 files. 

You simply point the Video element's "src" 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=''!.0 11 encoding="utf-811 ?> 
<smil xmlns='bttp ;/JwJ.VM.,.w3,mg1200 l.iSM!L20JLanguage"> 
<body> 
<seq> 
<video src="ElephantsDream _ l 427.mp4" /> 

<video src="ElephantsDream _ 2056.mp4" /> 
<video src="ElephantsDream _ 23 0 .mp4 "/> 
<video src="ElephantsDream _ 2962.mp4" /> 

<video src="ElephantsDream _ 33 l .mp4 "/> 
<video src="ElephantsDream _ 4 77 .mp4 "/> 
<video src="ElephantsDream _ 68 8 .mp4 "/> 
<video src="ElephantsDream _ 99 l .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 mani1est entries in the Client and Server manifests. 

<?xml version=''l.O" encoding="utf-8 11 ?> 
<smil xmlns="http.;,l/:www . .w:3 . .m:.g/200.lJSM!L.2 QI.Language'> 
<body> 
<seq> 
<video src="ElephantsDream_l427.mp4" /> 
<video src="ElephantsDream _ 2056.mp4" /> 
<video src="ElephantsDream _ 230.mp4" /> 
<video src="ElephantsDream _ 2962.mp4" /> 
<video src="ElephantsDream _ 33 l .mp4" /> 
<video src="ElephantsDream _ 4 77 .mp4" /> 
<video src="ElephantsDream _ 688.mp4" /> 
<video src="ElephantsDream _ 99 l .mp4" /> 
<audio src="ElephantsDream _ SP A.mp4" systemLanguage="spa" /> 
<audio src="ElephantsDream _ audio-eng.mp4" systemLanguage="eng" /> 
</seq> 
</body> 
</smil> 

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

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2005 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



After 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. 
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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 easily add Adaptive HTTP Streaming with 
Silver light. 

Sam Zhang is the Dev lead on the IIS Media Services team, and in 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 in 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 o1 biogs that Sam just published that oHer guidance on how to troubleshoot all kinds 
o1 issues on IIS Media Services! Erjoy. 

:Part 5 (Client 1\'lanifod) 

Part 7 (Puttirsg lt TogcHw r) 

llS 1\1edia Services 4J) Released! 

November 1 2010 in HS Medrn Se:nkef. M.cd.ia Srrontb Stnm1iJ:w I 6 cnrnrne:11(1,, ' ' ' ~ ..... 

I'm very excited to announce the release o1 IIS Media Service 4.0! 

Some o1 the major 1eatures that we are anxious to share this week at the Stre.1ming Tvkdi;;1 We:.t con1erence include: 

Encode once and stream to Silverlight, WP7, iPad, iPhone, Xbox. 

Live Smooth Streaming updates: 

0 Stability: Improved stability and memory usage of Live Smooth Streaming under heavy server loads. 
0 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. 
0 New Publishing Point Details UI: Real-time publishing point statistics now available in the IIS Manager UI. 
0 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. 
0 Updated RSCA API: Real-time statistics available via RSCA APL (Blog post detailing this feature coming soon!) 
0 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. 

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: 

0 Live DVR: Pause, rewind, and seek. 
0 Archiving: Saves live content for DVR use or later on-demand playback. 
0 Archive Segmentation: Breaks a long broadcast up into smaller clips for easier storage and repurposing of on-demand 

assets. 
0 AES Encryption: Keeps your content safe while streaming by using a wire-level encryption. Note: This is not Play Ready for 

iOS, it's just a wire-line encryption of segments per the Apple Pantos spec. 
0 B-Frame support: Provides better picture quality when delivering to iPad. 
0 HE-AAC audio support: Higher quality audio for delivery to iPhone and iPad. 

Smooth Streaming Client 1.5 - (Coming Soon!) 
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0 Low Latency client support. 
0 Manifest compression client support. 
0 

Read our official release announcement~-

0 ~ and try IIS Media Services 4.0 today 
0 Stay tuned for other IIS Media releases in the weeks and months ahead ... 

0 .IIS.S.n:Kloth.S.u:ean:ring.Client 
0 US Trnm..furm M.i.Jsigr·r (available in Alpha today and through our TAP program). 
0 IIS Smooth Multicast 

Also be sure to check out the new article Ein,t.LG.<:Jk l'vfa:ws(~ft US Media Se.n.:ic.e& 4 on StreamingMedia.com. 

HS Transtonn Tvlanagcr Cl1st.om task -for X264 encoder 

August 16, 2010 in Smooth Strean:ing, Tramiorm M.i1i.1ger I L;;,p•e a comment 

I was really excited to see this n~c.ent blog p.,.::.&t by (,e..:4l C..:!,',; oi Soi..l;b.W..:u·kK He has taken our IIS Transform Manager Task API 
and created an custom Task for using the open source X-)64 e.nr-odeI 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 J:Vfain Com::ept, and the other is the X264 librnr?• which was originally developed by Laurent 
Aimar. If you check the Doom9 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 into 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 
integrate 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 MP4 to Smooth conversion task that we are creating for the IIS Media Services 4.0 release in October. 

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

http:i/blogs.soulhwork~.net/geoH/2010.t08.t14tx264-i;;rn;;oding-witb-iis-trnrn.dorm-manager: 

llS S-mooth Stremning Forn1at SDK Beta 2 

June 18, 2010 in Silverlight, Smooth F,Jm:.it SDK, SnxJoU1 Stre.imiug I Le.aw .i. comment 

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 into Smooth Streaming fragmented-MP4 format that is compliant with the Smooth Streaming Format and Pr(~tected 
IJ:tewpern.ble Ek fo.rrrnu ~PlE.F} specifications. The IIS Smooth Streaming 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 lxre. 

Documentation for the SDK can be found online here - HS Sn¥.uJth Strean1ing .F.<:m:.1.iJ SDK MSDN do;;;.u.i.1,entatir.m and the release 
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notes are available here - HS Srnontb StI~;;1rnfng FnI.tml1 SDK Bet;;1 2 Re:le.i~e :Note:~. 

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 Mic.lo:;;o:iJ:.:VC.1...Ern.::.p,;for .. SDK..= .. P.i:o.Je););io.n.al. 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 f-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 
0 H.264 (AVC 1 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) 
0 AAC-LC audio 

2. Sample source code for a basic on-demand muxing application that uses DirectShow to source from files. 
3. Li:i.Jk. to (~nl.iu~ l'vISDN d.(~c.;m.1.enla.li,;:)l;l 

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

0 H.264 PlayReady sub-sample encryption support. 
0 PIFF 1.1 spec compliance. 
0 Multi-language audio muxing. 
0 Text stream and TTML track muxing support. 

This is in addition to the following supported features: 

0 Support for Protected Interoperable File Format (PIFF) 1.1 compliant fragmented-MP4 file output. 
0 Support for ISO Base Media (ISO/IEC 14496-12:2008) spec compliance. 
0 Support for muxing live and on-demand content. 
0 Support for appropriate header boxes and formatting required for live streaming using IIS Media Services. 
0 Support for AES-CTR encryption ofVC-1 and H.264 encoded content for use with PlayReady licensing servers and 

Silverlight 4.0 or higher. 
0 Support for writing out a compliant Smooth Streaming Transport Protocol server manifest files. 
0 Support for writing out a compliant Smooth Streaming Transport Protocol client manifest files. 

NOTE: Beta 2 includes 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 
directly or to ~.1.molh@t:nicJ.·0:.0:tl . .c.orn. 

Download the Smooth Streaming Format SDK Beta 2 ~: 

SSES.DK 64,m>-"i 

SSFSDK 12 ms.i 

Resources 
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0 Download the l!S Srnnntl, Str~;;1,ning lnm;;;port Protocol Specifu::;;1tinn 
0 Download the Smr,n!h Stre;;iming Cocn! l o 
0 ,\PI docwne.ntation for Smooth Streaming Client 
0 More Information on S.n.100.th. S.tre.;u:nmg 
0 More Information on Live.S.n'.li:Joth.S.tr.eaming 
0 Supporting documentation on getting started with Smooth Streaming 

0 Srnnntl, Su·~;;1,ning fur HS 7_0 --- Getting Staited 
0 Lil',~ Srnooth Stre.iming ihr l!S 7 1) -- Getting St;;1rted 
0 Smooth S tre ;;i,trung DepkJ: ·ment Gt1Kk 
0 B, iild ~1g y,;:m.r fa:>.:t St:.11.~(~ lh Strea.i.ni.ng Ph)'et m,mg S S.~ m 

HS Iv1edia SCP/ices 4 Beta l Encode once & deliver to (more«than) three screens 
across nrultiple file forn:mts & protocols 
June 10, 2010 in Smooili Forni.it SDK, Sn:io,Jth Streaming, Tnm:;;ionn M.111.i.ger, l_l.w;:ategm:ired I Leav;; a comm;;nt 

Today begins the next wave of updates to IIS Media Services. We released our first beta of Media Services 4 which includes the 
new support for live and on-demand streaming to Apple devices including the iPod, iPhone, and iPad using the same encoded 
elementary 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, point you to our new walkthroughs and 
give you a preview of the upcoming features and more in-depth walkthroughs we are planning. 

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

IIS 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 elementary 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 Seinfeld 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. 

fapr~1,,1,,Jon faico,kr 4 Pro, which launched earlier this week and will be available for purchase at the J\1ir·ro1,,o:lt onli.:w 1,,tore, also 
includes new templates for broadcasting live H.264 streams to IIS Media Services for delivery to multiple device profiles including 
the iPhone, iPad, and Nokia devices. For an introduction to Live Smooth Streaming with EE4, check out S.im 1Nookey':,, blog pol<t 
m:Ji:J ¥:.alkti.W.MJgJ.1. 

New! Transform Manager 

In addition we are launching a new feature of IIS Media Services called Ii:a.i.1>."im:m ~,I.an.age~-, 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 
IIS Smooth Streaming presentations, complete with Silverlight player templates. 

Transform Manager can also convert your IIS Smooth Streaming presentations directly into 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 ,;et i1p FTP or WehDav on your 
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IIS server to upload content to your watch folders) and Transform Manager will automate the encoding to Smooth Streaming 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 S.Dl~ with. Ttml~k::itlll Mm1ag,;;-J.· 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 R TW 

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. 

If you use the new Silv;;-,·ligbt M~d.iri ~·nm.1,;;-.wotk lio:mi.ro(k.pk.x .rom} 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 J'vfa.:ro5;oit Silverlight /;ii.i~,tics Fnirnework and a plug-in API 

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 includes bug fixes to the Beta 1 features plus the 
following additional features: 

0 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 
0 Support for PlayReady sub-sample encryption to support encrypted H.264 
0 Multi-language audio muxing support 
0 Text-streams to allow for creation of Timed Text Markup Language tracks 

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. 

0 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. 

0 Transform Manager scale-out will be supported through integration with a new scalable scheduler architecture. We will also be 
expanding our API to support integration with the task editing user interface to allow custom task developers to implement 
their own task setup and editing user interfaces. 

0 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, using TTML, multi-language audio support, and 
new metadata support in Media Services. 

Resources 

Get the new IIS Media Services bits now using the Web Platform Installer link kw! 
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New Walkthroughs: 
Tramiorm Mi.ll1ager Viakthrough 
Liv;; Bwadc:aiiting to iPhone aud jPad with HS _Media Service~ \V .ilkthrough 

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

0 HS i\,fedia honrepage 
0 Xran~:;.()J·rn l'vI.;u:iagei: hr_);l.1~.pa§e 
0 Me.di.! S,;~0,·Jee~ h.elp dG-n.Jn1,·mat:iou. OJJ U··d,Nt:t 
0 Tramfr,rm l\ih1:rn;1g-;:r hdp doci 1.ment.ition m1 TechN et 
0 On-Den..m.d Sm:Joth Stre.iining 
0 Li,-e S1motl1 Streruning 
0 Adxw.-iced I . ..:>ggillg 

NAB 20 l O and US Iv1edia Services 

April 17, 2010 in Sih-erlight, Smooth Form.it SDK, Smooth Stre,iming, t'ncategorized 13 comments 

It was a great week at the :.t-,:ati.:J.m~lA5>>.(X:iati,;:m ol Broad."-H:.ter>.: p'Am 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 . 

.HS..S.n!\x4h..S.tre.aming . .('.fom and S.ih;e.rJight .. J\Mdia .. Frnme.w£irk: (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 less than 10 lines of code using SMF. In addition the latest version of the SMF player now [t 
supports Tinied Tes! ?v!arl, up langtmge (TTJ:V1L) 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 in 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-insertion using SCTE-35 signaling via sparse stream events. 

:n.x, . .S.n~xith..S.tre.arnm.g . .F£.n.nat.S.DK.P....:,t.,1 .. t is available as of early March this year, and we will be shipping Beta 2 at the end of 
May which includes additional support for multi-language audio, Text Streams, and H264 PlayReady sub-sample encryption (per the 
PIFF 1.1 specification). 

!IS Smnn!h Stre.1ming in 3D - 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 ~- Alex Zambelli, who put this demo together, has more details ~-
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The Silverlight Rn,1gh Cut Editor tool - I've talked about this project in the past. This was originally 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 Code lJ.>1lk~~ ~.ite (m MSDl>L. 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 into your own MAM and DAM or custom database systems to create an end-to-end 
workflow. 

Min:~)ft Silv_.'tligfat 4\na~'tirf. b:;;imo;;'w.:;,,:k; (MSAF) and visualizations of data using Pivot/ Azure (S.il.1zo;;',:¥i,£) 
- 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 Tvlicrosoh Pivot 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 of1line 
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. 
All you need to do is send the usual Smooth Streaming fragmented-MP4 streams to the publishing 
point in 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 point in 
their fragmented MP4 format using Silverlight on multiple clients, including 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. 

IIS 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 o1 the 
Smooth Streaming Media Element. The Windows Phone 7 is capable o1 decoding H264 and AAC at even 
higher pro1ile settings than Apple's IP ad recommendations, and we should see some even higher quality presets 
coming soon for Expression Encoder 4. 0. 

IIS Smooth Streaming for Nokia S60 devices 

(OnHetJJHtJ Pt(}J}~f 
Expression Encoder 4 (EE4) - we demoed encoding and delivering HD content 

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 

)~ V· VVindovvs 
Phone 

i'vlkro~,t:Yft' 

Expression 
bitrates o1 Live Smooth Streaming (1rom 6Mb down to 200kbps) along with a second instance o1 EE4 running with 3 streams 
targeted at the IPad pro1ile settings. Fantastic! 

In addition to all o1 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 S<hze.i.·)Jgbt 
4J.i. 

Here is the full J\{ic.i:(~>-<(~it pte~.& t~k.w.~ for more details. 

I'm looking forward to seeing everyone at IBC in Amsterdam at the end o1 the Summer with a lot more cool demos! We have some 
1antastic stuH in the works. 

New Co1nposite :tvlanifest support for building Rough Crrt Editing (RCE) scenarios 
~with £mogth £tn.;an1i:ng. 

Beta 2 o1 the IIS Smooth Streaming Player Development Kit (SSPDK) contains a very important Silverlight control called the 
SmoothStreamingMediaElement. This control is the core client side component for making Smooth Streaming work in Silverlight. 

In the latest release, Vishal Sood and team have added in support for a new mani1est format called the Composite Mani1est. 

This new mani1est can be used in scenarios where you want to do one o1 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 in 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 ofre-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: 

January 22, 2010 in Silv~rlight, Srnontii Form.i,t SDK, Smooth Str~aming I L~aw a r-ornnwnt 
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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: hup·IJhbg~ ii:;, .1.letl.v~xi.dim:chi:.:i~nn U)JH !I l S.i,m.~ 
:.mootn~fiu:eamirig~pl.r3'er~,k1,,~Jopment~kJt~bet .. -1 -reJ~;;1fied a:.px 

Key features include: 

0 Basic Playback controls 

0 APis such as Play, Pause, Stop, etc. 
0 Events for Playback and Diagnostics 
0 Properties to track position, etc. 

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

0 H.264 I AAC support (*new in Beta 2*) 
0 Monetization 

0 Ad Playback integration - scheduling capabilities, tracking Ad progress 
0 Live Ad Insertion with Live Smooth Streaming 
0 Rich Analytics with IIS Advanced Logging 
0 Support for specifying markers/Ad ingestion point outside the main manifest (*new in Beta 2*) 

~ Content Protection - PlayReady integration for VC 1 content 
~ Composite Manifest Support for scenarios like Rough Cut Editing (*new in Beta 2*) 
0 Selecting Tracks for playback ( e.g., restrict the bit-rates available, support multiple camera angles in a single stream, etc.) 
0 Support for progressive download Ads/content 
0 SSME is used in Silverlight Media Framework(SMF) and the partnership helps facilitate raster player development 

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

Get the latest drop of the Silverlight Media Framework 1.1 on Codeplex: ht!;p}i:.,mf c,;;;kplex.ccm1/ 

/\dding Netfiix-hke thumbnail scrubbing previe:v~, to the STv1F Player 

January 22, 2010 in~' Silverlight, Smooth Strearuing I Le,m.: .i comment 

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 http/Jii.nll,;;.:G1kpk:,;.~o.n.i, 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 in a later release. 
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Demo: http 1/xmldor-s. m;:t/1,,mf 

~ 
FOLLOW "JOHN DEUTSCHER" 

Get every new post delivered to your Inbox. 

[ Sign.me upj 
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The Lowdown on Apple's HTTP Adaptive 
Bitrate Streaming 
By Liz Gannes Jun. 10, 2009, 12:01am PDT 3 Comments 

• 
Be the first of your friends to like this . 

• 
This week Apple embraced adaptive bitrate streaming over HTTP 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. 

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 
(only $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 
comer. 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. 

Mpple invited two outside developers, Inlet Technologies and llnvivio, 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 MLB 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 iPhone apps from video prov.idem 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 artifishatl. 

Do you like this story? 

• 
• 

Be the first of your friends to like this . 

Gi,gaOM Research 

Can Social Ivledia Save the Jviusic Business? 
David Card in NewNet 

A Tale of Two Vendors: Will Oracle,.Red Hat Earnings Converge? 
Derrick Harris in Infrastructure 

\Vhy the htiobile App Industt)'. Needs to Address Privacy - Now 
Colin Gibbs in Mobile 

3 Comments 

Subscribe to comments 
'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'' 

Naine . 

Email 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2019 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



[1 Notify me of follow-up comments via email. 

1. Reply 
Scott Wednesday, June l O 2009 

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. IfNetflixjumps on board, then life will be 
very wonderful.:) There is a rumor that Hulu is looking to get on the !Phone. Maybe this HTTP thing 
will help push them over the edge? 

Anyway - thanks again for an informative article. 

Scott 

2. Reply 
Morgan Sunday, August 16 2009 

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 1080i it was encoded in H.264. It seamlessly adapted from 2.5 
Mbps to lOMbps .. .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 1080i 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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3. Reply 
Vittorio Palmisano Tuesday,. l\1arch 16 20 l 0 

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

htt12://www ,Quavlive ,corn/streamin~derno 
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1. iPhone Video, Finally! Plus HITP Streaming and Over~the~Air filfovie Downloads June 10, 
2009Tracked on 
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Permalink [ ... ] 
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no buffering, and streaming at the highest quality possible in any situation. Read the rest of this article 
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[ ... ] a technique called adaptive bit rate where the quality of a stream varies according to your 
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(Here's an interview with an Inlet executive about how exactly Apple's HTTP streaming works.) [ ... ] 
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[ ... ] Stacey Higginbotham I Thursday, July 2, 2009 I 1 :29 PM PT IO 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.[ ... ] 
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on 
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9. Remembering ,Alea! Page - TDG Op.in.ions faly 8. 2009Tracked on 

[ ... ] 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[ ... ] 

10. Curna !rd - ~Vd:tch Apple's first-ever Live Concert on your iPhone Tonight a,t 9prn PT August 7, 
2009Trncked. 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. [ ... ] 

11. Apple Streams First Ever Live Concert to the iPhone Tonight at 9PA1 PST I The iPhone Guru 
August 7,. 2009Trncked on 

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

12. ,4.pple transmiti6 en vivo suprimer concierto para ip!wne. ! Tecrwta August 10, 2009Tracked 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 demostraci6n lo encuentras [ ... ] 

13. Home Shopping Nenvork Hits the iPhone i\ugust 17, 2009Tracked 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[ ... ] 

14. Adaptive Bitrate Streaming I !vfurat O ZO RAL August 17,. 2009Trncked on 

[ ... ] playerlar'm demolanm gordiik. Daha sonra Apple'da bu kervana kattlacagrm duyurdu ve [ ... ] 

15. App.le's Snow Leopard vVill Bring 1\.1.ajor Video Boosts August 24, 2009Trncked 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[ ... ] 

16. Dispelling the FU!J! Silverlight is NOT on the iPhone! f code zen November 26, 2009Tracked. on 
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[ ... ] have all proprietary adaptive streaming formats. For a better understanding read this article on 
Apple's adaptive streaming on[ ... ] 

17. Envivio Adds $1 lvffr1r Video Encoding December 31,,_ 2009'fracked 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[ ... ] 

18. Sonw iPhone Video Ap-1,>1S Won't Be ,4JlJJroved Unless They Can Adal}t To AT&T's Lou:-.)_' Netv./ork I 
Canlla;jJ}og.com ~farch 26, 2010Tracked 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[ ... ] 

19. ~VtvDC,0 Netfll"K; ~Vith Adaptive Bit-rate Streaming Coming to the iPhone June 7, 2010'fracked 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[ ... ] 

20. lVWDC0 Netfj_ix. lVith Adaptive Bitrate Strearning Coming to the iPhone <( Apple Neivs Dail)' June 7. 
20 :! OTrncked 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[ ... ] 

21. mDialog Tackles I1Tlv1L5 Video Security June 9. 20101':racked. 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[ ... ] 

22. S'orne iPhone Video Apps Won't Be Approved Unless They Ctm Adapt To AT&T's Lousy lVetwork << 

Gadget Fee July 1, 2010Trncked 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[ ... ] 

23. ApJJle's HTTP Adaptive Protocol~ Castfi.re Septernber 8. 2010Trncked on 

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

24. ,4dobe Flash Pushes into the Enterp_rise With P2P, JP A1u!ticast Septernber 8, 2010Tracked 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 802.1 lb Networks 
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Avaya Labs Research 
Basking Ridge, NJ USA 

Abstract-In this paper, we present experimental studies on the 
throughput of IEEE 802.lll:J wireless networks for UDP and VoIP 
traffic. Our experiments show that the maximum data throughput 
of a single station sending out UDP traffic is 6.1 Mbps. The maxi­
mum number of VoIP calls in a single cell of an IBEE 802.llb net­
work is six if the ITU G711a-Law codec is used with 10 millisec­
onds of andio data per R'IP packet. The experiments also show 
that the effective available bandwidth in the wireless network is 
reduced by ongoing VoIP connections. Specifically, for the above 
codec settings, each VoIP connection reduces the bandwidth avail­
able for data traffic by 900 Kbps. 

L INTRODUCTlON 

In the last few years, wireless networks based on the IEEE 
802.llb standard have gained populaiity 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.llb cmrently supports is 11 
Mbps. Although task groups, in particular 802. l la and 802.1 lg 
[l 0], are working on allowing higher maximum data dates, it 
is very likely that 802.11 b deployments will continue lo op·· 
ernte in both enterprises as well as the residential market for 
the next few years. As opposed to IEEE 802.3 (also known as 
Ethernet), whern the maximal data rate of the network is in­
deed close to the throughput observed, the maximal achievable 
throughput for 802.11 b networks is far lower than the data rate 
due to the nature of 802.11 's CSMNCA medium access proto­
col. Moreover, the bandwidth is shared among all participants 
in the network whereas most of wday's Ethernet deployments 
are "switched". 

As converged networking in the wired world is becoming 
more and more popular, it is very likely tl-iat in the near fu­
ture wireless networks will also be increasingly used for voice 
trnfiic. In this paper, we present our experimental studies on 
the throughpm for VoIP and UDP traffic in a single cell of an 
802.11b network. 

We chose UDP as transport layer protocol due to its 
connection-less nature. A UDP sender "flooding" the network 
gives 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 
mkappes@avaya.com 
Avaya Labs Research 

Basking Ridge, NJ lJSA 

in 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 itself. In particular, the MAC protocol man­
dates acknowledgments of received frames by the receiver and 
retransmissions of fraines by the sender that are not acknowl­
edged within a time interval. The timer values a.re such that the 
higher layer transport protocols, in particular TCP, do not gel 
affected by the loss of a frame once in a while. Hence, studying 
phenomena related to the connection-oriented nature of TCP 
does not lead to new insights into network problems that are 
related to the specific use of an 802.11 network. 

'fois paper is organized as follows. First, in Section II, 
we outline the laboratory setup for all conducted experiments. 
Each section from III 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 
III, studies the payload throughput of an 802. l lb network as a 
function of the frame payload size. The second experiment, in 
Section IV, studies the throughput with multiple senders. The 
third experiment, in Section V. is aimed to find the maximum 
number of simultaneous VoIP connections in a single cell. in 
Section VI, we study the tbroughpul of such a network in the 
case of converged networking, i.e., simultaneous voice and data 
traffic. Finally, Section VII discusses the ram.ifications of the 
experiments and Section vm concludes the paper. 

II. EXPERIMENTAL SETUP 

Eight clients, all PCs (some Laptops, some Desktops) nm­
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 
mnning Windows 2000 which serve as endpoints for VoIP or 
UDP data connections. All endpoints in the wireless network 
are in one 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 802.llb access point and all clients are situated 
in the same room 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 experi­
ments were conducted with access points from different ven·· 
dors. with no signific:L."'!t differences in the results. The radio 
cards used in all clients were from the same vendor. 
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Fig. 1. Throughput as a function of the packet size for Ethernet and 802.llb. 
The drop in throughput for packet payloads ia1ger than 1472 bytes is due to 
frag111entation. 

HI. THROUGHPUT FOR A SINGLE UDP SENDER 

A. Experiment and Results 

We measured the available faroughput in temis of sent pay­
load on Layer 4 with IPilJDP as bearer in the scenario of a 
single client 

We used a program 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 lvibps 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 fragmented into more than one frame which reduces 
the observed throughput significantly. When the 62 bytes of the 
IEEE 802.1 J frame body and the IP/UDP headers (34+20+8) in 
each sent frame are accounted for, the overall throughput of the 
wireless network is approximately 6.36 Mbps. 

r', .... "-1 -..... __ _ 
8. .... , ____ _ 
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Fig. 2. Transmitted packets per second as a function of the packet sjze in IEEE 
802.llb 

Figure 1 shows our measurements of payload throughput as 
a function of the payload size in a single client scenario for 
10 lvibps Ethernet and 802.llb. Figure 2 shows the number of 
transmitted frames per second as a function of the packet size. 

!lxetluverlui;u!. 
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Fig. 3. IBEE 802. 11 CSM,VCA medium access scheme. 

Based on tile number of frames sent per second and the fact 
that in our setup the payload of each frame is transmitted at 11 
l\1bps, we can compute tile fixed overhead. for the transmission 
of each frame. For our measurements, the overhead evaluates 
to an average of around 840,us per frame. It should be noted 
that the transmission of a payload of 1472 bytes at 11 l\.1bps 
takes about 107011.s, hence even in this case the fixed overhead. 
time is quite comparable to the actual transmission time for the 
payload. 

B. Explanarion 

Clearly, the question arises why the fixed overhead per fnm1e 
is so 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 sterns from the Carrier Sense Multi­
ple Access with Collision Avoidance (CSJ\1..AJCA) medium ac­
cess scheme according to the Distributed Coordination Func­
tion (DCF) of the 802.11 standard [9J 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 prevent collisions from occurring. 
Furthem1ore, due to the possibility of undetected collisions and 
the higher number of transmission eirors as compared to wired 
networks (e.g., by interference), unicast frames a.re acknowl­
edged by the receiving station. The acknowledgment is sent 
out after the transmission has finished a."!d a certain duration of 
time called short inter frame spacing (SlFS) has elapsed. If a 
node wants to !ra.'1smit.a frame and senses the medium idle for 
a certain duration of time called distributed coordination func­
tion inter frame spacing (DIFS), it may start transmitting. As 
DIPS is longer tha.'1 SIFS, it is made sure that a well received 
frame can always be acknowledged for before the next frame is 
transmitted. 

lf a node wants to start transmitting while the medium is 
busy or if it wants to transmit another frame after just finish­
ing a transmission, it also waits for the medium to be idle 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 initially set to a value CWmin. The probability dis­
tribution among these values is uniform. Tile random back--off 
determines the number of time slots the client defers its trans­
mission in addition to the DIFS time. 

If the medium is sensed idle in such a "slot", the back··off 
timer is decreased by one. If the random back-off has decreased 
to 0, the node starts transmitting. If another node starts trans­
nutting before this happens, the node continues to count down 
the back-off timer after the medium has been sensed idle for 
the DlFS pedod. Thus, if multiple clients want to transmit a 
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Fig. ~- Throughput for mukipl.e UDP senders sending packets of l 472 bytes. 
Y-Axis shows throughput m bps. 

fran.1e, the one with !he lowest random back--off time will win 
lhe contention for the medium. However, if more than one node 
happens lo choose the same back-off time, they will start to 
transmit at the same time and a collision will occur. 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 until a CWmax value is reached. The 
C\V parameter is reset to the CWmin after each successful (i.e. 
acknowledged) transmission. 

The IEEE 802.11/802. l 1 b standard defines SIFS to be 10 /J.S. 
A slot time is 201,s and the value of DlFS is defined to be the 
value of SlFS plus two slot times which is 501,ts. The size of 
an acknowledgment frame is 14 bytes which take about lOp.s 
to transmit at 1 l Mbps. However, each transmitted frame also 
needs some physical layer overhead (PLCP header of 48µs and 
a prean1ble of l 44µs) which is about l 92ps. 'Thus, the to­
tal time to transmit an acknowledgment is 203µs. The IEEE 
802.11 b standard [9] defines CW min to be 31. Therefore. in 
the scenario of a single client constanlly transmitting, the a~er­
age random back--offiime is 15.5 slots which equals 310µs. For 
the actual data frame we have an overhead of 34 bytes for the 
802.11 MAC header, 20 bytes of IP header and 8 bytes of UDP 
header totaling 62 bytes which take about 45µs to transmit at 
11 Nrbps. Together with the 192µs physical layer overhead this 
amounts to 237 µs. Summing up these values, the fixed over­
head per fran1e as illustrated in Figure 3 can be calculated a~ 
10 + 20:3 + 50 + 310 + 2:37 = 810ps. 

Indeed, this value matches well with the overhead measured 
in !he experiment. 'The experimenuil values are a li1tle bit higher 
due to the fact that the overhead of periodic beacons sent out bv 
the access point is not included in the calculated value. Such 
a beacon contains management information about the network 
and is sent out about every 100 ms. When the effect of !he bea­
cons is discounted, the measured value matches wi1h the calcu­
lated value. 

IV. THROUGHPUT FOR MULTIPLE UDP SENDERS 

A. Experiment and Results 

In this experiment, the program constantly sending out UDP 
data frames is run simultlmeously on multiple wireless stations 
connected to the same Access Point. All UDP streams were 
sent to endpoints in the wired network. 

When nmning 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 Mbp·s 
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 l'vibps. 

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

Assuming all senders transmit with 1 I Mbps, !he fixed trans­
mission overhead per frame can be calculated to be 750µs, 
720/tS, and 830µs for two, three and four senders, respeclively. 

B. Explanation 

As mentioned in the explanation of the previous experiment, 
the average back-off idle lime 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 transmitting, there are two main 
factors, which determine 1he maxin1um cha..'lllel throughput. 
First is the average idle time on the channel due to inter-frame 
back-offs performed by each station. Second is the probability 
that a transmission on lhe channel results in a collision. Obvl­
ously, a lower average idle ti.me increases the channel 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 medium. In previous work on throughput analysis of 
802.11 networks, the average actual back-off has been evalu­
ated both via a,"lalytical approximations as well as via simula-· 

. tions [1], [2], [3}, [7]. From these, !he average back-off window 
size is determined to be 8.5 slots. Therefore, when calculating 
the fixed overhead, we obtain a value of 670µs. · 

However, there is a chance that transmissions of the two 
senders collide and in tum the time of the transmission is 
wasted. The collision probability has been shown to be OJ)3. 
These failed transmissions account for "wasted" air--time that 
has to be taken into account when compa,"ing the experimen­
tally observed value. It takes 1070µs to transmit a 1472 bvte 
long frame plus a fixed overhead of 670ps. Thus, 1he total ti~e 
for such a frame transmission is l 740µs. Crediting this time 
to all successfully transmitted frames, we obtain a correction 
factorof0.Q;1. 174() = 52i.tS. . 

Hence, we would expect to observe a fixed overhead of 
722ps per frame. This value is very close to the experimen­
tally obtained overhead of750p.s. Again, the deviation between 
calculated and observed value is due to the transmission ofbea-· 
cons. Furthermore, the time accounted for a 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 6.21.5 slots and the cornsion probability is 0.056. 
11ms, 1he expected fixed overhead per transmission is 719p.s. 
The actual value we measured is 741p.s. 

In the case of four senders, the average back-off window 
size is determined to be 5.061 slots and -~he collision prnba-· 
bility is 0.0774. Thus, we would expect a fixed overhead per 
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transmission of 730p.s and hence 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 11.Mbps, but dropped down oc­
casionally to 5.5Mbps. The stations misinterpret the unusually 
high collision rate with four active stations as interference. In 
tum, they decrease the transmission speed to enable better in­
terference robustness. Since interference detection and adaptive 
transmission rate control is not part of the standard and is imple­
mented in a proprietary, undisclosed manner, it is not possible 
to calculate the fixed overhead. 

V. MAXIMAL NUMBER OF VoIP CONNECTIONS USJNG 

ITU 071 l 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.llb 
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 802.1 l access point, ''wireless-to-wireless" 
calls do not seem to be a typical scenario. 

For each call, we used the ITU G711 a-Law codec where 
frames are sent out every 1 Oms. The codec output is sent over 
the JP, UDP and RTP protocols. It should be noted that it is pos­
sible to use this codec with vmying audio data length per packet 
sent. Each 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 lOms, the payload of 
such a packet is 92 bytes. \v11en making a VoIP phone call, two 
such data streams a!'e established, one in each direction. 

We tested the number of VoIP connections with acceptable 
voice quality by successively establishing new calls in addition 
to ongoing calls. The quality of the connections was monitored 
through measurements of loss, jitter and round-trip time by a 
commercially available tool. For the first five calls, the quality 
of all connections was fine. Loss (0%), round-trip time (around 
5ms) 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 !he round-trip time for some of the connections as measured 
by the commercial tool, the quality 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 experiments indicate that the maximal number 
of simultaneous VoIP connections in a single cell of an IEEE 
802.l lb network when using the 0711 a-Law codec with lOms 
audio data packets is six. 

B. Explanation 

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

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

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 
audio data traffic ca.'1Ilot be sent through the wireless network. 
Whereas each wireless node only sends a single VoIP stream, 
namely the one going from it to wired, the access point has to 

send out all audio 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 
CSMAJCD protocol is designed to be fair, 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 put its load onto the network. 

The paper [5] presents a detailed analysis on the number of 
VoIP connections possible in an 802.llb 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 llMbps. 

[_ _ _,~-~~io (ms) 

i---------1~ 
l 30 
i 40 

i

i 50 
60 
70 
80 
90 
100 

G7ll 

6 
12 
17 
21 
25 
28 
31 
34 
36 
39 

G729 G723 

7 
14 
21 21 
28 
34 
41 42 
47 
54 

~~ L--~-~-----~----~--~---
As this table shows, the analytical limit of six connection 

matches with our experimental findings. 

VI. UDP THROUGHPUT IN THE PRESENCE OF VoIP 
TRAFFIC 

A. Experiment and Results 

Now we consider the case of converged networking, i.e. the 
simultaneous 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 otber stations con­
nected lo the AP run 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. 

I--Vo1P corm. :{UDP Throughputj 
0 i 6.06 Mbps 
l 5,15 Mbps 
2 426Mbps 
3 3,28 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 VoIP connection is active. 

each of which has a bandwidth of 7 4 Kbps ( 64 Kbps voice data 
plus 10 Kbps RTP overhead). Hence, the aggregated throughput 
of the network reduces by 760 Kbps for each VoIP connection. 

B. Audio Data Size Variation 

In a successive experiment, we ran a single VoIP connection 
using tile G711 codec a,'ld varying audio data size as well as a 
datagra,'11 sender. 'vVe measured the payload throughput of the 
datagram sender. The results are displayed in Figure 5. 

The throughput of the UDP sender increases steeply with an 
increase of !he audio data payload size from 10ms (92 bytes 
per packet) to 20ms (172 bytes per packet). Then, the returns 
in temts of bandwidth for using larger audio data payload sizes 
diminish 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 when run­
ning a data connection of the same bandwidth using full size 
frames. 

Denote the maximal t.11roughput possible for a packet payload 
size of k by R~Jf· For a VoIP stream with payload size k and 

b,mdwidth b, the bandwidth equivalent o!.i72 is defined by 

Intuitively, b,mdwidth equivalent is the bandwidth t.1-iat would 
become available for data traffic if the VoIP stream was shut 
down. Figure 6 shows tile bandwidth equivalent of a VoIP­
Connection for varying audio data packet payloads. The values 
used for R~ff and R~j}2 are taken from the results of the firs! 
experiment. As this figure shows, a single G711 a-Law VoIP­
stream sending a packet every l Oms uses the network like a 
data connection sending UDP packets with 1472 bytes with 560 
Kbps. Thus, when running one VoIP-Call with these parame­
ters, the remaining bandwidth for data traffic in the wireless 
network is only 4.9 11,ifups as each of the two VoIP data streams 
consumes bandwidth equivalent to 560 Kbps of data traffic. 

100CClll----------------

l 
:,' 

Fig. 6. EquivaJent Throughput of a G7l l a-Law stream when assuming that 
srune transmission tfrnc js used to send UDP traf-fic with 1472 bytes oavload 
instead. ,. " 

0--~1:1""'~"l'1°"" I f---------------------------------------------:-7+-~+--+-+----+1---I •nh,1e,pev1~~~ I 

f-----------------------------~~~~+--+-----+--! I=:~:::~::! 
1---7:!2.cylosl"'Y.eadj 
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Fig. 7. Effective throughput of a network for 92, 172, 252, 332, 492, 732, 
1132 and 1472 byres (packet sizes used by a G71 l a-Law codec with audio 
data length lOms, 20ms, 30ms, 40ms. 60rns, 90ms, 140ms, respectively) of 
payload as a function of the eftective throughput for 1472 bytes of payload. 
The vertical Jines mark the values for IEEE 802. l lb and Ethernet. 

VIL DISCUSSION 

A. Use of802.llbj(n- Vo!P 

VoIP call quality in IEEE 802.11 networks, as determined 
by the loss, delay and jitter characteristics of the call, is fine 
as long as the network throughput limit is not exceeded. In 
other words, the throughput of the wireless netwm'k is the key 
to determining t.1-ie number of VoIP connections which may be 
run sin:mltanecmsly 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 a network for 
varying payload packet sizes as a function of the effective 
lhroughput for 1472 bytes of payload under the assumptions 
that the overhead for all different packet payload sizes is fixed 
and that the variable transrnission lime for !he packet payload 
is linear. 

Let the effective throughput of a network at payloads of 1472 
bytes be denoted by R~ff2. The overhead of the transmission, 
denoted by T~h, measured in time units needed to transmit one 
byte, is given by 

1 _ Ji'.1472 
T iJ'?,1472) . , 472 ~ '·eff 
- ob' eff "" i - . R~!? 
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Consequently, the effective throughput available for packets 
with a payload size of k bytes, R!ff' as function of the effective 
throughput for packets with payload size 1472 is given by 

k 
---- 1--R147?, · 

k + 14 72 . --R1F,,{L 
eff 

As shown in the figure, the efficiency of Ethernet which is 
around 95% for a payload packet size of 1472 bytes still allows 
for an efficiency of around 55% when the payload packet size 
is only 92 bytes. 

There are two ways of increasing the efficiency of such a net­
work for the VoIP-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 trying to make their 
proposals as efficient as possible, fixed overhead per transmit­
ted frame is espe.cially 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 
to 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 840p.s to 
420 psec, this wcmld increase the network efficiency for packet 
payloads of 1472 bytes from 55% to 72% but the efficiency 
for packet payloads of 92 bytes would only increase from 7% 
to 14%. Hence, although decreasing the ctment overhead in 
IEEE 802.llb in general would significantly help to increase 
the available throughput for data traffic, it would not be as help­
ful for VoIP traffic. 

So, increasing the audio data length per transmitted packet 
appears to be a better solution to the problem. Unfortunately, 
there is a trndeoff 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 stream 
and its playback on the other side as the data has to be collected 
before it is sent Moreover, loosing a single audio packet with a 
large amount of audio data is an event that will likely be heard 
by the receiving patty. The right solution therefore might be one 
that exploits different optimal payload sizes for the wireless artd 
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.llb network is highly dependent on 
the traffic in the network and can range anywhere from a few 
hundred Kbps up to 6.1 lVIbps even if only a data rate of 11 
Mbps is used. Adding to that, stations may also trartSmit at data 
rates of J, 2 or 5.5 Mbps. Hence, the simple questions "can 
the network hm1dle a flow with 2 Mbps bandwidth" or "can the 
network accommodate 800 packets per second" cannot be an­
swered when only looking at bandwidth. 

Thus, admission control for 802.11 b networks cannot be 
based on bandwidth. However, taking into account the low 
number of VoIP connections possible, the need for VoIP ad­
mission control in wireless networks is apparent Placing an 
additional 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 fast 
In most cases, the access point of !he wireless cell puts more 
traffic on the air than the associated stations. Hence, it gets cur-­
tailed first which leads to unacceptable packet loss for all VoIP 
streams transmitted from t,11e access point to a client resulting 
in bad call quality for all connections. 

Therefore, in [6], an admission control 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. l lb network by calculating the bandwidth equiva­
lence for all Hows which allows for m1 accurate picture of the 
current and future channel usage. 

vm. CONCLUSIONS 

In this paper, we studied the behavior of lJDP and VoIP over 
802.1 l networks, from the perspective of number of connec­
tions that a single access point can support An important con­
clusion is that given the choice of payload sizes in IP phones, 
802.11 b base-stations prove to be inadequate in handling large 
number of VoIP calls. In fact, the inherent channel inefficiency 
of 802.1 lb, at smaller frames sizes, limits the maximum num­
ber of VoIP calls to a very low number, six in the case of G7 l la­
law codec with lOms of audio data per packet. Furthermore, 
our experiments revealed that the aggregated bandwidth of the 
wireless network is dilninished by ongoing VoIP connections. 
Each such G7l l VoIP connection reduces the bandwidth avail­
able for data traffic by approximately 900 Kbps. In turn, the 
maximal bandwidth available for other traffic when three of 
such connections m·e active is only 3.3 Iv:Ibps. 
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The Wireless Digital 
Picture Frame Arrives 
By Eric Griffith 

October 16, 2003 

In the days of the Internet 
boom when companies 
believed any product could be 
a success -- no matter how 
useful or useless it might be 
(3Com Audrey? Microsoft 
Bob?) -- there came a product 
category that still seems like it 
could catch on at any moment: 
the digital picture frame. 

Today, San Jose, Calif.-based 
start-up Wallflower Systems 
announced a digital picture 
frame for the wireless world. 
The eponymously named 
Wall:t1ower is an 8-inch by 10 
inch photo frame housing a 
12.1-inch LCD screen with 
16-bit color at 1024x768 pixel 
resolution -- and built in 
802.1 lb. 

Wallflower's marketing 

-internet.com 
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a scalable, rehab!e, high~performanoo 
stock exchange ticker plant to replace 

tts earlier system. Learn how with 
.NET Framework. 

1J1 Xeon Processors Packed with Latest Server Technologies 
By adding more servers, ihe datacenter can quickly grow out of r.ontrol, 
and bring power and cooling costs with it. Using new server technology 
avaiiable from Intel, however, IT managers can keep costs in check 
while n.111ning a more efficient operation. Click here. 

D 8f!'.P..[Y..!nf!..Rfl.Q.I~!<hD.QiilllY. in High Volume Manutacturin_q_ 
To explore ihe impact of radio frequency identification {RFID) 
technology in manufacturing, lntelos Technoiogy and Manufactu1ing 
Group deployed an RFID pilot within intel:Js largest semiconductor 
assembly and test facility. The pi!ot tracked 80,000 microprocessors 
from the end of the manufacturing line ihrough lntel[Js warehouse, into 
a major customerus warehouse, and onto ihe custorneros factory 
floor. r,lick here. 

D Building a Reai-Wor!d Mode! to Assess Virtuali:iration Platforms 
To drive business decisjons in the data center, Intel IT created a 
performance--driven methodology to compare the operating costs of 
virtua!ization platforms. By measuring workload performance, platform 
performance, and power consumption they were able to approximate 
the total r.ost of ownership (TCO) of each platform. Click here 

D Buildinq_an.Enterprise Data Warehouse.and.Business 
[ntelligr:,nce Solution 
To achieve end-to-end visibility into critical business functions across 
the company, Intel IT deployed an iniegrated warehouse solution. The 
solution employs a consolidated enterprise data warehouse a!ong with 
business inteliigence applications. TodaylJs EDW occupies over 20TB 
of usable data space, prcrvesses 90 billion rows of data per month, and 
is accessed by over 11,000 users worldwide. Click_here. 
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manager, Jason Enamait, says 
that unli.ke other digital picture 
frame from companies like 
Ceiva and digi-Frame, the 
W allf1ower is itself the image 
server. It has an internal 
1.2GB hard drive that will 
appear on the home network 
like any other network drive. 
Users on the network drop 
JPEG files on this drive and 
they're ready for display on the 
LCD. JPEGs are the only 
images currently supported. 

"The Wallflower cycles 
through pictures, but you can 
set them up in any order, or 
put them in random mode," 
says Enamait. Images can also 
be put into user-created 
directories. Entire directories 

D Migrating Order Management t,, ltanium 2-Based Servers 
Order management is the largest SAP R/3' system at Intel, and is a 
global mission.critical application. In one large migration, Intel upgraded 
the systemos hardware infrastructure, operating system, database, 
and backup software, and installed SAP support packs. Through 
extensive coordination and a. phased approach, we a=mplished the 
move to 64-bit Intel ltanium 2-based servers, with lmprE"-ssive 
performance gains. Click here. 
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can be turned on or off for display -- tum on those vacation pictures even you can't 
stand when company comes over. 

The unit can talk with your wireless router to go out on the lntemet 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 (define) on by default so it 
wHl try to connect to your wireless LAN automatically. 

The next geri.eration 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 to Flash. The screen will be t\:vo inches 
bigger diagonally. The 2.0 product will also have better Internet connectivity, including 
"the kind of peer-to-peer sharing the RlAA hates," says Wallflower's president Mitch 
Kahn. 

The current Wallfiower's come in three styles (Cherry Blossom or White Plumeria for 
$599 each; Black Cherry for $649) but every style is limited, 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 Ceiva'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 oh 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-Frarne, Ceiva, and Pacific Digital next to ours, our image 
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™-lnlet Tech­
nologies' award-winning family of streaming appliances 
for live audio and video delivery-eliminates the need 
for additional hardware to reach the Apple® iPhone1M 

with video. 

Apple's iPhone 3.0 OS release enables a new approach 
to delivering video to handsets, and Inlet Technologies 
is at the forefront of this wave. The iPhone now sup­
ports adaptive delivery for live video, with or without an 
application on the iPhone. 

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 

Remote Management 

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? HTTP is known as a "stateless" protocol, meaning if an HTTP client requests some data, the server responds by send­
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-to enable this in your enterprise, you will need: 
Spinnaker (S-5000 for SD, S-7000 for HD content) 
Web server or CON to serve the HTTP content 

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 CON or web server, so 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.lnletHD.com. 

Specifications and product availability subject to change without notice. 
© 2009 Inlet Technologies. All rights reseNed. v1 .1 0809 

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

1.866.966.INLET 
www.lnletHD.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. 

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 POL - 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 to 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. 

HTTP (hypertext tranfser 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. 

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 tecniques. 

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 
protocol, 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 
client 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 You Tube 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 more likely to get through to the client in more locations and without special settings. HTTP is also 
supported by more CDNs, 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 multicast 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 CDNs. 

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 (ORM) all 
too well. Can or will you allow your content to 
be saved locally on the user's machine? RTMP 
has broad ORM 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 ORM as 
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 (ORM) and 
may provide a contractual and legal hurdle with rights holders who stipulate that ORM 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 to install one plugin or another, most will. 
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Tracking your content and how many people 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 video. 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 CON 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. 

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 HTTP 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 to get rolling. 

Specifications and product availability subject to change without notice. 
© 2009 Inlet Technologies. All rights reserved. 

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

phone: 1.866.966.INLET 
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 tennis calendar, 
showcasing the best 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 2009, France Televisions wished to offer tennis fans in France an online high definition (HD) experience to complement the 
extensive coverage on its three broadcast channeis (France 2, France 3 and France 4). 

France Televisions chose to partner with Microsoft, Inlet Technologies and Level 3 Communications to deliver the event online 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 seamlessly between multiple streams depending on the 
end user's available bandwidth and FlC performance at any given moment. The best possible quality video stream is automatically 
delivered without stuttering, dropped frames or buffering. The process results in a much improved user experience, offering 
programmers the ability to offer true HD (720p+) streams to customers who have sufficient bandwidth, without aiienating those who 
have lower speed connections. 

The advantages of this type of technology are significant. Since viewers have a more positive experience watching live video 
online, they are more likely to watch for longer periods and more frequently. This in turn provides content owners greater 
monetization opportunities. 

Microsoft, lniet and Level 3 rapidly brought together an end-to-end solution that combined the latest encoding, delivery and player 
technology. 

The tennis action was first captured 
and edited on site at the French Tennis 
Federation in a 1080i50 HD format. 
The production broadcast signal was 
then deiivered to on-site Inlet Spinnaker 
encoders through standard HD-SDI 
connections. The HD broadcast 
feed was synchronized across two 
Spinnakers to deliver 7 time-aiigned 
streams, ranging from 350 kilobits per 
second to 3 megabits per second. 

Event Production Encoding 

The video feeds were then pushed from the encoders to Microsoft liS mount 
points within the Level 3 Content Delivery Network (Cm~). The liS servers received 
the multiple video feeds, stored them for DVR purposes, created the required client side 
description files, and acted as an origin for the Level 3 CON. 

Delivery 

End user requests for content were directed to the most appropriate edge caching server on the 
Leve! 3 CDr~ via a DNS--based rendezvous technology. This technology constantly monitors Internet 
conditions to ensure end users are connected to the optimal edge server The Level 3 edge server 
pulled the requested feed from regionai parent caches which were in turn populated from the !IS servers. 
The edge server then delivered the requested feed to the consumer over HTTP, taking advantage of the 

Consumption 

Low spef!d bmiidb,md 

Congested broadband 

massive scale of the Level 3 Cm{ The end to end delivery was monitored from the Level 3 Broadcast Operations Centre. 
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Finaiiy, the Microsoft Silverlight player 
dynamicaiiy detected and seamlessly 
switched between feeds from the Level 
3 CD~~ based on local client conditions. 
Consumers with high bandwidth connections 
were able to experience true 720p HD and 
others with lower bandwidth speeds or lower 
powered machines received the appropriate 
stream for their connectivity. 

Tennis fans in France were able to 
experience true HD quality over the internet. 
Of the approximately 140,000 unique 
viewers, more than half watched the action 
in high definition. Viewers who watched the 
live stream watched it for an average of 64 
minutes (this is significant, as the average 

Screen shot of the live stream showing piayer switching between feeds 

time people spend watching a single video 
online is well under 10 minutes.) Eighty-five percent of users watched live. 
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Philippe Daguerre, ~~hf~rM~R~j~(6ff~R~'TJl~lii6Rilh~f~~vi:i~a:1~hiRlhli1~6hh6iB6Y'~'d~~6Rstrated ~rme, I 
was amazed by the overall quality of experience. I knew this was what we needed to deliver to our viewers. And now that we have 
had such tremendous success with the French Open, we have been implementing Smooth Streaming for other major sporting 
events in France." 

This event-as the woMs first live public HD Smooth Streaming deployment-shows the tremendous potential of adaptive bitrate 
technology. The impressive statistics, especially time spent watching, show the impact of the dramaticaily improved quality of 
user experience. Given the success of this event, France Televisions and other major European and American broadcasters are 
implementing Smooth Streaming for live sporting events such as the Confederations Cup, the World Athletics and Swimming 
Championships, Wimbledon, and the Tour de France. 

wvvw.iniethd.corn 

Specifications and product avaiiabiiity subject to change without notice. 
© 2009 Inlet "fechnologies. Ail rights reserved. 

,,.•" "\.@ 

Levelf3) 
COMMUNICATIONS~ •.• 

wvvw.level3.com 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2049 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



4/2:5/2014 IBM closes Cryptolopes uI1.it - C'NET News 

CNET News 

December 17, 1997 5:40 PNi PST 

IBM closes Cryptolopes unit 

Staff Writer, CNET News 

IBM.reworks _e-co1nmerce_lineup 

Big_Blue_to_open_the till 

Softbank_ drives hard.on_ commerce 

IBM_makes cryptolope_deal 

Hackers.can.~t.interlope.a.Cnrptolope 

l~l·~r§ tl~·i·x ~~-~*"1-. lg,~·~1:r):-t&"&'?~~~~1·1~""g~,-:-. ...... ~1~1g~ lg~s~a:1-.t&i··ig~lrs~·i~-------·l·1~1\.-:l·1 is closinu the 01)eration IS.•.<.S.>,g .&.t<1. .. <'~ ,~ ••. ,'§ '-··} "· '!,~tl..<'S.., IS.~ •••• ,.~,;.., IS.&.!'. ~-·'I:,,·"" ~.s.&\~ .~·,<.t'1t.,·<·"· '"""-~··,<~\!: ... &."".R.IS.s.ts.R L . , uo J: 

developing its highly touted Cryptolopes software, a secure container technology that 
is used for sending content over the Internet and tracking intellectual property rights, 

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

into IBM's net.Commerce merchant server, or both. 

"We will not bring Cryptolopes Live to market as planned," IBM spokeswoman Trink 

Guarino 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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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. 11 

"I believe, as does IBM, that this has nothing to do vvith the viability of the market or 

the need for this," said Paul Bandrowski, president of S0f'tbt:.n1k :Nt~t_S0hrtkn1s 

rights management not only for 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 

k • £ "«"S, •" ~ ~--. '':>,. ~-1. a a f ' . '':>l ,·~ 11· h ffi mar etlng Or §. ... ',l§~S''i"-§~~}"§'~~1 Ng:1·11~.t_r.::~s-',ls:~ ~ §·rt··J1ri~; /l..,\l~\r~.%? ,l'"'l~~~t~~~"fL§ ~~S'll""}""§ $ § 'Ui1 IC O ers 
.R ... ~.~ &. ... R, ...... &-<&..~ .. R%...., ... ~ •• ~·" .R \.',, ... ,;: ~ ~ ..... &. "'-·· ... ~.&..~, R,R:.§:!'.: ~ .. l §. • ~ ~ ... ~ "' ... ,..·~ ... s l!'.;'~ ...... &. ... ~,~- '-:..~ &. R,~~~''-•;,; .~&.-':?._r. J. ., Vl' 

a system to distribute software over the Internet. 

IB!v1 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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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." 

il 

ll 

@CBS Interactive. All rights reserved. 
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~Jj~)it}("!/11: lj<f ~~);t"'~t.lt(jttid@O fk~*t;.{k~'j ,,.,.,,,.,.,,.,,,,.,.,,·,·.cc,·,,.,,.,.,,.,,.,,,,,,.,,,.., .. .,,.,,.,,,.·.,,w,,·.,·,cc.,·,,·.,.,,.,,.,,.,, .. ,.,..,,.,,.,..,,,,,.,,,, .• , . ...-, ·fl5 
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Ups;am~l:in:j of too h1'.rfi'ra~ OOT ~u~13ui: for fre-oit:t;,Mi R~5.clufo:m VO?.,...,.,, ..... ,..,,'"'"·· .. ·,w.,-,,-.................. ,, ... .-, . .,,""·"' H'6 
Sh~pt d~e-Odillij ....... ;.. .. ;i.. .. ,,;-1.-.,., ... ~.-... ;;,;,.,;;>..,, ....... ;,..,.,;,) ........... >..,-.-.L,;i;..,,,.-. ... 1.,,~·"-·;;i-... , .. ;,o.,,;;i-... , ... , .. ;>..,-.o.i, ... ;,..,,,;-1 • ..-,.,,..,;,;>..,., ...... 1;.,, . .,, ... ;.. .. ~,).-.;i-• .-v:.., . .-.L ... l.,0 ... , ... 1 .... , •• , .... .i, ......... "'.;;i-., ......... ;,.,-.,} . .,;;,,,,;.1 .... ;;, ~ ;~-, 

:~~~~~:~~!:;;~~~~~~~,::::::::::::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::: :~: 
:!:~:1~~a:::~;·;;~·p;',1;~~:::·~::::::::::::::::::::::::::~·::::::::::~:::::::::::::::::::::::::~:'.::::::::::::::::::::::~::::::: i:~ 
Grays-cB!I~ ®hape :tlfil~ooiBil§J , ... ,.,, .. ,,.,_,.,, ... ,, ... ,.,.,,.,..,,,a,,,., .•. ,,, .. , .• ,,,.n,·a,'""'··"""'··,-.,,.,,, .. ,, .• ..,,.,,.., •..... , . .,., .. ,,,,.,,,.,,..,.,, ...... .,, .. ,,,.,...,,,,, ... , 100 

fi,1~~!tl?I~ .A.i~~il*l:1!11)' C·®'l~Ol;'}lt D~i;;,Qd]mg, ,, .. ,,.,o.••,,,,., .•.•. ,,, •.•. ,,,.,, .• ,,.,.,"'""'''''···,•·•"o''•·"''''·"''"'·"''"'"'·'"''''•••·''"'"'''"'''"'':~1 
Motioo ~:ornp,ens<!itiru11 deeorii~ ......... .-.:'. .............. - ................................................................................................ ::W1 
PMidirlij Pf{l:!;~'§.:§. ............................................................................................................................................................................. ·:lt)1 

:::~ i::::r::I~:~:t:t::~!~!~:~.~~~:~~::::::::::::::::::::::::::::::::::.-:::::::::::::::::::~::::::::::::::::::::::::::i!5~ 
Uru~::sttii-i'.:i~d ~~ll:&'l !t-tlffi~~iiiii!J(}:il ,.,,.,.·orn ..... , ...... , ... ,o,· .. -, ... ,0,,,.,, .• ,,,.,,.,.,...,, .. ,.,.,,, .... .., .. ,o,·,.,.,o,·,, ..•.. ,"" ... ,,.,...,,,.,, . ..,, ....... .,, .• ,,,.,...,,,,, ... ,:ltm 
Vl:ecim ~ding proces:!.rng &~d ~boo~ompE<n:!ti!itii,c.~ §n ~rasst§•e P~ and S(~~C}'VOP ......... 11@ 
Chrnid,:1pp,ll'd =1111,,-"tion -corn.~~n!iation..,., ... ,,o...-.,·., •. ,., .... ,o~ .... ,a,,,,., ...... , ..... , ..... ,, ... "."'·'·'·"···""'··<,·,,.,,., ..... ,.,,,.",,.,,a,.,, .. , ...... , .• , ..... ,,,.m,:21'2 
·1 ... :e~r·~! p:r~!Ct~ stn-Jcture ...... , ... .!' ....... \ ... 'P.";, ........ P ... ,., ••• l ... ~ ...... ,,;,;, ..... ~-.,t;,;1,··.,,ir.,..-1 .. ;r-.,,.1,--; ........ P.'11l·,· .. 1 ... , •••. i .... ;,; ... 1·.·t;,;, ......... "'·'Vl'1' ... • .. ·l';>..'H''·"IP'·''\1'"8t.,, .. 1 .. ,.-,.11.-; ... ,.t.'1'11·"':21.3 
Vl:ecim ~ding procesc~ -of n~n-.g;c~[~~ p{o-gre.ssi:ve BAHlFs '""'"·'"'''""'·'"""M·····"""""" ......... """"'""":n<'li 
ff'!oHon (:.l;)H1~H~ation in nill'l~·cat~bl~ proyr~~\·~· 19--VO!P~ ,,.orna,rna«,,.., "'''''""""''"·'··'""''"' <e,,,.rn;« "'"""''"" ·21:<1. 
Motioo Ca<mpenmh:m ~oo~ng Qf R~1~~d !Rffi(;lhni~ VOP "'""'"'""'''''""""'',,.,, .... """""·""'""'""""''"···:J19 
~rrti?f~~ce-d video dec~ng ............... , ...... ,, ................ , '·'""'"'."'"·' ...... , '"''·""'· ............... , ..... , ............... ,--· ...... , .... ,,, ............ ,, ..... -. ,,.,·n<'li 
Flt:ld 0¢1' ~nd O'C ii!!rttl A'C P1~kJk'lil11 ""····-·"'""''"'"'"''·"···""'····"'""''·'""·····"'""''·"""'"''·"'M~"'·''"'.,"',,., .... ,, ..... «,. • .,, ..... ,., ... ,:li4 
fi:10:tion e:on1:pen.sitlm1/l.lf.'O.•.'.!'.'lf.'.•0.·1!';,.,1•,••"1.-'.~.!'"i·t;o\\','~,1l·,-..•"1n,1·.~0.•?.-.H''."/l!'.'1\<;f.'O.•,'t.'li\,••:t.-.0.'1'.!'"i;/','l\'.!'.,";,-.O.._-.p.111•,•,;:n,\•.••."if.';,\'i'P.•,•t.,\'1'~,!?.•Vt.'1,".•0.'t;>.1,••.0.'f;o;'1\1''8t.O.,-.l .. tf.'\•l/.";f.'''\'f.'1'11·"°:225. 
si-~il~ ~~tooit~ ,.,, "'''" ,., .. ,, ,,., "' ,.,.' ... ,,.,,.,., ,.,,.,, ..... , ,,., .. ,, ,.,,, .. ,,.,., .. , .. ,.,, ''" '"' ,,,,' , .. ,,,,., .. ,, ,, .... , .. ,,.,,., ... ,.,,,,.,., "'' ... ,,.,,.,,.,., <·m•· ,,.,,., '" '-" , •• ,, ,.,,, ::t.t,t 
HJght:f ~y1:i~~o::.:tk: $U1~t:l~re.$ .. ,.,,,, ... ,,.,.,w,., ... , .•••• "."''''"'"'"··-,,·,.,.,"" .• ,,, ... , .. ,,_., ... ,,,,w.,, .. ,,.,,.,.,,,, .... ,,,.""·'"''·'·,.,.,, ...... ,, •• .,,., ... ,., .... ,:;!34 
~ptit~ Rt.~~l:§..tiftJell:ot) !/.., .... \ .. ·~ ...... , .. , ... 1 ... ,.!",'.,ll,\·.!.L'ol,,~ .. ,.a .... ; ........ ~ ......... u.,-.,11-·~ .. ~1,,,., .. ·~i .... ,&,!1CV~\,/.!,,',l,/',.\,•Jl .. 'w,'•''"'~.ll.<oo.11•,a.·,,·.! ....... , .• •11,•,1;,,-.1o•u.,;.\ ..... ~ ............ b,·, ............. •.,11-·.i ....... &.-.1 ... ,·.i1., ... ,·~.i .... 23.5-

~:~rt~=~::!:1~:::::::~~'~'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i!:: 
Watping:.;.-.. ... l ........ L .. ·~ ...... ,11,·Jl.'>lo'.!",,U, .. ·.i1 .. , ..... 1 .. ·.i ............... ~·,,·.!',ll,\\·.!11-·•·' ..... 1,,·; ....... ~.,.,, .. 1,-. • ...,11-·.ll,'.ll/,o,, ... ~l .... ,11,!,,lo'\,\,/.",',li',\·.-.a ..... , ....... .a.·oo.11'o.'l.·,,·.! ....... , .• •11,•,1;,,-.1o•u.,.;., ..... 1.,,; ....... ~ ................ ,.,11,·i ...... ,1,.-.1 ... ,·.i1. ...... ·~.ll .... 23.1 
$..*))#!~• t'~i':{):/*$hll~"f]~)it)',, . ..-,m,·.·>.<·., '"-'··'"" .,., ... ''·"·""·'· .... ,,,,., .• , "-,.0,•0> . ..-,,,, .,,.,.,, .,.· .. ..-,v•,•>0., "· , ,.,,u.,.,,., ... ,,., .. "'·'·' ., ·, . ..-.-,·,.,.,,,·1~ 
Ghtc. tfo:oodl~t,, ... ,"'"·,., ... , .... ,,, ..... ,,.,""''·'"'"''"""''···,··-,.,,·,,.m,·"··"'''""'''"'"'·""""''·.,,,.,, .. ,,.·,"···,,..,.,, ... ,,. .•. ~."''·,., .•. ,.,, ...... ,, •• .,,., ... , ...... ,i:4ill 
~nID:afj~d :§.~~(~~le OO~oding !kolb'>>f..L',li',\\,'.llSWo.l\,'o/!.·O,'.\'o.'l,',,·,,11,·•u.1.,·.-..·~;,.-.,,11-!k·.ll,'>\>f.!k'>:,/',\ .. '.!.'w,',\\,·U.'o,'l'o.'l .. ,, . .! ..... l>,·,•,L',li, .... ,.a1,,;.,,. .. -..~ ... , ..... ~ .... ·.,11,·u .... •!11-·i ....... &.-.1 ... ,·.i1., ... ,·~.i .... ~~·~ 

T'~~~'.j()f~I M'<i!l~tiiiUt~ '·"""·' ''"·' •.•>.··., ,,v .. ,,.,,_ ''·''-"'''·"""·'''"''''"·'''• '" -,.0,•0>.w>C<'-''·"' .,.···rn'V•.•"·' '·"'"''''··'"'"·''·"''·'''"'·'·' ,,·, . ..-.-,·,,.,,,·M1 
S.~~i>;!lf $~!1~n11y." .......... ,., •.. ,,, ..... ,,.,""''·'"'"''"""''·-,,·,.,.,, .... m •• " .... ,, ... ,.,","'·""""""''"·.,,., ....... ,.,.,.,,.~ ..... ," .. "''··-,···"·'····""''""' •. , ... , ...... ,:;;::46· 
St~~! t~,zfur~ t•tt dB:cOO~rtg ........... !,,··;>.. ...... ! ..... , ... .a .............. 1 ........... 1 .... ·.,11,··u.1.,·.-..·~, .... ,11,!,,··· ....... !k..: ........ .a ....... , .... .a ...... 1 ... l.·,,·.! ....... , .•• 11,··-· .... ·u.,;.\ ..... /, •• , ............................. ,11-·•·" .. ··&.-.1 ... ,·.i1. .... ,.~.i .... l5.·1 
Oi:}~;()(fo'il{! cl ~h~ OC ~ll;)h-.lfid, ""-''·' '''"'" _,,,· • '"" ,, ""''"'""''"'n''"'" ,. ·"'"-''·"'·' '·"'"' • ,.,.,, """"''' ,,., ... .,,,wt"51 
ZiroTr-oo Ds·c,odEng (*.f ~~· H~~ei§"· Bands..:..:.:.: .... :.:H.·,..:..i:..:.:::..:. ...... :..:1.::.,·..i:1.:,.::o..-.:1.:..:, .... .: .. :.,'.::.)·•..:.:..:.):.:.:.::..:. ... :1.:..:M,.·..i:,,.::.\·..J~: • .::-} .... :.::,.:,i,:.:.:.::.,·,:.~··• ....... ::.:,..:.}..-.:1.:..~ .... ,·..:: •• .::.)·,:..:.:.252 
IEW~ts~ Qu~:~tt1tatj;:O.n ...... , ........ \ .. ·.ll ....... , .... ,1 ... ,.! ... ,ll,\·.!.L'<l,, .... ,.a .... ; ....... ~ .•• , ..... 1 ... ,·.,11-·•n1.,,.,,..~, .... ,11,!,,·.ll.\\,/.!,,',li',\ .. '.ll .. 'w,',',\,·.ll.ll.'o,'l'o.'l .. ,, . .! ..... ;>.,·,•,L·,l;,,,.,.,u,,;.,,. ..... ~ ... , ...... l,,·,,• ........ •.,11-·i ....... &.-.1 ... ,·.i1., ... ,·~.i .... 25.7 
Sti~I T~rl~~ Enr~ R,t;!,'$ij1;en,.~ ...... ,,,, .... ," .. "'"·"··,,,., ...... ,., .. ,.,,,.,.,, ... ,", .. ,, .. ,.,,.,, ... ~,·..,,·,,--,., .... ,,, ..... ,,,.,.",.", .. ,.,,.,., ..... ,,,, .. ,", .. ,,,,, .. ,,;;;i;s5. 
W8~~ ·r:ii~ng ..... ..-.:1.·a,i,.:..::..~.::.\:.::.: • .:.1:.:,.:., ... :.:a.·,.·..i:a.::,\·.;:.:1,:,~-} .... :..: • .:~:.:•:,.',"..)·•1.:..:.::.:,.:,:..:..:\·•.::..:...-.:i.:..:~ .... \·..::..:a.\:.::..:.: ...... :.:,:,, ... ~·a.· .. ·.~:-=•~·lc..'.:l.'..:~ ........ :.:..:.).} .... :.::,.~:.:a,,·,:.~· ..... .:.::1.·•-= ........ :i.:..~ ...... :..:: .. .::.\:.:..:.:..2Ba 

s~~~l:~»e ~*i-nwy ·!i*t);.'l!fW,- <ibf~·{~t i:~11.:id1~19 "'·.,,.,,,,,., ..... ,,.. .. ., .. ,,,,.,., ... , . .,, ... , .. ,,,.,.,,,,,,., ... ,,,.,,.,, ... ,.,, ..... ,., ... ,, ... ,,,.,.,,.,,.,,.,., .... ,",..""''''""'tr o 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2056 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



7\11 
7,11-'1 
1,1'Lt 
7.H 
1'J:t1 
7,ttl 
7J.t.3 
t.-r:;::,4 
7>1LS 
l,.UAlc 
tJ:i.t 
tn 
l,tlt 
7,U,l 
1,13,.1 
l,tl4 
1.iJ.5 
1,1J,ij 
7.11.7 
7.iJ.S: 
7.-t:1.g: 

7<14 
7.14.t 
1:H.2' 
.•• ,j;~ , ~ :--~ 

1.15.t 
1:1£,2' 
1.t5..3 

$ 
:{U 
:6,2 
S.3: 
'5A 

'9 
9.1 
'{t;l 

'9,:l 
9.::.t~1 
9.32 
ill.$ 

~1e1h 0-.:W~t 4~~ooi~tl·,.v.,.,,.,,_,.., ... ,.,,,.·,.,,.,,, ... ,,.,,,.,., .. ,.,.,,,, .. ,, .. , ... ,,., .... ,,.s,,rn.w,,,,.,.,,.,,,rn .. ,,.,,., .... ,.,,.,,.,,.,.,, ....... .,, ... ,,.,,., .... ,,,.,,._,..,,, .. , .• ,,,,,,,.21@ 
Mfflh ~Of:neteyde,a.H:i~mg wm,.,,.,._ ... ,,,., .. •w,,--,,,.,, . ..,,,,.,,, .. ,,...,.,, .. ,,"'"·'''W'''""'"·'''.''·'·''·'"·'''·'''"''""""'"·'''"·''''·''''·'''"·····''""'"·''"'''·"''"''''·'''''···,,2:16 
~wd:i:@1g: :~{' ·~:l:J;~.~ tl~t,JID:tl ,~t:t~:r:~" ,.;..;.;;:,~·~·:""'~-N~'O~ ,.. .. _~,:.: ;.:i,_,:-J,,,:,-..,:~.i-:,,:.)o.: .i-:..:.:-Jo;.:,:...,.:.:-):.: .. ;..,,.: )>.:.:..:,:i, .,i;i.:,. .:•)•:~: •• .:,):,1..1-:, ..,.)),,: ;.:,.:-Jo:-:.:.:,,:.: .i-:.:.:..:,.: ;;i..:.:.:,)_.:;i.:., 0:-Jo):-..:,,.:->:.:,h) .:~>.:.:-2:19 

~:~~~,:~'~J;ct·~~iiil:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::.::::::::::::::::::::::::::::::::::::::::::::~:~ 
OC1' i"J'..1~~d fa'tj,;;~ $bj$£:"::l ~~hlii) ,c-,,:,o,.,,..,,.,,,,,,.,.,,H,,•m<·•-:"·'·"'"°'''''",.,,.,,,,,,.,,.,""''·'"·''''.,.,."'""'"''"rn·••::,:,.,,,,,,,.,,,,,om,o,,·,'.l$;:;): 
Qe,(:l'.),diflg ·Of the '!11)!!:l-$:ml:!! pat:i:ITT$f' fip 1 ., ..••.. , .....•... ,,.,.,, ..... ,.,,,."'",..""'" ... ,,,,.,.,, .. .,.,., .... ,,.,, .. .,.,., ..... ,.,w.,,.,,.,,.,, .. ,.,.,, .. ,,,.. .... ,,,,.,,,,,,.,21l4 
P¢®-~!~$: .~f tht vl~:~'01:¢ p~:;i:r:ttt~f ~p 2 •J•·~·-.':'!'.;,"..,O·A-..·~;,,,~,a.•;;i.,,~,:;,,.;;.;,.,,~;,...,,;~ .. ,;.v.o:;,,._,~h'l.'a .. ;>.iil.•,•i,,,,;;o),·Oo'.,S:V,O·;, .. •~;,...,,;,a .... ~_..,,.;,"-;;,..,.._,~.'a;;.;>.,;•~0 • ..;;,,,;.1.,~:;,._,~~-2.84 
F~:p(f'tl:3~kit)ij!Jo..:·>X,<·>~~<.:-,,:,c:.c•>x..:c,:; ... ,>:h"-"'<-:!X<·>•x>x.:->:-c;:,,."-:<-:>!>:.c.~,c»x.:.·,:,1:-:c,:~:,.,e.::,.:<(·:>•::,.:,.·c,,,·-::,.:,:e,, .. :,::o,c,:,.:,.:H·'l'•:1:,.:e-"•:·::,.:<:,.,:-::,.:<(·:-•::,e-·{,,,"<:e-:><oe-,,:,:e-,·00:,.x~·=-•:·::,.·(,:,.:,.•:e-:-c-,,~:,.,e,:,.:,c-c:,,::,.:,.:,.·c2$ij 

Fr~ine 'Bif1Sfil'.l: 6t~t1y·Oeo:.){nt:'g ... ,,..,.,,.,.,., .. ,,, .. ,,u.,,.,,.,,.,, •... , .• ,.,,.., ...... ,,,.,,,.,,,-,.,,.,,,,.,.,, ... ..,, ......... ,,., ... ,.,,,, .. ,,,,.,,,.,, .... ,, .. ,.,.,,, ... ,,.,,.,,,,, ... ,,.,,.,2ti5 
DC1 !based oodil cl:liett: d&0tHri,tt., , ............... , .•... , ,.,_ ,.,.,,,, . .,,, ~ ... ,.-.,._,_,,,, , ..... ,,~, ,.,.,,.,,,,,~.,,., .... , ... , ... ,,., .. ,, ,,, ... ,.,., ,.,,.,,,,, , ... , ,., .. 286 
:30 Ml:'i-$.h Ot~,i::l ~:::ti:dhl~ ,·, ..... ,,.,., .. ,·,c., ... "· •.•. ,. "''···,·"'··" ··"'"·,.,·a,,·. __, ...•.• , .... , , ..... ·,.-,c .•. , ...... '"·"." •.... , ........ , .... " .. "'"'····n..- .,,,, ...... tar 
$f~~·-t ~:t:,ide$ l,l!fl(}: hilt ~tuffiog: .,,,..,,.,,,w,_,, ... ,.,.,, ..•.. ,,,,, ... ,.,.,.,, ..... ,.,"" ... ,,,.,,,.,,.,.,,, . .,...,, ..• ,,,,, ..... ,, .. ,,., .... ,.,w,.,v.•v,.,,, .. ,.,.,w•.,,, ..... ,,,,.,,,,.,.,,,, .. ,.,,,,.,.,,,2.$a 
°'t1l:e' ·ri::1p~~~~ ~mm~ ·~'":::Qding !?~~$.,'$:.,,.,, .•. ,.,,,,o•,-,,,o,•,,,,.,,x,,.,,.,,,,.., •. ,,,.,.,,,,,"'"'""'"'''"'""·'"'"'"'''''"',,"""~··rn•o,nl!3a 
.fti:'i:i· f-<~:§;f '~~lit dOOt~~ti:g p,·ftX~!il<~·, .... ,,.,,.,,., ... ,·,.·.·,., .... , .. ,.,.,,..,,,",, ..... ,·.,,.,,,.,,,,,, ..... ,,,., .. ,,.·,.,., . ..,, ... ",''···,.,.. .... ,,,.",, ........ ,,, ... ,.,,,, .. ,.,,,,,.,,.,]9'1 
H:t:::~d!i:!•f d[t,:!·,;..{.l'dtt· ... ,,,--,.,,, . ..,..,,.,•,,.,,._. .. ,,,.,.,.,.,.,,.,,., ... ,,.,,.,,.,.,., .... ,,.,,.,.,,..,,._.,.,,.,,,,.,_.,.,,, . .,.,..,._.,,,,, ..... ,...,_...._.,.,w,.,v.•v,.,,, .. ,.,.,,, ... ,.,.,w•.·,,,,.,,,,.,.,,,, .. ,., . .,,•w,-,2.'91 

~!:~~t=·o;:;~~;··"-.... , ... , . ..,,.._,.,,.:,,"·,,·:"· ... ,, ...... ,:--··"'"'"''·'·:·"''··--··:···""' ... ·:···:· .. ·':··"":·""':····, ... ::,···"'· .. ···'"·-,~~ 
Trii'ling~ 'fre(l: ,D~,oder •. ,.,_,,.,,.,_.,_,,.,.,.,.,,.,,.,,.,,,.,,,.-...,,, .... ,,.,.,, ... ,,.,,.,, .. , ... ,,.,,., ... , .. ,,.,m,,", ... ,,.,,., .... ,.,,.,,.,,,,.,, ....... .,, .. ,.,.,,., .... ,,,.,, .. , .• ,,, .. ,..,,.,,,,.,.~8 
Trtl:~~ Oat:~~I: ~~~ ......... ;. ..... ,) ... ,.,.,;•)).,,i-J,.L'>l""'''.l!.vi., ...... p.,, ..... , ... ix,-., .. ..i;,1.,;;i-;, ..... , ... ,, ..... 1 ......... ._.~ ................... l.l!.-.J;>.,.,;;o) • .,;i-., ..... >.1i-.;•.L'>l<.,S•.l!!1.·0 .... , ... ".,;;i-.,,. ... x,-;,.. • ..-1.-., •• , .. -1.,, ............. "''~ .. -..1.-. .... ,,.1.2"99 
Fmi!>~~Spii~ dec~ .... ,. ............. ., ............................................................................. -- ...................................................................... 3{13 

NE~~Rl::O n1~· :~t-OOfflg-,i:,.:,,o:-~.-:<c·:" ··~:-:-:c-.··:-: :'I(-:' ·:"';-;,,:.;,:-:-::·:-'I;·.":-.. ·:~:-.~·."1:"::0 .. -:-.. :<:<c·:" ~ .. :-:<c·:-;,,·,::-:-.(·."•;,,:::- ,,;, .. :-;:·;,,-:-, :-:<:·:-.,-,,:-:c-.·~::-:<:<:·: ,:-,::-.<c·:-.. :-::·:-<:·.".":<::" ,,;, .. :-:H·"'" .. :<:~·;,,·,::o,:<c·:-~-= ::':'l'C'." J·t4 
~r-Odeir Oefin:ithwL ...... ,. ............................................................................................................................................ ., ...................... 3·~4 
Ut.::t$h¢i:l~)= ~w~•·.,. .... ;r-.~ ....... 'li .. \·:- ... -;, ...... l!' .... ,., ............... i,,t:o\\""·"'11'·'"1"'"·'"'· .. n,ir .. ,·ll ........ , .... 'l .. lh.· .. ,, ... , .... , .... ;r .... ,·t· .......... l!' ........... ~~., ........ 1;,;,...i ... t;,;,,, ..... l!'., ..... "', .... ,v ........... t:-.'lf.' .... 1!'."i~·,·-., ... , ....... ;r-.,, ... J:·t4 
·O.mmlt :ot fue d~Qd:ing ~~ee$$ >;,;-;-:<:•;<•;-::-.<:-:-•~.":<:':"."~;:•:-.<c•:~:•;~;-.<c•::-'<::0.•<:•.":<:<::-~:.":<:•:";<":.":'.<:•:-•1:::-1,c,.";>;,c.:,,,:-:;-;<c·:".••:::<:t:-.•"1:•.":<:<c,;>•;-:;-;,,:,;-:;-;:•:-<:•.".":<::"•>;>.";-:H"\":.":<:l•;<•:::o,:<c•;>~-;;-;.;,M J·t4 
Vlit~ di<iii:.c~ ..,...,, ,.,..,,·, ,,.., ,,, .... ::, ;,, ,,. ... ·.,,.,.,, , .. ,.,,, ....... , ...... ,.,,,,.·.,, ,.., ,.,., ..,...,, "'·", ,.,., ... , ..... ,, , .. , "·····.,,.·.,.--. , .. ,.,,,,,, .,,., ,.,.·,.,,,, ...... ,.,.,,.·.,, ,..., ,,, ,.,, ,, .... ..,.., ,.,., :.lt:5 

V\$~1,-$-)''$:mt'fl!:\.· C:l)!:fl~1$..1tiOO !$~'!,~~~rn.,., .. ,,"'···,,,~, .•. ,.,,,o.,,,,.,,.,,,.,.,.,,.orn,,,,.,., •. ,""''·"'.''"·''"'"'."'""·'"'.''''''."'""""''"""''"'''~"'5 
T~tnporal: St.-::.,tl<3bi! ity C-onipo~t~~.a ,_ ..,. ···"·'·····'·'·" .. ,., .. ,,.,, . ..,.,."·""a,,,.,. ,, .,.rn.,., ... , ..... , ..• _ .,..,. ,·, ".,,,, .• ,,..,, .. , .• ,..,.,ma,,,,,., •. , .• 3-t5 
Sp.rtt!'§!· :C:{lrnpt:t,~t1~~, .. ,, ..... ,", .... ,,, .. , .... ,.,,,,.,, ....•. , ......... ,,.,,, ... , .. .,,, .. , .. ,.,,,, ... ,,.,,,.,,,.,,.-.., .. ,,,,., ..... ,,,,.,...,,,.,, ..... ,.,,., .. ,,,,.,,,.,,.,,, ...... ,,, ... ,,.,,.,,,,, ... ,,.,.., :116 
~4iesh ~t Com~i:on .. , ....... , ...... ,, .............. ,. ... .- d ...... , ................ ,, ... ,, ....... , ... ,. .............. , ......... ,., ......................... .,.. • .. ,, .... 3>!7 
Spi!iti:,1:I t~c<3~<1;biiUty ,r;orrnpo-!iffi{h~, ..• .,. .. ,_,.,.,.,"·'·····'·'"""'·'"'''··-, . ..,., . .,.""a,,,.,.,,., .. ,.,., ... , ..... , ..• _.,..,.,·,"······••»·,, .. , . ...,, .• ,ma,,,,,.,,., .. 3-titl. 

Frof:i!~!S< .3Ud L:~-\!l~ s ,,,., ... .,., rna,·-rn·•···"·'""'''"'' , ....... ,,.. .•. ,,,,..''"ma,"'"', ,., . .-,., . .-, .... a,""···-,,,.,·,·"··········, c.., .•. ,.. ••. , rn, •. ,rn; '" '"' ,, .. , .• "" '"" 31(:li 
'fi}1§,:Lta~ :Qbj~{:{ T~'.l::e~,.-.,.,,.,.,,,,·n.,,.,,.,.,.,,.,,.,,,,.,,w,,.w,,., ... ,,,..,,.,,,,.,,,,,,.,.,.,w, . ...-,.·.,,.,.m,s., .. ,.,,.,,., .... ,.,,.,,.,"'"'.,, ... wm .• ·,,·o,., •.. ,,,,.,,.,,.,,,, .. ,..,..,,,,,3,'18 
\filSU<I~ =Prooles ............... ,., .. ,., .................... ., ... ,"' ....... ,. .............. ,, .... ,, ........ , .. ._ ..... , .... ,.. .. , ............. ,·· ., ... .,, ....... , ... ,. .. · ... ,, .. , ........... , ,,, .. 3:11 

·:::~r\:::c~~~:~~,::::.::::.:::::::::::::::::::::::::::::.::::::::::::::::::::::::::::::::::::::::::::::::::::.::::::::.:::::::::::::::::::::::::::.:::::::~i 
S}•nth<eti~· Visu;::i.J, .................. , ... ,. ...................................... , ............ , .. ._,,· ..... , ........ .,,, .............. , ... ,. ....... , .. ., ...... , ... ,. .. · ... ,, .. , ........... , ,,, .. 3:12 
·S)!llffht,tk:lN:..~·rn1·~~ H~hdd V{:i.~~ .. ,, .. ," ..... ,.,, .... ,, ... .,,.,, ... .,.,., . .,,.,.,.,,,., ... ,,,.,.,.,.,, ... , ...... ",,, .. ,, .. , ... ,,·,.,,,,,,.",, .. ,,.,,., ... ,.,.,, .. ,, .. ",,.,.,,,,, .. ,~4 

Ann*-l'~. A (l:)'c;~ll'~<lilh~~ C:mJi:ng b·<31ms.fotn1~ .. .., .. .,,., .... ,., ..... ,., .•. ,,.·,,, .. , . .,.m,,,..,., •. , .•. ,.,., ... , ..... , .. __ .,..,.,.,,.,,,, .• ,,..,, .. , .• ,.., .. .., .. ,,,, ..... "., .• ll6 
A.1 Oli~~~e· ,i::(}'~ine· trffll:jfQOO f:Qf 'li:i1eo texoor;e.,,,, ...... ,,"'"·'""''""''·'·"'"'''''-'"''"., ...... ,,,, ..... .,,, ... ,.,,.,,, .. ,..,,.,,,,w,,~·,·············"'"''l}S 
A...2 Dlscre~e· W'a\t'eleil: 'tf:l)f.l:Sfonn ~ s:tirn t-a:rlllr~ •.. ._, ... , ...... ,.,, .... , ............. , ..... ,,.,,, ... ,,.,,_ ..... .-,., ................ ,.,,., ..... , .. ,,., ... ,,, .. .,, ..... ,,",, .. 321 
,A,.2 .-1 Addis1ti: lh.'t: ~~tt"-J!H11,,..,.,,' ,-a.,"' ..... : '., ... ,.,.,.," ""'' ,., , .. , ,.,., .,. , ... , .• ",." •·"', '""'' ",., ..... " MW V ...... , ,., "' ,.,.,..,"' -~, .,.., '" ,., ... , ,.,.,.,,, , .• <·""," ",.,,.. ,., ... , "" 311' 
A .... 21!'2 Wavefet· filter· ir.,, ... 1': .. ;r-.,\·v·,,, ..... ,1'.,·"'·"""'·"'", •• _ ....... ~ ...... t;,; .. --.. 1'-11·-·-· ... 1'-..... ~ .. -.. ;,;H··.-.ir.,,, ....... l'."i\, .... t ... , ....... ;r-.,\·t., ... , ....... l'.,11-,·-.l .............. ;,; ... p_._.t_, ..... 1'.,? ................................ ,,;,;,\l'· ... t.,, ....... 11' ....... 1.-; ... ,,1'.,,lh.·,~ ... ,.Ji}' .. 
A..23 
A.2..4 
A.2.5 
A..3 
A.3 .. 1 
A.J.2 
A4 
AA,, 1 
,A,.-4.:i 

Sy~ric i:!x:i:er::-si,n,,"I!, ........................................... , ... " ......................... ,.... ............ . ............................. , ....................................... .,. .. 3:28 
~O,,~.sition !@,>,;~f, mo"' .... ,,,.,.,,.; .... , .• __ ·, ....... ,., .• ,,.,,,,"'"·'"··,,,., . .-,.;"·"'",,,,.,,·,,.,.,,,.,.,."'',_,.,,,, •. ,"" __ ,,_..._,.,,.,,, ..... .-.,, .• , ma,'''"', •. , .• 3:29 
Sh~pe a:dapti~ ~~v,ret fi~:mng '™1:-d :s:yn,111e~ ~x1'l?n'$.ie:in ,., ... ,,.,.,,,_.,,""., .. ,,,,, .. ,.,,,, ... "",., ........ ,,,,.,,.,,., ... ,,.,,,, ... .,,.JJa 
Sh~peJ\dapti've DCT (SA~OCT) .. .., ....................... , ..... , ....................... , .................. ~ ........................................... , ... 330 
~f:j,n it!Of.l: [}-1 Fc~",O':;"lf°d ~A•OCT ,,,,·.,.,,,a .. '-'·•.,,,,.,.,,,, ••. .,,., .• ,,,,,,,"'' «-ma,"'"',,,,.,"'"'" .. ,.,a,·,,., •. ,.,..,.",,,,,,.,,,,,,,., . ...,,,,, ma,,,,,., •. ,., 3:J@ 

Oefi11it~Of:l ·~f: ~!t1\f.-e-:J"ie .sA."'l·DC.T "' ...... , ... \•.•f.";\." ....... n.i•,••-..-.\ .... i .. 'f:o\\"i,'.~•.·t;o;H••.'tl!'.'l'?l'",.1!'.,\•l~;-; .... ,,p.'11·,•,;:1 ... \ •• •.i-..-;o; ... ,•.·t;,;1 ... M1"'·'"?l1','.•0.•l;>..'H''·"l!'·"-''"'''ll'·''"<"'l!' .. \•ll.";f."''\'f.'l'lh."0.~P.'1·302 

SA•OC'f w~h OC ~f.l'®'~l~Jt)fl ~nd. .!OC: C~t:t~~lkij:1 {&OC$A-OC.T} ... ,,,,,.,,.,,,""'"'''""'''"''"'"'"""''''"""''1,Jl 
['i~f:j~)i:ti~fl Qf f'@Wi!;j'sj ~OC.sA,!}C'f :,,.,.,.,,,·,,.-,,·.,,,..,,,.,.,..,,.,.,.,,.,,.rn,.-,.,,,a,,,.,,,o,,,.,,."••••m>>•'-•'""''''"""''"''''"''·'··'-'•'·''-"'·'-•·3,3.'4 

OefirJi:fiion 'l)'f !n-11e,r:se .t~OC.s:A..,OCT ...... ,,.,, .... ,., ..... , .. ,,,, ........ m··.···,,,,, .. ,.,,,, ........... ,,,w·,.-..,., ...•. ,,, ....... ,.,, ... .., .... , .....• ,.., ..• ,,..,, •.. , .•.. , ... , ........ .., .. ,.3J4 

tn-..">flr:!@1.h<e~ \l:ar~~e le,ngth C~i i:md a~thrnetk-d~c:~iITTg .... ,...,, ..... ,,,., ... ,,,...•,ssrn,w.·--····m, .. ,, ..... , •.. , .. ,, .. .,,336 At111ia-l4: lB 
Et.1 v~:lfi~~ ~etigti~ ,c-odes~~.~~•,l!.,;~.,1,·Jo/.,;;;>. .. ,,;•1.,,;;,,,;;,,,,>,_.0,',,,,.;,~;,.o·A. .. •~;,.,,;;,a,•;;i.,~1,,~•0.v}.1,s.,;,"-~~1,,.;,.i,.,;;;,..,,;;.~ ... ,;;,,,_,,;,~01,0·.l!.,;l;>.1,·,•0,•i;,..,,;;,).',,;,HV>.O·;,..L..;,~ • ._;,.,._.~ ... ~;;,, • .,;;i. ... ~;;,,,,;;. ... ._.,;,.,;;.;,.,.,;,} • ..;;,,,;.1.~~;;,._.~~ .. l36 

~!al~i'.Q.!~Ul~~: l)tp:e :-·,e-,"<:: :- ,e,,,.( :-, -:: :-:-:c•:- •:·: :-:c~,~: :,:'="' •:,: Yf,, ~:,: :-,ric,,:,: i,:,. ·~: :--:,: ,:~ :- 'C•: ,:( i,:, •: ~:-·(,,,·-: :-:,: e-,,:,: :- ic~ ~:( :-, •: i ,:c,, •:·: :-:,: ,:,.,:-:,: :,:(,, •: :,:-·{,,,'<': :-:- ,e,,:,,:( ,:, ,·,e,~:,::~ ,:, •:·: :-·(,:-, •: :-:- c.,,-.: :- , ,e.,~(:, .::-, :-·( :j.Jij ft 1 j 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2057 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



~:J:~: tii:~~t:~:~~,:~:::::::::::::::::::::::::::::::::::::::::::::::::,:::::::::::::::,::::::::·:::::::::::::::,::::~::::::::::::::.::::~:::~:::::::::::::::::::::::::::::::::i41 
$,1.4 
S.-1.5 
SJJli 
SJ,,7' 
Ett.a 
Sl 
S,Jj 
Ekl.-2 
B1 .. l 

;~:,r.:8:',;;i::::::::::::::::::::::::::.::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i~ 
PCT mliil~ t~dil ~bI~~t ™~~inti! ,.,,c-,.,,,,., ... ,,.,,, .• ,.,.,,H,,•,"'''"''"',"'"·'·'''''""'"'''''"""'""'''''''''''''"'•"''"'"'"'''''"'''''''"',"''"'"''"''''"''$5$ 
Shap,sd=;eoooij~g :f:Df :StiU t~iltt,"e ~e,ct.,"'"'•··•··••N•,•.,,·w,.,, .. ,.,"''""'"'"'"'"'''''·"''"'"''""''"·"'''''''"·"'""·''·''''·''"''""'''"'"'"'''"'"'"'"''""'':~J 
.Ari~~~t=it: O~t;.~d~S··-=-··~!" .. ·'."~'~"".'~"!~··-l'!""~·'."•"'.'!'."'!''~!":S"•-:,•·1-:-,:,.~~":'!-'."-!!""'·'.,~· ....... ,,.,;,.,;;.~,-,;,1 ....... ,~.~ ...... , ..... ;>..,0·J!'al;>., ... , .. ;;,..,~·) ...... H ... ,., ..... L·~~.,, ....... 1 ... , ........ ~ ....... , ... ; ... ,.,..,;,,.;;;.;,, •. ,;,} ... ~,, .. ;.1 ... ~;;,:100 
Afihr~lc dfl!cooif~g 'for $1rn te .. ~turt ,obf~ct ,,,,.,,o,,.,.,., .•. ,,""'·"""'".""""'""""·"·'""·'""'""'"'"''·''·"'".,,,..,.,,,.,.,,..,,,., .. ,,.,,,.,$~ 
A.!:1"~ttetie-it1:.et;O:<t'J~tlg f:t~r ~lnipt :t1eeooI~gi.,,,,.,,..,,,,.,, ....•... ,,.,,, ... ,.,,,,,, ..... ,,.,, .. ,,,,,,,,., ... , .. ,, ... ,, ... ,.,,,,, .• .,,, ... ,,.,...,,,.,, ... ,,, ...... ",,.,,.,,,,,,,,,,.,:371 
FEA -Cbte,t ~c.OOi ma , ...... , .. ~--- ...................... , .... ,. ........................ ~- ... ~ .......... ~ ~· ..... ~ ... '" .... ~~·,;,} ......... ~·~ ....... , ..... ~~ ...... l ;.. •.••••• ; ;,.., ~·) ..... ; .H ... >.. ...... L ... ~ .... ,..., ... 1 ...... " ..... i.,~" , ... ; ... ~, .. ,;, .... ;,, ··,;,} ... ~,, ,;.i ... ~;;, :1;:r 4. 

A.T=l~x c {nt."lfrl:::iatv~} Ffu..~ .;md ~"ldr ®~t ~~iiJHl tf*~le~ ~nd defir:Hfizin~-""""'"''., .. ,,,.,,,,,,,, .... ,.,,,,.",,, . .,,,.,,,.Jlll 
AA~li< IJ {nOfmi'!~\~l Vid-~~ b~ri~~ ¥·eriffer,,.,., .. ,,., •... ,,,« ••.•. ,,,.,.,,,,.,,.,,,.,.,,,,,.,,.,,,,.,., .. ,,,., .•. ,,,.,,.,.,,,.,.,,.,,,., .. ,,,..,.,,,,.,,,,,.,,.., .. ,, ..... 4tllll 
D •1 ~ntrorl:u<:::WJ<n .. .. ,, ... . .. ... . . . .. .. . . . ... . . ··.· .. . .. .. ... . . .. ··.· ... . ............... 400 
C.,2 'ificloo ~:at~: ~!ftw M~ :0W,fi1'"fioo, .•. ,,, ... ,,.,.,,,.,,.,,.,.,,,, ....•... ,,,,, .. ,.,,,,,, ..... ,,.,, .. ,.,,,,,,.,,, ...... ,, ... ,.,,,,, .• .,,, ... ,,.,...,,,.,, ... ,,, ........ ,, .. , •. ,,,,,,,,,,.,~ 
o.a c~m~rtw.n b~twee~ ~somic 144~2 \iSV !llm:dthe ~SOltE'C na·Hl·l vsv tmrorm~t~v.e~,,.,, .. ,,,.,," .• ,,.Ati 
D .. 4 \f:ide.o c~,r~Jl~@;'(i:ty M~l 1:,le..f:im!tioo ...... "" ............ , ...... ,-~ .... ,_,,,,.,, .. ,, ....... a, .... , •. ,, ... , ....... ,_,.,_,_,,, .. , ........... ,, ........ ,,,., ..... ,,., .... a, ..... ,..4-13 
Ct:5 \lid~~ R~J-e~n:t~.e M~t-00-t)' rti.\;,:;<t,~~ O:ef:l~)iM1lti,,.. ... , ........ , ... ,.,,.., ....... ,,., •. ,,., ... ,,.,,...,,,.,,,.,,,, .. , ...... ,, .. ..,,,,.,. ........ ,,., ..... , .. , ... ,.,,,.,, .... ,,,., . .,,., .•. ,,, .. 415-

g:, ~~~~~:~!:ti'.:~J:!~ite::fu:t~{::;tt:::!t~1
,::::::::::::::::::::::::~::::::::::::::::::::::::::::::~:::::::::::::::::::::::::·::~: 

An~-;!11 ii {ink\:r:wi;:i,'t::\>e) 1Ff!%:&L~~"Si rs:uptrort~d by t~e al~rithrn ,a, ..... a., •• , .... ,,,.,. ... a, .. ,,a ...... , ...... ,,,,_ .. ,., .... , .• ,,., ............ , .•.• , •• , .... a ,11:0· 
EJ Error tt$:1ht~)('.;1f,'·,., ... ,.,w,,M·,·.,, .. ,., ..... wM,'"''·''''"·'"'"·"''·'"'"'""''·'''"'""'''·'"'"·'''""'·"'""'"'""''''·''"'"·'·'''""''"·"W,«''""·'''''"'·"'"·'·"'·'"'"'·'"'·"'·'''"'"'"'''"'"'"'"'''"'''41-tl 
f.L1,1 
iti .. 1 
EJ .. .3 
f.L1A 
iti.5 
E.1.,6 
E2 
lt.J 

~:~v.;~~!i~==~:®),,.,,:·:'"""'"''.''·"'''"''·'':""·'""':··:··:·'·····'""::-··'""'""''"''""""':''''''·'·'"'"''·''·'"'"'~'":·,,.,:,-· .. :: .. :····""'':'"'':·''·'"'':~: 
Rt:::\<e/'~~~: VL,C,,,w.,w,..,,.,.,,,.,.,,...,.,,.,, .. •,n,·.,.,,,w•.,,.,w,e,wo.,,,., . ...,,,.,,., ... ,,,w,.w,•w,w,,,•.,,., .. ,,•,,•,.,, .. •w,«•.,w,.,,,w, . .,,•,,.•,.,w,.,.,.w,.,,,.,.,.,,,,,...,,._.,,,,.,,,41-!1! 

D~todt::~· o~t~its.n .. l< .... ·1.-.,., ... ,>..~;;, .... ~, ........ ;,. .... ) ..... ~~ ... >.., ..... L .. ~.,, ....... 1.,.~·"'·;;i-.~,~·· ........ ~."' .. ~~-..1.-.i... .. ~·l., ... , ..... 1.~,-.. .. 1;.. .... , ... ;,..,,;-) ..... ,.,, ... >..-, .... L ... l., .... , .. ..i,..,,., .... l.,~""'.; ... ~ ......... ;,, .... } .... ,, ......... ;;,4.20 
,.4.d~:SM\<~ lt)ff;l ~@:lfi!:f$h {AIR} M~fhi:'ld ,., ,., •'"' ,.,·,.,,..,,., ... ,·,c. •·•···we,,,·,,·,,",, .. ,""'',.,,,.,,.,,.,,..,.,, .. ,,_ ,w,·,·-,.,,.,,., ,,w ,., ,·.w,,,,·,•rn,,, ,,., ... , ,.,, ,,,...,,,,,,·.a, ,t;t} 
NE\-VPREO .. ,,••w"·"··''"-"·''·''"·'""••""''"·''-""·'•''"•'·"·'"W'"-"'"••"·"-"'"""•""-"''•"'''"'"""·"'-""·'·""''·"·"W''·""••"•"''''·'"-''"'·"·"'"·"-"'"''·"'"·•·"'''·"·•·"-"''·'·""-"'''""'''·'·"'•'·"'·'"•••""'·''''!5-

Com:p4~x..~r E'Sti~1aitfon ...... ~;i..~;;,;,,,;;i.., .... , ... ;,. • .;•) ... , ... ~ ... k,i .... L .. ~.,, ....... 1.,,~·"-·;;!-.~,~•·o.,,;;i..~,.,;,,~~~-..1.-.i... .. ~·l.,.,,,,,.,,;,>..~,-.. .. 1;.. •. .,, ... ;,..~~·) .... ;!-.HV;.;i· .... L~l.,o ....... -1.,~.,;,,.,,;.1.,~,;;,"'.;;i..~,-..,.;;i.;,,.-.,} .... ,, ... 1 .... ;;,=4.'27 
R~~Y,I§t::tm.~~ tuitk.~1 jn C-m§~ (~f Ut1tn()W~1 V:ide{f ~~j1;.,~r ftwm$~'"" ... , .., "" ..... , '"""'"' ,,,.,.,"""'""''""' ,,,, ,,., .... Att 

,41-lts!S!::t F (!i'if-titis~l},,>@) Pt=li:1ptuc~$il~g a®d ~">U:1tµrat~1.sing .. , ... ,,".'""'"'"'"'''·""'·"·""·'·"'"'""'···,., ... , •• ,.,.,.,.,, .. , ..... ,., ... ,,, ..... ,.42B 
F. 1 ¥OP. ~rrera,ijon Tool$: Atrt~,tlc .aru::I s~~u~11llfk S.~nleofatk~ns ,,.,.,,..,, .. ,, .. ,,_. .... ,,_ ... ""'"""''' ,, .. , .. ,.,. 4:2-8 
F:t..1 
f;U~ 
F.t,3 
F,J 
f.J 
F,J.,1 
F.:l~ 
F,1.J 
FA, 

:::::~~t:;::~;~~=t~it~;~:~·:::::::::: .. ::::::::::::::::: .. ::::::::: .. ::,::::::::::::::::::::::::::::::::~:::::::::::::~~:: .. :::::::::::::::::::::::::::::;: 
Refe--~f!:C:1"<'1\ ... . nW"""· ., ..... ,.,,,.,., ,, •• , , ... ,.,w,,·,.". ,,. .. ,,., .. ·"'" ·"""''·"· "•''-"• """"' ' """"'""'"""' ·'·'""'"¥<"''"''•''" .• "·"""· -,,.,.,.,,, .. ,.,.,.,.-4-46· 
S~uotlltlJI R~~ri$\i: ~· VOP f'-grrt1~Ji~"1...,.,.,.,.,,,,,",.~,,.,..,,.,,.,..,,,.,,,,,,,,..,,,,,.,,..,",.,, ... ,,,., .. ,."'"''"".""'.,,.,,,,.",,.,.,.,.,,,., .•• ,,.,,,441 
P,,;:;;~~;n,ot~~/~1t} t'tw Ct~fo1ij lfoi~ ~~®ttk)'n '"'"''"' ............ ,,,.,..,"'"'""'''"''''·····'"'· .. ,,. . .,,.,."' ...... ,, ... ,, .... ,, ...... ,,,,..,,..,,448 
O~bl-O!::i~f)~'"J: fj~f,_,,,,.,,,,.,,,,,.w,,,,,,-,,,.,,,rn.,,.,.,,..,., .. ,,.'"''·'-"'"''"·''"'"''''''"""'"'·"''"''"'"·"•'"''"·'""'·••·•·-''·•·,,·,,,,,,~,.w,a.,,.,w,,,.,.-,,,, .. ,,,,.,,,-,.,,,,,.,.,.,,.,-4~ 

~:1:?!~:~::::t,:::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::l~ 
Chromm;arict ~tl~tit)tl and lrM:~:r~~lai~) fllt«ittQ lot tsi~r!atoo Obj~t Co-~rlQ '·""""""""·"" .. ,.,,,-452 

Al)f~::t G (ritwn'i<'3fr,"l-1}. Prom~ cUld ~Y~t ~ndl,tt..!tlutt i.~1dmiEitfictlo.t1"§. .. ,,,,,.,,,,.,.,,,,,,,,.,,,,,,.,,,,,,,,, ... ,,,,,"··'-'""''"·""'""'454 

Atl~·l. H {!t1t-l:lrt~t'il't") Patt:nt ~{~h,''"itNlltil!!i ..... ,,.,m.,.,,.,,,.,.,.,,,,,, .. ,.,,,, ...... ,.,.,, . .,,,,.,,,,.,.,,.,,,,.,,.,,,,.,,., ... ,.,,.,,.,.,.,,,., ..... .,,,,,,.,,,,,,,,,.,,, .. ,.,.,,.,,.,.,, .. -45:t 
H .. 1 P,.,l;,~~ i~~t~®'~~ !~' ~SOilEC 'i-44-® V-w-t-iai::3,,~ ·t ""°',.,,.. ... .,.,,.,,,.,,,"""'"''"'"'"''°'".""···,,··,"·""°'"'.,,.,,,, .• ,,,,",,..., ... ,,.,"·451 
H,2 P'at~nt f.tafotn~ttt~ kit' @1~ te:xhm$fof~s pi'OVl&d itt l'Set1EC tt4'96 V~rnion 1 ....... , .. , ... ,,."'".'"'"''""""""".458 

A.mru;: I {k1f:tm·n~1<';t~) E:~~,;;orkl~· Cil)mpfoxity R~dt.1&:tim B:a,,s!l'.d 011 lnt~m~1-it P-rn~.a1nti~"*tioa , • .,.,., .... ,., ... AOO 
t1 ~ntroourfu:i<o .•w,.,,••w.,w, .... .,.,..,,.,,,,.w,.,,,.,.,,,,, .. ,,.,,,,,.,.,w• .... ,,,.,, •. ,.,.,, •. ,,.,,,,,,,., . .,,•w,w,,,.,,., ..•.. ,,.,.,,·.•w,«··''"·"'"·''"'""·'·"•·•w•-····"'·'''"'"'"'''"'"'"'"'''"'''460 

L2 Fe:afura Se;leettio:t.) and Pr~.qu:anti~tiO!l: ... ~., ... , ... ,..,,. .. , .... , ................. ,, • ., .. """"''""'·''"'"''""'''·''"'····· ............ , .... .., ........ , ... , .... ,,.a>s•, ........... , ...... ,.,,,.400 
tJ Mocliel V:e:dtk~tlt~~ #:t:id Thr~~·K:tM S~Wn~ ...... ,., ... ,~"""'''"''"'""'""''""''"''"'"""'"'"''''''""""''''""'''"''"""'""''""''4'1$~ 
tt '1 H .. 2lll Gt~11nhs:~r .... ,.,w, .,,,,.,,.,.. ,, .. ,,,., .••... ,.,,,,._. .,.,,,,w,.,w .. ,,w,.,, .. ,., ., , •. , ,.,, ,,,,,., .... """'''··,······· ,,.,,_, ... "'" ... ,,.,,.,,,,,., ... , .. , .. ,.,w,.,·,.w,., •..•. , ... ''" ... .._., ,, ,.,,, 462 
Ll ... 2 ~1PEG~-t Qu,a;:ntfse:r· ................... ,., ........ ·.,w,.·· ... ..,., "''"'" ............................ ,, ........ ,., ... ,., ......... ,,,.---,..· ............. ..., •.. .,, ............................ ,..,, ................. ,.4'62 

t\flfl:&:!i:: .J {ncrrn;afr,,-e} Vi~·\'!<' depeoo~rd obj~t ru::alabiUy ,,,,,..,,. ........... , ... .._, ............... ,,,,,.,.,., .................. w,, ........................ .,,."'.,,4£..4! 
J,1 ~nttt)i::/'l.RJk'l<~ «.,,,,.,.,,...,.,.,..,,,,rn.,, ... ,,.,..,,,.,,,.,,.,.,..,., .... ,,.,, .. ,,·,., .... , .. ,., ..... ,,, .... ,,,,.,,, ... , ... ,.,, .. ,.,., .. ,,,", .. ,,., ... , ... ,.,,.,..,,,,,,..,,, ... ",,.,.,.,.,.,, .. , .• ..,,,. .... ,., .... ,., . ..,,•¢64 
.J,2 Oecodl~ PnlCJe'$$ of~ View-~r~d~:f:ltObje.et.,.,, .. , .......... ,,., ... ..,.,,.,, .... __,,,,w.,w,,M·,·.,, .. ,., ..... w,.",.,,.._,.,,.,.,., ... , ... w,,,.,., .. ,,,.,.,.,,.4£4 
.J .. :JJ ~"'*'r"'l= P~·~t)9, Sithi~Jti~ ,,.,,,,, ... ""·'"''.,,.,, ... ,.,,,., .. ,,,.,,,, .. ,.,.,.,, .. ,,",".,",,.,,, .... ,,,,,., .. ,,,,.,.,, ... ,.,,.,., ... ,,,, .. ,.,,_., .... ,, ... ,,,.,,.,,,, .. ,.,,.,,",·"''''''"'.;t:$it, 
J,:2 .. 1 Ctiit1µ~:mi~1 of Jh~ \fJ~Vf·O·~ti"§'d~)t $~/~bl!it)'t~t~n~t~t~ , ............... ,,.,,,. .... ,, .... ,,, .. ..,,,..,, .. ,,,," ....... , .. ..,,,. .... ,, .... ,,..,,400 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2058 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



J<2J 
J,2,4 
.,.Li,S 
J.2$ 
J.,2] 

VP 'f~~S,i( ~~~[lijt~iQ:t.1.,.v.,.,,.,,w.•,·,w,,,.·,.,,.,,,-.-,,,,,.,,.«,,·,,,.,,.,., .. ,,,, .. ,.,.,.,,.,.,.,.,,.,,,,,,,.,,.,., .. , .. ,.,,.,,.,,.,,.,., .... ,.,,,.,.,,.,,,.,,,.,,,., . ..,.,,.,,•,.·,,,,.,,.,,.,.,,,.,, .. ,.,,,.,,•,,,., . .4:{i'i8: 
Oift'~nti;ail: rn~-$. cm1:1plilt~tioft , ... ,,.,.,,"',,.,,,..,,.,.,.,,., ..... ,,,.,,,.,.,,.,.,, ... ,,,,w,.,,,m,..,, .•. "'"''··,·w.,,., .. ,,.,.,,.,..,,,w,m,·,.,,",.,.,,,.,,,., .. "'"'"''"'"4.tiQ: 
t>e-t ~oe.i'ht.»~nh d'~~li!~~ ·· .... ·· ··..... . ·.·. ·· ... ·· ·· ... ··. ··.·· .. ·· .··· ... ·· .·.· .. ···. · ... ···. ····· ... ·· , ... ··.·· .··. ·· ... ··. , ·.· ... ·· .····. ·· ... ······ .. ·· . . .. . .4'$$ 
Tc$·XlU~:ti:~~e ,.., . ., ......... .-. ............................ · ...................................... · ................................ ·····"···--··· .•..•...•. · .4:69 
1ocr:,._ .. 't•1~}.,i;,:,,,,;;•1:-..,,i;·1,;:1.<,;_.,.'<;,..(•n,.'ll;,,'l.'1X..:,•.;,;:i,d•;,.,,'t•1:0.(•1•;,,,.'1;>.'.,;,1.,i;,;,,;,(•11>,C·:O...;:n.,,;"'°·'·"';,,c•.,; .. ,t'<;>.<·X',:•l;>,''1."1.'-.;1;<.,;,~<'>-''l·l:'H•Jo),;·1:<.._,.,,.,,"';,..(,:>"c·;;\(•1X_.'l:1,(•n.;·!·;>.\(•):-.;_.'l..;>.'}.<,;,,11.•li1'{..-,-.:1.<,_.,1.,i;;>-.•1>1~1:,i;;,,'l.'1X4°fll: 

Alltltf); K (~llii*~}J{\ie} 011n;oot:r Ci:.inf~(!l~l"il:il.i§l~~~ :fn:f:O:tll.§i,tl~lL.,,,.c.,,.,,,MM•>,•.MN.<C·>.<>,N•<·>.<o,.""''"'·''"'''·'~"''''·'''''·''"""'''·"""·'"'''47'l 
K..: 1 ltltf)}dM(;;t{~llJo..:1:(.,;,,1:,:...,,;:.,:-.,c-:...:.,:<,,:o.:·).:!:-:<·)'X·l:-i._,.>:,,:i.a-:;.,;,1:<·Jo"-""=·>'-C··,:..:11·c<>.,):,c:,i,:.n:.,,:,c:..,;:.,:.:,,.:c,:;-.,>:<-:~·(·>X<·>Jo-c):,i~~>:,c~>:<-.,!>.:C•:..,<·>:~~•:,-.,>:<<Joo.::i.-.,>:h~o.:))>:h~.:.):.."<·>,;:~:;,,;:.>:-.::..<·>)>:.c.:,,,;:.,:<~<·>.:1>.:c..~471\ 

K.2 
K:l.1 
KS 
,tt . ..IU 
ttJ,2 
K.3.3 
ttJA 
ttJ,5 

M<- ·· ~- ill: l.!.. " g: ' · ~.,,R-,.. -I ,., L '"" I. -"·'':1<1· -9::rq:.ltlOO o~· ·~,~e $$~ Up· •O~ a \''lS=lUh =C!t!~$f pni~"fmi~fV'E!f,. ... , ... .;, ...•. , .. .,. .•. ,es •.•. ., .. ,." ... , ... , ... ,." ...... , .• .,, ... ,, ... ,,<it , 

Prc:~S$l'tl'!;1 ~· ~e-t'l>,iW' l'::-0:t)~i:g:ut;a.tk'Nl inf~rffi~i:)fh,.,o.,,, .. ,.,c,,, .. ,,.,..,.,.,, .. ,, .. ,, .. ,.,,.,,.,.,,>.«·•·'''·"''·''''"'''·''"'·'''''"'·''''"·"·""'''"'''''"'··'t'l;'l 
S~ifittl,H-Ofl: of deroder ~'1r1figunit~l t~tbr!l,1-tttn.M,.,,o,,~-,,,M,"·''""'·'"""''"''"' .. ,..,,°'."""'H"'''''"'"'"''"·''"""''"'·473: 
)l~":i]'!;)t)}~L,,.,,_,,.,,.,.,,, ... ,.,,.,,,,,.,, .. , .. ,,,.._,.,,.,"''''·•·"'->•·,.,.,,., ... ,,,.,, ... ,.-u.,,,..,,,.,,.,,.rn.·.,,,.,,,,.,, ... ,., . .,,.,.,,.,,.,,,~, . ..-,, ... ,.m,,·,., . .,,, ... ,,,,.,,""''''··'·""·'"'''·47::J< 

:stj ltle:dtJreO~ect ):'I•) •• ,):~ C-! 't-11 ::- ,,:-~~:<: ;,;,, ':'!:-:~·;,,. -~:-:-: c-.-. ·:-~:,,; (•) •:+~.,·) i ): ~.· '(•! )~ •: ~:' (• ... /:"I:'" ~C--!:<:i·) ~~):'I•);<.,::-:-.(•!•:<:::-, -:-~:-:i·:" <;-~ ).~·:-.• ·~ ):"10:-... ~~:-;:'I.;>•:-: ~:'I·;>~.·= !•)."l•n 'I:~.·,;•:-:-:<:"' 'I:<:!:<:~·;,,•:,:;,, (•!!-= ;,,;,,; ,:-;- 4·73 
l'i.tM~Oll<j?d:. . ... . . . .. . .. .. , . ·.······· ....... ... ... . . . ,.. . .. .... , . ·.······ ... . . . 474: 
r~·~eo~~~i' "'''""'·'"", .,,.,.,,,,., "•' ""' ,, ... ,.,._,._. .,.-,, ... ,.,.,,.. .. ,,w,.,, .. ,., ., , •.. "'' ,,.,,., ,,,. ,.,,,,.,,,,,,., .. , .. ,, . .__, ... ,.. ,_,, .. ,,.,,.,,.,.,w .. , ,.,,..,.,., ... , ,, .. ,.,.,, ''" "'"'"' '' "''' .... ,., 414 
.JQij1;e-$h~fect .... ;,,:.;,,;,, <: 11') (•;>' 'l) IC-! 'ti':" C--~ >:i·:•;,, •: >:-:~·;,, O::•n•:-: <;> •:-:'L"l -:0) •:~>.,•;>I 'I:~.• '1:0!:'"~ •: ~;- (•! ):<: s" ~'t-!:<:"I·) .-:-: >:'I•;>.-. 'l )';,,; 0:-! •:<: :" 1-:'~:.;; !•:" <:"! ):~·:' 0::·~):"1 C- •.~~:"l"I•;> •:-: >.,·;>~.•: !•)."l•n 'I:~.• O::•!:'":<: <;,,'I:<:!:<:~·;,,•: l ::" (•!!'I:;-;,,; C-! 4·7 4 

An n:e:·x. L {~P.i~~itt~ltJ R~te ~Q-fflr©:t C-.!''t·l::",C--~~:<: ;,,;,, -:-n·: !·;<•·n·:~c-·:·:-~:,,; ;;-: ~.-.·:'~:"IH••:-n•:,•;>.1'•: ):0.(·~~:<:s"~':'~:<:i·;<<: 1).(•;> ... "l):"l t-.1'•:·~:"ll•)):i"'·'·n): ~:-,;·~):<:.;-• . .-:~:<:1·.1'·: l) (•n -=~:o C-~):i·:O•':'>:H•;< ·:S~):1·475 

IL.1 Ff'm1:e R~t!!! Co:nt:rot .,,.,a._, ..... "'·'·'""··"'''"" ...... ,., ....... ,"""'···· .c .. , .... , ... , .. a,,.,a .• , .. ,., .... , ... , ..•• __ .. ,., "·"'"""·'·'"' .... , .... , .. , '""''"'"'''·'·· d.75 
=L, 1.·1 b~b(i<lii.t:etlut'11 ........ ,. •.. , .. w.,,, ............ ,,.•.w•e,,wYMWM•···•n•·•w.,w•.,,.,,,,.,, .... w, .. w,,,..,.,.,,,.we.,we,.--·••.,.-..w.•.,.,w.,,v.••n.,, •.... ,...,, ... ,.,.,w•.·, .. w,, .. ..,,,, .. ,.,.,ww,,41:5 
L-1.:2 
L1,J 
L,2 
L-2.1 
L1.1 
L2,3 
L-2.4 
L.3 
L:l:1 
Ll.2 
L,l,J 

Ou~r1ti$;;Wj~n t~v~I C:*kufoh:tk-1 k'W Mr'.;i!;m~ ~t1,1 firnt P·fo~1t~ ...... , .. ,"''"'·'""'·""''"'·""''"''"""'···, "'"""".479 
Upd.Et~ \R.a,'!E--lliatortion Mo<m f '·'"' "·' ,, .. , .... ,.,,,,.,, ..... ," ,, .. ,,-,.,,, ..... ,,.,, , .. ,.,,·,,n,·,a.,, ,,., .... '"' ,., ... ,.,,.,,.,.,,,, >· •• wm .. ·, ,.,,.,, '"'·' '" ,.,, ''··"' "·' .. ,,, ~2 
FO!:iit~Ra@~~~. Cot1:tf-'O! ...... ~ ... l ..... , ... l)oliw'.,.,;, .... ,~ ....... " ........... ~ ... ,"' •.• ~ ... ;)"''a;, ..... , ... , .. 1.,;·1 .......... ._ ............ ._ .............. ;,,,.,;,) • .,; ... ,~-.»1i.,;•.L'1:l.,S•.l!!1.·0.~ .. w'P...,;) ... ~ .... x,.;,, .. -.,) • .,;i•., ... 1.,~•·o..,;).~• ... ,, ......... 1 ............ 1.~2 
l'i.Ia.crnbl:Ock R:.ate Con~rci .. " ................................................................................................................................................................... 484 

Targ~t fiJ:l.l,ITIOOt {:<f 8!:t:S ~t' E-llci°I !Mact~blOC~ ,,.,.,, .. .c.,,, .... ,.-, .... ,.,,,,.,.,.,,,,,.,.,., ... ,.,, .. ,.,,,,._.,,.,.,.,.,,, ....... ,, .. , •. ,.,,,,.,.,,,,,,,,,,.,,.,~:5 

lll'l®i::.:~Wl:Qt;.:!l; R:.are C·on~n:,<il ,.,.., .,,,., ,., ..... , ..... ,.,,, '"'"''''"'"' ..... ,,.,.,,.""."'' ..... ,. ..... ,.,.,, ,, .... , '"' ,.,'""''"'"·'"' ... ,. ..... ,., ..... , .. ,.,,. , ...... ,., ... ,.,.,w ,.., 4ij::Ji 

Ann~-~ M fit'if~THijlN'$} lMi1~ry sha~~ -t,:~ii~~lfrn,,,,,,,.~_. .. ,.,, .. ,,,,. .. ,.,,,.,, ... , ..... ,,. .. ,., .. , • ..,,,""'''''"''""'''"''""""'"''"'"''"'''·~:f 

J\l..1 ~~h"~l'\iuifti\'lfl__..,.,,,,. "'-"'""·''· ,.,.,.,.,.,.,.,. ,. •, "'"""''' .... _..,. .. ,,, .. ,.,.,,,.,...,.,,,_.. w•w,,,.,., .. .,.,,. ... ·'""' n , .. ·'·""""'" .,.,w. w• .·,. w "·"· ""·"• w, 4$7 

:M.t,1 
J\l2.;2 
M,l 
M~i 
:~t~ 
:~u.,1 
M~5~2 
:~ti 
M .. 1 

e:~"'i~-~t~S.;i!$~-tl Arilf1Jt}'wtki' st~ c.001:rts ., ... ,,,,,, ..... ,,, ..... ,,, .. ,.,,, .. ,",, .. ,,,,,,,,.., .. ,,,,,.,,,, .. ,,., .. ,,,,.,,.m, .. ,,,,.,.,,,,.,,,,, .. ,,.,.,,,,, .. ,, •. 4-®1 
~~h~ ~1~ ............ ,,.,..,,.,,,,,., ....... ,.. .... ,.,,_, .. ,"''''"''''""''"''""'"'''''''"'''""''•"'""'""'''"'''''''"''''·'''•"'"'"''"''''""''"""''·'"'''""''''·"'''"'''"''""''""''"'"'~~ 
~~t:er Mode .. ,,,.. .... ,.,. _,, ... , ... ,,, ........... , ...... ,. ,, .. , ............. ,. .. ,., .. "· ,.,.,...,.,.,,, ............ ,.,., ..... ,,,. .... ,, ... "' ........... ,.,'" .,.,, .. ,,. ............... ""·"· ... , 4$8 
1'@tlID~ (:::'l::)d1t19 ®cf Slot~~®t)' il~~k~ ""'·'''""''"'''., .. ,,,., ... ,,, .. ,.,,,,.,"'·''"''""'"'''""''"''"'"'"'"'.''."'''·'"'.,,,,,,.,,,,,,,,,, ... ,,,,..,,.,4-f:!9 
Er~~t· Arcltttl:l*clur~ "' ,_, ... , ,, .. , .... , ., .. , .. ,_ ........... , .. , .... .," , ... .,,.,, .. ,.,.__., ..... ,, ,,,., ,·,, ., ....... " ·"··,,·,, ..•. ,..., .. , ,.,,,.,., ... , .. ,."" ,.,, ,,..,, ,.,,, , ,.,., 4!19 
Entooi:1'1t GuWlE'l~ntt£ ...... ,..,,,,.,,, .. , .... ,.,,,,.,, ....•. , .......... ,,.,,, ... ,.,",, .. ,.,,.,,,,.,.,,,, ... ,, ... , ........ , .. ,,,,., ..... ,",·"·''''''·······"·'··,,, ... , .. ,.,,.,,.,, .. ..,. .. , ... ,,.,,.,,,,,.,,,,.,,.,4.90 

~:};;9st:.~t~f~::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!!~ 
c~~tllt$jOO$· ~·;.·.\·,l~ .... ,.~ ........... ~ ....... \,l..l ........... ..i1.·;.•.1,1,.·~ ....... ~ ... l.·,~-~·•: .... ·~:1,i.i.1-.·~· • .l".\,\•'ll-', ... \1·,l!,,',l'.\· .. .i ..... , ............. , ..... -.:.-.1,.,·..:i·., ......... , ...... \~~-· •• '-.\l'.11.,·,'-~·.-.- ......... , ... ·.\1.·Mc~ ... \,l~· •• '.\'," .. i.,'.'l.' .. U1,.·11..-.\\,l", ...... \.4tt:·1 
Ri!'f.ere,;ru~e.s , ... ,,. .. .,, ... ,.,.m·• ... , ....... .-,., ., ......... ,·.,w,·· .... , ........ ,. ,.., ..... .,., ..... ," .. .,, .... .,.·.,, ...... ,.,., .... , .......... ., .... .,, ..... , ........... .,, ... ., .. ,.,,, ...... 4Q2 

~~l'~x ~nt~:;~!~7~! .... :~.~~~-:~~,~~-::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,:::::::::::::::::::::::!!~ 
0,1 TQ,Pt'!:k,,g:le:~f Silr1i~Y IR~f!l!OOt1t:&t~...., .. ,..,,.,,., ... .o,· .. ·,·.·•o,,,.,,.,..,,.,,., .... ,,.,,., ... ,,,.,..., ....... ,.,., .. ,, ... , ....• .,,, ....... ,,.,,,.,, .... ,, ... wn.,.,,,.,,,,,,,,,,,,,.,,.,4.fff 

{l,':t 1\ $lf:i\it.~~ :f(Sij~llf(l':,"' Rtl~'$-Ei'rtt~H;()~ ,.,.,.,rnrn.,,,.,," ... ,.,,, .. , .. , ... ,,""·"'-"''''"''"""'·''""·'''''"''''··""''"'·'""·''''''"""·"·"'''"''"""''""''''"'''"'4'9:l:t 
O.l:J1 ·vi,:tl~'K Gr~~~ :f~t't!'~nt~tittn ,·"w,, ..... ,, .•. , ........ .,,, .... ,.,., ..... , ....... ,.,. ... ,.,, .... ,.""'''·· .. ···,.,, ... ,.,,, .. ,.,,.,,.,., ........... , •• , ... ,.,, .•... ,.,.,, .. ,,,.,, .. , ..... , ....... 4-Ssi 
:Q,.J 
(l,J,1 
0.:1,~ 
:Q,J,3 
CA 
(t~ 
:Q,.5..'l 
0.:5 .. 2 
{.'.t&.3 

Elll!-00!:l'lij :gwoo~nt!!li ftif' JD ~,!'§!fiih C OO~f:1(1: ,., ... ,,. , .. ,., ... ,,.,,, .. ,,.,..,, , ..... ,,.,., .,,., ... ,,,.,..., ........ ,, .. ,,., ..... , ..• "'· .... ,.,,.,,,.,, .... ,, ··'-""·'•'' "'·'''''·"' ,.,,., fil!O 
r ~)~M'rl~'f.le~t %~nl~Y :~tw.•i:::id**S ,.,,.,.,,,,., ""· ,.,,.,,.,, ... ,.,, ", .. , ... ""''''''·''"'' "'·''''"' "''·'' '' ,,.,., .. ,,, ,.,.,.,,,.,,:<,' .,,,. ,., ''"'"''·''·" ,,, '' ,.,, ''" ,.,, '' .,., «' ,.,, < !,{l(§ 
Sw~0:1't k:~f n""n ..... ~·~11Mt)ld$ ~nd N<t~t:}'<l.1t'i~1 .. ,~~b~ tr~'l:tiifold$ ,ve,,,.,, .... ,,,,,. ''""''"'' ., ... ,, ..... ,,,..,,, .. ,.,, .. ,, ,,, .. ,, ... ,, •. ,..,${11 
:SU:~l-~ Eii~· R~~iti~t)~· ,.,,.,,.,,., ..... , ............... ,,.,,., ... ""·····'·'''''·'."'''·'''·''"'·'··•,,,., ..... ,",·"·'"'''·······"·'··,,,,.,,,.,,.,,.,, ... ..,. .. , ... ,,.,,.,,,,,.,,,,.,,., fill::3 
~~1t(~f¢l:.3~kfot~~k~t$fof~ttlcl~~! t.'f:*~~M;k~1 cl'V~rt~;.( P'~~tt1~"'"""'""'''"""""''''"'""''""""'!,{l1 
Progr~siv~ F-0:r<!!!~ SpHt R:<!l:pi!'l>i~lll,,"lt.:~tio,~ ,,,, .. .,.,,,.,.,,·,, .. ,.rn., ... .,.,,,,,.,,·,,., ... , •.•. ""'··''·,, .••. ,..., .. ,,.,,,.,., ... , ......... ,"""''""''·'·' 5.(13 
Entoo11ij th~, ftJt~~t,, . .,_,..,,,,.,,, .. , .... ,.,,,,.,, ...... , .......... ,,.,,, ... ,.,",, .. ,.,,.,,,,.,.,,,, ... ,, ... , ..... ,.,,.,,,,., ... , .. ,""'·'".,, ........... , .. ,,,,.,.,,.,,,,,, .. ..,. .. , ... ,,.,,.,,,,,.,,,,.,,., fill~ 
Su:ppo,,"i f~ ~~-shes er.~iit~ prn~-gona:l f~M- ...... -....... -..... -.......................................... -, ................................................. §.119 
M~thod for g®n:<Nafoi:g cl a PFS R~prng~rtt:klti>Jin $)f :11 Tri.a~!m- 30 M~:sh,., .. ,._ ..... ,,.,, • .c.·,""····,·"·""'""'·'' 5.@ 

0,1'$;,;'4' .. l '~~at Te~s \"l/l.l\.'"~·~P.'1\'.•',p;>-.1•,"'<"''~.!'"i·t;o\\~., ...... , ....... n,i·.~~·l/l.H"'."/1!'.'IV';\'o.•.'t."i\ ....... t ... \ ... ,!'",;/'.'1\',!'.",,";, .. ~ .. --p.,11•,•,;:1 .... ,•.•.i-..-;o; ... p.•.·t;,;\'<'P·1111'.•Vl'l,".'~·t;>..'H"' ... 'f;o;,;"•···t·''"l'l1'\'\•H.";\"''\'P.'l'lh." ......... ,.510 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2059 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



G~~tn:i:trif.: T:!'?.tt~.,.,,,.,, .. , ... ,,.,.,,·ow,,·,,w,,.,,.,,.,.,.,,,,, .... ,,., ... ,..,,",,.,,,,.,, ... , •. ,,.,, .. ,.,.,,.,,.,,. ...... _.,, ..• ",.· .. ·,,·,, .•...•. ,,.,,,~ ..... ,, .... m,,· •. ,.,,., ....•. ,,.,,.,,.,,,, ......... , !:iil2 
Cm1:1i1e:>.frty e:mfrn§ltfot1 for Coo1put.1tksnill Grneffu~ O~grad~tiQn , ........ ,, .... ,,, .. ,,,, .. ,,., ... ,, .. ,.,,,., .. , .... ,,,, ... "', .. ,, ... ·.,512 
Q,l$ ~ij-: $fltte. tf~f?'.il-ttgh 1-1.f.i~:tf·~ts~~.!~'." "'-!'~ '!'·,;.;;_:,~-~-:""'-~·N 1!--,i~ ,.;-r.~ ,;.: ;-J,,:-J,:,,;i>.•o:~.i-:,,:.)o.: .i-:..:.:.Jo;.:,:...,,:.:-):.:,hJ,.: l>.:.:..:,:i, .,i;i.:,. .:•lo•:-il-:,,.:.,..:,1,1-:, ._,.):,,; ;.:,.:.Jo:..:.:,;.,0:.:.1-:.:.:.Jo.: ;;i....:.:.Jo .:;i.:., .:.Jo;:-..:,,.:-}:.:,hJ' 5:1·.!'1 

0$ R:efnlC~·;, .. ,"""""''''"••··•···•·<·,,<;,,e..;+•·»;·•;<+•<••s>.•·••""''"'"'""''.,,, .. ,.,,,,.,.., . .,,•wMw,,,,,., .. ,,•,,•..,,·.•w,,,, .. ,,.,..,,.,.,.,. .... ·,.,w,.,.,w,.,, .. ,.,.,,,.,_..,,._.,,,w,,•~1£. 
B.fuf.iography .,..,., •.•..••..•.. " ..... ,, ..• '"' ...•.... ,H·e>H···'····+··········"·'""···• ... ,, . ._..,,._.,.,,.,,,...,,.,,, .. .,,,,.,,,., ..... ,...,, .•...•. ,,,. ...... ,.,.,,, ... ,..., ....•.•. , ..... , .. "', •.. ,., .. ,, .. , ........ :s11 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2060 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Forewotd 
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r~s.t,'-ec.tt'e ~nimf~.~'tim to @.wil \,:,•ith i:~jicut~r ~lcl~ t)f ttchdc~l actlAt''l. iso ~rd !EC:; ~ci'ml~! oommit~~ 
1x,t~!xw~t~ i~ fa~kfa d' ,tl@:ttl~1i k1t~r'!I!$§: C:1h~t H1tw.11~tkil1,:ti 1~{1~1-.~*'fa:.ii1:1o. gt1\'~it1ttl®'i~<1il ~t~i ~Jt'l-t<t1%~mit1Mt-21l, in 
Ii~i~rn \</iih !SO ~nd IEC. ~be tak,;~ part in m-ie '>"iUrk. In too field cl infomni&'\.'1 k~'!Mlag:f, ~so :fu"'id !EC ha,.,e; 
~-st~blithl.§d aju/11t fatt,11it~! tai'i1l'l\tlfil~, fSQi'!EC JTG l. 

The rn~in t~k nf I~ ,kl:lni f:&Tu.,.,k,9=~ cm11n:iiti~ i~ k'J. ~".\8::'E [nt;~T>..~ti~@al Sfarn:!:J,r-dK Dr~ §r:t~'"f'l.aih,"1r:i! Stan,:faz·n~ 
.~,:k)t~t~tl by the Jci~i tt~hh=~~ t~!'r':::~il~ ¥'¢ d~!Jl~1~.;:1 ·~ m~t=m-i~i ti~ii~·1 'fm "-'\~Jt19. F'l~~i(:)~tf)~ ~~ &:'l> lt1~~H'i.~t~r1;M 
St~~,-d r~1l~ir~ ~-<lpfo-v~! tif ijt ~~m I~ %; ~ tr!~ rl?,!W~i t~d!~$ c~sll!'W ~ \,\."'.!le, 

,ti;ttt"::flfa;:n ia dmwn !:o ti~ ~ws:itflity t"mt aom~ cl ttw €ikm1~mfa cl fuis •P8>'1 :;:ff' t3CHE:C lMS-6 m~y be th~ auhf0~t m 
~~~~'1t rtgh{~, ~$() anzt !EC §;hjll n;::;,t ·~ h~i~ f~$'POfl~iMe- k"lf i4e:'1tfArig ~~y ,:::w ~ll {:;iJ,:::!h: p?,!t$,"'lt r/gh~~ 

!SO!~EC 1.-li4f£-.2 'H~a µ:reparail by ,,bird Tfilchnic.il Comn1rtre~ 1SD,1EC .JTC ·i, l!1fu,r.mflfi-G,'i· tlli::Amr1.fog:_y, 
E'l.ib00t':1tn!ill~ :SC l'B, Ct."l(idey. t».' ~,<fJ,0,, (Ji0itl<'-t~, mtit\~~~~~ ~~~d .tl_'lP~'ittifilfia ihfutitWl>t~it 

1hm ~:i:md eclit~'1 ,::.~nte(~ ~nd r~•\:i~~ foe f::--11 e~t'(Kin {l~X).,tfG t44~l:;t ·W~SL ~s.:Mt~~~ h~~ b~) ~~htik,:.dy 
re\t$~¢.l It i:ri(;i..':if;~:.::.1:~~'""$. G~,t:2tllXl, Cor2'.2W.J1 ~n,,i .Arnd, t:t't."%\J 

!S:0/lEC ·14:;l'lk1 !:'.m;;i~~. of the- fafovin>.J poos .. W');.-:ler =t'ce :ge~~I ti~ lrifurJ:"fl..'o<.tfotJ t~hr:,.:J,11]>,_{}' ~'"' C~'1'fi1g ~J.f .audk,,· 
\>\\$4\~l ¢0~f~'. 

Ant~>:ei A b D, G, ~\ ~; JOO N fi:.<Nri ~. t'}::tf1'Wfth~ pmt <ifthis t<ati cl !SO/IEC ·:A-4:W, A'!!'WJI:.!~ f, F, H, t L, M imd 0 
~re fer ~,toH1<'.lf1l).,"1 oru)·. 
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b1troduction 

H1!~ p~rt a ~5(~<'!~:C '144~1 <,:,,~~ cte,i;-e!c,pw ~'1 Ht1pan,te totM gro\:~1ng 11e@:J -~ct,~ t:;1);;1!11:J mectti....'.{l ~)g c~~1 r:a,u~tfjw 
;~~~~ ki \•iS\iJl o~:.eciE in n~tur~ ~rid '8iVrl.t1!'s1kt mcviAcQ pickwe$ at1U ~\llit}ci~wd ri~tw~J: or ~'.rithttfu ~umi f~r 
i,.,idou~ ~Hctlcm !§:ll~M ~ di~lvs1! ~i&Jge 111e,(flil, inlerni:l :.,-.;~tbm. I'0rs~ t~ i,<-fri,..···d m \;;it~W$.~ t,;;'\tWllt:feika1i'll'1 •Mr: 
Um u~~ -Of !S(h']E{: 14400 m~~ns:i ~1at m~b:,"'1 ,.,i.{;f~<J ~n )8 rnuriip;:.i~'!B<l a.s a, furm ef c.ainµti:w:r ®ta ;ssrd i::an be 
s~~ on v$ff(llJ$ ;;t:lr:-$g,e rnetf'!i, 1t.an$:'tlqt£ci sr,tj r:~eiv*11 ov~r ~iistlt~J .ln:d tututt nfr.}.t-CIK'S ~11:d d!ttrh~°"d 0:11 
ei!s11n-J atrl R1:ute bl,vos:lca~ ch;tnnets. 

~s,::iri~C H:4:9-:!- i:;; l;nt~n,·,;h:sd tq- b;:;i g;:;i,r=ia 11!1 e,~ :;mm;,Q fa~i: it i.~Pl~:S a wid~ r~~"tr cf ap.p!icatbns .. hil:r:a~i.. 

reKil\..i:fa::ifw, qi~llti(!s: m1.d s~''V(:.~$, f\dhem11:ift, it alki--,;;,~ .a; t.Xt1tt~t of n1oo~s cl tc4...~ d bt<th n~tut~l &'id 
S)mh<$tic \-°1i:l& in s manner r:acf*1amig ~~~s ro !n(lMctuS~¢})j~:ct$ \ti im~;wi t:~~ .~ti~t\ f~k:,~-oo k, ~$ tO::'i:1~l~ t'~~~ 
a:ccess. ,!\~pikati~".'!s s~!..¢i CC'«!ef, a,,-<1~ other 1Mings, cli:gifu.1 slix~;:.~ m~la, [;i:mfont ha$~1:I in,a.11~ and vi!,;fo.~ 
ctrt~oo\lle'S, Jnremcl 'o,,ideo:, int'l;;f~gomil \•id!'so c0:.~'imtmi~tlo1tt, 'f<'l~'\.~M ,Adfill) ~tc. In th~ ci)Ui'~~ t4 ct~a.&1g 
!S0i1E:C. J~4%, ""'~rl;!::it1£ r~"f$i1~1,~~{~. tf(Wf.i. tJt,\('.~f ~~it'-:!,:..ti~~ .h?,.",-;, i,;;:,~, ,.-,(l,'.'i~id~~!"J,. ,~,'f(~''.,''~~'.l,;~'•l:\;' 
e~·n~}'IB ~'l.~l.>~ [)e~n d~·li:.eh:.ip,~t. ~n4 ti~} t,~;,,~ ~~11 i~1M{lr~w11 me, ~ $.l~!e synmx. iieme IM);'tEC ~44*5 '"~1ll 
facl~t~JM tM bit~l'.f~ai-ri fri~«t..~:fil~ ~it'ltf1g ,:Mt-®'&'!t ~~llt~1¥1t, 

1'hl$ ~:l~H d' !St)iU);:'.: <144Sz} 1n,::;ki~$ {)f)~ KW t'l'KW;f, ~;:;..-r:npl~~ d!'st:w::lfr1g ~~milhm~ ~$. :,vei~ ~.$: <'ii set(,<,€ t:l~·odi~ to.-oi\, 
!'ikirei;:-11;-'i;ff, \h:e;; ·vfu··i:~i~m~ t;::o/$ ot· 11:1/$ 1~1.rt ITT' l}.l{:Vlf:C t44.S.l'l::~ :::i!"i ,,\em ~!"i ~h~t J:e;rh'ec:J fr~ti 1$¢/tt;:.¢ 13$1S<t i:900 c.~n 
!:.w :tt!),''!'lbin~i k} fotm t~h~f d@Ct~:din1 t~'t1tb't'$. ()tm,itJi:l):'fflg :the ~raciicalif}' of imp,.'iernc€i'1tjng th~ fun ·s~nt:ax r1f ms 
p,,.1H <::)f m'iO.ll[f:: ·i 44'..~(\ i~:i.,1::~~¥,{, ~ lirn\1~ r*=,mb-.'M' ,A ~~~b·M~:S cl the i.yr:t~'!l: ~re al 80 :§.1ip=iiat-ed by me~ns oo 'pi:;,,ti!e'' 
ood ~1~-.~-r. 

A "prdHe:" It ~ d~f.intd ~~~h~~l t:iHh~ ~nili# bh:iln,.~ ... ~W,: ~f1i:~;o; thal ~ (\efln~d by tJTu1 pa·10HS.O'IEC 'iM&-..'<). ~Vlnif~ Hlt 
!;;...1t;~i-$ m1~~i tw 'lh~ $~'flt~x of ~ g/~'t;;'f'i pmtil-e i ~ still p~bli;, to r~;1ire :~ \.erv forge Vilr$ltb,~ in :n'1e 
pen,,:,r.mla'lfice .::-f enCR."lrl:Eira :a.M ~~Ea <leµ-e~ding upon n~ wa/tJ•fi'S. t:r:iktn bJ psmir11&te:r~ in tt!e t>:1:$1rn~t:'f.1. 
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=!ri: (~t:w.r 10 4i?s"-~l \,.,Mh tM~ tw-~bi,em '*ve.w' @f<l=' ®tiw?·,,1 w~thJ1 @~d1 ,n;fle. .A !tit:$! if ~ 4~1ltWI'.~ ;~t zt (1,,.~11'$:m~;'jif:lw 
knp~$€1d onpatToff'i~er~ ln: the fa't.$tr~~m. Th~e ~~!l:St{~itit~ :ftsay w ~lmp!e foriit~ m, mitnb@'$, Alten1;,rti:\~iy mey 
i's\4';:'. i'*,# t~;i; fi'.i,iWl eµf,:;¢.i'li:lfrt1,'hl::> ai-1 .~dfhqi~!:k ;;;,;:.,jt~bil11i;i:1/>'->t1',~ -;.if th~: J;,~~~t~~tj-~, 

A i;,,iq-a¢ ohi\stt t1 a, $t.$re 1$ a-'9 ecti@J' #¥i:t a !µi;,~t ~ :ah~Ni~tl tt ~~:e$i;i {i;ie$rt t>ro:,>:.s.~J ,~rid matiiw!;l:te (oli:t ~id 
pas}e\ nw nst~~s. ot Aue,. cqecis · at ca. :9iv~r1 tirms a~ caclad ?~ ooject pi'a.Ml: (>;'OPs}. The en~odi~ J4"'0£e:s.s 
1Jf.!t.1'<er.;'ltrag; ~t~orh~; .. <1 fm.,"'.i'rt,f~-~n.%'£:ii'):l cl~ \/C)P ~ ,.,;,\!,$~ ~g;f:.t)rn~')~fu1t~ 1r1rnrm.,&rit~ i~t~,t:%.~av for di\:.~'ifa:if Frntht.>s', ,i:t 
1*1¢' .. 'l~<¥icl$\ ~ t~~~f ~i~Y kil~t~l~ '--ith ..);!'1tl ~¥-.··:<t,iff th~ ¢;)W$::S.-.>$i\km t1t:~(*~,-, .~~ !'**~t 

~ iiJH ;:;:,:nt~;.: ,w.b~~'$ ~<:;>;:fa,g of re:~t~n-;ii~lw ti~ ',m&~ ~'$ .at#rar/fy ~j-~p.%i ... ~~1 obJ;i;;cw. in -~ $k~n1:;·. Fv!ih1:;frT!~~ .. foe 
$.yt'\t~'l< $.~J~(\t°W b...~fu, 11t:.in~(::M~bI¢ {.:o..,xlh~ ~'1-i t~*~~~ f\tik\l l~it it b·¢,"\~riw.t tm:~tiM~ to:> hjftd:~ 1'%-',,'<tt\:~i 
~z~iijbd1l~$ ~'S we.ii ~'1' :et{~(::t k~~t ~q:ik~b@i.~$, ll~ $;::..'<i.~L'iikty $:~Iii~:>: ~\it1i~s th~ r~Gonst:41::tk:in t:;1 ~i~fJi \t:J.~Q 
trotr1 pi~~i 1Jt a ~~l tHMr~t Thhs i~ ~1-ii:~\•M bf Miu~ti~ ~h~ t~I Mi5'lM~r'fi rn t-,,~eo ~ mert i~/tY~ ... ~ia:,1mg 
~t'l j, tt~tid~i¢fW t;<jt~ l~~~f jiR~ fflii'i~= ~ htiiTu..~f tj tt'!hjft:,t~i'li~l'i l~y¢t;;_t, 'Th~ b~t¢ i.)';,;~i" ij~i'!: ~' tt,.~'>cl lJ$li1:J ~ 
H-:lfl")Kfil~B~ :~:~:nta;,;, Cl{ ii-1 tm c.;i!:% of'nic.tum bH:Wd u::difKl, ~',i~n ll$.~rt• ~ S'-'Tl§E!X c:/ iS :jfff~r~d: ~11:i.'filO 1::-0l:linn.', ~ . r ~. ~ , ~ 

Sttitidtiti'.:t 

lo ~t~~ir~ tt~ $bfalt k:.'l ~_,:_~s~ intf\il~~~l otqe,:;::t;i,. ~t is n~t~·!::!&~·JTY t::.:i ~:t~v~ j, t::1~'d~ H~f1H:~~~nt~tk:,.ri ::A its sl'l~f~. A. 
fl.:l!M~l Vlti~O Di:l,l~d tt.."®Si$:~ t)f ti: a_~t~t'©tt d 2:D repm.~ntatkA:s (at dilfu'o'"®'t'lt ~lrt~ lt1 tmt} t~ThYlb'd ID Mfi;l; ~'ts 
\/(1~~- Ftw ~tfdM! s.:,i::::-cli~ ,~t "/(,Pi, htth 1~-<t)~·~\ ~~<t.-1r,®t:,t®t ~i \,,<di .le$ $.p~ti~i ~"4l~1'itfa~n:tiw ~rn ~x:pk'llt~,l 
ltm-*' .~ o:.::i:..'l:~j r~p:'$€nt~&1:n i:.1f a \,'CW* ini:;\Jd-es t~re~~lil~fo:wi ti il_;j ~h-~~' its, mtlll.in i~n(t llt 1Ji:!·::i:t~irf:, 

l})!;o FSA :1;d~~~t i.$ ~ cGl!~i;h1r1 of fl'4~~ in II $Gene gm~ ,#hk,h @'t ,~1iriH11te-:$ iJy 1h$; fS,l\ (F~~ ~~1 ooctt 
.AtliM'!~tbt\) l.t{~t:r bW .. t1:~JrtL ni~ FBA ot'jtCt is ~,~ttli~~ ~y hV'e: Si:,"!:p~l'~'W bit~tl~&tl~. ft~ fa'~! t~'M:li'lliilrt\ c.:illtd 
BWS, i:~~i1:;;'litt$ ki~l,'!t¥:',~~ t1f ~):;1:,'h' t)~f~)i!:k~) P@:r;,imm:~ni (8DFW1 ln «itkMkw~ ttJ f~j~ t)~~nlfam P,';!:rnWn~~,rn ffDP~L 
,~d th~'. ~,e,.<"i,._~ bitsk~am, F8l\ mk"'tr~"I\ ,::,oo~in:s E-octy Anima~., Paa:,"T!dara (8,i\~} w.g~h~r 'tiith Fae~ 
.At1!i:11~tt'>:t~ p~·'*sIB,Hf~ {FA,~} 

A ;)it) (:1::sr 20) ~'t~ t.4l¢:¢t @ ~. f~t~~ftt~li~~~ :$:f th~ h-;.irri:.__~'l fw::-~ th~t ht ~tiJ¢k,~ ft~' Jsgt'Wi?h~ !~ ·,d~@f 
hi~"1lf@:tt~ik~-i1; ·of t-p~~d1 ~iru facl~I @t.pr~&-si@t .iitlii:,'t!~~~ to ~hi~-.i~ v!fil!i:U ~)~"tih !itt~mgibllitf and trw f.'~ct~f\filrn'i 
d th~ mi:.~1 ~' th~ ~i~<'lk~r. ,A fa~t~ t~1,i:;,tt \~ «iriim.a~ffi:l h)' .a ~ir~'$Jt tl faw ~tlim~tbt:i t.\.~<'~%1fu..Y1 {F4f:-'J ~~:t.i:-d,,,1d k* 
k<,'i.' .. t~n,:foddth =trammisstwn ITT ~o;m::lcast (Ofi:$-·fa,-n,oo:y1 or <l~&c:afa:~d int1r-racli'<'~ (p,.."'::ir!f.b,p;.."l:!r!(! o::;1:n,s,1mk:~fion,.;. 
1l~ fAP!i rr1~t1if.c~i::<ii1~, ~t\' fuB1:ur@ :t"t:~tn,'l p;)im& in J ~ri~h tt11'1t..~~ t,f tl:w fa"W 11:i i:,',,'\":."\t..t.~t@ ar1iri1~k--d 'i.t~~rrm~ ft'>:t th~ 
*" ..,,.,,.., ... :\•"')sM ·t<' '~l· ':lo t,,_, ~i~\ *' ._ ' • i:-.~< .,0' «,_,-._ '1•"'i''""''*'· ,-.§ ,! " ~ ,:<,.'~ -,; 'i ,{ "'*}A\.-,ij $ S ,,is,.,..,,,N h:s," ~l-~-.. "' >" .' ~ ,\ ~'; .' .-,. ,l<• •>.'<•.'•,S,'it,,, "1 ,.,,( .... ~!! ,. ;,,,,~. ,.!::~ .m .. l<~'>i.m:_:. ... ,,.:i; ,,,r~,.: .,,.~ =,.,.,. "'"''"''· :ui HHS ,!@...;,,,_, .,,t,(, .. ,.,,.,,,~,, ,~;'lt\i.,i:~~ \·""-t'l SJ ~1 ~).~·$. \. nr~. mJ!· >{).=· ,i:>.<.i:i.h 

'xti~h ¢at~ii;.i:§ ,c:;,.<1~:i:kr~t~n fur i!:'w !\rnit~d mc-:-.•tm,~m d faci:a! foat.ir-oo., and ~fi ~;r:ooicto..~ ~n~ra, ar.1 c-~~bioo g,mi 
bc.XMd jflth,"lwlk~l!y. T~ :/'@i'{NJl:@ ts1i2irtl~"ll..it~lk'tr'l t{ ~ fa~ i'ii:bcl~l in ~ t&.i~"I:~~ \«:1itt fAF'5. t:aii ii!CtK.mt)l~t !\fa{&~ 
'Vi~ual Q:;en-e~. of f:he ~~·er in {eal,tlr::~ e,:,,tth.\-:©t .s·ending pfcu:)':i~t ~~· ·Adf.m· det~/1$ d fuc:e, )ri~~Y ~vefv fnm'ie . 

.A siinp~ t,tttat1iir1g 1.%-,,,+\i1i~dlt:n ~1 t'® ffljd~ k:, a oott:dkig t@ttHsil mJt ru'®it!.i!l:ts ~ d:@f~Wt ta:00 r:riti~t A r11<,~~ 
,~x:tnple.~ $..~~,kin c~'l irift~il:e ~ CU$!~n f~~ in a 1n1:m~ t~-mle t~rninil by da','lnlt:·adiifg f('jf,;:e .d&-.6.:n{bo.n p;.~r~rel:er'.$ 
fl=DP} frcn:1 i!:1~ ~~n~r. Thu~ ~~im:; bookg;zmnd it.1'l•s:, faciai t~),;,tl.Jf'e$, ~11d ~--oo g~~:tr'.{ ~".., !~ pcrt.r:;3yoo. 
Tl'\:!':: tt}:Hf~i$l/.%on -~'4 $fl#t~W,:;; IA~,;.*wn:.:iwi~, fot~ 2Dt:m: rl:,f,';=ilf~'$, te.dt.':re <~Ml,~!\@) tif: (;$ W#'~h., ek~ ii ittc~tril~j in 
!5Gi1EC. 144t~ ·1: l9filt Th~ fAP stroo.~1 br <li. qiu'&:l u~~-· ~t'i oo ~n&~~cl ~t !h~ U§5~r's ~~rmirii!i ttm-ti i.•td~tl/~1;.rjk), 
~· frw~ 1t><t,{•:i--~~~t:;h Fl'iPiS: -:,¥'! bi~ ~t$<.id-t¥J ~I tttr~1:¢~. u~ ~ J,\khit~ at ~1,~~'$~;1.ir,.i ~"::~~•,'1':\ ni,I~~. r>,tlott'li ...... "·· .:-::. -:-:r- ........ '!': ~ .• ~ .• *. .. .. . "-': .... -~ -:-;: ..... -.:. -x:. ,;,,. ... :,.;;: ...... . ~"!'i . . ..,. ·'I:~. . .. -.: ..... ~ ":',,.,-·~.. .~ .. 

fomp .. lf·-ii OCT tt,(;,~~ ~¥m•k~ ful'lit@· ct1n-~rn:$:~fil§l ~fli1.:~nr.;)" in :l;l':.~dran£m< for dt<l,l(( Ll'!iing tt:w familil*i'<~ ·tif 
!5Gi1EC. 14"100- ,1 :)&fill. ~ t'Cf:npi:,<,j;,ft;ot, ,of tht-: ,~tiim~t~ tae~ moo~! aoo ~~fflU',.'lt'i~'tt oodoo §5pooch audio (bw­
titr.at~ :S:~ech: 00<:l~ or t~~tt,fu.,;;;~~cl-1} ¢afl pro-\•ld~ an int,egra~d k.,,-;:',b~n.&,,,-idth M~bi\•lsual s,..~~k--er for broodl::a-s.t 
,~pHC,:lltK~l~ or ITTt~rad:h~ ~mw>llr~for:1. 

l)mi1t4 M~~M!ily h $itp~~1~d. F~~ Jnit::1~k¥i .;1.i"')\~:i,,~{ i~~ ~%11~:fit.;t hy i\i''tt)k:sy&'\g \1~.W):' ¢:):t',,.._~~ ftKlti,~~ .~,dr,\~f~ 
:{.'..\~\~n~=$ in 'lh~ thijnn~l, ""'1\ili~ r~yitw 1:,).n ij, $~\t~~y eqwp~~ t~--rmit~\ kir renl~lng '<>f ~~"K)i.ik~ 20i:1D t*'~~ ,\Hh t~it1-, 
n-:11t:r1~tN~ moool:!5 tm&'li irl Joca:i ~'*''1Kiry. Mcd<l'!!~ ~tt.rnd il:¥.i upt~:t@d tor r~Tht~dnij ir. th~ t~rmim,ll c~11 oo ~imp~~, t~ 
~a'tipl~,•:, 'fg i(~}'<O:tt ~";~~~h h1tm~fuiiity, ft~ r~t~·rr,jt\.'$, ~:®df~~l$n .z:1t FAPi inttt~i:,,-,. f®' ~~it $t®:,,,;#',;~ m ¢...~t.,'\p@t~ 
'i.lli.~ ~~. sign~fo)'j 1:J/ tli,~ >llnt:::m:l~t, A m~!:iki~19 sch~nro Pfl),•id~ fo.¥ ~~l>ll:cfo0~ tr~nsn-:ii~~'t>'n ,:,-f FAPs ,,,wc·:Jnfaig tc '-"'h~t 

·.·.·.·<·:<.>. 
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~~t~ ('.if th:l ta~Rs iw~ ~wtqn~Hy ;-ath'€- tn_Jt)'l m@1~11 l~ nwr,"mt p.; hwt~IM' t':,,,111,tz:il i"i -~ F,M) ~tf:>®Ti :@J(;:-,,% rarw 
winmwn: to bf 8Uc&perded whil:i !e~wit~ fo~ fo~ture~ in Ue 'rennfumJ fu1 i':l. refmed cy_ii~,~e.ntsrare fix Mgber (i,..'®rn!i 
dii,;;~~i1¢-y it"$·ii'9 1-:tJ>1Hi"1"t..'ir1t~~ri.i~ec,;;~t°'ti~. 

A. ~~·'Y moo.el t$ ; :rw.r-e~;;ecri:t.i:1!¢'!!1: of $1 YirtW.:$'! tttt)i$tJ. or hUIT$!'H~e tt~r~c~- fui:)t J!o\'i<~ ptmt:tWlng b$~y 
mctl,~,rn~n~ ~t,N:r .. i.::it(s< le:, ,~t:hie\~ n"""'ry\i~i:.t~i ,oortrtwn~~~fo~ ~Ni ti~n~1'll ~mi~ A b.c;&J ttt"d~ is :~ni"l~:at~i tiy .i:i, 
~tf~1rn -@i b-::.:.-;::'{t &r:iiJ;i&1bn p&nrrn~te.rcS (BAP} ~:icc:,-J;~d far k~s::'--btrat~ trlli1~ml-§~k~fl in br.:::~d:t~~t ;]rid de:dt;-;§l:'t~ 
/t~ih:i~~-z::ih.!\~ ~,.:o:i~muni~~fon~, Th"" HAP~- n~m~-i~•til~re ~tY...it::~·~1--dent s.itgrni:::~ cl fr~dom- it, ,tht:: ,~lt~~fo.,1--:: m:;;.:fu,I ~, tht:: 
~c'V b ptoct\.~ ~nlh~:atJi:t1 of foe bi'.lcly pa.'1'$" Th~ BAFs as·$ wari)Jz.,:;~ cr.l('i$h:krin~ it~ Jpii\t foi,~~oni, ~d 
p~0&iiCi>~r~ \¥.m:x:§. ;1{e (,a:,~ui~t@ti ;l:ntt :;:xtled a,littrn~tk~li¥'. Sirn:i:ar KJc u~ f&i.~, 1:ie ~met@ m~,iwi.iim.ton z)f a t..t'\1V 
madel in ~ f1=,wnit~":ll ,,-,,.ffra R:t;,~ ftJl':1 .i@r1~11ril*tl life.lik; >..imml ~f'.~n~~ !"'.3f h tit)..~' in t~a\-:fin~, \,'/~hnij ~f.'S1<>1i~ 
r,;t:wi~i ~mi ,/d~t' ®t~ik:, ,;>ft~ ~'t ~i.,'t':tY tMti~. 

The SAP$, if ~~GtB;~'tly irih;-rpret-i:::d, wiU j:;-t"O:.:dt:.~~ r~%Jf1~\tJ ;;in::iil~r h~h },e\,'t=,il fl;'~)!f~, in term~ ,of t~'n' ~J,~t1.¥'f -~~j 
~:ni~lli~k:1t't i:_:t1: Ji'tl~r~~--'}:t t:i<.'.1--tl'l t'rm,J~N\ ~~ '>\·iMtM th¢ ~m~,itlt:.) irii~J~lll:~ M {::Mitn,~,1~ t'W f!\(.n.'ltl 11-w et~ ~t d~~)r,~t~ 
tt-~ ~ (:1f fi',\~~~in-i?1~r$ W= %'-ffl1~b1ri th~ ::.~f4U~ tJ:t:..·{li txJ: ;? (:t®Kwni~:e:.:.'l t:i:,.x1)i' ()f:lforntH:t ,~•rth iti rnxw ~t.1rf~~. btxh' 
tiift)~fi~IM~, ani::l ~~K~Uf~, . . ' . ' . ' . •' . ' , 

The L~xiV (~fn~:wn (;l;,':f,<:am,:~t1s:r~ fBCf-1 ;:.1;§0""'. t"le ~nt)·;:sd~r h~ r~p\~~'e t~ \){:..~i nx¥:i=~ t:i ~ nXii!::: G$pat.te t~nriin~. 
BOP ~~r~-nie:ter$ in0:~Jdf;' h~t:f ~@:eirs'. @!ib,•,~don or b~ir p~rt~, d~~-~!i: of rn.:;~i~T!. ,ijnd OP.tiori-~!\r d$'~rm~i~?\'1 
,r:J-t.~trt~~~t'\, 

The FBA. Af!fun¢.ii.m $pe-oifk,,1tl.1t1 ~- dfl41lrd ~'l l&?i1EC 144@::1,1:Hfl'@.i'f-\roct 't200\.l ~~cl th~- p;.~i cl' tSO.,~EC 144"fltL 
Thi~ dat.~oie i~ i~tE:\ndwl fo facilliatE:\ firdi~g ·,,<~tk§.!s p-ati~ ,:,f s~~fl;r;,aton. -~ a ml~ of ti11.wnb, F/l...P a,r:;:d 8/..P 
~p-~t::itit:~n:::m i~ li:.'lt.stld in t!w f:;'l.lhlt 2, .100 PDP ~'ld BDP !>pffi:::i!kec:i~~::.:m in 11w ~t ·1. N-0,,:,,,:si,·1,~·- 1hl1 ($ net ~ $IDt:t HJ!~. 
for an Q;W~ri.•i!;!w cl" FAP~/B:A~ ~1),1 t~ir h~Y'f,.,t,lti-.'W, r-~d $t~i~i}·,~1:;-~. ''W.l.5.2 F~-;i~I flrirr.:~nm pijm!T\f.:fef ~r .. 
:,: '.'.~-l -~~()~ ~~k:~ti~:.~~=~1:;~r.:t~~f: ~~ !;~i::!~ ~~~~Ii~~::~?!; __ r1~~!~:!:~~~ .. !t.,':~i!. ~~Jh~.I~~,)?~t ·~1~ .~~.,~ fNJ~~~,:e1~ k, <:.:.SJt,J:.b:re. ,,~,+ :h ~t~ij;)~*'~-iJ"'~ ., , 1,,~.~-' [J~i.:t.~~iiaj ,,;1, ~n~ -..,,~f.:!n'# pijt,H,1~rei t~ , ~~1::,~ ,ti~ i ~til~ ~,-,,~ 
in ~1:,~x c. T~ :!;'~~e~]-kWi rijrnmR=ter i.;:, :re::R-:zwri~1:i:~d. in ~Jfu{~h~it$R: 'T t2.A GelA-ming ef. tre f~-:.<re~si(m ~mmeter 
fap 2" ~tld 1h@ ·r~ill C-3. FBA M~ftOOtc'i') ~'.-H'll~:K i~ frK.t'irl h ~Uht\ill.ii~~ ·'.fi.2.1& ff:A Gt\~C 1-®tl:a.fiilts itl '5...:t 10 
r~A f)l;\~d:\ :::i.t1d ~libd~u~~ "1. tJ F~6, 0tj~;,~ ~'t~"i:tiaj'' ~Kpb:'!ih~ i:,"i n~{,)f~ zfut:iH ~hiJ FAPJ1AP d~:<dih~ ~\i)t~~~­

FAPFRAP ~:Skin.g and ink:rpo!afo:,n i:s ~:;;plarn~d in ~bc!:5ms;:e.-s "B.3. '.11.t FB.A Obj(Sd Pl:~11(S\ 7 .. 12.1 .. ·1 D~Olff\~ ef 
F~'il\,.:;_ :i". ! 2..;~ }'B~ . m~~~1~r . Tl1~ F!_T ~~°\'t,..'i<N~"lk.':t1 ~~@l'i~ it ~X:Utl'i~nfud ii-1 S(~~zj:~ '72,5.32.4. FIT'. ~; 
!:SO!"!t:c T4ill-~i, 1 :1~i;L rn.-e R.l~ arn:l: Bl.1*~ and !h€W nt?.§"pretmbn,<1 .we do,~um~~et:l !f.'.: ·;ubel;;;hl$£! '7 25 .. 3.2.B 
Fm--,.« Qf mOi!EG '.14!4~ ..... 1:1900. !n p;mik,ul~r, th~ PDP ~~twrn p._;'i,."1ts .am &.x:um~ribd in F111~m G-1. Dclails on 
tooy ~~~ti ~r$ d~~1roi;iriw,--j 1n ftirex c.. 

A ?D n~,.sh i~\ect I~ ~ reixes.~~ia~~1n 1~ff s 20 def.nnn~:e ~e\'),"'neirk sh.%,~., with 't,-hkh s1nlhetic 'i<'ldeo ob)e-ct~ m~r 
b~ -~-~kd dt.rirug iSi ~~~iioo, procs~i"' at f!w; ~~~. by ~pafig!ty p~r:~·''Nise 'ilaq.,·,kg of ~x~ting vid-~ .::,iit~cl: 
,~~tt$l#1l- tlr ~Ni re;,:t~ir~ i:ibjei:J$, n°s# ~-ist~ni::-e£ d n}#ih i:.:ttf-"-l .. t~ tt:i ~ if~~1 wne mt: c.~~ n~Sih o&}-$;..1 P™fi~~ !ST~~$}. 
The geon:ieh)· r:Jf m~h n~e.'1t pk1n-ei i~ G;.::i:;ied b$:$:e'l>~Y. Tern~~sil)' <'ind ~p~tsHy lfW\r.:fr,.!e ~~h1~11..ie~ ~,-d 
v~tjab!~ l~ngfili ~~;,g am WS&<d k• -::;.;:~rnpr~ 2D m~;sh g:£-;)..~~il')'. T~ ~doo r~pr,,,~nt-st&,.,,.""l df ,~ 2D n:i~~h .::,iit~cl: 
in-dw:.,~i f#:f~'l;:c°'$-i:ffR.'lltK~1 -~of ii~ ~'<l#W} ~'0 ffl(~k:.in. 

Th~ :::.u M~iih Cltl~t:t i:@i a 30 pctyg~nt'tl rntid~l tt~: ~~n t;~ ~'$·t~s.~tr)100 ~:@. ~n lr'k'~@o:.gdf'~{:~'S~t t1r H~~mrth~J 30. 
~<~~~ n~:~~ ln })ff'$. it /$ ~#ki®.1 Pi tll~ fl~<~J!kt~ cl' i~$ \.<®1k¥i$ {\'.l~{'i:tWMtYl h~' lh~ ~~${}ti~km b~!:W~®~ ~~h fo,:~ 
ood lb ~u::,fa,.,.~ir@ 'i,<~rfo~~~- {D:on .. ~~1t,.,'.ily}; ;llnd optk<re!!f h-'t CT1k.1Jro, riom~~:s, ~"<"!cl w:dt..~~ ~rtlinai~s (pt~~rt~s}. 
Ftt)t~"fl~S do n~ :;§ilf:~tt tl'l:£! 3t.1 g~~tr')\ but i:1fa .. ~)OO t1@ w.~y m~ ft1t'%.~\! IB !~l1i~t!tl'.l. 3D tilt$,~ f,t'--tlrt@ {3DMG) 
~<!cl~--~~~t ih"" ~tkl~tit (>~ft---m -:i JO m~~h obJ~tt !~ ~'\i"ry{'#i$,,1"$: ~, tR.~~it ~t~t\~),_1 :~nd ~\twrni t:it~ht1$. 'Hw ~~lt 
JOMD m~fhod o~r~~ ,on m;llnifold nx:>.d~l mm f.ooturo:s im::m~'H:=,"<'lh,i r~,~~nt,;,tia,...-,, nf :si~!e m.~ar,~rfo::.n 3D moo~L 
Tne flmQ~! rnijf ~ tu~~w!¥ ;;x ~lygon~! '" t~ I~~ jr,.~ i-iijng~i~~ ~Sr <:wing ptrp,...~i ~oo ,)M~· ·ruUy r~:we'·e,;:i 
ir:, tMce df:!t::ooer Opthn!s m;.d1;.:=:,1e: (a;) :.rnppr;lSi RY ~,0:.'1'1pumihnal gr ... "l:::.~ul degrnrllllkm cr&'1il'ci; {h} ~,qppmi f,:1§" !::ii:)_~" 

"it j,J ' ' ,. \ . , ~- ·1· • .. ,, .,.. ,. &.. '''.+ . , ,-.,: h' " , .. ~ I I ~ m;iirn~·:;)s.i mo<»:S:~j ~c., :SUPP,Crt ,:Df ~sOf ~~I t~nc~; !:!rn:!= {D} ql~itt'.;i S.Z~l~Bl<} \<1:l.l i~~fC .. !C<l>ll t°'3f'!Sc~1iSIDm CT> r~'i,<~1~_1Jt 
~till w~m 1111riicit iupp-o:i-t t~ ~n:10...~n tr~mw1 l:J.~t<"'~~ cmiecu~\'~ !~:,,·el~. 1 he ~11~~~i1,in d ~~!!\:!Ii!'~~.,,,. 
SpEdfl~ ~Q..~etry s.,·-:n;-,;;ims ~Far:E ,l\~fa1£finn Paramel:-ers) il§'lii g:Ern.,:r.;a!iz.ed ;3nim~ft..'\-;,'l p,,'lff~~1,;;1e-rs (BIFS Animj ~r-e 
twntr"itly <t~~~tdt":bt~"'~ht~"$~ i-;, ~hb P~'tt:JfH:'l(VltC '.~44t~. 
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=!t1; J\'1MG. t:l@ rr,,,-<nty{'.~0f;.f'l ot tr~ ~1'f1f~tt!th,:"t~· 0:f th@ $0 r;,1:e.!§~ {@.g. t~:::iw· ei:roit1, ,~1:-;.ei . .§l'nti '.~rt:i~i§. r?t1tfi) i!§ 
b~1e1$, w:hers~·~~ fae: wn1f.'.fes$l@1 cl the ('St!~ Jttrib..Jtes (tR~h ~. ve:rt-e.x cetirdhatet-, mnn.ijl$c, tcloilrn, w1d 
1e:c;.(t~e 1.~>i$-~1i:$,~~!!) ~<ia3, he ~~~l 

The !n:Gfe.tm,r1ta! rnpt~$~1tMbn d ~ stngle r-e,~t)h1faw~ 30 mtkt1el is bil,:SOO t'ln tt,e fopiJ!(\ltt~gd :Sur~y ~eM{ne, For 
~t~r:M1::tl~ ~f1,-g~M!t 10 iti~~h:¢~, th~ T~w-i,.~giixsl Si.ii':gi:,ty ~Pf~$~1'\t~t~n d~~qm~~~ th~. ~~·ii~¢ti-Ai'y 1::tf ,i:,¢i~h 
¢::.i.n,~ct$d' ~~t?W-4nM:Jt ~"lt-t:- l s#tip.le J;.<Oi}tfJn a;nd a: v~rls)'. gt~?·,Jt AH !11$ t~r,gww fae$'S :Of th~ :%::i m$Sh ~r$' 
oonmecw.ct ~ ttie st'T:ple ,«~lc,;,'1 t:irn'llng a 'tn'~l!Ji'e tre,ss, .... -,:nf,n ~ a :spanrnng tree t~ ~ dt.~ grapt,ot the· :so n~"'Sti. 
fkfure V2 -1 $llO\)~ :a:n ex~r\p!t of @ ~rian~l~r W rre$h, ts mmi gn:s.;it Jnd •t'J tr~n~ tree., "Ihe 'ltN1tx @w::sh 
kiiuil~t.~~ "'"'Jkh pai[t of ootmrraw ~ige~ of tt-e ~iril'f.)fe µolyl})n Mee as.~'>diarecd wilh ~&.":il': tith~r fo retioo~'ucHbe 
~-0rm~~tvityof 1h~ 3D rt'l>':10h. n~.,,t~'i8:,g!:0 troo d<t'813 m:itfui!y ,;fotGrfo-e ifo, tt"imig,d~~kn ©t Hw @li1:1rle p-0ly~9r:::. Ttm 
mising; inbm~ ~ reoorcl~ as $ .r:-1.ti:l.,,1'!\~ ~r#, 

F!'X ma::,''M°"~ JD tn~!.!.h~!.!., m~, 1}t)tt'l~tt:'¥1ty }ii. t':§·pr~~'tstfd w, a :3/ltJ~t li~~rt n~ t)ii!:,zy.,..wwll l~"k~ tA t~ ID w~11h 
are o..~de<l in 1'i '1>imp!e. p,Jl)igon farming ,~ fa~ trei?. ~ fa'i.($S ar~ kiangula'led, a,'<,,d 's'i<hieh .edges of ~<;,e ;r~;HJ:!ling 

tri~"%.""'t.l!ou: 3D m@::iih ~,~ ~dg~:); d tfm u't@imil '.1D rn~$h ~ r~ooroo:<l .i,:;,,; ,,u,m:iw~n~lll r:Jf t'O!J.>'§J'(.v::i_it":f~~ bib~, 'Th~ f~~ 
tree /$ ~~ ·iii• $~nnim ~~ in the dul:li gn:a:ph of ~~ };D rn~h, ~ru:.i t}'re \-~rt~:< Qr~,(h fa;. ~h-:;,~vs c~mpQ-~~a d 1a*;i .gf 
th~ .original an ~s"s. 

l~ t~?i12,\ ~~din~~i::o~ ~~cl !Jpl:\!;in~l r,<rt::i~t'ti~i ~f th~ :m m~@) {ri~rrrn11~, ool~"~~, ·~"it.i W:;.;~t~rn ~},'wci\A..~l~t} m-~ 
qiJanfi~;;:( 1:n~riid~'<ci as a for'£tbn G:f c.~u...;:~'-d arx;~~k"l,"S. Nth,~~~'<;:;~ fo !rm r..ct~~r r..-:f ka~'tSr~l. ~m:! Hm ~nt:.'i'-s ai:~ 

~"ill~V ~'!t:-Odl§d. 

\Vh~t) •~ Jt) m~l'§ih ~ tl':>'o'>'l'liti&ti~d w.<M· n~k<'i:::th; ':M1ll !h1ti&i b~1ti\dtllt, {~.g:. PSTN\ it m.,:sy b"" d~~ltfili f..~) hmJin 
~cooing t!nd !Tu"rl~ring fa~ JD r:,~s,",, oofcr~ it n3$ ii!i b~n m~~h~d .. Mcr:oov~~' ~~ifo~il f.:WO\tmm·s mar \<;,fah to 
©-.~i~w ~lKi~ f'.*tr~~'11:lii ~~~~~1ml~n t~ ~~f;.'l1'l ~he n~it m~~J1~'11:t d\lit..;l t~t Th~ tli~'-i:: JDMC· rn~h,..,1d ~tip~ 
tht-;; l:i:t i,t>?.te~·i/t-'%.J the. ,:ht.:i su .. -1,1, Iha~ eac:h irfam@l~ n-1;3y be nsmmsin.mted ;:is it iB: re~1;\?.:0ci !n.~.~1>?.>.'<"!t8I 
A-e;-i.r~n™tk)r :~ ~!~ fodHt~k,;::l by·~ %Efrrnw {/ hltr~r;;hk,~! !rm1~rni~k~,, fot q1;.;$n)' =*::M,:1bimy @).,,1 I)~t~ktli~ fo.n 
~'T<ir ra/~:$!'i( .. ~, 

A<'! 12:~'s:lmph:i (>f ~ 3D rm:ish r~--weBe'11:ed in hiw-:~rfi.:i~~ im..,;,,iB: fu. i!h.~tr:ak-d in: Hgtm~ V2. ·· 2. Tim l~iiB:rnrchic.$l rniJ..-<le 
:Ji\;!>,~'$. t~ ;;,t:~~X~1' t(} sbJW i;w,:..;t,f,'$:~h:ely !;l~tt~f ~~:,pRl;~)n~ti,~'\~ gftt~ ?T~~~l %~ 4':'lt~ ~l~ l~'l;.l:fr,.'e.ci:l Tte; h~~R~fu.\;..~ 
3!1 n,e-ih zlf!(ximp,,-}®ttm G<l!:11 ~!$,;.l: •bf;· Of'J}$"'ii~i in t~ ~~~i,;r ~ l~Ji,,r~j 4:;"t,~1 ~'1!.i \•ii,r~1,d~~"'l-'l-:ient f;~~n~on .i.:,f 
lM~ -t~!~~ tm1, h~ •M~@~~1,:,<tr1H~, ~~t;,:_~Y1#itl';#,;1 ~l.Mt1:\'il ~ v~:,_;~tt(t ln®N~~kr) wW~ ih~ ::m m~.ooL C),;)':.•<'l'i!~~ilitti~ 

·.·.·.·<·:<.>. 
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S(:a~lliHhi' 9f }D mD>'!:iBJ ;%iJ;:::-~ d~r::r,ider~ '-4Ih -::-,id0} V<ir~i 1~m:l$1i~ t~f.'}fF~~t1'!:$. l:(; WM!, th~ -!:Xmte11t \\ln,,':hJ:i: 
t~:e:%~·111 rn~lng t~p&:a~ed req1;..~i!% t~ Hw w1a:Kit:r k1r' ~me \$l'~k®~ ct ~~ ficnt-e.d, :flnd wi!fa:i.iai n~ fa1t~t1t~~s. 
d s,;if.~Hi'~9 ile,,,,"'i:i~,t.~11<$eld. rit~i:l:>il h,;;,~t.:: 1ht: i:::11t.'i.:!d'i::t Tifo; '4~~fty ::s,;;:.4h:ii;:<iH'.$' ~A SP ~1t:~i~"' b ,;;,'Utt$fle:i,1ei:'}t#i:t \.l' 
s~~abll:.!' i~il~ :tixtre and stipp~is bits,tte:arn s~abllky ant oown!cadit:g ofqu~iW ~i~a~~it-s, ot hihrid iinagety ti 
H1e desiottff; 

····································E··············· 

,i I. ~-. ~ ::~:~· .. ·· 

i~;,, 

·n~ h,,~1~r~ti~~l ni,wr-e~nt~t}Df} tir ;;i 4'1 rn:,qcte! !~ ~.$B-J i.;w:i l:i!>e Pr~r~~~,i; F:Dri;'~t SP-Ht %tie,n,e, tn iii~ P1~r~'$~,:;,.~ 
f:we$t ~M rwre~nt~~~, ~ manlki!d 30 m:~~ is t~pt$~~ri"t$ct.~. a; b~$ fP m~h bilt~,\,~1 by; $eque~c~ t<t 
rt"t'iff.,'!it ~pM (.~rnst~w~, Ttw :n,~. JD ~th I$ 1:?.nt:;~ied 1s a ~trmte ~til~1t::ci'1 3:D ~~h u~t)J it~ Tt~~)Wt~I 
S:1,!'fJ&ty ~d1~r'te, EMh for~~t ~'i}t q)ersi!k~ .~ ;;x~rnpm~:erh~f <'i fur~=:'3/ ~'i thtt ~~·aph ,1f !b~ ·t::t1rni,H·it 3H ~T::>.~h:., ,md .~ 
it~,<a1ce of $1'n'?\~ .tr{fgt.fis., Ftg~ VZ - ; !!Kstta1~s lte m~tho::t lo pt$M~vit ~·isus.J >:lrt~cts \\:'hth may o~~r 
.:.~~·~..:~U~: ~\.".-i~::hi~~? }J{'.'f'YJ ~ ):~}.~~~ {"~t· d~l:"..;.~~: 1X) th~ fl:AA,·:d. .f~1~.. 't::,-...~ d:;s:'i:;s: ·~in .. !:(."·~J~ ~;>J:p-~):f~. ~~JJJ.f.i:<i~l :t~.S.~}-si}fi.rJ:n ·f*~~.~)...~VS 

cc.ns.etiJfi\~ ~~els of ,Maiil in b"!e= ~·ffn rf Hn~~r inter~l~tio~ of ;ie:,~;,,; pooitkwi$.. 

If th~ 30 m~h !:i- pMUl~'tl Into ktmp~n:c:.W.i':l't p@ls, it m~y be p<:$;,fb!e to perform r,on:.:: effh..,,"ent data kai,sm~~n 
in an ern:w,~~Qni:! ~n'i~'mr-~~t ii:.g,. an: !P r:etNork or {bbi¢~~i"\ff ~r·,-~t~ ir~ ,;;i btw•Ji;;:;ic';;t TV i'#b-.,;;,;t,f..;., ii (rn,i~t be 
f..-":,~sii:f~ tJ rn:,is:yn::tm:.in~ !2i=ft~r <li d~'<'ln~l WN:-'t, ;,ind t.,~dimJf ~t~ tt&"'!@11h:do,,"'l m1<:i fe,~:l~ritlt) fmm th~1 p-oin:t 
inst~ of ·~l;,t~ing O'ler tnxn wratd1. Eii<~n 1with n:"le pre-~eni~e .rn channe .ermt:S, the deroier ~,n ~t@l detl.W!t~ aria 
n::1'1&.~!ni;i fr~11 f\.~ rr.e:.:t p,ruiitk:<n that ~s race.iv~ hiad rr:wr f:h~ i::rs:::a>:i~! 
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f!~Xif}..~ ~'lfi?}ThO'r$1{§ ff1~1i'l,.?tJ~ 1'.i-8f~ m\ q~d tD :t'lrtWni?ffl !:De ciJif;~. SW}h th@!: it m~ ti~ lM(~rt1lnt:i n~tN('.$rt; ~}~~;~t 
~trt.~rurn rn@e =l)~s~'y, ~l:d ~vettead }~ r&.h..!>~ t(l iberninfrnum. T1 ~lfo>'w fie:~Jtie p,1111lt1,:1r-iit"\Q, ~~v~ral •,X$!n~"fed 
,;;.:;~i,i::.i,;:,,t~it# tt\:ilf b# ~~~~ec,J id~ ~,11ec ~i:itl\t1>i,:it1, '<'>'heie '#t ii !~i''i:i# i.,,;;.,ritiee,;;.,!;ec,J t;.:i:i'f)t.',"',:lrl.<!:!}11tI~y b:# 4i:,Ni<l:e'# it~fo .:e;~>;;ee('#i 
~'1deperdla!ff p~"ti:1iens. Merg!tlg ~ntl diAdn:g cf oor::Jre~ o.,..·,inP=)i"ll$':1W tsin:; dtfw.rert p;ailtkm (:l~S can be d~'1S 
~t ~·rt :p,.~n:nn tw 30 me$t'i ct:Jet.'t, 

The co~.ne~lvii)· c.t a notHw$inifoi~ and rion~He:ritilM~ ¥1· m~~ i~ t~n?;'$~n~~ ~s a r,wnifd!d SO me~ a~d a 
:sequ.enore d .n'i.ful':"$$.. E$Ch :stJ~ch oeso:ib:-:"'S h~w ~c ider!ify one o:r more· p~rs o! \,erk:e-:s. slorg i\,;.tt ~t~ar paths ot 
1:,ed,?-l'c.. 11rsi:1 ~liieh ~'.'!fill') d ih.~!l;fi: p,"l!h~ ~ ~:.on1,ik~<1 iITT m'lfs nf 'ifaP.- 'l.•)":tt:F.i:.: \l~)h~ m~t ·%"1;?i ~h~ r:-tY!fi~~l:!d t:-tRYWk"»~nt~ 
~ #w t'!'i~'!&fokf ':.§t) lt)~tfL 

High 1~·1·~J. hxk dagnim~ ri ij ~n~rm 311 pi.i\W.~'fli,i rm:x~l •::w~~~'i:~ $'~·d d'*:t~*-'f ~r~ w~~,w~ in figme v:~ , 4. 1h~1, 
0::~:&~t ct ~ :JD rr1J~./:1 co.rn1i!!c1;;/tV (d~~~'d®f~ goofn~tv {ooJc~t. twt~tty {d~)too~t, ~'Ki @11n::~y {cl/i!tt-1cling 
h,~~t*'i~. c~~"'R~Mhil}\ ".'tit'l~x ~t:-$1{¢irt .¥1{i ~'z~*iny it:::t¢:~m.tit:::t\ ~"W w;.:;k~tt·M'l frti,~ lO tm'>-th ~~% cl¢.~::::~'k-~ti i~ 
VR:i.'•,;1L ar MPEG-4 rnF.S fu'rmil. Th~ t'i:;,,'*)~'l::.'ti;.i:tr (d1,(!~r is ~~$<l for ein ~fficIBini r~,J~s.~it~k,n ;:i:f lh~ .,i$oo,,:/~irn, 
~t'N~®''s ~'{:h faoo a,~ th :~~t.ak1k~ Vt:"1t~~~. Th~ Q~~-i@y i~Moow· •is u~d ft:or .:l! !01.~y ~, k~~~s oo.Jt*,ns5.ikin 
,of \•~iBx a~"tfa1ate:lEi. 1he pFe:p@i.y (de)o.:"'~r it\ l:!~ iat" a ~ss;t .cw k:lssfasg oorripre~JE:i5.~ a.f eclorn, ncrrn.al, and 
fa:s<!KSIB Cat..~'dn~t~• <lat£!. 

~:~~?._)$~~~~~\~: 
{)<)'(/,l<~' 

! ........ --~-,...,..,.-1 
Ct~i f~t~~::~~~/ , 
·~t:~J~~r ! 

---~:_<;_~~-~~_;_~~-----""""""'.,,,,_"'.· .~ 

(\~»)1~}~.~~;~t~~, · 

~ 
R<~~:-...t.~fhs:~~ 
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1~ es.;d.:\,,ci f'¢:p-,!:'~r,.,t~lkin ,kfl~~ it, ~i:\;t:: nc-''H~¢,~~ii>e $j~~x l!l,:;h'il!'V¢~ ~ Nsh >:•:>n;pt¢:~i~ti ri:ith::, ,,-,,Mi¢ pt:¢~-:,t,iirg 
~"'"t;-.:;l h1~"$ ~aJjt~'· F1..flne", \,;,<hen a«~'$-S- b irwivicli..lil oijecti l\s. desbed, ~- sfw;i:e rJ o~cu als.:i neeclS< ~o be 
cde.:d. at¥! ij~"'.!tr:l'Ktn~ ori tt-ie tarntwi@J1 ~v~l!®le. me t1a~ !i'Jklm1i\~tka:1 e,~i ts% ©:t:Wd !ri ,:i \('s~1i er 1:00~8lew: 
fa~~km. 

t~ <::ttrn:pi>;;$t.-.'qM M9$i'~h,"'n ~m~l(i,)'~1,cl frt 't~.it.l,;it~, tk:i}ts: ~$ ,ncl !$~~~~ ~,t lhe ¢x~'i! es~~1:µ~ V~t..~~ ~r~ h-¢>t pt·¢~(:v,$J:l 
&.rlngce\4ng. CJbt$1nwg ~'W Im$&$- quMity,M n~ bht~tes,:if ITTi$t~fl ~manclsi W¥Yhigt oornpti%$cktt, wii.wrd$ n~: 
&:,nle:v.~t.<1'@ 'Nt111 !n!t~ ctXll?¥J ~it,,,,e. Ttie n~~1 R;ir m~~~ mx:ei~, to-.vfv,er, t~ t.~st ~f:1t!$°:!eti wltti ~mre ~hi es:.Kijntf 
TI1'e ctolct cf 11e wchf::.~.t.~i i8 oo~d m the n~d to b.a!~w ~ hl:lh h'KWt ~uaHtv ~nd{:@tmr~~$lct) ratb 'Nlth t.~ 
r~~~1ts-®1t t,,::, ~Yi~io~ r~rit!mr. :~~t~$1 t<:, tw (;$,,'ld~i hi~1t~-Mr1 .· 

.A m¥11bfr <,f t~chnir,N~ ~r~ i~~ m jGhi(':\~ high r,o.11~~~~tort The .rn~"Wlhm trn 4~$ bJoc~,,~~i n,~i{m 
C<:cit\"t§.'t~m;.:~'ti,'*:i b t@:_k;~:~ 1~~ t:,.'*~tt:t>':).t~l i·~dtitr-d.-intv Mt~kw, -::ii::irr1r~"'l:'§..<':i~krn ~. ,~~1 ht:dt for ~~R,\t~i t~~lfoti:li"l l'.1' th~ 
'''·'f"~'it '\{{'.<~" "'"":-1'i''~ ·:OS ,..,r,,,,,,<,,,S>~. ',/s')t-c, '°'";,,~ "'':i•· t"•'>l'"'';,., '':!\C"'{ •t,i'.:.>N)•,i·~~i;.= "''"""•'l'"'l.:~:<" "'r:-·»'<'' :y;,~'i . .._,,.,.,) f,,,~, ... :.,, Vt'>•;\~ ~ ~·-~:tt> l,..,,.'i,.-:, n,, .. ~· ~ '>;· ,..:>~ :ji l..Y ·•. (:_~ ~,;-,._,\: :,::-.... ... }J:....... ~ ., .... r ~· WI ~,--1 ~.-:.. .. ~ 1,...-.: ~. ~-{~"-.ll·-.. {4'.·-.,. ,:, ~~-,::~ .. '" 1.-:.«.1'{'1'-;.-..• ~~ ,.,. ... ~,y·;,.~x,;,;, i: ·:,.,.l~ •·1 ~ .. ~""'·\, "-~ ::::..... ..+~Nli ..... ,. ,._.,.r , ... , ::;~~'~"'"°'". I 

\:'t.~k.'f~ at-t ci-~fit~"'rl fu¥ ~a~, 1 t1-1ampl~ ~Y t~&~ t~Dt o)f a '>/C? m 6-~tnpl~ ty .~fo"1~ t~it:11 01 :ali VOP ~ 
(~~it*'d. n~ flfw...iit{ital ®tf\'if, ii !\~ttk,-~· Mt'!1t'~$~i tJit~ t~'i~ Kii:§;(\i~t~ ~}1;:}:,l',$ W~t)~h1}~ {tX/n lfi liit:~~·,i'~ ~p.Jtfa) 
corrBl::ifa:•n be.fGf:~ ii fas qi.ianib&i in en ir,~"'~~b~ ~o~,3-:s ~t d:scmd~ 'tlw },-si::-.a imp:i!'t3nt inf..."''TI1aikwt. Fh.iii\!y. the 
~hap.~ W!fu¥!~1l{;l;1, ~mtkW't i/t-tt-l)Y:$ ~ill th~ quanftt:00 L'lC:T htom1Jfa)t1, i'lif'~ ~fl,Xe'tl~d UM~ V;,)J~~ ~'f'l;ltM %.'-Ot~. 

tk'K:~1JJ~ nf !h@ cr".lf1~ktbg f-~{f,~~'%1-m:t:ih ti rat)i:'itlt'ti ae,t$'1~ §t~ and high~ ~ftki!'\'.nt t:.t:~·nt,t'@;,;,;~k;,it, tw~ ts1~~ \,'()P 
t)t~~- ~\~ ,::jefr'i,._~. !ritt-~ ~~d~4 \i(iPi (l,V()f~) at-t (;,;;:i®1 "#lh~"li.~1 refat~t~~~ tt" J't!\'i':f pl~%.~',t.$, TM~i pm•/id~ .~{';{:;i.~~ 

p,:.."!i~tl::!. lb ·lli@ ro-d~= ;g,~q,.;,,<&'ii~ \<>tlfilrn tTo.'tt.::<ling c;!l~ t~i!\ t~~t at~ 00-100 wim ~Iy t1:K~"-'<l~t~ t-<.~*"'~l!i.:!,'.itlh, 
?i··®:tk~h>\~ tt)i:fu'.d V~ (P-\<)P~c) ~-w~ i::-t)ti~d it~~ifil'l @iks,-.~t'lty ,J~hg itti:l:fo:rn 1x)tsJt:®i~S-.~'l!'\'.d J:ll'@ik.tk':in fu:.)r~t .1:i• p~st inlr~ 
or: pflt.;;-d~:tv$ -;:;~>ti VO~ and ar~ ~)."'!eraliy ts~ ,~$ a t~furi:l,~~ for f.i...mh'l* prooic.tioo, Bk!~·~ctlon,i{}f,p,r:~:dk:tivi::1 
tMM VC'P1; {B .. VOF':-s} pto;,iili~ th~ r:iifw.~·s:1 d....~rfilt cf ttstnp·~s~k .. ~ [j._'\.J rwquirn t-t;,111 p~st and futurn rtfu:uti!"\c~ VOR. 
k~ m;;.i;;;iH i;,.%~mp~n~1,s!k.if-·:L B:kJiri;:-~fa*J..."lll!t9rt:di1;;1J,,~ ~,Ki~ \t(W':$' ~s~ nt;.v~r 1;,i:s~~{ s.~:,; R:for~n, .. ~-::> r~ pr~fa;~\.,:;i 
i:ex~f,l't in t~ Cij$f th@'! th:e re.~l~Wrm VQP is- !i,,'$ei,:i= .~ ~ rere~f:t:;e for ic.,~!~ble· enM~~em~rn i-\werL T~ 
tst$fd~~,li(ln d 1h~ fr'*"~ 'Vt.JP ttp~$ k1 ~ ·t'm1:S:.!~t:-¢& h. iil§t/ fo;,:lbi~, 'fh& dM>;)~ i* ~H ti'.l' ~ @~f'id,~' @-zj ':->iii d~~-zj 
titt Ws-e i:~q-1~ben·ient$ d th~ ~'ii:t~lk,~!k:t), 

!n mt(.¥~1 vtt~ $'(:~1~, VO?$ $.re ~~e:,~1~1 t>y $l;!Qn1e.n~Jtk~'l gf tn~ ~~rR ,~wontr.g iQ ~on::~ -~~~1&"'1tG ('f:~?.""ling. 
Far stxh ,;;~ne5, the- shap€' i~frnn1;,~fa:wi ~'$. tre.is fu,b.;;iry {hinai,y sh;.~[)€} Shsp<?.· i;n~'1Thstkwi ~ aloo ret.~rred fa.,, <IB 

<li.it:l'f,@ p~~, "flit bt-mty ,,~ili:ih~ i,)l~n(:, i:$ ~fo~ ·m1 -~ st\~·trcl'%.'\.~ ~'$.(t i)y u t;.;>.J~r whith t,$..«~' tm'=' t-tJti~>if i'if~,;,;;~~1:ii,.1tl. 
n1'·1l)on (!@llPffi$&~"}:1 &"'ri ~n1tw~,~1ic cgo.1ng,. 

Ft)l' twdlr1\i (l ~'1~:~ t:lf ~, ';/t)r\ ~ tx:-t,,mdin~ iet~~nti~ b fu~t tt~~ted ~n0 fa. t'>i:it,t1K~:ci t:,) itilil~t):e~ ,if Hls-1 e b,.~¢.t$ 
,,~Ath ex'llirH::it-tti i'll1Jl'1<1 ~n1pl~ i5~t lto: :!~t'{;o. s~ c0tHn~ t~ th~n t1ltJM.oo oo a tfr.,. H:lc bt'<tk ootl:is; m~ t+,~k1 ~m 
~~q ;'%h't~d K~ ~·~ k'it\@')' ~if:lhc..~ ~-kxk~ 

The choice cf J ti> H} b~'$;$ {reren~ m ij'.\f< m~~i!:fod<;~) ~ fo~ l1k'}fil'.ll1"1XITT')~t1~ah:,n wit i$ ~. re$.l!lt ~f lh~ ti,·~~, 
o,i het.'<--:een tte {);..;:ding ~n provh:led t1y u~hg motwn 1ri~trrm~tki:n ~1><.i th.-e· ~iverhe·aci n~ered t0 rer,r~~rt it E™::h 
ttr~tf,.*k:~i\ e~n turfu®' ti¢ ~tit:.~·fr.%100 ~;.:; tha b--ii;<tk~ fr¥ t\l:)t.iw.1 ~~far\,fu:J,':1 ~nd <:i¢1'1)t.~niJtis.~r, ~r~.wii.iif@ (i!t n~ 
O'o>~ih~8d that l~fl b~ ioi~'\i"tTu'ti'. ~1 o:;~"t:.~'f fo t,'l,ltt.~~ th>l! highly ai::far~, ~c~r~ ,,;,it~, high~."':l· ',-/OF' ro.1t>l!,, a R,1;,x;::kn:&.'d 
~''{~~'IJJlK,t) \:"OP tool is prrnild~d. \Nh@n tht, fu1-:::il •t§. u,s~d , too ,S:il@ tif:' th,t m~ct'ct:iloet ~'§;."id br ~m'lit\."t t~·t1~'!'1~f0,4 
oooo-dir:g f:5 31> 3.:2 p.i;,;cli:: ,an<l Us8 size ~ bkrc-kil::i 1@,, H3 pi:.:;,:ls. 

D"~p~tidlt~ (~) th~ tH~SS d !tw rn,lttn:~~,;x~t, ti'!<)!il:)tt \'~··C~¥ i#hrn~'!<:{it)fi ~nd tith~r s.~t~ ~r'if.:)1rn~tkm i~ ~ux:,,,:*"'!,cl v,Mh lTh~ 
t~':<i)'lf.i,~~,j prt<li~bt'l ~tt'<:)f h e~h J1\Mtfui:~\:?.#:, Tht m(~km. ''/'N"ht~ ~re: -;.fff~t~t)t,~d 'Ntlh re~:i~t t{';, ~ p.rtd(,~o,-:-;; 
i.,,<iH.,'i\i ~tid tuo~··>:.t i~~~ t&l~~ ~t'lgth c<.~i- n~ ~t':~>ilt11ttrs I~ngm :ti ~h~ tt~oli..."'1', 'il~"tkw~ ~i(~':<,~ l1 dt:'¢klt:~ at Hw 
&'it:tKf&. It is .itw: t~spi:m!Sibllitf (..f th~ ~fi{;,')tffit tt.i tt~1tc!Ji~tf ~i~i::,prMt~, mc·di::m '<-'~tt1t)l1';., Th~ fif~~;lfkcmion doof:ii ni:it 
s~cify ~*"" ttfai s.hm.!kl oe d....'<!18. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2068 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



~a~ ,::;$)$"$~ V-Ot\~ nrtd pr~~¢~,e~ ~S'i'~'"$ ':i,OP~ h~i';,,~ i~~rt;:::~~ ~P~~l r~d::Jiiq~f'lct<y 'th$ !tilli .,:if l$(@ttC t44Gi!S 
~~sees; a Mc.;J,-0a:se-d OC:1 meh\o~t .,Nifh opwn:a vi,'a~slty Na1}tied qtian1l:sat~~m,, :aro nri.-4angth ooiing, ~~.., moiion 
conqrem~1~:J pr~dk',fa.:::~1 or int&poi@lon, ~ ~:s.'milfa'@ predlttfu:m ~n1:~f ~ $flit hto Sx& bk:(%~. 1'r~$e aro 
tr~mf>•::1ft"'le-dir.:t() lhf OCT ~':ifftijl~) ~i.+~rec ~Y i~ri ~e, '>-~"-itthwti l~"f;fore lw.iitw qu~~ti~J Aier qqm'iil~~'kw~ m,1rr ~1r 
1~ DC1 c.w.~'C~~ts arf .t:e11:.:. gn Va§ue and s" tw"(Nj~nsimal rtin<\enith and warfu~~ !engt1 ·COOi~ is; Ule:l tu 
,~n¢ix:l¢ ~M f~M~lft.W1si OCT ,:_si.¢f.i'k:.~~~ ~ffi,:;i¢;.":tt\>', 

'T}~ ~,,i!:ab~ity kit.is in lhfa;. pMt of tSO/lEC H,~~ ar~ "'~iign~d to ~.:.ipport applk:afo:ms b~yond il~:t supi:,x;,d~cl IJ~, 
M~~ I~WM •dooo. Th~ r~1~ot appliMikt)i, ·uf st,atatliHi ~t.dt.'<i>.~ ~t~t,r.~t 'l~u, ·~'ifr~~~t ,..-\&'©, rnult-qualit' vdto 
t:tt\11~~' ".•kl~© @}~I:;{*$~ ~fl},<.,\tk~ Mi:,, lr.t ~<m·~ d ~t®t~ ~Wik\~ijp;)~, f~t~wr. nK'ltrmt i~~;:¢/m>$,l} ~f'l ~\•tM~ b~%1l' 
:s:t."Ch as ~hi)~ in WO/IEC l3Bffli-2:i~ffi:\ may b~ wn~t,y~d Gf cl.<j~t b.i::s.~d ;s.~,lh~bilit~Sc may l~ n~t-~s~y; ooth 
:w:ttgt.¥i@ . .i:lf t:;t~lal@tv <1t® @ri:atil~d cv thi)!; t:@'t tit ~S0}!2C 1i;ioo_ 

A!tk:t<Jgh ~ $irnp!~· ~:i)Utb·1 K, ~z~i~)k', \<i~'>;:) i'.:> t~'le ~ff~Jk:~t ret:hnlJ;:;,~"-e: }h~t i~ b~~~d {!:I'} ln~l$l'l'IiS~t)l\'$R::t\~l:.': :l)f 
flRdlpit ~~p~nt~11lly 1::.otltd f~P~'(;\cl!Je1~i1 ti \<1i::i.~, . .ll rt1:ili~ {lfl'it:@l'!t &:1~tm:th<t 1~ &.':;g!ab~ iidw) r:i:."-dii"'.\g, b 'tl!kh 
ih~ ~J~ffit,,,,\'l1h ~!jJ:¢{1:i:~~1 ·~ ,:;i, 9iv~1t r~pFi:}®-:::tt*)n ~· 1o·\1tw Kl~t) oo r~rt~~I!/ r;}H,4\/i~'*·i'.$ fr:i <::G4Mg ot 'It!* tl~'-"l1;t 
rnpnJ.dudk.in c<f '>itite~. !si ~abh~ ,•id&:; ;:;,_ming, ii. :?S a5urn~d lbaf g},,~n a: ;;::;:;~~ biisk~w'n,, tfa,-;;:;m:.lli,~;;. of \i·~·i<:,u!> 
sx.irnpl~~i~~ ;:;;:.::n dtii.:.,Di=kl ,,Jiii/J ..:fa~pl'ci)' ,i>ijo:.l{i..li&.9fi;,il~ rni,:.·te>,.,~::;,!k,:r,s cl u,JBJ ·i>lJ~-,:), A ~sBJi:ii::.:;_~ "'k\%1 ~~D~~~· J;,, !iki:ili 
t..1; Mv~ ln©rfa~i!\'.1 ci;:irnp!:extty ,,•l::~'l {:>:;:n,,p:{,r~1t ~,) ~ ·st'l\'te !i.::tyer er1.1;©i...~L Hk~,~~-.·e.r, tni~ p.ijrt ot i$(HlfC.. :l44G6 
f!l"~\•i.ies s,~'>.<Et\.~ drrfef~t faTt1s; cl s:~~alabilrnes fMt ~idress nnn,.co'>.•erlat:pITTg i<IA'ifa:::a.tion,..i \,;,\fo ;:~Tesp,'1,1ding 
~'tnpl¢i.it"e$, 

'Th~, baik sc<!!labimy h.~<:iis :nffecre<l .ai-ec ~E'f'r\"':lDr~i! ~cal,;ibiMy .and spatial ~a!abmty. !\•1DIBi::wer. e:r.n'birmfLQns of t~se 
bisi!,fo :s.-:::alahi!i~:y tarils am at~ ~uppart:fld a.'<ld ar~ r~forre:d fa .a~ h:~'.kid ;:;1:-c11!.~bi!i:ly-. !n 1h~ .,::;as~ cl t:<cMi,::;, sc~l'1!bi!i:=!:y, 
t,.,t:i !i:lt!t~ or. ~moo t~J~noo 1(1, ~-s ~~ tiw-tlY Iay~'f an~ ~~ .~nh~t'itfil'n~r~ ia~~f .,:1f::~ ai!O'-i,:~Q wiw,~2i:s m h:$t<Htl 
=sc.>i!atmmy L:p to furn, !a~~r,;, art?.· s.=i.1ppi.1t.t-ed .. 

Ta"'t1pora! s~:lllsblilty is ~ tool ht~r1&.,-zj far t;ti~ l~ i,i: :l'.mg~ d tfrl~r=S-$ \,~i~<ll a.p.~i~faThs fuom .... ~~'a dafub~e~. 
Iritfilm~t \'l-ililtJ,. wifill/1!:,%~ t'ict® a~':rl mt#ivi~""'k::.1~r~xt:i.~-µc ct.·tfrl.<Q of \6:.~"1:1. Futtf~noot@, ~ ~11::ii,y ~fro pro~k~ ;,t 

=rn~~fa~.,, p;;1fu f:rGfli ourrmt !¢:v»-er tf,rr:sp$ii re:i'iOltdon v~J ~Y$~'n% \, hiQr~r ternr,~~ re~ .. ,p:!trti.~"1 ~::.i~~t~~",; ;:)f the 
fuiurn,. 

'i~,:)~Y'~i &)~~:imtv itiV?h~"§~ ~iitkt,ing f;J VOP~ kiit} l&t~':"'t~,. \\,h..~i\"§ lb.-~. k~<-\'~r \~~}~"§( l~ Ctsti!&i bi (Mit' ~) fi:'<:)ik~<i th@ 
~~s.i, temp,:w~ mt~~, the tnMnr~m~"'"lt l~ys 1i ~l1,.ifa: -;,"'~~}1 rern~~l p~,~~1011 'NitM re$ped to the h::u,,-er ,t~;.<l!N, 
iJ~~ kw~r!ii wt,,~r~ o:.~x~d ~n,:i tf,:rn~~:ir~l\i n1wtipl~xei;.i r~\t !Ai iemp,,x~~i ,~~tit4k~T. '.ffWi= ~~'\v~w t*.!rnpt.::-r'*l 
re~ti~tkx, i:t~~ernf;; rn~t o,~ly d~:::-O!.i$ the b'>"'~ i~'.ii~ to pn,Nkle ~~k: ii:;rnplf~ r~.~oll~ili.1n. ,~~her!!~,;. enh;<1.~:ei.i 
:$/*~tr,~ of ll1t fiAw,~ ffl%' tt{t}x~tt b<~th l~/~r~. f1;-<t1h~rt1i&'~ ~rt1P,.~'~I $,~!~h&~y h~~ :;.i§.i= ki ~""*)dwtdt~ ;;::;;,mtf~kitd 
mtwmt:~ ~pp!icatt'l,':<S >;:~t~~ ;.i~taticn =JD f!~u~nf crafig~ ~~ .a!!O'W~ tb,mitf!hpt.t ar~, n~s,s;wy. A.n add:ifional 
=~~~t\ta._~ t<t ~~"tt~~·~I ~~~bihf~, i:§ it1:. abl!il\' w prov.i1:m :f~sll~n~ to tt'aflfil't1i~1c¥1 ®isti=f$ a::. ft® tn&~ 1mp..1tt~t1t 
4;"lit:~ "'1 t~ !~\\,'~{ (~,f~l' ~&) ~ M~t #V~r J <::h~flt't~ '>'<'Ith Ptl:t~f ~#m' pttf.tJti''r)~f'i{jl::i, \-Aitri@$ tfw k1$.ct ,il'ilfo~t 
=~nhan:i:.~mfilnf ~:<ljU' c~n t;~ '5~n§ 0¥:m'. .:!: dwnn~l wt:h p;:.~f: :ID'TOt 1-~rfm111a>"1C~c. Ob}~~t basoo ifilfflp~i§] ~c;;,iiat-i@y [:~n 
=~~-0 b@ ~,-'\Pb~~ kl ,i:ko~,! ;ra~fol roi1!.rtil bl' P<'t:fum quality bt ron!ttfiitig th~ tmz1t,);Jfai rs1t~ d ~ach Acl~o ·;ji\i@ct 
Uf!diaif t~ C:::<f1Str~:nt <::<f :.:i Ql',,'ef1 t:,lt,bk"dgEt 

·.·.·.·<·:<.>. 
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Ct~if# $~"/~birty \~ :,s f¢>>:i irik,"'>tfod for ~s~ in vli:i:¢ ~f,::.:l.'ltia::~~ !n'"'~htn~ ~;w't ~4~Htt viti:~,p ::,,~ .. '.i~~, ;,.,io::i:,~ 
ctasbase bn:iv,'Sing, inw~ videt, ,;1ntl t\•ire lss,s tid$-O; te,. vde-o ,aysfe,,'ii-s with the ;mrrary oor::'%110-,<':l f.-eat.Jre that a 
minln:1\:lrr1 (!lr !%>u ia,y~J~ or ~~lilil t'e~lutl>;...'t1 at~ ne::-e:s®ry, s~~.:11 ®>.~iatll!~ W\m-l\e~ ~n~r~J!'\9 two ~~1tK'lil 
te£-niuion ~ihi~ ia\-ers from a s~!e ,ilooo s~rce ;u~h trat 1he, fo,Ms i.w~~ i!S ~'ld$tl ht ~llS-~tf lo pt.oild:e the base 
si;:-afiai res,lt~1bn an-rl lh~ enhar,,:c,~nert !a1-er es1p!tws We :s~afaily inteti>0laretl b',v,e,:' ~)-er a:,,d caW:les :n:<re full 
~~~I r~~ltl'ti1t"\ of ~h~ lnpit '?id~¢ Wl#'~-

o~ecl tta~ ~.p@t!~l :S.(al~tmtt ;s cctnf.l{;:Wt'.l ot ~xtt.@1: sp£lat u:~!&t:imw ana :sh1pe :sp@%1! $C~lm.)l!i~,- T!1-~y e&n lm 
l~i h<le~~erith• or to.utfuer I::.,;; ~~ mJPH@:lfa:w .. Bit~ry ~.h~re ii::~ti.:1! :si::;~~b@t;; l$ us.;,d for the ~i::~liMi.lbm- tl11t 
h,~',/\:) "tk1:,-;f;l $/l~p.~ c.~y' ~ntk.4"l :.t"1,: <%il ~"$ th~ ~lf:~t'-i:>Mklitt i:)f ~'i~tr.li t:f~~-:t t:'t,:"l::~td $.t:.;:"§:H~I tt>;.~l;;il::@1'.{ 

.An ~ct.ctmon~i ~dvlni~~ o.t w:,~n~ i~l~niM:y ~, :!t:$ ~bmtv m: pr:nYkte- ,~~-@~n~ t-g k~1sn::i~~i@• ~rrora ij~ ~he ff'.©f%! 
h·t:)f'l>:.:W.t~i'lt tM;,i s.)f ~~ =~~\;~( t~(;>W." (oji'l ti@ $~t1{ (N@' ;;j, i::!h~ri=!'lM ~"i~h b~i~ @'"S't~ 0-""-·tfi:)t"l't\$~~; \•itlw~~$ ti'™ ~~.§ s::.d!k:.~l 
1:mh:lt:'t~et~l1;:,r;:\ !~)~r d.'ii!tl t~~n be ~-·,n! c:.vf,:r t:i ch~r:rnei \s\1f~ p<::):~- :t.n1Jr i;-;erkmTultK-~- f~rlh¢f. lt t~n ~l~t:.i ~!\i.-;",· 
it1:t~ro-~r®mty l~!::;;,,~~t) ViltOU~ s~~t1d~:lf\fa, 

There ar~ Ei mirnt<Er d a13ilJlk.atiarn. wtere nei&!er the teffl\'X:i::·ai ~c;;ikabimy nor §he 5~tia! st:::.al:sb!Hy may rifer the 
I')(:(;~~~$)' f~~it~foy ~rwt (:~l'WtiL Thii t~y j')(!t\~~~iii!:~ ~·f~ ~,f tN1*,10f§!l {)n~ ~JMtfal :}.~"l,~~~lty ~)'l~~:;:}.~"%1~1)' ~fSoJ ~ 
td~n,<1:d to a~ t~~ hJb~~ ,§;i~al~b@h' ~st1t,n,-tr tl'l~ ~pi~lb~~l:t.'hS ~1' h:f'l."'>t"id SG~l:a.tirnv aru wif~~w...s \ii:di:,-;o ~ifilw@ ,,ictoo !'r'fli!~\i1~\-\;f6t\ti~'1,~,:®t~~i;k: ::~x1i;;i -~te, '~ · - .~ ~ · · - · , · · · ~ ~- · , " , · · · , - _, · ' , ,, ,, ~ ' · ·' 

TMl$< ti~fl: ti J~}()i!f'(-:. "1-44~1 PR}'f!(je$ ~H{it ri:_:,,hu~tn~~~ i.ilniJ re~~~K-~ \) Wii;J,i{ fil~t,e$~hg t:;<1 ihM.~ ~-- ,.;id~:() 
ir!f.orm~fu.~"1 q\;~ ~ Wi:~ f@:l~ ~ '$W~g~ ~ ilW1$rr:tl$\l:iOO m~jh_~ ft-;; ~fffif f~~,-ih~~.c~ t:,oi.~, @\>-g,:;;ip,._%-i' ftff tl@ p~i 
ti m.O{IEC i41!iki t.~ii §)i§ rii>,;k~tl it'll{) thf~ tr1~jt'f ~l~("l;,~"S, "§"t'\@~ t~lli'ff)f~1 f~-t:IL;s:~ ~}~t~,r:SiZ*tiCi\ Wilt-!§ 
r~t~o~::,~ty. .1:m.:i @ttt~· ci:-.nc,,~~lt'l'l~m.. H ef)f:>tJsd b~ 111:'1~&1 '.tt-'!il "it~§~ c~t~01d@f> m-i~ 1)t1l t*1~.1~ lo ~r1ki t'i-im'! of 
!:SOilEC 144G§, ~m::l ha'<i-e t,g.en lJood -~l~·-,r:\'ih~r-i., in g;z~al ~·i;:,s~~h in this ar-s~.- it i$,. oo,-,,'ev~r, th,::;~ ki-o~"-5 t:oilfam-£<d 
M tMt'@ o::.~~%"'-0{:lili. tt1~t iii:t~ t::<f ir11:t-."i'~$t, .<Y'1tl w~~ru mt~ pad or 1srn1Ec 1443i6 @~lM fh a.c~~trlbiJfa::,ft to ttw fiiublttt1 
r.f: ~1'0:r r~%~,,11{~. 
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Patt 2: 
Visual 

this part d Jse,,~~:C 'i44$$ $~ifie5, t~ G~d r.eP.---r~se:nt.!tio.n cf pict..Jr$ inf.m:ma~,,,'1 :n. tt:E f.qm of ~f!Jr:~l or 
~)nhe~k: V}Z~m! 1::<bJ~i:i like vkiw s.~que,"'!c.es f1f: ~Bct:irwttar ct &~1r~f:!y ih~p~ ~ichm:.i~\ mriving 2D ine.she"$, 
~f!im~f~j .Sf} fu(~ ,;:iird h,::«:(i ~w,j,;;,iij ~nt1 l~~tu~ f~ sy:nh~t~ -::ii~&dK Too <:!Wf.fd r~t>·~~i!':1t~tk:<rt jk,,.,~,"° fu.il' ¢;:::,.~t<&i'11t 

bas~ ijCQ!$$ for dlgq$l sfur~ marll:a:, d.ifital 'lide(' c~1~rn1..~n:ication an::! ~r appicaftl'::'1$. !$Di1EC 141496 
~'"lfi~j a:l~iJ the *o~ipg pn:::ml'%~ m fue ~ore:Yieht:;::tn~ oo;;}~~ :r-eµ,e:;;en~l:'.lt:P.n .. th~ reves~"'itat0i'l ~'l.,1i:mr;in$ 
~~,n~t~ii Mt~t~ tr:sir%~r1if;:§tm\ 'ltti~W~ 1:1:tn~~e u-:Jr~rniooit4-~1 r-0!::<U!§t tr~nJmit%1f\ w11~tt bii~~1 r:~~iom ~0~~~ 
(irici.~I~g n:ltm1f§l r3~tf~1) at))~"$§:}, ct;;.-tect ~t-ed 'M':~l~tile 11~::s:Hng =(k~dudlr1g n:)n:t~l M~rahle iie0,},.ilngl, @Je®t 
ba~d Ht;rt~tr1 ¢.cil~n.g, a'!). ''>"i!:':li o;l~ tp,.,,"'l:'i~i fLn.~h;n;$ ~~'C:1) ~~ fa~i fur,-.',~tcl pizs.):i:i~~ f,jl# ~',,1:.':t~l'!' pia:,<P~k, ${o:'x;:· 
""~·"'""'"' ~-v,,.,:liN,>:· «fl,;, .,. .. ~~i «_t,-.,i,rn,,,-,.<' £·,11sf.:,.,,.,,. ... :.,, ,..;;,;,:,.~fa,. "1·>'.d' ~"',..i:"'i'l ,,,.,. ·»:;s;«,"~"'I -;,hr::ir: ,v,.o.,,t.',.~.,. i.Oii sh.,:rn, ,,,r 1 ~""'"'n''' "''" ~:._..~~!:.-~,:n:~( ~Vli~«-1'~· aw (t:;: ·..:>!~-=~= ~·1.: . .-,ll.~ ~o:. -..:... .. i··~ ~J~x.,;:~~ ... :,.; .... ~~~i~x. .. ~~ -t~:i,::!" : '( ..... t .. \} ..... f~::!"~ ~.ff ,.:,;v~ .. x.,~'iJ:. ~~~·0t:.,,.• ~·~~~:.,r~~( :t~,'>::l~·:·<....::~ ~~~ts ~,.x;~.; ~~d:e~~ ~: 
~r~me~rn !Ire pn,vm:00rew l~e ~,,1m :lo\W'l!~~~!:Y!e m0,.,~~ ~ e~)!Olt mtxecr meaM ~"-1 tti=~ t.moo\"lKttri ~r1p1'(!veni:t':rn 
ass{iCla~ ~t~ili remote nta1itidaHro d suth tm:ideto. iSOiE:C 144~ rs. lH!en:i:led b aik:N:i !l.b,~ ~\•E1 u1 
ititerop:nbMy with taONEC l 1172,2:HlGS., lS0}1EC t3fl8 .. t:1~96 a:,d nu_:-r ~~"00Wl~f1:ll:i!k~ H251 

The fdks,.#it11 rta:rn:alive ill;.)clt?:N:11b ronfuin ~~vi~i>:i1~ ibk:h. through refa:t¥t,:,"ee it1 'lbh te.~t c,@1s.tiMe ~·mfaiO!l$ tit 
ih~ p.!!t s.,t mc,nc.c l4400, Fi:w d~te,J m::f~n;rll.:;t,~, Mt:~~e~'lJ!;s$i; ~m,enzjm~nt~ b,, a)' r~i~:i. ... :r~ '(If, ~~\i" "''* ih.:e~e 
pulblicat~ns oo r=.=ti :~p!=y, HO...\.'$',~r, part~s t,o ag~rn~Ms k.a,s.:erl on this p~1t-0! GOMSC 14400 ~se, !!?m::oi;r~tdJo 
fu'i\<$tl~t~ h$ possib0iW of i:ippYing t~ 111ost fe~~t \!'d®lh!i tif tt:e nttti1.~fr4e 4~'1Jtn€:nts in{fa:~~~ !:J,eh:1,,\•, For 
@"!l:ht~(i f~Nl'•,H'l~\M;, th~ l~J~~t ~i~:t ~t thft i't(~,"tY~tiv~ d~~um~nt t~·fon:;,;d '}.-:,; ~plk:;;;. M~~Y\'tl~ffi t"Jil' EK) ~nd !EC 
ma!~ta!!l f@g:§.\JM~ 0:t ('.;t~Tfu.~~!y vald hw.rnmim},,d St.§nd~i;:fa;, 

ffU-l Rf:1(:t}:**~r1.=d.;;1lk1t1 T~~1 {t@!:r;rn1sn,mc 1011rn,-1 :%11K mibi)'i':=r-Hk:iii Mdh':i:<'.,;\'.)tH ...... Dit'iUM tt\tri,ilf~M,\>.fr:s,t:1 NKi 
z:~po\~JfJ .r:.f.,c--:.:riN!Jt~Pti.§}:·ft~o~;-. .jf~i .~\~Jw~ge?-:~· fft;{~~{z~~fl?ro.r~l.· ~1fri g~tiri~1N~~g. 

1StYlEC 1 f'/J-1:HlKf, itrA')fftW:.fh:m ~<.:lim.:ik~t'.r" ..... Cz~\'tW of mtWP$J mt:tti·(~*' ;;r..nJ f/}:~{~.:{;.fad 1~u,1t, t,,.,w oi'#t.@t 
,%:.~~9~~ .rcl~<:.n:'l'it ~ii ap to ~ik:it.i-t t, 5 Mt.~.it's ·""· f%·t ii Sv&krt~s. 

1S(1/lE(: ·.'11.:·~t·2.~2'.:·l·$fi::t )~ik')~trt~ltt)lf ~-~i't~brf-!J~\~i1)l .:.:.:.:.:. (;t~~:t~fl tl rttt>t1·i~~g ;tttt~~$ ~"f.nr..J ~~S}:.¥}{tt1i:~it'i ~~~}:.tt\-) .f{}t· d\JltB!l 
{~\~ .. ~9"-9 .tJ-Je::i-6\l" ~<3 ;.~~JJ t~~::i -~1.~.:::~i~t -t 1 f} §Ab.#/~~ -m,. l~>:j :;t, \,-~~J~~.n·, 

=t~:i(JnE.(} ·1 ·~ ''72·=--:J: { tt:.~;J.; ft~ri:.Xt?r.i~t~tin .-~H.:t~~·Klf(~·f :.:.:.:.:. C~($S.1fn:y" ~:3f lHt:a.:·~~~ !~f(:ir-trt<& ~"~]($ :flS~~:~-~~{~{1 :N&~~~) J~y- t:t{;~£u~f 
Sfo"<i,':lffl.~ m,%ll' tlJ i:qi t~ dfu'.)1.i't 1. 5 MJNK1 "'" P,.td :J.: Amt.in, 

fft)T R<s~(mmw,d.;~ikm f·L:2~:t.:J:lH?DOi)}PS(}i1EC: f~:lSi 8=,'L1000, frd~\Wi'l~~.ir.m f.;<C.!W*,1,'.>fW "w (~:.s.~,1:l;;',';i:,:, ~:.~~~:/i''$ o.f 
a1{:wing pic,,,~·~s ar4.rJ1:;s~:1~w,1 .m,d,io h'tt1rntf.t!:-')fR' ;'.';'y;!jtwriw .. 

ffU,T P~,;~()!'.H'r1i~ndMk,r~ H.:1i~=f2D00)!l&0i!EC t3S. t}:l:,.2::i):!J(t /n(\'Jtli.liiOJI t~i:.~'ltKilXW ""· G~tt>tnt: =i::{:l:1:}~(11q d mtw«ti.:f 
{.\1t:W.rot-.,,@fo; a..t~:tttil&ii ~=Ur.fr'() Mli~nrtMit>.ft '1.>''id~t\ 

EKYIEC: 1 JWl-JU lKlB, JnfbMni:.ii0rl :t&:L<:,h':i't.\«.)9/ __ ,,. ftftN;:<,nt ct~ifr~i c.l J~W~i\i}t) pfr.tur~o.& .,M:itl i:\'t:R<.ii1i'i.t~'ii t.i1:'.Kllt 
tnf::,,,•~7,11k1-;•J "" l-\~rt S A(;\'J~:'.!. 
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§E.EE. tH~f&:l~1f~ ar~:(Jfb~lth.::~·~~ k\l th~: .iiiJt~it~~:~~;fi~~iitjt~~. :of® t~-- l~ §fS\~~;f~~{ t.~f~{~t~$l~~ 1Jt~~if~~s ·rit{~'N~f~ff(s( :itJLt l~td 
t 1StvH%fQ, D;,;~;;fmW~r t\ l~t~). 

'..13' 

2 

1~ tm$.h: A w)i;i!~)f:1~! rt~&:',t\ It i$- d~~ll~,~ b:; h;e po!iiitbn d i~ ~·~<:f~s i;~~"n~lry l,c by tne a$S<;m~tion 
tmb,,~n ~ach fa-i::~ a&'Kl •its. swsmihh~ v~4iws {ci.n"l$C1hiiiY1' and oph'tlnaiv by ¢o:bt$, mrna!$,. atsd 
~~1ilrn t:;OOfdit);:'lt~~ (tf®&t~f;,. Ftt1P~f:1i~t; d(, n~t ~ffa,d fa~-:\') 0*'-®1=~tr't- but infk~rN.:~ th~ \'.,'Ji.}' t~ 
i!'ltid:® h ~1)iW~d. 

EUIDP; m~recfama~ly ~rlk:ti'1.i~...code:d iideiD ettjed p:'ltm>e fi!OP}: A \/OP th~f is crl<l~j LJsmg 
n'lZ:\h;i:n s:.~Jl:)·ipen~t:t~ tit'«dki1ki:l fu~~rs t~~'$t ~t¥.f:ir f1,..~tir~ nd~fen-t=e V()P;'!:, 

b.a;ck•~lar:rl r.n!llttion ,,..,ed:or: A. m:;:,1ioo \lectcr ihat ~ used f:::ir m-::,1i~'l iX!n,penratic;:, fu.."<fl1 <i r,e:ference 
\lG'F' ~t ;l!; i~tm fan~ h cihp/~y nrcl~c 

bim11rv ~!?h~ b~oolt A bi~i, :i::l:1 &i;re i~=,,Mi ~~, tdlXf,!{-f,a \-\,th tT:l;;K;fllti~k; repf~:$...~n~lng *'~~ 
inf.-i:irnisk,;n ri\f 1~ tiinocy alph):!! msp; it i~ g!g,o ~fe,rr&i b .sg, ~ bah. 

blr1~wy a$tta rn~'. A 2D t}it·~rv it'ii:i~{( ti~fu't! to rnt'rut,tni: ~ sh~i:,w 01 ~ \ill~,;) tb}::%1. ~uch ~t 1~ 
pk~l~ fo~~ :m·~ {~~qw.~ ~-~ ~tlrm.id~rfy::t tK ;~tl fl 1t'@ (<t::{~t;t ,~.twt~ ~ ph::~1~ th;':lt ,,·H~ h;':lmp'*r~<tt =<-11m :ric:i~ 
o~'1&~red b •~= part ~f m,~ ~~t 

bi't'.'ii=it T!::it: tM:~ ~l tliW.:0'1) tJtl (::i)t1fil~ l~t$.l~iirn it- {l~h<'tti'~ti :!Yt..)rn mt i.*k'.ttajt tt~faJfli i;)j (.*t,<.c:ui:K k~ tM 
iNut cl ;;i, <ll:im~r 

b}&-=t.&t A.tJ f.l:-,1,,-,v ht e,"'t.'f..l'h:mm (M t-$-i'<:;.Wi b:t it-.. ;;t:.furl'* in rt~J:;#1 o;:.>:'.,"1l'lf.,.~'it~:i.1it.:<t; de:,;.~hg ,jf R~du:t:~ 
R1E$oMiori VOP) rna~r}x of saJ1~~. M 64 DC1 ~"ffici$.<1ts (s{)l$OO, qu:a1llsw m cle·qua:njsed), 
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:M=~ D(;l·dli!' d11fi,1~ll(m !J:~nn~~f~ SCP: ©>'?-..::.,r\Gl,'!{.%.'ltile d~%1 to (}t~t~112~, ~ h@t'i.f.llfaw ~w~y ~~".Kw.I ir:: !he 
~1;;<>-der ro ~ paificufu:r bdt, tir ti OOf.'rK"'D~ a bi:::!dy rrc.<leJ ~k:1'lg %.i:'th lhe rnfonrwtbn :ro{l1;i h-tr;\' ro 
~1t1t\#itsee it 1h¢ $01'\i ~i~ n,;:;tn-=i~ilt h~ii~i'nil~ -;.,'i:"w~ ~~s- ~#~~i!.:;~1, folliJ-,,y¢:J b-y ~. ~'t~,iimt u§ ¢i:i~~pf~:;.~~d 
6.4.Ps, OOPs.m~y inoudebodi :Q~:im~tri; ts..my s!-i:el*ton, and ~~\i ®:fom-.atlo,1 ti:fule:-s .. 

::t 11 ~1'dtl ~for~tfon Mhl~; B~"tl.t·~IT,;!1Mtt A {fo\•/nb~.:fab~ nJitdl~, mam1M tram; ir\m~ln1J SA.t~ tn 
t.<oti=y suit~~ gm.::wne!ry fi'l-M. pn::ivid@~ ~ c0titilt~1t:k~1 of B.AP& fo:r ,~~""ltr~ffln~ ~ty m.11t.~;:€ geo.meiry 
tk.JGl'B'l~lkWt, 

i;n b(ttmdi~g ~P i~~l: A11 i~Jf,!;.;_ oft~ ooumi~g kiOP t1Me ""N~~ ~'1~~i~ int ~r cf \'erti~~ 1~-o1ng on: 
ifae bi.1t.i~ik~ fa.~:JP 

3,22 m:ant:t1trig W:&~t)iit (of ~ tr~~ngl~ tt~~f ;, tri~1g!t, tif ~= :trl~f.©W ttl!l~ \<:fth mfu'xt t1dt1&'1t it1ii:!rig!~ ~ni~ 
&.:i:~t, 

.J,23 br~f'M::hing \'trfiei {~fa \~rt~x tree er Q:f ~ v=erte~ grnphJ: A i/~~x ~f ij \>'efl.~x t~e wnn twee~ ~""ii<e 
i:"f::t.'id,~'i\ \~t'l~K W~ ~d~K 

.J,24 b-•t\e aH;gnett A M m s, {..OOf.'d rntttr~~s-n is b~1e,il~ne-d t ~ ~o~it,,:in is ~ mult:p,ie, m S--t,w frC'!11 the 
ikst bit In tr-ra stream. 

:.t~ t:-i:}:i'*t~x~ ~~d .)ldlhm~tk ~fi~~.:lh19 't'h~ ftm1hi;:,\.i @,;~i for o~k1n (/ t:-i~@y· th~p~; it \'$ .)I~;} f4~n~d 
ktt:s~i:::t~ . 

. 3.27 ch:am~t .A cligiful rn:ediurn er a net,>::,~k frmf ,~b:;r-as or fuan>,;~-t:; a i)itstraam i::-onf:~ruc1:e,.~ ru::cordif'@ to 
it~JO/}t:·C~ 144-00, 

3,~ ,thttlf"rnit).§!Mt etimpof1Mt A. m&trlK, tilt\.~ or ~~i~ ~tnpw. r~prnMtntil"(l fil1~ tlf m~ tN@ et..ioor 
&H~r~~~ iltt~\l, fi.\lh~t~ ~t lh~ pdrr,~f)' i:;,:;it,1:¥t in it® rr1~nMr 1~fim"'icl 1~ l~ !/.1~1w~!t.\ Th~ iy,'4.~'$ 
u~~d ~:;:.ir lh~ rh"<"Oti1iminr.::@ sign~~ .ili=r~ {k ili=nci Cb. 

:3,J·f cooed VOP: A ceded VOP fo;; ~ o,.-:ided ~--',/0.P., ~= c1~ied P)JOF-\ a .r.;o,..if.:d RNOP. or a coded S{GM·C+ 
VOP., 

3.l~ ~ot~d vlde,o bHstrn .. "trn: A tode--d n':'!pf@Se,1t:3fo~-<:i d' 31 !series cl otw or §m.Jt:~ \-"OPs ii clfJfir~ in this 
~rt of !SOnEC 144B~, 
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:,'Ln' ~'.;.\~:Urnn P..~Huml?f'f;'. Toif>. &?1 ~1" UMr~1:w.F~1t:llil l~~')Wnww.rn th$ :t~hJ?'.jf:'.f>.ft~ a Q~Uffl'J VMfl~) ~jt}~-~I1m 
ffittr@ant~ ~rn ch;uad,a:1:$-~J by zx:itfu1g parart1t''tet1, [)!W'~:ief~ <'tr~ chamcteiiied by 1he =hii,tr~rn~ thit 
fh,;;:l" ~~· t.:"-#i,,#b~, M~\:i,;,.'l.-...Jiri~. 

J.JB t,®t.Jfilo~t/1:: A ma.ttlK 1:.1:.~ <ZJi' sfug!~ s;$;ti1F~ Mm O:nl$' t:.<t th~ iw~ m,grioes {11:,~-ii~nt£, a=nd t~~P 
th1m~1tWioo} fo~t M~k~ l® El rtdur~ · 

~~41 (:.o!)rme~~ c~p{}®ent {Ql :a :io rn:e~tt A ~c, me!sin ,:;:sn m- ~"'t:irritR1:::i~d ir.t) a11? w more distolnr 
s,ets :rs~ed coo~ed ron'\-<::-:.'me:115. fa'€:i';f far~ at t~ 3D mesh hi a,;.si~"'"!ed fo ~ri 'lmique -c:iru1ede.i 
{:,-,..~~i~":<!'®!'"\t, ~tM ~h(.tt ®'ii p(ifr ti '!'wt) °t®-~t ~t ~h~rt W'i et!~ b¢~11g=$ t~ tht $®)'1~ ¢-t_jt"li'i«it~~ 
0,.."ITT,~':iflf:!fft 

:L45 .;.;~mfilr ~of a, 30 m~hl: A (f~ct::,w:,:rfu;x) p,,iir, f,-fll:l:rt:: fa~ ~~fo:s; is. ""i~ cl th·~ su~arning ,it::ffu.:l&i cf Hw 
f~~:, 

3}'$1 ~Gt:i.ti~ng lm.l~·, 'fl~= t:lf4-~- ~~ ~",hk;h tl~ VOr-% ~re t:i:si:fi$Jn~it~i ~m:l ~t.~txt~d lN~ m~ i\ii n(it 
neceS:."i~f:%1 t~, ~·;1rne a."i' the -::fa~play &der.. 

3,52 ooct.'<tm1.g (p:rot~:5:~}: 1"rw t,~'"t.'\'.t.~'<:iit t.'wfiri~ti it ~it p~1 t:t ISC};'lE>C 14496 m~t r~t- tm !i'it~1 t.'t.%.~-<d 
b.J,j;N~i:wn ,~!'Ki ~'t),':lut~ d~c(it!~t V(:f\i;. f.lr ~titks: §..@t"f-lk~i, (';t :m w,~-,;h~1t 

J,5l ~~m~~tlon: TM~ P,::'\.~~!si {if r;=;t~iin; th~ c,%u~n~~ D<.:T o~~k~n1~ ~~a- thi;:/r rie,preit.mt~tfu<:'1 h 
-~ bitB<tfe:&'TI h.is besn d:!:!ff."*.ied El"i--<i h?.f.:»'"~ jh!!y ~ve p[ete.'1:'w.od ki fae in~-~~e OCT. 

J,:S5 dhcr:e!e C{l$f.t~ tt-"¥1it:1$fu.1u<i; ocr: Eithe=f ·fh~ hr,,,,¥d &~~e~e G:o~ine tran:t:bri11 m- the· im,-er~ ,;;H~creie. 
(;:,:;;,kt~ tt·~nst~m. the ccr ss an i:':i'x'~Yt~lce, :l1$ccaete ;;irW~-ofal tr;;J:n1;li,1tff~tkm, 'h1e ~i,.,<e!'~-e !JCT t~ 
o~1n~ in ~nr'W:~ /;,., 

3,$£. ~i.~pfay cttl'ier.: fh>: .s>t~r i:it ,,-,,,tik:h 'l.ft~ ~:3tl;:-;l~ pidt.w~sc .lflfe' -tll$!~)~, ~~r,-m:s!I:-,, thi~ h; th~ ~~m~ ,:-"f~r 
in ,'>·fi iu\ th~y 'Ni~r~ pres~m.e-J .at the ifl§.)l.J:l. ,;,f tl1t -®:""lt~ff. 

337 drn1:l {f~p:h foi' ~ 30 It~!&,~: A @rnr,h ~o:Yt)p,::,~d 1f .~. ~..,;,t ~f dtii3i {ff~ph t)t'"l:,~.~ ~nd ,% ~~1 f:,f lt.itii ;g.rnp,h 
~~$, fad~ <ltffi! ~JJ"ih f;<:;.'Jtffi CDf:H:~SfX'!tl.Oi to l f~~ m ·tire sD f:'1in.( -El{~.fl :dt;::al ~~ph ed~ 
c-ore:sµnnt.~ to an} /Merna! ed\J$ nf u~ st_:::i m:es'.i ~f~ lir*:s ~w0 d\!~ g:r;w~ rKd.e~. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2074 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



:too ~~ (t;f ~ ~10 rn~'$N·, ton ur,onitr*4 !',~i{ ff '.•"®'W:.t indfo!$:i ttf ~ :SD m~st <:t~:i,etvti\~ in GfW f.% rnt~r~ 
\a{;.ffii of fue 30 me$-h {rnooufo ~yefa::~! ~rnufafi\')t'l:-s ,A fue $~1t1et-ii::-e.1}. 

:ts~ Miit~iq:: The t)t~'elIB b'l 'N°i\~h. ooo. t)!' rnm-e (X}l.i$ci !ititrfu,~ffi~ :§§f€' m:mit-JLli:§§&'d k) ptoofa~? ,i new 
m:-ded tiit:llitr~~·tt C@1f(h<n1ifi£: $$°$d li!$tre$imt n1i.$:t lt!e$t lht :recy,1itetJ$n'!$ defi~"d 1n fuis part ti 
IS.OM?:C t44:M. . . 

l.61 e-nooding {pro:ca:$:s}: A ~'-0<:$.$$., not ~~fi&d ir=i mis p<.h'i: cf !:SO/ltC 144ili~, tmt f$aqs; ~ ~team of 
bt1tt :pkbJt~ ,<J<l' W,}dfo ~~~:'i\J\~~ a~-i ~nxiJ~'::E$ ,~ ~r*'Ucl ~&i$>-d bifr~~~;.~,) ::!t~ ,;J~fk:;~;t in thi~, pmt -t)f 
IJ$(1n[):; 144.{;:e, 

:l§ll en:J:um,'l::efnfflt tiJ)~: A f~$'ti\ie n,.f~:e.nc,e fo El ~$)>~ (~b._,:,-,.,~ me ~-!?. !~yer} in .l:l s.a.cl:llab~ h~·r~n...'ny. For 
~ii t@t~ eyf $t~®h1hh\ il~ -cltt~mili-1,& t:.itt:¢t$:~ ~~rr •~ <tl~:Mtibtd tl:i ftf#titt-i: t~ ~ht kt,~'®r lijitt d~t.©l.':!ing 
~'Q,._~~ ijn,ti 1he sppf\.~,i~-re\ ij:,,1~:Ht,,,'>f!~ r~~:i:J~ ~~~:x}~i tar tre en~n,,."'"Erne.<i:t ~~~· 1,5.~'t 

.3,~ fa~ (of a 30 n'lfil~h~: ,~ att~maihJ s~{fli!lnro of v~iic~s and ~d~cS, ~t!bh that ,~ach ~dge in the 
~~!,;..~~"'"E: oormee~ t"W ~·~,i~ imn'l-eciiJ~~lV ~~~~"'1~ ~rm 1\.~t.sw~'@ It in !}~ ~(¥~€: ('t-4\.h me 
e~:,::eptbn d ~he l..~-st ee,:\,~ h~t ccn:..·<,·r,ds w velie?x p,~eilr;g if ,,,,iifo 1h~ fr:;t s;;~rtex of fue se,::p-en._0e). 
N<.;: Vtf~K t~1~y ~l-'.lh~~f rr1<.1f¢ lh~n ~1<:t: ir:, l!'(: i~l~tt1~~ In r,t:..i:ct,,\."..¢, ~ f~t, k:. ~~*t it,J~''!Z~t'!~~ Pi fh¢ 
tstot \>">?~11-e~ in m~~ $f:t:lll:em.e .. 

. 3J'M gtob><:1~ mclfon ~onip~nsatio~; GMC: Th~ ui:::~ cl gt:J:~I sµaifol kansfo~tia:-s ta h1'lprov~ the 
~fti~i~'R}f ,of N1e pr-wtrtkl:n ,cit siinwre v?l:i.te». The preoic11on i;~e~ glopzyi ~§ltisl trW::~'lmrnston 10: 
pl·o,i~ cfra.:e...is info fue §:~S:t. ref-Eren,::::-e- \ll.),~g o::'!nt~lfiiflfj previctE<ly <li?cmle·d g;an1p,le v,:lik.\.e·~. lhai a!'E' 
us~d fo furm it~ p:r~di.;iion ,rn,r-or. 

3,@.5 face ini~ion 1;1~n1riw:t-e:r unit~, FA.PU: ~'i:ai ~:1rrr!iil~ @\r!E {e,g. tr:&~atiooii; ini;,r;;ra.r, lq;ifu:al} 
~nf:d fo ;ill!o.w iritfrµr-1;:tm:k;-n pf F.i\P~ -,,i#h ~f!:i fu.r.i~I model in ~ ~k~1i:;nt w,''N tP Pf.'0-1ur:e r-e~$~'1~bsi;; 
r<!'~uils in ~~pre.S<s.~ns sn~ ~-cl':<E,:::h t=~VO::'oiLm,,:;i~tim. 

-3.00 face ~n~m~fac:m ~r~m~~, F"AP: Orc~?,d ~!J'f;ilmini;i $:"1:im~lion: ~~rnr:net'ff;; th~~ rr:,~nipti~~.ie thi;; 
d~~n-1~'1:1.S ~,d fS!l'1,~~~ ~f ·faoo fel!ln:..~~S. &lrn:l lfl<li ,W::<\o~m th~ bl~nd;~ ~f \oiSEtTIES ~id faO:>Bi 

~l!;pro~~itl!'l1 dMfl!'iQ ilt~'{;:h. 

:J,61 f~~ ~i}t1~'*'~1k1·~ t~Mt,, f\AT: A ~i.J~,.~1k>JK:s~tH~ ·ft.1)~1l(.;tt r~1~1~,~~ f1~x~1 il'1~:i1tslr'@ fAPt ~l;i· w~t.w~ t-c«{r\1l 
p;)inrn iSt) th~ f;,iM m~!§f1 tha~ prcvid~!§ ptm,fN5~ fa1~ar :::vti:g,~tin~ nf th~ FAP1 for t.'t>-ntromr19 f.~t~ 
l'tK)c'l.'®'f!~lit$ 

.;t$J f~ ~i!!m,rntJoo m~h; D~nnitK:in ot ~ lG FW,S.~ t,;:ir Ci!!!iw.*'!fe._~.,, ct 'ltl~ -~~pe ~ni:l ~~rv\11.lw~ ot J! ti~~lire; 
fa"'--:..~ mtl-ti-<il . 

. J,11.i~ f~ d~flnit~m'l ~~'1~t~r'$, FOP; Di.:n,'no~i;t.~t~ <l~m t-o G1s1orni;re ij b~~i~'1e 1~~ f!l:l...,iel ;r~ tne; 
~r:t:der to 3 pactimlar fa&.~, !Jf tJ OO<.;\n:!i:::i;~.d a fa..~ tn;:::,-;ie/ i:iikwig wifu ·~ Inl\:iS:'111:i<illli.Wi a~'Rlt h,rN•' k~ 
~'ih~llt~ A Tht ft)P~- .;:rir~ nz~t:sftllll/ k~tt~tliiW~ <;ft."i:X: ~- Z-'¢~$.i1!\ foit<::ci~v«d ~/ :tt 1ir~n'I (°i ¢,1,~':\t~t1~$;t¢ti 
f At~, fl)Ps :n,1:._~y irGll.Kl~ -t~at.~re ~i:rt~ \sr r:s.Htr~ting ~ t;~~i~e ~~- f%..~ t;-er4W'f,' ~-qg ~:}.,,rnjns.tffl. 10 
rn~p it o!l:t.o th;:e face, Jnirnrnico t~tJ@, efo. 

3 .. 1~ f.iice fo.~u.,re ccS1trol JJ(llrtt A n~m~lve r~rtE-x p-::iir-it ri a Slet: of !%Joh p:;,in'l.S th~!: defln8 t:h$' ;;:.r:fical 
oc~U0,"'l~ \,,,~n ~"'I:!· te~~1t-e~ f.i:lt' o:::int'Ol tit FA:-P~- .m~ u~at ~He,,:;,, ttf illmRJtt::in -0t me ~ti®~ ot the 
t~sB=ine fa,~ 

3,7i f~c.~ fu~-t,~f 1of ~ :10 rn.~:i.llj: Tl'w: ~~f ,d an h~ fu~~ lir,e~$ co,rn~~o..~'..kig x~ fu~ ~,:;r,ne,:;,~d comp;;.. ... ~nt~ 
of a3D mesh. 
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f:a~~ i~1t~r.1;~1~1~~)t1 tnm~·f~J!l~, rff: ,A d~"><s'nk~dg:\h=.~ fl(:.d~ tVi~ thi1n~tJ i~ ~$(llEC 1449$,/; tffii"'? f~r 
C"0,~'t~l n1~pi:;..,~1g, oi inc-0nirg FAPi b F.APi Mbrn thffir ,~ppli~tion to fi~h.re p.t:mt~ thr~ugh we%;ih:too 
i~k.•/);:\S! t>i:.!h'tro11:~ii::1! tun,;,,~i~t~, 1~« "'~~~f.>1#,-s; ~-rs1:ii:;;,·1.:~~µ&1g # :et.e,ll:ni;.~t~ f'Af;;, t~ fa1~ their ~ff~;;;.~ snit:: 
cu~ta.f~l or !}f:ClPfiatary f~~ mooe!s. 

fM~ rn~.td~l m~~h: A 2:b tr 3D Mn'ti~tJtiJs ~nniitirit m~h ~~~ 11:<' vmk~ .!tm pt:1t~~t roiioor~ 
tJ:ih?in!§ thf 1,,~1-ex i:;~)!din~te~, ~uihtble k)r r,moot"1g -:di~\ phiA'Qmelrk ~tntit~t~~ (~{l t®¥1t~rn>, cok·r, 
fl~'ffl~!~). 

fealh~ring; i\ tool ths1t t~p~ra th~ ';t<1l'i.l~ ar:·m..Jld ~~'~ '*'f bin~y afphi>i mask for c~.-.o~'tii:in ~,A~h t'W< 
b"<'li~k'b~'Hfltf. 

fu.rh~den: The 1:€m1 ''ktrbidcli?,..·,·f wr::en :1.~-&l in t~ {:b,u~~ -dEf:::,:..,fng fue -o:d-e:i:l hitstrEarn indkm':e!$ fh,;if 
~ •'ilk.~ cSiha!i ooc~Br ~ U'~&i. This is 'l..sually t{'< avoid ~mufal,fon ,~f :,,iari :;:;w:ie~, 

f()f',r.:-~d upi:hti~U Th~ t,,~¥~~ ht whidi t;,,t,®.tt:k},>-.,~:~ ~!\~ ifi!r~t:)..~i fr;;,~~ ~tr~A>:)-.tkr1~ W.< ~'1$..U~ ~hJ~ 
rriis,1:1akh ~-mri:i biib,~~n i.h~ in\;·~ra~ DCT !J··n:-ro~~s ~ ~s;::ooi,;:ra a:,"'lci doc;;;::ioo:r~. C3:s'1n:>t b.ilit1 '-~ 
~x~~iv:w:y .. 

tm'W~f,cl ,~)it)p..~UMl~tr A f~\,/~:f tKAih)Q m,~tK~d ~ fofW'l.:!f'd ~s}ti\i::tfll'lib~ .,.'ith f,ifl dif,j,' z:o:x.iit~ ~'1~!J14~-zj 
lf -d~tx'Joorn ~15ig~,oo ki ~"«.ffi.'W- ,,,Jlfl m'e t~w®· eimitl@ !iti:indi:ifd -~·e w!~ kJ &~~~ b~~rn.iitr-it tit tt)w. 
~>kkw t~).:.iing ·M~fsKi~d. 

fii1Mard motkm ,,ee~1r: ,\ rnQtbrn 'if~~¥ than~- :us.ed It.¥ nmfu~"'l c,wri~;lltk~,"'"l fu~<tl ~ reterer.n..~ irnmf 
\/OP ~tam €il,'1Tu:;'"'f tim-e rr1 ci,spl,1y order. 

3:.81 flr.S!nu,i: A frame ,,x::;,'"1:t9ihs line:si of ~~t~~J idc<n:1afa:in d s vi~-c ~igm'iiL FQil· p,""ogr:;;a:~:h<e \sR~n, file~ 
lin~s oortfi!;in Mr-TI~~s ~t:£%1.~"lg fr-a11 er~ 1irr~ in.s~1 end wminu~ 1h,'"Q~'gh :5'llc~ss,\.;-:~, Er~s fo t'W 
t>mtt:~'1'1 tif th~ 'lt;m~. 

3-Jl5 hih.mi ttJ~rori:t:t! VO?·: A n.m.:.:ro rofornrt:~ VCP i:@. :fl r~f&&""tm \tDP 1tMt ;J._'tautt ~ ~ tM~r ns-rw than:!~ 
curRnt VOP ~ dfa,piS'.;,' &::!er. 

l',,.,,._~ . .,.i..,,~,.,.,.,,j ~~·+~'"'"'""1~•·-:oti,-., ... $•~/ "'· :•n ·~, ... .,.,,: .t, ··'-<'; ,.._ ... ,ii • .,... ......... ,""'l'"''~''i<,1' .,.-,lti, :..._. .. ,.,.,. .n .. , '"'''"'"'· )..,..· '""'" ·')t-' ~=~t:~~~·; ... 1:.1;:a~t;.>.~~ [h ..... ~~·~'-"'~-:,.:~i.:~,:.:~-c:a ~~~ ~· ·:™ , .•. ~-~~-lie ~--~ ,:!_, .. d~~$~_ "'"V~~1 ....... ~"'x,•_·}~~l'-·.._.;.~: ~~~~:,-: ·~::v: ...... ~ -~n··w,."';: ~~~M:C-~ .~:: 

dit!t~!I rn mcre.,t::'..mt:i mder d res-,,~u~'1>'1. m~1:i':>.:t;;.e.:1 nf a l'irnt .t:;,.~l:11'5~ ::f.i:~'.Ef cl detail ~h.~i,,e .,D mah) 
f-ckw,,lfKi by (~ <w mor~ refa"'ifillitnt c~r~:cari~ .. E.a-ch r-efi~m~nt i:::pe~tlon i::wtennlne-s: rw,v m 
(;t.:l')$tri..i,;;t ~ ns:;,'x'<' 1~-~·~I (::<f ~t<li! ~~ ~ ~·<rflncrn~n~ ,f t~'.:l -::;;Ln¥.<nI l~vd of :d~fo!L 

h¥r~m~nfa1 rn1x~-ent,1H-0n f~f ij lO me-$\!· A rm,')r~>:Witl:1lon 1t~t ~;-O\N~ thf ·oownlni*l t@ ~t~i 
re:~derhg a :s.~bset C<f the m ~'Sh befo . .:-e· th~ ,_,,,,tnte hl~str"='am ha$ been I-Ofn~!ewly ~ce:h-ed and/or 
d~~'Ci.~d. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2076 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ji,~t ir~l~rl~,.,:;l;l'; Tbt:: p~~¥~rtf d t;~~,;~,i.:.:nt'>;)nal b~:favi~iw1 fr®11t~ wh~r~ <lihi:irn-tl:tiny \:in~ d :lbtt fr~m~ 
repr~sent dfilferi.mt itb~~n:.es ,n time, .. !:[] ~n ~1~am lrn .. r:1~ .. oni& iJf ·he :refr-1 ,~ rr~arn. to ~e d,'splav@d 
tWM .. Tnis K~l:f i:$ t:.an~ 1~ J'§r~t fied .. Th$ fircl f$ld. ¢:$n ·~ 1ful· top fi~1;1 ·tt hfo b:>.'ttt»'n f:,~d ot the fr~n1e., 

1.!lll!i l~fr;c ~,!ldin~r C,:-:;d~ d ,~ m~~ .. "lbbdi: c;; VOP fh;.;st us.~ iriifu">.."!'l,:a::1::-..."';.n. ,;,r:,,%v -&:,:i.,.."''· th~ m~:mb.k~-'*: -or 
\/OP. 

le,,,.<eil: .,\ ~~fi,~d s~ ~f ~'>ns.~:ain~s ~'1 'h'1e ,.,alue.-s.. whio:'1 l't.'8i}' •ht!· t:akoo by ~he par~~ra -cl thfa part -of 
!SO/!EC 14.<"tBB vdthin a partk.~~- prGflh~t A prufi~ may oodE1ITT atw t.-.r rnorn i~v.1:,+s. k, a di!ff®·filnt 
i~-,t~xt ~t'iii i~ th~ ~b~lt~t~ v.a!u~ -of ca n0n,-2:111rn a.~tfuJl~tit (~~ ''nm'} 

h~~, tn @ ~;~i~~~ hi~f$ftbt d~¥.,re-~ m~ i:::."\.~t zi, ~h~ ~~-z~r~l t~i: if til~tre"~1·1!fi ,\Wd (th~ I'~~~* ,:if) it~ 
~~4:R·f;me_ti d~;COd~"@ ~\~~S~. 

1~~-e-t~ bll$U~~nr A $if~~ t.)t~,tr~~n ~"$.~Hi~~l t:,s ~ ~'i!;';i:ifa~ ~:,,~· F~,w~~~ w~~l \!1 tz:nj\.lm~tk)n '"'1th 
~yer quiil~rs. e. g. "enhi..~~1;.~eme:viH~\•'ff bit:~Jre~m'} 

1(1We!'" ~J't!r: A ff,'!Stke t~!;;f';:Til~~ k:1 ltl# ~yer b1m~dk~~li'!i'.f t~kiW ~ ~~\<~) 'li'fllXini:.::eiW~llt l\jiW (~npitJfj 
h~<:i!Jdlng de{.'odrn.g :nf .a# lay~~ b~ow fh~- enhlro:::en1ent !:ayer\ 

h.m~tmtm.:e :\}t:ti1~1fi(;ir~lt A trKitdx, bk.i(i or ~~~i~ ~~mp),e n~pr~:s,1:H1i~ng ,~ ffKW~tiri:.~n~, ~~pr~~ntmkm 
(:if ~ ·1,i~nil and rel~ted to lhe pnrnarr cti,,mr~ 1i the rt1ann-..~ defln:e-d ~. lhe bibtfffim. The ~'ilT1b.:i 
\..~d fm k..@~:e is Y. 

~oot:t'OOlocii: Th~ fol~f :fl>§ f"-* H> 16 itt m@i)t1 tornt,~t'1i~ii)f; 00ct"!dk1/} ct ~~tir.wti R'fil0:\.t1k~,, VDP) 
t~~"it~t (Sf kttli~W~l{.! ®t~ <')ti~ th~ ts,,~ {k..)J -<1:2:0 ~~mln;-i.t1~ t-t:n~~:/ ~¥-m~µt~ti:,,.i/n@ R,,t {tt t6,d@ in 
mQ1k11 GOlTf"!lrisafu.~"1 cl~:c>cling cl R~'-~~cl R~'&-ci1.lk.11 V'G?) Mmiki., :cl t:hr(;~'l,kl~t:~ clllfa oorning from, 
~ H}),,1$ (o, 32x3i2 kl rn~it:zjn QGi"nP~n~<i!:fa:~"<1 ~~.i.1>jk"© of Ra~'q;~= ~-~;1-\tl~;;,.~ \/(')?) $'a,~"\ r;i,f the 
~~i'r-:>a>itf:,s<· o').tV';'"/f.'ffr>$~ .,'J:l ii»,,,s<: t-.k,~t;'t~. ifa,t,t<:<.hl<~I< (~. ~~t"t-l·@fo<;M~ H~~t:i kt r&M !,~· #'i..~· •~2lt'1'1~'& t'>'s't-l:;.1 ~,:,i 

;o,,"1'Sfi11Es l~ m.~ w,...~d 11.?.pre.s~nta-!ion: of he ::arnp!:£! i,;a!ue;; ~ c'her,:l'ati> ele11erts defimct 11c; h".e 
rnac .. oo!u,,..'* twa>::i£:r ot th$ $\t:1~* ~fi~d ,~ 1t1iSa p~'t or 1$U.•~1${.: l44$liJ. TM i.l!;;'.~ is ;.,!~r tom 1:ine· 
f:f)tlt~:Y:t 

""" .f~\-, I:· "''>[) -~·' • I · · · · I. ,,. ·ii: - ;, · · t · · ·• , ·~ .;_,. • iis,"..,lo. li · · .:~ li · ·/<ls:, ~t-.,. ;s~· ,._;,. • ., -~<'s t1ie~u t.ts...,-;1. A ""L, ,fi~ngtMlr !t'H~!i, ~el:~~ ,ca pi~n~i gt,•>'Pu -...~~H!;;.;N ~:e::'i"!e!th:t,S ~ rn .. ~o i.,1..,<J~, ~~ ~~-.., 

!tla~u!'* p;,.-~hes- lh.e 1.:e:rti~--s of *e tri.J!'.f!!;.1Er m~-sih e,<.err,en~s a~ re..-'t;rrad to . .J:$ ~ p-$1~. The 
1sk~hVln::e ,-'8-Qrnen1s 00;";,,.~e:"l ncde p,.'li:,ls, Eire refetred to as e~es i\,;,--0 trfa,ngles &-::! aq;a,cent if /:hey 
§fra~ a i<JJ)1ft1Dt1 fu.i,~, . . 
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~m:llih mo:1:it.~t Tbtt @rn~l:cii d~r,1~err;-imt~ ~' :!h,:::: m .. <lJ!;!: f<--;Qil~~ d .~. rn~h fror:1 s.:st~ lin~ m~t,:Jrn.:;~ kl· 
th~ ne~t 

mi;H~1s ~ot~1p~mmtl:mi: 1'he ~1~ (;lf nmtlon ,.,.~i:.br~ b i:npr~w~ -lht1:• eff,'ilen.•~.y d th~ rr~li~\~tw1 ~1 
!!aa:npl~ vabe$ T~ ~k.H~'i 14$ rni:31.bn ,..~tklt~ l:o }*:tNi~ otfoas h:k, m f'a:$! atirlh::.tr 6:,iiiut~ 
r~tit~'f;e VOF<S: ttt'1tt:iimng preAolidy d~toctW $Ilfriple v~!Me-s. tnat ~·~ tood to iwrn the pr®tilctk~l 

nm<ti:-On v~dor: A t,~,:;-clin1is;:n:s,bn~I '.•'~ct~ t-lS.~ fa~ rnotiG,""-i •c-0::1:1~~~ation 1haf µi,i:>vidl:!i$ an ;;Jffo.~t fr001 
tr"® t't>tXct:in~t~ pt}1iHt):tl ll<i th~ -tt.m\.~'it j:iiCM~ ~~ HMt'l t<} It~ t't..-"-Ot,'.:li'l,~JE]. t!'l 1 t'e~fOOC~ VOF. 

m~!tjplie, .a,uxilfary eonipoo1ents: t.·,t:.zdim"y -i:>:.'<:-'11pi)fientEl ara defir:e<l far th~ 'i/OP :lJ.n .i:il p.i~B!-,b',<'·.Pt~~i 
b~~b. ~ncl ,;-::,·mt~in i$.si:b rd~t~cl k~ 1h-~ vi4t? z~~t $.i,ith .~ di~.p~dty, d~~·M1, ~~'rj ~dditk•n<'ii te;;,;:t~w~·. Lt) 
to three m~~\Han,' coo,~lflMW {if.:t:!uctr~ the ·@rijt~C?lf~ ~J1.~peJ we r,ioni~~, 

rni::m•inka 1:::;0-d~ng: l~ding ~f '3• rna~·ociDCk a a VOP th~ u~~s inf.Ofrnalk~ b:,.--fu ffDrn ij~ff and fmm 
msr,foo!o(J;:g;. ~-iid ·voP~ o-ctwring st '!A~er tirn~. 

c.r~f.l!t<!ihle flD me-sh): l,. rnanlfold 3D n'lt!,s:h for -;,s/hieh an, mie:nfafo:rn i:~r:i •t<g cha,sen fir ead-1 cl its 
fo:i:;~,~ suC:!1 th-1.li fur ~ad1 intt,ynal ~'l:%~, fa@ b-.~. fac~~ ino!r,.i~nt b th~ ®:..'9'tl! irn.:iuc~ 1:~~'o:;;i:l~ m~'::!~:l~fo:m~ 
00 t:w OOt'fM~) 00~ .. All !'.~)-rr)i}rl!~D!d JD l'l'l~l>hW$ i:'im !1Gt)-atm.nt~b!~. 

c~r~nt~~km (of iii fac~, m a, JO ~~sh:}: Ont of lh~ k,o p~=lhIB -:::yi:Jit~l (;'f·~~ring~ t:if i§:% su~t~idng 
'.<\Mt~~-

m~n:t~~lt:in ((i ~n ~~e °"f ~ 30 m-~~ht er~ :1A ttt$ ts .. :o p:;:.i~~tiie ::::Ktl&(f~O:$ r;:t h~ 1wi:.1 \~tk::eil of th~ 
~-aw. 
o:f§i§tiitt?d {tr21tifold iri NOOS!t}: A n1;ir1ifokl m m~st1 for >>.it~d1 .iln t.1J$t1t~1ltt1 ~fill:1- t~~r.1 d1c-stut fu."\t 
~~en of ifs fu{:e:?:< $1Jdh ~'ll ft:<r ~,ao,,s, inf.-ernaf ,ejge_,_ t:~ t'No f~~-e~ indr:rent m the e...tie ~~iu~ oppo..~i~ 
~ri~,;,fa~bns en 1~ 1;;:,;:1:1rriM, :£<dg~; l\'\o,.~ ~aot i mooifokl 3D m~;s.ri ma::.; bg orien~ahl~ b-..:11: oot ori~r:;:'iElL 
s~idi .ij rr~~~~ c~~l t:;,e t:d~n~d by ... ~<'l4'il~-lt1Q; ~ ... ~;;.~1s!:14'fi:~ t~t~·it~tkin for lt~ f~t..eil t\~11k:ih ni~1° l'~\lis-e 
in'o<ert:ing the. ·rlf!entafa:in Df >".lf'ie m iiBTu:~-:E fa!:'.~} · ' 

f-"~fOF; pt:12!d~t;liw-t.Clded VOP: A ph .. ti.t~ ff~il b C."-""--led u~k~ fn(;,ti:>.;.,r.: Cli-~nf..~:1~lel:t~ ~-l:mii;h':l)n fttJ!ri 

the pa~t \lO?. 

p.~t: rdm~n~ pilclm~•;. Aµ~~,: r~fui-~11;{':· \/(?- fa,~ r~fur~.:n;;:;~ VOP {!~ {;~;11n~, ~t &l e=.1r!ie-r Um~ f!wn 
th~ rutent \/OP in i:o.tnp,oslikin ortter. 
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tJ~ctm~: Sr~.ir~,. ,,>~1~1 or wr:(i,,~!rnzttK~ tn~'r§: d,~t:;t A. 8<::n.ir\tii'. {W rettiw,W.1>~~i ~):~:4Mrt, oon.1~® t,lf 
!hr~ ret:tangµ!~ rn~~ie$ cf 8'4:ii~ riurri1m·$r~1~i:er1:'ting the. b..Jtr®1~n>.:::e s1r1d k,.;i;;: t.hrtYnirwn.c~ ~f~1a!c~. 
A "'t.<i4~6 VCP'" w~;:} ~~f.ii~ t;$1iie:,,. Fu1 f.>'tc~·:i:::~,:1J-..-~ ~-1,Je-;;;, i:ii p:idw~ i$ id~)t~:;i;l ~ :#• fr~;~~-

ptetfo::t~: Th~ u.~ ct ~ ~tt:~i!;tnf ki fW:!vi~ $ ,e,~irria.--e ci tite $$11p.lt! \•aue of :$ta ele&11erit 
tt~~1'tth t.~~10 >:W-b~. 

Pf~jli;li~:t :J:ll!'f~f.;. th~ ,jm,:;Y~l<:;,~ b~t,,"<~1 fh>:e :l;'!,;.,i;U~l .u;:1fa~~ ~f ,;:I e;:~r.rpl1:;: ur 1~~;,; 1:;:l~tI~n:l .:tnd ~1~ 

~redcrot 

pr:ogras~i:vrs: Tu~ P<":J%..~rly of fani frnm~:r, "<::-n&v.!s alf ihe :samples cl tM fi:":a~ mprn::s.filnt t~ '~<1rm:,; 
~-st,.n·1oti 1~ tt'OO. 

,q~,mtised OCT -coeffi!!::ie:r.ifa: DCT {:~fi~~··1~ bsf&--e deqltant~;a'kc,rL i\ ~'ieui~~ !engfu a:::c;:l!t!d 
fft)i'ti~,t*tiz:,{} ~· q1i~ntl~f-d DCT o;.~itk:s~nfo fo k&l:,'l"hlnitite4 ~. }"R.~:1,;;if lt~ ~("i4~~ 'td~) bil:$ttt~nt 

,q~,mtis!l?S" s,r:-~I~: /,. i:;c~le f${:ror c.-mied §n ~hs b1Stl1:,~'n and us-..d by the d:a"'>...""<dlhg pr.:sce.-ss to sc~e the 
,t::,-quanti~tt.1n. 

t\~tw:~rn @tie!$~$: Th1* ~t<S~ti "'"'Sf ~~'-~-.'fall 1z:, r~~ .@~ \'.W:,(::{W~ tht ¢;~~ Mify·~~m :;:i~ ~'"' i.wt<il.i:\\ty 
p:,int 

~~on.-strnttoo VOP; A ~*~)(Mrntte..i V{)P tCf1:®iMS of t'Kt~ rmilkl~ t)f a.~t@f:llli~i.-~s Htlt}ft'-$~n~lncy 
th~ h.wnl!1~J~t~ ~1d t\~•l'.1 d:1't<,i-,h.*1t~ t~ti~I~ Hi~ eht~i!,®.1 ht &'%~iii:'@ ;i: t),;"Xfucl VOP 

re~"'!'!~e ~}'er ,'4. lw;yer to l~ re~r~~eo f:w ~ai~icn in~ ~~!~bl~ hier;~n;,'1:y. TM vl~ ... Wl~tt.Jd ~t 
ihe ref1Me11Ct! §:a:y~r z:hou!d be the sa~ ',\;aue ~s fr:€ \<idea :;:;t;~d (d cl ih<i:! ~~h<!~!E!mer-t layeL The 
fd ~~1<-et W t:,1f ii'-,e ~':ihilim~n~\·t:tit (.'l,yi;:r b ~t k1 t~ ~'il!rn.~ Viiili;;..~ ~-;. 'lhe '.,'k~,:> o::.,¢<\e:t:st !~y~r k~ ,,:.Jf the r~fif~~~;,·lij)~er. ~ ~,-... ,, .~," :, :-.,, 

n.if~i·~'f~~ VO?: A f'!l!:for~rn:.~ \/OP~ <3, r~un~~<tt~d \/OP ithltt w~~ {.,;:;.: ... ~'d in fa~ k"l,~1 d i:I ;;}oci•~d 
P/f)P, ~ c~1eo p,.\•QP. Of -~· c~j~ S{(H;,K:}-.":lQf', Re*~·~~~ VC'f":s we {J!§-,..~ fur t~'V{~fd an\:t 
b;a:ekwm,d pl'.'€!dicfi....n 'NTiel'l p,\/Q';:~' B,\<'UP:s, aoo S(GMC},'d()f.$:s ~E clero~. 

rntula:t lri.~mgl~ {iOf .-i, ttia@g~ tft}~f A. tt~.g!~ Of .a, Matxil,t ~~~- with ttx.atl\' h:/ti iK:.t~trt M~n¢!@ ~rn~ 
edge:·s::. 

rntula:t \~tttx. ({l\f ~ 10 @:ros~}: A 'ic-&rtt:x w .a :m t~1~:'5h hi, tt.~"'i,#1r t th~ ~~t of lt);)..~nt @~~3- find 
~ti4~:fll fa-t@ ¢.¥t) •~ ~~~d h: Jn :;~}!;t~':t)~&--::~ ttqV~!'X:~ tf' -mig:¢~ ;sl;:,~;i l.¥~~ ~lth fo:"*( ¢~1h f~~ !rt 
the ~1:::-qt,~n~ ~1> l~itifK§#d by faf,' e::l~~t ka,t1..*'t:fa~!dt piez~~l\r~ JW~.i t\olk:.wdntJ it ln ti:1~ ~q1,i~t¥..:$,. 

r~-~11: ·th,s:, -~"iii "ra-s.~r•,<ro' -,,,,hc.,"'i us;~cl m ~ d.-au~~"' dofifiii1g l:Mi o:,dc,d hits;tf~.lm in,:fo::;i~:o;,;; th~t 
the 'r~ltre nmy b~ u~ed jn the !\.~t%e: -fti.r !SO/EC def:med ~;·d:er:&bts. 
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M~J@l:i!H~r Sn:ii1tii!it? is tf~ ~ii~y ;:if a ~et:,?le.:r }J dwt::,:J; =~n t:it~tr~d $-l"-h# Msirl:l~~'l:~ t0 %qt~.Jnf!: {l 
f@\.'0f$ttw~<i ~equtntwt Mm'et:1"'<er. \...'$.ef~! ~·1rec1 @ ou;.mt wt1ff'l '$tlb.~~l$ ff!;}= cie<:ooei:-.L The m~rnmum 
,e;!,i~$-¢l ~ti;tl ~~\ th~~ ~e :$.~cl~-4 i$ t~ fir,',lf i;,-iM':i~t:ti iti thee ~~t ,A1ith i::; t;l::l§~~ ii.he: l::.'#,e;ec §<!Iyo:#, !;;iiii)i'i M 
th~ ot~r Wts.we:i::lf1'1$i h tt'!! $$t ~ caood lln £hh;snce·r::1tlrt !S:f'ef. 'i./i/mn :a&ir~srJfli a, spedfr:, 
er)1;:lm:em~n1: !~yer, '~!ow~r !~}~f retiri ttittie ~1t$1nla~~ th~ pt~-et@~ tt::e e.t!1a=rt,"tWt~t~ ~y~r 

nn: Toe rumoof ct zeio c~ffk!er1ti pr€t-fillifl;l a ?iC:,~-Z~'o c~wnt t~ the $C~'1 (rder. Thi: &:@>lufil 
v,,iue- cf !h~- nl'.ll~¥Z~":tf ,ix,~ffkientis caHed "hS\l~". 

S]GMq.:'VOP _t..,_ pidure fa;;,1: is !:::x"'.d.ed using 1:i::eikfion bas:aed aft gia,;""-.~\ m:r,1kw:: compr,r1sl:lli.wi fa~n ·frle 
j.'.!1ii$l:V(~':l, 

~:ah1ri1tlot1: t~iifa1g ~ vak:e l:h~t e:,;:c,eedg; ,a deh"ied r~'"lge by ~mng: its. a,•aitle to ihe- mm:imrnn :o.r 
rriinirrRm::; of !h~ range as apµropriafo. 

$itt'flpii~ ?Kliiy.n~t1 tm' ~ 20 tt:~=~thf A. et'.)t:;n~dwi t(1mpiztt~~"'il .t)f ·,<;,'hkh th~ du~l ~tip,h i$ ~ w.,~·\ A ~kry.)~ 
pclygon ha~ 0?;adly an~ b,:.Rind~-y .. ood al:l ifa ;,.~rlwecs fo ~"' tM: ooundat;,•. 

~@attrdnt forest (t)f a gtai;}h}.: A :MA1{~m~~h oi ./.'l ,gmil1 tt.1ti1Pt%M .Qf @im t>t mom tr~~$, ~h N~ 
1p~r1t1fr'~ ~= t~''ir®N~d t::S.'i:ttlf'KVmtrf g:f 1h~ i,lrn~\ 

i,ati:.ii p:redtr;;tlon:: ~n::,'"d~1too ~\~d imm ~ ~ooe@ ftfu"'l1f,: d $~ r$"ret~'%-e !tw~r i:re'«o,.1ff: t.i~ci ii 
spaifa,~ s:c:;3:fabilit:/. 

i,ati:.ii $~;maMity; ,(},, f'YP{; .gf $~~Pilit':f wt~~ an ~fih*1f}~ernent !~y-er ~!~o U~$ predicilOO$ fmrn 
s~'1>p~ dafa: d~i'>'@ fl'L"t11 s !,:g;,"er l;a'.!,<eJ \s,ifhi::ui us)rs;g manon >.•ei.ci:crs., The !ayers. :i::.m hi3,% d~r.ent 
\.tGP ~~~$ {.-cr \.fQP r&;fu.!: .. 

$~:ll~ ~iw.: Tb lt!W~ln~1100, -th,"@~'ik~"1;;::~ ~1d \:::1t.)*Y i1p.h~ ~~-m far ~n ;;:.:,i);_jt~jt ~;,;Nd~ cl,;;:¢t. t.>K:<t Y~ry 
in farm. 

sb.tffing =(bjtS:):; sti..1:ffing (~).·ti;;s): C.1Jd~-\M:lfC::~ fh~t rrmy i;g h~~~d lnfo too e,._""'>dg.d ~titro~rn !'h~t ~~ 
di~~ct-.~i in the ~tX1l1~ p~\'.:il.~1;>"$~.< i'h~r pi..tq;iJs# i!ii t~:i ini:.~·ce4fi~ lf'Se blt:ijto;:; (if :h~, $tt~~m ,,-/hli~~t 1"l .. :mld 
,l;l::...%Er;,,.~%~e t1£:· b·/,'8" than fhe. de5.ked bitr~e. 

le:~\,p:t.lftd ptei:-4:cti~'it prl:!!J!cfo:.~-s ti•tfr\.•e:i (;·~~ r>lei~t~1t..~ ~-'0~ olhet, !hieir· th~>.!!,e d.e:f:we:d ~~ ~p~:l.i~I 
f:!{~twfkin .. 

~~al s.c:.i'.lbbs~itJt A ~\,pas:, d i;;cat;;ibfaty yJ;ia,.~ .~ti ~nh.;1ntmS'l~at::t !:;;'tft!r :i;ls.o M~~ p.,"'1diofo:im ft"oili 
,,."'~l-.i., ,..!,c,s:,. .,»:l,,...;.C,,""',l: .. fr,.,.-.., -,..1,v'-,~•· {.,,,,,,,. "'~'•1,'1 ·>''"'*'•'l" .,,.,,,,_fr, .. ,<> ~"· i~,, ""I'" >, .• ,. . .,,_ ;,.,._'-:,...,_~;,_,,,!' .i;,_,,>W<..~ "'""" ,.,...,,i 
~·o:.+:~~t.;-hu:, (Jw~~ 11;_..j~,c:~·.,:r~.(i: :.,;itX,\":·! i t~ :~).'-\..·it ~-1}C})...:..,~: M.-AH ·~t.r :-::~!.-/·m• ... ~~ ~ ·~··{,:,,;,..·~~*~- t: :::~ ~d.lf~" ;;.~ I ~<t«""w ~~~t~U'l'.~ ,~~~-=:-~, ~·~&,.~~·._ .S.\t~-.ti 

0:U C~!1 11~'<'.i! d!ff~'"'t:'nt VOF ::.iltB'a-., 
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ll~\l~t'$~ f)n:W.r: T~w. ~r@§-em~l ore;:!& tiet:e.rmit~ wr41i'l ti=r&"'t,h t'~ hi? ~H~'$r~~d fo:g.t $ ~~1~ f'.!t.'ltHtlif.}\J 
itiar~le .. 

ll'N l-0-00 tm ~ :so rne:jfl).: An t~lm'nfu\~!l: if}tl~tw.;;-t of '.:"Brlfa~s mw edt.~$ oot.IDmnQ the /10-.,~ (:te1t~d 
t.y c~ffhl;J a a:o rrse$h thrt1u9h .a tt~ of erlg/$ \-,,,m·Hti .~ f01;-$st $pHt ,1p$ta1iQt. 

ls,;{;a.r,g~ t~~-{of ili. ab mQ!i<h)·. J.. s.p:.;n.1::df'9 t.r~ ~ Ih.so ciu~ g,"::lph <:<f;;. e:.-:i:..'Xt:>AW.l~cl ~ffi';<>::tMrt~ ,m ::l 
hiar~.i!ar 3D nw&~. 

trfan:g~ nm: / . ., ~lllh ITT ~ kia"'1{!~ !tee oo)..·•,edfrig a :first ~Ef cr f::r&'ir.h~g trlangl!?c ts:i ,l:l la~t le,.~ or 
~-,;mching triql~ 1:hn,.~h :row •Ot mer~ id~,rn~iafo t:ia::"tgks. 

M~n-u~Ji~-- :U'.l: mt~'r A SO ~)~ih wiM tt.i~'Ul~i..:ir f.W~$. A~>, .~ 10 f;-Wth ~1t·N "'Ii ~~. p;:;)~w.»<i:)~i f.~~~ 
h .. ijV~ l°*'#t 'lth-mi;_it~i~i. 

wrnable bi~le: C~afa.-.n whErE, fuea titr,~t9' vat~~ \>;i~h tirt1e duri:.~ the de.::odl~ Df a a:::c;:l!t!d 
b\1:t\:h~~). 

w.riabfe ~t~ ~~mg;: ·vLC.: }\ re:~,;~~~~ proced~""l?. f~ oodi~""lH t~'t assigns shoti~r ~~-~-\~~~~ lo 
fo§~tmnl ~vtmls :and long~r ~°'<l~'~w .. vd::. k:c ~ fr~:,-"'-;'1..1!S!nt ~s.,~nfs. 

~M:!( w~fh (zyf' ~ :ro ri:wm1): Th~ gt~~.., hn:r'l~~ ~i ~'!~ \'~iJi~t tw!-'.:i ~h~ ~~~~i ,~ ~h~ ~~D tt,~~1 whwh 
do not :::;,:.~~~x.~'id ta dual grn,f*; ~,:zj~:,. indu:foitl in tb~~ f~~ for~:t.t 

~tl~~ rnn; A path in ~ \•~r~x t®~ tcr11~Mh1 ./.'l ll$t i~~f tl' t-:1:~n::.:Mt~ \•~t1~~; ~o ~ l~~ *'@t or :ornncliincy 
\•~tNW ~hr~:gb ~ft~ s.lf f:'1~~ lt.'i:~~ftl')®.ifa,1~~ ~~U:(;M ',;::,,~t1it~tt 

vid~o bt.~ff~t·ing ~mfil·.: VBV: Pad fjf o:i typ,:.,tlw,fooiil ~'&t.'<.:.~· frmt fa, 1x.l!1t-~p~u3Ht 1x:iri11~:d."@-i kl th@ 
oobut of too t!neoow. !ffi. put=µti% ~'§. ti:1 ~":t.W~ .c1: .t);::..-,,~"§.1rnlrn ct) tM Vflfi~tmtv cl th@ :t'~t.§1 mro that an 
e:."'"'!:CCR..~ ~ eriitin~, prt.~-cess m;~y wixk~:,;e. 

VlitIDt} COO'.!pl@)dty ~i~i.it:"1':; VCV:: P~tt of .fl h)'.jJ~h~fa::;fs1 ~'{;'(}ti:,~ !t~t k~ {t;'f'fC:~:4uaH):" ttiYl~~:too :ID tl'l~ 
00-~'iA cl 1-h~ t~!"i~®f Ii.$: r,,Wfmt* fo. t:) rt-o-\l@ ~ ~-l\$!J~it1l ¢>:!'% t'W ~~~•;lh1l~!'t:; pf(¢~$lti~ ~1i--~!f~ft1¢ti~ 
of "frw: bitt.-l:m~rn ~;~i &'1 '$n'lx;.;:i-t"!r or ~dt!fog p·o,"l.~"$:s; mi3J:i w:::;wt'@. 

'•lk~ ~)¢tw@y '\l~rlf@r; VMV P®':t :;::3f ~ h'J-'>s.~1)~tktii ~fo~~"kW th~~ k~ to.')"l:t.~st1tJm!y ~'1::,,~'!:ti~-'JI t<:l th~ 
t:.mt-:.t~t Zlf }h~, ~ncz::rl~r k.~ PJf~~~ ~ k) pr,:%•1de Ji t:-t~)~1r~hl till thi:! rn~Khwwri f~fe:r~r~~R- tn~fiKll'i 
r~iulr~rn~Ns o~ th/3 bil@'~!:r1 iliflt <fil\ et~:aoclw. tw t!difa1g p,moos!§. t~~Y ~tw::l!J~·-,, · · · 

~4t~ prns'fil1tafim1 v~rifi~r: VPV: P~1 c/ ~ hy:po~w~al ~jeo;.'rj~- tn~t i~ :e:1t)C.~ptt~Hy ~onw,cwd ~J 
!h~ f.!:<;Jl,_tJi.il oi H~ ~it.:~~r. ~be p~f};:;<2!-"':!' i~ ic, ~,rt;,,_.~~ ~. t:;t\:11:eikiet::ht ,;:,,rs lh:~ ti:;,1;<;inlllffi ;ir.e~~nt~iot1 rr1~i~t;if'.{ 

'""'f'l":•1·="'""·~·t"'· ,.,,_.: "'°1"" ~·t·""t"""·:>.<>"S ~k~,.i "'°IC< =""'-"'•i:i:•· 1}0'' ""~~t_:,,,~ IW<" ""'-">"1· 1"'1''°'' •1f'""'' """" 1-..,;•\.·,:~,,;i: ·i,;.~,q~i,;._.,;,H ,;s w:! t~ .'i;.;,, ~~ ;~.t·"--'S·~~::, ·1,.B·-t<1.~ -!X: t ll,;,N\,._..V~.;.t · .. ;.~ ~·M~t~ I~: f""~'{<i.!'1-,.~ ·h~~} ~' r...P1"il.}•.; • .,.x~ 

,ti~ :!';;(!:is,1';:;son; The h1g."!i!}s;{ ~)nbt>ik $c·tr'utfur--Sl of t.oo.'is:o:.i vmc;o t;;,:it:t,·tt-c;:;i$1is.;. h :ct,:,rfaj~.s: <:i1 oorit>~ M ortl':l, 

r,r rnxe 1)!:.'J{md idoo clajed$,. 

ii~em~: the twWJit~i {vif::u~ti t.-t:w~1\Qor,;{k:<:4 J.t tht !'n(!t~h ior~ut.i mw i~\"'' tn,1t fa, 'i'~'l.~@Fi fXrr~,:!~oo with 
ihe ~h .$Cit.mi! i;::crre-:s~~tlng tn: a pi10,:1-E!St'S!. 
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vi~~t31 tri$1ogfw A vtnvw &i<'l~'O!@ i,;; ~ Rl@f 11~Ji'zj~ ~-tw,:t if' nEa~~f-*V, .~· Hw ff~xl t)f @ ~~ltiite,~ l:i 
~iF'!fi! \he ~nd (If ttw ~titlc,,1 io tllil ~<::Odee 

VOP t~i:.irtrerh%9i: TJw i:.m::~si of roon.teti:n~ th~ . rnmnstrut}~ci VOPi 1,~i1@n me (~'&~iln~ on~r ts 
d}'n;~eM frum the =lX!fl19't$illoti n{,de,t fut di$p;$f V'OP fl;Olt:RStltlg C¢t.tlf$ \>'<tl$1 SNOP$ i$:'1$· p.$.$>$1~ in~. 
bi;tra~n,. 'fhee is n~ VC'JP r~i\~b:-'TIJ \<.•~rt d~~oontl bw ~l~:i Mt~tr~~11~ · 

w.~p~nsr t°\~~~~\~g ~Pf-<~eJ ~q ~,~h~'l l;l! '*d~ ';/qt' f:tum ~ ~t'l8l~, ~t~ Qi. -~· r,i;ki~ni:,~ VOP. H 
C(}:1Si:1im. of <:li, ~~,M $p_~ti.1l tr~tw~~,i~1~titi:l clrken by .:i fe\'"' mmlon ~~ramtrern {0,2;4,6,ff\ !\.":< r.tl.,f:?\•W 
!uminan~, cMH1n1~t~~ -and stlape ~1f-0m~a~1~'1-

.zigzag ~ca:,'1rn~ ~: A !t'.pedfi~ ~,~~fo:l m'\.ia,lng ,;.J in~ GCT cci-e,~deci:s frm~1 \~c\"*fn•:hHte!y} 
#'® k:ow~:$t ~ij(fal frt¢J¢:":it)" tQ t*~ h$ht:'M ... 

Th~ rn~1t~n~tk:a ~.p,~ratt)'H~- u~~-d 1\:i l-re-:*x=it..!€' tN~ pait of t~KVlEC t449t ~fl!:-! i~mK~r ~o lh<.'.\\.~e uis.:t:::.i ~n th#: C 
txt:tit:~rrtn-:it4 t,t1gua~~- Ho\~'~""·~r, k-;t~>J,..~' {.fri,;f~ofi:$ Nlh !n..iti~tkl.~ ~'\ti tot1ntfaW a~~ $~clrlt1-'s?dy cltfo~d. 
N:;..~iti:btl'l!tti "*fid ¢i}'l;ll'lffi'~ i,;x~ ~~'%':;f~\!i l'i>,,.,~fl fr~i J~{¢. 

!ti1~~'i' dia,,<,,,~jt,,'1 'o<iith Tot ... ~'©,)fo:il"l cl ~1t i'~s.lllt 1D\\$ft1 7-f.!nI F!* f.!:%'.~~1d~. 7 /4 mcl ~?J4 ~'e ti~m~~t~d ki '! 
~n~t -- "!/4 ~~tt l,L.!i <'Im lt\.$l}~t~d k:i .. t . 

lhkf@:ef O:i~·i!'i:.,;..~'1 -~,1th r~..rn:dirm ;i.,, :th~ !lf;o;l:R~~ h1t~~r. !-t;;df ... ifrt-t:!gE'r ;,,,;1:h.ies ~ to .. n&~ a\'<<aY fh:rn:'. tei'ti 
unk*i gt%y,.,,_,.,~ !.(.J:~·tff~,;t f<'}r ~;o~~mplt:: Wi'2 i~rcwn~~o.z, ano yinz. ~- romO$OW··2, · 

lti!eg:f:r dh,~fon ,,-,,if:!l $~;;Jn dep~'"'n.•ienf: rs<;RmdiQ..J kl,~ rn:at-£'!sf ih#;,get H~if,,kreg$"' vaL~swhas posiN~ 
;;:i,~~- r;c.i.,~-d,,",j -~w.:;;y .f~m ~i.,"O',. ~l'e,..-i ,·di""~ -">..:>.~•f'-''¢- ~i,,-;: r~~n®d ~c1:,,.,,-~t4~- ~~'¢t. F~· o'o:X~m~.;.:;, :3{</2 !:;, 

n:.Htwe-J to 2., a'1d --3iH2 i~ rnii.mt~ to-~-~, 
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?: 

logi~INOT .. 

;l;';c-:!o:(:: 

.r-,::-!) 

r ~t ~{ :{.~;'<..~~#·>~~~;.'\'i ~;~ fa~~Z:. 
(,:;:<)J};~;'i~t.~.f.~f"l:? {.,l: li) <:>: ., l .t-- ~~ther.:~-s~~-
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E!tl ~trk1tJ. !efi M firnt wher~ 't..<>ft" ls the ~ tn ~'i:ihkh bt $1rl:1gs. m'@, \irl~n: in &fa pi!tt ti mni!EC 
t,H-96, Bit ~trfngs .~$ ~ri~m!1y ,.,;.,-ri:tt~t'\ :M ~ is:Jlng ,~f fa ~t<l t~, ,..,,ithiri cin,;\~ qrKit~ ma~s, !ll,g. 't-000 
ODJ1 -, EKaaw:s 'ti1hl~, a bit ~trlng aro f-M ~as.:e (lo;f ~ad~ and ha-,,1: n,:. siglifk~'1ee, Fcr e~''l".:<e11iern~ 
!~\l~ rnh')Sis. m~ (ii);:_t~::t.K~'lr&iit "'"'mt,m ~n he.~tietlfl')e,'l, in l!lfa c~~ :;:.on\.~rn.ii~n ki ~ t~lnJt)• ii Utt 
to"iveniionsil =t1:~1n~r \">~I! '!<+~kl t\e v~iue of !re· hii ski~, Thu$ this left moit hi::x~t~®c,lr:~;!'l!l dgrl ~ fa~t 
ant in ~aeh hex®ti~trmi i;.k1tt t~ m,;:;:~t si,~nif!t'fil'lt t)t ~tw Joi;,=I bitt ~i, f!rnt · ~ ~ 

\<"afi~~ !~~ c®e, !ef!: bit tr~t 'i<',ner:e "ieff' H':l~-:::i lsi th~ •.:.w&i- in Y&idt h~ \'LC ;;.,s.'4ts:i iii~ "~tlt:i•.;m, 
Th.. byte :t\f<lar of mltitbJt~ wcr~~ is r:n,:,~ '5i9')~1c~mt byte fl~t 

Th~ tirt~tre~m r~trieved tiy ihf, tt.~':ictf,r ,($ ®~t~ in ~ttdais~ ti.;t ea~"i ci~t~ ~m lfl tti~ btat~m ~ it, tm,~ 
typB. It is =~~crib-a:§ b.y im. ~,:&~~. it$ ia•"{l!f:l in: him. :&""id.£ mr~f11(~Hi(} kW!@: :(Yf:$ }~;t.:,:;:j fy~il§f!Jnt:'@f!l§J1}h~ .. '*...~?fl:. 

lh~ ~'ibi'i t®J:t@.d h'.J ·El• OOt't..\,.<il::"\ct ci&t~ ~!~i~"'lf lr. ~' bilfil:i"Nii.m d~ptmdi ~~l 'ihi.::; ,,,,~fa..~ I:."' th~ cl~k::! ~bmt%·it '>t'1d ,:m 
tfaita s!ement~ p'@VS>D-1.~iy rleccded. The decoding cl 'h~ cl~ra @em®":l~ .and ·d.efailli.."l'l of:ttle s.1at.s \'=mi~b.,~s ui~1:J in 
~ir d~<;:,,;_'fa1g ar:·'$ ,fo:sel'il:m:d •~ ~ubi:Ji\'!U:$~ 6.3 .. Thlsl foikwng cc,"'lritr:U~l=s ;ef'$ \:,~<>rj t;:i e;$')"e:$$ t~ c~r~bns \•c/h~ 
tla~131 ~~n·llit1m ru':@Ptfilit1t1t ~1d M:~ h1 ncr111~1 Wt@: 

'W~:i\IB { tX'fltjifa:tn ) { 

,cl~~l( .... ~i~1=¢1"il 

if ( rondMon J { 
d:.,~tit_ tt=h.Wtl~lt 

G-0nttiWl:.~i~ 1~~:.i.~utit=-n ti UM r~ext rnpi:.ttiltm ;)f th.'l: ni=N.1ri:.mt 
N!ll~ct.,-9 l,X.':ip., 

~, the Gi:.mdilhon is tnJ.e, then tile 1k$'l J:rot.1p r1Mat~ 
ffff.in~Mt'$ (:<l}1;:.V$ n~t Ir: m11 ~J,.1:i;~ $H0:~.w1:1. 
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for ~ "'· rn:: " n; 
rlat:a,,et;em$fll 

n-fil gn::;up t:f mit.i ,i;;wrnrn1ti:.. oei,x;ws (t'="n'l} mYK~,, Uc1Nrnmvni;Sl 

1xn-wind$- ',#lhin th~ qn:mt~()! tfotr~ 1~i~rmwts rn~~v cl~pr:nd 
tif>, 1ht:i %1ltKof li'R} !rn:.1p c,::mlt'0l v~ri;;.~li~~ twhittl !:$ SiU~ it) 
m kl( thH: fi ~t :Grn)UHM)t;t\ lrKt\<;it'f)lH)!uJ b) on@ fi'.)t 

!t.,%il.1n,1h)t)'(i)fi1n'iil11t H'tii ,~~V bt tMMi:Mt iJi'ijWtHy §\li'l:tK,@l 
~f~ .;;:t~lt ~~~!(~! dft~~t~~~ ~}1,e :~~)'t";:t~l:it. 

1hb, s;yn~i:ii~ us>t:s thiB 'C-cooi:s' oon1;,i:sn~,n ;ti1at a v~tj~bli:s or ~X§::f~:S::sion 1:S'l'.i,k1atng ics a; ~~·"!-Z&~ vai,~ is ~q,Ji:.>'al~r.t 
to a t:011t1mor1 t"'l,~t i~ m.,.~ '1::'1'd ~ vl:lmu.\.~ or t)~~1Sion ~'alL~t~ b <'ii :~ro v11}J~ ~ &\Ul\:it~''JM. to ~ ci:m~i'l:h:::~ :fr1;::it \$ 
false-.. In r11sny ~:.~e:">; a !ii:ernl :s:~ring is u:&e:e.i in a nm&~ioo. Fer .e:,,:an~!-e: 

in $~ith t,.ij$.~~ 1ht Mtt .. i:l ~ltinl:1 b ih~t Qzi~J k~ ~~<..~il~ t'i¢ Vitl~ t-<f iht b=it~k~-~-rn e:,~t:i:~nt in $<'\.®:-~l1Mit $,:1 i:n '!t"fai, 
~Kamp•~, ""''® ~. m~1 ·r~'tm1©t@ic •~- ct~f1oot1 i:'1 ~ T1aib© l:i-l4 ro oo rnc1~i;~~tM t:.v ttit tvti M bl!tuy l':'fumt>~r 'DlJ. 

,~ i'!•~:t:d lht· gf()ti:p KJ i::k~4 ~letntJ1\'.$ rm.~y (:<:mt~i11 nt~t~i t~1:cli'lksn& ~.:,w1~tn.K:;w, f'z:.r (:~mp~;;)tt:%'~$, it~ ~t1.R%tt~; { } 
.are ~11::m~,.,;j when oott &ie 4.lt~ e®i1ffit 1\i®\'<''$, 

'\Afri~ m* :§}'flt~t< h ~'.KWl\i:i;;~1d k1 pnx:~1d,)t~i 11nn~, •~ ~l~)l~id rif::<1 ~ .)':\<:i;;W~i tk~1 ~ubd~M!:W •f:l ... ~~ =irtt:i®i~,l$. .;,1; 

~s1ru:;k~')' -d&1ooding pm,~i:sdura .. in ~rt~;mru-, il: di:sfa"l~~' a r.orr~d ~.cl fil:"Tnt'-fre~ •hpt.rt hi~!3.tffi>:!m_ Ach.~i >:k~odi,Ns 
fM.tM it'ld~'{!~ m~,:'l~ t>tl k.~~ fur tta~t tt1rlt~ In m'&,"t io t~:gin oott.Yjlt){.:l oott~t:1.~s\ Mt! to idtnmy ~~'Cl!~, tt;ltl~'~ oc 
Jrm.,~1l~"}i \\-+M~ d:$/:\~ii-19: l~i nw#.x);.i:,; t~) i~i,tJy Ji.\";:t~ ~il:ii.¥t1R's,,"i~, ~%i 1h~ ~¢fo~~ ~) t® 1,~J<;~n, ~·~· t1t<t 
sta:rn:~a§Jj~~ert 

nm ~ut'l:t1iei::~ b-'1,t~.i!il!;;l!'iM o r.t~rr1t ·1 if th§ tt11:1:'%11t J)l".,Mh<n ~ on a: by:w bwndary, lhaHs lre ~--i:t bl m the tftsiraam 
Is.. t~ firnt bit in ,;;i ~yt-E Otherwis.e J ,eirnn:s D. 

't~ it.mcib,"1 ~,~s:ibits)b;tifilaH~:n@:if} tduttr~ ~ bit s!t&'::,g 'st:,lt~'i!i1 w-l:\m ~h;:;;: n.~d h}1t< Jigi,-,,~ r~sifon_ f'hi~. p,"'>it.l~it0s 
,c-.,"¢1"1pas:i:;,:,r:: ,::;f :a: bit s~ing '<,1h ti!Ei 11.-€:):t tyta ~izjried bit;. [Di bf.1 tffitXJ:~a tn 1i1@tits:tean. ~ Lhff- :0llff'$m: h·:~attm rn ti1e, 
1::.\1:$~~~;:,:) 1~ ~k~~J\, b>tt~ ~lif;.!t~1 ~nd ih~ a bi~ f¢.;)\:i~ti~ ~h@:ttiff€!M t.:-t~t<in ~re ·Jt 'i ·· i t H ', Ui@ hti $.'\JO~tqk~ii:t w 
.·~· . "'l ~-.• : ;' ' ., ~·· *-·, .· ~ . .... •.· · ... ' .. •. ·.·. · ...... ·.·· .. .• .. ···.·t· .:. 
tn~~e 8 ~,~ Jre rfttirn~. ~ .~. ~m-e,";:,. ~icai;~"'l 1n tr:e b,mream is not i;~n:;;i~d l::!'.ii' l,11s fanc,.:iJ'l'1, 
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T~ t1"1;::d __ ~forlP~ki{} kmdfu.'n ,~11w"'~~- ,.trnf ~~r;) tit ,:md .;:i ~trhg d' i:J to 7 ·1' bfa l$~J r~~ ~ffin!.§ ~,,,;,-l. !>;!l;~~tt~- 'ii~ 
fW:'~t :);;:~ft ~(,'{jij 

Oft:e bit ........................... ,;.;.: .. l 

Th~ rw:d:_f~yrn::;;:-::n~rk~~o fo:rct.ibri tfilff!O\>~~ i::lfl:::{ Zi&sJ bH ~ .<l! ~lng cl O to 7 'l' bts U~'t-"tl 'k;.§· ~kiifing, sim !m~-1~ 
~~ t'ru'.t1 ~-®:Jirm i't'lel1tt~r; if ihiJ~ p...~ii:.~~"t£ sirr1iifilt ~wta~kif.'t -~ ti@:i<:\31t1:trtJ.:sx..~O but ttJ!' r@~'.il'i:t:.)tw11keL 

~''''''''''':''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''~''''''''''''''''':'''''''''''" ~,,,,,,,,,,,,,,,,,,,,,,,,,,,.... . 
~ mt:.i:1 __ ,iam)'t::-:: .. n'lln\Vi~,O { ~ ~, of lm:i Mnernoni~ 
~ ·> . ,-·,. '""*" ~ i :-~v ~ "''~.!l:· .. ,.,,~. ~ . .__,, t .......................................... ': ...... ':': ... -ss.~ ..................... ': .................. ':': .............................. ': ... ': ... ': ............................................................................................................................................................................................................................................................................................................................................................................................................................................................. + ................................................................................................................ .,,. ................................................................................. .... 
~ \<it~w (!b'x'l~~l~~rlMHi ~ 

i l ~ 
&. ..... t ..................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ ........................................................................................................................................... :... ....................................................................................................................................... .... 

The funciio,,~ ·h~ti:~p;a§'.~~t.}fl:l:>[) r~tlims 1 it thfil currm1t r:r:~i:n::i:lb.(:fK c~ooi;s,h cnl,y of tr~n5J)arenf pi,.i;~J[t otner,-,,iSE it 
rttllil~ @. 

iht Rif"lQtbN h~i'i~)~i·entJilook(iJ retum:$ i # lh:e l:Ltl wfh fr:>t!eA j .;.~',tt$i~~$ t,~·ft t<f ti-~,\~i\t'.e:.t4 pk~'$. (~het°'-~"i~ ii 
return$ tJ. Thee ini:rex v.J!t.~ ror fa<::h b:.\~~ I~. ~fined iri fzji,t{': 6,tr 

Th~ fon;tk~in tJ1l:\"~&;,.-:in,}'<~·-JJfl$1l~~w~o i-en:~~~1~$. ~ $.trln~ d ; r l~:'$"1:.!d U,)f $.~~ . .imnij frZln~ #1~ !.4p~;t'~~rn n~-w~~~- \NJ~1 
t"M rt~!<~~}~ alf~®dV l':s/fo m=@:!Wd ook~ 1M b:YM:"~!ig\Jrn'".ut~~~ltl() lt.t'~!m'i., ~~it'{;~~I tj~ ~tiJfllt.'@ i~ M 
l~}~~:r ~l~\',,~·;t 

1'.'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~ 1'.'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~1'.'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~ 

b~·~B ... atgn.Jrn ... wP~"'tn,s~,,'l'ifl { N~ ... ~f: blu J\fu-e~l(:i:ni~ I 
while {!hyw ___ aii§.Z'IDd[)} 

l 
l 

ThE (:e,''tns. 'reser:.,,~i°' an<l ''fort&jMn" a!'$ 1...tSed 1n the ~cnptbn of sc-c,,~~ v~ues -of Hfi/9:-:a/i field~ ir.. tie )::ld$tl 
t:-i~~ream, 
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The fowm ''tmirk~r •. JiW i:mli~ilf~ ~ Qfl~ bit ~-1fa~~r in \<,,fo~h ~r~ v~ll~ ~fQ ~~ f@L'i,;.._"ld~n (imd ii th~~kf~ iii.ill h~v~ th~ 
v@lt~ '''.1 '\ T~se nci:arterbiti 1.ue biR'.&l\lcoo ~t ~·•t-$'~1 t~tin~8 In the S'trH~x ~t) ~\it)l~ stat ewe wnuh~fo:n\ 

:!n order tt_:;, 1ei:kme @8(::t~)~teie~ beti'i~tin itu~letri$f!W~"'i'$ of I.hi~ ~rt CT# ~S:.QIIEC 144~, the fuHoi,\irr@ ruie~ far 
~!h1§n~lc op~'fi:~fu.1n3; am :;p~-'d~tt. 

{b} 

\N~"®r-~ ~nthi'tit1iti t:it~mitkm ~ t)t1t =!;',:0-~f'll~~~. iN~i1 ~~ in \he ~~~'i:.:td~tt.1n cd thlil mer,, tw M-eci~ic·n ~h;:1~ oo 
s<;.~ffai®:1t ~' th1:1l :s;tgnifirant ~rrm~ do mot ot,~ur ill tr:m fin~l !nfa9~r \t~fo~$, · 

\,\H-woo, rnnga,. of 'tirih.tes are gi~,~'l'l, th~ e,-.,,:l polrlts ~f$= iodi.,J}:ll$d ff a $q,'...~t:e bt~k~hs tt>;;"'S-=a'i( ~ ~Xcitded 
W S: Hil.mi:f t~·w;to;:,et i~ u,~~t f1~·r ~x,~11¥..~, i~ , t::} n~,an-; frm-'! •~= 1/:i h. :iMil:*.1ino ;;i, h'l.Jt ~~duiin~ h. 

c~:t>e-:::l 0.ii*J,il d;~~~ c;m be i:-it ~'iter~l dffi'-en;nf: typ~s. tUjh .s~. -;,ddep data sff t.e-.xt~Jredaw, 20 m:s!M1 :data or fl*iisl 
:m'lim~~;f; p,Na:rrwter data. 

S;.,mth~1k: til~~':t.$ ~nd th@r ~ttdbt/11':in ,~f~ 'i!itiuck,t=wl kl ~ h~nirdi\:'~l mmn~ to 8U§lR'·nt Mfh bi:1~trii:l'a11 s~h~ifoty 
and on,..~t: S:t-&~bliit'/. [50/!EC 1MW:i~·U900= of ~he ~~df;.'t.~tkm j):,'1),;ikfu,~ t~m, a.mJt~·;:k~ b :~iJ)~fi=a'<~n~·rn\ iM .. ~ns 
~11posithn inc.\iding, ~U1aiiv~ 2:.'I}/3D isoene gra,µh r:~e,,; ;:i;ml fr:e:lr ::::0,<n~.0-::.ifon s.1.1pp..~Bd by Eiffi'if)' lmerchange 
Fi:~n~i ~J~ficafo:t). Al lhis ~··,~{, !&)111hdic i>!nd n~~ur-l:l t~~ct ,(.-<:,'t~,pt,lihlon rnlli@~ <:'t1 !&om:c t4.400-t:-H<9:1 ~'<'.~th 
-s.;;..¢$e@..rer:at ~f'!(:f'i.{l,JrrrK~t~·~} ~~~ling p~i~nned tiy tn~ ,~!:P~Ht~~1ioo ti,_,, genemre ~~cti\('.. :;,:i;,;e.:.,-ori~~ \~'l=s~- ·ITT the 
rno1~:s-. 

CMoo vid~ d.~t~ ct1n:s1!1b ut att Gru~fiici s~ ct t•id&c) ht~t=:'~W:@.. ,t~oo ®)&"'S. If th~@ fol :tiriil t.n1& !aytr. th~ &.."l'.!1&d 
\<i~--o dab; !S ,:aH~ ~n,s:c<iirab!E vidEC> ~ltst~m. !f thBffi: are '!>..,vo !ayers CT m(lf~, t~.,; ~-a..~d vt!eo i:ra:t.i, is csi!ed :a 
SCi>!l1*.,i~ hiiimm::;hy. 

=on~ d ·tiw !~)~rt kt ¢.~!\~4 ~®t l~Y*'f. ~nd= lt ..:~11 iV~'ll!: ~ ti-¢(~)clt4 h1d~pt'$'tfot1l~y ()!htr i"1'.l'*ft ~w. ~~ii~d 
=tmh~nc@m~nt l~j1~;:rl, and can ;-,:;~)It t~ &K,,.,d~-d fog~1fl~· with ih~ kw,:~r 1~:.i~f.s {i:-=t~vk~~ l:llf)'~r~ iri th~ GKi@r@d ~d), 
:§ffitti~ '=<'ilfl'l if)~ b@tt lWlM. Th~ l'M11i#t=>.il~ ;::;f 11'®:@.t !&}~ts,~ d\9'.:U~&OO ~l !S0}1['..G 1-4.~st"-·l:t&ti.} Th~ W!M !ay~f 
d ~ sc~!:a~% sset of streams ~.&-"1 ~ ~d by ether sl:a::"'i:..~r<lK The Eriham:::-e.maent layers ~h:all =oo..~-foms t-;) ihi~= ~i: of 
!SO:m:'::C 14400,, !f.~ ~1'®:~i falll :fr~U:,ll[ bi~tfm:im ;;:;:13n t@: lfa."tts<ght t.f ~!S -1:i ~y,;•:ifach~: hi~rnrdll{ \n \~lhi~'J ~}~l;;icfa:: 
-s.tn..i~lw~$ ~~'1f:iilh ~- Qf !Y'l:iW~ $\;;.~$~_:Hnat~ $-W.~~\-ll'!::~. 

'Vi*~~i t~;>;t~r~, r~t~-re;:..l tz":i h~~1 J:s s1m ~xtrn-e t~~;:faig,. i::\ii de:s\..w*'d fow rnslntlining hl~.lft A$l~i ;~~il)' ~'l the 
tr;&"'tsmi~sla"s aM r~tKkrhg t,f t~xruro tM\tmr =s'ltd~lt' \lJdocl vl~;,::;tn@ ~~"'l:tlittms fJi~'t,~l ot ifit~t:aclk:t'l ;o:'/t?i 2cr:'\iD 
~)'l"l~fo stef'ie.-s. &m il.1:.~fure: o:x:fng p.r,:>vide-s f'l)r a muiii>!ayer r~~s~~ta:fom of lumira:-.~~, oolor ,as:d s.hape-.. This 
$.z~ft)f™ ~-t~r-e~~f.,,e tf.m-1~::!:\'l~~bri ,,;i lt~= l#~it-:s·~ ft,;,' i't"'~--e bi,d,h,ft iiil$ it i$ r~~~;e:i~<'t:d bi .i)i lei=rnifl;;.~( N$.1;.:, ~upptxt~i b 
the ci,:,:,.,.,,n\'".!a\'.lirm (~f the ~e:;:,,:t.Ne re.$':..1/uthin hief:~n:ty kir ~$Uli..iC&'1i"l w im=~e ~Wf:'il:rnkt~ w~et:J, l)'!:' JD grnph:t$ AFi:s,, 
=Qu~iif'/ ~!'ld SNR $'¢'~~t.fii1y @f~ ~t'f,t,~~Nd ht th~ Mnvti,1~ ()f "*Wl l4~hit~ ~~{:i,.ik)W 

=CG\i~1 :rne~h @atij e;:;oo$/$m of~ ~ingl~ mrM£.~:~t~k1~ t1i~t=ei.;itn. lb1> bi:~~tr-e~n::1 ctelne$ foe. ~trucu .. we a.~ :ffA1ti0:1 oi a 
2i.."1: ~sh ~':i~i. Te;i;;il.J~ t:'"rat is k, ~ m~ppi:d !J:>"lio t~ rne:sh ~on,;;etr:y ~is ~<l..~d i~~~tay, 

=Ct'zjoo fl:tA t~.£it~i~r ~:a c&1~i~t~ {Jf t:m!:t t~".i-'~1.:ll~~ @t~koorn. H tl®fu'i~i th~ ~nim.:itlon cf th~ feM::~ awt~ oc4v 
rn~-¥.l cl the cle..~:le.r. F.Eia ~""Id ~--zjy :anirrni~n d,~i:a .~. s:tructt.~ as st~~rd fum,~s ~- d~,,.,~ni~~~ mo,..~s 
-1Eintl 11-ll!:ir ankn1:1fr.'i:!~ t..'fmtrols, ~,-<l a §:falfi~ i\,ry~f of =t\crnp .. ~~~d fa:{.~ a::nd l't,dy ~nin1i:iifu:;'t) 1:m§l:!,:ffi~t~rn ~s-~d :ftw 
J~:ff'\1!.~ maniP'J:~fa~1 of t~ 'f~ce ~'1\1 ~~Y rrn::,;,.:l~. The fa~~,e, ~ fl node in ij, ~re gr~'h th;it inc}~ fs(!e gmTre~tr:f 

·.·.·.·<·:<.>. 
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f@~t}\,' fi:;J ~i?;n-;i=irirl©. T~e t)<.<;Jy ~. J/$0 '% H0·4f ih ~ %c@t1~ ~n~~t) thiI! irelt~~~ t\".l(}}"{~'.J's'tf.!t~r H?®UYV!f r@nrmfi~)} 
Tt-.efooe r~:<lebekin9'S1\1 foe ~re:ne gn;1h tb~t ii d-e.fbe<l ~y tr.a ~xty ~~::.<le.Th~ $Mpe.te)i.ti.,re ~nd :&.XPf'{i$$/i;m$ 1i 
~h~ fi$(.*" ~r~ :g~i~'#il\" ~wikd~ bx i~~' bi1$~iii ituf;it~krt19 lh~t~t.c~~ :;>f f""~tt:iJ ~fa1Ji>.:'.~-s P~t~ti~~i· {fDP} ::s•:#:1 
~~fk:r F~dat Anirri,eimn P.aras-net~ ffAP) sets. Tm boov is .a/~:. ,o,.,tr.:.);'ile<J by in'S.al'lC::,"':S- =llf &"<l\• Clannitkm 
'"·""·""l'''''"···;s;;· .,~f;l'h =t~, ,.,,,.;<i.,,,_, (:,,,,,_,;··· <'..,.;.,..,,,,;~!'"'"" p·· -,,~.,.~""""'" {,;;tA''" ~,,,;·e0, u· ·~""'"'· ,.,,'~!-·"'' ,,,,·1<,."""'·'l'"""' "''"·,,.,•n:s"i-i~., ~,._.. t:::D,*' r.-·~,:t~:-·:i:~-=s.~,J ~{s:;,,1::.1,~ • .:r·~ :~~~ ~~;-~'...l~~ ·M't•·~~y·.,~~tl~;·~~~-~~=~ .. ~~~~:n~,=v, ... ~ \{.;.~ .°f'"~J ~~,:-.;i., .. · .i)°~:..~f~: 1:i·~hr~! .t:;~ :l .. •~~;. ~·:e* )i.. .. ~4~~~r~~:,:u;~~~~:- ~:i~~ c:·~~ 

~~~t f.;on.i,imt @ ~~erk: fa~-::f!: wHh ~ nfil,trl§l €'!~J>r~l~%':it.1 md ·*l @~'leiic b.1dt wih ~f~tH f.J(~tktL 'Th/$ ~'0f.!et ~~n 
rat:eb~ FA?$ :and 8:AP; :h't)'f:!, th$ bilS:loo~-n ;;ind ~ stbs'!?qJe.'1tts' tenrl8*ad ta prod4'Ce ar:imaricin Mt,~ f~ and fae 
~·dy. tf FOP$ ~n<l BO~ ~r~ '1n~n~mitfod, ·!lh,,;::, :g~~@·i,;:; fuc-~ &..'<)d k,,iy o::l:i® tmmf.o,n~~d kits:: a r,~r'ifo:.,.,'Wr fo,~~ ~n.,_-.\ b,;,~y 
of l*~iffu s~~ md ,spt)€'~;s'lf'M.~e, A ®\,,n1'~"1ded f~i;e, n1\}!jet vi~ PT)Ps 'i$ Ji sterie .gr,';:@"l fur ~'!$t:wocit1 it1 th.~ f~"e 
~~-le,. and ihse 10·:N11!oadad ooo) moo"el %ta SUPs is a :s.:cern graph t...~- irserw~ of t1* ootr n..-">tle,. 

A '.i~u~l ®J~ct ~;:'loontt fo,"h"ti:&~,t,~. ,Mm ;;:i, \.~~~L;)bje~t~~~-wnt~j!t~tt._ .::x.ioo: ""'·'M.::J1 ;~ faiki'>····~ by o.rm <w m:::<r:e 
'-''tS.t@.il !JtjE:.'°'.'fa cDl.if:i,d CT.-;:,,~f:rEmfiy. Th~ t~1i~l ~~ ~1Hffh~ ~ ~ermln:$:ed !::J ~= 
,;,i:s.~~l...:D~~t_,s~qi..~noo_:~ndj_corl"1:_ 

A v~~i~! ~\ie..:-J r,:~TI1~"l~e~ with s \•huat_r:.qjed_~fa,.~ .. u~.P1e, G td!o..<i~ bi prtmle ant le,ve! icle~rnratbn. <!,,,ti a 
i.41~.~1 ~~}~ct 4., ~ni;i i~ f-OH~,,~'¢tl ~/:i •.l!, "'1,:;fo~ ~+t~t ;.'! ttm t~;.:t,.~·:e ~i~t, a: me-sh ot{ect e1 in FaA. ·::ibJet;t 

The: ~uem)(,, ~t ~h,· (*itp .. 1t d ~/)e (~t.xilng pn:.~~·;,;,, t<xi~it<;t$ of cs1 ~n'et ({ r~0.11s:m..~t~d VO?$ ,re:~ra'%d in far;e 
ood ~t~ r~;aj~d kif t!t~~Y •.Aiii i!'1~ o;.\t:rtpomk,L 

A frarne ~,:msish ·::rl' lhk~ r~d~t~®r m;,1tri~e'~ cl in:teg~ns: ~ klrni~:;iJ'l(:t rnmix fYt .&ndh\'O ei~rt~mir~nc~ rm.fbciH,. 
rc~~M en ·· ,. . . 

i\ r~~~~tmcfad vor~, ~s, oot~®;W by &.,...,,,,"-O<l~ a, ~odoo voP. .. A to:ieci \/OP rtWsy hi'l/~ :ie!:.!m ti$:i'ied from ,effiig a 
l~t't~-~$'~h~ i:.~ imerl~(;~d i,:;:ii;~'l:l:';, 

:2, A F'recclh.:Ji~ ... ..;;~t.iecl {PJ \/OP ie:: .:it '/OP v,h'tih i;;l t....;s",.~d 1,~fr~ r11$~\'.ft1 ~$tip-~'1:$~,1e># ptedi1iut~ ft-t..tr1 is p~l 
~'tere:noe VOP 

::1 A Sidkecfa<l'ia!fy' pr&iidlvNo..-%tl {B} \tO? isa VOP \.'.v~-kh is .c-_.«decl uslr::g rr:oli:0'1 a..'"'1:liJ:161Sa>ied ~oo~ from 
a r,-;~'.M &"!ct'i)r 'fuhJre reterente \.-'OP(*'), 

4. A ~f%it,;;1 (${ '0/Cf! i$ a \()P b ~ spt~ :obi}ect or ~ VOP "vtiich i~ oooed ii..liln~ prei:Jret::)n tase,j {;,n 9lcyhal rnotk,n 
i:;~t1p.e;r~~~:kni ft'<a:.l,m ~ F<ll~\ f<:!!f~n:lni::t2, Vb:~. 
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IP/OP~ m~ ifri;;;:n~l io ~m,ist miK~~.~ .tci.:.e::s:i:. irto th~.l ~t>;,JU~oi;tt_. Ap.¢ii;.i,fon::s r~~tiifki:y ntrn:Jwn ~-.,.:;~~~. f.t~t­
~::::~rd (J!@\-OfRci:, m ~t rev~rse: ~\1~\i'.i®d, inay usiz ~,V(?$ ~Bi~Be"e!Vtre~.i~nt!·t, 

GK<..s1p d' \/OP {G,i:)\,) hi;;::-\'ld~i- i~ ~n ~rii:11.:-·:n~~ h®iKw:r th~t ~n ~ ts'l>®:l rffm,;;;:dl~:©f bi;$'fwiz, ~ c.~~cl ~-\/CP fa_,, ~m~ttt 
io ~h~ decot,;'i''. 

ij th& ~~1.\.cti.~ :p.:;;i,,'<f, (l.~. th~ {>.Jn %~C>.1-~d ,snits.st cif fl',-~ film~ ~-;;;&< f.!As- :h~ .">.:...~-tVC1,P b i;,.~. ciii;.ph:i_.~d :;aff_,w; h~.1-iMg 

d~ix:-.;.,,~cl ~ G.{}\' t~ilidi:sr 

-~\\ ): t~w tb,"%..~ ~)t.,t--i~*t~i~h~ 8-\.'t)Pt lrr~Tu..~:fo,)t~y frlk::-'<-\;:it\1 lfw. iX:1:fod 1-V<>? -~~ri b~ tlli<:-z:-ii-1iti.,~t..-~fJ pn:~rli in 
ttw ca,:s.~ or <>i ra,":~-;m acci:ss-s. 

ki :.1: t~0:!'1 ~c~i~kA~ h\M~;,Fti tit t~ b~$-~ l~/~f -t:-if -~ ~-t:::lim.\.~ bit~h~;:.;lf!'\ ih~ fo~,t t·,z).:__i~d \/()~ fi::#:i:t,,,,'k'$ ~ (;()V f~~dllir 
$.h~i~ b~ ;\l ~\.:.·,<Jetl !,,\'(~'), 

k'i 1hit t~~'};~t ~w. Ct .m-11.i Ct l'~'\~ldtti ~h~i t:it i:frW. h,1if 1h~~ im~ '1f 1~ '{tn~lfb; h l:.:¢4h ~Q,":c@..~'<i:M) ~t,-d Wtik~! 
d~m>l,(nsiorn;. Th'@ ·r-m;;itri:x: s.h;;ill hm.,~ ,;in ~veri rn1mbtsr oflin~ a§'Kl :samµl~:s. 

'T~ k~t',)!~;,i;'}~~ ~t'id :thi-¢Y!it~M;¢ t~ti'il:il~t ~i:'¢ ~~®1@,,'%.~ ~~ ®X:N,t) itl Fzjl~riil :$- i ,lh.\i t\w.) V&1,'*tK:<i1$ ~'i t:~ "~ti.i>t:~! 
:ic'~nd t~01:1p{.~-~i po::~~itkmi,'1} {i th~ ~~-ripl~ 1hr inffir!a(~1 V('.!P$ ;$:,~ sht:J:wn in flgl;:r~ f:;;.,;( ,\lJKj Fzjurf.:! B,S. 
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Tlie bln~-y iilt~ht p!~-1~ r~i- t~tll 's/(JP k~ repi~ttlnt~l by !t:i::it-tt1~ zt .a ~Xitt.!fu'i!ei rei:.rltir-~ *-i·~ {J:e·@tH:.~<j fu1 u!mit-e f.2; 
~nd !t hls ~hN~/t:. the -~1n1~ rmmb@r :t'l ~ne:t; m~-::l ~Jlxe~ p~r ~lne ~ th~ !uff1inJJT1f}e pt~.iw d ttm VOP: h.1ut~iing 
re¢t~ngJ~. The tIDsitk:-t<i$ ~~.~-~''"' the iumki~n::e ~1d o!t'oni~*3~~ r.j:.:,el~ ~ ~- k~wdln.,; rectar&e ~te defh-ied ki 
¢.~~ a!sis-1~e ;ie~irlg k, th>:! ~:t:D fo;~"l~aL fct.<t th¢ P.n>§t~~ti'<'¢ -c;i:i~-e-, o:e-ath :~-:,~i !l::,la4~ 'l)f !un11~i'!>:~ ~A~~ ~~ lh~ 
bamdit'Q rtda~)Jl:e ~i:&{mia~:§; kl t'i,,~ d11.*~fr~ne§ pl:~!. Fw he hterrncoo t:at~, ~:&.~J~ 2¥1 ~Jek ti ~uminanc-e 
pltffi~ 0:1 t!'1-~~~me titld m tile !!NXnWi~ r,ect~~!e ~~{),Cls.te-s; ro @"@ ffin::t11in~nce l)!;~ce or -m~t fa@:t 

:In ,:xder to ~:srft)trn !~ p,lddbg prtx~ss t::~1 thi; t:,,-"t'J chn:rnrn<.ln.~ p.{~r~t!s,. !t i~ ne(:~~~iry' ti:, g.ener.§t~ ~ blr~y iif:.<-~~a 
p.!ar,i:; ,:;,~'1:k:t1~1~ the:;:;~~~#" n~m~f Of Hn.~:;; $.fG pJ~e+'£ ~r hw si.$ tt,e ct:rwr:ln~nL~ J!anE:-:.:.. ·1l'$J!:'fO.f$, vlh~1 i10n, 
$~!a~~ sh~ ~dit:!:l !$,US~, W~:$ !:<hat\' ;~Pt:a ci~M $.$~ia:te1 wth ~ ¢t°t.fltiTu""1l;i~ cia,tt~ i:$ ~ecl fro,'1~ ~ 
bmm·y aph@pl™1e &"twc1a~e<l ::,·,?llh tte !tJrnlt~fs;.~@ plane ,y ~he ~rbsm1fii?J.g prc,,,.~.s~ ~~n.~ti bt!o,.,,,: 

fori.%101 :liLl: i't!@k (;f tlw· t::iM('.l ii!lph~ pl~":ie ~-Od~te,:,J~.;;,,ith th~ l1.wrnn~11.;}e ~~~ne offil'tl !},,~1Jt'}1ing r~cl~n~1e' (ol the 
:l>&mr fmm~ fi:.;·,l' frm ~~'lJ§nt."&~11~ ~.mt 91' ~h~ »...<trne ~'t::!d fo:ir the ~ii~erbc~ cm~}, nm ~~~vd~1~l ~iKd 'i/~t..~ ~:if t~m 
binary ~Ph.~ iMal!:t $$~i~tecl \'Yilh #:if t:hromiha~~ [Nal$s (s .. $~ t~ 2i5$ if ahy t,he:'l d saiq 2~:2 bbck ot t~ bl~rY 
~lpna p~n~a$.$tl:i~E\d \,\1th l~ iumira.:,"ICl::• ¢arni eqiJa:lsJ&:i. 

\iV~n a \•~~ ~\~1 ~y~r ronfaif"IS ::::od,.,""1i B-\,'OPEi, t"i~ rflJm~r t:A t:i~"'iS~}u1.isie@ ~:.:;.<l~ EL'iJOP 1~ ·,-,~l'faLll;l ~t~ 
tmbtlUt:1.i,,.."'d. 'Th& fit!'!it D;);.100 'VUP sr';.&l! Mt b~ ~ :B-\/QP. 

A vk~ (l©~t~l: =\~i,t:·r ~1-,,~t -o.Jnt~ih t:¥:! cKi~d f.,vot~: tir no roded S{GtlC}VOf's . . ti vlclro ooiatt ~a\:et mat i1so 
©#.'1~l.:lin m oi;ded l,\/0.''F·~ l:n wh~-:h t~~ ~-mn-€ C{lre ki r,«~iJh~(t ~t ~ht 8tmt of the \1idI© i:1h_ject !ay~r and o,-\i~hin the 
'>Ad~ ~J\*~ l~t~f' t~ ~ff~~ t©1h, rnwi6::ort~ ~(::t~,~:$ ®'::•d @Y>:;t roe®'>'"@)'. 

lt'!e' ~~- or the t~o..1ed 'i:lOP~ in n1:e hb,ire~'rt ~i%1::, M!~ct ~~{~1ing order,. :s ~rfi: '!ltder in ,,,,,Nth a -d@-oozwr 
re,c.~st-1..,~ts, th~,~1. The ~det d the rs~~'1s.fa1~ted '</DP~ # m~ ~t:pi..iil ~-;-,f tm~ ~,".'siih<j: pr,~~~~1;, .:#!!~(;< -t?,~!!~.,J lh~ 
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;$~pl@i (:ir,:Jtr, •~ ntx @h:i:}l1'-S thf?< %t11m: &1;. ~t~ de,zy:;,iJk'<s;o txd~· ~r~j thJij sut!i:ftl,lKl<J.:fi J~ftn~-g, ~ rui~s {if \,~) P ~·1J{liir/r~ 
thtt $f®li h~r:~t) ~\%lhin ~j,w, dli}C~:fa'@ W~-C~., 

Th~ fdk:,,,dr~ r~ '*''} ~~~rr~pl~ ,ttf V(-»--~ t~;~"\i fotwf~ th~ b~-1!h)Nlr,g t'i ~ vid~) ,;,bj~(;t l~t*'r. ki ~hh; ~~:;lmpi~ t~~~ ~r~ 't\>,stt 
corl~d E'.-\''CP:s ~~,;-,~~n st~ccc,~:ssi~·~ c-oo~d P-\~P~- a~d al.a ts,<,;-;;:; o_,.--<l~d E.-VOPs. b~hi~n R~~~h;{:\; GJ>,.~ci le- ard 
P-VDF?l. VOF '"l I:"' i~ u~,ro §1} fttm ~- Pl~dl-C!.it\o--t ke°"t· VOP -4p·, 'i/QP~ ·4-p· M)d '11' im b,ti-,$J'i §JSOO f{) re.nm Pf~t!~"tot\~ ft'<r 
'd()Ps '28' M"&i ''.:h.B'. There-... aI~ H1E a"\i€r d o::ried \iat-,s. in fue 0;;°""~ ~-eq~-e~,e :s~l bl?, 'ff, '~P', '28', '38'. 
fi;Jl.<:,~i'Bf, U;,e ,:fo,:.,;:id~r i,haH di;spiay t~~·; i~ th--rHi~oor 'W, 'f'B', '3ff, ',®-"":l'. 

1 4 2 3 ? 5 ti 10 5 9 1) 11 12 

p B B p 8 

,t!o. ~1~roo/,;.-<$. c~t~~~ ~ i~m-n gf tt'l~ km1W::~n~ ~~TlPl»'l~nt ~nd th~ $pi.$'lia.Hy O:.':irr,~po-,'1dim {~~Pmloon~ 
ro.-<11p:marits. The tern; m:oc;mhlook can ~itl<iar Jt!fu.r to so;;.:in~ aoo ~oded s:fu.fa .ru- b frieo r:i:,rr~-sp.;;::nding: ~~ied dat~ 
efen1en~, A $'1dµped i·naQ\111k:x.ik i» (it1e: t-.:.w 'sshit~h n:,:.;, hfw-rn~~k:in !~ k¥tMni~it:0J. Pre-~et\llt 1her~ l~ t:l:i:'lki ~~ 
t:::hmminan~e -f,:;i~11~t -fgr a m~P:ti~~- r:;~lv, 4;2:0 fcrrnm .. Tile Of~rn 0:t l~<X:R~ in: ~ rn~f\ml~k il ilh~!fatfd 
ooow: . 

A 4:2:J M~ro:.l~i; oo,si$ of 6 li~ick$, This a'fucture w-ds 4 Y. 1 ,Jb a,nd 1 Cr t.h~ks aw the bl~i, 01:-:i'er is 
~~ in fig.we S-lt 

r, 
L;;J 

(h 
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for iri~ «~~~ gf ~ pit--:gt~M,h't: \/OP'. H·~ ~ntedl:.'l~~ K~g fit tti~ Vt~~ ht:~~,} ~~ :,cd t.o '{'i ~rn;:l !ht ~,g.~ni~~ll~m Gf foi.::~ 
of tun1M1.~n~ VCf! ink'.:! rt1&tl{.lt:.-:,~ks iii cai!eti ff~nw ~·qwi!i,tion m1a 5 lltm.trnt-ed in rki;)ure e.-.i, tn th5 ca~,- in.~-<ne 
OCT coi:lif'%lir;, en,p!tye,ti. 

fortti:e: !~$$ of h~er.-:~ic~j VD?, ln-e ir.w.r!aced flag ls s-sr to '1" an-ct !ti:<$ w.-ga:rwsaMori d ~ll1:$S of iu,,11/narce VOP bto 
rsN;J:C.f!:;<P}~*-1 ,;.:.'l;l:n 4~ ~m~~f fr!:lfn~ ::'.lf~llfi~fo .. ~,1 ~.,- t~M ~~\1-~fllt.~fo,'f~ -;::ii~- ti~~ i:,'<:ih fr~m~ <;f,-d f~d ocr {,.~•,Jn~ :'jl~Y 

be• 1@00 in Ue VDP. 

-11- ~' #w ~~~ d t~w.:-;.~ O,:"::.':T ,;:,..-;:«m,;,,, '@~,n ~<:Jt,i;,~~'\fiJ~;~- r.;/1.;:;k; ri~~ll h~ ,~(,f<,f>~"*"'"d ef !~"',;C.j,~. fu."'t~"<'- t;,,;;:, J•?~L-1~- -~~~-.,~~".."'t\4'. 
Th:::"S h i!IL~trakcl in F%""ltm 6-£. 

... in th~~~~ i:i ~k:$ D-t>T ,;..~~ik)~, ~~h km1ki~t1~~ bk.'l-,tik ~h@I l~ ~?.tm~~~~ <>i ~i'i·t~ fr~f!'i <:ml:;;• oot ,,f ~ht 't>""i:~ 
Jfok.i:i. Thfa;; ~ ifa.istr.§'m:d in Fzju,·~ (,-7 

{)ft\<' fr¥'1'J-~ DCT ~'zjh1ij ~~ ~~ht4 k} th~ thtm~l~~'K!~ hh:X"**· ff t!Wi)i;l ~~ net@.".! ~h~~ fr,:'}(i;j ~~~$'.$ f)f~\'.lkilk~,i f;:l:.~~' 
1~ ~''pliei:l ft.>i th,..~~ ~hrnmin~nu.,· bki~$ 'wNd1 \<>W r~t~~~ pr-eclk#,~1.~ ,::.it .6t4 ~~k:iti~ (~iter h;_if-.~n:i¢e; @~kt~), 

The term b.lM::k tan ~fer ,,,.iJth.""11ti soun.""$ arn:i t~~n$~m~-wd datl:! ,i;w ~ the OCT coeffi:ie."'lts or to ttie. QC<,'Tiiwoooing 
c,oo~ dlt.a i;!lerr:ents, 
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W1-1Ea~~ tfm h:k:idl: nrfwr~ VJ f%:lU~t'f'. ~nd f'$t~(n:$.trtm!:¢ti d~tl it ,@Mrs k) @n ortf):)IJtO$l ;geh.:in (ff ® ll~1~n@r~}12;,> ~r 
ch'tmin&""b~ wrnps:it1ent ,.,;-ftn the s;ii-,1w r,m"(~t· :::4 \kws. mid $-.:ilrn~w., Thei~ ~re B l!twi &'<tdi R s.~rnr,4es{fr)e i'i Jhe. 
t~h. 

A :2n tl~ngula tt~ft r:~<t:era. ti) ~ -~seJaboti of a 2n -sfSii.i~ ob,!$Ct tl.a::,'ie kiu:0 jt~guar P:§~ct%$. ·rhe vert~s of foe 
triing~l~T 1atc1~s ~e ial~:ed .~!re f0t7.$ .. The S:-raig:rrt4i::,e s-egmetits tet,<;,~n rs~ ptints ar~· calI~d ~~{t lv,'l:l: 
tri:Jri@~~ ~,~ ?,t\®::-:::fnt tl ~h.~J ih~rn ·~. <~1mmrt) !;'i,.1~ 

~~ ~)t~~~~~~· ·~p ·rn·~~'n ~tJ~"~~{~.\~ .¢ ~ ,~.r~:)f:~~-....~~ ~~~"\~~~1S; x:sf ~o il"i~f~~'::.~~~r ~-n~~-h~;. ·~~1:r~r~ ~~~·~ yn·~~n 1~~· ·1t~ ·~~:o~ 
t,,,~xil@Y, (;i!;Jt ~,~ r;>(ilnt iw~~lo;~ m~y 4:ifel· fm::, on~ 11;1:.~Jh Tu., fue ~:tt Tnl~;=,, ·~ ct.w1-:.1n10 JO me~h c:;;:m ~ 
s~dfl~j by th!§ ,~~~i@~t)' ($ 'th~~ irdi~)! ·20 ifl@lh ~nd tr,ofr.~"1 <;:'i,''~tltif* ~t th@ tS'::i:ii.~ ~1:1lr1ti far s.t1b,@,1Ull~tst f.li@i..r'@.:!., 
,Ytmrec ~~th moo@ 1,,~rn!;X pcints ft-001 ;;ii 1100~ pcir;:t ·Of th~ pm\i0!.1~ rn~h in t~ w~~~e ti:i the oorre6pm:1dkg 
rit,w poltt cf Um tur~~l: ttw,tft Tl'lt ct:yti~'tik, 2D m~sh cait tm uSi:i!d it1 tt~a~ ID ~r;litt::iitfo,'l,"'IB. bf m~filrifi ~~K~"® 
frsx1t ® ,ij. ~i Vfo'i·'~l:) (,,b,~~lti{ §J:!>:1r'fu~ t)t}ti tUCt'.~i\$1\<\~ :m t~~"t1.h@"!i 

.A 2D iiytia~~iC f~~: \::;,Ult iftipHt'ii' -&~'t!iji'-!Jl''& !:iH~:i't, ro ~ ID d1h~mk ff®;~: d IA',kh lM f!llH~ tl'l~Sh •M~ tllhtr t,W-.'.fu,•m· 
tX lM<~~Jti'@f tnp~\~V ht bts1h t'.~$, t~ it1j:>t:~Xii tl th~ i!'lf#l it':..%.·>·;:h cit:~$ t~Jt hin,~ tb !'.~~ 1':':c:.)11~d {$it1:t.t i~ i~ itt'{fi-d1ly 
~¢~1n,tdL oo!y t~ n~ici¢ r~h)t 1¢,;:;~!lQ;n~ ~f 1h~ k#i@? filt'$h ~~«·~ tt) ~~ (,_,~~i.imt. N~t~, thi}~ is) ~{,th fu¢ 1-mlf(,\,"t'J'l .m-'ii.i 
C'®!aunay :tJ~, tM r:tl~th fa. mtittt~'tl b M .§.fr:tJpi'&,, L~- i§ ~of1sis11 6'1 ;ll; 1it}9!~ t.'t;~Jt:wt:tM o::.~1:c-,t~,~nt ;1:dlh-:;<l.ll: ariy 
~xi/!§$ .. §t)ptll,:1-¢:t~)tt/ filJLlh'~1!m1:t tt1 a d~ . 

.A rr.Wf1h 0,,'1}'$C.f ~~~~'~""lw t~ g~T1$tr/ &)j n1~i-..'1n 0f ~· :w tf:i~gq\~J m~h. A rne~ti ~ei:t ~~!$Wot r,in~· (Sf rr::0r~ 
m~~,h t)/\fottf r,l~{~\'!i.. ®,,_ij(:'f:, t:tN!~1f-(W)ifr~ ks ~i 2n ·M&-'WiU\~i'i ftll§.<$h ~1!: .i• (®tt~in t~~t)l§ i\')3'l~:,tg )l<tt !'S'.'(&1,t)pl~ ttf o'!i tYl!'S'.sh 
ct::iJ~ i~ $~·Vi:t\ h"I the ~\-i~ ~~!Z:N,\ 

A sequen::.~ Gf m\l?:-sh cl:fed f-i!~ne~ repre,;,ents Ut.~ pie:t~,'WSl!?: ~1~1:'t1a:fa-:,n~ tG be ~wHed fo ~ ',,~':i obJ~ct p!~~ f:.~ 

iM t.~~1u~ c:J".#!t:t t0 t1·~~~ ;a, ~:f)fu~fa: .inlm~t~ \~de:). ~".ihjl!f:t: lttif'ittit'W ~~td~~ 6f :\1 vh1~) c:!\~-:l Jlliltt~ ~~ tci ~ 
\<·t,~r p~d "*~'t.'i>:~if'!tl k) ~~ tr)tl~(:'.l;) ~' ~'t!'t~~"'li~1~;f!~ td~ngA~r me~h e~'f'lt:,"'lW. T}):!i! rndion (i..t n-ie:m'i e!~~1e:,ts tl.\l 
~p..~lt'l~ tiy ttie ~··rnp,:,.f:~l (h~pi~t~n~n1~ d 1t1e rr-l#~~i fl5JZ~ p<.iitf~-

The synfo:,<.;: ~~ -s~1.~nil~S- o:t th~ m~:Sh cbj~~t ~fta~~' t'!:i the rn~sh 9.$~'.i:eWy a&1t rn!'-$h mctl}l) ~'1!/; t'h~ 1,4d$::i 
tW:.i\~~~ kl b~ i.l$·ed i:l) ~n ~*-'·tlw~~tk~i ,~ z~~~t~d ~~·-~:1.~"~tehr lw ..,~-~,;phrt ot t~;o:tut~ m~"~tl .i::tiMiiit:d to r~tdiQ.r '>'it-:u>l:I . ~ : - . - . - -... ~ . - • - . - r,--- - :: . • • ·'~ ~ ~ . .. r- - ·: r"... -. \ . . ' 

ooi~~t pl~~ is hanaiei w:: h~ ~onte~:t r~ Sl~ern:: ~et·np(:s.1t1crt t\k"tl~MlJlt:>ff\ 'Irle $}~l~X too!ii not ann,N ~pl!,it 
tfi:~~k'$ ~ ,;;,,l~r m¢~~"i ~rz:.~t~~ tlci,.<®1 J$ ~ti·~ w. tt\t\i:.~ (;(:.;irtijr~~teK 

Af i~~~c~rleif meh "Oct"-ad plane 00~5 t~ g~o.ma:1ry if a ;ii::'1we z:i ~sh .An mtra~~~ me.}:,~ i'$ ell$;r ¢' 
F;.-tifa,,"'rn ;or Pa!;iti:ti~" "t}'P~- k1 lt~ ,::ii:i:~:o ~f .:i rntl$~ ¢of :jiiifp;rn t,:~-pi;,,. th,;;; fn,..;th 90:om,:;,try i!. tmd$ci by .'ii s.m;;i.11 s.$:t zit 
t'i,,,~r~rnet&~. ln the ca$t': of ·.a rne.-sh cl De~t«ia(:l iv~. H*l m~h ~,rn~b'Y ~ oodied bJ 1Jw !oc.J1t~1~ of the oode 
~im1> ~no txxn~s:il1)' t:iJJe ~egrn~nw, Tt':t: !rl~f*tJtti:W nm&!'! ~Irnt1Uft! i'~ $Jitcii1~t ,mp!el1lttiy the o'J;-tle0 in~wrnmion 
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A t."'~&,it-t.i~W-fXJ<*'-1 m~·~h t:titl.~~t r,,:l<:l~"B 0:.~dITT'> a 2D trH'%h ~mJntr t~rnt},?rii t~e,1~1\111 fHX1' ~ ~1,t tf.!~·~:t~«e r~,i\1 
~~.1·:-.,..+ """'"'"' T· -~""' t··,.,.,., .. ,-i:, "·"'~ ,..;;..,. "'"*'.'"""' ·:l< ·"" ·r<~·=-f;"~,1·~ ..... ~""""' ~ ·"'="*' :·1"' ,,&,;,,~i,._,w,i »· iil-.., "'t· '" ~*, "'"" •4 iil:..c.,, ,..,.,._;:;.;:;1·""•'"""' '"''""'·~·'' ('...~i ... ~:~Mt ~~~~l~ . r~:... .. ·:i ~~~ i~v.~~ ~~ ~~!,;.~~·~· l:.i:~ ~·J"':-.. v.·~*""~$.J:~~·"'.C.:,.)~~t ...... :$~~~·~~: ~ f~'.;sH ~) ....... ~~ ~ • .J. :sr~ .... -1:J.: .. ,,._~J;;c.:!>.~:x=: 'll,. ...... ~ :sr~ j ~<!~: ·~~:f»~; ot~:=:~-~rt: 
~!ii~& to;t p.~,:::!ii;:;fa-..--tf b:-t.1~-.,.e::,,,,~r, lh~ i:.:¢~lw1~ ,;;,,f f'l!;!#~ t1't>w~ ri~'..<' :S:.hl:itt:,fi~\ '.fh~ Jii;µ.S~;:;~st~t~t.:;i; ~! i1t:.ib i::.~•k}t$ 
ro~ese::1t th13 moomnof he mash and aro m:x:l«l by sperift~r@·~.t\$- :rno1ion 'iW~'S of n-"'4e, ooinl>J fr~"n trie riw.~'%":l·ce 
too~h Mi't.af~,s. too pr~ic1ivl.',H.:od~ ri1filwt 

The !tx~fa¥~ ci' m~th n>:.m~ JKJin® -c-ui~f);..,nd to· !oc.a.tkns ln I~ vkifu) ot~ect or !§H! ie-;1.tt~'i: obj~ct tM~\ t1cilie ro,int 
!00.~i(i;t'.1<'; m"&-.l lYi~cm v~~'ltff,~ $f~ r~J.W~~d:.cd ~"'!cl ,;,.»-;J,~,j ""'itt h~ pi;s.~! at;:,.'-*f:&'C')'\ 

{)~1:,;~pt~1a~y tl,~ Ft$A ~t\~ct wn~)~~- Gt ~ @..,H~i;;-1/@1 91 n_')l.1~$ f} ~ $1;~':,i'; Qf~s:ih :,,~hith ~f~ ~fl!f!'lijt~;J by h~ FSA 
=t~":ij1*d bih~W@~t:il: 'th..~ !l:J~~!~. t~idtJr~ ,~nd @:ttW~~'IM)rn, tlf tfw fot\~ imt i;.®~i~J:'iiff <:cnlrt:f,'\<d hf Ht.~· b~:$c!t~tt1: 
~~~l;lirn!"'i@ in~t-a~~-s of Fa,:::iral Drl"ITTii~"i Pat,:i,"'TI:S:kr {FD.P} wfa ~11:dt':i,r Fa.:iia!I A.~lm~'tion P~ra~riefe:r ~FA.P) oow .. 
Uf..~~ t:&"i:5~11t'@ji~t, ffic® FSA d!JJ~d ci.Ji1taif1~ :~ g&ll.§tic f~..c~ :,,,·!th ~ tioi>utr~! ~;$ft!~-st1t Thi$ faK~ c:®1 ~kl.§®J !ID 
rn:t'!d~rnd. ft ~"!; oil*} ittii'1t.~d1~t®1y e~it~*-\~ t>f I®t:.:@Mn.~ tho,~ FAP1 fo:.ilt) th,~ blltt1§<c1lt'!\ \<;tikh vill j'.l\'ti-tb:.:~ i<id~tt..~1ktt t<f 
foe- f~~: e)l;pr~~iom~. ~p-a:,;-:h et-c, If fDP~, -~"e ,~~"'§tei:L th~y ~rec llS°®:l k t·an~t..-m1 l:<'% g£~eri:c rnce ~le- [t 

~@::u~ fa't@ d~t~itttifi&l by ~ shat,~: ~1,j (t1Jllb::~lly) t~X1!..JitL !Jt~itlttW{, ~ tt:.\'tlp1~~~ fa.~ ttlt-t.~ t.'%'1 b@ 
d:::i::.:;;~').\""lsde>..i vra the RJF S$l a~ a tcene gr:~~~ for im~~'1 in the face Tu-1<de, 

1tw FDP .j§(kj fAP ~~fa ~:~ t.~ti>;,,'r~ ro i:!lllif>'N tM t.bt1rfiliun ()'f :,§; ~cia: fh4~ at<l l~Xkiftl, &=$ ,;,,aj!I ~'t, atih~1i&i: :;jf 
fa('.:ts ftpi--:tt::.hJc,kl(i *~-x,~1:§.itit\'$, @fitilt>lt~ '*,'I'd %~~'R'.h /:lf':w.=t.m{°'.i~1kiit. 'fit.~ fAt-~. if :ttlth'kJ\/ li-J:~fpJ:!'S'.\~tt ~-Al! pn:idt;:t,@ 
:rnas~"iia!bly 5ITT"i/lar high !~'<'el r~st.~~ i"l wcrrn~ d. 1S:iqx-e~iom an<l• SP£1~ch ~~nwm:;istkm {)!1 diffufu"">'1t fa~i~! madel~, 
,.,,,i~hoof tM n~~d tn l~i!.i~iit:~ t..'$ ta!ibtal~ th® !'riM~L Tt.~ fDPf ~io:N th~ ~finlikn t."!f a: tc~'i'.:.i~@ f~iat &~f..~ .and 
ie~ttife in the seh.ip, ~~1:.<J¢. ~ h"':e FDP~ are u~e1 ,~ the 5eh~ ph&:ie .. it i's ~Is.:;:.;:; p:;;-1~~.i:~Je to woo~~~ mcr.::;; precl~ey 
foe- rna,~,e,"'f:lenb ct ~rtkt.~ar faciral f-wftm,ts., Using .[t phi:n~ma,bo-;.;~m~: to FA.P c:i:in:1:~rakm it h pe,.."'Si/bl-e t~ -ooss-sl:ro{ 
'f~,:_jiji Wil>Z*='t.~ @:X'*'ptln:g fAJ~ ... I;\~ 'f'f.$ $)1>WF1~ lhe, if.;.~·t:l-i:~~Jtm tt»n p;~:in~rn~$ tz~ rA.f~ •~ m,t ~UrKfop:j\~,,t ~t I~ 
a<Jc~rnwed fhat E·VtG' d~~°'1.."* ~~'1$ ~ de:fim!t fa;::;,e m~ioa{ with df¢f~t..itt: p,arnrne'\ern Therefwe, t~ ~-e~ ~t~~ is t1:c,t 
rares!s~!Y t:J Gre~~ fa:c-e ~ni111aoon. The s€.tup :~cre i$ liS.f!:d to -custGITlizE! in~ f~e .~t ttw: d&.~,il:!r. 

Up•:.w; t.,,:;,n:s:tn ... <t:fon, tl~ [k.,tlf rn,1.ml o:.:i11t;,c1:lns i:l ~m."<l·ic thlwi JiLin113n m hun>&"1-lik~ ix,.-<lj· ,,vit:.'>:i fr::~ r.~fat.l:ft pc::.=cit'..:..tl'>l3. 
ltiis boo'y ~::..~n i!re:ijnY tie ~~ed .. It It ~i~ in1rMdi~Y c~P...'m:~ of t~c~im~ th·e B,t.\f~. from tr:~ tii=mtre..~~, '<\::'t!bol1 
"<c'i:ilt pn:~w~::e ru.irnaiki'1 ct the, bcc""idy. If 8D~ sr~ ra~~;'.Bd, they ~ra ill>~ ta tr~nsh""m foe deoodef'5 ~neric ro-ci:t' 
:ki1):.i: ~ t#,irbtdw' !x:.is.'l'~' tk:re11\i%'le\i hi thlt. i~~rarnd~' t;;.:iden~:$.. Atiy ctw,~~nent t1m-1 ht nw~. A r~Ji t,Jn·ip:z:~'if,'fit :~ 

rep%~($j tiy the: ~OIT~~~ndiM :irefs,mi t~0:,·~·u.'.»~DentvA1~nthe l'xmY ii ;,-.~:%-rert!d. Sirnill:lr ~ &le f~e. the fu~\f~t ~fl be 
tr~"i~11rt:1~d ..,!I$© \..,,itht'll..tHlr~1 dti:,,....ttb>!!i:fa'$ ffi)P~\ iri \tW¢\ "'-'\~M~ fa* ~~'t:d~J ®)rtt~M~}1~ k..._'.,:!h1xw1L 

,,:::dh& \{,~'d:s. ihe km1a,r:i oody ri'IDliel shoukl be c:spabie ~ suppcrfog '.'.ari-oos appfo,a"li\':ins,, fu~-ri ra.~ll~iic ~,§ir,~i~m 
z:it tit .. wn~n i~i'ii.Ak,fK~ tiJ neh~,:}tk w~l't're:$ t,~in~ ik~1p~ h,,tY,~{,,i~~<t r:nt~itb, 

/J.; fact~~ ~ti:~ b:,):.,11· ,:_~'-s~-ct it h:itm'*''-1 h\ -~ t~fflfX~*j $~1~~'':t'"m~ ,;>{ fa .... "::t '<k"1t~ \x.-:dy ~}~¢1 t~~'i~t TM$ ft ~t::r,ii(lWi ~~ 
;f,~bwi kl F\.ll~f~ !H} 

FB/:-. O<l~rt :nH.(Jbkct '·'"''·'"''""'·''·w"'' _SHA m~x:t 
Jlm~z l l':h~w 2 Pfoi~ ii' 

Art f$Aot.\,'*c~ r$re$--ers'l3 a n.tl:d~ in an f.S.OJ!EC 1449B :;,eer;:e :gra14~ .An !S(t!E:C 14496 'i-~e.ne i$ t,'t!i:lerst~ a:s s 
~~1ip,:,.,~J0ncl' ,,\udk«',li~H~J ~tj~tt~ ~~~*'tli:rig t>r.> ~~1,e ~µ~t~ m);:§ ~mp.')t~i t~!~~n~.hlt:i-.~ T~ ~oon~ grn~"i i:-,;, tt'\~ 
hieraf\;"'Wca.i repr$santatim oflhe ISCklEC 14496 s~-qe, ;trt.'\"1.1;.,."f~ (s~ l:SOm:c 1Mlltl1 :t@S@}. 

AJl:E,i'latt,'e:l~ an F'8A oh,i:<d ~~n bee fotm~d h1 a t~11pi.':lra! 5€:>c'lti~n~e cl' ft3A. oqi~".'.f pa~ gn~m1. ka!iM s~~ti~'lm 
~ $/rnpkit~}, ~"here ea~~ Fai:\ nbje-:>t pbne group its.~ is compn~ ,;::f a ~em0}fa! se,que~e of l6 PS.cl.\. Cihje~t 
pl~,m:,~, ml< ,;,.tpk}!o,<l ki tht fo!fo;,,-.,fog: 
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: ]~]lt. ()i~(/{ 

.......... Vt~w:x. 
f'H.A.Oh_k<:t 

:P1f~~.} ......... .. .. . .. 

.~ FBA. Ot~~<::1 

. l]~K/f 

VVnffl the ·il:iltffn~ti~'$ FSA ~~c~ bil:$W~0~m $<1R~M~ ~• ~1p!Q:y;!d; ln$ m'l.$·~~~'11 5 d~~~~d by lXTi~i,~i FfV~ 
ti~j~~;.i d~tlt1t~ ~. (M:!l.x.:d>-.~1 iri MJlx.:\l,ju:~1 "/ tt:t C'.fth@:f\;;4&,\, Hi~ t:ilt!l.~i~~rl fa, d~tx);i@::l hi ~hi§! k&1i~··I::@":l,td HlA 
ct::i:i~ ©e1.}~'4iilff H~fof 0 f@:)~ (M for ~ $~~\'f0~lk~t1 ~ ~f~t/1: mlnirmwn {).nd t11~;:;\1tKns v~h.i~~ f-4f ~h FAP ~trt.l 
Bit'?. 

Th~ t\~P~. !al~ b~OOti on too §;My tif mi~ffi{lj h~t'i,1:1/ ~~©ti$ .,)JK1 ~~ ClD~l'f rn,.Zl:\i:00 tti ~~!~ ~t:1k:fl1L Th~y 
r,;;•:p·,fe:~en:i ~ crmip!ef~ s.caet cf oo~k focia! .s!dbns;, End th&:~&€ at,."j,V n~ rep,r5e'1<iiliilkm :uf rr~::;s.:l: nE'h.wc;,il fadal 
~,w~,~~~r)t-. fa~~~~t,ti~cl 1.,"'ik~t~ t:t¢rn1it 1h~ d~~1Htk:,ri ~f ~«kit.)$ lh~t :tl:f¢ }¥,_>:<tti-:t,tly R>:>:t p,;;<$tib.~ fw WJl'i't<.~*1~, 1%!~ 
couitj 01;. :$e$..~·~t,i.€ tOf. .r;~.i.~'1:~"\'=Hik:!;! chijf$C~~. 

The FAP ~t contain~ ·t,,.e;;:o h:l@'i ~k~I param~N'> \oisen~~ e.1n.<l EJ<pre~sio'lS- A. 1,•i;;,;n-~ is a: visual 1x.1rrelate fo .a 
!Jl'1~1.,,;:,rn~. Trm ',,oi~&'1IB ~an}8lBJ afo·~,,-s vi~enw m!1defr1g {\.,,ithout havin@ to ~'f~~ th~rn in '!Em1::s d Dt~· 
i~r~~~~~J ~'1d f,>f!t!}~r¥;~ ire reiv11; ol o~r r,:.~mr,::iet<:;ff, h~z,dr\'Q ~h~ ,:-0rrei..'1 r~,wi~:ttrm ::;it "-'=~trn~·., C~r:t ~t~'tk: 
1,<iserne:; \:,ihich i;ii:e· d~~n'y disti~uii~d m-e inci!rn:l~cl m h~ ;;farK!:;ard ~et A.ddfio1&:1.~ .,_,'iiet"f1E.s may be added in 
Ritt~~ ex~11~l>.'."11t .t: th¢ $1~~1,~rt:l- fah)il@ty th~ ~~?,~~~"'~ P:..~*'s'lot:"1tr: ~m~'•·ii ,;:i~fi:r}(~l~n .~f b~h k~;,,~i f~¢i~i 
e.c:>(f!f~$$,iQ,<;$. The i'~rj~! ~\~~~h::in ~r~m~~~ \<...~lu~, ~~ ~t\"'!f,!<J t;y w-:i;:m.~! ¢eiGriptoni, Y~ factltt~t<!;, f~~i 
i,inim~tkm .. f'AP~ 1h~t ·Ll3:n b-~ u~d t:.,g@lh&. t:c, r@j:f~~~-i;~t ~att.~eil @:i<:f}flS:~t0n ~~ fµUl~~d t.:.,~th&. in l"\4?' gn:.~~~' 
at1d C:§!) oo ~~i1mcti'/ ::.§tldt~ool'.l !Ji U~F:@ a,1 tr:,;p,"®1$ki'fl 1&rnm1MBlr. Th~ ~~t)fu">$§;~t ~&,~1'Wt!S'r .a!h::<,,..,,~ fut ;:'l ,,,.~ty 
@'fkikt\t ft@,:~wi~ q:f ..it1im~6t~ fa,~~' k) ~\")~\ C, ~ fa;~ ,:){ t~ PAP$ kt, #-;,,W\ t.z~1l.~r ':,~l~t1 ·~~ =FAP ~~':l)l~~t)~,. ~r~t !~'i 
r.~flnit~m~ t.t thlS:, f~@l lS:~p;:~s~~~~ · ·. · · ' · 

Ml Jh~ i::.~'tll'$'l:~~$ frwl~v,ng l;,~niatk'-11~.! fl'K},•~:r~>..~·nt m·~ e:>J.;:n~~$1S(i fr~ l~T{:'$ zf l~ l'f*':Mtf Am'n:<#fo.:1n t~,).~met~r 
{/!'if~ .{FAP{.i;. The~!!; ~ttl:s' $l'.~· ~f~ in p,..-,_ier f:i.) ~~w in~rpret~:t:bn ?l th~ FA~ {;:tfl: Wl'..'i' fa~,,i~! :model if'l ~ 
t~ns.,\$~~tii ,,v~/, tittXkt::i~~ tt;.)·i(,1<'~~1t:: r~~~"l.t k'i ~tt'i'i~ i;i{ zy.tpr"*-~'$~f! ~rn:l ~">oot ~~rtt4ti~l.,it,t)ts, ·rhry ?,~ff~:§.t~0 ·to 
fr;/K~1kxrn {lf d~1:§lfiC~$ bt!i>vt#n ~{1flle' k~v t~i::.i~i ($-.~\l..'l~=-- ~nd ~t,e ..:J~t1ni:::!d. b 1erm~ ,::if i;,ij$~rn: •. ~~. ~ce,k,~n fffi1\,\.'lt'! 
p\)i~~. The fr~dk§'l~I tmii!i> tJ~\:\<;l ;we o"!,,stn it>;¥~,,;;' ~~m~t m~ci'!:~~~ '*"'l..-qex C .,:t:;.~~i~n% the ~:i'it cl lh!!;' FAf'$. ~S)j 
ij~ fa~t ~f tt\t:! PDP ~~.,'!~1;1N} pdr-;:fa;, F<e;)f t~ch r/1.P 1~ li'$t <>t:t,«it~ini th~ n:§lti~t. :J tht1rt ~¢:1~,ipt\'!l:i"l, 1tfo1/~k)ti t.f tht 
nilla:sm~n~nt l.~f'l.:s, ~~h>:!!ih~ it~ pa:,m'111s'fo~ i:S t~r&:lir~,:::-tc<:o~l k'$:1 !~\'~ :u,1ly p;:i~'fr,..str ';;a!~~-:s) cT bi:-rl~~dk:l.!1al, 
tkth'iit~'i ti:1 th~ tiih..~'t:&1 ti:f l'f\Q\,"t,',.~)~i"it frw ~'fa;~ \>',:l:fu.~., @(Ci'JJ) t)LltYl~Y {for ct-t..iit~ of Si~~'Mld ~ft~¢tt fDP 
~iA~r-.:x,p m,mkwr (~rw~::-: CJ ~tid ium~iit~1k~¢11 it~ ~lm,, P:AP~. .~~· tm ft:J:P fa~tl..r~ r,,,."Sln@ in ~h~ imii~m.~~ 
svhgru..'<Jp5c, n1~ l1~~;,l15Urnff'~','l[ w,;H5 a~@ shi:i:.~n ln l'a:.~~ @- '.' ,,.,4,~~~ ih~ nclaf0.n 3' 1. J r%~&.::,i~'l:s :th~ y WlXtlirrafo ·Of 
ti'® fo,sihtr~ Pt,.1lnt 1.i; ~l:ro t®'~( ta f~\'Llre 5- ·10. 

Des-~ripti~ . FAP'!J Val~ ! 
§R!=B0{:1 " 3. ty ,,, ;J.Jy ,,, J;h, ,,, 3.4.y \rlt:, ;,%,irn!,\lf!r 1)'/ r~-;f111i!io11 ~t ~, :i;i@J~~ b • Faso " !RISDO/ ,H}:24 l 

th$.$: :::H~~:t~;~,~~j t_aj~~t.~l:$:n tst,:{}.~i$~:· ~.di ~O\'<t~:t t 
;Jy{'::lU) itl tK~ut.:~ hR1,; . . • f 

·······.···:·············································································· ····:'·········"············································································ ·······:·······:···.······································~~· 

ESO "" 15,,~ '" ::uix EY1}ttp.at;;){!(~r • rn ,,, ES{l i Hl4 .. j 
E!'tSU ""3.tL~• .. ,. \t ttly 2yt:: ·· tll's&'~: ~~f~l':!.f1\K~t1 IN&"" ENt,nt HJ24 

M\i\Q ~ tL:L w H4,¥ M~ih willih 1t\i/;; f1iici/cfo~f f 
.iii················································································ ·A,s~igliU11i··································································· ···:t1·~·rs:1&······································ 1 
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At he: beghnlng cl a se,q~n~,: 'tm l~ is. si;zypos-ro t~ b,e in 1 n.,;u,"tal p,,..,""<Sitlcn, Zero wi:1;1;a ~f $e: fAPa 
con~s,:oi.:,rict ~:i .1 n~utr~! f~ce: An FA~~ am- e'.;\~f~etl ~ @;:p!~~trcemt trs::sm ttie p;:,smms. 1ffilre<l ~!l tn~ Miami 
k~'t. Th-e rmutrai fu:.~: i!s defoed JS follow~: 

"' itie tJn@1e §l> fk:t, Mt1Z.Th'1ta! '~Atri fut tip of ~mg1.H' t'X.'fihif!.Q the ©i>Mnclary bt:t,fff~'l t41,~r &"\cl l©\\'ef t~th 
11e.atw~ :~~n~ o .. '.l to1Kt1it'l@ :E( lt m ftt1nirx q 
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T~ r:,p~ ~r~ t~~~cl tID cu~it.'r~,lre ih~ JJ!'<-~f,'t'bta~) foGoz ffK,i~I d lh~ cl~~i::-~Jt~- k• .~ p~dilsi.ir focoz. @' \~ ®,Ynk1;~;d ~. 
fal?~ HK-<-t1~ <.lltJ)f;l \,\tlt, :!he ~~1t&rl'W~i@1 il.lOOl~t 00\<ltiJ< a:nlma*- ~t The def,Mk::n ~~i f.lf1W.:t:b~l~'i .(,<if FOP 1B!ds !~ JiMEJ1 
in $'1Mt G,. T~ mp~. are n0:1l1aty t~nsmitt~(! o,<rye$ psi s-$s/i;>.,1, ft{*';:,,,~ !ti'l a, $zy~m of -t-~;pre:$:'$:;"tl fAP$ .. 
Ht,'>gl,!,,~. f fu~ ~M:\..*t rn',e.'!:. r:,;,t tit~,:h~ th~ FbPs. m~ t5-_~ {}_~ fZ)~PU'!; ~tm~-i t:ra1: !~ t::~h still irtt~- th; !'=AP 
~fa~1rn .. Ttdi!. lr~iJt~i!. :ff:kirr~J: i·-pm@'.ii::»1 in h'tsm:.k;~st m tei!{}t)flfon~n,cing <fypfie~~iet"i~. lh~ fDP ~t hi g;~~ined if! 
BIF& ::'iynfax (®e mOi1E:C tMW-11 &W}. 1h~ FOP M:<~ s:k,fh~~ {h~ 1'~~ rno&~l t~ .h,,:; t~~ .~J ~ {';s'(:-~hc·m: T;,t-o 
~'1Jti,<1.'$ ar; sQ}port\;"d: 

~ t;a!!bf~lt,n 1t~k'fftl&~klt1 i~ t1tw ... 111c~.®t! ~, ~t tht} Pl'~'1'~tift ~t.~ ,tJ~ 111~ ~~Ii~f t~1 oo ~t:@ti~~~tl u~it~ ~tl~l 
ff.!.~ti.~ce ro.infa, ~nd -qptk:<>"la!!~· a, 30 mesh ill ~~TI.we-. · · , , 

• a fa~ n1te'rl~ Is do,Mik<illrfod with ti~ .anknatiiX1 d~iini:tim, of th~ Fad;,il k'<:irnafa::,1, Pa:rnrn~~s. This f~:.~ ~,,~;,:.,~) 
t%,i~ofr. t'm µ:·-t~rifil<.1i'Y f.3t.':® ma~~~ in tt® rn-~·,,J\,~L 

Eli,.:P t;~r~m~t:&1 :t:t,\"r)tlh%~ jz.'::it1t 1:mgffil:1; r;-1:,~1~~:Hng i:.~ff~n~tt b:ldy p;,irt:~. Th~·~ inclttt!~:: tc~, ant!~, ~,n~t::, Mp, i;~t~ 
((>1,C7, T1,Ttr tH .. 5}. ~hmlM$f, ~\"ii\llC~, ~lb,?,Y. ,;,,fi:$t ~:4 ~hi:; i~d fln@ff;~ .. Thi:; defa/~i Joint li:)<t with ·!tie 
r~tafu.c'<>"'l r;;.:)..~~i~, m-e giv~n Im th~ irf!o·;o,,fog s.ut>cfa1~ .. ~s.~. 11'"~ rcl.afa:~ ~~~'°' an~- ~Si~umoo tc l~ ~ifr,,~ ~'1: i~ 
1:;01.m(~'ti;:;<t~;\,i;i~~ ~{:..<l.~!h:;~:; dfr~~thn '<s,(;:i1 r~~~J Ki th'i:.' n:,~ilfa.'ul ;:1:;'<l'§~1..~i ih<::!· n.1tatit.)1~ ~t,{}e~ .;lte t:i~fir~:J t:1s .ii::-n:i t~ 
the ~fa1;.tt p,,):~h.ire, ij$ ~fin~ci l~G:,N 

f>,h~ *h<ilt t~ !k'<rn~,21i~ of rt~Kltt<n mov>t ·Mt11 tt'W oo:'i:;t, >:1r.':di th~} ~~ ft::-:.oo '>Mtl-1 rnspt::ct tn -~ µ~rnnt btlt!Y p~ft ni~t 
i~ ~i;:i $~/. ~ ~~e:~ of rnt~tirwi a.r~ no~ gimad ;:,if~h fu~ ht1'iY sfe. ',•ii;:w!d {;.~twdin~t~ ?i:!§'!~ten1, bt,t mo-v~ >'>·i!tl fur bOl-1:t 
psidE. 

t~ hamia er:eC$p$:tlie of ;~.form~ co,v:npl~.ata!l R~'Cllic,"1-sa.nd are irwtm;ied lo t:~ b,1c!y ~~r~rcht fr::.ere are to.t.aty 
i--s d~rees ct '.~~o,."'l1 •on ~.ach i'i~m:i, ~~S'i.lrr:rng ·tiat tll~ h~ tai <:! ~11:b"'!ct:.ara $1:~Pwr~ qm i's'~ if%!~$. 

H;,e tmn cl' rr.11iii0:n~ {BAPlJ) m. ~fu'i~ u !P!/Wf-5 mdbrn~ ·n.e unit t.i:€:, tr<'jrml~b:..11 BA~ ~BAPs. 
tk:s:m~m.:1id~J;::.\JJ...:,r~:rfa:,~!, Mun,~r,<Jdgx:d_lrj.:tt-N~. Hli.ir.mnt.'idR,:,x,,u$-_Jmrst.il) ;~ ,J~~l1'1~t ~1 rnilfo-i1:t'l.tr~, 

The cief~tit p@tMrt is ~fit1€1'd hv :§il~tR~i'K§ r.::s:::is.tu,e, Thi~ P<J~ture i8 defi%-ed a$ tt~\;~.; oo ~t 1h"''1{Ad p,int lo tl~ 
himt dreofot\ the two arrrs a~!d bs! p!~:ed 01 1:::"w sJ& of i,:":$ lx:dJ with fu@ pam cf th~ ha~s Jadrg k~-<'/~nt 
T'§'::i:;,. ~~._,~., "'""? >:-":"\f.i~:z 1>-~t .;:;f ~-~t<:;,. ~"~· d.,,~,,1~ "':¢al._....,.,.,,. rt 
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Th~ BD~ ~~ m€l<l fo ci*t~~1i~.l;s ~~- p:t,~>fi~farf b::1dy 111,::zj~ I:$ th~ ,11,;lc,:.<lef fo. :& pmtktii:.&r b11-cly w tn dl?::,\~~1k~~cl :a 
b..,-soy FTW®I aloJ1J \'ilt! tre ~n~tior; ab-.,1..\i h.~'N w animate il The net~ti~i al¥! o.a;fipfun of SOP ~~~;s is g.._,er1 
is-i ~1n#t t.,. Tl'~ e;i:,¥1,. are n,,;;i:rnww~ ir~rn,;rni,i;$q l:,i1ca per S#s~io.n, tu1,;;Jvi~'!~ oy -~· :si:r~at~1 or ct;mw~s~ f§.4;f'~-

Ho<we\i'el\ tf he cleoooer does not raccive foe =f:lOPt, mtdel-ih~'1,l~ndeffic.~ of &A.F-s >E!~r~ that i1: can sdl! i,teiprel: 
ttw B.AP tt1~~nt TNs ~nz1J1~$. rnit1>'tiia! ~:;-ier~bt:1 i!:1 tr~:M.k~i;l {Set' wJee.qnfe@n~k!g Jpptt~Nlli1$, 'The BDP ~t i~ 
$~s:!ifl~1 in SIF~ .;:ynt,;;.;,,; {$.~~ !$,1H~t: ib100.-1: i~~r~.i,tl.1'.:$.':tt:-O}. fi,4 BOP n.¢ti,-;:; .~fl~;; t~- b.':lti:':/ rti~*~ t,~ b~ 
us~ et the iece\<e:r 

~ -l::~"l,pr~,:S~~ tit:S.tream -f~r ,~ JD rnfil:i.h is co,"'nw-~-d of a ~,Dr 4at~ b!ook with gioba§ ihfunn~iktrt fcibs,>:,~ by 
a ~~~i'it;to ct ®'fih~'{;too o::.1mpvn~nt dat~ bk.;:;k~, t~fi 0:c--w ~!lisciti~tM ','.,4th ljfi~ t..ory1~dM ;;:;~1t:,U:"i~~t of tM 3D 
rnah. 

lf a JD m~h i:~ (X:~ie.d in 1;:W~m re~H~r1i.~ WKX'll;':, i;;t;lnt·ilf.t~ c~:~'ntJ<:.~=~nt ~t~t; .. ~ ti~Jt~.s .ire gn~i;~:1 or dtdd-e-::l int.:< 
~fMi~'i!S. 

Atidit,;::.n~Ht, if the :m ~¢.1>h \~ fe-pt~~en.ted in h,-~n~tt'iit'-~I tn~i•:.i, the ht$t ti:.~'::;''®t~td= ~¢\ip~~nt d~t~ Mt~i<: b 
t~~,we"i ov ~"'le gr mCi~e ,,~t~'1%~~rt jt~p cii\rt~ ~o-::k~ .. eaC:h .;1n~ ot them r~~-'f.-~•iirig ~ F~~M SpM: ~~r$lub~, 
Fi~e-st Jplit Cl;,jfl be awtied to a@! the c.:om1pc<reD15 of a Ntsctrearr,. 

h)i't$1( i\p!1t # ~ =, '(it',e.1,t ~;,~ft~:_ j ··i:He~t -:lilt( i(t°i;-(~ 

'· ~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: :<...'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-l'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-l,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

Ea~h oorn1-~c1~:ll tiD::"fl~~'iilnt dat-~ h,~k ig ,oo,":1~-soo -off~,,;~ ,nr,c;;_;rds, fu~ 'V,ecrte_,: Graph r~~~, fu~ T1f~--;gl~ rree 

tfil,.~tt arid th@ Tr-f,irt,;J~ Oat,;i f.'~t"fd_ 

~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~. 
\/~rtfil&. Grap'"'l Tri~ngfo, 'fret :l Tri~:1:g!B DE'lfu 

\~ 

l'm: !:i't~n!;):0 itoo t~1>..~r.i;J :tZi-N~irn~ lh'* ~t\:~~Mr~ -!;'.If~ lil~l~ !lt~~m1k1~ t~ \,~-nk!h fa1k* ~11 !k\(2 tfi~t~~t t~' lh1• 
ct.,::;~-r~z_.;:;~l.'Z:lirig collrIBc.~d ci:..mI~Xl'f'::t:":i:tt fumiir-g ~ sirnpl1::, ~s..-·,fi~.::-n. Th~ ::J-D ff,,~sh is ;;~prn,~'lslnt~ in a friw-~'Ula~tl fo~,m 
iiri tl-w bi~tfiil~fi\ \·1Nd1 ,3fao ct.'i'lt~ii'ls t~ k1fottf1~1it1t tli\':$t~a1y tti t~w1'l~trt®:t tt:~ ar~i!'i® tac~s. lh~ t'tltt@: ~mph 
iec<1<id CL"'flt:<iine; the infom-;~iian riw~s;~·y 'Th.1' ~1ifoh plli~· of b...'>t.~··;ii:{ary B.'%"'£5- of the ~irnp'.e pofygon fo rs~ .. "'Dn~ttt.:-ct the 
~1sigirn,if C.Q':\!~~frtity, nat onlJ withfo ti\~ a-!rr~nt i:i:w§'!~d~--d [;-CsfHf,:&)'fil1i, but a!'ztl ki ~~0-;;i.mi:Slr <l~cw.:!~d ~t-~~~cl!lld 
©-.1rru:.~v,.e,,J~, TM$ ton11...~wvltt \ri1Gn,i<i'i.icm /$. ~t~PM~i ~. Q'it:~1$' ik1ti..m11J.twn {~--r oonn~d$:d \Xf~~~1~n!) ~rd 
Joc?/ int~1natbn tt>er t·~ngJe} Tre gt.-m*I Jnfct"rn@tlm i~:.:b~ii in th;;:, ',./~":!,;<:ii. Gr~7h ,~,j r~z~~~ll;o T"~ r:,,.~!;<,."!;.>.'-T,. Th~ 
I~ fu,fo,"<;:,':$lim .~ :st~·sd in fr'® T!iz..."<'\QI~ D~ia i~co,"CI. 1he !nca~le ra.h:i! i$ $~fig&! ~Ii a ~r :\riargle !l$_$;, \•~tar~ 
1M tlftl=Mhg d' t!'w. §ti~figl~~ !~ tfut~tlt)it;M by tM 'l.t<lV~i'~~I ~::.if1f:'~ tri~t)Ji~ tr~~- . . 
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TI:fi f~~<Th\<:ig 'i'Ok'M. ftL OJitntatk,n i!nd ~}{.!i}'t<"~ln:.._~t1@'f.' ~:~n~itt.ltf.! th~ P®' t~'.i8:,1[1lf ·t»?me,i:i\1l~~i in.~(;frtl,W~':in. Tf~ {,th~f 
filfu.\is. t-01~t~ln htmma!l@1 fo, ret-0t1:mn.:ie1 the vei~x ot':.®.fdi:H.l:t-es (co,w~) m\d ~ioriify;. no.rm~L 1:::dcr, amJ t~l<:.trn-=e. 
i;;,;;,'i;!t~iM~~ {f.-$){)'.(.,":;;.~'0) k1{1;;,"i\'.ffi~'l.il:'t1, 

!f thee 30 ni$$h is $Med.et in hii:$~rc,~b~ mtldt,, e.a:h F1~s1 $pi'l1 ctat~ tlPl'.;i }!,i ~f\1:{!$$j ci $it opllt,,,"1$'l pre, 
~mootn1ho rt~l!l bk,r-k ~"l nrstt,n~l r;ti-s.l:-~nt..":>l."ifh::na o::-.,~t:a '.!ki•-~t :a it,&""-tJtxi!ti~ ~~ta h!\~!c ~it tt"ili'oit.~i ~mb(ifui~ 
ccnttr~!nt:i:s dat1 bk.iCk" ~ pcs.t,tJpd~M d,,'t~ block. &1d ~n qtbr~l .::~h~rAlfID~~ d~t~ hkmL 

T~ p;cse· • .sm,;:,°'~ng aI,~ bl%K cc.ritJ1n1. ~Me p&a"t1,ettr~ u100 \\} ~~Y ~ ~moot'llng :st~~ ai ;l ~!otni pr~:'llt~ t&r 
v~ie:1o: c0o.·:r~mt~;; Thr p;')1t.,~Tu-mfa'in.g dc~h h!\-:>tk !::Th""it~ir~ th~· prn-am~r1 ~J~.:$1 l~ iapl!Y ~ ,;;m(;,.1~hnt1 $1~1 ~c- t~ 
\'~let i:.01:':niin~w.s M r~mos'-$ qi.ian~sa1lti:n $f'tra~'iS, ·t"1e i:te tipd.ate d<¥i;_!i bki~k ~f'it!it$ the infutmawn tie;;:::Ess~ty' 
fo :ut,··"'fo§e fae ';};)nfW~th*~" ~n....:l lh~ ;«i'>:.>fxrriy cl~ra :;.~i:,,,:'.cl.tt~ klr §.~·~p~·!k~ h-;.:mrnJ F1:;~·.1~~,~~nd i:,ier,1.:~·me1' b th~ r1,t'<w 
m.<z~ w~:~too by ~ 0@1rtfi,:;t~\ity iJfxfa~,. The $rt1oo~hir;J c~""!$t!ak1ti cif:IM tiot*- cegt::t~rn 11'\~rnwik's11 u~d ·kl· 
~0:,<ti1 !11=' $!1oo'L1lng st-ep:s \ifth sharp !$:1J:e q$,c:onilt.$il~s ai.~ fo;~ \!~~$, Affif'!t ~· ~on~h•lb' w.~te ts 
~,pi~, it¥. r,:,.""*,'<iro,.,-wiMnt1 tt~i1*fuM ~t:~ifl~--:l bt 1h~ r-:~ntt11 . .;.*~~ ,;.0t~j :in th@ {i~,.,;,t11,~~M~~J d~.a hn& ~ '<S;'.lpllBid 
mi~ gcb~ Pf{dietor f.tr the ~'alti( w:·~:xdl:n*tie:~. Thi': ~tY~~te ci~ta b!o.cl( t:!~"'.lt~fl,$ te;e roop ';<ettex ~n:lin~le. 
l~'l'.~t:er~i \c;;lth :i'i1$p~cf 0 thl\' V~it:e>: ctX~tfali:.l~t$: pr~dk4.ed ~V ti'~ pi:"e-®'ii(X:4N!1g il<l'ef;', ff i:im)i®ti; i'!Ci'mi:.li, t;.(l}Cl', ~nti 
te:dwre. ooocdit~te wpd\1:te·:s f:or wnpertic&:s butwl per/i'ertl:'~: M. tr~, !oop \:efli~s; 11;,;,'l!t1sl, a<1d ooitir upda"t5 for 
~~~rties pot.nd p!:!f,cf~~ to ~re$! bqp tac~$:; ~d r:i:wm,t 1*!lm, ~d t,e:;tur~ ~'c<.,~dlm~i:. '4-"'>d~t~s far pn:ip,!,'ii$s 
00~1d p~i,co-sri~· kt ti-e~ kt.;)p ~z:it:~r~. Tu:;,; c:ihii:!f,1.c'fid~~ data ~k~ci: c:n~'!lfain$ \•~rt!M ~~"'<:fa~b~ ur,<l~ie-i ard 
pmperty u~:btzs for ~H th@ vertbes, facts, ~nd ;,{lrMm 11-tJl upooterj ~)'./ Jat~ mci,,_4e'd in t1~ pfi\"il-t~dJte thw tlo..~, 

Ead1 ~t~n: rx:1:,,ie ,.;ooa.i$h of ;a ~1:a:ii ct~i€· prefl;.; f:o!b~..-'ed b:1 a it&<t Ct;,>,,c~ vatie, The ~tsl1 code pmfh ~5 ;si sttr:ig ti 
t\',,~'1:ty 1hr.:* t-ih w·ifri 'ltm \'~L<-$ z!aro 'f.:il!ov,,~d by a :Eiingfo 1il• 'wilh ·~. v~~~ Me. The $t~Ht ~ode ~~f~ ~ t:1w.s the tlt 
~tik,g '0..,'<t:<D 0:}s_'"[l OC00 OOGG [{llJ:I) QOOi ·. 

Thla! st~i co~ 1-aim re ats ti:{ghf bit in~r whii:M idm"ltifo~ th~ lW,~ t,'\f :::st'$if~ oq,Je, M;:ify tt;.ie~ ;J;f $~ft ti:.:,'l\J~ h~Vcl:l 
.!ti:~t @it ~t~t ctx..~ va&..~- Ht.W,,'@i,~r '"'k'ioo_pli~d:._;MaH_tM~ :~nd vWe.."tJ)We,:tJ~,ier. __ it<'*t __ ~\e Jf'€i rep~nwd tr 
rn ... ~O}' ~!~1 ,r.,1::~.i,~ v~lt,c®:; 

,<\ii ~Mtrt r,;~~$ '$R~(l l~ O}tf, ru\~""!M Thi$ S,"}~t bf: ~~N~v~d :l:ly ff$t ih,...~tir:g a: b!l: :;,,ith th$ )'$1!1)~ ~"(;\ $::'1d the:,'\ if 
,~~~~s.~ty, hc;:;.m-ling bt~ ,,;,,rnh th~, '><'.;':liu~ on~ ~~\w~ h1 ~tl:ir: c.ooe piai); s~~)i trim the fire: btt ttf tne ~1tart c~e pr~x 
I~ tht fa~~ (rtR~t ~i>~W'lffzj;;'.lr:,1) iit ti t by~. f ~' t'!J..~tfit'i! ;;:,:,f 'l ~i::: 8 ti~~' fae o_"){j~\;,<(W,j$ ar~ ~s.folit>NS ~'1 T :ID::~ ~2. 

{H 

3 OH 
························4······················· 
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;tt1ffit)~ ~t~tt ctKW 
:X'-'-'-'-'-'-'-'-'-'-'-'-'-~'-~"'-'-'-'-'-'-'-'-'-'~'''''-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-"..:. 

r~:s~~'OO 

ttart code vih.Mi, 
~¢~~(..1mi0 

CJ 
:X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: 

(}.~.-C:~ 

1he WS:e of t'w; sta,,,'i cod~s ~ defin.<e<l in ihe tt~i:•%>,,1r,g s:;.,ntax ,cteseipiioo w~h 1he ,exc!E'pfo:in of the 
vitfu,--o ~~sitm @l''D:l' r;,:.xfo. Th>li -11~~~ ~~~,i;ion @]'(.,r ·moo hllls b~--i;~ ~l«:•Cllt~d fo<i· l5~ by .13. n~-.:dia kit@faQl: ta 
Irdi~it'~ \1'h~re-:--t;1rw:::i:.'ii~~ctm..'\~ tff•Jf$ ha:;~ ~r. ~t~tid 

.a. (I.~»'l:lal ~~.:<:.m'll~ti'l·atirn1; irton-nl:!fun. referriru:.J t.:-.i the \·k~.-:i!e ~anp cl v~st~~I .~~~l~ th.at ~df ~ iimutt.;,n·f?.l:ll.J~V 
de.~\d~ af!<l oom00~lte,d by i d~fy,r (\~su~JJbjedSe~Jet(,:e,(}i. 
b, Otjtd ~:)nfil,gur>l:':llkin ~1fot,·,n~liA"'.!, ~efonirl@ t:;; ~. :mng:l~-.d~U-~I -00~~1 ('V'O}. Thi~ i"" ~.$~i.lwd ',;,';i:th Vl$i;.~IC-bj<z:d:{;­
:e. O'bJect ii)'$' C}c.nf.~~ak.:s,,"'l ir.,forrnaoor\ refe~ing to a ~inge {a"Y~ .cf a :,:;inge ~\'sua§ objed tVOU 
Vld®ObjecL~y~n), 
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\:1sikJ Obi:(:;tt: 
&';{~mt,,::¢ 
Fb,,.,t~,1' (\ ____ ..... ' 

., 

·\tCi § 

~:~~~tli:-1' 

'('./;) l 

VUt :! 
n~M~t 

VOl 
VOLJ "'". 

JH~t~:;;;::i::~:s.~:{Jt ~:;:!~:-;;:.ft~t 

\\.md :Ol~j;,,t:! 
Licpi.:t I 

E1~1:!.l~ttl:fV &tH!:tl::,',1 

v~m.&l 6hjt(:! ~ 
L~r~~ ... :1 

. : }$~~:.~:..i,~: .... I _____ ,., 
\tOJ 

t:YW 1 
O\i,i,kt 

l\k:ll::;sit,sy ij!~'~WN 
'\/ini!) Ohlc1,:t :: 

[)(>-..;~· l 

VO i \''O 1 
VO!.~ 

11~~%1i~'{ 

l{h~1])~1.~~-rr $tr~~~:r~ 
\?j~:tl<~t f~ltf~~(f .L'<~}~f 1 

1~ fol~l ¢f:t~1r}t ~ ~ r~~-;'1~ ~:t 

·~/h~t.~~~ ()bj~):;t t -J~t:~~T ) 

ekt~:i(·ft~irJf :~tr~~~~i 

V j~ti~i {ll\i ~,~f J l.J~ y"¢.·r" 

~it~{3.~~ ()t1}~~~ 
&'·.qt~tt~~;~ 

}J~~~~~"'.:"f 

\ti,.:{,~~~ (~l::d~}~~t 

&qi~i:.w::~ 

Vi::i&~~ Ot~)S~<i 
&~.q;;imr~ 

'/() 1 
\~)L ~ 
.l'.'1,~;d,;,' 

VO·I 
\\.lt. 1 
lfat&.;,J 

·s..'n; 

'S;;:{)..l 

VULl 

''{i) 1: \'() 2 
JN .. ::st~~.t '\t}t: ; 

!-~~~1:tf;:r 

\. {)::,,:,fignnii:i~~"l li:ihrm,11;\,Js:t 
·\, :h~ ~f~~h-=h:{~~\~··!. J~~>11~1~~d hs:= 

\'{,{t.H04 Sy,Mrn 
·-~ 

• 

f]$:f~~.~~~~.;:~r:::t :~;~~-.~~tH 
Vi,ni'jl {Jttkx,t I 

l..t~~f 

~.t~~:~~·~~):~~):~~~ ~~*~~":i{~:i.l 

v11;1i.,11 Ohro:;:i r 
iA)~t l 

:.f:;~*~~1~:i:..~~~~l~~r t:~i"~~~~-S, 

Vbrntl Ol\k,:J 2 
r.1y~r ~ 
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T~ fQitRs.,~if@ i\.int~ttwm sift?;, ~1~'ii' t~'f1'M Jet· ~f:'rwn{wy t~tJ~:§t't1:St @n4 ~riry :ri1n: ~hwi~ f::mt~Ri..~!§ (i*1ws. !he 
bre~kpcint tet-,Neen ionH;ur~fu.."lt1 ~1f.tn1~~#(:}"'l ;«llcl ~erne1t~1J $&ta,,~)~: 

·1, ·Grot~ x.f VMeoCtclootP!oo·eH 

2. V1&=::ef1~dP]smtO, 

FGl: ~iif t~xture 0bj,;sd1i,, o:.."f!figur&ion infmrnatioo ~ric.~ .i;md e!~m!:\nfaT)'' :str~~m: <foti:l t-egin:;S i:n miff~:<lurn{}bj£:ct(} 
i11r1tn~i::l~t~ly ~tt~~ ttm firnt ~JI to '\"<~\i~~t.J:!C.Jitxcoo~\ a$ %::fo .. ~wt::i b~' m~ cm1t11~11t in s.:i.t)tJi§tl:$.~ 13.2.e. 

The oor:ifzjrn~fon infoffi'H3hlon o..'lf.':taim; ~~i o:futa th:at is ~::,t ~rt of .an ,!?.lernentwy stf"6~·n,. lndudirig that cl~lnecl ty 
'Vh,~f'.)bji:}•,J~1'e:"4t,1eni;::{!(}, VJt,;..WK)bJei~i•(.1 ~nij• v1~~-.:.:;,.{)fafe,K.~:1l:::t(.). 

Thi:.; p;;;;:,-1: of l&:=:tlEC 12.t,t!;kl cine..,, rmt pro-s,<iae fcr ~~"' rmlliipi:e~k-g d mu!t~le ei~"'n~"'!ra~y ,;~~rms ir;,m ;;i, ,;ing!e 
bitltr~m. One ~faiual biht·~asTi cont~n~ '2!::~~ctly &w ·~for:m~n:iart slru:~'<l, ,_:::,,hich oos.cr1be~ •Y'tt:c~ ~y~r cl rnm ,d~t...~l 
ooj~ct. A ;,•iiu~I tfu:\b}(lM muM ~'<t1t~1ooJW· ha\~ ~ ~~pat.~t~ tn!ty f-t1t:t fur ~eti l~i~r of ~d1 obltcl to. ~ dOCt>'t'fod. 

Vh;,';..~l s:~~"i::h <:K,'<ltro 1n ~~'f~KB with ~hi~ Part may t~i ~Hi!!id w'1hfa ,i Gy~&~m:; bh:s1rn~m 3.$ <:hlin~tl by !SG'lEC 
1Mt!tJ,.. t: 1 ~~. lM coowi \ifaiuaJ tibj~ct':s i~y a!~ •lW· :froo t:s~'tdb~ t.t ~'!'.it'\d ,,.-,Jmln .oth~r t)"pt$ o1 t:s/$t~r~. 
z:~·1JitltmMi:,(i:,"<1 k1fotrr,~~1 t.'t\~:Y oo ¢~fl'\ij:{$ :;;.~p~t~my frITT1i * <:it::ll'11~k1ijd <:,;,1h (ll@11tn~ry ~,tN.~.,),.~ <l~~ 

\,\,:rien <:odiEd 'i.<faua,I Dbjeci:s are c~d wit~il1 .;;;i S~stEr:1:l:i biratr~am defa'18cl by,!§OllEC '1,1<1%§ .. 1 :, 19@R ClJ:flflgur-~ors 
•inf.;::,~·11t~1k1t) ~ns;i el-elrter~Mf/ .$lJ~arn dsiM i§!'t'~ i§!'h\t,,;iy~ -s:~~wi-~~ $:;.ep~'~tely. (\Jl1%~w~!&m i~::,K:~,rniiJlt::;n ~t:i<:l *'-~tw~nt~rv 
:w;'r1;J~l"TI$ t~k.1w t~ $)~1:fu:i; 1::K..~\1·_:;,;, ~1tbl!;'ct tr:i m~ brta~ ~;w$ bet'#e:en th~m ~n::,~d ~~q.~.~, The Sy~t~m~ 
:!,.t~'C:itk@1k~'~ ISOimc :\4,l~- l'.:1 ~wa: d~fit:~oo. ('.;l':il1't.<'illl1~f~ ·lh~} ~I~ tii;~d k, ~~ft} Vh\~<'i.~ (lt-}~tt $.*f.J~l1{':~; ':Jfa,lJ;:,il 
Obit~t §md V~~:i- :()bJet:t Ls$:\•i:::t (:<:mfaj,Jrn~k:in it~fonn~fr)r, f<:~' ~1~~(, si:.iblttb <:mt <:{.inhtk~r i~ t,'$tt.! tor ~~h kw~r frj$· 
~~th tibJ~eL Ttiit &'i)~~~f t~ti'i@. s1' \lh;l~i G~~t S~t,Ll®'*'~ hta@( .l: ·vt'h~ Citj~t !'ID~d,,.,~' a.1'1d ~ \ii~, Obj~'t:t 
L~y~· M~'*·d~r. f~)t tslfo,'W t;'f~~ t:lf ~;!i;.,;J~l <:~}~t,t~, l)n~ t::t~\t:::'lii~"l' t~"l' '.<!j,ti~i (;:lt,J~ttt h t~~d. Th~ (~'.<n~#ltmt t)~t:d~:$ ~ 
\fSliB:l G'tject f:~qu~£~ hea<.:.im' &"l:d ~ ',}fau~! Obje-ct h~~. Th~ 'i:/is'l..~I otjret S.equ,mx:~ He~d~r mu$f btS ~'"Iii~ 
'kW tt!l iisuai ~tru:<'k+:/ts. !i'©i..l1 ~tt1uli~n~oo-sN to .1 ~~~r. Ttw \lltu~l c~~'bt H~~"Tu"t't f&. ~~th l~v~r of ~ ~ruitmiv~r 
·"'"'1J. "' ..... ""'<l «'·t' ~'"" ,=""=•,;~.,,/ , . , . X.~~ ·hX,;t .;:,· •• .;:-.-..... <-=' d,,:s,e~ ;,~~ .•. ...-a ... 

Th~ ~~~,m~ntaf.y t!<k~,n d~ta a~~td:~d vd~h .a rsk:gl1>i lay~r may b~ '<W:<!fp~d in czmfigurafo:m infi.:xrna~'1 zfofir'tt:c.~ in 
~"~M.ti~~ w~th ·~'*' $'§'nt~x ~li:N1, .~ ti~l~il:ll ~~n:~~~1 ~w,y iX~t~Iri ~t m-:m -0..<1~ rn.~t~'f'!~ ot ~~ch ,ot 
'\i~ic.~a§Obje-ctSequen(i&(\ 'V~~::;iOtJeetO ~"!cl Vi<l~oC'.tjBc1Layar(}, \~tth t:~ -e~~tion t::f rEpetilk:<,'1 cf the Vi$u,a! 
Obit~t tk.""''f.lti'me ~t.~~,. iht Y@.Vjf Ob]~t He~fu.er ,,;in1 ih~ Vlde,~ Ol~t~~t L~\'~, He .. ~kr *.!$ d~.$t¥fu~d ~low, i'he 
·vbit~,t Obj~ct S~t,~rn..~ H~it,'{ ~t~l.~~t ~ kt::111fa .. ~:l kt 11it \il~~~j Mt~afflS it'fil.,;t :siiflWt~~"Oi..J:~Ay §b a d~!Xc~L Th@ 
V15H;:i:l {~'£cl He.m1?.'m f,.'1r a:.m~-; ll:iyer <:lf a ,n&ti!:$:{8f r.1bje~f m1.1;:t be ~ie~tb:at 

'Ttw V~l®f Ottoo i~"'4U~~ H~'-.1!:::"\f, tllli \litt@I ObJ!Jd H~~f ~fid ~ Vklfilb ObJ®:':t U!')~t H~atl~f !Y;~y b@ 
t~~liit~d ~n '<-'l ~ln~f:~ "''i~tsjl !M•$W~<ll~. f~.~~t:~ th~~ h~tid:@'$ {':ti~bl~t: rnmti-:~~1 .~~~1i it-;:i:t) t~ •ii~tJ~! bl$:W~~m 
,a::"'Kl s~1,y,,,~::ry d the~ k"<:3Xl~~ ~"'i~n fr~ a::,,igini;il heNd~rn ,~~ oorn.,p~~ by errs.~·:s., This ~~~~r r~p.1S<Micrs i~ ooed 
'&11} \1:h~ ~i~U~ .. }~~tJ:i'P® ln lli'w \frWtii Clbjid -t~~ffl' jfzjfo~s tl:1~§ \,%li,il) ooj~t l)t,'® g Vi@©, {L~. 
,,i~ual_{~:?-c:t,JnJ~""~'\h:!~, [ff} .Ml ~ff !he d~ta ~lBrru2:r:it!i !in lh~ \himitl {Toject &·eqi:ien:ee· HeEi:!~. ~he ·\/isrn:it {)bjed 
He.aoor ,fl.""ld h'iw \i1dl>."<O Q~~ La:t':ff He~~Y r~pea'IDd n .a visJ;J:ail bihtr~':S&~l iha!! h:;a.,,,e tl-18 :same vl>ih.Je .a:;S i~ th~ 
ortgJnililf he;~im, e~~~m wi~t fir$t,,Jh~tt.,,vbv,,,oooij~f1,y *'1ci 1@w·,,;n~1ti.t.·',t,,~~i;p~n,-r:y m~w ~ ~'11mg~: ~o ~~ct\<' 
'h'le ',/B'i/ r.te:~.:p~m::y just ti:ef::we the ri;mrn.,~l i~f 'h'1:e first \/)P fcfo\<,,i,g t!:iE n,11e,1te.r.! Vlclen, Object L:tyer He:Br.!ces. 

·.·.·.·<·:<.>. 
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H ihHtt li~)(;k~l dee-cs. inter bl>1.htk:& 
................................................................................. ,, ............................................................................. ,<~, .... ,,,,,<<'('(,, ............................................................................................................................................... .. 

······················ 
if ilt.:0:rw ti;;,r;~ t~1;; q) ,tie$~$ forw h::i¢1,;: me q 

22 

~ m~d"~, _bit 
!i-""""""""""""'~""""""""""""""""""""""""""""""""""""""""""'"~··~~~~~~~~~~~ ...... ~~~~~........,t=~~~~~'""t 
~ ~m bit .Mbf 

~ ~m~1~11~ f!:ill!t~r:a indic:e,'i~· b~bf 
~·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--------------------3--~----

~ K~l:l ,s.1;ictl4rl:!' ft~~ tl*l~~ 1 ti:~t,:f 
i,,,,,,,,,,,,,,,,,,~''''''''"''''''~''''''''''''''~''''..:;_,,,,,,,,,:,_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..._=··=···===========+,.=====.,..s..=====""""" 
~ .......... $!t)mt:~.J~rn~t:............................................................................ 3 
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•.......... ijt)t~2 1l~1~~.~.,o .................................................................................................................................. ! .. 

•• • • • • • • • • • ~~¥ifr{1~~·il~l~~~t~;i{j} ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ! ••••••••••••••••••••••••••••• ,. •.. ,--,.,,,,,.,,,,,.,,,,,.,,,, .. "'"' 
~ere-.. J.1H i 'l •bf,(l~W 

} 

...... tih,,hi.i~~<,~~:iiJt;;·;i· ;······················································································································;·· . 

•.......... ;f(,;.~t\\Jt~rnt.'::'1tt'.9).i ......................................................................................................................... i .. 
•.................... ff {nt:'tLllitf0.'°'~.@tit~"i~~<~ln1\JW)t~ittJ.L ......................................................................... i. 
j ............................ ~1*-1. __ fyi:~l12r.,.t~'?1F ty .• ~. q ................................................................................................... ! ............................... : .............................. . 
• .......................... ~J~Yl'~Jl~~'.~:~r ....................................................................................................... 1 .. 11 • 0~1bJ ... . .. 

;;i:® _nEJrn;be, i ~j • 111n1~1~t 

• JlJ;attt ~~t:e i 5 • ,tikw;:;M 

••••••••••••••••••••x•••••••••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••I••····························· ........ · ...................... . 
J 

. ,)1;;1;;:;rs::1t~rkO i . 
'•~~·~~ • to: 5.-, 'l•u,,j • r-• • ~, t~ (~ • ~'"," L~f.~\';:J} • ~• ~. r \ ,,i:,,r,~\,},l :i-."·d ,"' }P ~.,,'"-'~1~,,.,,rn~~,.,,~1 ,;.;·,~ 1 

rw:dtitt }vte~klri~dO x:,i mi:! :-:as>;,'[W:; . ,11ark1,1,) i 
whi@Ol:.:vk~i)!~,'1~'\ff )} 

f,,-,,=====-·"'"""""""~'"'=======================~======i'==«====«1 
rer;..,.bJt ................................................................................................................................... i. '1 • M,lbf 

} 

·1 
•.................... i{1~;P(i,~-.. :;;ti1~;,i,;r~ .. i,-(;f······································································································ •.............................. 

' ' 

• ~ ,t. 'Hs'<':\f~''· .,»:<·::,,~:~•>, ,.,,., -~•·,~·/~" .8~~ ,.,,,-:~i t·:-,"'l~}ft •·\o"X« '"'"' "J"~~j • : ........................................................ ~ .-.:~, ... ·, .... ~*--' · .. ~~ ........ ::-~· ... ~ .. tco:-:-~ ................ :,,,,,::t-.;. .... •t:,,;._, .... ~.,i;;~ .... · ......... ~ ......... "I..-.. '-\'":i,;.: ·-:J. ... \~,&1~ ...................... · .... ;.\~ .. ~ ............................................................................................................ : .......................................................... .. 
~~P~Wtdth l~l : =ufrti~i~f 

~$N:~t_hiJ ····························································································································1. ·1 =!iBlbf 

~op ho'fizi:mfal me sp~ktl :r:ef 1 ~:ii • :i::lm~M •····························tl13ftei. ijit··········"'······""'···' ............ w ...................................................................................... "'""1' ""'""""'"'""'""-!' •. b~iti·················· 

} 

···.· ,::.:··.::~:: 
·=·: \~! ;~~ .. ~~ *t~i~~~~~r 
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l-·H 

r~u!o t:me- bittse .............................................. .;.;..;. ..... · ..... .;.;.. .. 

·················· ~ikei'''tilf ·· 

} 

iHis'id'~o ,t"t\ji.;:d hwi::w )'<h~~p@ !:':', "bfoJ~'i;- t>i'1!v'".i / • ...................................................................................................... , .... , .... , ......... ;.:: .................. ,,, ........................... <'..,, .......................................... · ................................................... , ........................... , ... , ....... ,,........................................................................................................................................................................... .......................................................................................... ... ....................................................................................... . 
intra de ~l<. thr :t t1l~t\~t1! ...................................... ;~ .... · . .;..;.., ...... :.;..;..: .. 

···························1tri.i.;1rfo.\1ii1foi ;;;;.; ·<i;;;tic'' tci..~i~ii.)iidtiii..tyi,iJ·:;.;,;; 'tr·· 
&~t n:rc.~1-f. . .":~~n~~Hr~ ... }\::Bn)fr~o .. r~)ir~ts ~~ ~)} 

if \t f $illci"")(;\l,,fWOirn1rn (,,¥0P,,,~fl<iRc\l~) 

,§:.t (',s<hJr}o:) ___ 6bJ~;::l ___ l:ty~$r.5h~{~t~ """' '·r~~:t~t~~~u~~~() 

.................................... ~&. (f?jP, __ ~zxil~R .. ~}JI(~ '"~. ~f''} H. {¥?1} .. C(,,'3~19.J:tP~ ~ ~ TH.l............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................. · 
'iiP.f.'.U'W,~ed_r,:e$tliitdi.;1~ 'l b:::'ibf . 

..................................................................................... 
vltit,\)\'!o~i.t, =f~""'Ai'.iitrd 

.................... 
ii~t·~ttf 
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d:~tt(J).~r1Hit~~)~~~ ..... ~ti.'>ff~1\. .. }l~~t~'S.:> ... J)~:~tt.s:~~.) ~ 1 
------------------------.. ;,< ............. ;,< .. -.. /1,. ................................................................................................................................................................................................................ J .................................................................................................................... ~ /1,. ........................................................................................................................ J 

~ ~ I 

· .......... ?~:~~~~~································-······················-················································~~~==~~==~~41=~~==~+==~~=.......i! 
•.................... (:qm:11 ,1t*~L;1111{ ipity~pttJ~i:.iur~~n .. 

} !,;;}:;:l} if \<'DI)r,m,dh1g hr~i.~ ,;,::,; 'P'' { {Vt:{l, q,'din!'..~))'Pl':: ,;,,,;''S" 
ai t'{)tifai t1ri,jjbfai ""'·""· '()fot:::''n r 

r 

•.......... J.~)t1,n.if yi:w"'q»'.HHQJ~'tl*1."''~ ':f.t')[ ........................................................................................... J 
. Ct:}''}©lr~~l tlltht)!l ·s!-~l)tt t~:;;J.jr{)j) [ 

•••••••••••i•••••••••••••••••••••••••••···•••••••·••••••"·••••••••·•••• ·,••••••••••••••••·•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••,r••••••••••••••••••••••••••••• 

.................. ir:.r,rr1,~? .. Pi:Wier.§1yr_)~t1~pt~.:~: '.!\t,;;~,:JJJJL~i:i:u n ......................................................... .! .. . 

· ..................................... !~J ........................... ···.·············.························································································!,_.· .......................................................... . 

rn-c~c ·H • \-k:lbr 
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t .. Q 

.................................... ~,~~·~t ............................................................................................................................. ,z .......................... ti~l:)J' ..................• 
ii itif,!;ijf1~!<1j}{'. __ }lhj { 

............................................ t}~i,~i1"'F~'«>l,~.)::4r;,,~fin.{ .. 
dct di;; '$k<e ll:i!n,i:t:11,mct Z-11 VWU::sf • 

............................................................• ~ ..... :m ........• 'ffl .............................................................................................. • ............................................................ : 

······················································· ······ ad·· tli .. cli~r~nfoiii··· ).j). .................. ~jd6¥ 

............................................................ m~,,t!IW: .. Mi: .. 1 

} 
. .. . . .... 

tt~~ a. ~: tt:; j ~~: _2; t* .. ~) .i 

dct de :diffl'fftnti@i .............................................................. ..;.;,.;. ..... ;.;,,;,,. .. 

i #tii!Hnf..':i<t Msm:;; dt n1.~rki::d • 
''''''''''''~'''''''''''''~ ''''''' ..,,, ''''''· { K ,,,,,,,,,,,,, '''''''· ,, ..... ~. ''· ''''''· '''''· .............................................................................................................................................................. . ...................................................................................................................... . 

de ~rk~r t" HO H)lt (§0()\'.) {)i;)l:lO !\')(}1 '/ t~ h~M 

} 

~:rft ~: 1:,1):) ,'<:IIW!!i .~f ii1i:,'_,.,.iNc.,.;~'l~~,;ci;,.,.f.:•i:J,;~,t i!l tt-1,2:;, m,imh~r ,;:.<f r.,~s.::,-.::M-x.~:!l· ,n .s ,,1~ ~,::J,et Tilt.< wunt ,:;:f :,,tut.ill!~ 
nacrrtloos \Ei ~t !ndt'\~ t~ tt1l~ *'.al:ts~ .. 

N01E i: ~a w~lt..~ gt' b!x.k,_5ou~ t~ 6. &'1 l~ 4:2JJ ft:m,n~t 
N{)TE J,; ~l!!t \'~lt~ ur .s\f~<\.._,t;i<)'l...\\ . .,:l~<c:<Jnt 1~4. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2119 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



~b type; ..................................................................................................................... { ·H 

' '''' '''''''''''''''''''''' f fri.i,b 'frii~i :;~; ;;r; i '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''. i.'' 

•............................................. i;t.im,:"p~1l~ ........................................................................................................... i 1 • 1 .....................•.. ·~t::lhf . 

• if (!ilalns,~1ri:~lt,,Jnh{))f ........ ·····································································································;·· 

· f ( ,.,,~fu:11J,,<:.i~}.~:e()fl'.l<'@',}>h;;lp~~ !0» 'r~;J~r;7l~"X ! 

• f tlt'">'.Jt ·'(000" i • : ....................................................................................................................................... ·,. .... \'',.'\ ... -~ .. } .............. ",.,.:,,: \.:,. ............................................................................................................................................................................................................................................................................................................... i ........................................................................................ : ....................................................................................... ... 
•...................................................... n1~i:!$~ ............................................................................................................ i. ·J •. ~ • \klM 

'. nnnnnnnnnnnnn, J ~·~~: Z nnnnn,, nn. nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn,],nnnnnnnnnnnnnn, : nnnnnnnnnnnnnnn, \ 

· ~Gl_c:o~ i 1 • ~fflbt 

•.............................................. f{ti@'i'flllt~ m~ Jwtt~;;:.)tciffitmJ ........................................................... !. 

· ···w1)!i1Afoji,1,,ihfri·;,;;,·;,t&,4(/ a&· ;~;(;r __ £ct)tt~i..!i·i11i ;,;;,·s···t&·· 
tii:.ni'ol:.!d.y1b ... l}'!'.R~..:: 2} 

ff { {[t.Pd~~ .. @~b~ '""'"" ''GM{;" ~!{ Wi} ... t-,;r:1#11.LN::cti, """"' "'8." 
&& ~'i~~@} &J dt~!h'iil{J~'iib.J'.t,·§}il ·"-'. 2! 
\l (J1t?iVij((mt,"hT~ '''"' :;,.~} 

if {!11\llnsp.m~lt.mbO) { ········ ··············· ··················································································· ! · 
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............................................ rw.u.,~G: Is,~\:it*J{ .. 

. .. .. . .. 

d~t. ... ~~-d~ij~r~r~(Ja:t 

tltt:!rker bit -·~ 
............................................... f. 

} 

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i.~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ 
~ :,...,,,,,,,,,,,,,,,,,,,,,,,,,,,,+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..._ 

,,,,,,,,,,,,,,,,,,, ff(Hr~~nap.firenf~.JTil:(l);t ,,,,,,,,,,,,,,,,,""''''''""''"'''''''''''''---------------+-------"'~i,...-------ti 

~·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;l ... f.;;· ;.;;•• .... ~·.;;.:r ... ~.;;t).;;L .. ,..,~~.;;,1.;;1ru.;;;.;;0;.;;m ... ,: ... ).,.{"' . .;;· -----·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ..... ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;· ·.;;.·. '""""""""""""""""""""""""""""" '""""""""""""""+""""""""""""""" 
~qr G ,;; i); J < P>~k.}~1qr:i1;; J·H) ~ 

Ntitii; 1: b~ \'alll~ ~f mt(j1 __ ,'ili.l~3i~k~1 1$. !:l'1e fllllr!l~t e'1 m~::.t:,ilikx.k-s; ft\ ~ >,,'ki&i-::i t~ci~t Th.~ o:xmt tJf '.'Sli.tl'fl~ 
it&tAth1t~'.~ it 001 kidi&tM fa !hi$ '.'>iltW. 

N:GffE Z.: -~ie '<'*h•~ ,;:,f M~~-;,~, .. _;;.,;,,.rf i<'l G ,:,~ ff~ 4::2:D fttr:m:H. 

N;;::in; 3.: t'w, ,,.,~lt,,~ ~f ·~Wl~ l:il•o:x.~ ~:ount i~ 4 . ............................................... --------................ ______ ,""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""'" 

.......... rn nYPt,.o:t.}Jlt ,,, '°' . n r ........................................................................................................................ . 

................... fY.~i.'." .. 9;/~.3; i!~l. 
·····························,F""""""""""""""'f 

} 
<· 

,1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
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Mlbl ··········m.~~:er)it ··············································································································································; · ·1 

··fa.rfo·· 

: t. ~ I 
,_1 ____________________________ --n~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t n~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ! 

tlprHi.:i ... st1a:pi:Jl.:!;(~tH~} { ( m,, .of !bn4;, ~ltt®~lie I 
•··········i i'~r,iti·fr~,r,;,1~~··r1:1ii(fo .;:;, ;~1i;~;i:f"i·f:································ I I 
: ......................... ~ .. ,\.::.";.t:. .. "...~ .... ~ .... ,, .. ~ .. ~ .... ~ ..... ~ ...... ;~:,,,,~ .. , ...... ~~ .... ":'.. ........ ~'.-''-''t .. , .. .'.'~~~ .. ~ .. :,.,{~ .... -S;; .............................................................. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-4 

• ~)f .( :~~~:~:}:~~~{~:~::~~~;;~; ~!,i~{~,1. ~ ............................... """"""""""""""""""""""""""''l"""""""""""""'" ~"""""""""""""'"'1 
f { ,~~~f)t~tJ11~~}} { ~ ! 

·············································••0~,;;l~~,j~~~i1••···············································~· _____________ .,,1 _______ --1----------1 
~ ! 

..................................................................................... "''''''''''''''''''''''''''''''''''''''''''''''''''''~''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''i 

I ' ~ I 
"""'------------------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~+-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,~ ~ I 

~ I """' ______________________________ ... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ..... 11..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

1 ~~~~~~~~~ } ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ! 
I ' fi.:cr r~~(}; ~ ~:· ~i~:{"::~~ .. J:1;~i~tht; :(:+.-i-J: { ~ ! 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 11..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,t'''''''''''''''''''''''''''''" 11..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1 
br fl»{!; i "= p,'f..11.}e, ,vidlh; fc<- t' }{ , 1 1----------=-""-'----------...>.--"'""---------:-...,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ..... :-...,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

fll&)~Jt~~;~() ~ ! 
"""'------------------------------·······················································{······························ ................................ ~ 

~ I 
~ ! 

\ s ii----·.,l ----------------------------:-...,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,i,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ..... :-...,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 
~ I 
~ ! 

} l 

ma~:e.~ J1it ............................................................................................................................................... i. 
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1r(vijj,r;1\"r:oi-s~J~:1\'er,Jm,1pt~ 1:.:; "r~ang~l!r;ir 
&.~§.i. ~{~~)rit~t}~:f'tjt~it} ~~~ .~·~§~~t!f;}~ S:1§.: h::~~n_!:;:ttt .. t)1?t~.u~ptj·[t~n~~'")t:3b:k~ 

••••••••••••••••••••••••••••~.!:.~ff1~~\J~:~~.f1~t!:!!-}l'.~:~.~.::: .. '.~!t~~~:!~~)t............................................................... •••••••••••••••••••••••••••wo•.w•...-...-.•...-...-.•...-...-...-.w•...-...-.•...-.•.~ 

rd) __ bki,;1!)'. .. ~fl$:P!ii .. P\-ldin9{) 

i1' j1dd:~Q.Qt1j1.;K(Ji.l)'O:f .. !,h:l:lp->:-, l~» °'i'f~i:.t~·1gut$( 
Sot !{~Jwli*~ .. es~l:ib!$' »: "st,ni:::~ && !m.\ •. l~t~nry .. ?PrRe::, __ Jfft:J.:!ie 
&& :i'::j~!llt\Jf™'i~l'l'lit,.Jt.Ql)~S ,:e~''W~(~M'A { 

Ii 1:-ri:.'>rtt,ottbg __ _l'ypii §:::: ·T .&& (tsptit®.})ti~IJ,,) "''° "$1ilifa/' 

.............................................................. ?§}pril~ t~1r1S,11iLp1Jt~:!«:~ :t(1:1w]} .. ........................................................... ···i~~~··i;~ 

!if {!notw!'.lffi:lEd H \f()lJ.f>::id("!~LYPfil ;,:::; T' 
(I ~,it':ip;_:e,z'3tff{LYP~ :::•z:• 'tt 
,%t lf'.t"" ... i~tc:,n~i/ __ '!iµri!~\ .. :~§>':l hit 
£$. •S:Pfil~ J;'\snf;ffli(3~na:t,~ «:.•;.; 't.,1ie~~·'J) 

............................................................... flleh.tW: ...................................................................................................... 1:-9:.................... \,s1l:lbt '3"··""""·"'"""··""""·•<f 
............................................ } \\it}Ht)(\1'1~t}~gs:it~UJ (l1?j'<;f:1 ... r:ti:t~J:tP.?. !,,; .>ttjifi11q)} .... 

!f (~i(~(t ... l~~1&i"'lffi ... Jil'~* 1i::: :.f~ &J~ .~{~f:tll~\ ..... 1~f}~~~l@ z ~~1~tk~« 

..................................................... *~·~f~it(l .. )\1r1~'i:'NLJtW:tJi~ "'"'.'pip,~f')J.......................................... . .......................................................... _. 
:not_coned t b:&bt' 

!f: f~)t~\.J~--f~]~'fJ U V{)f .. ~.:9~J,:]Jntl.~JtP·tJ:~;:~; .. r-· 
I! f,\)f)._J::.Di1ii1\'..l:... t,>'.i)i'} :::'•;;': '\;_« 
&t tm\ .. ~;;1ttfi'0' ... Si:J&l@..f>i1rnhfo 
&& s~1tl.;! .. ?.artm1rit.J110<-i~ ,~,, pi:ru::f~"H 

:i : 

""""""""""""""""""'·J"""""'""""'"""'""""'""""""'""""'""""'""""'""'""""""""""""""""""""""""""'""" '""""""""'"""""' """'"""""""""""": 
ff \tnot.i:::-0i.t;;id ll °"'~ ... (;4iin:fl)Yf:>r, ""' r 

!! tvs;~,,a;~ilrk;lJ/t}i: ~m ·-:s" ~~. lt;'&'.,,l~W;llC/,,~f1§t;:-,,1;:$~1r;it)!f 

.............................................. ;~. -~~~~~~:~~·~ .. Jt~~-~~:~~-J ~(,, ~~~~~~~~ .. ~~:?: ~tj~~~~~~}}. { .. 
if (vt:ip Gnding ~Vf.M :::::::: 'tr; &i l';;pitt:: IWt.t~M.iJ :':::':': '(*1C 

....................................................... ;,t.(\j~r:ivftL.f1,tLt6)tl.'"''".9.ff .tt~t!s•~~LJJi\JYf~.'°'" 1H .. 

!f 1f~~:lf;~~-:-:-\~~<:i~}\)t1~~d~r =~~ 

(:tkirh•f;;;j $l:ti J~f*'l) "''° 3 !l 
...................................................... {k}·j~<tx!l.___rritt. Wt<(~.;:::;:: {)} .. ········································· ····· ····· ac· ?iid··~·· 

I 
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F {dt.>''i•e<ti~(__r,:ib ... t}\"}~ """" i I: t 

•------------------------------------------------------ dEr,h,l'c:d.,Jtltz __ ):{!'.le .«:.;;: 4) ________________________________________________________________________ J ______________________________ ·----------------------------·--
dq:1;1;1mt i 2 • ti~1lbJ 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · i · i§i.foii~~;;,f_ iiibj;:i,i0 ;;:;; ti · n (i:,iift;,:f iiibj;:i.~ · :;;:;; · j i · · · · · · · · · · · : · · · 
B& {~'DP ... :':•:>dir:;:J._:J. .. l'l'~~ »~; \W !\, 

H {vt){;,_J;t:ie:iin9 ... b,•p1~ ,,;;, Sf g& Jnw'-"itf)H l 

} 

........................................ r.trfyi:'t~~a .rnr Jyp1.:1 »"2'1{ .............................................................. ! .. . 
. .. 

ii (!trn:t1$/'.i'<W.s11! JWutk(D) ................................................................................. ttlt)!ib/i __ )12£iirl5briirct').. . . ............................... j .. 

l 

.......................................... 19r i:t."".0:1• : 11rt)!::t__pt~:~11t;.i~'.:':) ................................................................... 1 .. . 

•. .................. if {vifo~;j:Jt\~t{)~)'.~tcjh1~i)~~ ;; ;;t~~~i~q~Jt~fo?f ........................................................... i ............................... ····························· 

• ............................ J~t)J)ir~;ty __ 5htipH __ pt~1Itit'~J .......................................................................................... ; .. 
J {{,:,J: __ !l~i:.st~tl ___ m~t.:ctxJ~t\ i'"' \ !! (:t..-,:;;:.~li:.ililli:t;<' && p;2;,{._H~!m:t__:r;,::{}lJ :~, '! r 

1 ~'::nrrm'it~'?.N1tt~l..lYVtl """" 1 Di! (sprW ... ~W~)blt """" 'Gt'i.•t::" 
ti{ ~~Gk~Br(,;r-i:1i<J.-n;~;::~,,,•t,f\Z:.:,;1,thiJwe ;;,;; ;'.ff)) 
i& \Maq"tsi!~e1ctiJt~YH~J'lf,-i!Pl~ !« ··wn~ri' ~m*t) { 

• modb i 1·1 • ~%!bf 

: ................................... ff{tf){Kltl)""'.'T}.1 ........................................................................................................ I.. ' . . ..... . 

im;i;3~ 
. ············································f1;~,eft~;,;·;~jj;}································································································;··· 

· ·····················································a;ph ···············································································································; ·s:.t 

. . .. 

1 ~~;~bf 
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,ff ~mt,J~f*, «=« ·rH' !i 
rnb.J:tJW~ ;,;; "tK~) n f 

} 

if \mf .. ~~ft~;t .. zc.,;nj~~ ,,,,, 'CO' fo,:.,f'.• ~(:,.,jr,1JiiMy Kt 
~~l:;( :!x,(}} ~ 

If rnbJyp~~ "'·"' TH' li rnbj~•f*' :::;:::, ·1 ') 
-==========="""'= it1(ilX)l'l.)N,1,;t0('tmi'iisa1·ej'} 

} 
} 

ith'(1) __ 1:,:i::.• .. ingJ:ypi::="''"""f H t('.'~,p __ (;i;;=.,,;~f~'\;L)YPi$="i"'' H 
h·,)~)Ji:).diiKtJYf'.~)"':z:''lfl" ,1&,~ntili .. J~,i~b:!is:o.,,;;o"{~M(t)} 

&$ !n.<:Jt,,,c~:Ji~d &El 
{t:h1rh'(W$,)11ib.JJP·'l.;F»:1 [ di:Jf:iilf:J.:f .. rtlfi::i .. :typ~,.:»41H { 

............................................ )~!t:n~rn~.pa~an:L,b!m:krn .................................................................................................................................................................................. , 
~lpha .. bk:ir.:k(!} 

} 

......................... ith~iii t:odti6j~;~: ;;;;;; . ip·". li fopJ1;~; ii) ~;tiii. :;; ;; "ofaU; &ii .. 
('1.•,)p,_.ro·(.filng_Jyp~,,.::::::,'ft 
11 wi1:::i-,war1t .. tfl:'$~-e~,(:e ... '>'\')f.l .. (>;;1d!ng, .. t)?f.!"''''':5'H 
n 1:,~ _ __1,:~,;:)!1.t«:'..! __ iiot_ __ t:,odt.i-~{ kn r 
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Non;, 11-ie V£i,ii.E· t:f ~.Ji::!i;_t_:ei:iuflt ~ i in tt:.,e, 4;to t;t-n~. 11¥, 'llli~~ ~· t§)>~=Cbi(d(:_:::.:1:<tm'l i!i- 4. 
~',<$:">::tr~te*'~C~~Vt.:W,..,:-COOtrigJ:i,·~ rt~)$ the \<UftCMrtR,_i"fpe ti I~ ~r};\<.-,W\:l r~rent~ VOP as ®-SUPe:::l 
:~n ~~~'"i&:L°'"~~ "1 .§." 7. 

•- mb. __ hir:,,1rr __ ~h.~fJ:-'( __ tooinf§{} { _________________________________________________________________________________________________________________ LNc, _of bits___ Mr.H!ITTotic 

· d(1(:::;.(:.iWbll1~~ && fHu~~rdiy __ _tw~ "'"' tr 
( ~~& :f]:rfh~n{}t~"S:~~(U~~n))1]ft .~~ tt rn :u~~$:nt~t~.~}~~}~.$ ~·~''(Y}:} 
• t~it r ~c;"S!aMR'<' &~\ \i~foo obi~ct &c,,y~r $ht~~·";' 'bifl,~ryorM"H l 
• ..........................•. .' .. __ • .. _ ...... __ ...... ·~- _ .. _ ...... _ .... : . ... i~~~ .... . J .. : .. ')i~~ ... i~ .. · ... Si~ .. · ..... i~ .............. _ .· •. ·. "· ... _ i"'- ....... i~ .. )f.i\. i~.................. . ............................ "'·' ,,,,,,,,,,,,,_,.,,,,,,,,,,,,,,-,, 

• b~b tu>.t~ : ............................. ;.;..:.·,·.F~: .. 

t {wp_J;,:)dit"@_J)tk) ""' ·p· j! \~:)J) __ JzY.liit)._J)'tiu ,,,~ 'B' 

1 ........................... l.f~~?f?n/~~~~~t~.,~ .. tt?~.:~~.~~ft.~:~·.~.P~~\~~ .. ,.,,~:~~~~:~~~~~.~.~.!~J~¥~:·'.~}).J .. 

·1< 

• ............................ J.(~~r~t-~t;_JtP~§"'-::: .. 1 .. iftt1~) ___ t«)t? __ /YW~.""':.?' .................................................... . 
fmh __ bi•ns§~y ___ ,Rrrnrn~fo: __ ;t::1>.:J110 

. ............................ ·t.·...-,w...-,·...-...-.,_._-_._-_._._._.,._._._._.,._._.,.,1 

t • 
. :.:t .................................................................................................................................................................................................................. . : ............................. . 
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........................... ~alLtfP~ .. t .. ] 

<· 
... , .. ' ----------------------------=~''''''''''''''''''''''''''''''''''''''''''''''''''''''''''" ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,2§..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,._ 

ftin,.,.~d :\,hspa () { !\~. of Ms ~ M~r:t:mrnc 8""----------------------------~:... ................................................................................................................................................................................................................................................................................................. :>..'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-f'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-" 

.. fi:?(i»:t\.i~(t)f\i.,v(!.§il$!P~.J¥:i9f:i/1:f .1:t:t}.. ~ 
tiffj={t i~t~~,;~~~~fdn~1f\~)i~.,~~~h'1~h/~{j~: }~·-+} { ~ 

~-----------------------------1',.''''''''''''''''''''''''''''''''''''''''''''''''''''''''''',/. 1'..'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-"' 

b~b:.._:iypil$ i <~; ~ ·ddiA 

.· ............................................ ~~~'!,,[~!!~ ................................................. , ............................................................. 1·1 ................... 4 victi!' ................ .. 
stan ™P.· e· 1 ~ t~-;slM 

~-----------------------------'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: "'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-i'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: 

t~t)k~ r ·i ... ~~ ntt~)S{:fi!;r .. }~(*.~J:~~:) ~ 
~-----------------------------"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''..: I',.''''''''''''''''''''''''''''~'''''''''''''''''''''''''''''.: ' ~ 

• • • • • • • • • • • • • • • .. ~. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ n~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ ~ 
~ ~ 

} 

···················.:i~rlk.iit.:ii11·· ,ata· 

Pl 
.......................................................................................... 

1e1:1 

1 ... -.§ 

} 
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.···················dc(t~··········································································································································;·· i ~~<IM 
"'"'""'""'""'""'"""'l 

. l ( ( ;wip __ <>~,){Ji11g __ t111t1 ""'~ "'P"} 8}1 i 
W:l~h<Bs.Lmt~_J)'W,t ""' !DJ H {dMh',~1--J~::iJ. __ {yt~ '""' ·1 }} l It i 
u~rdte. ... ~t.:,;:1t~'f~ ;:;;:;; 'GMC'j &.\ (V(;i:J:. .. C{~~n~.J'/N:!E :;;:;, ''S")s'i&. [\\\\,. 
{i.$ijt/<\cXl __ itittJY§'.:~ ~, fj ~~& {!fm~Mi{)) !! 
ff\:'O~ __ ztxlm&Ll1'1lf: ::::.;:. 'ln &8, (m(JtP~ !,, 'V}} 1 l 

f (:,,,(p ___ ,;.titik~ ___ !yp~~ = 'P' ti 
\\i(>j'.l;_,,>tn:lbgJypt "'"' 'lf ~'t& 
rnb)?tP»> ,,,, '"'ll(}1')) { 

•···································· .;,:~~.,:_:...;~··;i.~~··$;;;.;,<.<t···.·r:,;.i.:..:;;.:;.~;.:;,;. ·.·.···············································································································································.1,·.·.··1 
' ..................................... ~1-.>1 '*'"'$ ~,,,'1-'."'f';,,.~ i,;;:;:tl,;j:,,; . "·' ~· "' .... .. 

•.................................... ~,~r:i:L~tt,ritJ1e:~ . .Jefe:ret1t:~ .................................................................. i .. ·i 
..................................................................................... 1 .. 

J t~·\*' ... ts)'i:f.W@ ... AP~ "''"' "B 0
) a.~ 

i~~~tl tvi;i.~ h 'tJOOn l { · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · b~hvald' · · top · t~iii(ref@re~,e · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · r · ·1 

, ..................................... b~~w~1t{Jl},)tttll1t_X~kt(Je,~e,il~e ............................................................. ! .. 1 

} 

...... ~~~~~~~~~~~~=·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·~· ·=·. ·=· • 1-,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,v. ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 
\ :;<1<:.z~i~~{ 1= :t { ~ Nil~ (3f t~il~ ~t!!t~}~OO ! 
------------------------~·······················································~······························· .............................. J 

~ I 
~ ! -------------------------~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,v. ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

• l{k!'JlS.,}a~-1ifon,i;d &lt j I 
•.................. Jt1~1ty{:-{tJmLtYP1 ~'~}.H.t~ti~'13tl.-rn~Jyp~~,~ 41} ( I I 

. 11tr:.a de c:ooffident I @ ulin~M I 
• 11k1~1qu,1~ ... i7irn ... (tc __ y1/;,,;;::: 1 H i · · 

f ( !<4 J t 

• ............................................. ~ct.?c. .. Jiffer~nlfa! ........................................................................................ i. '.1 .. '.2 
•..................................... 1f{dt(.tit: ... $k~1\J\<l'~1!t't:l.t!l1:.~.8J .......................................................................... ! .. 

······································d~Cdt:~~1i~~e11mminan~·············································································· J i:-2··················· ···:~foiii················· 

•..................................... ii(tit'{,Jle; __ ~ii:~ .. Jfyq~ip1:H1(::i~ . ~1)} ..................................................................... j .. 
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............................................. ~~f..},k. diff""'t*'nfoii 

M.')1t ; "1~w i~ tj~lh~tJ 1P M !h~ t,(\$T ritm ~tt~ilri1J ~~1~ ~ .. wi,~ m,i, it»-'*-' m~it)~ xr ti.~tlci~l,,t 
...... ,,.,,.,,.,,,,. ............................................................................................................ , .... .-.................. , .... .-.................................................. ,,.,,.,,,,. .......................................................................................... ·· .............................................................................................................................................................................................................. ,,.,,.,,.,,,,. ...... , .... .-................................................................................................................................................................................. · 

1iW@~~1 __ p.i:mt§;miJti &t~ 

} 

(V':l!).,,s'OOk,p.)yi~!,l »'» 'T fl i)·qn,/XWihg,):nw ;;;,, ''.fW ii 
('<OP,)frs;lir;iJn;H~ ~,,~ ,.$.,. ,%% $P,''i'l~,,}rn~ti~ "''''' ':(;\K/k 
M !t)i11 ___ o,d{,;it -&& 
f,:.;~,0...,~1 ... r.-.,h .. ht.~'0.w"" ~J\ <~fr,~d .i:r*-~ .. ttw,t ---~ ·1H\U 

··········iti1t··~ifoi~~ih>i~Ld~t(eod; ································································································· 11 

. .................. tiii1g.iii~111J}e: .. 

................................................................. 

ii,fflV~l~t_ flit,e(:Jypa 
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•................... r r~~~vG~t.ti:it>+>t1ti~l'"':"' "1 '.H ............................................................................................... :, ···.························· 
~nif~..:wa~i~cmter ·~ 

............................... 

~Ji~~m~)f 

· · · · · · · · · · · · · · · · · · · · · · · · · · · iAil:rt~i · !ili · · 

............................. tl'li<ltJ~tJl:it 
t ................. J .. . 

. .. . 

: ............................ h~tont~l_,raf .......................................................................................................................... .:~...................... ..~!!!~~!! ............. .. 
~a,-t€w.Jiit 1 ~i!hf 

............................. 'rtli't~~t.Jtf 

.......................................................... ?W_11:!C1_,;m•tit~ ........................................... •.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• .. .... ·~ t ................................................. ui~}t~)f.· ............................ . 
matter_o-tt 1 !K1it;f 

• :" lf :tmnq di!il~b.t, '"';« "1" ~md lt~~tm~ nb/a:(~ver ~tu~f~ ,,,,, '{lf' {x;n!liqm,;iitkln 
•. \nf.t1.H~~1~~'*:'.Jf!.¥~~1S1i1is ptf~~;.~k:tJl€fJ~1;!~J.~~('*:~~?J.~1t?l \l~l?W:$,. St~ec anna::o: K "/ 
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•............................ tih\.}tidfh 

....................................................... 

mru-ttw-: __ hi 

•.............................................. ft\'tf~~tJril 
} 

•··························· ~iit:~~i{::ciiid·················································································································· ······························• ································ 

• i"' ff miio:,/li~~bti::, ,,,,, '0~ {W t~<~i1.1r-,;.,,~f,}~1qt.)~~:,<o;:~~,,1rh~p,::,, ,,.,,. ''(ltY t:>:.~ir:f\~11:w.,tk::,~; 

•. ltf/:ltf:!l"1ti;)1 pr~et:rltit'::. fi i(;. J1'.lit1t; ®!t?~~rtt~ty '}~)tHrt A;1.<1 f.tJ~)":'>!~ ... ~k~} i~'lrw.~ K *! 

tk{ 

•. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ... r.m.fk~r.J~i~ .. 
• ............................................ t~;r.llU'~ .. tfle .. f}.'.f~ .. . 

} 

if /ti:,xUr~ .. .oll/e7l: .. lay~r .. siwitw',;;; 'tit".~& 
t§H ft§.~ud i tS.t!hl t*·=«·»:"·lf'< l { 
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·······················································~b~ryi __ otjt,~1i __ d~«'11il~i(f ............. __________________ .....,., _____ _ 
\ 

: ................................... } ... . 

ff {q!J~~1:1ih,1ti.'1:'.\":t~ip~ »:.» 'l) { _________ ..... ,,.... __ _,_....;;....;..;..,--,....-'-------------------------------------------------------------- ----------------------------- -------------------------------
'T~,~t~Jf~";l.)ty~r$.t): ~\ } ·i,..-------------------------=:x,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,'.:. :x.,,,,,,,,,,,,,,,,,,,,,,,,,,,'.:. ;:,...,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

} ~·.st~H,t ( t'.!-B:.<:t __ bib;j) "'~ 
lfe;<i;tq!\) ... *l?~tl@ ... l,:),1#t ... ~ImL.~~1!~ } 

• · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · tixiii~:si1tjii,;;1L~i~;~r;\roNs(f) -------------· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·• · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ------------------------------­
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