
NOTE 1 ti.is~ 2:.3 Std 1'1S[kf%}G ·'Crol\i>:mr,'>llt";},1s ofBp~c0dn\'./ mer Mtroo:tn. E,:!Th"S·' mq.1ln~s 1t1@ sPQ:ctf:k:~t.m cct p,,.~oolt 
!W~~¢Mtl ,,,w.~r.,-; in ~r;;Iedp ~ntrd ~t'>l:l e~(;l.,ctr11,w~iori q' s:1!~p~1~ll $,'S'@"$, f~~t): rs1;;l4t!,bf;l:ct<; Ii te:qJlre::i ~ t~ s~-est~ tlek~~ 
l~ l'S .t:-tt-ci.0 ·t:~2 fr\~,~s., ~s., ?tt<t.kfa,,t: m~:{ubbd::~-. t,;~tr~t~~kis M: e:,p,~k~: l~ncl ~kl¢t<d =~1~,:::,,:iliktk"i: ki ,;;.1cpid;ii'~$;; ;:,;ti,..~ 

~~(;l~ti~ fro!i' too t~11~in; ooi:::~"$e< lh~t di;) ~! l~:W l;s;,; th~ ~..-::z~u~!hr:i rl ml&11~trh ~""-ors, fhh rai;it~r~rrwnt !§. 1M l1~~, m~, 
~n~:~~ • .,~,J~: ~ri V~¢·~; ~~ ~"1 s.t~:"~j: ~~.~J~~f·~<s "§..-: ~~::;:~~·~~~~~ ~~ ff:"f,./··f~.~~"'~f~M~~s~~i}~n ~~~,t~.·~ ,. 

N()lf z 'ii~tlit~t ti~ ii:iEJI ii..)GT ~!~noa:;q m~,t~tlOf~ .a!iO\fe i e r$:";~e.~~~r'l<' ~nffe:tior, ~r tt'>l:l ~11~1is~t,:;,q ~v.~~m£,;nta~'\~ ·i.'.f· tiW 
mer fu.-r~lkm i~ 1:1nwii.i ~ wflctl;fs...\.,"4 ti'a"t tht ~~ l"lot sulti.cil~1t ,~ ~ili::cGi~' ;;it~nt!¢1 i$ t,~',-t1 t,~ rhe t.~~,,<:"l~ ienteii'::~ !tom 
:sutd~u~ 5 .::: '\;'Vt~~ ~ri1froo:1k prgJ:~i:::-i: t$ 11:ot ~,~itiffiEtL :smh .~~- ttm c;'>lkt~iti®'.~<t ot ~~ 1DC1, fa~ pred:s,l}t $Ml b&1 ~ • .fftbenf 
~u tMt ~=t\tki;~n.t ~rr:ti,~ oo oot oc:rtit rn fu;; 1lrrl\:1 ln~er =.~k~ '' 

,~for~ ~i-i'tn; he ii~ve:,,-~ -,,:i,'.;:t\<~~t tr&<tjforrn, fr~ m~~n ~f ~~ch ~ct.-.r i:::.c,mp."--in~t r'rn.;:ti~_'./' ''~;;;;:~~u", ;ind 
"t~~""l.)/'} ~ ~~00 t(:, th~ ail <,.<,i~V~l~t ~~mci~fi~~ Of DC '>tibt-ahi;t 

A 2-D ~psM"'*-.i~ irwi:s;rw w~-,..B~t h:~n~fi\::ni ili usoo ta ~)n~-s-~ the i;,;tf~ t~x;LW.£:!. tr~ d<e~,;11;,.~1 ':i'.''11!~!$$'t c00:,µc:s1ro11 
I~ prn,fam:wd u~kig D~t.d:;.,.~N~ {9.3} tap bk~·~htaj{.~l m~r ~~nk Th~, ~1(ft'!fS{Z- DVVT i~ ~ii\~mtd ether in r.!11@tir~ or 
Inte~ op:e:ratk.-,n~ d~-.ei'1ding on fae field ·'\\<a'.i'l?.~tJ'itte.r _Jyp.t'', defkioo in the ~ynt~K 
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• H[i''i+.tl a );~h~l a:,"<;d H[2:'ij:::; b br l,;,OJ, .. J\H2~i, ~nd ~:Nit :atE t~ Nl2 inpd \'i<'E:'<>"B!~ oo~ffkS"!ts ~n 'foe h.~h.-o 
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r><:"OTE 1 ~'<,, h~~ rnn~e mr h[l ~. f.t>::m ob:%},; 

!\-·tm=r i t)e llcle:;{ ra?1~e ror gQ ($. t.i-o,n o c 1:; 

!\"Orff 3 t)e tlcle:;{rn:n~e for LO~. !'.fo:n ?·1 ro N; 

MOTE: 4 t1~ t'!®): t;:lt1~e ID, ~ :$: :fn:t:~ 40 N+:3~ am;l 

rs.:'\WE § ~-g ·~k~ off tm• mm H~ ~or &:'"0~~ !~i< lMn 'iJ Of gra~t~r !h~rc t+ ·,, ~~ !:(bt~rn~t! b'/ :fyln!ZS!:':t" a'4e,,,~~"' d~OCit~.._~d 
ire: ttm ·fu~§0\\1~~ =rutct~~~ 

kd~'-1'* c;,:M,,;~ 0Pr1b~~f \,,'a,·~ld, lh~ o.uiµ.t~~ ~t .s~h <ii'.;'<rt1~1{~ifim ~'!ll$ ~Hl .1,~fod ®\Vt'~ 's'i:\1h clh/,fh~ bv $l~1 s..Aih 
r(,1,1ni::1fa1g t<i thi?l tW~'e,$tln~eger, · ~ ' 

A ~ymrn;etfk e:denslcn :r.;f ~he- inp.~·:t "'"''~ve...~t o~~id,~ .• ..Yts i~ p~wrroed and the ::.,~,,_rafil~~d and •$.t(wrtcle-:::l -,,-,i~!:.<e:l!!f 
cooffo::im1,~ a::'E g1,:crwratis,d .. h'i.::<re 1h~t th~ ex~~n::~km, proc<::~~ ~.fw:w,,n ~tm~, ~'§. ~n e:>:;;sn-;~J,~ ,,-,he~ tlw• :!:!:>:<f.an%.')n i~ 

1~~11~ Pf:1\~$ ~9,$.~rnr@~ ;_;jJK~ tt@t i;niy ~he- gene.{~':00 ~,~fu...%~rils .ir'ti %Oei:ilwd. T,,~~ t::iP~l~ of ~)'rn~tiic 
e~t;n!,&1'.""t!.l ar~ n:ee.fe.1, b::4h rri!fn.1f ~e h-::.-i.~"ii:fary ~~€')s f::,t,'>e' A i-,eJ,iblii§~ ~h~ ~1;;.g~ ~i:;;~I tii':-0 l::,<"~ 0 oo>l:'e; niA 
r~~;,~~~ 'lh:t ~~ pkm, ·rhl$. i*' Wl~~km~ it-i F~l,t~ ..o,.,t ~n,J Figure A~2, '>-~hHe the a.:~e,pix:~ ~ ~"ldk~te<d by z. Tne· 
tH~~ of ~ft$..~~/,~ ttir 'lhe.' in~t ~l~ t9 the S.'l~\·~l~t m~ri %~' ioov?rl in Tab::~ A- t 
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The rmn'lih@ t_'zj' <:h::c,,xni,~~ilkm !tt<;·o;ifa, @f ti:-:e §wmin~rn:;~ "'"'ffl~<0n~1t i~ defo'lecl in lbt ir~mt faibt!~<l!'L TI~, m,'H'l'tJ~- i-,:_<f 

tleC\}fllP:.IBt~n Je:¢tJ$ fm the thrnl'l=1:i:ri.§rme ::-.x;:;rrmJnints ~ ,;}~ =!B:'>"l1il !Bi~ th;;_~n ttiat itJf:' h@ hirnimm~ t)r,m,poofrrn~i, If 
ie-:tt4~:_Jl~"$;;t_!aY$J ;,"''*mt of teifUfl'U>-rn:ecUa:~'$:i' ~i9''1l tJ.~rttid bi;! tizi;~bl:o; by {2 i de-to,,"T:i~.J.S:il~Je-:v1'!l$}. llte,n 
~~,!;:~ it.l~¢\,~ ';,,BV~l4t Lt ;wNi~d. 

"Th€ .1:-"'D ir1\"~~e ·~h~~e .a~i..~\1t~~}e ~.A~~~~~ !et ·t:~~n&irn11:1 ij:S.@s t~ :~~n~ ~::\':~t~B-~i" ·~~ .a:$ Sf~cinedl !ITT T :able .. ~;~ ~, . 
Areonfng tQ t~ shap~ bfor,,~~1, s.~gm~i1IB d :~ecwfr,.,E aufy:~~l ~-.;lirit:a Sff~ racons!rucfod and put ir,fo, !:h~ 
~t-\c<r~~ k.'<{';,.l1:'liL"*'1~·- T~ mt~M'© tlfllil'~fitin ·tif· i~ ~~pt~'>;tl '-""<lW~~! i~ ~ ~tiet:Wl.U!fion t1f tll,it fur fOO. r~u!it 
"Ml'telet The genie-r~l~~'fi~1n ~k~.,_,,.,,,,. the ml:IT:lber of mstrd pi.i~i~ fa he, $!:i Ol.i:t number a-;; "~'"Ell •;i~ ~"1 ,e\.:~n m.iin"i.-..;,,r. 
R~~1lVi;: t<:o ·!k-z t<tl,.Wlcl~ r~¢kln_1it. ~h*' $htt1i~ f,t<i!i"lt ;;;f w~ ¢,(J1t4t i,~ ~I~ ~iki>,'.-~1 ~~ ~. ~fl ~~id (l~tY:i':~ •i*~ "~~i ~~ 
.a,.'l e-~·~1 numt-er ~c-t:;{,~Rtn;i 'n} 1ti>1_;; ~t~pe =lnf(1m:~t1~1:. Wrtnin '*" ge.,W'.aH~ .,,.,,'ij'<'elt:;l rn~nnQ\ me f~lllii!:r ~,_,:;:a\,~i-et 
fi~e.ring Jg ·"' sped.al ,:a;s,e- ,._,.,,her:!?- the nrnmber of DUtf"§rt i:cinfa i; a11 ev~"'l numh-er .;;snd ~he gfarnh~ p:i~t. ~. an ~ven 
:i'K~r:'i~r (C) 1~. Ai':!/:lt~~ ~~t~\~ i;..~~~ it fw te¢ttMli'Ji.,~~bti ¢f r~Mt"i~i;il& kei,·Ji;,tti \:iit1h m-i &-t@t~fi $!tt ,,-,,+'let'¢' l:b~ 
:rn.~n=t~r ct l)llW'Llt pol~t~ miw oo ~ven or o1\'.l ~"lo tJiE s1aiing poin~ /,s ~!w~t~ ~,.,~ {O;t 

·" ~fn:l ~ z qnt-l)'"g[i+- ij + r M[I1+i]""~lft-4J 
}"·} :-'-~} 

... iq:ri+tl _,,, /i'.IM ~nd Ltl'i+t-!.*] "'Ok~' j:,:(\·l,, .. JN+t .. ~vJ.1, ;rid {.x~M'.! ffit~th~{N+l-1}2 mr-Nt':.~~\;~~·t c~ffi~i~~'$ Ir§ 
'a'~ b\-.,''-Pi>IB$ ba:,,"1d; 

·• H[Z":~~t~i] = xhfi] MKl Hft"lt~l = 0 ftw l=t'i:L .... {M+$}'2·t, a,ct {Kl=l1} ar= the {N-t1}l2 inptit \'i:'tWe..~ ~ffidi~rts m 
th~· hzjb,p~~ ~i*n~t 

l~ ?0\Y (1*'tf~·~4p~ IT"?ff! t~. r~~i~J ~)'~ti-~$/~ Wtwlng !~ ID r1tr'rulUCf a htmry p@'mrm-er t !fi ,up--sm:npi~, 'Nhfre ~ 
= t) tf li'i~ ~t-Mttt"\l= )::~)Wit ('t th~ ~)Ufy)Ht: ~. .lit ~',itn rn.1m~ m~<l t ;,;,· t if 1,h~ 's<t.:'srtlfl~ }@lni f;;.f ~· ~wtptit ;~ ~:ri c.;:kt 
s'K~td~t, 

TI'i€' ~)~11me~ eJ:ten~im fnr Ii~ ~~raii~d -s:;,•nthe~$ ftedng is; :s,µ~fl.'w !n tab\!$ A-i. 11 ~J ls an .e,len n~~"iber am:! 
iii'\ T.i::'/b(~ ;>\.,.:} W N h ,~n o::)i:iW ti~Wit~f. 

iO)'\l~ii~~~ in~pt~i ~trn 
.Yt ~Hri~ IW!Wf,tl .. 
t)ight)tt~ itWtJ§ .ihl] 

. t?.~~i~p!1J~~t.t{1 .. 

L:&):§d i);-g: 

Tmifo'itt 
Ll§.:;§tiii:19 

T:•)1t1i~1 

tn~t "f~,p~tt: 

.THHM~ .............................. I~:P{Jf .. 
Tjp~.A lnxiB 
J;n~~~ ............................. 1)Jii!A .. 
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i\)'>'s'Pi?l~~ !q,~i~ i<ID 

ks }~Mi'.~ (Hfo,"1~ @ff 
~=-~~tlt~!n~~ 

fr~h1g 
hi\jhpfM h\µti't ~bi} LhH&itlg 

);1JJ::l:4.\11WiAl1 ............ J:t;~?1~L 

rri1t'© 

fyi>df. 
l'/Fl~~ 

l~•Pl'iA 

~., ,H t-•· ·o,· .,.. ;1. );i; ··~ <"'Oc•·"T .f.<..•· · · •h· ·'· , · ~ <' <';:" t's,,·"'l' ~ , · 4: · · ~.,.~ ;;,.: ",K,·, · -'~h ·~· ·.· , · • •t«.h, -11[· 1~-•l: . ,~· · l,.l.• ,to, ""frmij:f ,Q $,~m,~r;,. '.,AJ··~,,,.,,. ~ !~Offi $t!'~·Q\~l$';:: ,<\. ''=· '-..,.;,,,,,,,,,'\,•. \.,@1\'il!f,$ a '"-'~,,;.>'"l(,sl;.;Q'\\",'l~n "e-Xilft:! \..;...(,~ i: Yi\;'l..j W:i,:O· ~ w,.~~. 
\<i,'filh mrr~st}l~,d~g SA,DCT ,1aeffi~iert;: ~~::i. •dc-e ,,-er~B:, inv~rse s;.yDCT tt},"J\ierl:s Jeqtant~d ooe:iic.1ei~E Ff,,;'Jtuj 
it1:~ d:...~~~ §ext-~e ®i~ fl:.i:IYl Tht.~ d~fo'liik~'l c.f }~\,'l"~d S,4,.DGT if h..~H~d !:)fl {M fuur ~Jbs&1Hent rfO·Cl?:i5i~ 
st~~ $1 'lo S4 \Vffr:·ti, ~R: de$...~~ ti mor$ det~ii zj ~l~i:.:-(i!~use A.3J ~::wi fu~ ba~~ of ps.:e.~,,·-=G c.®e. 

Thf-l SA-OCT pr~~ f:;z;. c~":!lroli.~ by '8, bha")· BlTfl)' 'f_ah~~h'}[xf ::,-,,41hh 0.'!8Ciibe-.i th€ $1~t: ti in;>tJt t~taij}dfrj 
~fl/j 'ii'lht.'f:1 !!i tel It"¥.;~!:~ W)th 100 ~"'<l't"~~)::;t)d\t~ sxt~!tk°"ik. Th~ El$rntrns .o.j' 'f_s!'!$ip-i~l\<1Rr ha~'.:$ h')e van. .. ~ '2$o' fat 
q::,aqL::e arid 'ff f::-.r tran'!';p,:1.re:rit p~s Trii. binary ru-rny h~ ·~0c bOll dt>rhecl 1tiit1 ~hm :d6tod:.::d a.~. for kltn~"l.ah...~ 
bi:ait.ks the e~ment'!i, S)f 'f_ahaJ:Xl{~']f:,,f am t.ak8n rro,n th,~ ~)we,f,()nding st~tm1d: ,;}1 ,1B~W-5Al1 m~1 for 
(:;t\fon,:dnfw1:ce t<~:k$ liAS ~ i~J)1~rnµi~i .~ ~pei;:;~1 fur ~t~~e ~~'('Jln.~. 

An a.s.~?<mrn-y bim~ry ~rray '~hift'-ahape[)'JM' ::1f'rl tNo one.z1in:l:e:r1sbnru Ct'.;,,Jrnrer @:my1 'p,<.il~-~ei{IM:[xJ =~nd 
-~tff_)·~'itil:tiiVJ' ~r~ h"iPlk::my ct~ts:~fuct h"\~t 'C$Mt"'%.!/~X' cll.lf:..~g th$ 1n.1~®~l ~tsift ·cyp.-<t~t.~'lts;, t,:f for.4.;ird $A. 01:'.tr 
(s-ee S·1 st"'i S3). Tt~so,; r:it~i!i&)• sh,:j,n-E' pafr:is,"ll~ern ~r.~ ~i$o ~$1e<l for i,ri,,~t$e :Ei>s.-t:GT, At. fae ~O'';k;t, the~~ 
nH}1'8'~d ::'-*'1i>!ps p·-3r&~t1:::~ ~ro firat d-...wi:,,Ed fr@,,1 dB{;~~~ 5.A;f\ dw~ng ~ pi-=t---:pH:it~~ki{; :i:iHtp !·~H fcih}\-:ttt:f ht lt,'<ilf 
$Utli'f'ql~l~ proc~"%:!nt1 ~-t~p.$ fur Im,~~ $J\,{JC7, Thf;: ?e.proo~~iriJ srep 1~s1 is. \,·~ll ~ ttie four JJ:"\:"}GlffiSit11~ 
$l~~~ 1,-.sz tJ !<::-5 i:.t:" ~w~r~ 5A4YGT :\lf# l~~i:.:turei:J !n :1rnre <jt;t:JH !n !;;.H!:iG!~l~~ A.J.2 ~1 tt1e t"<t$:i~ (":! ps1;,1.,®,C 
cod~. 

2 

th.a 9ls>:#aty ilN'a:'f' ·shiti __ ~~"'<,;fa)]l:iof 1~~>::tlt.,a,._ tl)S blrlllf':i ~f"%~ cl fu~ ~Xtllr~ pa'ii~ff; '~hrtJE-::>'1.llsi~t/ff:4. fe".:tiili!c@ from 
\<im:i::8:l lN!'t ri .$A-OC'f {~ f}:1 }. ThE! a/~1:~m: i~ -~B~~~h~gM!X{ ~f*~~ ~. m~ns~Br cl ~fl*:<ve ~~ ir:; €8:('h O)..\So'-'$~f:l M 
i}JM. ·~ ~~r1Wfi~ ct 'o:::..~lr~•.:;.ID'ft)f,<f" d~:§tt~~ lh!:S l'"'titt)OOt [,A.,OCT o:wffld~f\~ ~:,~~llti§: \h ~i:i>:::n ft!'='-' ;::;,f Ff,'J[wt Il'.:il 
~¥::rn·iill~ii -;;:;....,.\.le:li tar 't.'!~:t'~r,t~. ki \-Bl~t~~;Mii:;:r <1fits -::ti:'1:fl' _ ,,<iW.{>if ,~£\ !n =~ i·:fil:i~· ti~,m ri tu 7. 

Th~ ~~,m~!i:l 1r t~ :::it)e·-tlli'~~Mk:--ii1£iii OCT l;,'~f"*b:1Yi:,-s: U$~~ ~tt,~i·~~~y II') Ml'~'lt~l ;Sit),j ·;=,;;;til~~i (',fa"*,::,.ttm {!!i,;;;~ ,t~~~ S1 ~f:ocl 

54) e~ c;,~$1:1 ai !l)e t~Tle::Si o:f the ·Ci:lff~X:~'ll.'$§'lg 0,1".H.~rner:&.".l.1):i!! 1w,;ers.1? Der i·,~:nsr;::::,~1:JS ;~~ ;st~ i-:.~ :::orK! t-S.~) ~l:lli.<e tt. 
~ ®'t~'<'i":iiJ}'>~'\'i ~ti.~p=1h'~if lr: ~'lit';@)ci~t -t:,,1 f:m ~t~\-~ itlill'}:1tm~,;t th~~ ~~l'il~1ii'$ -~*JW~'f~:~l ~M "(i .. ~'\~.,>,,-4-mf~'f 
fl::l:1lllr@ p!:~ni: ~~itrnetlc ~&o.:lld tle rn;.w ot.lfirloJ antlr;,; f{:f'~}!<l5:0 :l.lml tm•er~~ &A-G'"CT (Le. 'l\,o.'f:l s·, '"iD 34 aoo ~.Jrn 1-52. !D i­
S~}o n; :i::'l:~lJU~ {l~fW~{Jj ~<\.,oz-;:T •~ m1 !N~f wilt1 '~ ~I~ OOtwi~flllr~ ?:s:~ ~WWlWlit ~"\.~: ;gf }<J::.1f:-s: t'J~''il Th~ t,U~l,~ M 
~':,;,w~!i> £.A,,o,:-::r l'$ iaLi:.'i>::lM tt."'f r:b.-<s'~\t&.<':oo'"it.fa~ kiM't}&"§. TI~ tt.~:ffit.l~tifui ~~ 'll~ it%'Jtii ,:'Jf 11\,~:JM S,~,,C·C"'l' ~~. iM~~'s. ctf 't2 
~=~ ~,,,m; ll! ~ii~ifik i:llli'i§~ cl' 1-,2Ji.1s;+::r.117J.. 

Th,1:1 £ll§"l~ir~r~ :?)t~i!/;iOO f?::t th~ i~Mtt\~l: e~ki.:i!~!&i:t'l& M itW~-~~ fA,·OC:T, <$~'-?:liaHy- '§l-\~ @\~ rnioo clut%:i ~~~-clif::l!i~~l&~j 
i:::"ww~,;. fi-C't' 'in.~,~fufm i;s ~n.::g~-.,\~ ~{~fX" !<lt ~;Ri l{W ~~ '"~!l ~~ ~ cm~ ~ ·~ ir.i~~:ii~fu ~~s}\• 
'aHl'(}!li):gtW~~ll:sl)l,\VJ!ff sl/Kl f=~l:'WWl~ii~tS)'s'J{tf 1::.li fl;:$i :&f*;l!"W:::t T<lMi~ :/:s'iD allo;.;~ui~i =llii p-Yi,:~ll~~ ~imp~:,s. ~tlr tJXo:'J'xlfOti::~­
wit) ·:1;;,;~~"<::;..~J..~l . .,:: $4.', W,-e ~·re~~~r\ $>"'iaH ~= $~ffk.';11:~nt $'1 ~1';$t i~n:ii~llt ~H~l1l qo ~st O<tUf i~ ·~ tln;::l int~i- }SJ;...'t~ 
®\'fii~ fu::¥1 91M- Ar.;t,~~"<l.l:$ fa !m,~~~e :m~&i<m:l ~\a.P:T. il~ ma:<ln.~ ~,,:)t ~!'ll:lt«i sn~et ·~lie r~sjji'~1~t$ a=::.~ cl-~~ 
,,~1 m~ ·~rht~f t~f~Pt¢~1i, 

St venk:..al sNfi: 01 al! ,:ip.aQ,iie ;;.els in ffa.'][);1 "kl tr:e m°'-s.t ~n)$.r po-:s~ion and ,c-ons:tru;;'faor. of ·t01."T=l="SPO~i~ ~$'.iltary 
iitf~Y~ ':;, !-i:ftJ~;s:ture-{)']!il' ~n4 '~hifL ~ifi;~}¢f:il!)J 
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a~t ~ft,<k:&kt) ,;)f $hicip~wtx:l~1:itf,;-~ (~'1~<:li!'n~i'li.~l'ls'll m:T k:1 ~· fa{l;t lWft$J¥tightxr p$!~ in cll et_1:!tin'H'W ot 
'~hh\J~):<,itfft{ii[;.;J wsih '~¢\$.,"hclef1'*<l l"' O' 

»·=::.:;s.Ii~~~J :,,.x :~:::;::~t ~~~ .. ('/t~:-:~}-s_"">~~i=~~:::~: rr.:~ ~ ~~ 

.:t-:..:~~-- (;-:::f:~: ;;-:..:;:~~~.:t:..;;. J~«J<Jt::, r~~ ~ ·i·~·~) s 

?~ .... ·::.r{~~~:-t~~~: ::~~.:::~~;.-~~ (,: :; 1 :!-.!. ;! ·~-~~. :. :::· :.'. 

:f:>~... ~:~,r ... ,f -~· :r-~~t-=~I . .t: ... \~~=-;i·:i'tt t ~~J ~ yf-~-~ r 

:S;l,; h:ef~l-~i!,:il: shift sf ail lfl[~fffii:.Afi'<'ll'B ~~<.:.~:lfit:\-;,_-:{lfa :)n 't'_i:nt8i~1::wJi.i!k{',j[~j' ks m\'..>S{ ~-{t §.:.ti::>hlti,-;n i$'.iJ (.Oit&i'l.iC!k~:) .,:;,f 

cO!'~~pi:;'Mt){:l 001i;Ji;MV Mt~y 'fillm.Jn11fu'1:1tif'di~tt'f"''U)T 

~d.:, ~~ :: ":.. •~ ,l.~ ::..~>;\.'- ,.::. , X,:. ~ , ':.;' ~ ~ ;:., >,,:,.._,;: (,5.·:·: ·::,,:::y:;-,·· .~' -.-. ~~·u i:·:~~~;_..;.:.,:~ .. ~~:,.;\.'.';'.,.~ ;;,,.x;,t.;,.~ ::.-::.~-~ =~·~ ~: :: 
~'-.:'3:,}~~i f ·~~~'>1fS:::l:: f·-~· ~ 

$4~ ;i~k-~fai© t# t:h:.::1~\,~tj®,.--s~h,~1 ~!"!~--4\k'it(il'\tl@'\il t'Ci' ·~ iht ~h"$t ',;;:~ft?l«~\'.f hi®'trW~t~ (:{),,,,-s:;,~k~~t~ Jr, ~ff 
nJ\~,~ (i '$M\jnt~ti%:-.;fa~t~:f4!X:f \',1*ih ':t~~l'(ji'dttt .. ] !~ (f 

;.:;.::~.,~ ~; i.~::._~~ :..:..; :..(:.:<::.ft. {~~ ~CS/(:-~~&.:.:~:~~ w';s::: •:•:::•: ·,,. ~ ·~·:'~ ~ _.. 

:f.:~:r- :;:~,:~-~~=~ ~:.:;<·:~~·.:.~:G:f :tn·N·.~-~·H.·:t:~ t::.:~]} ('::~·:-) 

~K~-?-.-.:~: ... :.-:. :):) .,,:. <:{:·:~~ f:.:. Y. f:-::·-~ ~} .. >} -.: •Jr·t..-:~~~.;;:,~-rr ... ~.:.~. •d}:.:h.fo:::' 1 ;. ·: .:· 
F ( '-:--:~ ::··:~.} ~-::;:- .~1·· ·-sl ..; ... :-~ ..... ..-..:\.~--~- :-.~ ~--.~~~"i. :-~·+.u i :--...;:----:--.-:-... >:-. ... -..-~:.; ~·,.-'¢:·:· ::·:W.~ :~.:'\:~ : 
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lo$l~ 0-'l)U~wicdfovi o'f ltt.qll~~,j ~h.i;p~ POO'.tm~brn,. ,;.9e,~_wruthM\ -~MC~h;:i .. ~r:i•Jtx]' ~rn::i 'p~t._!,:;~igJJ!),J' fm::n 
d~":::"Jttei:: binoov ~"lat~ anav ·t .. shil~fV1~~ff {onl1 f!eiitted at dfil';>,')®f) 

;~~~>-~·;:~~;.<~ ..... ~~::\ i:;:::-:) .:-

t:~>r: (~·;,;;-:(.~ x-(~t: ·x,~+~~ ~ 

~~=~t~1 ·~<./:~~ ::~t~~: ( i) r $;} ~::::) -~ 
:f,.':x::l ~~ n•; Q'i-X~'.:'t>':;,;<~ i 

:f:: .. ~:,... ~~-·-·.· -~: ,, ): ·<:~ ·' .f .< ~ 
if ff._. __ :=$h,.";;i~~ {"§:' 1 ::~; .,,,..-}~}~}~ 

.i.t ts~'":).Ft;_J~:t~~~:t~-< (~:)xx .. x{f SS.)= 
.:.-,:~~ff. .. · ..:.,:.._,:lV>< ·, · ~ 

t,S2: ~~::fa::-..'$'liOO: af ~)~~e,ariapfr,,;E kive~'Se- {;<,'1Mfanerusiim:a~ D:.'"'.:T b thE fiPs:i 'roeff:....'.wk·ti~~:']f ~-::>:::·d-e:d SA,D:.'"'.:1" 
c,.--.effui~n.ts in a!l ro;,\;-~ of 'F[ ,tl[JI w-i~ ·c-0~'ff_ 't,fu'th[~·] 1"' er: 

I~.:s~ t?::\\r f~~-~f~ ~:~ (;:;;:.:::;.~:r.t:_H\~J~:l~~( '.f} ~;::~;>r ,; \?t·--r~ ·/ 
-~:{\ .. ~.J .. :b~::I =~= ......... ~~- , .. ~.: ~ :~_,.-.,.,._,.,:.~'.:...: .-.~;:.d.d.tt: ~\~~) -~ 

~~: ~-~::: "( •• u ~~~:\=~~~:.n~~~:<t~-:-s:~::~~: ~ ~~--~ u.-... j "'"' :~~ ~ :~- ;,~ 

{:>1~ ~-:~~'-'(: r -~_:{.::-::~'-_.';.-.~:i.f" __ ~-=i:-..t~J; (,{'-.: ,: t1-=----n 

t,SJ~ r~,-thit:1 ,:;i,f ~11 f~:o.x~~:Mt1.iei~: hl~ml~~~w ~~ff:i~':t-1~ ri 'shi:ftjnwm~~ro{!fl[)iJ fr,:.-m ~st ~rt ~ttlon to th~lr 
G{~~"!al ,;:;oi~~w, posifu.~1 i:.~,m-l-'l>~~ by "sh-ift-'s.h •• '9-~[y]ltJ 
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~..S.4': r;wpl~~t:lc.fl 't'Jf sr~tW-NJci@th~ hTtf~r~t Q.fWHiin~rwk~1~ OCT to lhfl fu'~t \'.;ifLtH\~htl:<l' 0!t:erine.tH,Me 
c%'ffi;:ren1$ in,;fl @!!:.ID1n8 tf 'fj,,"'lt·ertnedatef4[xJ dfri.'p~h\ .... tie'zjfut):1 t~ O' 

.f:~~ ~~S;":>':<·•.\; ~~~::~3,:· "'.-:"+;} ~ 

:.::.::.::.::~~ } ... . :~::: .}. ::~b~::· 

t,~=-::.-:.· ~-_;~:-:),: \~\r,s-~;1::-::~)·iX:;·~.-:;;:'":ht:~ ~:~ r ;:.,:,+~'-:: 

t:~~ :::: "i. ... :~: ~ 

~--~~ i>-0 ·.·-·.-.'::;. '~ -...: ~~~---.·· :'...::-:.;-:_t-:t ~ <..~ ,. ~~ ~~ .~: 
~)('.·~ I~ ~~: ,:~.:t· -~ -~;:~~-:1..~ :-:.~-~ ti::,-::j ~ ~::·j" :~I,I/i~;;.~:~;;:)·~~i.J~~t. ['$i,} ;, t :-' 
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r,~~ i.~~: __ ):,:-::,t~;~~t .~--~-:~· 

NOC>S,\,DCT !$ il:fi ext~n'Si~'i or SA·.{)CT 'to'.;:'::';:lf~'-$ ~:i~t....''ft~l i.:in.a, M'd ~,:,~t,t¥~~~$)ng ~ta;~ .. ~·~ DC i-ep¥~Gf'!: 
'wh~h i$ ~J::Jifo'zj M ~h¢ ~t1$..'i>$'t t~foi~ t~,,_-~ro tAtx:r Jn~t ,tt.x: t,~n~¢!k~ \;_;,hkih i$ li~~1 J~ tb~, ~~~·j,w ~'ll~r 
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~·x:tTlbi~"§ ""'iih the. fmir Bltepi,, St k~ 5.4 .1:1· fo,r,,<,<;;ird S.ti,,,DCT 1h:m1 rubc!i:lti~ A .. 3 .1. Step~ AS 1 t,,') /,:5'.3 afF.! d€ser1hed 
)ri {rKwe (::i<el~i! fo ~l.iJx:i~>J:re AA. t {:.<i:'l lhe ll.'$:~l~ ,ii Ki$eU,(k,<) ({>dt. !rw-er~ i'!JX).~$A,t1CT 1$ ~~~~J ~:i,) {~K:~'.1~~~.::i:'!dins 
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:.~~1.2: :~USi ~n sdd:1§.i~I :s.t-&p· t·:;.1S3 \~t;:ktt carr:~~ts ari S)Sf:~nm1.h~s} ·err~· e:.au:;.~d ty ·~hG f~~ tt;:;m an O'i8f:~~i~i:!:y ~---n~~ 

at, ,,. -· · · >::'l""!'"l • •" 1i. r,.,,,.,y. · . t · . · m-.n · , rv·,, -~ ·~ n,-·-·1· · ·~ ·. ,,,.,. 0 h..,' ,, ,._ ~ro ~.,,f9; G<.~H{;!ern >'{,,,1h'-/J :zy • .:$.~-... ,t.i,,.~ 1 t~ no\ m~i,rnsmi~~q in ~i~,'"~, .. ~,"'"''~'<,~'i {~ l~e.p i'.\~~.L :zA~,,_,;iijU~ ,,, p~~fu"$ 
.,:j ~"t~tt~tJ"ltbn ~:d $1. l-;::'!$i k:: i.-A$;1 titi, b~~/$ {$ pt~~':Z::}l::J,(::: PfXi~$, 

·§ fh:.~kig ~x~1t m.111m~tk »~id ~ u~1 &.ff~ :wifaf.> f(:»v~i~ ~rn:! h'fera..~ ,'!.tX)-tA-tX;f (i.e. fr::.~,, .,\~h ~~ /,}53 im:§k.tln@ ~}t 
t~ S4 D.c1 EA,·OC-T !:.'!f>'Ol fr.::).'l% h:.\;Bi *~ §.,'<.tH im::!1.,'difaj HS2 b. hBS ~ ith'e:'~~ S,>\·DCT). 1:~· Itpt>"l ·!t, fa~'\<\"~'<'>:l ~CK\:Sl~:·OC-T !~ 
~t )1t~~I' d1fl ~ h~ s~t:o:®i~1tk~ 11'1~ (',ly~~it1K tM~~· l\·1.tt1 t"2~t ~2!<!:ij. Th~ (',i~\i,<;ll \'.If kW*\$~ l.t".!C,SA:A'..CT tt i"i:/i,l'l...%cl ~J 

@f~$~~¥!itW ~"'~'1.~m .. To~, t~m.-i:wfim M 1tw, inf,l:;lt (if ifs.'"~ti~ .1m: .. -:si~,,ocT ~'* \t)•ili {ll'. ti ~·!$ \a:,~!h ~ ~/lt~"fslt r~"l=~ 
fr&1~, H!:C~B;·tA'W7]. 

2 nw i;lfiU"mi;:-!lt p;r~lsit:n r~- 'lt!!;, if'l!t:rn;;'!l c,alcdaiit:l:~ or bV!;l!ll~ /<PC."StH;x::r. e'::ipt<e/i:!W th1:: ~~ t=:s.~!j ·f~, .. n~n ,,,~~'e 
rni:o;::c~(~t\r.~ m:e.,AS·l, t:r ifl'l~r~ 8A·tK«::'!' i"" l•itS:.2, ft:::i' t~l~~~&m 1:if~~ tDC.~X'J~%tl~~1 t€n, tt:,':·AS1 ~:mi f.wf~Maddfi:&1~: 
hi l,t\S.4 tt« v,~li ~ t~ orn ct (h~ in~'t.~ifui~ "''~®.t.-i~ '11~Jt.}·m~iif 'o..~~.}gmt, 'fE.'}~f and 'FfvM,f, i~ no! ~fiaci, 
·r~~~~~~ !ft~ ~t~zy~~'\1' ~1 ~i;)~~~~: #J~~~ !~r ~~~$-~,t~t~ \~lh .~~~~J~}~ ,:: $4'., ·~f:l~ §:N'¢},{~~$ .sr-~~H ~ ~~ffl~i~~~J i~ .~t~t 
$/gnf:k.:ait ~ff::lt'$ oo n~i! ,:."C:u.ir Ir ~..h~ final inre~r ',\,:~/4.~a ~t 'lfal(tj, .-<\~1aklgol$ 10 ln1.<m* :st:'iand~rd PC1\ too :"tla>:hw \!$~"Pr 
stt.:..w!tl n~~t 1/W fi;,'tjlJ!r~m~i-ts of i 'i$..s:~ '}'%(1 ~Jt '.%vis! ~~'..~Wnf .. 
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'.14Bfli, 4541, 5~3'. 11%~-W, essi~, 65%~'1 655$, 85$3.f, 65536 fs552il 6553{L 4f1'1 ~t 3276B, 39~~-{L 42,f-23- 1 t4I( 
41)21 ~ ·11\lJ:;\ 54.~}5~ 6St;;:~~:~ S...5f(~~l, e:&t~Jt} tl5t~l~; :~SS-:le~ ss~;3a::~ SSf({ij.:, S:S·t~ti} ·1 :~ :1:.:, t)41: 1~ 1:, st~ ~~tli :~ 28:4ll~: 
(l~?J3~-) (l~~~~\ tl:55:.*~, ~ie~~}, ti~1s~J. i1!1{1~e\ ·~!1~·31~ e:~$-5, 24:. ~lJ41~ ~~\1\ ·nJ?1\ a.~: ·~$~ ·14~tJ4~ -r-·J ~19~ {}~,$:*3~ 
65536 .. 5~%. 'i):\635, ~'51tk. 655~, 516:IB,. 556:Jf\ l~E, t 25&t 14£%\ 2·1§46. 1. ~X."12. ,158Stt 555S'5, 8550-1. 
S$~,:ia. ~<Z:53~), $.f\~{~i, t6tJS, &$$)!\ S.f,$:11:i, 4J, :2$2, HO, i ·1 ?lt 7~;;1, $.Z~, OOJ, iK1'1, 5%J~, {%-$$1:i, ~tS):a, e~-S-:JB, 
:55.536::- :fl.5~5<1~1 555:3l'.l,. fl5.t~~ .. {\ l .. ·t .. 700 .. ~12~ 25~ 24.~ t:l'f~\ 55.ij~ 6553:fl~ ~:553-+3~. @553-5., ·BOO~, f:55:lfl·~ tJ~kS3-5i 
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6'S~~€1: $.S~Jl;]:, -~, 1, i, f?l :2 .. 4, HJ:l. 342 65S~~-- 55:5J\ fl55:J~, fl56:Jf, B:553fi, 6'E636, ©5:Ssek. ©5536.,572, ·i, 
t@28, 43G'®!J, ]3.-37, 'rn8&, 1401, 21:11 .. 65S3/3. 6S536 .. /35S3tl. §35536 .. 555$~, $5536. 65t~<?k\ $55&.1.Hl 1, 3B6 
14SB,. ~. M\ 4C, a}; 

@£-&36, @6536., Stl:23£, u:,r~i9,. 55-&s'-'&, €<56:~. 31l-14t1, 3;?:i.tW, 0, l\. 0, Q, tL ti.. 0, ~- tl-5$._t~. M51k\ u1ll. 1\)&:}ti,. 
$:$.t,3.fJ 65}};:Ml, .. tn:·1~, ztt,,,.,i;Q, P G., l\ 0, 0, 0 ,O, 0. Bt;;t~il:i, {$$St\ .. &J£S7. jt)Jt{l BS.1:Y$. :855'.Ml $652\.i\. 2t1%0, n, tl.. 
o, tl n, 11, o, e, 65fi36, tseJfi, 46875, tw:z-s, a5S36 65t.lt\ ~S?'4'( J077$, u, ti, tt Q, o, t( o, a, ~ss;1i, ~5Sl$,, 
@3&56, 52736,, Get3B, tl&51tl,. 12BT4, ~J:1 0, ), 0, 0, 0, l\ 0, Q, t:W61<fi, ~1$Mt:L J944~, 4tt._,M, t(i~.::lt\ ~55::lti,. 
1?4tiR to!:'!gB n. n, rt n. n.n. n. o fi~A3B. f:fMt .. ~t1%. L1&%. fi5S:tf( a'1-tlt%. ?J01;1, 14~;1 o. n. o n. r~. {\ n, tl. 
%53:-6, &.,~3B, 318Q2, 37~. 81§f;M\, ~.S:3-B, 24M5, M!28t, IJ, Ci, 0.. Ct 'D, 0, G. 0, £5§37, BS§:37, ~;f,37, >&5537, 
t1ss11 ~ t:)!lf(~-r~ t)!1!tl1\. ti~t~1S)\ f·t~~~- ~llO!Jf\ ·1 ~ fttai,. t112:::~~, ):~~~t :~-=tl·~·s~ 4 la·:· ti!I~>~'f\ {1!1::137~ ti:~~s,1\. ~)srs~l'r, 
&~537 &.~~S37~ ~5537.~ tJ.5537 .. ·6443!\ l004l. ~1224,. ?20:1~ 5.;r1:JA .. 4$74. 6753~ 1=1~1~J~ 85:5Z.7., 65.517. &'$fi3?\ 65537 
eis11~ ~}5$17~ 6S..t~~7~ 6SS~~7~ €~70!~ .~11~~.J~ t$·7t)5~ itoJ7~ J"147)\ i5-4ftl~ ;:tf,~f\ etJ7J( ~55:rr~ t\stJ:rr~ 6SS37~ 
t1ss11~ e.r$~]S.J\ t1~J$S?:. ·t~!J~tsrl ~)!}~trr.: i11e$·1~ t-99~14:. 4B~, :t)4t1:t~. t:t~l~a, J4tt1:, ~\. :i;~e:. 6!~~1:;r,. fl!IS~lt, t)t~S$7~: 
66537, 555:11.. 65:iJt 6553?. 5553/, 1t&$. :2300@. 12'5. 1410,. Stl:3~~, i\'372t 8'311. 'hM& 66S1t flM:!/f. 55537, 
eis11 ~ ff!S!7 ~ 6S..t~~7 ~ 65:$~~7 ~ t~!~i~~.r ~ 4.si~tl~ ii~?2~ it:$$:J~ i~~tt{J. 411:2ti~ ~1:f,~:,_ :ts?:e~:t ~1.i:~rr~~ t\stJ:rr ~ 6SS37 ~ 
e5~S3j\ &fDl7: ~53:?: 6·5537'., ·ft5t~l7: ~3"5:537 .. 4{t3:2A .... 3707~~ .~~B--4~. 5-tJa:. -1:8-87[( 2fH337\. 93..::1(\ 3-@6~ -&,.~_37:. ~35537',. 
66537, fiS53t. t65:1t.. 6553T. ofa5St 55537, 2iP45. :2t11t( J48-. :JtH, 2~10, tJS30. '.)$1, 8}: 

6553t.~ 65538.~ 65f~JS~ 6.S~:35~ 055-Jt.~ tJ:5!~3t.~ BSf~36-~ B5fd6, D:= 0~ {;( S\ {lt -0.) i:t {( ~Sitt ;§§-53El) ~f\3~:) 65536) 
eotiJ.:t:s, 5-t:5:1-5. B5:5sri, 55::t06,®., G, o, e, ';§, D,, n, o, ©f>63fi, es5sei, 5&535,. @Eo3fi, @5fi35, 65516, 5&5:J.!t, @55sfi, o. a-, 
Q 0 .. (t 0. {L (1. 6i;,5:.J~\ &fr5Jf\ ~fr:S:lf\ &552'6, f653{t ~5.f3&, i:t~SY!. l15¢S3-£, {L 0, 0., [\ O. Q 0., Q. §3553-~. §35536 .. 
ai~1~t l:l$$ti5, · ij~tti5, · ~$$~~),\ · as$~t~, · l:lS61~t · tL t\ t:i, o, t n, o, o, ijfr52~. ist::liEk ~%:m, ~$5:le; ~$St~, ~sst~, 
tlS5~\ t).~J~l~: t\ tl:. t\ {l, t\ ©1 O~- tt 6:5~~S1~. t:1!1~1:~f\-. ~5:$:>t.\. l~1~1*~~ :ftS-S:_*-~~ ~5!1-~i~\ tl~!~l~~ tl~l~-J.{\ 0~ tl: ~:l. t\ [l~ 0, D~ t\: 
~5..W~ 6~53.k1~ 8-5~Jlt1~ 8-55;k1~ 655$5~ tJ5t~~ 65~~1k1.~ 6~~~i~-: 0-:. 0~ t~ 0 .. Qt (\ 01 {( ~5537:= 65537~ 6f.ff3-7~ 6.5fl:37 ~ 
66537.~ 6-5537" .. ~537 .. S5.trJr.: 54JJl8., 3?1~{~ 1., 9(t.1) ·6lt~18. ~JltBB{. 32.71 ~5l5~ 6t..:fi37( 55=53.-l,. ·55tKt7~ fit-$3(,. 55537:. 
fa5-6:17, MH'3J. S.SS:tl,. &-·Mt.(), :1$.H5$. ·J 11:t, ~1&~, f;j®-~- 4]l:i1 ,. H'.:W, MJ\ f6531. 6%tft H5-$:s7, :655)7, &$6$7, 
~~SJ7.~ Gf:537: ~537~ [~81·., fl:5-53:E: 1.~ ~1 '.·' 1 l9lliS/S 303.~·~ ~1 t, 65N?\ ~[~37 ;< 6SS53-7:.- *3553:7~ 6[~§:37 ~ -G~~J\ ~[~§37 ~ 
oo5J:J, 6HQ3, :43.t.150, 925, 00t4, nM5, 2.'075, $26., 223,. 55537, 55637, 6b5JT.. 6553T, S5537', !is:'53}, >c<55:Si, 
fE'iS17, 4-l61, l. ~94. 5{},st, 523'l"IB, 3210-''), Hf:l{'l5, 2~B:.\ ®5587 65S37, 655-37, fr5537. E6&37, :65537, g5:537, 
~~SJ7.~ 532ll5~ 32.7001 J0t331 4@43.B~ 5:.:.1351 ~ &...~·1 :• 37001,. ·15011,. &Ifi37\. oc;r~37;. ~[(37;. ~S37~ ~S37~ ~[~§37 ~ 
ij5$l7~ $.$5J7:~ 1&..~{J5:: Tl'10"t: ·it~~~-:: 1;~;1-4~ &)P~)~ JlM.-5: :R_~-~tl~: Ja:;· .. ~'~~53}'~ (i5-$ll:~ ij5!t~)\ ·ij$~~;;7,. :6G:5;~r, 6$$3-T~ 
&&537, 655:JT 3H154. 31Q51. ,,le£~\ t,rn6, 2535, H£9Q,. 32f. '13}:: 

l 

kt! i (; 
,ii:.:tt->tH~~., () __ gt:, ~ {); 
~-(~~J.·.[:--·t~t~!_)blt~"< '·»· ·Q; 

~11$-::>s\~~lU:!.' '-'' {}; 

fDt i;i~1.; i"':~Coc~s .. .\~'l:ltJttJAtt; i+s-) { 
<st:tt:-~•a,.::Jk1is ,,., 2'<1(Xt->v~tiu "' iN~1t_ __ N!{t:it.,::i}; 

1 
~ct-:,+:ii,\<' (s(): 

iJ(:,:_'j:-:,..hgfi" T'q:l __ )<~'§!!U{~,: 

fi;i\Hn:; 
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i',;l'()~-d ~:tt:,)~fl.r)th;'~t,)i'l~: .(~t\,J'f!t)-cl~1 ·:-';.~~!~{1\ ~~)f ~\t·tttl} t 
1rit L 

~,;wn<"'frnq "" (i.ir~~41n,~rJ srort ') IR,~lkic {ns:i,=m'skarff \n1~1111@J short}l 
·Gf!~~~~ (~:~/{i-:~f{~~l: .. ~rt~lH~~f:~~h~ ~>~~~~~( .n)(X~t~ *~i!{}{~~tJU~ ~'\t!&J:f~ .. ")~ 

,:W;tJ,-><:::.h-:tl .,,, hWt%)ti>tid l!t'K'!i'l: ~} f',,¥1k~: Htttffi+l. t.it~r~ (@)i'>Wt>~~J #1ft:i)): 

t:hi,'Nk (ik:itP"t)fo~q, "@d~hti~tit tt,tfaft:i'ki<.%i ~fitl(~ilfut1 foiiliru"); 

(:l(;ff·;,..fniqrn .:,, '.1; 

~t:fr"'>t:ftit)!~ "'' t"t~m,;,n~1ytn ~ i; 

~ ,~~ (,;; @'t&":&cit1~'R ~.;dith ,!\..$t~lii~ li\~ J~i:,.•:i,JliiQ ,:,•.an~i~~ ;;ii:rid= \;,<i-il'.l*~ ;i:',.16:,,~,;:;s;~-;; ~tt .il:t.. h,;(j;Mii(:!c~ k.:<1' th~ d~f:,c::~i;! 

1yrrt;etfhltst@arn:§., l'h--e fieltt"> blts .• Jt\, • .:90, bufer.,. Mt~rnam. &~1 bhtre~'!\Jen m~ rn1-ett t@ rna1a~ n1t, bi5 in 
rr~-eim.;;ry T!~ low,. h~h, ilind ~t,'i:l~ fo,thl~ ~.:k·~Q:-b~ t!w ~mlw r.m'~~ gEr~~'l,..'H~Hng to ~1~ ~wnool~ ,,.,,Jifd~ h~,..-~ t~~n 
ffi:!Qc'Xied. TIE vakie fle!ci c:ort:abz t~ curr-ent1t seen cde ;,,,,ihie. !i1$ide th~!~$, Tl\$ tolaLN:l$ fold c-0n~i11:$ the 
1ci.al nu111~' of bits en cooed m ~ed for ooe~ing so fat Th! values. C:t1~-"'~~!Li:~_bl1t .and Tt\p;._ '!.lll!Je tias1tlb~ the 
ma'<:imt~'i) ~n~:,,h..,.,1 i'Y! blt?i;. ~,irf th<:i: t~1~~:imt;.1:ft) 'Sii~ ct ~ ~= ,-<~k;~ ~~p&~ih~l:{ The ae_p.v::,t.%:!l; ~1i:c~ ,~i....,t~h~~ 
~1¢ \•~nlbJei U'$.~d for th~t :parttt::..~iar pt\~~bii~tf mr;-d:el ~")1 ti addrn:fili ~1~ .~ ~ h~"1tllt, n-w r1:1)t11 ti~\'i t..oritah~ 
the,-;,; ntirri'.l.~r tt<f ,;~mb,')l,; i~ th~ ~}>rnhei ~,.,,...t ~h~ -fnti,1 ~id ro~"l'l~l~ It':® l~ti,.~ :;>{ ff~i;Jtr1~y (~i.lt,mti for t~~h t~ 'lh¢ n~ym 
$)1rrhol$., a.ml !~ cfreq ft~ld qntEins ifu.e. w.mii~lv~ freqJ~ncy ,cm.mt i:fod>'w fro.n:: fr~. 

""~,,j{t:: ii'~\ l~)4H(}:;i (,:K"Zk~)Ot~r "-,x:d) ·: 
,mt 
unr/gnai b-:it 1rnp; 

1)(;.;:};,<btiifuf ::': ~itf:i~~bib~ii'$f:)tt'f~1(~}->bibttu.~liti ___ ~fl++J: 
:ilCd·:;>b:it~,, l,0,,90 .~:. B; 

t"' I1t~tf,i{:i1,iff3'1r & Qx{~(); 
~e1::i~~"'Oltf~~ .<: . .:.~ ~ ~ ; 

~~~-::~i-~=4)l-.~~~-- l~~~· l).¥.(0\ 

ardAot.:J! t:t~s *" ·1; 
at~ti<~~bit~n [l.\~}}t3 .,..;'.:::: ·t 
t"" :(,..,~ ·r;. 
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TI:f<. <-~1:i-tfn@ ;ir1c;l{'.',Wirn h&~ ltnir :"TI..~ln :g..1fep~ .- Th~ ~~t ~n, :t ttJ 1~xu':l~ t-re s)1r1b,Jl t:\i~i=K @n: thee ttwrnnl: illl}ij fit the 
~tih~Mmy ~~\!}:rel !fb~ ... 'fJ~nty o:xmw) a"td the 0.mrent e('.ol~ \<&1m,} \'\/~l~} wn..%h b u~d b r~yme:,'1t (~r~~ h~ ~ 
frs:~rril~i ,::ij th~ ,;;suii'#:i1t(~i1~~-- 'Th# ::l~~ncl i::l~!t ~ {:ta ~t t~, ~)i!::w nWaji, Tht lhif;j ~F •e. ~i~#;'c.~l~ th~ i¢l{~ ~f\4 
sii:::1:ulta~sh wad in n:ew c-o::1$. ~ah.1$ 'l:litJ;;. tha· fo .. wtti step is 0 q:;);dat$! thf!! rnociE=i to &cc<le S'frnbois, tro;:; 
fo®W1t'il fun.d))J1 i~ f"~l~d:: 

int at.\ __ tl~W<St~~--1ynt.Ki {~~t:_Jjt,(;1J,%t '~:kl, @e_yKi;k~l '-llttnJ{ 
lnrig ,'\~rlQ:f{ 

} 

inh:::iA!'1!) 

r---- d$l;:c:octi~ ::;-y,-s,tioJ --,.'\' 
tii:'ti 'o:: {fl:k)'i\})(Jt:d,""V~itJt!·'~,td:C.:,k)lN)+ l f(iMW:it-:tti<:>,,::.::fa"tiqf{J},] W;itig1,t 
f&f {~}?ff~ :":': ti~ (~i)t)~tis:'S;-·.~:f~~~~lf1}~t"fl-:~, ~11~~>~.£)·1~. ~:ff~~:,~-4-J 

t• JiJ it:1t:M~,i;i ''.I ; 

r---,· G~t mw r;:1n~}'e ,····\ 

ilt~i-~·Nr;ti ~- "~.1·>!11# + (~iw~\1tit)n'a,i.1~~>c.t~qf!;;)'filD}lii:,tJ)a{.',t!:--->;;.."!hsqp1}--t 
;J~R·(. ~:-.~{l~>C/ :~ ·*t.':¢.t ~ k)\~c .~. (:-=~:s~~~i~{~}\t:)(~~~ts't- ~~:¢{~~<t1fSi~f~t) 4, 1n}\t~t)(:~~ff.)v ~-.t.+N~t~it~n~ 

r ---- i-Bzic,~b ,;1:rd lor;ct mw...- 0~'<'.11~ 'talw blm ----~t 
f;;,· () { 

it {~)::i,>l·1~t't:4tlilf) { 
r fo m~thit~ ·t 

} .~j§~tJ \f f~'H1d:.:._;:;.,~.~:)~'\~:;:..,·~lff'1~) 

fi.l:::.:3-:>~\'<:ibu .;;: Ha!t 
a(:'je'.'i!tw ,,;; f1($f; 
kl~---~•J'lljh "''' H~it; 

l ~-h~~if {1:,!.,d,,,1t,;...._,::,;-;,cJ':si,s:l __ ,qk &i ~i~~~,:,,.tigh<'il1irdJ1fr} { 

{ld•'>"',\~iLIB -~ r'if$l___(ttf'. 
ad,~~k-w' ~« Fir~(,qt; 
a:~:~; ... ~rt.gn ... ~ f'f~l,n,~1.·r; 

} ~it~! 
bn,~\; 

,~·Qi,·'.:..!ff!,'io' '" l'-,:R..XF:>IO~'i.'; 
;::stc:k,-hi;ih ~- '.d",1r:~~ .. :,.,h/~/1-vt; 

sl~l·>\.':'.!~W} °"'' 2\1:lc'.:.i".$->V,;j(i(l + iJ1Pt1{J::'it{,fK:i:l}; 

f+,." U~<&c1t:;1 p:r~10,'Sl!jlily tr,,,xJel .~! i 
uptlat~ ___ rn~h~l (~em, $~in); 

370 
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) 
' 

} 

if {ii!t:tn ~,~fr~[tqc;;;;,M;_\;~ .. J~~qs.$t!tt-t;~,·} { 

int ~1#Tl -~ O; 
~crr·:.-dm<:.t[~i::i~1,:::;n::iyn1J "' O; 
!~~r -f , .. <::o~,rn··:,•ii,,-:~n)··i, ,:,--:-:<}, i··-) { 

M~~)-:<,-froi:lUJ :,:: Hitit}.)uri-~rri~m + ·!}" 1:; 
t:tm=~~ +~ &en1:.;.~tr{~~~t~t 
~m}·>·{ireqf t~ * ~h'@~; 

l'i(ft>·~<·~niq[i'i,)'rt1) ;,.,,, t 
f.,~i{ (""'~';,~i'! :: :;:,.:.:-,0; i <« J 

.ii!cff,>eh~q[~ -1-::·, t; 

"fhii. fi.;:.:r:{ct.w, -....irnp!f tip,d;.,~1';; U,~ fi'~"J1~f'l£Y t'.:'0!.!r<f% h,;1:-s..~ <':l"' thi.; ::.i:!,>r:s:b~ jti;t d~';{:id~,i ITT: ;:al~,,::, m;1{~ -;;:un;;,. f:h~~ thi.. 
m,nirn~m fr~™~cv ~ktJ,,'e-rl is ncl: e..~t$ede~. fhis is do:~ bt h::"'St-affrw a~ ft«;ooncy ~rifo, by 2. 

*~ :~~~~- f ~ .q._~~· {~f:%~':.T~~rFX\ 

Ht·:J·:).J:·;t:. :i:t·c·t~t(~·!·f { 

t. -tF;~~J.::::= ~-r ;~ .:_. :r ).;_<_ .. ~:- ·>">- ::·:-.:-:",:-. .::._ .. •. -:\.~·t.::,;.- ,:.·-,:>-(X:> ~~- --~-

*~ ~~~~: f tn .. ~~ ~~}<~N-~::8;r::J~1:-::::.: :~ 
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:~}t:~:::()~j~~: f:' ·.v::;-..\~ ··~:- ==~= J:~~-t:f:::d~~~ ~- ·.v >~ ~:r j 
I;: ,:,:·-:,: {:) :~ 
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} 
I, ... :-.':-· . :..·-;::--r:;.~~~:--._. ... :,.tif;:•·-~':;y~---<t::,:-::} ~ t~f:S :r:nt 

·:. 
! 

f~~~~~~~}n? .. ?~g§(:).~.}~~~\t.t:~*~{ ~fh~-~:~·~:~~~~~~~~-r: ': .;>.~~- ~-:~:~::t. -2::··~~~-~.-~{~:~ 
:t:'~~t.lt:.:::~n.. ~.bi ·t } 

\:'.~;i:~i l\ff(~Ot~t .. ~f}f)fJttif JBH :~/~J~)~r~/·;~-d~~~t· i::;.{~f~j·<~~l~t .. 
~ .. ~~d. :~: .. ~~ :: ~;~~~; ~:~~-r:~::h: ... =~-- .. >- :g: ,~~ .~./: . .:"~~\~~~~l: ~~~g~·-:: 
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~ 8ib:tr~~L~81t{~'im~~mJ"h:it~.l: L{l:,_-:;k~-nbih ~h..;~t'f ir1h~hl1~~~m ~.J!~n::,"'l11frn«1·yth~ ;'Jurr.~~tr,o~it~"!i i,. th; 
blt!l:ke~m mcl ~,gtif:m thfl Wt. 

"' BitMrnm'nfl1:~'1BMs(bib:tn~"*rr;nh4~} ;: M,o>,:;•~ H~ ct11rent ~li!:!§tni:!arn po(itkm l~''N~nd by itits. 

TI,e ~rn~ter tO ~use~ fn .~n.~o.,~'.)l~"lbdO) ffi takoo dir~ct!tfrorn thEc i:m1:1-abmty ~hlfE of USiM iM~r ~t\.".):b or 
G~'nt irtra2roo in l~~"e B....:3J:. T~t i:i., :for the pixel m ™ o~~id~ci;;,ded, en fg.tl~ prIDatmtyttan ttiTu pi;<ef IBi 
>f!Qtt;:ii b te-.\1, 'fhe ¥.~tie tt'f rn1 d.~~n,.i,; o~ th~ tcbn~~ hJr:iibet cl' !he if:,,<~i'} ~h~i b •hE de,,~tde--.,t 

in P'B,A dE,::cd1;t, a s1m~~ ts d~od$d ty u~Jng a sp-i:cWic~I ~serl tin th~ $Jn~ax ~,d =ny t:c-aHrn!:'t th~ foHn\'s'!nQ 
~')(;ff.llW€ Wh~"1 t!§ ,speime-i In C·. . . . . 

~ oi-;.~ ~-- :~~ q2 .. : 
~i:~}0: 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2444 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Aa;mn th~~ ~-0~1 i!§ iPB@f:W--d thffiu@h (::1;:;:,,1.1} f ,:~"<:l r ; Ttw di:mt)-':'lw:i 'f:WrntJtil ts retwn~11hrot!Q/:) it$ i~:cit;.i. ~~ !he 
tTo..·1l~L The i:ec«.~r i:S irnfa:Jl~d m stmi d%0i::fag Jn ~d'hrntilc c:ooecl blt&h'*i!.~tl~ 0' cj!ingthe ic4, .. ·1'Nmg Fooe<l1;1:·e, 

·, 
~ 

·' 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2445 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Anne,:at C 
{ rncrrriat!ve) 

FAPs narr~ may ccy,".ftaih i~"ter$ \•i~h thi;i fol!i:;i,1.,mg ~~i-1ft i , .. I~, r: "' t'Sh~; t ::::, ta?, b ~ ~trJrn,, l ~ \f%:,,!i:!\ o "' 
{";.~ti:w, =;~·i ""' 1ni\.>-E~- n~ ~~rn ~f t,s,,i;., <;.:urrt:::;:ip'tmdir~ t;.:.1-, !:)':rn.l l+<.:~if,;,11~=i eJ~M FAP~ rrn,cy:l ~q~~~\ tti=i-4 "~i~i ·th~ -~ye'iil:~ 
ar-(:! clo$e-tt ~h!'!er 1ps ate clb:$,~ \th~"i fu~ S-~m1 --~ two t;ro'r~~-t!t'\ti1~ top ru1(t 00~"\-•'f'j. lip FAF-'~ ~-gi.JtW:,; 2~ro. F·or 
ex~mr,!e,,; fo'N~:._(.pikllip ..-. ra~-bj11§dlp):;; 0 \\'fl~""'lthe ~)$ ~r~ dt1wd Ml dit&-:'.-tit'lt1~ ~,~ ci,~-fo-~d \.,if~ wtp*t{ t<) 
th>t: h-«i ~r.<.l rw!: th~ ~"i"'lil~ of~·,~~~-

......... 

Sill -t<f •'ti ks-iH;; r:;::~ 

cl1~!en=r111jnll Hif 
~tH~J(~rf t~~r ~~~·{t 

Vi=fil?-ti1t:$. fOt Uifo 
fri:lsTH~ (f.q}. pbtn, fi_.-, 
,*l 
-~ t~t ct \>',:}~,!$"$ 

t~1.:1M-nr:ln~n9= m,,c1= 
rnld~r~= of i-,,,11 
~t,_~i-:'il! t':::.;prn,stiN1 

'\h:.i:;tfa:::~~ j~i),V Mi\lG 
o::fa.,ph~ti}m~mt (t1t11:.i~ 
~10~ aft$:ct n1~)u~Jt 
np;:,,i)1n,'.)} 

\ 1\1:cik:£;l iop rnitirl\~ MNS 
fmt-i.~t!lp 
dif.Ph~(,f:B1Wrl~ 

~le.~1j(2.c~ ~~(±ltnrr~ 
~r~~.,_,i~~t;': !r~:nt;:f· §~it 

hr~r fa:J ;::;(i-ri~;r • 

Uni" Pl.1:§ 
od!i 

~i;:i.-ti~f:'I: 

t 

,,~ 
/;.; 

,,~ 
4-i 

FDP.­
s=ubg 
m 
!1Ut11 

i 

~..................... .............................................................................................. ... .............................................................................................................................................................................................................................................. ,,,,,,,,,,,,,,,, 

'l 

2 

17 ~~tn:}'~;h .. : .. .,;:xm1-at'llp §-k;fi?i;mi-~! MV,} • · R right 2 8 ~? 
~ii~.pt~itJ:~rr~~~n~ ~-;..--r 

3.16 

t-lgM it,mr 1p 
com~st 

cih'lp!~O;!tW~n~ pf 
mtl~W.liNl b:{\&\-~~fl 
k":\f.l t<:lii\'i!:.'i:!' ,Mid 

ni~jd~~ d foD b1e<f 

~~nJMiu: 
l~-fr.m1~ 
Q,:Uil:lntize 
d V.i::l~tm:S 

!Mfn!~tax 
P~Fram~ 
Q~-intiz 
ed 
~ • .dut<s 

~li\}t~rnt\ .... h= \~~-l~tr~~ ...... 

it"'.11Xt i:;p~~ ~J;1d'. '~" 
W3 

1;J:,.;V,%i>k) !;'~Jt~"$:$i 

n_)@.:1t&.•lt i)n_)Hh:=Wl 

v1, ~lhd, 
~~~l~"~)3~it~ 
:i'i i:iitl:l i'"IB•il: 

f2: +fr} 

t>,t)ffi'&i~ 
>':<i\}i1~;2Jf\ 

$lt\<'2 ·h, 

Kj 

lf,$:;lQ ·i-HH 

r ·~m o-.ti* 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2446 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



V~ik.;;_,i! MNS B Kfrn,:r1 2 7 :_~~ .,-.,.f]tW 
dispMtit~~~f!t ti-l • • • 
B~~d~,<J~~~(t b·~l\9~~:;~r~ 1 \ 1 

~--------·l!---··-------------------·----·---------------·----'1-~-l,------------,t;i ___ l_i __ \•'ndk.~~~I MNS 
dh:ipl;;i~1'i<'&"'<-ts<'l!: pi/" 

,~~it!titiint bul!i,"'it~~f; 
~~n nw,n~\r l.;Jr;-;::1 
r~\itMlti d · b\:)tl.t)1i1 
tn11.~' lip 
V~irl~.~~I 
di:?<t~":li::leffi.~1t~ {}! 

fitit!poihl bt1~,i~~~t; 
rlri'sh:;~r:1-::l:r im.d 
rikkll!l d b\1ttom 
im"N}'· lip 
................... 
Vf.s:i:'l~:~i MN$ 
di!:>p,\1Ql;!~i1~r11: }}t h,::ft 
i,)1?r 11p ,)'.Jff:1I,ir __ _ 
t/~:rit~~I 

t!i~r,11~wf!m\'@ni. ol 
ngt~t !,nn~r !lp 
1x1rnm 

Skfu to Md~ M\V a 
disp..l.,_'ilcl:l~<$d ¢ J~'>-<.i' 

0-:.."lpih MN;$ P 
dispt":IGl,t.:°;~:H'ii: ti 
6t~t1).ftit1iti,jk))!ip __ 
b~pth MN~~ . El 
dbH:J-.%C-(;!i"~<;H:1l: u-1' top 
tAi~!11-~ .. !ip, 
l;J\~~~{j::5"{{ ~,~-:rti 
t:~)fttJmz.~if't~. , 
r~Kl\t:;;~~~;-n:t c,; HW.: 
,-::tin 

V1j:1i.k~I 
disp~~G~~~~t~: rt:f f:-:1p, 
~dl ~,y,~lid 
Vi.M'i.i-t~I lRLSO S 
di::.p,~KP,nm':l: nf h:1p 
tiQ~)l: ~,y:fift~ ... 

dio.;,ptsi0~ir~~r~ -n-f 
bmttm t~fl i,J:)•elid 
'i:lf,1:iib~t 1fHBQ 8 
d~s;t~~l~l~~%.~)t.1: f"~t 
b1~~Wfn rigM i\tmM 
Hcitfo6t1fa'i .. 
ori~nbifon d !~~ft 
8:{l~i;lt;i!l 

JJ1······ S 

: 2 .... 4 

t 
I 

2 

.··················· 
:f(i:r~~w:J ~~ 

lli 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2447 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



}·k:ri~n:l!lsil 

oth'!:nttiitm d fittht 
~~'.{~tt\i~t 
............................................. 
\i-~~~'l:~~::~:~~ :'.(~i~i1!'-)!h's-{-::~f''t .>"\Li 

of ~ift 1web:;~:!I 
\iai:k~~ {)rWJ1!f $t~;tt1: .l.\l.J 
of ;k:i h1 ~wrJ:i;,i!l 
t1~pm 
dh~fl~Sl:ern€n~. -Of =h:!~ 
!$Vfil&<:iH 

~h~fJ~~{~!n1€n~ ti 
tiW~f Wtf=h~~I .. 

OH:;1h9i1 qt ii!;jt'it WHStl B 
Wlf"~I 
Vntlitw ENS 
di$p!i:il(?rl1fff1~ q{ =l&t 

Vtttic,;.~ 
dii$!~mft1~nt N 
d:::JM k~w;r •i~,et~,o'i-\' 

'.l:l rai;;,,~ .. 1,i~ .. wr~,b1iw V~ik::rl 
di~p!.!§(:t}mi§n~ ti MH 
mkk.1'1t1 tivto.n.%w 
................... 

. '.i4 ,'$ 1$~,J.,, ~,,}l)'$ tll:1:N>' \>\tti!::.:~;i 
~1lf:f}~::!~~':):)t¥~t.}f'1,~ fif 

dgM rrfa'.'kl!~': 
(:iftt:mJ,<;;' 

....................... 
:~~ !"~ i~~f. ( ~) ~~yi:itwn~,...,, \hi.\.~ifea 

di~I!~',H::amtns qi' :!&t 
OUWt ~'fy">1bf,).\->,< 

di1i.p!:<S(1trn~n§ (/ 
ngN ()l.ii;;.'W ,:;'vet~,)\.',' 

27 ::.qu;:i"~~,J,,,%,s.s;,t.;,~J"'-' §-k,.-i~i:vrfo! 
d!~h:it~ii'l~ffl~ ti 1t~t 
(Jt1 t??.,r 

~fl:lJfSS<.,"·\.f .. ~:l8bscqa,.-i.;• i!---l<:tbtt:,;)t~! 
cih~}~$00~Ufn~ {)f 

................................................ (~&f~~ .. ~~}~~J~:'?~~( .. 
~'l<'.'litl)tt;;)l 
di~i~tl~ititn1 tsl 
k,f\ d,,t~,::;·d'; 

~,k1izoi1l.1:.1! 
~*i;.f.i~t:l:1rn~;n~ ~-= 
{~gh:i ·f~ht~~~<:% 

VMk~m 
ditp!21t@m{\n~ ri :!dt 
~"·~f~~~:k 

di~p!w.:erriens ii 
{*g~t .(:h:e:Sts}~ 

Haitt:,,)t1:il 
diw.!~~mf=n~ ~f 

B 

4 

4 

i 

2 

·') 

"' 

.1 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2448 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



V~ik\,il 
d!spMt'lil\~)f!t ti-l 
~ .. ~nt.~~ ~ ff$ 

t::h:iplh 
di$P,.'<::1Cf;,r~';'ff:l p:t 

t0i)~jlt(} .H,) 

46 rsitt1Jt1rttllt, Visttit~I MNS 
• tliS!,.l%iWl.~N~H~ l•f 
• \\):mllJH 
· ......................................................... :.:.:.?».~::.: ............................... ................. ,,, •. ,,,,,,,,:+, .................. . 

• Rtilibti 1:1' mt 
• (i;i:nwt~~ k*) u 
• ~h.10:l 
Hi)s1,j piWh Jl)Qki 
(t\)fnlqp(if.t;,J~1~. 

r,i;~iii:l iii,)1r-m1i~·· 
fr-1:)tr, t.1p: ,i $::;-!nee 
H:e~d ~\9ij ~~nSlij 
ft,;jrfl Jtitt r::J ?ris:itt .. 
Vt1ffa.~~I bp !'Hidd~) 
0i..!§tlf ~ip . 
diS(:ilS(le~~~nl 

i~:rfa:;..;:,il b!'..ib,,m 
mKli::lR~ i;,1.~ttJrtp 
tli1.>p%att1It\'©nt 

54 ~il'Bi:i.':'\ __ i' __ J:X:H,iJdip_ __ (, H{)i'li:o::)r1ki:! 
cli'ii.ip.\;::it,iN~:,,.<:>.f;i lJ 
ri9ht OUt$r f~p 
t(Ut&i' 

di;:;.r,<!iK,t~,i~nt o-t 
~lftJ§.X}i~)t f>e§W;}~f: 
.~fl tt:1'i'1lH til'X! 
ii\kii:1!1:l d' kip mittr 
~~f~ 

\l!;Hibi~I 
tfoJr,1t1ern1:>0tt o{ 
~'1\;d~")(Jitlt t'~~~~~R~.t: 

dghi CQJ''1J~f lH~ 

1~itl<:\h.s (i h:11.::. Qlltt,r 
H.p 
Vf.si~>~I 
di~p~~(~>J~-~-~f:R f~:{ 

r0klpnlnt brh•een 
if,!fl; t;t~-n~ r f'H'Ri 
(I~kMl.f:i d' b'C'i!k)i'{l 

iw&~:;rfip 
V~fik~l 
di:.:ip!~c,,,,c<>-9f1i: d' 
m,itlr.,<:Jin!: butwm~n 
!tt}M i:,c~r,;t:::r ,il f\:!:l 
!-~k:klh:1 Gi' i;x)#om 
Ol!M}P. 

:~ 

lu 

+420 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2449 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



\,',mi\~,:,ll !\,~N~ 
~ii~·J~~t1-1}11~_1n~. {:Jf ~t~t 
tllf~f ~· i;;{):":;)tt 
.................... 
\i-~~~t~1!~~ 

di~.:p!w.:emen~ rlf 
{~tJ~t $~'i~l~$f" ~{~ 

. .. ·········, " 1·- "'"" 
if ifr~i~1\,,)16i~i fkiiiiJ,it~)! E:Ns R iii 9

1

"··1" "'""'"'*·.·i·,··················-·_r',,,,·.'\'·:·:·····!·i·:·*···.~.).············ .. ~-tfol Q;:~~~~fl~~t~,fn~n~ .pf!}~~ 

tkil r'll')1l,} 

i:i ]lr~bl\,,·,,n~~ Ha'i:.('0:sii:sj EN:S B dght 9 ·1 1,,,, ·h<$*0 t., t2:l 
(§i~p~t~r:;Qrt1~~n~. ti 

'"""" """"'"""""'""'""""""""""" !§!!!.!:.!!!.~~-!:!::f! ____ " """""""'' """""' '""""""""" JS ,'~is1}. .. !it'&.-O 'V'tdit~<l eNB • fl tip ·~'9''"""!'';:';""·""'·"''f''T""""1,,,·:;:e]tf'""'" :;~:-r§f"'"' 
¢i~{~)l:~~1~c"'l:~ ·~-i 
~)(~$~} tit) : 

)i· ;;f;d __ i;,~ii: Hi1;1iii;iii ·2NS·B i,riiit j·Fs,._. ...................... 1·1 I,,,,. i~~~i0 ;~iii 
~§j:::';j1k3C~r~·~~f1~ .(-:f 

~~o~e ~i;) 
................................................................................................................................................... ........ ,i, .. , .......... ,,l. ..................................... .................. .. 

:f 7' ~Wl!J .. J':,W 
,: 

\(i;rtk:'* fN-$ a. qp N i .,1·············i',,,.·.*··~i:JO te:Mi} ~1h~:::t.~t.~f)'~~i:-):~ ~if j~~t 
®-t:it' 

~ih~f.l~~i~~~)~n:~ .qf 
ngrtt~r· 
~+:.'tiltMt./3! ENS 

~ ~Ji~l~~ft~n)~n§ ,f:f §i~§t 

~mr 
~k-ti~,(;<ntr.d 
dh~'tl~~cen1f.n~ nf 
{igM ~~r-

....... J. 

i 

i "'·""'flfj I .. , ..... ~~ 
i 
I 

··i:·~"*-~~t}~~ii,.µJpihL ~)'~iiki~·············································· 1····························12··························· • 

. . f '.. tYf!~t}r<it;; ............................................................................... }.. @ 

in 1t\e 'k~l~;,ing ~~:h facial f.'i)irr~:~~ion i~ t~f.in~ by ~ t-ie~u~ ,J;e%riptlon ~ ~ ~~1(~iti ~,ximr;.-,~. (r~teren~~ [tm, 
t~~ '.1'14.) Thi~ refer@':{:e W&$ ~~o u~oo f,:.~wthe (fu.1n~erk~ics of me dt.:&t~~ expreuof'IB.. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2450 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



0 Mi i fl~i 
.............................................................................................................................................................................................................................................................................. y ............................................................................................................................................................................................................................................................................................................................................................................................................................... ... 

1 J:.::r i Tbt~ ~yi:.tirnw~t ili\~ ~~itd. Tr:n~ mt.Kit) h :)pt'm d:tKI tfol nmuth 
~ ~~~"':t)*$f;$ ~tiH~~d t~~:-t* §::.'}~~'?{$.:ti §itt) ~t~~-

··~~~·~1J~~···························r·T·~:(t~ §1·1~~':.~i' ~:.~Jl~lut~);-¥;:.t, ;:_'jr~:: ~:.,;td!~::·d: ~Jtt*'$~:'+~t~d ~~J·:}_;~ f:.::~~§t::~J~::1 .. T! ~~'$ 

I\, e'li;,% ¥ii~ ~·,hifo, ~~~n, Tl*, Hp!) ¥~ 1;;;n;;J$(1&i ~g~ln$l fi~~h q\h~r 
t1f l'.:,P~rl!ld ~G ~Xf-i.:l>~-i' l:hfl ~(l:ih. . 

'tht Ofi.l)ttl'>*i~ ,1f!t1 tW~)lid\:l: ,1rn n1t1:i<;t1't Th~ tiicWt):f !if, hi rn~r~1 
,<>snd ~~rl~":<l,, ~if:t,:,;n;,;-,:~y:nm-etri,:;:.:tH}'· 

·n1~ ~.~~e.t~f:r.}\~~ ~~\~ r~~.j~;;~~. 
1h,~ k.1:;#tT fE7-fa.:;~i. Th,1 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2451 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



J. ........... , 
JI,'./ X 
~ 

Z,,('''"\[,,,'''"\(':Y'''"Y'''"~t/ 
11 ~n i.t} 

~rl: :J':::/~ ::,·\::::'L: ::<L\ 

",,._,._n._n,•;""•;""';>"'-"""""'···········• •• ,., ........ .,/' ......... .,,,,:-,.._:-,.,..._,:,..,:-,.,:",_',,.-, 

,,,y~:~_.,/.-~-~}/~::./ 
) .... -~0-!~ .. • ............... .:.•'!"'"~--" 

(,.,. __ ~•.,,--, .. --·.,, .......... , .. ,· Tongue 

"' F~~"iMr~ p,::,lt:,i;. :;.\lff~ct~,::: by Fl\P:-.; 

;, O~r feat.nee po~nfu. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2452 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



. . . . . . . . .. . . .... . . . . 

2.2 I t1t{k~~~ pi.:~if~. t.:J i'if'~ll~' t~pt .. ~~f.; H;j t.X~f~~t~~f j =t -1 .x 

• ~-~# ••••••• • i • ~1~11~ ,i~?iti (,g !1~~~,· i?.\~ll~. !'iii t)b~,lt)t1i ...... , .,,7,,J,.,,,·,, x.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,,.,,,,. 
2:.4 ! t#il QPJ1~r nf ilvie.r ~ t:~into;ir 

( M~ip,,;;iriJ f~,!~<;""'11:n f.f }:?, ,,:ir;.;:~ ~?.,1 fr1c 

! ~ht li'iittt tey)P,.)i'lip Ct.OkHf 

! MWpK)iti:t t~fo'-O!}f) L~), 2,2 ~i'ld :2.J it;: 
( §h"' lrirt;;ir !..tfip.~,;r!ip ,~nk~~r 

! Mk!p,::iirtt h-tt'W-0~<:i f.p, 2:J; ~fl:..i 2 . .,:i if!: 
( ~h~} lmi.<§f kt<s'(lf ~p <:>'.l~\k)tH' 

! ~1t~1~~t~hrl u~tt\~~n t~. ~fr.:1 ~~n:;j 2 .. t H) 
! ~n~d11t1~n:- h:.;o;'i<'tw ~P t:.,iJnk(1I' 

2.14 ..... i.f.!%1!l!?-?l'f)~'(.~?!'..~\~ ~"??ti. 
:.:!,. ] t Gt"J'lMlf i;)j· l.~P®f lltf\M OOit ft}"'j:H(1 

. . . . .. . 

tt -n ! ft~ht t:i:1nii:1t of ~l!H 11:Yte 

4, ~ ! Hl,::lht (~rn6r of ~ft wr~lr1,w 
'i"-"===4""""'. . . 

4,1'. 1 Hilt tXtn~r tsf fhi''1t ~Vtti'llW 

' . . .. . . . . 

4.4 j lJf,t~~:ft::)(\~t f~K~iii. -t)f· ~t~~t ti~J~'l{ t~~~"(~ttt~<\ti 

I 

> 8.. 'f:t, ~)nd < 
$J.:~ 
:;;,.· ft4 .. :i: imd .o,; 

t.Htx 

(41.~>45.x}ii,s;w 
~: ~.r)t)~tt {~~l thl~: 
~~f!},';!rlll9~l p{iin:t 
t:>l ~hi~ ())fUi).tli 

(~l.~~ .. x+·~i_t~ M)C? or 
):. ;;{Js.)Kl nJth0 
q; l)$HiilP*!i pi;H;~t 
(ti th~ ,.l,)ntm~r 

1 ......................................... 1 .. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2453 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



54 

~. ~~,Lx md" 
~:}.;'t ;}: 

> :i .. t:i ~l'1t~ .,e: 
;\ fit:( 

>- ~, 1 $.,y ,w~l ..: 
tl l~-J 

> '£§, 'l !)_)< tt'Xi " 
9 l}t:J' 

82 Mdd!~ odn~ d z)u\br Jm .. ..,~~f lit> O)nkut • l.1.x • • 
•••••••••••••••••• ,,,,,,,,,,,,,,,,,'\.,,,,,,,,,,,,,,,,·,,,,,,,,,,,,,,,,,,,,,,,,,,\.,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,n,,,,,,,,,,,,,,,,,,,,,,,,,,,,,n ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,•,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

ro~~it~:~1r}~ h~~·t~t·tH~~~) tr~. ~--.1 (..~i1d :§z. ·:1 ~r-; 

mtsr uppf,\r liw ,;;.\,riti.~r 
Wdvilnt h$h,.~~-nf.rt. tA ~nd $. '.i ln 
qi~•' i.icr,i:,,,"'l' Ii§; f>,;";ll1fo,:~f 

Mdptiint heh>,iiiimLp, R.3 ,imd t:2 k; 
ttiiBrk~wri~pi.xir11t):tff . 
Nkit~~~ht1 b~st~\~t}~';)tf~- ij: .. -1 ~t1~ ~~~2 :~r:: 

o~t~r kW,#K !ip c0nl:nir 

. . 

~ .t lritt n,'){.trl t:x)!l:*Jr . . 
si.z Rlgh~n1;:<$llil b.'Fd~- . . 

.. t(s ........ · , tntt?n, • i~i ~~ii• ?f !lZ)i>~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,,••, ,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,, ......................................... . 

N~id<ih:$ t~~~~·r ·~*3~· ~'?ff t'.tP~t:3: ~~ri-@ {i,~-­
rs)g~~ tRffft~ ~ 

{liAJ;.y ,;. tl.J.y}Q 
(;f f}i}t~) t):Jtr:1;) 

{ jt),t fi'1 ).$.:;¥ 
2 

···.·.-::.:··.::~:: 
.... ~\~! ~~~ .. ~1~ *t~\{tt~~~r 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2454 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



I §.m.,7r .~,::m'ht:::!: !X)in:lb$~t"""--::i@11,,,§l \~)b$~ 
£H1tf ~ilt~ 

i l{1W1tr ttmt&":°:::1 t\':i:ifH tW§fo'{Sfil: tlgN 
l ~~\~~~ ~~ f-~~ i~K;:~~' 

ttrn ···· 1 ·oii",i1t:,ii,11ii.i r.xiitiicii~t\i~~cii.1ciif ii1i·· 
i $n~ h1<~ 
[ u~,(:$.~f ~~-;-c~~~~:;l f;~~ir4 f.3.~f .. ~"';~<':3~: :r~g}~{ ~~~r 
[ ~:t,lf §°;K~~~ . . 

I ~th1tiro bt::i,f~~t t:sth.<,;'~H~ tmk ,,mt! 
~{::,;;~~~:~»~-1 

i Ri1hl. h:~,rd~1r tii{w~)N1 h,mr ~cW:l 
! ft::i-:t~M~d 

,:i@,t~~i~,!} fl C-~rrl:i~fo ~-1,X;~. ~;ips';:«ifi~:;: fo~t,,ir..;:: r:-,;:i,,~f::1- fp,r ~h<'.!< 
t,;,,§ibt--.~il1Jn :i::f the f-ffWlfi,;it:;ny t',:~a::e. The t:o::intlnlii>;l~ '1:lr~ !i~t!;~ in .~h$ 
\;,;.,hf \fokl iii thi Ci:»l-:rdinitlti· n\::.-4\, ir, lh.·<:c r~r-:.,:;;i.,rih~,t '.JfsA:,·; f:hmi· ,':l 

hHltHl§c pOif~ wm: ~) '!l:s:<Nts? !&)D.01 i~ fatfu,'t! U<:!t)f'!;> ,\_) f-ll~t\Ht"l: Pt~!fl~ W\:lh 
~ i·igb,r !~t~)! {iJJ. !t~ikw~, ~x#1l ~U4 t~kt1s M-,:itur,s pdnt 4. i ) . 

................................... ............................. .................................................................................................................................................... . 
te~~recum(.j$ (;;qil~irn~ .;i, ,CtJ:udh~~e ~'.-:}.Ji:)'. Op~,~~ifk:::i l~t>:ti;.fft ~-Kx,N;lh~1k,,-;i k~t th·~ 

fo~)'tt§t\·'l r:mhili':., 1h~~ t<:>t1ldkmllit~ .-iu:i li:i;Wd in h,t i::cint fitltl in th@ 
Cootdioaite: t:.<:;id~ in th~ r~,.~~,fibr;d i:xd~, th~'~~ fm~l:rn--e p::)ini \~'M~ 
tl k:is;.<~;;,,-?' hth:.*l i:~; !i:;.;;fo~i b~,fr~l•.:: x:l i,,;.:;(:jfoW p,:)i:ifil ;.'-'1h1 .,:S dghS2r bb{i:l 
(?.fl, fy~Jt1;u1, p<.:iirt '.tt4 bB{tJH= fi;i~qri;! pi.~1it,t 4, ·J 
c~1t{:li~:.~ a hln:110 th~ ~hicg,:im, (in th~ typ~~ of io:tt.tm irn~}l::i, in 
~}fzi~r ·l::;:< @:H.,~~ t~tt~r ~~~t~·!)"X;~~l~-;:~r~ ~-;{ :t~t{~f:q ~;<:~{;:·r~!rl~'t~=:;.;.;: f....~r ~h:~~ 

'"'~rik.:.f,!"~. fh$l i::irn n{lt fo~~tme pdinti;. If t~n:u~Type fa,. (},, \h>;l 
~l:f~ooi;r st'l·:>U!G ~$&,1nw ti,~~t tni::, ta::mw:e lr!:$@e is ,;it~f@(,{'l O"\l:' 
q/inr:lrk°:$i !:t\Jj~'li<c)n q,f 1hB f~c8. If ti!xturet'We b 1. Jh~ d8c0:l@· 
should i~~~s.=am1e fwt fas l~xkre kN~Je, i~ obtan>l.;;id bt mtht~Ff~fihki 

. ~-.;1,,~:;,-~:·~----~:-.;.,.,~:~ fi: ~t~{~ f-~~~- . . 

ci:,Ht:l~ln:~ ~~ at-o~J iw<:.l~L h~ (:,mm, o-r t~ptlte'<cl l, ttil~ cant~'!' tl!~i:~l] i:Q 
t;1~<:it1:1it: .~s M:~hH~ in1~{J~ ,% f..i:Ji;@'H,iti .~stw~•tt kr (,%{~ rJ!' ;1Nim~ 2,. 
thl;a: i:;; the fu.~'f;:;rpit':9 rr.:.>~l$ -~~ h¥:~ tl'll,"/@:li renct$r$d in th~ 
e(1~I~f:X~~t~~J ttffii ~~~ kJ (~~!')h.:\~'.3 tht~ t~:;{~ tt"t(:;.;~~JL J\ t~~i~ ~::;_~~HJ( ~h:~ 
r~:!lf.lt;1 (:Jf F~\t;i§f ,,\nitt®tfor.: PM\:'si"'tt.si:~sr~ itt ,fof:l!':Af..l in the 
fac.~O~T.ibl~~J~i:tt 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2455 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



TI~ s5nltw.il~ t·t'>"1~'il!ntf> and vanab~$ uitd ~n ·the ~yTitax ;liagrw'fl~ ar~ itf.l'td in tm t@t!e f}t!o-w. E\~rt ~rm~ and 
BAP (~ ~$:lc,UU~! fo h~·\,t;: ~ {t0:!(;~W::: lm~ign~d i;t)W@')!' '~'clU(:' ;B~~\r~1~tnt. 

~-:···.················································ 
~ N~ ~finifo:m ·~~~;i~t~~··············································1 

i\tt,l/1 AlA:P N'i.JM (JfQUF'SJ k\mt~r ¢,f bi::iP~ m ~~h@'t~~~, ! 
~,,,,,,,, .... ,,~ ............ ,,,,,,,,,, .... ~ ............ "':''''''~''''''''''''''''''''~''''''''"' ;,,..,,,,,,,,,,,"':''''''''''''''''''''''''''''''''''''''''''%..,,,,,, .... ~ ............ ,,,,,1: 
Arr~:,,fl ®A? )NUi\t_C,Rr)UPt~ Lh;t d BAPt i~\:.),"iQk\g tt) @~th ! 

[L}i\AX :!lAPG] :St(:.;;..~ I 

:t--'''''''''''''''''''''''''''''''''''''''''''''''''''''''"':''''''''''''''''''''''''''''''''''''''''''''''''''''''~''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''~ 
:: tQJTI~ ! V~i~ j ~f1nftfo@ 
,, ........................................................ i ..................................................... f .......................................................................................... . 
:: Mt,}( ~,,tJ:is ! Xl' ! M~;,iml,n-1 flilt®~r ¢f 6.AP$ t"i~t ~~km~ k) 
.! . ,. ! hitW f~'£..ID'.i . 
:: • :..; " ... ~ t" 

$AP 

IO 

!200 

• ·F~'\~<'ard.,l:$ti<;v.at-d rnotit11 Gt the 
• i:,,e!vis in thE< 'Sa1msl plane 

~ic'rel) 
!:!'¢~ 

:·Rofafun·d~h!iiet\x=-•~iih~lhri.~;.;;±~•· $4 
• "'~~! .axs ~dlfinelf by ska.'t!ton 
• f'Q>ct} 

• Shle \0 $!@ £\$,t1{ting m'the ~hi8 ln 
• the t::¢t-01'1~ plsne 

M:ffi'Mcl.; 
loi"$'$1ff~ 

~trtit~ 
l,f,t1l~!i> 

~~ffi 
4{!.10 
YOO!}i 
si1IBO 

A'D!1/ 
*-000 

Mit.,tt~~ 
~4'"1Ml~ 

qu~ntlwd 
\\',ij(~ 

--OOOl 
+c@fc:f} 

--600/ 
·t&O 

-Bnt'l/ 
+6t1J 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2456 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



1 

t7 

f\~~'-'lilro-hittf.i:,-'::·~~d rd:~·Hm sn th~ 
$,*lJ ittal ~@n.{ 

ftf'>"<'~NU.:i.~&-,..,,~~ rct£1tk:t:1 in the 
~)~:;titl&! pt~?~~ 

Si~\s.~~i ~t.iin~ ~ th~ ~tW'.,tj~J 
pla:'11= 

Si~w~1d ~nltit ~'1 th1z ~"\ii':,:~! 
pla--w · 

+1.160 

-~{)/ 

+4aO 

.~Qi 
t4\1D 

~ 
------------------------------------------------------------------· ---------------------------------------------------------------------------------~----------------- --------------------
! ht) t~,A~t~,;i R«Jt1Qt1 ~!~~ t~W< thi~"i ;.'l)i;i~ ~ z;-e -t~ll/ .,,.. ,.,... .. ,.. . ~ +~~ 

! !Hl~ tl~}tit..'tl - - F~>fo:.\.~~-'~J~l~it..'tl ·Of th~ ~ ~ th~ 
~~giltffl 0.~ll~ -
frex~-~-H~x!en$~,n ;;l'f the ~ ki &le 
s.a9ittal piani: 

25£ -G&1i 
+~~.o 
-T:i.00i 
4180 

--t~Wt.1' 
+'i;ti.Q 

-tfy1/ 

-+&JO 

--~~'V 
~1}!) 

-3(-0.i' 
~o 

.:5l}l]{ 

.,t€C:Q 

,fltXV 
·+$CO 

-{~(!'/ -<~e(H 

F~*1M-~x1~-~;~ .(;if&-!~ fu.:."l-1 in it!~ 
~~;ittm pfain~ 

+ffi.--0 +JOO 
-7£\Di 
+l&1 

,~1{ 

+OC--0 

-BOO{ 

+&:.m 
.{i("~t 

~t$)Q 

.;,.Jet)/ 

+300 
--Jf{l{ 
+Ml() 

.:5[.'{!{ 

.,,-€C-O 

t9 r_s!:.J~~,~J~1r_ie:*k~n: Side'lf~rd~ t)ri~rtaticn of ~ tt.1:0:t ~ 25-6 .... 7.a~~ -=--t~Ol1/ 
~ -»'>'W1 ·*BlCO 

:-.-... ............................................ :-.-...-... ............................................................................................................................................................................................................................................................ :o.. ................................................................................................................................................................................................................................................................................................................................ -4. ........................................................................ :,,.~~ .... :.. .... :... .... ":!. .................................... :,,. .... ~ .... : ........ ::... .... ~ ........................ .... 
'.}) LJr,ii:ft*r~JI_J,~,t~~"'*"J /t,t~trta§ t'f:%~19 tit th~ kit!t {oi~~) ~ 100 ... 1$(!/ -t20t 

· "'§,="i ''""''•"''" L,.,,. ,;<,...~· 'i, -~,- . .;;i,., ,,.,. <~ ~ · · "''- · •• , '" ·(;''<'<~'=" ''"'"'"''')~'>: f,"':b·\. ~; s,-1:;,.,,i.,:<i:::,_p ~ '\l'' !~) -~t-1:.t~~ 

t. ..... mkitw.~i:I ...... t,.,;iMin1 ir1t~rr®~ ;"stt&.19 t,,f ~ \J{!~ {~~ ~ 2$-e , HJ\tll ·120! 
t.~~tl ~-i.dt:U~· 1eit1Uti ~1:akttt/} i +'i&i +1~--0 

;,,,.-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-.... ;,,,.-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....+-....-....-....-....-....-....-....-....-....-....-....:-....-....-....-....-....-.... ;,,,.-....:-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-.... ;,,,.-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-.... 

!_m@t~t-l*E~_lfoximi Up .l.lr~~ dt.·H.m rofafom d lh~ fo"® ~i ~ .25-B -?ti&' .:fill].'.:!{ 

!t"W: ~g/fil~: ~;;1:~ ~ ~J;l") ·+&X) 

Up and d0\'.,1:li m~ik:in of tile tc"<S! ln 
~hil ~gi'tt~1 pane 
Up ~nt~ d©'ti'ii i)Kii:iijfi in H~ (Xi'/;)n~! 
p!arie 
Up i1nd dc•\~1i iiicil(),~ ir1thi t~ci0nil . 
Plaie 

~7!D/ 
+730 
--6{{ 

+2:~0 

+5l} 

1:;,(5 ~·i;Ol 

HM 

~OOi 
~ti(§ 
-1:::.::0l 
+·t2G 
-f10l ''''''} 

.......... 

\:~ii +i2G 
~Ol 
-+Bfl 
.-{{Q/ ......... ·•,.iii. 

-~ 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2457 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



................................ 

r ~wist,.Jl)'liat 

·t;~~JHb·~~ .. )~~i ................................. [-$:(~~~~~~fi!'.f:m~i~~. ~ith~· ;:kl..~~ ~l~O ...... ·····f:,ij·· 
• the fmnfa~ exfa : : ... . .. . . .. . . .. . . 

49 s,,~1llb.$e,.)msi.:.n • 'i'wi~n,g of !t$ ~am e!c-<sg the t28. 
• ',"\."ctik;~i ~xi~ 

• Ft:.:i,'l'\'\::ard.bildnB..~d ri-1t~1bn ifi t!w 
• ~il'IDl p!ic§ne .m~"'lg a: tft"er;~! ,~xh 

..... ·····-········· 

~tBMi .i,[Rii 
<J.-lijjj} +e,..,'l): 

~ \B&lY ,fil]Jf 

4·186) 
~~Gl1i' 

+OC:Q: 
;;;,:; 
;? I 

;s;:jjii · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • S.iti~\;t'lt~ i11oiiii1 cl ;\'jt~i~r~ · 61 · · · · · · · · · · · · · · · · 256 · · · · · · · ~i4rii · · · · · · · · · ~{2rii · · · · · · · · 

.<MN 
""'i4o 

~1 ;?i}i. 

+12} 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2458 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



FQ."''-'~"<:>J-hittf.i:,-...,\~~d 1-n..~imtt a:::,f 
v~tt~bni CJ ~ fue -~~g.}ttw pl@1e 

itQJti · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · f&\i,~~i4)ijd:;\~,Tuit ttfat.ori of·· 
'.'<'~iBtw..a c2 ri m~ ~'"~¢.tt~ til~:i~ 

! .-..Jet\/ 
1 ~J.~)0 

-B-..·~mf • ---Se\'V 1 

+St-0 • *2'~0 J 

s~zf,PJ~ $icl$\~f~. tn6$oft,Gf \.:~-~~ra C;s 2.$ ~240l ) :-/l $;/ 
~ +MO +110 

----------------------'"""""""""""""""""""""""""''*'""""""""" '"""""""""' """""""""" 
5B ~'-t,3.JtJ.l!iC~i T'-.:'l~1lt~ {'.if •m.ltlit-ll C:3 ~ .255 -2-4&' -121:Jl 

~ 

~ -fi4c~ ·f·t~t) :1----1----------------...j ..... ------~:X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-"4-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-">:. :X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: :X'-'-'-'-'-'-'-'-'-'-":-":-'-'-'-'-'-'-'..: 

5.{i fC3Jl§t fo.:\t'a~s-bact\~:~1rd tr~,tiori ,;;J ~ 25e --~~4\tl/ -i2Ck 
\ie:rte~"'a C3 "'th~ Si-rt;:lii±sl i::iianio\ ~ +z,m +120 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •: • •: • • • • • • • • • • •: • • • • ~~~~~~~~~~~~~~ '-~~~~~~~~~ ., ~~~~~~~~~~~~~~~~~~~~~ ~ n~, ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~:::~~~~~~~~~~~ 
~i--'"U'i:.t:l§ SiL~~vaHl nmtk~""l oh<E~~m C-4 ~ i.28 .,J.:ifllJ:i .,38:(k 

~ 

................................................................................................................................................................................................................................................ 

14 ~11.JHi 

····························· 
1\-i~~li1S -~ 1fe,ct~m~ Cl 

f o.r,,,vatiH:i.a<.ft.,;'atd rn-:tt®f:: of 
"'~~wbrc~ Ti h t~ ~~ti~\ p!,,me 

~ 4~0 °'l':;tt~J 

iif -s~oi -]M>' ..... ' 

+es.o • +l6o l 
1 ;:;s ~'ED/ • 16(}' i +~oo •:Je~ I 

,240.i' • ~1-:li''.l/ I 

+2~0 •+no ! ··fo·····: -~-iijoiibt,·········································· ·1\,.iiilt1ict~~r1~1"i12································ ···.200····· ·.2Ab/······· •·~12.ni·······1 
+24(1 ( ~·t2~ ....... J 

2ffi 

f\)i'.i,l,~~i~\J~i'N~,tj rt\)W)f', !)f 
\ie1ebt.a T2 ~ the sawtt~i plane 

.)4()/ 
+J4C 

•. "ii\''.!/ 
.+lZG 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2459 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



@1 

• f(>,-n..\:;wd-~1tk\%.::Wd fft(>1lon tW 
• \:e-r:l~tr:a n in fue ,sag~tta1 t4ane 

for">'"<':aro,bac~'\...,~'l':cl mmbn {lf 
V(Wl.~tifa l5 in ITTf,' m'i!Q:!~t®:I p@~ 

\4i.,~ili ................................................. ··f~.i<:ti:,i~d.h~~~;,~;~;4 ft~~<tiiri cl ........ . 
• ,.~1ew;;i 'W in ~$! *i!g.qia1 plane: . . 

:§'9 vi: 10:t:cl~ • Side·ward tnciitn d\.eetebr:a 'tlil: ~ 2B . - .. . ..................... . 

.JJO.i 
+.240 

~i40i 
'*240 
·~24{}t· 
-...:,;;_10 

~t:Jl)/ 

+UH 

~1·;mJ 
+UD: 
;12w 
+'f~tr 

...................... 

.?,{!'.):;, ,. i:J.(ji 

-.t:240 +t2U 
............................................ ,, ............................................................... ,,,,,, .... ... 

.-OO!J'i .. 36.iJf 
"!--000 +Ml) 

~:~e,i)/ 

+J.....~-n 
··iii···· · ;sriUw:················································ •f;~~:~iJ~~cb;..:w-d ;iofor, tit··················· ·····1.2a······ · ~i5oi········ ·--:ifh\f········ 

,.'1!:-rl>t;lw~ Tic, ~:n$~Ql~aj pii:1n-~ 
. ~i4l)i 

""i4o 
~1211!} 
+tW 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2460 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



fo.,--,,.,,~m,.ba&,,-:,,'&~ trJ:.:1:tktr.: of 
,,>'S<,'i:~hn:i T -11 k, ~~iii;!,.~! f<!~n~ 

-140f • ~1%..'V i 

+240 ....... : '*12P J A12j6rildti ....................................... l\(~Ht1ti ct iiit1:!@fi}Tt2 . 

F&.·wawC-Oaci:\Na«cl rrt:)'!rurt of 2.W .:i .. 40l • ~13':!t 
,.)~i~bf~ l'12 iri :~i1t~1 i~ru} ~ ··· · · ~Mn · +1;;m · 

----------------..... -----,"""""""""""""""""""""""""''*'""""""""" '"""""""""' """""""""" 
HM tl 1..Jt.'(! :Slt~\"i,,Mtl l'Wlfi-'tis1 ct \)&1!1ibf:~ L 1 ~ 12t:/ -615.i:1' -31:::{k 

~ 

~ -f~~ ·f·.~{) :1----..... ---------------~ ..... ------~:X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-"4-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-">:. :X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: :X'-'-'-'-'-'-'-'-'-'-'-~'-'-'-'-'-'-'..: 

'100 ilt_jor;iio,~ '!\~$1li:w uh~rt~bni U ~ 12@ .. $.fat!/ <16:tV 
~ ... - . s 

~ +®00 *300 -==--==============="""""· .~ .. ~ .. ~ .. ~ .. ~ .. ~ .. ~ .. ~ .. ~ .. ~ .. ~, .~ .. ~ .. ~. ,· ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~n~, ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
'l H.1 ft,'1:,W~:::'lH.loiii,;..lward !'ffiltiar,; of ~ i18 .,J.:iIDJ:,i .,38:(k 

... ·················· 
i$J ~·l(0:cl! 

................ 

;-l/S:,.,;~n;;t;;.n 

....................................... , ................................................................................................................................................................................................... ... 

124 u:iitJ;1t\JW~bo 

1,,e~eb·fJ U ~= ~a-;Jittal plan'@ ~ 4~,0 '1'}t~·O 

f o.twat-rl-bad:\~·ai·tl rnatiori af 
'"'~~~!..'<..-; L.S ~:,. ~;;:i;ift~ ;ph~ne 

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

~1.,.fa~~~ipc!l.! fa}:,in-1 ~,c:hlmv ,'.'.'Jfth~ 
plrny f'mger 

...................................................................................................................................................................................................................................................... 

Met~carµa! fe;,,:in1 nwMUli ofth~ 
pin:\y fifi~!' . . 

,,fl&Y 
-t-Oi,'i,J 

,3BW 
1';!"50 

.:?>.'lOl .r;::\"J>' ..... i 

+240 •+tW \ 
...................................................... ............................................................... . :~ 

512 ~240/ • 12Cli i 

+2;10 • :12~ I 
.·h40;' • ... 240/ ! 

+2~0 • +24{} 1 · 12ci · · · ·• · i:.._piti:1Cifei16ti · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · F wit bi~fi~ · ii ii,ti · i,1,i;iJi1ger · · · · · · · · · · · · · · · · · · · · , fa····· · • i focii · · · · · • · -S+rii · · · · · · · 1 
.fbft} J 

.A4)tV 

+i:N 
•. "ii\''.!/ 
.+tZG 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2461 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



-{2tV 

'142:0 
~M1(k 
4')\'JQ 

~JS!)/ 
"l-180 
~-rnem 
4:BO 

-t:Jl)/ 

+UH 

~1 'Jt)./ 
+UD: 
~241/ 
""~°40' 

S-e¢t"''1tj ~~k!i of th$ i:,itikJ n~rnbi:!t 'l;lij <St~i ~Z.4Gl 
! ~ ~ ~ +·•i.,Jt) ~ 11------<f-----------------.... ,...--------;,,..,,":'""'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'--4.'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'--i'-'-~'-~'-:'-:'-'-'-'-'-'-'-'-'-'-'-+'-'-'-;~:,~,:,,,,,,,,i 

lll U1n~y3=fiifX~011' 1Nnf ~;nw::.*lB t't: tr)~ t)itikV ft~( I 116 ! -ft-~,W ! -:.'4tV ! 
'C ~ ·.~· I ~ . ~ ~ 

1 ~ +~oo ~ +~140 ~ 11----;1-----------------;1--.. -.-, ----.-. -t''';:'-'-'-'-'-'-'-'-';~'-'-';'-'-'-'-'-~~~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-1'-'-'-'-'-)-'-'-~';~'-'-'-'-'-'-1'-'-'-':~'-..~'-'-'-';'-'-'-'-'-'-'-'-i'--'-'-~'-'-'-';~~'-'-'-'-'-'-'-i 

'134 tJl11,.\}0Ule-xi,pn: ihmi krsud<!e ct tn~ t~miv fu~~f 1 11g ! -:,\.\~-z} ~ -hl(\,i ! 
................................... 
t . ..rnsn .,.;f'i:<:t.tk!-n 

147 

! ~ +.00 ~ +";~Q ~ 
~foi,ii~i~;j iiii'.ing t1Xibifoy !)Him t 25@ t' 1B1:V t ' ;~Ji' 1 
n:ng rn~iar I ! ,v1.ao ! t-t;;w ! 
Metar::arpa fle:~n~ f6ti:1Hitf i;:of flt: 
rrngtf\ger 

tfa r_ji1rtd~r:ij1i;bi ······················ ··· jj~i~iri,~ ~~i"S: m~;h~i~t; ~th~ ...................... 

-t::/l'.W •. 1:J.(ji 
•mmdefi,'<)~ ..-i-12:0 +t20= 

14,9 U'rkl~\.,jle:~bn • f ir$.t t.n~k~ cl tie m~4~ ft~~r ~ JB ~ :i-141.l/ ~2'4iJ/ 
+:31.:iO +240. 

4]@ +240= 
··iti····· · ijiwiieiji~-.,l······························· • foiei-'~l ,1'l~li1i),~f i,~· t1~jdci1i.ii111ii····· ·····12B······ · ~jaoi········ ·~i2@i········ 

<;·HJQ 

~rnM 
--t·rno 

~1J1}i 
+tW 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2462 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



$1}~~\.i1d kt,u(Me i,f tMt mt!/~ 
tsUIJ1W 

t)1itt.11eJ(JliXiriti ·························· · s:&jti<id ki1uik1~ tflne·t*dt~· 
~t1triffi'!'r 

.neru 
+SD 

• -s24(V 1 

. . ....... ·':.,,\~ 1+240 ., 

thrn ~i'1Wckh,·of the @kl'de firger 1;3 ,'fWOl . ~240>' 
~ ~1c~ -~-2~10 

----------------------'"""""""""""""""""""""""""''*'""""""""" '"""""""""' """""""""" 
1 U L._fntkl!li(}=fl~XiOtl HHt~ !il.t'iW:::K!~ t<f thfr mi>:!dl~ fi~~t ~ 12}:( -t~i1' ~24rn 

~ ....... ~ .,~~.- .. ~ 
~ ·t~~~ ·~·l4l~ :i----i-----------------...j .... ------~:X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-"4-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-">:. :X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: :X'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: 

~ti,:_M:,:,),.:. .. ~r,:.'-"~~ ~~~._,:i.;(~"""C ,.t-, ...... ~.§.-.~f.~, f'~,t': :A-:i:-\~ ~ ·:-~.~~ ~<!'\} .¢:f-li,.: 
t~l~~l,:::{t.::it:J}~.<t~:- ~·-:-:-.;,:.~~ ::~ :- !i- ~~-.~~!i-~.~~.:f. .. ,.~ ~ ~.~ ~t:-~ ~ .~ ;,.;~) ·--,;,.,~1.~, --1:.~:,~· 

fntW~: f1f\9~ ~ +®C ·+~G 
...................................................................................... : ........ """""""""""""""""""""""""'~"""".""" """""""""""""""""""'" 

Unt~~~:.,.,n~;tlQl'l M~~~lfl?i tex:mg mooibt:{ af fol=' ~ 2§.£ .,i.}rn .,Blli' 
!m~x tkm~· ~ 4#) '1'$.) 

,$1:\1{ 
~BO 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,. 
~~{)/ 

HU rjr.,a~¥$,,,fu?,>1ion W1Iro ~n"Z~rkhe :.)1 t"j:f,' h:Zl1;;~ 1)~"\.~- ~ 1Je --~Rli ,;:4tk 
~ ~eo +J><K) 

:,...,,,....._....._,,,,,,..._ ;:,..,,,,,....._,,,,,,,,,"'.'''''''''''''''''''''''''''''''''''''''''''''''''"' :,..., ...... ....._,,,,,,,,,,,"'.'''''''''''''''''''''''"'.''''''''''''''''''''"'.'''''''''''''''''''''''~'''''''"''"''''''"' :,...'''''"'''"'.'''''''''"' :,...''''''''"''"'.'''''''"' 
in !Jtiumb t,Jl~£kln fit&rn.m.~\J~ t"if tr!§ thumb 1*1§)&' ~ 12.E .-4~)1' ~~nt 

172 

....................................... , ............................................................................................. ., ...................................................................................................... ... ...................................................................................................................................................................................................................................... ,, ............. 

174 UhUmbt,.phot Laiera.l ;i100M.y m tndhLITib i• 

. . . . . .. . . . . .. . . ... 

Se:i'.lc~,~a kt.~1.wJdf>' of tMe ~h~mb 
rsurnber 

~ 
~ ·f·~}(:~ ~~<24() 

,,9:ffi:1{ 
1'4i}<J 

·.Jtti 
+ij) 

..,)40/ 

.-t-J40 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2463 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



&~~~">cl kiiwikl*' d lh~ fau~ 
numt.-.er 

•·Ekkl:i rklgti frzjii.~tb,,'i fa iert~:·· 
•&recfon 

-?'SO.i 
<t-00 

~:rei:w 
~n 
~jti\%:Y 
"'-1aea 

--:2Jfai 
+240 
-24W 
't':2:,;{(i: 

-24tli 
+240: 
:-BtKv· 
+l}i:::{} 

tl2 kl.,-u$~iuRq~.JrJ~t.$aI • i:}aiy 0>,tjgfu1 tr~~i~t~i ht i~w.ral ~ ~J$t{)s ~om 
I &fuxttirnt I ! + 1teo ~ +t-OtJ ! 

;:,,. ........................................................... ;:,,.':'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-t'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-{'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-+'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-i 

1 IJJ: Muts1~t'>,..~R))6t tr fml'l~=i I §,:>tW :tifb.:'lt~ fral1$~ti©tl ~'1: fft<t'i~! I 64 ! -n,':f{l{ ! -tiJtV ! 
~"· ~"· ~ ·-=·- ~- .. _,. I ~ ~ ~ 

1 (~t~t:~1~r~~= , ~ +- taeo ~ +ooo ~ 
:X';:'-'-~'-'-~'-'-'-"..:. :...~'-1-'-'-'-'-'-'-'-'-'-'-'-'-':':~'-1-~~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~'-'-'-'-'-'-'-'-'-':'''-'-'-'-+-'-..~'-'-'-'-'-'-'-'-~'-'-'-'-'-'-'-'-'-':'-~'-'-~'-'-'-'-'-':~''-'-'-~'-'-'-'-'-'-':'''':'''-'-'-':'-'-'-'-~'-'-'-'-'-'-':'''-'-'-'-'-+'-'-'-'-~'-'-~'-'-'-'-'-'-'-'-'-i'-'-'-'-~~~,~~'-'-~'-'-'-'-'-{'-'-~':;~;~'-'-'-'-'-'-'-~ 

, M M=um:;'§n.{'.«l~~~,·Jt rt bt<ctV tum ! ~:tl>.~fu:}:% t~f R~ ~~~1km nxt ;~W)Q i i:-~t i - tAfJ'.k ! -i:::·MS:} ! .• ~ ........•... ,,, .,,,· ·.,,,,·. ~:.· ••• : .. . ~,: ...• , ·, ·.:·' ~-.~ I •. ~ .. ··.· ~ "' ~ 

1 the body CM:fr.J::,~'t~ 5)-St$;~, s I ! "·1BSO ~ +e-Oa ! 
~ (~i~rt~ru~ ~=1:i~ ! ~ ~ ~ 

~':'';;.:::;::'''-~ ~~'-~'-'-'-'-'-'-'-'-'-'-'-'-'-'-~'-~'-'-'-'-'-'-'-'-".':,"'-'-'-".':'-'-'-'-'-'-'-'-'-'-;_"'-'-'-'-'-'-'-'-:'''-'-'-'-t~'-'-'-:'''-'-~'-'-'-'-'-'-'-'-'-'-'-'-'::'"'-'-'-'-'-'-'-'-'::'"'-''-':'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-':'''-'-':,"'-'-'-'-'-'-'-'-'-'-'-'-'-'t'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-1-'-'-'-':'';~'-~'-~'-'-'-'-'-t'-'-~'-'-'-".'-'-''-";'-'-'-'-'-'-'-'-i 

1 t(t;, H\J~1$!1~~R~t rt b:-.·i!'f r.wl ! R!$~tk:<::'i ~f the ~ti.~%ttl~ f~~~ a\.'"'>~Q ! 6-{ j .. lt,~{k I .~:rot I 
·- - • ·- ~ . - I s . ~ s i't,!l.! ,i.Ku.h• (;t.J(t·nih*te ~: ~t~n',!d't<:.1*'1'.ill ! I 'l' '1860 I +'Wl ! ~ ~. ·~ ~ . ·.:- . . ....... "'·~"" ...... "' .. . ~~- I ~ . ~ . ~ t=,.:>t ... ~ ~ 

~ a-~f~ ! ~ ~ ~ 

SAti~, 1 Ek! ~bf~'¥h t~ w~ ,f,);:!Jl~t1~km ~)Pt~. k~' ·~!$~ f'<t~h t:~ lstJi.i/t1~i'T~l'ile: tK~~.. ii::~ §$(klt~C l44$i\, 
tJ8£t.'SliAtfid.l:2L%1J ft'<l' $p!1i~J!l,:.alli:itl :e<f Btlt'!VL~i'T.a'lblt oo:.l@!!i, Tt!t~ BA?'!£ ~ u$'~f-trefit'i00, TM ~t~p tli.l!tiS Of: 
f),,iM.1 tti\t"¥ ,;.¥!)} ·1, ~-w f-Fr@1},, ~rt.i P-fram@ ®R{lit rninm~t wl!ilWS am· m;,t ti,1kl'>m.t 

GiROUfiD -----------------------------:-..,,, ............................................................................................................................................................................................................................................................................................................................................................................................................................ .... 

...... ·1----------i-~-P_·~ ... ·~--~t_·)_~-------..,i.-:~-·~ .... _~_r_~,_l_H_~_-.: .. ~.:· .. t-ilt_,t!~!g_ttt~I~~~~L~~!l~,~t:tlk!f~~~'!L~~Llz;i~l,,,,,,,,,,,,,,,,,,~ 
·~~~ t:~f~ ~11·1 t..:.,;~.~'.:.:..fh~)~it)l1. i_rnp_ab<lu~t 

................................................................................... t~re~Jl~xl\:t:\ t;mkl®Jh~ki':i (4,6,·i 0. ·14} 
3 RlJht !~'l 1:.Jiµ_J1exion, rJJif\J~hdt;,-i:.~t 

r:J',i'l!:!~_Jle~,;kTI, (_ruikle_fu:>idnn {E,:;\ 11J5) 
...................... 
hf~~;? Chrd~;i<Miri§, i ___ kn~~__tw~ilng, ! __ }~ri'.ie:.Jw1~tihg, 

l~s'.i.:.iot:a!ar _;fkik¥!, LJ~t4'!.~ti~l_Jlt~itir\ I r.r1tt~h'$l'~~~J\~'l';j(#'i 

.. {~JZ.;J6''.t}20.22) 
r:: .... Jip._ h,'i~fa1J. rJ-,:nei,(}'i'l*:lng, \3~"*~~~tM$thg, 
l.,S;)bt:a~(..JftK~~~\ rw~idt<'WMiiJl~\~;)t\ r ,11@::,Jf~~~(}~Ki,jt\ 

{OJJ. lt, t9,2;:1JJ) 
L~~ ann 'l ····················· {)i.\iiii.~~i_J~xk~\ t)~h(.f;;.if~\J~hi::;1(,t 

L.stinliklec.hlitln,, L it~'-•' ... ff:t):it."n .. ! .. \'«'ti$L f:~il:Gt'l 

............................................ l}·? :34.)6J8:4:.?.} .. 
Rzjrit MJ'ff1 r .. 3m:©!~erj~xim. rj~hciJ!der_~\&mt 

r:,,_,~io~!d6r..,,;'lili~il~, t~6!b~','\, .. fle~9t\ r~ s,<;·t~t:,,_,!!'bxim 
(J:J.,35, 87 ,.3@,4 3) 
Lstemooavi~'*lacat<-:luct l_si:ern~a'lh:i...~umate, 
U~)!"Cl:'1'!!\'.'..•(;J;il@U~C~~lltl, Utcrumit,-e!~\~(~l~'Jctaoo, 
L,~ib.""'""'_t,•.>i4nii" t:i--"'~'i:'-$U1i\--._11, L,"~'ist_J,. ... ~,fa1g • 
('4 '°' 2B "<.(MO ,~4 46'\ • .................................................................................. .. ;t": .. :.~ .. ~ .... ~.::~.· .. ~ ..... ::r~ .... ~' .. :~f~~ ..................................................................................... :. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2464 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



t.,;ia:twm~,davi:ct!ii1~-~~cltid, 1:.J~,~rt\Q<:!.a<;,\~t:ll~;-__ mi<3f*, 
r ..... jcn-:,rnk~i..l'ibuJ~,....;~bdt~~t r: ... :~cret1ikx'.avit1.J!~1:J·q~ate., 
u~lt:.<:'iw:,J:,,,i:'sitfoq, r,.Jlrtt_p\>-cL ( ... V'tfa~:..Jwis.i~ 
~Z:tc·,)tt~t=~;~ ~ ~4 ~?~t~4t) 

.......................... ········································································································· 
Splte i • ikuHtSSP_,Jt:iH, 'S,i.(,Ulba.e.e,,;kt:i;,t:m, skuilhl:se:JHt 

• vi::41:'dl, vcltor!ion, \lt--4titt, 
• vttiro.( \litto.rstxn, ,1~1Ht 
• ti!Jr,d, vllt:,r~bt1, 'Bt1Mj_ 
• i4BA~J}0$D,6ta~\87,!38J~-B, ,1 ht h5J JJ} 
~ ~=-cJl"d~( ·~;\~Jt-!jfS..i~~y ~-c:tilt 
< 
~ ::>1:l ,'Gil. \ltil:on.=.iio:n, 1,,iHHL 
~ '. . 
~ A1 Q-,:il. vl1 Gfors:k:on .. ~i:H}'ti!f .. 
I ;Atfo!L ~f1t.1Jsb1\ ,,rum, · 
~ :,,%ro!L -.i§:erabr:. ·~%1rn 
~ . . 

~ {5~i~55:~ 5B~T2~l3:7Jl~~9.~ 1 OL\·1~1i., lQ~.~ l00~1-~a.,.i2D~ 12~1, ·1221 
~ ~~~~}~t ·~~~)t:t)t~i~t. ~~~Ht, 
~ .. , ' . ' " ' 

~ ilf~.&rcit ·~·c3f:')~kITT ~\~3fi!t I ~~4~t~( ~;4~'$~~t\ '.1~:i~, ·· 
~ dSr>..11\ vJ?oi S:Df.l, ,<18,ht. 
~ , ,1·J ".1n;ti ·,tH 4 ~m![:;:k1ri. \>F1V"' 
~ il:,· ~ ........... :-'. .. ~· ~~~ .. ,~. ':-. '~\ .. ·:··--·+..·, "::; 
~ ~,~<1.m!L. '>>1,'j;:0:f:£:~n, ,~~~,'tit 
~ :'fft &<'i K;c! Si~ ~'> ;8:.fi.: ,.:, ·i' .:.·) ~'l ~'•' Sc>,<: ,:;.¥;: ~ :.-:,..,t ,:;;_N,.,f~-...~.::-...,,~Jx°!•;-.•~~:·~ ;'.4~°':.;w.;_-.:- ~:{,:}«',,~~,;-,.~)t,~~,·-:>'"t,V·~'\ 

~ ·rnS.103. ··n7HT,1ttl,l"1@} 

w;t.1n~lil1, \.'r;:o%~rs~1rt -..;:c&1!t, 
'.tt:?rot 'ftnt)r$-:,ttrt wnm 
vt-2rol. vt2:sz::=:ttk:o:t:\ 'll~tm, 
\'ltf'Ol, vtnot'.s}:'i:i\ ;,,1"ttHt, 
,;U "lrolt. \lt1 i~tJt:tik:in, 'x'°l:-1: %~, 
1•!2tof, v!2:b~bfl, '.<t?M_. 
1'63,.=G4,65J,-8, 70,?t ,75,75,.77,-S!0,%1, 
Kl, 1t,1\ lllil, HM, lt t..1 'Lt '.1 i 1} ---~---~---~---~---~--· -· -;,,,. ................................................................................................................................................................................................... , ................................................................................................................................................................................................................................................................................................................................................................... ~ 
w.:rfrciL \>'d faf:s.«.\;"'1, ';,<;:; tfilt, 
1•t:srut vH,:i~:,:tt\ "13tm:, 
~1-src( vtt1w.-:~t:i1\ ,..1z1wt 
,,t.1r>-"'\ ,,-,-~t:'t:mior:i, ,,1.~Ht, 
if,1 ,52,53]B,l8,00J~.§5J}el_g6Jfl,~l 
Lpin~yC~xi@""i, IJ..>init2_f,~),;io,~, !_pinkt3_f:~:,:i:Qf\ 
Ls-in~t ... fk::<h~'·\ l_ring2_'fieriort Uing3__Je.~ir$,, 
Lmfi;.\ile,1J1:e-:~l~n. tpt4,ih.e2J~>\h'1),jdzti~;\Jlex~:.ir,., 
1Jnci::!i1-iec:drm. l0.<le.i2_~~k.~~, Unde~'.3:_..:fa;iion, 
(..;thiirnti ijie:.:bn, tJtK,nih\ .• f.:<§1<-'0t,. Uhmibl.Jfe:,J,m. 
Uh:i.mb:3Jl;e:xkm 
(t2.6J:n, 33,131,M3,14S,149:1Mf1&1, 
H:H, '!6T, fiBJ n, rr:J, tTt, {19) 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2465 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



r.J'::inl,-:y1 _ f1~\i<)n, r:...,phkiC~xirm r _ptik::,:1. .. :~"'<iPi,'l, 

f:.}"f1@1..Jffie>1:ik':-"'t r.:.J'mt2Jlexk.,"l, r .. Jin1tJ-....f~~k:i:n, 
r. .... P'llddki1 .. Jltxk.'it::. r. .. Jnkmle2Jlextwi,r_mMdre.3.,Jle:>:.ion, 
f /:m;le:;~ > ~~io;.):!l ... I il:::t.ie:i<i1' /i~dW\ C,,i,~i:,;,,::';,mCT~i<it:;;,'H, 

ctirumbi .. Jlt~:in,•\ r_J1urrbi .. J\iri;ut r ...... b~·rb2 ...... fie:imrt 
r:._ th:tJtnbS. .• Jlt:di::w, 
(l.2t., t:~Z.tY.,lJt, I44, 14t:<, 150, ,lOO, -1 ~, 

1~J,it$at7:tH7¢:t74.r1aH~C) ............................................................................................................................................................................................. 

t~t n$;:fl L.,.9,:11kyl'.l.,.,.;~~:l<4r:, tPnWfl~ pwol:, L, . .,_~iri<yt__J-t,,b~lltg,. 
!Jngu___:1~:,di.in, i_nng1_ ~~;1:-1, i_i:1rn_;p_:t,Mi1lng, 
u~idd~O....Jlmdoo, L m i,:kllsE:1 _ p,;,,~t, !_rriidtil€ 1 _:k:-m:tin.-g, 

Umcte.::d:U~:il@\ l_Jnd~:>:1 pl\iot, tmdt~"tJ\\fS~t'i@, 
i.Jhwmw1 J:%,,~sil n-;1: 

c~nk:-,o~)-nf.!:tim,.. I_picio;}1_ j:J'JDt. u:ik'ill:;,;t_t,"isi:!,~lng, 
i:._fn@D....;tkxlu.n .. ,:._rinf!}_ r:fr,iz,t, r_lin~;i~_:f<Ni:t<:ilig, 
rjt1idd!~ jlt\~.:km, Utif@lt 1 _ ~i'i.;t,:t r-_ rriidtil~Fl_h<;jttittg, 
r..:..in~~f.l~fkda'1, r_inae..'l\.t_ pi-,.•at r_inde*·1_t<,'i:iBitlngi 

tJh:tm1b'l . t,\ttting, 
(:l2~.1 t:2~J}O., '.!3£<, '140, M2, 14B, t52J.5{, HID, 16.1,-166..'17~} 

Hiwn~rK:,{dR~l{,_'];Ji'J~t~r~!. 
Hu:11:arwlti:!RtDt _ ti-:_ f:r.nnt~l, 
H1,m1:an.,:1ictR:<:(AJtJ~~'(t~\Jtin\ 
H IJ."'<~tm~"RctJl: .. rt ... tmdy .. _roll, 
H1;,."!'11~ti~<=1iR@tJ'(J~<~r;<JHt 
tta~,, 1a;~~ 1~$:t 1S4. 1atL 1:&11 

A,·;Mt1J~@!y, gr...1tip~ ltl t._--s 24 ~~tJt'1 ;exl:e.orrnlm BAF'f., i;;J;t$..-ri~\,\.-ri 6,t\Fi ~r~ s...is~· ... ~ftr~o 8f-\f"s. R'1f Ii.~ '>':.·!~i 
B.oo'yDeITahia .. s~ Sys'1el11S en for ~p€Ci1lcatk,,"1 ri E.oo:,,De:fr~b.!e ~~ies t1rrn1p,'5'l 20 tn 24 f'!-;iiCf"! rnm~in 22 
IS.\f\% Thi:% !~ f'Y.%.-:n~~V) ~VJJ W.::it.it>~ ~i~, @ kik~'<'::$'. 

GROUP 10 ~ G~OO? N.4'*A~ i iA~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f ·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
20 ~ E:densiont ! 1 S7 .... El8 

""""""""""""""""""""""""'*"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""' 

:Il ~ 1:x1tt1:$~at12 I Z.00.~ .23.D :x,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,"4-,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 

22 ~ IEtt~rts~on:3 1 2~11 . ~ .:25.2. :x,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,'§.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ 
:1:1 ~ l~ii~t1:~~m1~i i :~~ .. :1- .... 2"1\t 

'""""""""""""""""""""""""'!>"""""""""""""""""""""""""V,"""""""""""""""""""""""""""""""""""""""""""""""""""" 

~ .~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l :E).~et1~ t(~ri:5 ~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ 21·5, , :.:£9~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The !hgt'f!-es t..f ~~in fDO.F) $lfflc.i@-:it fo. be:ate @W &1im~t-e ~ human ~xKtt ~R'= de.x:-n~::io$fd irm.::i: ~\ DOF for 
th~ gl®~f !~cml~1 ~n-cl 1Ht Dt)F ki~ th~i, kifotn~f md!.iiM::ii;)~. The kt>-ok:gy ~<'f 1~ ~i.~e::-.te,;.i ~in~ 1$.'@h'·~n tdr.>\-\:'< 
T~ fi$l1ds aft:!optt1na! ,,,,,i~M an ilddillon~l :s~t of j;tlints. 
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f it~~if • ff itti I hzl{)Stf ,(fbi@{) 

t'intl0.(2 ............................ :.PJ~:1? ........................ l.(t1595 ,nt4~R1 

[.6:i~ifa ••••••••••••••••••••••• ].tlNH1 

J .. Pit\\YP ........................ Q,J~'l? ....................... 1 (;\{s,?J 

i"p!t~~t? 
l"pin..%./li 

•·······································································································································································.w 
,{( 1tt1 
·.(:(i~H·1 

.·········································,··········································· -0.CtWl) 

•• ;j;;~i~b·1··························· •• :~:}:H~••••••••••••••••••••••f •6'.!+~:•••••••••••••••••••••••· ;;•, ·".'o;,,,,a;,;1;,m;,,;,,,,,,,,,,,,,,,,,,,,,,,,i, 

, r lf'.:).:!1~\'::i:l , AJ .. Ni2 I o.tno::r .. r:ux170 , ... ,~ .................................................................................... t ......................................... ; ........................................ . 

r.Jn¢i;;,;O ,,o. nni I QJ:tZ~'>H -1\Q.~~'l) 

t h1<kv,J .............. 

. ijfr@ ...............................•. ~!.LhHt. ····················· 1 .{f:W'J\ii:f .. 

f !1t1Q3 • «(}. tkl 2 (ttJ2!-l .,()£9t2: 
i'·--i'.lif;Wt) [ -.tt Hn 2 I O)rl'.1:1 ,.o. 12~ ·1 
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ilt:ltit 

• · · , wntt :,:iivql • 
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Fr:..1m ihtt ~tt!r.fa:wu~•t.-1 n"'..'sl;k:, th~tt !:}Of aiHtw,· f!~x:iM~ f~\j,; ~.:ill~n:l,t:fon foik,,-\;ttcl by nlr~ Dor' ~r i~;r, ft'tw~ 'll~ !~ 
l@t!t t,;;:, the t-D@ k)ifit 

Fi~t m~ ,¥i<h~ ft>.<;ti:0~:;; ::~:(:~ "°'*'ti ~p'6ri'~tst ·~ ~\#,,j ~ w,;:i"!,$;1:' ~$::Jcriiffo:.afiM k b~ mt.~i&:% Tfm f\~rni,"aj 
ccrwen1k:=n of !tlesi mi~lnll~s ~ a!s-"ll us$d Tu.."'"f the !Spine !XF. !h~ wgrn:e&.$ (sfft's;ew:rn ail:!·~ 

ankl~_hv~ting: :(l'fustit;,,~ akmg Hw sli&1:>\ a:'(~s'" Thh JOint :s res:!Uritla;m·~•'i,'m me ~~ .. .rwsur;g e::,:c:e:Ft ~n.~r wiy me 
ttd m~t~ ~i not the shank ~~111~r1t 

Th1; f~it;,lt {~;.:rrff~x r~~\.lfl !s {~Jn1:~*"t~tt i::.~~wti~ wW1 l§)ee d~,~~ of fi~@rn \\1th if1dep@!1i::..l:tnl . poo~ikxi .ard 
Gf.($:l1:h.fam · ~ ~uhfa~l~ .i<?lnt t~ m~",t_f..·-Jfi Jcint b$tw~er ltie· $:ubtai!>.:it .JPiti't aar::d h~ tre JP:Pi tn ca,orur-e oornplet 
inkm1a! rnlru'j1,<E rno'.<B:rnBn~ d the f...'"'\Clt ban12s ~,1}B~ ~!i12d th~, t'i:l:j~•i.t:it@u· jdn~ ill th~ §it$:;.~tu~} 
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/ 
.... 

·' 

. 

·.~ ... 

;.: ~~~~~~x::s:: A;~~; ,_ 

l~ ~~.<ggei~ 'UPP-.~ P\"zjJ ~g~~ I$ tre~i@l ~mt t~t ~rrsr',~~-:i,"li.:ling aJ'.:t!i {}t r«~~~1 ~re, S:h;:iwn i:r:; 1;1~ ~oHo-wing: 
dt~~rntM;. 
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vt~,~~ ,.. . 

Th~ 'il~1~tw~ @·:!;i ci~"K~ch~ct mt-o i~ \Gmt·~t; ·1 l n<:!o.r~tit ~n~ CfJ'f1><,i~-aJ grn.~.'Wut\ R~~i (it ;'2 ()(:if$ ~re t:tetin,._~ for l~ 
sp:iM·, l!,'ie'"'§'Bf&B oomJ:<le~ f'iPPli~~tkmi:i .,,.,}:h: wh8>.~ ~~ rrn:lbfaties ca~ be ,;fe',...~~ed. HD\,:ei,<e,r, t~piD:3lly, Th~ 
RlPP:k~ik.'tn ,yi!j W$t ik~\~r ~h)~$1h~t h~l~x~ lh~ 'l's~~n~1t.t~fa:~i.~! ~~d, with lf1t f~~h~m .r:if {l!i'iirr~~!k~i. Tho.'::f~'*n~, 
S im:itm~ ci si:itne .~re d,~'f:~~, th..1,u t~ $irrQi~$c1: to n~"}it ,~~1~"11'e>t. · It i~ $Vm-;i~st~ tMt ~ ~ine w-oups (S;.~·1, 
Sti~.2} ~,~ ~iii:;;;J k;w $lmp!e ~ire. 

lh~ ~m $:1ti..'lt.i'.Ut@ i~ att,tch~ to [h~ ~~~. 'ih~ @obi Ml.~ tf~ ~hi~<%' ki !htt ;;,n~~ dttfr;:;m.ifr-~ t:\iii kg •~~,i~n ffie ~nn \~. 
ts-,·fit¢..1 ~1,tt::h th~t ih~ h~ti!.$ p,Jht1 lz:, f&::'h~ t:i;ltk\',-...~·,;i 1~ 1t1.ml! eof t~ DOF r~s~"'Ots. mis. itrudur~ :S<iml~ritfi 

Strfo,tl:.;< !J:~-e;;i,k~, ti~ h-::<{) d~\•fo::ul~ PQf ~nd t:nf! hw:i $Gm::,~fo C1CF *¢ n,;:;.1 ~~:rl: ~l tm 4~'n'1 t.!n.ml.3ra, ~;sir ¢:.'iY 
it1.Hi;;i~ ~i wiit1il~~tJ ·;;:.~;'\. Thl:tl ~-t;il?.X.;\l~ J,:.ibht ii:~1pt~v~ ~h~mt!eh~ncal m~! ci ~*' :S:he:;ll(kr ca~plo!>t, ~ shO®o ~ 
rh.~1;~t thWJ *'JJC:.)'l ~ ~;.)~) rnv~~'GW~Kcsn i$. Gn!r ~"' ~t~p ~{l-Ntn:.'l :a n'l~'i~,\.~~~Y C.{1:Hf;tl ie,resw~twon er H~t t~fft."l,'J:. 
trrainh bt~t.:~~ lli@ ~ht{ih~' tO~\t\.~X 1~ in i~ct .!l dt.~~d b,,1:t.l t11~cfo.$ni~m. 'The ::l-c~wufa~ tIDlth ~ 8~11e r,wt,~ltv Il$ 
~"" ,,,(«,J,,,o:,l;'ll ~t· '·».':if';,. .;:;,t,;,~ ~'" ~~'·" .~~._,.,, '~'''""f' i,'<it't t._;.~ ~' 'e"s·~·~ .. w ........ :- __ ..._._ .. _ . 'i"'_ ... ~· - :,... ....... ~ ~~ ~ ~, .. ._v -..:~:·~ ............. ~ ..... .-~. ~~~··-- ~ ... 
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wi;i~'tJ.'~¥~~:i;t~"-$: -~h".':.•Ji~ "<i.m~ ~~)\\c 'fN~ 0-('.tP \~ r~~'4~-,:§ooi \~tth ~h"' ,;.,100',~'' ~"-~1ir.g: ~>-:~8p~ t'1:#. !;J-.tjy th8 h~scrl 
rct~t~ ;\.med t~A 1h;;c f<:l{~~nr1 

II-ht~ t:h;:it thm:~ ,:tn~ f:ht~~ a4.~- ~~fiil1~t1 f<:1 b...~*J rtit~fo:.m '. 1kt11!!:i<,1!§1\Jt::K $.\Mit-@"!i~,Jt)t~bn. *ku!lb~s•i\Jilt 'l'h~r® 
aro al&> 3 F,•'iw?is f~ ~~'"'00 mt:a'lfon. tf i:wfu FAP.i Md 8l\s'?j 3N uscoo t,.,~ ~~d rotation, ~~~ t~s~ F/i<.F,is sh:~1 ~~t-s 
too ~~ad rattt~~1: \'.1'lh :f~~t:'1 to tf,i§ :EkuH~~ t.wfdk1aM, s.~<&-rnt1 
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n 

r~ f pms,,·ihg !/gU.i.! $hO'>N'$ \ti!~ oorrip:!e~e hh:).;.'* d~t~!Jl O!;:>Critfr,g the nteg~lkrr of~· P@fl$taq TT$ S)n!~$iz;~r 
mt~ sl!!'I \~,:()J[,(;{) t44''.Jt'i t~,~ ~nirn@ti~n ~Y~l<sm. Thi FAP ~~.i,,r,h,~.ri~.: n~t.7-\~<:!. t-v ~~. \;,~~,r .'ii; tt;o ;1.,,~'t 't«,~1: ~- ~h'"' r:r~· 
&tr":"'-':11 "'f'"' l,f~:,si:~--:,< ~,\r stie; :t(l}~--~~l ~',N~i~s.,-~ ~Pd ·1:r"'1'1!l;;MW~••d ·1·1l. AS/':I~ fr,,,,i",;,,;; 4. ID"": Mr."~".~; 4 F.;\P ,.,..,_ .. .,>'s;'<"''*:-':f '-;>,; •• l;>.•1',."t~·. '{,,!II.~· .,.~~·::,-:.f!::::~1v\.'°' ~.<· -=-~ ... -.-.:,.~~ .. ~. "-',>l .~.;:>:W-.,;.~, ... "! .. ~ .. kX~· « .. ·.";-l!\:1.>."-'M . ... ~~:,; .. > ... ~._.,.~':: l-~J -.,.~,;; ·· ~:~~--~Hll•!>.' t,'-;.~, . .W..:. v.~·n:~it'l~. 

u~k'\t.l tlw l~J\AP!nt~tfaw ~s: d~l'hwd k1 iSJ .. MEC t44t~$: t?~S' 

Pht')n .. ~rrelBOOkn'li.1!'.K 
to IFAP Ccn~1erte, 

=at.~ 
Rmoerer 

flgur.-e CJ: !Blci-ddi.lgf'.M~l !!l1IDw111g tt§e §f:lte,g::r~tiono.f J p-rt:.pr~taryTI'S: inro a, ~SO.i1EC: 1-4400faet 
fil.'llma~o~ s,ys1ecm \\'ttn Pl1Df'!eJWJ~Jtma:n,. to f.Pi.P c:i:m-r~r, 
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·~:t\l=·P· {~ ft~\J:.~t~~ki:J ·:t (~ -~ 
n:: f\P' rn.wnt,er dfifin~d ijft:'.orctkig}r:J< it1ne;.:C, T~Ne(},·1 with ;?...::»w~»:l::i~\ 
f"'~f-~ntn~m ~:;; $·~J1~1~$t~ln __ :-:-~~~~Jf}t:~"J ... ~t:tp.r~~$~.S(.~)::-Jn~~f!$f;t-1 -e:~f:.lf::;~~~i~tn·:-:-:-$ij}~~J4·"· o:i~J~f~f<SH;i\:-:-/t1t~~fi:}:H)l.;.{ ct~ (~i~"i} 
n :za,J 

FAFtekt~ :;;; $n, ln tm~e i. ..:: r, ~~ »t~a 
-r·~ t~fi~:}fo;Jn ~fr:~,~ d~t1ne..d :k1 f'l~ 

e: tb't~ ttH•,% foro:i,,1puttHt1ntf il,tkir.i:ig tr~n~:;!tbn tkn,:rt 

iri i<ld.:ilfaT'\ t{) it§ ~\Jnt~lk\~ k, >tt;:t>\'~tt pht~'N'l'!@~ hit) '.l'it~~- the P1:,"Peme/E;ook;:i1?:d t-0: ~AP C-or::we!t% (fzj, I) is 
ft~"1ti.M~· for tt'&)~k~t~'%li ~h~ FAP lx.X::ik~~~:~ dtf~~tj ~i t!it l~ti.~t i.Mid ff~de iM<'~!Jbb tit ifre ~1{,)\m.Ji!l; ntid -Ol' tti~, 
Ttsf\A.Rnt~tf~ >:1$ d~fm~u ir1: !SOl!E.C 14@6-1: 1:&t8 :mt._., .a iequ@rK.:e {;tfAP.s that cm b~ lnrenJrntied bV t"!e fJ-ce 
R~"ld.~h~t -,,s,,hid'1 ~h~n t'l..~$. 'l!:;; ~J~~ t:h,··wrt .A.ti iht~t~i~tku1 fu~tiol'l: k>• L.~~ for CQrrip.<v.tng he f@. $mp'ltt:uc~"Sl- ftie 
~""'~rt.er m~rg~g fu~ FAF·s it deri.•es from phon~moo ard ~,;:mfyl~4.-s into ork: ,;,.;;;:1 ~f' !AP t,:.:it~rn;:,:i~t-z k:<t -Ii~~ li.tn~ 
Irni'llint L.~ing ti'!~ fctlr.::Nh'l@ ~l@p;~: 

,l. 5@1 ~l bW-:~V~l FA.PS lo lr.i~~~~!:lt~ . 

. ;;,t s~1 *l~~tie-.1 F:i-\V-S to vi:il~le--$ tQ11pt~:f.!:ci t-1$~ the 1nter::pdati0,""i nrnc~loo ii.ml pr:<tirwtne$_ 

1 initA~ i~ $~1 @-.""4·,~m:ifn{i, to t~ tit{r~,.1~ ~qgg~it0:,"'I: ln ~se O:f FAP 1 \•isetr~""s-electl/2 !~ O irl,j f.~P 2 
e:~pre~rn.}.:m_~!el::t1i2 ~~O, Mlt__:n:1~-e--~1; l11 ~~e o.f FAP 2 ~i,pre~k<.',_~:eJ~e:J:ll.2 td) ,~.i:i;,:i u~it111, FA.P ~es_ for 
,.1~-®ti~ it1cU~oo=!J. 

f &ci,3! ttpr~&:uns af'1-1 t0ii~m~~ ~l'@ ciJtribif!.~.'<d i'i..1t,.~ t.~$ F(hr.1ut:1: ci<it<urti ,1;~ ~1le-t&t t& ·ine ~re·~·m'!:t \•tM.'{tle$ 
,.J.'i,',,J,:, .• .,,,,._;~.,._~,"; .. ,.~«: !,.I.-..~, .... ,,..,,,,~fl i .. ,,s,l,,:, ""'""'"<'>"'·•'l .. '<'* 71,, "''""""' .I>,.~~ .fu,;. ~-,,,-;,,..,..""~'·<: """"~· ... '1-~ '''-""-"'"""'"" ·ti.,"'"'' ""'"' ; .. ,........_~,..,, 
".;O:,~.: .. :,.:~. 1:~~o$'l! ~~~=-:i; :N '~ t,;.n~-~ ~ ........ ..:.::-~~~ .... ~,~.::~·! ~3''~~,-~ ..... ~~-~ ,~i ,:•. :~.:: ,. ~ ..... "*'-...... ~ t~t~t tn'v' ~,~:-,: . .}t,::.:.:::i~~~:.,,~ ~;._-~~-H:~·::'>'. r,,,.l}~~:q i~:;,(·~ :i~~:.;r ~~· ·~"H":,;~·~,,~. 

T~·*'"l~il:k:irw l~t\,,.~,$~) fa·ds'li ~~f\M$~k'&'l$ ~~ ;ithi':l''>';i.1 bv cc,.,~uTu"'~ the iriw.~4atkn fu-~'fo:11 for 
~xpr-e~$kiri~)nt~':@.hyt -~nd t:;.):~!!~~s..i:.ii:iJrten:f..cityl $n}i.:.~tt, tr~n~itkwrs ha1.'e ~o t@ a!.'.h@'i>f.id t €!)..,ur-e&"$!l:'$'L:§.emd1 
~tit! §:~W~':il&1:"tcl~d2 ~ tM ~§t)~, fu% t':tit1~ci..-,th<tl b-.«<.,,krn~ik,1;, 

In fall:! c.a~ thru th~ facll:'. rn~~I is ~l~-0 ~nkrniitwl fr0l1': .;sfi fW f..>~t~ti,~:;d~ :H~~n\ 1:he.f~~ ie.i4~to;ei i~ t;;:; ~t1i1\tii:i~~ 

the, fat* ~$if~, {h~ int~t lh~n lh~ ·r1~f\\Plnt~rfit::$' ,~,hkhlis p.i~~i-ecl PY i;::~, Pl1011$:m~·~i<imark !o f AP i,:l,}tJVei:1$:r 
.a:c,d ihe in~R#: in~ri the F,~"':.1 ~o:ltr. ln c~se that th;;:: ren41;Rer receiJes Villl®f§ ix the $.t'*ne f.A°" ffi)i~ ~h 
$.{i.\Wt~'$, ~~~ V~l\..®:'$ dij.fr,;'ij# fy~zi f.w fAP 1::lr®...im 4_1,~ij, t,fflt':.~~n<,~. 

Frx iinipild!y, ttm ~~irn,i•ing des,x\ptm~ (~n hr,w tt,, ctn1rx1li8 !%1(, i;i~1~1Ht~de, ,nf a~1 fAF .is e~rfakir,d u~itiq ihEi 
,wripJ\k::;:fo K Th~ ~l,,,·'"w~~ !'nBthnd fa,. ~ppfa,;,1 t-:':.l ~~xw(:~oisinn)r-tti'§M!;l~}"t t~x! ~l~)m,:1-:tkm_Jnhn~it'.l~t. 

n~ Ft\P anwlilt.df;l .1s ~Ei!lt::::i:is t:tie: $mp!*~® 'ip t:ie, ~:ipH~ ~i he iw1d at th;;, ~rrn:::JNkm trn!:;' r. Thil .amp.1it.1(:f:;;) i~\ -or it~Ei 
f'.1.\F at !he b}gif:nlng oi f--w lt.:midw11 t~)p~,11ds <Wt p--0..,,k~1s lx)<ikitwrHs and (~n t~ titJW~ §o:\ · 

G if :!he, fAP oootm~rk i~ t:~ first :J.ne wnh trnE f ,tip i~ rm.1::.te .~i~i§rJble t:hmwih tl1e, n~FAPtd-e.rfa,::e. 
~ {lf th!e pre'i.ioui FA0 ~\Tffilfk ':i~itf! lb.~ 1a,'11e FAP' n t ~ tirne, icn~r ~t~n the Jt-evm~s ~ra,""Emi:m tirne Thil:~ 
,,~t;;,µ*clh""'t<c,-'tl;l~~ th~~{.1: h~~ f'.;~p: ~-;,t~m;;;~,r; 

r~ ~dn .. 1'!11 ~Mh~<':i ~mr:iit:i..1~ :cit!@ 1to th~ t,r~,,fous f'AP ~flM!k<n: W a for* ~~11:s- th~n t<,~ pt@'>ik,tis t~ns:tion 
tlrne r f~s: ~~'J~d rnl'N~n th~ tNt:i Ei:\P btx)t~l~d:.i-. 

t\t Mi@ ~~tid d 1ht1 biinsllks:1: foti@ l .t:i' It mf!i11b:1ii!t}d ,unt! ~-101b:ir tl~.r:1 t~it;{.;mark gh.~)s t 1'1B'>-~' v,f:i..i~~ b ~~~th, ro tu:3iiM 
~n F.A.P, ~ t~1>,1t;;rnan,:t:~' FAFn ;,vit"- ~"'{} 1s tn~i'\'lrs,itfiltl mm~ l:ext. 
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Tt, t:l\•'4irl Nit} rq~r1~i p;;:m1r:w~Hwl for d(~!}t:inn !hr:J r,:v(~luiion tf m~~ 11mflit1~~~ dtl:rit>@ 1hsJ {tmtlR)n ikNJ. tht f\1rwtit,m, 
thM C,}f~~)!.l~s \bi ~Mtf'l ir,'2lrll0 Hm :E:l!l1()!ilttt1'B tit thB f;i.W klh~ .~~M Io ~1Ns fat~~ titi1d,,~rt~ :E:l!:\;~ pt~sth~ik1~(t A~Hrnmi~!f) 
~h~t th~ b:ln~ifon tb1;:;, r· i~ s11'.-.,,,:Jf{~ \ (h~;: foi!l;;,,i-,lnr:;, } forn;lit:J1."" {~U ~:JR~: ~~~}(:;l-t{f ~;;l.'.{;c.t,tciin~ih:i ~,~kt~ ;J:i C: 

r :fo~ "'' -f~~ 11r 
-:;.; .. :,. 

• !~)~ n•~~-}J~}~u (} 

with form t40)),, !}w $rtip:Wu4';l s:::r, t;t ~!w ~~1nnh9 oi lh~i FA'fi ,iii t«I), ~mj !tl:l::1 9r;14~~nt9, ri tWi wt~i.::n 0 fl1$ PAP 
,-,.1:,ri~p!i:'l:l~Wz, -u~'~f tiff~1· ~t r:a:rn lf U)(~ m,ms;~!on ~!in~ T,,. ·\ mr.: mm~ ~nls tt t~sB :flm,::tsi:m~. {':} KJ (4) t1i%, ti;:1 t~~ s:::i1%~,i. 
th1s-0: h.w:,ttkim. ~~nd t1t~ •'t, r,;<,, ,i~ m·w:i 1\ a'tti tfa.Ji th0)" ,Yti (~9,tip,%Wh t*ll'M~Wr1~sd stt= K~nn ,)$. t)fl t:,.i.,p C<t:Kj;t::Mik 
i:i:lknown. 

n~ Hermii!?;: fi,rn::fon (;<f tlird (;<fl:1:fff ·$f&;ib!e1 (tt.~) to ~Tl~~tt:h :ffw; kmQ:fF!::1 .,:ii ,n1:s;, h~in:!Y~l i)f ~ $!?::~l:Tl~fil ~\,'if~ ttw. 
t11,111itt .:it t'ht1 )ti<~ of th} pro:vkHi:t, $I\i~tmnt. iif.>:.) ttM g 1~ttitwtt1 <.tH'Vt ~it bi~ gu~1tti;1ti1tt ;Jiti"1ay, !Ii@ :s::<irtwut;;1~on ~l' 
thi~ ~i@'rrWf:l ftmJk1~ ftl:Jt.~itf:$ { f.\(il'fmlMm':!= J~f; ,noiJl whth .;Jr~, ,;\. (~.,. lr ;:;r,d ~h~) gmilll'Kd n4 ;\'f} <lt t::::J .. ViM:f:i c;) 

hqiz0:1tal ira(fa,;,ntet: ~hf; '$rid ~~dh~~ trarB:ffirm tbw .l$ ~~~.!.§uri:12;,d .. Thegr~die:..<11 ~Jji} ~l tim!;;'J j~. ;~qn1~ut-ei ~~,}ordn~~ \1 

g,U)«.f!:,~) -u}l;i-!,, w,::).,;{Jt;: ·M+~L.z$ 
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Aru1ex D 
{ rn]nnath,-e} 
' ' 

Video buffering verifier 

2. .A. ~~dim c~_:=rn~e:~ity ~R:~~~I; ~u1~1 
.::t A. 1icl~*::;. s-~:{~~t~~t)-t:~~ tTii§t~tt~ty ~nt~.·d~~t 

A \~id~i f<'it~ t·u~T rni::ide! i~ ~~~ir';_ed in z:iftt..~- tr~ bz~md ~h(,- fT~JrK~-y rl:.':ql~ir~,1'1:#:1)1$ t;::ir tt~ ~i~We@1, b~Jtf ~r n~~~ by 
:a vidf!c de..%Rier, \Nin'\ ;1 rijt,e ~sffer it~~e!, f:h:e ,,1&c~:-i &'1coda tan be c;1.:in~tr.a~~d ii) n~ike Mstr,e,a1;~ "<'i''tli":h &e 
®(~~t,l~- ""~1tt ~ P:,"'t1...i~{$ftr\ri~('.l txitf& r.,w.:,,t,<::ifY .~@;~.-

A 1,,i~1 ix:o:,'n~~tify' n~-wei ~ rei,1~k:ed in r.;ni~f io 001md h:f- voc~s..,;iing spee,-:i: re11iirErnent~. nee.·decl b'.{ a ~-mt::f,~:rlt 
\<i~>:1 ~~oo~·. ',flit~ 1.i ik!<::~ ~<>"'11j:ie..;ify me.de!,. t'iec ,~d~· 'W"looder c~r. ~'. ~-0nstra~~d t~ make §}\t,stro~''fr~, '<'->'hk::h aro 
z'h:.':ix~,~bil:.': Y,i1h ~ t¥#de,,~rrnin$d ,:_~,x.~r PlOOf,>M<tir ~~~i1Wty. 

,t<, "lkle:.~ refi.S$,e;~c-~ !"ffi?~fy rnoo:el i~· r~J.Jir~d in Qfd~, ·tiD bs::;und th$ macr-cb~k {~ii~:l} m~tl'lD-')' r~in.N11er;:,,-s 
tii:i!~M by:~ i/di:,."<O tii:,'ctl-t.~r. W:fh ~ ,,i®o rtffilf~itoo rtiwt16i}' iru.'itfuL ~ vruoo ~t1~ can oo to,~tHaki~ lb :n~k@ 
hhtrf:',~m~ 1•,ik.h are decudaci~ wtfu ~ pred:e~em1ined re!?,n~nce n:1e1:1@1,f ~i;r,1;:. 

Vi{t~i:, R~W~ 
thiif& 
\>11:;:,;::i~ 

··illli-fi~ 
Cmi;1 lt::x~1Y 

M,,K,fo! 

\h!K~{~ 
R~for;,"1:\1tX:o """'~---1·111 F'r~$~niwtkn, Mcdf,'l 

........ ~~1i't,~i}~. •M~)t~i ........ ,. ,:·!n1t~:i l'i{lij\'(t) 
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Tl,ff VfPt 01f:t*~ tt} n~t~m1 it/rt~, t(:id~~ ~sac fA)1t1tin11:tt0nr:if k !=\ a .ard :B-VOP~. w~1 sm Hx!Mt*· P~<:€ amrn~tk,n 
w'rl rnit~h 0i..~foc:!~ :l§re t':!,.."'t t:i.<t:'H~lt~ir~d b2' Hi~ nmd:el. 

l : t,\!~n '4"i~ <;.ip\,_j·1c"l.#~c ~i;m ;~hd i,,<li-•J_o~¢i.1p,at>st'i{ p~~tn#*i'i ;~f~ ~p~cifsfid tl)' $:f;,,i:*tr1s.~'~\<~ "'¢~ji$"3{itjtl 
111:,.~m~tl\on, ttle.bit;u~m sha!! be Pcin~triir~d ~-on..ing to tn~ EP!E!:tl~d 1-<~!1;..:-es ... \l\thH~ the 'i.'t-v_rn.~Ui~ 
~fzj yby_.:::c~s<;j.j..-°'>;!'l'!O:::j' p.~'l:!ffl)~{~·i:: <;lf~· f~t ~f,.~~t.:if~cl {e.},.~~p§ h th~ -~l~l '«t().~~ h~·~d~,r,:_,~ i;:l:~ tj~~s'"ltid b:~b'<'>t 
th~ ~ncli6..~~i- th~! t\e Mfatr$~rn ~"k<t.ikl b~ i;:;t,~1str~fa1ef ae,xsrdbg t~ the i:~tmtt vai~e~ t.<f v~w_J)Jft.\~( .. size :mm 
vtt.•_o-oc:uµan,:::y. The· d~auR V$i:l..le of vtr;i_J:-it..M:ier_:si~ ~ th$ rn:aiin1:..m1 vah...lE: -0f vbvJ~.iifucti~ ~llo\,\J:'/il withti 
fu:Q. p..{:~fi§,;. ;i,.....,_d ~, ..... ~~ Tr~ d«-.(,;;:;wl!.. \J~lJ~ cl <,<b(:_<:,«:,·~~tp~imy fa l1t, :" ~,b,,,_nt!ff;:.~_S...~:. ,,rh-,:;.t<,; ,,;lc.,,_~:? .. <::;Up.w.:'l:~':'J ~ ~,:,. 
$4,bit ~iti~ ~fid ~i,\J:r;t'!t·C .. tit¢ it )1 16$:ttH@ 1,w1i$, tM~ t:zJff~Zi!XJtid$ tP &'1: itiiti~i ;)(>t(,j::~'!ty cl ~~'>~\irr1~~/y 
twi..:i-,tNf~$ ot t'le ftil lt'V~'er $.~~, 

2~, Th.~ \?B.\/ b.~~, _;si;m ~~. :~~~~fied bit ~ ~t\~~buff~r_;ize f~id in h~~ ~./QL h~.acl~r :~rt t~~rt5 o~ t6:!~~ b~s .. A. 
1,et,v:JR:~t::r ___ ~i:re ct o [$ r~roit~·,t lkf~e s ~. '1 l~~ " 1..oy __ tit1ffer..__$~ t~ ~ ~he VS\' bt~~'l" m:re m b!U-. 

'.:L T~ in~an~l:i!tR..~'15 1ddoo c<tt~t !o1y~r chann~ bit r~t~ ~~CT by tlw ~n!'.-s..m'!sc,.. i-:s: i:w.n;:;;fu,."'ci by R,:i(t} iri bi'is- ~<fil 

$~ood, It the M_J'$t:: fi>t=k1 in th~ V(}L M.aier ii pre~·,t it d~nf$ §:I ~iiJ. m1~ (i~ ~niti oi .4tJ) ~'w ~- i~omt 
~ 1>'~lkit ~t (i h !'$~l1®~\) $.\K':h 1hc;.'lt R«=,.{t} '" ... ,,,, 400 ,< ~(/~1~. f.\~)~ th~t R~iA~) <::{JijriJt: <:)fl.I:;<' 'A':W=..m iyfl~~x fur ~w 
o:.~wn:.':rit VC!t.. (re<f~r t~ thi:; di:;©nitk:«1 ~l {( ~ib,.i} W ihe {~l~nnei /$ ~ $#fk~ fa~~ n--llJti;:il~;( o:.~:intf,iininQ i:.ith~r V()L$ {)f 
~$ d1Mlt1~d b' lSC.l-i'.!EC i44:H&-t'l Y,:o""& ':;-'<'lft J t.6t~I it~t::tw!~~'·OH~ thi:iitn~ ta~!:'! ~&.~i by 1h@ tl'1..<:)tld~r tit R(t\ ~1:-t'>"l 

4. TM VBV buff@' i!S irlitl&liy ~!~ty ~~rnlly, t'hl'l ~1:i/ .. J)}ci.ipWK\)' foid tSp~::%®.S !ht inlfa'ii ~Lt@'ity .~- too "-/SV 
bufla· in &~-,tit unit~ herorec d8o~ing t~ 1,·,itial VCW, s<;..filtr:;;:(:t\e!cd ty the ~ngth d an'.i<' imme~:ffately ~~'"B...'iin.; 
~~fig.,"~ti&"<'!- ~!\.~~ti...~·(~~ ~mb.~l;:i;1.i,'~""' 6.:2 1}, F°:,')f h;;i~~ :s:¢1~- ~~':'!UMt:~~, lh~ ;,,b,,_oc~up~~y ft$_~;~~~,%,'!~ 
t~ in§:iei ore.":J.~arn;y ci' lh~ VB\/ bl~f in M~bit units ~for~ d~d:il~ fo-e fo,~ S-\tC.P 1~, fh~ ekn1~ria,y ~--oom 
(~ $\...ll:J.:Jij!,i,$.-f, t2o1 \ l~ ffrnt ~1 i~ 1he '•/fJ.V t'=i)~ k~ th$ f\rnt btt of t'H~ '•ilt'?iu~l PS-f,~rn ~'""\.zjtig ~ 
~!,~n~nf,,:sry sfo~:;:in1 ~,'tt:l ~t1f tnm~tll~t~li pt~~,~J~,,~ ('.tnflQrn·;;~ikm inbm:.§atb,~ br ~~ 1:,,f»% -rf :H~q}_,~-,,....<m~.. · 

b·.. [~faw ~- ·tti· t~ $it:~ li:l bl~ ol th~ !~m \/(}P plU$ ~f)}' k®tl®:ifatt~Y pt\lC~til~ GOV hi'.l.\id~l a_@j ~'ifi~uratk<::, 
inb-matio'1 ~nd any i!IT1me,-:!ia~!;.' &,lbwing ~~uffirn.;L:;tmt_{'.ftie ~'l<-i :>:::t~ .. fflni:i byte(~), "<">"~'B i ig: tl"ie- \/OP hde·:( 
wh&'d':: in{:rotn~nw by 1 in decoding or:r..!~r. A VOP ind:i..d~ any traifh,J ~ti..effing rode W:lJ.td:& ooforo U:'::e ~:r;t ~art 
o~~ ;if¢ ~h~ $/:re (Jf? ©...~~1 \h:.)p {~} •is (1t"-::~y..;3: -~ m:tlitpf~ of a: i:Ht:$ 4~1~ R.1 $~'1 ~'*' ~i~'1rn$nt. 

l} LiYt t, be t~ d~ro.din-g tir.:w al:i:::N~"iSfu:d YAfh VOP i in ::kcoding cw.oor. A~ ~i~ {¢.) ci' VOP i aro rBITio'~~ m:<,')l lt!8 
VBV bltt~!' ifl~tantl.lii'i~~~y ..st t.. 'Jhlt /ii~t~""!t~-:i®toli~ ~~:',<~ t\,"'0.~'. dl:~it"'ig~lM'I~~ ill~ \[i'f·l bt.ITT~f it)OO~ n-tltii 
Iii r~al t'.a'l:e bt;ffes_ The nF.-.~~<1d of rlet€rmi::'lmg ~ ,.,ii11t1eo:t ( s dEfITTE:d m ~tern J be:ov>' .. 

F ·"' ~~ tl-:w tm1tpu~itk~1 m111~ {or p,·~~"\""!fut'lb,"i far,® it; a t1txcr11tJ(l~ll.tf &:w~.i~t'J d \.'OP L for a :,/k:i:@o ci.\=i:t,xct ~at-1t, 
;,: d~<fa"Wd bi ,.;;;:,p_Jin-w_in,::;;~n,mnt (ITT um:~b ~'f 1i,.,~_t:Tu::B_~roo,~1~r1arnoli..1tion a~oo,.,..-4s} ~u~.1!,~ cumLi~1i,.,a 
m~mber .;;.,t wh:.:de ~~>:..1'14~ ip(!::,~lf~d t~y 1Ti1.xfoh,:t)iff,·~tJW"$!:.': in lhe- (~~$~ d inrerl~(}ed ide(~, -~ \/Of' i:>~wfati ¢: 
Ht>~ tr1),,,-=~ t\:<;:1::;. fuk-m ~~1 -~- k, ~~ tX:$'f)\){)~ilioo ti,,<rw ~.)f !l':"~ ffr'.:.t fbkt th,,~ r~L!!i:!k:f}:§ftip lwtw~":\~~ ~ ot~:il'r11x..-i~itkt1 
titiw ~'lcl ~- <l~~hw ti~ k-Y ~ \·'()t:a i~ ghi~¥,1 h)< 

l..a,..,'....@l~} sc.aJabWty 1~1 ':,ir,-,-fitey.11abl~ a~ d@med M ~1.1b·,h,tJ'*'· 6 Sl, ;;l:nd M{J ; th~ rnd@l <i' th;"<: ri~ate.~.t 
tempor,Ml";<'-pr"='~k:iu~- non."a VOf~ re{ati,.•e to \l{lf' .i. If h;,,': ... Ji~ay, scalab..1ifi ar.:d s9roo)?,"l®le ere ,:ill 'O, faen the· 
i:.,~·ntwk~ifi;:,ri Brn~· o1 t P, ;,..,nd =S(GMC} Vt~P'l:lo i~ dli~yl;:S;i 1mi..i!i s;if b~w~\ik:l:t~l\ ~~~?tpl'..,~~lly-91oe'i>~'l;u$ DAA?P~ hm~ 
~n t:-0,"nfO~~-:t, the de<:otfog fane ct Vc)P ;' §~ then ~~~ m 1h~ tXfntp-omton imem the wml,}t~r~!b'-W~",iou~ 
ncn,8 VOF i~s.~.ad of ~he compasiti~"l 1fme -of VOP i ii!eT 
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F&· the ~r!§t '>/OP { /,,,t~I. if !¢'<-'i<' ... J~~~}\ ~-o::}$lm;~il!t:t ~t'li:l tt:iriw ...:~~~hie ar~ ~i 'O', it i!§. :fW'c'ff·~,\<"10,1 ~~1 d~fuw ~1 i-;; i~~t~l 
i::wcoolnJ time '~l {$irR~ the fiit1it~ ~t.n.dm~ ~ ).-ocJ.;;~ t-o the B--:VO.P fo'le.1l- ~rid ti'!efk-s:t cle~xJe,1 VGP '>'<'m..~kl not 
l~ :;s filc.\'OPi, T:hfo-difki~d KWC'l>dn~ timii~:® ~h~l l~th~~;:, o,; 2ii ~(~ (i1;::., ~~>:mrnin11 ltici ti· ii,'""h ~ th inc~ 9-(W 
is fi!)t da'i11:&n, 

Th* foH,~,.,ifrig ~:.:~--n:fii$' d~"'<':l"1tm~k.l<if.ii>s. fl6w f, is. ~t.$f¢:&"l\% fot ~ ,;;_~qs:~n~ ,,,ifh i;.iai,;ihi!i> Mtirnh~~: 0f ~<:>fy;~~fi~~ 
By\,'DPs 

A.s$-,~!ne their \\•(:,p,_Jirne_fu,cremet\i:z'l -iJnd rnodtb::'........ tine':.-..-.;l~e"'--ti b 11'1.% ce>:,1,n1µtL Tue $Ub~hdeJ l' !'8 ka de~:ling 
OfQi;f, 

t p li} 

0 

"1 0 ~----·----·----------·----··+-------------------------- -------------------------- --------------------------------· 
:2 2 

4 

•5 
.... ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.· """""""""""""""""""""""""" """""'"""""""""""""""""'""" """"""""""""""""""""""'"'"""""'"""""'" 
1 ~ . ,5 5 =!tt@:~~i~/£)ti:~ 

~ 7 
~""'""""""'"'"'""'±"""""""""""""' """"""""""""" """""""""""""""'"' 

H ~~ }:J, 

12 n 
"lit: w 
1'.1 n 

t Deft,re. t a~ tr~ b@ff~ Dx%l!tiJt1t.:::f Jn bt~ frTu'11ecifa11tet f citu,,fug the r"@mo',l&l ot VO' i frnrn: too J.'lie buff.~r. L~ing 
the aib-o-~ dtf.0iilfuti;i °' (>an be· iterath---e!y .fe"fined 

,· •)\~~ 
i\~:-~ ::::=:: i\ j i?~»i t)i~W .;.;.; ~(~.d fur i}: 0 

}~ 

Sii:Bl,: iil"!.,, fui::t S,VO::~ :rn ih~ a~""!,:£1rrt.:g,ry i::tre.as11 5 ragan~<l as \h,3- iri'ifo! \/OP {VOP 0) fo., b-a:Sic ,::;psiro 
~qu~t~~~ ifi th~ ,ill.:lov1;::; ~quatlmi, 1h~ ~qiJc!ltitll't tit~~ tlt!t 1.fu:fi:i1~ !ii~ ti.lff~t t·,cttJ:~~Y f~ tiw l-V'DP of 1:\as,~ 
$i1fl1~ ~erg~"t-~-~- Fm .df.:fu'ling t~~ btffeer m~u,t~Wi-t1! the P/{)P ~f s bsSilc ~irit~ ~~we~"':e is diiiicloed hb (f(.;, ·-i· 
JS:$) l jJ0 ~~6·.'Jt1,t, \<::ft.~~ ht,, i~ th~ rn,;t"fl:--t,"!W ~)f m~~'t'ibll..'l--t..k::"1 k--i tl")i.'e k\/()t~-.> 'ft,,'l; NAh {N ::: \f) ;~~srdto~'t-d tb~ 
t-\<'(¥"· {it.it!\~ mM'.n::t)kR'$:~ 1r~ r:i:,,_-;t inC:\Jclei."'l} In ~~,.~rn~,,on ~~r i~ incit~\ieci in me {N f },91>)4h ~;ti(in Alt 
·t"A" l..l•& ~,t ~<,~.-.i;,- ·t~ ;;i'\ ," ,k ,.,-; _,.,,j -,I- •::).,~·, { ,,~,-~·,, n•,>,«t"',>n>. ,'<_~'«, "'"'"'"'""""''··-1 ;,_,""-"$,'• ~"'"' \.,.;<·\,• l,j '°"""'* c°:<',»~">p}t"'"'"'~'..,\S~k{ .,...,. \.~"" \'~·~~~.&~~.~ ,.,t:,, -~r~~ ~ .... -._.:- .. ~,~ ,,,,, 1·1 ~}"'!-;.~, ........ s.f-,"":-.}I :-· '>.'.~~-:-~ ~~«.-,J~~i· ~""~ :-:-~~:,,.~; .. l).:~"'~ n,."'n: -~n~:-· ... -~l·-: J:;li,,R!~":-, -~,~-~-~~~.-~:~~:-,~~.~)} ·~k ~-~.=-'% .. 

a..~fof:i &..~odI:f::9 ~frn~ tq., '>-;ha:!&'B f<% •is th~ tl~ wh~:n fr!~ la~t b.lt .of this :s.~iion -ent~ fr!~ oofffil', Thus the 
bi.iff~r octi.1µBtK:i itnt1wdljt~iy oot:::i~ ki~ r~rrio,titl of s~cticr) ro:· is ~qi.MI to fo~ s~ lt tMi.$ ~ 1li\:§ ~~~luti, ~rd l:h~ 
rniif:er ,:ma:ipwmy !•mnu;di:$tely .after tt:,e r~r.1v$l is K Tt-:-'!:! inlti:::d '*1?:e1k-»~ ::if the !,NOP k!::r'bi€s at tra;, toit':i. fh.7rn 
too h<a."'gl~ming, cl th~ s;;{~rt":J:..~1fary stm&'TI tc fo~ ~rw i<f th:-:s, :ser;for;. T~ tB:-s:i ~·•·cdii:m !t::dl~~!i em t~ s.iuffk;-g bfa, 
at!~'-& jf lM ~M d frW P/OF ih1bn:1'i~itit'L 
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Ftqm init~l' INOP' of Q~t :surfl:@tem.~~C€$, thff' VBM" !:xt!\~H'se-c!lo~r:c1 ~nmedi&t:.{y t:efor@1h~ remi:S\<'~l ,M~ 
:r.-ectiot~ ~mil r:;1.it e;...~t El 

R}l'§&t.@faiej ar1tMmMic. t 1~~J :t~ o:.1-.0mpui--e bi ~0 tnrit ern:n"8c 1t'>, not &'i'.x~urri~ktett 

A ~--odflti V)P ~ize mgit .fil'#i}$ he !::§'S$ t1Nn !he VB/%/ hitf8r ill~, Lt., -d\. s::· B 1m ill! L 

IO ff •be ihcf" vkloo- !~dw- ~ in lfil,e (Le., ~'ih~ ~b--crt._:,iifr~::-:i_Jle@:i~r = 1}. lhen tht p@'.f'ln~ter 'lhv .• J:it~f-~ize \~ 
tlti't j:.'\~-WTht ~rit:t tM fdk:,.~1~ ~idli~- ~ttl t~~~oo f,:-r "-/§V t"i$.:tl;1lr;,:iti~t1. T~ rnitt~r- I~ !nitlJif S!tnpiy ~t @i~ st~it 
of ena.1tler 1'.'it~~Tu.~'1. (LE., f~1 bEing, >it the fa.TIE cf©-~ §¥'!ner.#kin: $Jfthe- first ~ide,,.1 pla!'1e wifu ~hnrt ~"E~ler\ and 
its hll!n~s~ i~ sub:sl%lu~n1ly -c~~ad z:fur e,,1.d1 fiT'fil rn:t~':.ral cl "'i001/3l)l}QO :s.~-u."<lclE< {i.e., at f..sm©t<JODOO, 
;ofJ2i~::toooo, t•1t.). §f ~t ~~$:t t\"it e~ripwt~ .vcw, !? in ~ tlu~& it ti'® t:MJ*i~ mn~1, m~ ~£a tcr· th--~ ~Jff~§t 
"\/OP in b,itx.l!'E\$m: mder t!;; i,~:K"l%:e&i. The oo~r Mti~,s affB- the ~1'"ll.jv:a! ct a VOP.. h. shall he: Q>""ea~- th..'*'3 or 
~ql.ml ~(J :Wf(l: ~-1;-;j ~~· ~h&i H .Rlti~i<, 1 i:x~t~ t l,Q(}(}!} b1~\ ','\'11~i'¢ Aitl~\ ~ 1~ f)".-;_~;,;li"'i'!W"i'i hit ::ii¢ ii'l bifa ~ 
~.i.:JOO ?i!hJ<,-;:.,:ect c;,~w11ri t~ ~~~"ile -ijr,-,..1 ~"''*t ·r~ m~11ber of 0/5 u~~ci tor to-::Hra ~'l'i sW~i$l-e Vtlf'\ -ct,, ~n~!i not 
ex>:es.i k 1£384 bits .. , ,._,+1:"*i; ck"' -4 for QC!F ani Sub/)ClF. k ="'= 1fl for CiF. k ~ 12 f&' 4ClF, 3m:l k ~ Mi~-
""'1'''•1·,,· ... ,; .. "' ,,. •·-sc,·,-...·., .. ,~, "<, ,d: i,· •·- ,., . ~,--• ... ,, •--, ~~'"' , ... t''· ·.,,, ~ 1· .. -,.,i· "'"'*''""'f. N, ~c'""- ..$.~- "'""'' .. .,· "i,,"' ""·'.t:,;j ~,- -~ ... --~~~,:.,.~' t"~ l~f=~~~ .~ \~~f~·t;~.f' :{~~\~~ ~r ~~ J~. ~f .. ·~~~~~ ir~ ~~,·~ pr~H~= ~q~ ~v, ... t~~v~·lh~~·l.,: ~--l.i:B.~~"...nTi(ln.v.;: ~H\"<:· ~ .. ~~~- ~{.~·~·~;,:}" 

tu~~$-$ l.:1ny ~!me $.ro._$ ncl e;s;~~ ~ v~h,ie ci s ·~ k -ttK*'4 ~ {4 ,~-ax ·1 (}t)l) / :io:x.xi. 

!t Is i:'t r~;'Uirn::'!1&-1. ~, m~ !m'\004& ro ~'!{~~~ fl tilt.Mr~,arn \,,-hic;h &::.~e n,::,i: ~-,,,~,:,,,, -llf.' ~n$.ri!,::s.,~, ~h~ "\}ijV ~<L$'Cl", 

lhl$ }1"i~!W: th~ $11~i:'l-ti@ mt'®t b~ d,~\wwcl t,,) pt{J',-i..® ot"\ff~Ct VBV ctOel':a.tim kt the nlr:ge cl vak~~ of K'<~s}s~:§i;dn 
cr.~r -.,-Nth fu-~ ~y~1~m ·w~il! ~>(<rnffi fm· &.fr,,~-y at the rnkiriarn A l-:l"ian,i.~I !"~:'ii {:ur~L@t t1~~t if !tie inl;t}1i:t-t lil~t~it 
flt ti'n~ t wh~t: p~t1k':utat Bl ~nt-m'~ m~ thann~~ R""~'il,I<:>~>-"'{ij 1l$ equal to R~~,.,,,_,,x"1-:.A't ~ tt Nh,ere tre: bitis r~-ei'led at 
n + L~ ~*i L 1g N1ri,i,t,1iM h1 th® c~~@ cl :;:~1:~tif!i d~~l ch,~1twls, tl'ie e,,~cooer c.~r, u,'!.~ it& kiwky e$ti!nated 
R.,,~~"''""-"*''H} tt:;, $itritil;§ti~ lh{' ve:v· Ot:-,;";~-,:r,-w~t':,Y Mi-;::l -~@Jt·(i ~hf, nwrd:,i,s,i- ,.;,cf b~ ~,r \OP, cl;, h .;.criJ'$t' b ptsi,:t~~ ,.;,c\,!~tfkt,~i 
f.lf: U!ld~'f'fiti'N, -

The \/!SV 1~:-ie! ~~-si.Ht)t$ -ill ~t:w1~t,:$r~t :Jt:l~y fZhl:lr~"::<...<ei, thb ~l-o-.""~; l~ ~rn:o,:1"€:t t<t tf>c"'.lm1~- i bihkeam ,,ihid, do~,1 n1-i 
a,;,,erl~'W or uru:lfflil~w sh~· P\Stf:ff ii.~lnQ= r't,._t;,·f<';_~-....."!<.li{tJ .w ~re trffl R,xft) f~ (bfitw.d ~ R.~lh,'1<.>c~,ln tn iwm 2. abw,t~. 

Th~ r:&onec -1 setg .. 2 ~ml fSOiil:C M4tlil-2 vav trlt.m~l} bctn s~--cif:l -~ ~ ~ate- ~tlfer mat n...c"'tl {we,.ib\;-,,· or 
tm,:%tk,k,' ®'\~ t!-1;..::s~ <:«foJ t."i.¢~,if~i;, ~\'t1~1 ~rn r~i~ti,,~~ 6~n1 mo::i buff~r imb,->'tt~fW'>~m\', k~ bo!1 nw<l~s~ ~ ~<l~ 
pt:h're,o"i/OF' =~ tltf:itit:d tz:i · hd~szt,;: ~m Hg/~·,~-:;>:el $)<11(4'( lmm~~tely pt-epoorw the: picti,,~JVOP te~n:.ffeie-$$ -i.l<f 
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~,i,-Mh#.T th~ ~:$p~r@1t {:,~11}~1watt~'1.ie,i®t1JM'lt~tY ~~'ff_,lrn~ rr1tJie ~r th? {~J,.1k'iit1:td ,:;!-t,1-,.~tm~nMkJt'l~i~ff112::i:n\uv ~~J~{iirw 
n~~ fa w~ f~: tht .s:.~rt• of 1S(V1E(: t#:fU:)<2 bitM':!:%lffi$ {i,ee iub~!au~e B.2. i :. 11 B .l$$tirned faat ooth ft-se 
c.;::an~1,JW:i\ifa:;;t !hfa,tri~tfo,--i~~n,;.'l lh~~i~rii~ihtfj *~~rn l~ ~tt•-Wtk, ,:ii -c.,jriwri,::m r~tl/1 buif#l:' tt-e;fr~~y. 

In ge:'iera!, ~ !S.CdEC 138"!~-2 bitstra.~m oo.ntam,s, B ~iwre,;; (NB ~sst.m;e lS(::<.lEC ~3:B~8-,2 ©'"~:_~h:"iy "' lJ}. T"Th°'s 
rn~n~ frl£l ::.ctling s)fl.faf arn1 dhr,i,3,y c.1u.~~- of pfciur~s is dfffo'n:,.~·~t. (~~~ l'Oih tt:,f~r~n;:;::~ pfr;;fu~~s u,:,;oo hy ,3, B ~~W'~ 
flillit P:,"'a~if- ttie B ~~tt[I;! if1 ,~,~ Ct\...~f}, The ISOilEG 'Ll.BlS-.·2 \lBV {~"<)d 1$\.}A8G ·nit&., 1 iyM~mi T,STD} 
,s~ifie-s that iiil B p~fura i~ ~w.:~ ;;;~i'0 pce~s.nted {W::s~nt~"<'ia~~!yJ at fue :i-~llE' lin-i:e and 1he am:::oor p.ia~~s ara 
:r~orcl~1~~ a~ rn~~fil ftiS po:$.-siti~I Th~(~$ H~ ~in~, ft~:tJft:fo:tk~ rnt:.~{ ~~ci~·-:tt ~n fo~~1 7 abo)~. 

A mrKid iS.tV~!:'.e 'l,.14%~2 d ... ~,i:ixfor u~r10 ~l~ Vl1\/ tM~r m . .xt-::1 ~1t1td<'§{~ ~ t1>tt-xfoi d~t)odfst uifr'{:: fo~ iSCMfG 
13.838.-1 VBV bi.J~r rr!O'...:.~l rr th~ \/OF fW{l~ sfu:mps gi;,,~~ by 'i<'0!:.Jime_i11~t~fl'H~:i-1f .;,ind fri:e rn1wi..f~t.~ve 
rntdllk.,"_Mt~;_~~ ~gm~ ':>'iitl! tr~~~~!%.~ {:;'l:f §SO\"'!EC 1:3.§:1§...2 µids.~ ptW!:,~fl~!lbt\ lim~. \"ii@ ~1;$:,Jrn~ h~J~ l:h~t 
b.Jfu ~'):-;l~i ~tt..w~fl/Z')~ 1..1i1:;· t~ ::mrrt~;in iub$f;t ·d both: $t~0:i&.d$ {k&nf. ;::irw;iM~ r,,~hin;~ ~r;.ti n-0 3<2 pi.ddqwn 
00 m~ cigrod~f. L~,, rop~i_}irnLfie,~ ~ O}. Fe:r a1<.~~1p~, if too :!S.CMEC -t,M£~-2 ~~~!'i~ ·~· ~\':!~ ~ ,;:9_g7}i::z {foe 
NT$C pk::11.ir~ ~-~1~t i{<)f:U'&~l~\)m::r~r~~1t_)~<:.:.ki;hJn '-s':'m l~ )(K.!t:l!) ,.;i.nd tfi«= ti1 .. ~-~~ in '"'t~ikJim~Jnt'..'.!~!)l~n!. l~1»«.~n 
~~$f.Gtrtiv~ \/t)Ps in p.re~1'si~tk1r: ~rdef \*'ill be 1$11 ~~4~~ ~\i'i..we $kipping •~ ~Ji ~f.rn1~ in sf;l')fffC t:3M 8° 
::~tt~"\¥1 ((,,,t1~ io;}\,t"cl~i@y e:• 0) 

Tf~ t::'iC'li:EC hM0ti-2 'ik..~u ociitipi~::~ti:y "i,it:,'/:\:fa~i' ("/CV} ~ ~ii i:l{g:(·fi1hrtl K"li' tt~\~ii'lf:J: .~ tirnH~am ·tt1 i~l'iJi ~hilt lti@ 
,~~ti!.mt t)f prt)t),~&<;:inij @p.;'§blli-t) ~~)Jif@J in ~, docmi...<>'!:r ili. ~~i:§ th~n Mi,, ~t~t~-d tY:::~'11ph<;;.:dt,.- tfu~'~;tt\~ in m1%:,nmli:.~ti; 
psr :s.~rond .. This n,;,,._~~I ~~~le:s fo. ~[ m;scr:1Jblook~; in ;g; MPSB--4 ,l'i~tm;J b;llstro~m . 

.A ~~p~rnh1 1:/CV huff,m,· ac~".:ktrm~-~~s ~·w l~~':i~t)' tilat-::rt)bbt"*~· r:if iii V('.lt.~ /~ ~ {:>~~~nbk1~1 MPEG-4 :i,fau:,:i! 
~titt~~,r\ Th~ IXJi.md~ry Mn vt:v h\t .~. ~~rn~ ®t:::,;:;<0,s r~~"": ~i~~til\~i in /.w1n¢-,.:: N) ~t it i~ ~~~~tt to ti~ ~~11¢ 
ni~i;!M1ur1t i~\.w l~~ct §,+i: R@ \/C'l Mtt.Mt~t~timg ~ tt,i~t! iM-ITTtb@ t.,t !'ti<'lttoo!oo:t_ BbUi'itl.wy m~c.n,i:lk-c!o:.t 
{r.,(:i''i1~i~~Q c,i:.ii:t~d :§i:h~t~ idrntt)$.iht}t1 -,,-.,Nd1 ii; rit'.t kM~I\"' 1n;1xi:":§p._::it*"''J i)t 1d:<:1Hy t\".l{lt)i.1~} <'It~ ir1clud~d kt l~h w~ W':.V 
rnQ.:fol ~nd ir.: t'1~ oourniary \:<C\/ n1oo?aL For S-''/C~ n: b'-N·$:~Y. ·~~ite :00q~~~~~, t~ rn.imb:w o.f bo.um:!a,y 
ni~rt.tktk$ ut~d in u~, b:::-1tnctaty VC\/ rrit.~j~ i~ tl&mt~"'d at itt~ titilthtr i::t b1::..~r-\d:~y :lti;il:ttt'tikx.¥$ v,,Hfl tootd 
:~J~p,~ ~-1:ftwm~tkm k'!dt:1,1-t,·,d in spn=w.u~::'>:i<'!f.WJ~,.:.~lti,~) {;:;&~ ithd£t~~~- f:l.2. SA .;~rid J. ®. 3). 

lt)!;: \it'>/ ~~df.$ ID r®EW$ii \iiti~Q o~~i .~~ ~ C(W:lb%~~ti~ rt' ( r'", B ~nd $\\,{JP~. wt!li~ ~ ~~~f@~ \i(:,\i ~-q_:,H!;;$ to 
~WI fa.\1rn'~. f~;~~ anitn<'lfa°:m <'!~t 1fu~:&~ i:.W:'.!;:-1.lth,; ~rn tKll ~m~tn,1lt-m<:l by f:hi:§i: tfu");:fot Pi~ ba~h :~nd k~,v-!m~r1cy ~~fa} 
$.t~4~'itt$.,., ~~1 ~"*-•iJit~i~"'1t :1-v~ri,1~~, cl tf1~N::;t!~<::.~:$ ht kfofr1~i k~" ¢~h $,V(1P. 

A vr:;,r m"!t~ Si~ *s tle:1itieo as tt:e ~-a:~imurn numter ot Mt"=' -,,,mie,~ can tie oomane{: in 1ne, i,,1.:.N--ou11er arm is 
!=i~ifte1l in Anrt$X ;~. Th,e;e. M8s ~E conSUl11M 0',' ~· .j$_.<\.,"'®f at w::,.(. .. ieo.'<t!er . .rat$ Cf H. {ITT fiJ'Bfs.} a,g 
$.f:.~;;ifle~ in An:nti N f¢r .~ach pr~fl!~ inti revel ,t, V%'_tWtooeu~rer:ey cyr L \$ .tfafinej a~ the time t'*i4ed for 
th~ d~<<>:l~:r fo >.fus;xrle ~ foil VCV4:«:.iafrer j\r~;;,,:.__buff.~t",.,;~~~ MI.b'.i ,,,,·"i1h: 1h~ "''~?..,:;:lt~($(Jt( .. t>1fo: i:M8h,}- "TllM~ lhe 
re!aUc'\fl s-cv_b-1JffectZt& «' H'L hot%. The VCV"buff~ ls hrti~I~· >l?'mpty s~ the· ~;taMd d~tng.. 

Pot 5,\.t:Jp,c':$ ln t~s,~ cr 1;,,,-,,,,1~1:eru;:y $9:!'tte ~""l.lenci:'$, M i~ ,t<fi!Js,,,:w r~ ti~wath::1lt;$l n:urnt.e· ct tr~acr,:;i:1:)!m;~;s 
in an S,.c/OP, klB,;; ~-,:~,, rot the, us..=q::e in i~ VCI./ moi.iel is defoed as fuHc\,;S'. · 
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Vith&B: A~'B." is ~h.--e. ~}tTt)ifr.r i'.if tr®,,';t~)'!rK:ki (~1c!u1ifl{§ ~··;ica~.J~. ~t~Jr4ffff ,ini t~J1sr.11rfmt m~fr,i;:i:tk'.R'Js) :fqlly ~r 
P*~it.dit imlud~ ~1 lhe txlut~hg r:ect-anglt {.<f ttlm re..".Ow!l'rt-t~ted VOP, MB;,,,' 1~ he nmnbe:r m;rerr;.bkscl;$. 
in~¥: .. Kh,ri 1t',lhee ~W:~t~ti i:;it.~;;i if1 lh~ *=dt-#, .ijfi,s,; ,W:$,;,s i~ he tRlti&.~r ti ~pt~l~d ~-;.;:;a,;;,~(;,i;c,,fi~ fr,lht wti~- ,\,f.$,,l1 i~ 
da;'f!ed asfoH~,vs: 

:::: (l~~~·;f: \~:: Nt~ ·· ·.·.· \:t} {J/ ·.·.·. ~~/} ·.·.· (~/ ·.·.· ~\/} th:\ ·.·.· .. fo ~)~ )/ {'t-t~ l··~l 0l} ~-
wti~ri. ,n~ _ ;::i(_:~~hk_ ,,,s:i~"¢TifL_p-:::.~~~~ .,,,.,, ·i, ;:i..~':i 

~: (ll&;:~'! ::-:: {](fi'.· H·~·~}tl/ •H)rJ~} .. u (li •u• fo/J (fr' u·/t:~n~- I{~. OH(/) t~~· n•}{} n• {~i.' ,n ~~3~;1 t\~ ,uJ{M}V{2 t~tlHs2t 
when JKt_ c,f_ s,pntsu.,,·,stping~1:f:1t::i! '&~. 4!. 

\~'tt,ie the jfffii'ilt!Mi t1r kV, h\ :;.i;, fo\ A\ i/. J(, ii, h\ 1/, &~ih' ii. <~$!;:,if'),~,i /;, ~ut}tl~1u"i-~ :?' g:.J ,ti%,:, ~"~tii:)t@~ !h,1 
nMn~r oi m~cillods \-.·th~ at feast rme tioooo tK)l -:;~~ffi,;.i~''t:t it1~ilH:i:t,~ Jn ~t~d~ t:h::..~t~ ~:·J~~~) ($~~ 
$i4.c,~~~~ $ .• t5A ~nq 1,$.$}, 'th~ v~!i,!~ qf M~s~ i$ o \~htci1 ibwJ~fot~L~W.(_~"tiiblt =;~o. · ·'" ' , 

F:w tt'if VC:f' \~lh \OP:JedL;s;:~d[Je-roJu1ion ~g e.qw-a! ,~ 1, Mi i~ (Wf!l'H:.j .~~ th~ nMM~~ ~! n~~<~t)h!ook::1 i::''.t Hw 
\lOPi ::s 4. 

:1 M fanS! t, M, is add~ to lhe VT)i/-lbuffet ~~t.=µancr, ¥ft). 'Nl~H~ t i~ 1h~ VC<f' ~::r.;~Ji'lg far1':::' (~!t:iubto;:,d 
~W~'dn~ §o ~~ . .hc.\,tu~ =D "'P far si::s:tch \-'Ol F:;.,-r lh~ PlQP in il baiil'.'. w,it~ :<.~@Jfn"e it~ !'}'.;rm~ of' 
m~'4h-..~t~($ it~~~~d i~ ooetiooJr {5'00: ~~n £of ~~~;tti~ t'JJ im·Ih~ t!~tltH~~;t1·:;f; iiclit);\• tii,_~, ii ~;'.klli,d ~) 
n VCV k~ o,,.e;cu~ncy at fa~,, wher$! fa~. ~ tha »--~.:Jk::n d:e{~:.::o:Jt~ tfane d~~ned b 1~1b~foW$~ t).2:. !lit: 
ru:.~-:t©anr.\, :ttf ·~lre \it...;\t t.off~t clecre~ses. ii~~#:., ~ ratf M (~fa-wd S"l T~~lt) N-'l) ur:tll lli~ o.ttupa"l:ty ill: i~ro or 
urn? frw line rn@d~~ t,-;.,,i%hern t~~.; i~ 100 e,iltii:e!§:t \l(J~ M ~.!i/ck::ft <:.~\(,,1!r1g !k)t~ w~it~r th~n t; {':it f$} 'kw m~r~ 
V'OP (n if,,,,.. '-''"e'Hit-', 'i.~t~(,o;,,,m,J, n )h~ \lf::\! (>\,'':'l:~U*!i<i'.)-' t~:!X)it-~~ }''.~ftl {lt',e \,CV (i.~':'.()i,'.~!' :hl it]~} ~:en th@ \rev 
t6naifls W:$ urtli t~~i- See t~ut$ 0-3. 

v{D ls W~J \t:::'l:/ (1C-t;\iR):~1tR'::V l~}foi@ tfw m,x:t<Jbt!Ck1.i t12iPt1t':tlii{in-;j VCP L t..t .1:-~1 .:tk.!u<l ~i) ~W}, 
H t the VC't/ deGo<ler r~te fr.ee fabe r-,H}, 
'-'';,,:It) i'i' t'wt;,:~w'>ri~--sr-r t,,'!:ij ',/QV ,,,x;~i;m'>l:'!Y ~~~f.\."•, ltt:i, h~;J:t,,J,,ny i,11'.l<;s-:;;h,,\T~~~ '~fl'l'''},:Ss;l':fo11J Vl)~ i, M"", ,.,,m ~';lt~;d 
!:c, vjtJ ~'§f\t 
r\ is tr:.-a v;>\l n<n.irdary MB -::.i~¥it:l$, rnt~ {~~~ TaMe: tn ). 

F,;:r the l-·\iOP in ,;i; b,t~~c spdt~~ $.eq\mm\~., ~ht~ ibMivi~! of frn(,i wh>l.~,e r;1;,dk:r1 k B bring de~;:rid~~ ~~~tlln:d~ fn:im 
ili-S~'. t'Q -~<-'S.:: ·~'<t\~el~ .~ru d~~~ts.ci .x\~ 

~t{~lt~.J ~: lts~· \lC~\~~ -r>~~~::;·!..Sfl~ifsty :bt .. f~~r·\:~ tb~ s1tJ:f;:~b~~t r~f t~t~(:;f~ie-tk~ ~~:'~ ~*z:-§t>.::;.t:. :k .. A4:S~. ~i :;_:t(i~1~<.~ t:d H;:~~:- th~· -~l{~t./' 
ot:{Jtl:P,ill,)t::,t. i:)f'ld 

v~/~:) fl:i< ti"$ P~fWl~~Y M:6 VC\t oci::rnp~rRcy t(l'fon~ Wt::::l tx}~ls'id~~rt n,&,,n:sMntM re:;:p:i-ef~=ni;ri9 ~~Gt}t:.:ii ii., MSs,;, iil~i 
,r:1{\<lii;,t.~ lt~ \i;tfa';J. 

$. To *;;,1.xfo.& \''{)L, ih~ <loC.<;."$.ibg of ~~ch °':/OF 1 sY1t,~f l~ coi~1pcie by t, + L (wmpo~ifo,n lme p:it.t:, the !~foni;:,y ,.d' 
tht VO/ ·i~'\).:1'iflt.'l om,-:;e!§s}. Too iater.c't l cf the vr::.v det~4r:~ ~·ocess i::1c ctnstfftt Jw mi VO?$, Thi.!i 
i::--s::n-s1x~lrt1.k..1e:§ ntitipµJr ic, tt-~ i~VOP 1r ci bi:!ik ~tt:esecy:i€w1ce. ~ 

6, The o.-m1~~xm.)' mo:1ei a1h1w::..1~ VCV i~~iNtc 11,1001'&".:i'.':<\ ~n '<-\hich o:::a~ the ctii}O\.i~r ~~lf-WY ~,1:m1~in.i id!:{1, .an,-:1 
tt:i:i, V(;;.\t 4'il'l'fer c.:.x:up;,,!t)t;y, ~·{tL r~mains qurii'ig' th~ §.di~ peft."Q, 
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The tSt)ilEC t#.B&-2 itillit:, rn~nt~q '.'®'mer (VlMV} 11! ~n .~'gt\l'ithm Rt ,;:;./)i:cfi:hg ~ tii@H~~it1 l:) V~ilf:/ 1h;;'!§ tti~ 
ami:RJntof Oi~~ !Therr~rv remfri@ci if'l a d~eodt.r!~ leti- lh«n tl'm m.ixit1l;m1 ':/MV buf:'t1w sze (:fl tmit~ M M8sl m,~ifetl 
iri A"1n,e,;; N for eath pn:;(fit;; and lei;~. ff a 1,•jst,.~l rn:1$fraarn iiSi ©.i'T!p:;,$'.E!~ of rn4tip.le \<'~ each \~'!!ti P>'1e or mo.re 
',/1:)t,;;:, th~ \A4V i'l'l~i$ th~ M!:<$:rrh'#:,,< '*q,.s::ii@n'l~"l'i% d ~l '/CN,;. (th:.s;. r-rl?-':l~ :;;,;,:~fn;1~% . .ll ,,-h,:;i~d f"!:~~mi-:<t'9 ~~¢~ ~hat~·J 
by ii!! VOLs t)f ~ \o'Qs:), . 

The \/N\/ ~:itii@ to rmbir~l ''ltOO> ~"'i<cled 8$ i c~nbimiic,,,"'l of L P, Et &"'\iOP~. m"Ri $fill t~:d.ure. f~~ .,mim'1ricn:, 
me§h c{ljet.~ .m~i l~VC)P::J it'1 ~as:ii Sfll:11:e se~"l..Je,"'!ces .;irn ;iot ezw1~.r~~':€ci ~1 tt'l'i!§. rtl'.itWl 

f-\.~~· t P tli ~fn:.l fl(G'l\~::t>}·\/:C~r:~~ 1. t~~: -t~l~~;,c-"~nt i:)·f rttf:.;.::.~~i~fi(~,;.i: ro~~·$·:::t.~(t t·~:=£fuft~;;d ti~f' §1:'-t: dit<.~}~~t:.tt~~ .&4 tt!}'.J .9th ·\/Cf:- ~~~ 

<llMk11J,J .~t- 1ti:1 :r1umn)r -0t m~<z:;R~'J,xi,:::, in th~) vot·, ~A, for ttu \•tW #mi 'tli:. .. _rt:(:l:1c~d ___ t,,%'Dl~.titw1 t1.1gti<:tU,)l tt) 
1, fi.~ l!;; ie-lk~:ll.i .f$. H1$ n1Jmbi,T of ~lJKri::ibks.)k'$ b ti1f:l \lOV :< 4, T~1i"' rn~i'e:'}!)' r,. t:Q'"!$tHneci ~t lh~, $*1lnf.):l~"i~1.$nt 
r;-:,:l:~~d 

h)f 8--\0Pt !fl b,%3-'.: (* k:,t,,~!~:iikriti :Sptfa:.1 :Si~qtrul:{~~~-. 1ht i:Wttllid ,A tufot1':.ift;~ n~~r:rtity i'tiQUi:tM fr:it lhti 
·d¢·i;;.:)tjfn1 -:J-f ~r~, V-t~F ~:~ ·{1~-nrr~:j ~;~ th~ ~"'.1\~11'1l1-~r ~f. n~~'{.)n>~ii,;'}~J~::J ~'l it:::<: S''{J~*;;:n~n;R::~;,d \:~t).f\ ~tilt\~~ ~::~~ ~tq.rn ~~ ~,:f 
$Ub.:tSl~i:,~ 04 :fi:'1 lhi;: d$n11Nfon q:f ,tNJ,,} Th~ rn~ml)')' :i$ ;;::on.:,;imwd *'t thti rqm~t,;1~i r~t!;l rd 

Th~ d~~;rn:fa'ig dumfnn n:f \l()P L T,, is itfontirn.1 in U-0 ',/GV m'rl \•'M\<' n~xfol~ mid :sfad.s ,I~ s_ :;,mtj emfa. ~t S3J; ;,;,s 
dtlfNBld it'~ t1~~tK;.~~?.HJ:t1~: [),;* ~m)~H~·. 

Sc At ~1~ oo,YOOfil'lkm dm~ (ct pl'~~&\t~hDn lk'i-w ii1 ~ tt~Y:tl}x:~lkv d®j:;x,.~n P1Lls '/C\/ iat-®'1ty, ,, + L cl an L P. 
~-f tt((~MC}\/()P th~ t<}1~ ~':,.~('.:f':/ ~ne.tm-oo tt;i Wm rrnvi;:;n:i~ L P, (:'.of Z~{C,t,,V:J .. \•"()P in ~h~: @!{:i_"!-dt,~ i:'.'t:1~?. \t 
rd~i<!~ i~~t~1ta.~~::ous.i~<. 

4, At ww ttJlt\~1,itii'J'it m11~ {~· ~-~~tf.i:t~tJq:11 &11~ il'i ~ ~,.cq1t~J~$.%:w {it~'4'l~n r,h;i:§1 VC}l !$1~titt, :::, ,, L, t* >tll ll\itW, 
t'r i<!tl S-){QP itl ~. l~tit; Qf !O'N l&t~'flt:J ~-pti~ S~',~U~~'$', ~h~ K'lt~I fl~!'l:lX:{ ;.!~lOC;,t"i.~ct {D ~)~t B-VO:P t<l' :S-VOP is 
t~l~~~@d lt)$t&1!~~~)tlt,:!;r 

1\ ~n i:.,'*fi.~ ct i-i;~J~ii!itt 0,~t~g, $1; r!fic!~~ Qt V~AV b:l~if~ ~ ?Th~"'~~ 01 ~~~n vo-t. rt..~p,en,fent1y h1 $~i11m io 
1111:s ci:tt"¥ir~i!it the fane d m&t1or:t releaie for any \A:')P b ertmn:::ement byet foll!?,\% detkAi .. <1t, 6 ®fo:Nt 

~. A.t the :C1rnp~siti~, tt>i1e {or piese:1!.atiMJ ti!ne !in a m'-':Ctnnpo!:iilot decodefi ~ts \,tf}/ la:tency, ''ii +L, of al,, P"' or 
B~VOP ()f erh&rk':~rfwnt layer, '1:tw· mt~ mernor'.§ a~\oJ~red wttw ~~>..,•o-u~ i~, P~ 0r8'-VOP ITT tht derorling @'der 
i~ t#~a-s:'*.d i~~b::ifafw..t')S..!~l';.i 

7. Th~ i~frr~n,;;~ n~1~0:-ry rnt.:•Jti 1~uk~ thii:t th~ VM't l1lifi!::'r n-~'>-'W ~~~i~ th~ '.i'nw-t,uffor sit~ ot<J:;jii;~ i,..Jm 
!he ·r~~ N.:1. ·rhe !::oJff-er ~'\CJpa1c~· of~ ikieo· m~"nOlV vedfier is sho\<;n in F\,gtte C:..:l 

415 
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T1iti \t5\l •moocl ci&'lt1tt-. t,,men 1~ lit~htan1: t~ ~:'s'&iat4e t~ tti~, ctemir19 ~rtf is r~~Y:1J\•l:iN Ht:,Js ii~ bmJ<ec Th~ \,'()/ 
moo~i defiv,e,s. the tD~~ ~t s;,,.4li~h the rr~trOOJOC,~:§ ~§'fi demdf:J, Tt~ rnf@!'®'iGe ~WrlOf,; mooe! de~rw~ tte &!'fiOiJM 
of ref$ren~ rnm-tor:t H'!$.t ~. co,$.un~ $Pd !l!!ea-$.-eci. Obe.•iuu!i>1% # /;g ad1<:a~!ag~4-s bf· if,a vmep, cde{X'id-$r to ~CO$! 
~~far.in ~:fo~~~ ~.,. po~':.::lbi~, ~v,,~y~r: 'l~lt i>is_ t,.<;rtstt-~irt~~ hy t~ \/B\t ~nd *h~ VM1t Th~ ti~,:,,_'lt'3.~ t;,~n t-iml #~ 
&.:e-udn@ 11 H~t.<,.1s ~re a;•~flt~M· tr;,·f ';;!tee~1tn:;l. AUne ~.m)etime ,i'Si tr~ d@!..~1~ ctec-iJ.ts~::i 'me rntsire.fW\ tt ~enet1~t~~ 
rr@1-:;n,.~k.,,;:J~ '%hk;h z;.(,n,:s1;.w1~ the ~~fur~n,~ rr~rn.~y. tb ff lt ~1-%-~~:;, ~:;::,'tc, f.:J~t it ~~-m l.)'~'ttrfa_,,~,:;' the scd'~ttr:;,:~ 
trtemo:il'~' .. 

t':':m h.~ :e;f~ ~ii t t~. (W:;:,c,,~,t ~kl.~ d_..,,._._,:,;l,::,..1.~ng; t~ fa-I.ti\ i'm~ st sd~ n,:4: h1.s, :;iibJ~ fo ~n,,,7l~1~. t.hQ cl~"?x,,~il'.l.,2, ~rs .. :K~ 
and lhe bihh~, ',<;~!I be roo,m••fr--1 fr®, fa~ VBV' ~fu:f.:0 it !X<l.l!rl ~ ~~,x:c·m,,~& Sirni;arly th~ r!,,fur~~ mem~')' 
r~:&eo lt:ir ·~ k~~·t{l"licn of me ~lfre:nt VQi"* mav Ili=$-O bf:: 1~r?W\•~rr ftJm &le VM\i 

Th~fore, ihe is:nc,__--zjer ·w,m h~..,,~ fu smula~ ti"lfil VBV., VG\/ .:li:r"d Vt.fl i!:1 on:0r fo pn.::s:facB a h:it~h'Ell..~, ei..~pliarn: 'wifri 
tt~ W~t~l&..'W ~~~~ ~tld J,iw~L !f tM @~ti::M.-..."aj :dooootr '',/8\/ 0000,•t@S: ·too Il:llL -~ trt':!Xfo'f !St'l:tiU!d prott...'<:..~ tror~ 
!:~ts {d!;r:-,r~as~ t~ o~~e~:s cl qu,mfaatb'"l) cr ~~"'lem~E stuffing hi~s. to p.r-e>;,ent m,E>ikiw. tf t~ VB\/ oo:::up~·w:y 
~~om~5 krN,, t~w,-'IS:r bh ar~ fo pnJdi.JC!S:d .. If ti"lfil VC\/' ,apj::in:~ctw,;s ifo !imit, th~ ~nro,,.'i~T rn:,;.~t afu.,·,;' 111at-e h~ kw ·tiw 
~~UJer tt} w~<t,ire i~ m;tp~:.:t Ti~~ coo c~ &Jne, tor e;,;.&rpre:, ~Y i~r~~lng tne i~te-rvill't ot ·timf:! oet.\:,e:;,,"'l \,'(~"-~, !t 
foe VlifV h-~X-'tU.e:'ES bri fall, ~:dEr 111Emrll)' us:agE rnw~t ~ <lecroea~d. Using 'S.rt1a!!es- \NJP~ (foe~._,~- m~:rdJk:"-~s;) 
®'icl ,:'.l:'i'·ddii"i$i• ij,VOP~ t®.ii}~«' !h~, ~,¢<:_,~t~ r1'1~'t:;;::)1)' ttt!Jif~ti~~"'h 

Th~ ~~il:'fo;;. ~'~~f'\'\~W::-n \i>l:¥11¢' l'.'/PV} it f)-,<;<t p;)tt '(:<f !hit $.'<~~cif©~wt i1 it .)t;, .i~t)i"\th,:~ f-t:f' d'™$;ii'!s ·~ ~it.,;b~{ilt'r) ~;) 
~~lft th.~t tfi~ ,.,1n-1t:iun1 rl pr~'$,..~W~1ii:~t bu'l~ ~:e-,lUifli:!l1 ln 4 i:.!e..:xxl«!'r f~ •~i:$1t~~i'l ij, gh<~n ~m:-:_~l-~t fl rn1::!:rn,:.1ry \n units 1:1t 
MB. 11 %. aiM 1$00 ttl 'lli.¥1:~U'i'iiiM tM !<~~ t,,i' !M ct~'i'tpt\ti~tf It'! t&l'f'l~ of t'i')~ilmWt~ tli...&'lW;..w ci MB?~ .. 

!: . At fue: P-Jn\~'l;:;dfun fane p!u~, \/CV ®''>~ier l~WITTtY of he { 1 VO:P t:,, + L, t~ VOP ~~ pl~o~d in frif> P'!;;$'e,"'"lf@tiO:-"< 
©tiffM. 

1. T'~ 1~1,"11 k, ~h@ prn~~nt~ik11 b,lfair fa, t<itm.:i.~ri•~d ti:V th@t,,s>,~1p,_~fa)l' ~t .&1, rm@ ~Rfr;_,-,,i~nl kl 1h@ itsa:.:<t~1Jt1"i r,,Uftil.~r 
of MB/~~c. · ' · · 
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Ann~E 
(inforrrn~1fo.r@) 

r,t'l'.s';,•tiijhn:inl1::~tbn ttx:il~, .~~ ~tm, ~:i~it~ !t-ripH~$_ ;ittw'l'1pt b ent:1Me t'fr-ijt1ct1r(:s:n~tion t\e}"ie-ers mt de:;ootr ,,;i1K~ foe 
bit~k~·i)tt~ .~m~- .~ m~~t-1~1 ~rmr '\¥. :t:n\':lt~ ~,.,~ b~'1 ~~1~d~t ~~r~'Hi<\ ·~~ tl~t~ be-tli'Em ~~. s'A'lt:hr<:i~tittkm pd!!~ 
t:·tit¥ ~ th~ ~t(t.i Jrn.1 1~ fii'S:t pti:if'l\ wMt~ ~l,'f'lchfoni~tbil !is. ree$l~bli:sh-,~, i$ di$t:*cfw., H th~ te$Jhc~ni~~lkl1 
1:ipft~J...'~th h, lfil'f~1~1/,,% ~t lt:.:;1:ltdr1g it:@ ,1h)Oi-1fi~ c,f d~fali tli~{:tid{:;d bf ihi .,.i~,~'Kkr;. tt->en: h~ ibrniiy d oiih~r tf~t::$ i>f 
4.~';lli th~t f~{1'ttv 4~t:..:;,, ru<s:,j,\ir ~°""'~!tt~I th;e ~ff~~ti ,i:1f ~m~~ ,s. gN!aW:i' erihanc~. 

The re~yncfm.-wbafic-n apprnr:if:h ~iotJt:B.".! by IS.,f}."1&':'.: '§4,,'..i,Jl\ ,..-~ to .l,o;; .;; J,:i~rik~~ ;1ppr.::,i;ieh., k :is,fanl.;:u h:J. ·~ 
1~~4) ~f W~::::\$ tGZ:Xi~} :t1t<.»-.....i:wr~ uMHt¢cl b.y 1ht' ffU.,T R~~m1e~datn"1sH.2®1 and P. .. 26:3. In the~e ~andardsa 
(K)B. .~ d~lned ~ o~ ·Of m~· r{;l'<:'@. ct m~roci~i-t$ {M@ .. At me ~~a,t m ~ nit)\' 005 inftnr:1t1Kin i;.:~~!iK~ ~ G:C-5. 
b «,·,,\ii··,,.\, ... ,J •. ·.'. ,<' ,. ·\~',· (ii .. </b&.·~,· <; 'H .. ' l ··· ,·.,J·;,··' '~<'il< ,,.\.. ' ~ _..' •· <c',~~ '· ... ' ,i:;;, '·} :· :;... ~:,. ··.:i::.:,. . . .;. .. ~,,-,. . I ~~~ .. ~'§:l '~ i:;,,.'M.~;: o)•l,1~1,"i ,;.':@ d!.,>!S~-~t'k 1 t)I~ ,l-..~'*!ll.! 1r,,.,,,fr.,.,_l';ljf)fl \.;~)tll!t'llli el, ~~='·!..~ §tJrt t;O:.~s:-:, ,'\\)!Ci!~ dn ..... rnnt ii Oh, .11, 

t~\,h,~'~ M~rl (»XW. ~ncl ~~\-s$ th~ d1~~f k~ l.).!::®1~ ~hi~ ():)ft FuR:~m~re, fue GOS re.a~r ooniahs. $!1fef:maiicn 
'Nhitti ~lkw,'S frj~ d~icx1lrig ptijcfil~t to L'fil f~!:;{;;if'.llid DL~.,, f~s;.irts"::htsmi~ ·tt1~ ,~<ci".'>..'i~,. }'1 fh~ :ji~t·~~h1 ~r:;.;"f n;c~~! ;:ii!i 
t:td~d d;:1t~ th~t i:S prutlk:t~-:l). . 

Th~ Ge:® ~w.g~ch ~G r~~,)~'Xfwi:;:w1J~1i~1 ii b~~i Q!1 &~rui~l ne:wncht@n~fa.::,,'t mt !~, rw}t.~ a panitu!~r 
mm::~r.fuit.~\ !o:..~{ion il!i rn,~t1~ h th~ @no:.xhng pr>:.x.~:1>~, -l.l f.~$<ynzl~r.,n~~Jk'<:fl rn.a1t& is ~l~$'f100 ~'l:tt:> ft1fl!: bii::;,tr~'iilrn. 
A !:,'@t~rfia! ~~~rn ,<:iifh th!~ ~ptt1®~'l bi fua1 ~lf.ic~ tti~ ~rt,ooin~ :;::,R)et!:3 !s v'at:i.ibl·/3· !'i-:'lt~, iikts~ ro§c}t'lt.hron1zaij0::) 
m.:u*era wi!l rnccst !~ely ~ urie,"enly Sf~c&il thn.c"<lghout t~ §:il:st"e:a;m. Therefmce-, ~e~ir:: porlkin'.~ of ihe S.(:ene, 
~uch ~::i h:gh :;n(;~ion i3lr~;;;;, \<iti!l b~ rrn:.>t'@ ~'H!l.~~~--ajb!~ k~ ~1:-ra,:a;, 'l>'hich -:,~it ~bro i>@ rno.~~ diff,~dt k., ::::tw.K~'i,d 

Th~ ~~'kfo~ p._~;):kM ~fit,-i'~~~ 's)~"lf.:t~wJ r.)t f$:()/l~C 144~~$, hi ~~tt'-4. tm pt~\{$.>~ ~~w©,fa~ fi.\ltynthf~~tt~t) mmi.o::~rn 
fa"=l..,ugh,:..,'i.A. th>l.l hf~ir~ilirn. fu~ $Jthi* ,;,,'Ord~., tl~, !~rl:§ilh of th~ ·,iil.:lte'-0 p~~fa .a~, rn:)l ba'S~ 1:~'l: th~ ~mn=i~r ci' 
n'ia,:tt)b~:i, bM 1tt:'5t~"{l t'lf:l th!§ t'lUtnbtw m bifu to.M~~:l m tl~t P'Kk~t ~t ~~ mwnoor ~· bit:E writa~~tl !n 'lM 
t~(~fmM.t ~·i:d® ~~k~t ¢;,;,;tcm-x,m J pcr~clN~nJiin,~ tl-'lft$h~i-J, ~h@n ~ n~~,_,, 1/k:;=¢¢ pJtk:tt !~ tr~~i~d ~t H1¢ M~~ ef th~ t.~);t 
mm::~r.fuit.~\ . 

!i1 Fk.)um 2- 'l. ei t';ipt!:al ll'id~'1 p;,H:t~t ~ dw..t:t,1h~d.. A t~~yrt:;hmniz~Htln rmut.:~r i~ l@~d ~i".i dl:§.t1tmtii1h fh/3· §.~~ti: (lf ~ 
t'®W <,,kwtJ r,~,11;~t 'TN~ rr1~rk-®:' 11* '1i~t1%'\A#1.~h,,~ ftl:},'t' ~Ji ~t$lh!~ VtC $...1t:~ \:~,t;Rfa :~ ,,;,,~ff ~ t~"l Vi:)P ~t~l ~~~­
l"k',i§tfor ~-Ji:tH1atmi i~ ;.it~o pr,;:w~~d -l.lt tlm:· ~ta:it of ~ vim"O p,is:;;:ik@l Cr.,nt~i,*'-~1 in thfa h~~~~r is lh@ iri~'fni,is:ikm 
1wtto:s...~ty k:i r@:it~t fa~ d~t.\Xs1t1g p,"D{:@S~ £HW k)dL~~: too mi:i~mt':ilt:{:k .ooctms)!i (fiUti\oot'r, ,::.:.t t~1~ fa~il nt~.:c:ftL\.\,\.."':k 
i:ont~~'C!E:d i.>n, fai!3: pai::J;e,i ~~ tt.e qu~'tissifuf:i µ:~~s::eti:§' {~u,;mt_s-c:g::e) ne~-s:s~')' ii:, ~'"'>..;~le that fu"St msc~o.bk,,ck 
Th~ n~0t."ibk..'l°ik m$ll'l:t~r pm'i><k.i~i:; ii'~ ~,'l:>~~~:s~ry :~>.l:l=!fa.i~ r~ynchru'l'ltzo.ifun 'i,ihil@ th@ qua:,">1isafa;:n pararl'!~~:r allt,}<;-\,is; 
tr~ t'fri~l'~ntal ,&.'{;oo\nl':) ~'t.'t.~J5:~ tti, b~ rooynd"imn1md .. F{ll!1::r~~1tm ltw qu~'\Lf!.C&.~ i:s tri~ M~~r Eiwn~k!-n C-ct.~ 
(HEC). As ihi:; n~~ imp!~~, HEC is a s.tr~e bl t~e,ti fo ir:,~~a:~ wh~her .ad<lifa;nal iriforn,iatb.n ;;.\<ill be a:vaHaMe 
in fa~ llfil,,ufor. §f Lt~ MEG i::. ~'qt~i fa. or,~ ih~11 lii~ ft·dki,,;;,iing -~ddifomo.il ,fnft.~mati@~ i~ i3l'>l~ilo.ibl~ _in th~:, pffi.irnt 
he~~r; mQQ.lJ~ trne b~e, ¥QP ... tfne,.Jnt~rernemt '~1t::p ___ coo~;i .. t .. pe, 1ntrni ... oc .. :ii<'*_Jhr,. vcp ___ 'ltwe ... mf'"\'WU,. 
'.<op:_f;::;;:~_boob,a,,grs::§. 
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Tte Hi::w,~rErtfm,'!:1-~rm, (:ntw m~l<:es t,;,~rih \I~~if.K) r.""'li~:e~ \tP) r:i.u~w~b!t,;, tf.l oo dm:;-.':l¢tq i1rw.r~nt:}B~th'. ~'i;~tw~ iw; v;~IUf'. 
t'it eqt®J t{!: L The i~~s.ary info@r1dion. kl dee~ th~ VP ~~ ht-::ktled in the hNKkr exten~ioo cc-de: fiekt it the 
Ht;:C l~ >e:\.ji:,ti b L 

Jf the vo.P h~der ihfuma:wn R$ et:.~tupt1;!o ~'f int if~'1$mi$i.on ~,w, ~j,' cat o.e borr~~"'O hi itie HEC 
~'iibtmatk,,"'l 'fh~ clet,,~r.:le1 c;ar, d~~ lh~ ator :ti th~ \<'rJi~ h~"ii-,,i~, if fu..~ ciru.~t:d~d ,n~~-n<'i:ibn i1 i%!.)"'.!nsi;tent 1-<,•ih i'lB 
;s~11~rf&~, f{lf e-r~rni~le, t.~~1tm~ lt l~ p~·tt1lhlt~ fuat th~ '>•~!u~r d tt.~ ~<af\_;fo~, •. J'tw,:\i,~d ~nd 
v .. ~,.,.;fu~:J~-[h,it:.ik'i=.~r~ art: ~~ k, "!J", %!' ff~~y .~ft:: 0, tr~ dt~""..,:wr GOO (WhGt foi:':: ,~rrot irs h~, f:~* it.·1futn1tlior:1. ln ~'l.mh 
$! t~~~,, t~ ,fooo~r ~~n ~t~ct ~he Wilt,.~ PY u~ing lh~ r-EC it:t,~1"lalklri cl th~ ~t~ VP. 

V\.1'!'1;,,,,.., rtMt:hn t,~ >cf::"l:"1f f,.,.il~n,~ ooi,; ,•ii~H:,:i ~Sf"Wts.'j M49f.c. ;,;i)mi? nf fhi? µ".'J~i:>.~h".m i;,~iPn,w l"l<'1'1~ &~ 
:m~ifkw.d. F:ru- es:ai,1p!~,, ~l prook:fattly ~'cl~od~ infl:wrnabn m,t.tst bs ~iin~d \:,,it.hi~ a, 0/<l;:<c ~:atkaet sa oo t-o p:n;w,,;:rii: 
'l~W 1:.-%'f,~&,~tli~} d ~rn:.¥·~. b ,:,~hf.:!r W\~d~, when prei.:fo::;k~ i;L~., A=C,.f)C pr~:lit::Ht11 an,:,~ nwJti~Yi '.:~1.tm ftedit~ll(t~) a 
vi~";' p;.~k~t bl;'.:'4~i.~ry i::1i ~~'*"d l~;e ~ VOP l:;~~~ry. 

In ,t:t-\'"ljunctlt11'1 v&t th~ vi,:,.~~ pati~;!:l't ~~tt.l.l:lcl'l §ti ~syrn:::hn:,11:~oon, a s~::~"&'ti tti~t=i'll)d t:;,d~tl ~h~"<ti inl:t1t•~l 
$ynd>rl;lnii~fu:ITT h~'§ ~!~;; ~'1;';!'1 il!:<:\bpTo:;,;:I by 1Sf]!EC 1449ll Hi$ m1:;thix.:! fei.w~re~ tJ'iij.t \i'QP ~t~~i: ,x.ide~ ijnd 
r~<Zynchron~tbn mafk,,il's (Le., i.h~ st;;i,_'1i :e<f .;;i 'Jlcloo· p~~n ~~,i;r Cl'1:~y :llst !;,;;gal fol!d ir:,wrv&l lc..:::atkmz in lnia) 
liM~~rn lll.~ heip;;( '1(1 ;ijVt)d (h~ fw;:,~':iern~ ~~~i~;;i~tl~i \~ii.he ~l.:§lr!. {:i:;Kie,,. erndaW::.ms.. 'ri\~1 Is:, wt~1 ~F(:0:1* ~A~, 
gs,~~"Tt in .~ biiitr~-~~1 :~ i~ pi.~$.1:it'i;'; f.zyr ~l;'c~ ~rn.)r$ f:'l."J ~n1,1h~t~ ij VzJP ~.t$Si r::mi~. In fa~. ~;;."'I$--';', \;;ot"?.n f,:i,;\';ti if!t€?fv,~f 
$yt'ki~i::)!'li~,li'!i("*) it t:Wi~~d t~ ~<:>~~t it w':\V rn,*"~~11t $~-Md'\ fr.~' :,¥ vtw il\it t©4~ ~t 'ltw t,(l~"t,h'i9 tl ~~tl h:~~ 
:inrerv~t 'H~ fo.::~ bteni,~.d $frt~tn.:.\:n~'*'tt .. ~;; n1f.:!·&1t:.id ~xten;,i:~ tW~ =i.~pprn~:.;h t.i l:.~ =i.~ny i:;~'. .. ~~t~:~,m1~1~ t~ten,m. 

The fb< .. -oo irifur'»'.al s:i&··,1d1ro11izaifon ig ,~t~-v~d by ~kst ins,,;rts,~ s bi~ v,,'ith th~, ,,,:i!!lue 0 and ~hei,, if r;.,,,t,,;;,ssaf)\ 
,irn::.®'lir.u t.i&'t~ vAtrl m~ l<'~!U~ '1 t~fm~ ~ti@ M;:W ti:.1.~~ -ilt~ th~, f&.;o..'nt t'fiMti~t. Trt® "i.tfuei ;~'tl>j~r c.;,it1 d~t~rnirifil if 
eiTGf$ ir'f:: irJiwect in a v~i,~, pa-cl;~ by lF-'retiiro *e irn."";.r,rre~i ~~:in,1b,,~· of l:hl;': ~~ffirm ~it'§. {eg ~ight w ~~ce ri we 
f(ll@,\>At<,,1 ;;j~''i' 0 ·~~ t~ (~t P.,~i''l: tf ~ •ti4#~ p~~:tt pt' h~ ~"$1'\;l).iti~; t}t l',~ij:@•~ !$ (%:t "(111 ''} 

eHtir ~'t~l(;~~m~ .. it b. mi eKtre1ne!J' irnportmt t:x:s::11~men,,o: of ~ny l;'!tnx n:;i\xiit vicl~:;, t~,:fl'~. Stw~· t.z:s: the ~n:w 
f~~~)oo iod~ :di~t£\~~ i'sOO'><~. ~!'ill :@!Tu:'t':ts\o~n@.,1~ at af:l tff:M t,:,\':)t~&:hID'fit i.nf',Mb'{.JY h hii}hV t!~i:,.~~1t t~".l ~h~ 
~tf~-m~!'!:!~ ~ft\~ **-'$W~ffi'i.\t'iil.Mk:~"i tth¢1Tl~, fa~zj,;;,;!~'. W lh~ f~~~tr:)rlf:t,,.'\"!m-~,l>X''i m~ht~i t~fi ¢®¢:'h*\' k:-¢~~~ 
th~ ~H,~ ~h~n ti~ ~:in:,r ·z~n,:;~itm,~ . ..,.":lt pn::b~·,n ~-r.:arr~s ii1uch :;n(;~':t:', fr.act.lb~. For k,w !i~rnfo\ k:wi dti!l~)' ~pplic:~fu'l::~!!i 
th~ ,t,Ut~f:it t~1iyntJlfffi)i:l~htm :5COOm~ tE.Wlt'k.'1'~ \t~t)' i~Kt. .. ~1Jl.1b}~ r-~fill!l:~ ·.Ath a. 1-tmt{@ ~Bt';,;'}~&lrn1fu'lf itl~1~'{ ~th 
,;as ixpyl~ ~oc:ks fmm the- pre-1,wus fram:e. 

!n t~~~t'ldrQ tl~ ~~':tl ttl pi,t;Vi;:w ~rwiat1t:,M t4:)"1:~;1,~fut1W'!t cap®Hlffi's,. tt~ Vkt ... ~ Gmt~ !'me§ d~'ittktw<ti ~n 
~tjiti<::ot'l~! ~"tf~t rnti\h~ri~ t'!'l:t:.,d¢ th~J k~iti@ ~ti~'tl\<~ tht?i~~ffN <.if fw, ~$>clH tt> I(:-¢~!~¢ ~~1 ~rR',t, $p~i&-~1N,. ttii:~ 
,~prr,$:Ch liilius ;;:Ma J.:mrtil~~:iing .. TI:ii~ ;;.~i.a: parlitimii%J [$ · otdii~'.'OO by s~p~m~1ing th~ n,~4k:n .M'd rn~r.:~:,:,it,k,-.;;.,\ 
htl..mi~r mf,t),'ti1:a<t&1 :ffi',Mi'f/ fa~"tl ~oo ttxiii~..., lnt{lrm:ati:a''l. lN~ au;i:r0acl'l r~t~~; th;:'§1 a Mi't}&':d rn!3:;,twhrtflil~.fo::m 
rn,;S!l~,;r b>E, hserted bt!tN~ri mdion and texb:Me i~fo,'1'1:1aw,,,·t futa pa!iJtk .•. "'ling, i:§ks: frit> WS9 {>l R\/LCs, }5: signal~ to 
th~ :rlt:':CtRi@· in tfw VOL F~UHl E-2 ilw;.tra..~s th<l! ,;1,rnh,riic sb1,."{.-:t:w:~ of fa;~ 1o:fa,1la p'.ll1ilth""llm.:i I~l't:~~- !f liw t~:{lw:~ 
Int~~1cation i$. ©~t in,~ ~''t.:i:i.'waa,1 lltii~~~ tl'lf m,jjjcn &:,'fuf:D'l~~n tl;:l oon~esl thf$~ ~l\".lf$. That i~, ,:;L'f:: to the ~ff0r$ 
the te,1<.ii.1re, fnfu~n:.lltio,"l• i~ ~f~carde:f, ,s.hl~ frle mo~" i,s; ,,,~>?:d k, n,Dtion ~,:irn~nsat-i? the pre'Aou~ly decoo~d VD?. 

·····················1······················-~---··········"················ ············································"·························· .................................... >1······························ 

R~'!:iHC ' rna;,cn:11p ' qu .f'f:=!:C Motf(.~·1 &t'~a:ctef ~tlor:i Tecl>UtWe i :R$,,!.~yr1c 

Mit'.kef lt.:~~u .a~~ h'lfl/.ln~-sl!liiut1 Mark~ lttrtffl/1;\l:ti=<Wl I Mw~er 

tt§e I 

:Reversible \'ariable Length Cocle:s (RVLC) irE detig~~ s~ch lhal: lhey cam ~· insbnta"loously ~e,,,«ded bob in 
fonc:;:erd ;ano revtrs.e ~r-~tions. A part of a blt~t'~a:-·r-i 'N~lch i:ar.mc<t te d~"'tfded i[ th~ fon.-arci selirictfwi due to h,e 
pn~~n,~ :r;<.'l err>:)f'!i:; ,:::.""n oftm~. be d~:-:'.i.d~1 in 'ihe :hf!,:::k\~-~,,:fd dirn-i."'.fiM. Th~~ i:~ il~m1;trnied ;n F:zjtw~ Eo'.l. Th~r~re 
i'iurnbe:r cl dst:arcled bits.; c,:iri be R~tl:l.w,ed. RVLG ls i!pp\~d a~lj' fo TCOEF wt:fing 
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'ftit~w~~ 
Ue~dP.! 

'l';.:1,~d,c,tt .J,: llt,ni&,r· 

l~ifo rnintfal.<l 
'l\•:=Lt:mr;, 

J~foi1:ru1:ti~1ii 

VVnffl ~"I errm fa de,recw© in-~. b~$t~@m, 1he> d~"'-14~ ~h~J!ct {~yr~hr~-,\~~ ~t ti'!~ rre-t1 i~.ht¢.;$ re:~ynr,,hronii~~qn 
µci~~>,,':Qp:_f.lS>1_ c,:-i~- m· [5':,<fl~_ rm:irn.-:..~} 

f.Vtf,f· m~t si. t.::~n l~= !:J~re:rm!t~ct ty {!~:et~·iJt'{§ u~ !fw>:.w~~t nrn-ntif,';f ,,:._~· 1~1e 1>i'i.lffinti= t,!~~' v&ett1#:t· >:.~ s-~Jt error~ ~·~ 
ir.:j!;;.~ h ~ '-Ade.1 Pi::Wket tf e~h~ ,::r t:11oc~ r~ ~:if~ fdk':>'><se,.i ~=~~r O ~t th~ !~~~ pijrt d .a, video p~~k~t or tt~ re,,"f1~iri,,g 
b~f ~it~m :~ :~: '\1:11 ,..- ... \; ~i r:::::£~r~~s. tt~ra \!s :~rit E~~~·- ~n fu~ ~~1:iec :~~t. 

!f frn:1 VOP ~tart -::;~~~ fa s:,.-.,:;~uptoo by ihE b':~n~·n~:s,_~n srr:i::t an<l fus fr~n,~ "'1~·,.tm::,,·•,iiz:at-~, ~~ bst, fue d~~od~ may 
~l~b&$1= lh~ i~~}'!'Ktw.:inil~llon by t,~lntl ti:1~ HEC- lnkll"IH~k:tt 1'~~ dt~<Xid~f o.:.'<')lP,.~~~ ti~ >,,<up")~~itJri,,:~-e;ni::c~'il b 
&~ VOP hf.;a<:.if.'r wtlt~ :nne }n the HEC fiek1 ff ~hev ~ riot .s~'ii:f:!, tt,.~ d,e,.'x:o,~ rnl:l:l fh<l fuai !he Clt·rent \{(n? s1~1 
t-.:xfo it ¢;f!'W,~®t~ l:N lh¢. ~~':,,,Y, In ~hk, z~~(( 1hi~1 ttiwt 1t~ ~"* t~ ~nm fr! lht ko1h \i~ ilrt,~ itiKimtri~fiJi, Th~ 
W>-xx,,<j,:• r•'·""'*"''"~ '!f.i -~,~ d>""->j<; -;,-xi1,:.,~>1'°"'~· •h"" >,if''~ t~"l"" :i)t;:·;.,1s-x·.,,,.,,,~ ~~ ;:~·1,:Jll~'Je ·:)f 1,·::.;:''l"" :i,-xt;;.,s'u--::,.·/{)f ''*~:_ 'l•ldr-11:i ·!l.:O' W"s:> ~«:-:·~re~- ,1- 11:-~~,.;.,:-.~ ....... ~ -~~· ).."l, -~ N;: ..... \j ... , ..;f '"""".?'~-..:: t,-:-."x-· ~~ .. , ...... :-:: :.~·"'.,.,.,}":;: '!'-"'-~,:,.:"";·~·:>!, :,.::...._..., :,.:, .. ~ t ..... _ , ... _ ;h,,_....x~ W .:;:~ ..... .,,.._, ·i<....-..-- · l• .. :~- \.: l" :..~-- :,..~-=- ., .. ·~-- ,.,,_ .. , .... 

fW:tMt ~NTSC, P.AL -&t~cl $.{i {:-::,',). lh~f:11~'0, it I~ ~~pt1,-,t;tt':tl tklt th@ Flltr':1~~t :t!'l' mt ",l~\Jlm~,,kltf&'t)&H IB. <i!2, ma'?i i'l!2, 

p.;1-$t\l:i~, J..V!i: l:hit -;:tw~k m~h;)~ 4'>i%: n~t ~k•\~)>'$ ,fot~Kit fr@@~Y. tl-tt ,~ tht @:~11,ti~ry ~~)b.1kfN. 

M~tlrig l:::-k~ki:i m~y t~ ~p!~~~~J-,,#h *t1 =~~tt~ iz'Ji::.:-tl< $-\1tti ht pft%'k)(Jt fr~n"E~ 

Thi$ ~utici.=mire ci=~$-;:rllle$. ~ ~0-..1:>,i\~:] n:1$ihQ:,,iQi¢.9y Im R~vf,·r~tii=~ \•*,i:ij:tile Li:;ng~ll c~~~ {R:\,JJ.:~i wh~n erR~-$ m 
th~ -;A,:h.~ bit~tro.am ~t~ dt!itioo di..1~'1g tm, d~:e'ltiing 01Yi::~~i. Thi~ f.i.;i!dkill~r r~:-'si:'.":t~::l~o m,,~ru:¥:lokxl:.-: °''-il'l~ 

de\'Blop:,,tl d~'i::,~ ihE= RVLC corn fillq::..,s'.rirnenfprc~~~-

Ent::f~ .t."lr~ t)f®~-m1:i in ~~ foH1}0,,dt\1 r:;.'t::':ii~~-: 

r) An m~g~ RVLG ~ k~wd, "-dW-~ ~=t) !~~~i H\A.C fa, dcilria!d as.fo1!0-'Ni; 

A o..~\:.·-a-d wh~~ ~lfom E's oot lis~d in th~ R:vu: mbliB: {t.@, H39 i~~'-">'Dl~ p@l.tt~'N! irnd t,ic~, c1xiw} 

E~~t."® todl~ ts L$~1 {Ut, ai l~~i ~~'#bfd is ~i©t a'-.i~il"1tle in Hw RVtC fahl~} ~m1 th:edMiXJ~-1 v~k® for LEVEL 
};.~\_") 
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Tt~ .~f.!0:)ntci:@t?..;,l{:}$ ;od~ Is ~K~.i::wre~t :;e o. (:.?d1:w.,wtt iB. t\)t '\100QY {if '\'J{JQ{}V fur f.Gfe,,-,1ni Jtt~iim. ;in1.i'rir i~ twl: 
~uooin·" tw back\~atdd~':<1dt1~;1-

Thete is a d:!t):>&,$d ws1!1ie of FLC part usir:-g est:~e codes. (e \l lASl. RUN, LE\tEL.) ~11tl~ R'VLC fu!bie. 

An h-,.<"Qirectnurr.ber of ?Slu.iflrg blls f~- hyw alQtsi-rimt {$<.g. eight ~r rnore· 1 s. fallow O a! !.ha !ast p:ar1 of :a V~:o 
1sac~~t [\P), oo- t~· re.ma~~pg tit p~til;l,"fl is not 't:n 1 :1 .... ,. ~tter 4:e.p::.:1:mg: p.tPC!$!;c'$ !:;- nwt1~}, 

Too hlt~re~ri !8 i:~:.t~ in the !c,r._,,,"at'd dlr~fii:~1 fa~t ff ~J ern .. ws ~re ~i~:::le\t tt:w btntrn~m 1$ .J,8$t~n~ t~ tie· 
vaM and thf de;:xmW!g ftl:h.~:ss i~ finkhei:i fur that tki&1paci<:et If ian error Is det~d-e·~ ho,.,.~Vi!t, two-\:;,$y deu..dlpg 
i:s. a1'<pH~d Th~ fall:a,,ihg ~Jr~~ji«<~ fr~- ~rmlnin-g "'"Nr;::\ bi~ ti::i mt:.r,;:;;r\i .;lt~ =,;1&;.:M. Tt,~t;:~ is-k,;,~~~ ,'1l>'l'.l: <l*'i;,~rih-..~d 
tl$il\1 ft~ ~{$9.fv~n !:1-tlovi J1!®1g \~~~h th~ fu:Jl)\~irg delriitlJ1:1~: 

L : Tt:it,t! mHW:vM <t tlfil. ttt oer .;.;i::.iitfl;:'.li,:ir~ts ~::fjrl 11 ~ w.:i, 
N : T>l-t*I rn,imi.Jm· ~,r m,:i{.:r;/;.ok.ls.A~ (MD~) n ,:!i '{f'. 

Lt '. Nll~t~hM d bib ~",,tlk'.h t.;H) h,~, tfa,;tKimi il'l ;3 N'Jrn,.mx.t dl:\'tl::.)ti!:ff} 
L2 : N,mibM' 0i Nti:l 1<~%::;h (an oo tii~:;t.;itid in a t1,:~1tk1"i.',)~··ct 1~t0{'.tts~ng. 
M1 : ~fom:t~~- :i_,[ MH~, '.\<'hi~Js c:~n {;«s o,X)fllf>:info{t ~".>(;l<:\dw:i: in ,;:: f,W:&\~rs.~ dm::;;">dfo~, 

.W.~?:=:.RL:::::=:.JN:J.H 
NZ : N,@t!)Jt ~Ji Mh'ti 1::'r!i!(J~ ,)1m &'il (Xl!'nt,:<!Ut&~t t~tt1x·K~= i!'l fl !'.l~tK\"!.'ft(j d(K)'.}sti%J:, 

(Q ~,~.N;~.:<'."'JN,lH 
f.J'm($} '. f-.k:mb{1r 111 d~~etKt:i~id Mtt::, 1::vh':.m S b~h, ;,1n t,.,~ tfutni:h,,d h fl k)f\::V~fd ~irn:Ukm 

{Gq,1J,1~ k, ;,:::,r j~'.t.Wi.l tht:i.r:'i <'.•i'!-i:i §>it .,:,,?i,'i: b di,fx:,tt'i.id 1i,,, ,,:) Ma, (Jt1t:-fS} ¢::sw,~~r k {~r:q 
!\Jtb(S} : Ni~ir1!wr s.'lf dwxitl~,d M~;'i: \::',,\~,n S 1*~q1n b:$ <lf~{.Ki:;H:l irl ~ 0$::k\vm::f i.;ii~~~li>;m, 
l '. Tllt~t':<H>'...1itf(HUi:3 W1i~.iJ n,t)>,.\<l 

MS$ z)f.(pi.)(t f0
{~ frwr1 ~hi::.! bt:",£llflfi,w ,:.~?@ M6.$ (.)f ±tmtrt:2-D fo:.•crn th~ ~Kt flfe \...$!:id !:n ~efg.tir~ b.ebw, 1M MB:$. 

& frw OO'l'k p~ti: ffi'B tlli~iti~d. 

. ..... ":-. 

f~.r~~$.$~ ~~~:fo.~J~~:i:{W)~~tk~3k~ 

it~ ~ ~i~~tr~~t{sl ~,,,,,,,,,,;:~ .. L,,,,,.._-~-

:r~.::fI!:s: C~':.:':i'S.~:%:}~)lt.d~3kf ~l1! 

I,l ::~lt{i LJ 

""""~==~ · · · · · · ~ 
~ 

i r· ti: 
! : }·/" ~: 

~"""""""""""""""""""""""""""""}"""""""""""""""""""""""""""""""""""""""""~~"""""""""""""""""""""""""*~ 

111·: ............ , .. . 
... ~ ······io ;v.:: 

~. ····················~ 
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tit~tf >~kt~:~tt f~)::.:it~·:H~~ 
fas ;1: hh~trt~'l:n · 

\JEk~ ~ore:~%J?~~~~i:e:~t t;~ 
tl ;imff:.2 

!
'"''"'"'""""''"'""'''"f "''"'"''"""''"'"~~~"'~:=B.'''f.''"'''""''"'""''""""~ ••. 

.{~:} ~ :. '-" ., ________ .. ~_.,., .. ~{ ~: ,~ ... / 
,· •· ................................................................. '+'-...................................................................... - .............................................................. . . . 

'*: 

!\<'l:B~ t)l i"<U.ctnf:s(LfJ f~t':<,<tt ttWi b~inn~YJ <"!t1d M§;:; t~f r\L(rnb{l. {i hm.;<rt th~ ~r·:d ;~m "-*;~t tffh of ltm dark ~t .m·~ 
4fr,t~tcl~J 

4.22 

Ett~ <~t~~tt~l ~~):~db.(~fa~ 
i::.:'l ~1 t~ifu+-:t-~)llli~ 

Nmnl:~r ~)f ,i,'.cq:1.Jd: 
t:UJ~ {~t$tt=i.;~r~;.~~i~it~§.: :§"1~ 

tt im4 Li 

E 
• • 

' • . 
> 

:"' 

."""""'+""""""""""""""'"') 
.N2 
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MB!> ~sf ,w,hf'l-·b __ p;1..b--{L2}; t4--l{Z"'X} from th~ b~imliflf! ~n..i !\<1&~. <.l wfrr{N'-{ .. JNt(L f}; !~9;/f"'} fh.,rn fo~ ~,od .~·~· 1,.~~cl, 

MB~ t;if 'tWs tt~rt pa.11 a:re d}~t':'.llt\.iezt 

I.nor <kk~t::d f,@itfom 
~·~~ ~~ l~~t~f:t\~~ir~ 

Ntn~r {il ;l"-i1J<l~:l 
!\J!H ;;;:,:::t·N:~p,:,.:r,iifa:a.,;;;: 1i} 
f .. t .n:3,d 1~/I 

L 
+ ·~ 

// ···········••t••: ···············=•-i••••• ..... ,., .•••••••••••• ! 
.. }il ~ 
.:, :t ' 

_____ .,_.._..__ ......................................................................................................... "+.. ....................................................................................... , •. 
~ .1 . ' 

' ' ' ' 
·•'''''''''''''''''''''''':i-''''''''''''''''''''''''''''''''~ 

' 

I ::IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL::::::::::::::::::::::::::::i 
it···························• 

In~· ~;ib,-:i:,.,e ~:k~te@le$ {Strntegv 1 ,. Strate@}! 4\ !NT!tA MS$ ~re tt1lc~r'tkd @"lo-en ht~Jj~ ttrey tx:ithi h~ve teen 
®~~~~. /',ti; ~;,,~n'i:ph~ ii' ~¥.th J. ~~~ i$ ihth<;;'f, b~1)::>-;,,r ' 

,,\11:h¢:Jgh ttm~ lntn~ M~ ~~',¢· th,~i""~h~ ~Kt ~ ¢tf~~t *t'l re~t&i: Qf dl$pluyiti~ @1 !rum NB th~t ®::.e$ oorn~fl ~n ~nur 
~~i it~b~t:~11ttiity' o."'f.gi:~de the ·W.J~ily t:if 1he \ikl~\ 't'l1~r~for€, \•ihe:t1 a vld~ pec}i;~1 ~s·de:wrmined b ettitak~ ~iots, 
.ail tnir:a MB..~ Mi::: ~-t di~ip!:))ed. b~,! m~~~ad rx:1:n~~fe.-:L 

iJ~ AJR l~ tt~ iei:.~hni~'l..~ qf 111~ intr~ ff,,fr~it1, n~tti,:x1 Mr 'ltw., ,e:IT:>~ re~ll~n~. fri: ~he AfR, mdi@ ~n~"~ l~ ft:'\\t~-~ 

rr~~~nliy if'l ln~~ mo-itt Th;;~f~~, it i~ ~?:~~ibh,i b fE;,o)~Br t!'i~ i.:;1:;.nt.wt-en ~)Ki~C~'l iai.lBaqu;ldtiJ. 

=\~:rm Th~ ,nl\':lf::~rn.'lf% ~~'tiri~~i~ i~ @~ 'f1,'l!' t"ll!l' r~~!W]~~~r vet~., it W,l£ d~gmm ~tw.:l~ to ~;\troct tt,~ o*'ilrir:; \'Ira~ !rorn 
free r~f.i,risiLim \>t:;}$ ;:st Iha E-':,"%~ii:r and e?nc.otle ~: i1 ifu.:'Ta r'OC<l~ fra.-:jJJM'!l~,\ Th~mt~~. lh~ qi.i~'i~- cl ti'ifa ~t~ tbt ls: r,:tr,q:::t,..'·d 
t<:t m;. trnri~1,fae;..::.:111 !:frnx rnr.: t,;, rai:,r.i.w*e<.i qitr:}\t,;:. Ar; ~ i:tjKSIS. ~r~ ~~tr$i:t'.-OO: h a,;:i:,,$;~ in }w atM!niiy sn~p·e ~°d~"lf.l n~'<l~, 
\t ,~. p(:"l>,~ll.;~~ t*' (,i;,tmf'i ~~ ,~~r,w p,,:.->:Tu"f:~~,,~~ t::y i@k~ \h~ R~~~'i:tt;l'i~'i! ,;.~ft.fa :ii}ift'I i'~fre::~h ,.,,m;;i1 th;, ~tMh~ry ~h~i,"!:i<. 
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Tt-.e en('.~~~- @ititn~te:$. ~ni:::~le§:1 t:if e~ch MB ii!""il:l he ;;:nlr not&n w~@ !$ en*""t-~~ in lrf~l m~.- The r'l:ffi~~!t$. cl the. 
""'l;;tim;,:.{iN"i ~r~ r~t.'\t~\:d;i;;,d m lh!:'! ~~f~~h M~t:t ME hv MB Th~ ~nrR~i!:'!~ mt~~ b fu.~ R~f~) r,,~i,t~ ;srtcl dh~1!,!% ir.i­
lS",,'"'iCl..10$ ~;.n·e~ tv~B in !nfra mode ~~i rid. 5 ~s:tirn$t'-On ct ~·nc{m,,_"I') ~ pe:rfonned by ~h$ i;:,;0,.-<:;:p,srtSe:,'"'l berc,,e:en .SPD. 
~~ 3AO !h .. SAD~~ the &Am of the .~~'k,te DiffetenfoI '<'.clb~ bd',i=n §he ,:,wr~~1t MB ~id the f<.tlE, i~-~ ~.,m,e .................................. ·~··· ...... ~-······· .. •:-:-.-:··· ...................................................... . 

!~fo,ri ;;":;f the p,,reiiotB: V\"IP, Ihe SAD ht,$ t~en ilr~~y c..~lctl~ted ~ri tllil• Mi:ikffl htimatk.n t~rt The,;r~forn,, 
~tia1:al ~ak~llafon for~ AIR is: not rie$derl. SAD_U1 iS tr:l:.!· tM.:tsro!d vak,.~- If ~h$SA.D d ths, etirr~ni MS is 
!A1:~r th~, tt,~ SAti_Jh. tfo~ MR l<, ,r~']~r®1 .=.,,; m~tit,n- ,:i;:;-~;:i:_ (mi~ #111"< MB 1:i; Jl.,,"fl'*'ri~<:J ~~ i1-.-ioh~ ~~~ ~t i!",. 

n,,~:ir~d aSi m~w::wi aroa ~lf:lii! it ii::c ~r~ocb~ iri lntrs ~·H,d~ prod:e,'h:~rrnined tin;ga. Tog prod~~rmin~d ,.~!U(: is 
'""~::.,1,-,..;.,..-~ ~·i r:~1"' R°"'--t,,"'~'l l',,1:>3s { '.f""-""' f""i,-., •1·"' ~.,;:;i ii'' t·'!-'~ .h·"'"':>l' ,·Jra{'<""n::!-,'.\'1'!'·,-,,,.,,.{ '·~f,-,•~ .(,, "t" a.;s• ~~~ .f.!·,'~tN;,.t:.:;·; 1 vw, ~ W'v."~ . ....-: '°' .. ,.;~ w , -v:n~ .. J ,. :- ~"~, ~.-...: "°"v :,::~;,.,.;. ~ h .. .,.. ,· ~ .. i :-,x. ,.,. .. . .'.t:l_-,r,"-':lt· .;:· ;W-· ...• ·~"'"··· .:,.. ... iv.-.~ ~~ ... l',".~ _..,.. ., , ~·J ~ ............ ~, ··i ,","}· 

The h.'1liwnt~I ~<::'.:an i~ 1s-ed t.,..') dete'lriif~ the MS-"'J to be er~-ti .. 1:!ed in !ntrn: mode \%f1Nn the 1'1JC%'lnii are .. $ /s~ Fi@~-e 
E--H). 

~ {} {} i) i} (~: ~tti~ttt~r~ i t~I :r~r o 
~ t~ tJ o (~ (~ t r f lilt~\~ 1 [JI ~:1: o 
~O O O O OltlOl-0 0 0 0 
:S...,,,," :-...,,," :-...,,," :-...,,," :-...,,,,..&.,,,,-&.,,,,,t,,,,," :-...,,,~ :-...,,,,~ :-...,,~ 

ih~ fuHt:bik,Q !~ lb~, iexp1~rw1&:.w1 z:it 1hf p,t~:~~t:s~rg tA A)r-1 (~eot r'igt.ete t> ii} Th~ lht:;;cl t--,.iM:'1-tet cl tht hitt~ Mtl iri -tl 
VCW $.llo-t.lh:f be dete:,-niined h ~i1><$1.nce ... H~. it i$; $f!t t~ '::t as an e~,atm_)!e, 

El h\.V~{[~Jhh;J b F~~r~ E-U) . _ 
! ne $:i MS~ ,iri ~he l~~ \d)P ,il*e ~""IC<."Xied in !ntm m~e [tl The Ref~BSt) tl'li'* i& ~et t, "Cf, bfca\~e there i$. tm 
pra,<'kru,~ \>'OP [b]. 

[2J 2nd Vf..1F (!tj .,, ffl} 
The 211.<l \>'OP is E!K:.oded ~~- P.,VOP, !nifa rafresh i~ ncl ~riotrr;etj fis lhiz VOP, ~~-zlW~l}:; ~r v~}.i~t i!"i t~ Rdt~~h 
l\,i,1p i; Z@:r:t1 y~t ([QJ ioind [dl}. Th~ llll:~xid~'f ~~fan~@~ mr,fr:w o-f ij.11Ch MB. If tt1-e SAD far tl':l':r~:t MB i~ ~\J®' thari lhfl 
S~D.Jll, i:t i~ r~~r-ded ll$ m~ign ~re·a \hatcl'R,,:$ wm in F~~re :f . .-11 fe]). l•,fl(l mt: R~·ett f\<1-<'$ m ~p,d;s~e'1 [fl. 
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6 {~ lil! 0 ~)~{~ 
.:<...'-'-"'""-'-'-"' ::-...,,,l,,,"' :-...,,J,,,,~ 

l) :'J~. 
!l ·.(.'./.·.).· --1>'-"'--- ........... ·~~ {l: 9 

: 

U· ~i ~ t~ 
'i--4""'1=+-+·~··~·:~··..,i :~ 

·H {Ii(~ 
... ~ .. 

II 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

t'h ~ ~ 
~ ~ 
~ ~ 

,: " ~ ~ 

1"'' 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

Ii 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

Ptfii:~-:i~'k fm vrn1 . 
t~~i3~~: :&:fl}:$. ~~):,Z 

;!;iK>lNklH tN'fRit 

i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

"'''-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'Jil': 

P] Int~I ~~itl-~ ~1 
lt~ft't~&b :&.-:~~p 
:,:,rn ;iifMth.,iJ. 

t ~] .:it~.llil&~te: :~l~ ~11)::Jti~~y~; 

·(il:i's-ffi. 

n iil(f i'i;rp1 
~,,{:,.,,._ ~,,,*-.,,,.::;._,,,._ 

[U .n~s~,t~t:n :\;fB ~;::-.. 
}~ti~-) .;.:- 1- :·:- :rn1: rt~ 
R~~{i~ih ~t$lp. 

Ret'-tiv~y fr,nr1 ~~rnixw:al ~ri:.:< prq..~a.tkm i~ m1 imfap1mg.~bie cixnpi::-.ned: of ~ny e:ff\'):' mh~~l tk~~ ct,frnTm11ii:::;§;ti:0n 
~ysli:i;tt.t. ~rr-:<t$ h~&.$~d d,;.idrs5; k~tr .. ~~$is.kst1 \>Al 1~.;i,1 t.;i; fr~~t:;,-$l¢t~ :rnlli<tn;;i1id1 ~!;,,,rt ... ~ lh~ llts~r ;:it;;q th~ 
de~~er, 'is'iohi:lh wm oon~inue i..t'ltl! ~~e w.-tra r!fre,. oours .. Vlt"ta,"l m w,1:1:s~<n wes nC'!l e}l:fst C)•t:lit ~ntra re-ire,sh 
or i~aptNe 1t1tr:ei re:t'esh ar~ a\im1at\le. in mt! case "''ilntre ti:-e up:~~ea,m e;.~1~nEi tn:::wrnt)e @.\::;,Joor to ~· ~"'!o:-i-1er, 
NEVlPF:ED ~- dem~nd r:,r.itl.'i refrn~h @n M' UM'id. TN~ :si.ifyr,fam-se ~ pre:tei1fri,g cle,;>~:lb!J rn-gca~~ when 
m>.;,,l*ed_erable:.:.: 'f, 
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mlVi;,'PRC:O m1~ i~ @1tt d th~ ;:;mw rn::§i!~rn;;.~ l{K.,1~, H l~~~ u~~~.:tl<'! rr~~~!Jtt~ to i,;,.ii~~ whia,··J-1 NITVVPRC-0 
s~-4n1fnts (NPs~11!fu""t) =m~ =t~rrecth' ;;Joooded -rm-::1 ""'<tiJt~l NP se~n1@f!t"$ fil'e 6ffO!lfr.{'.ll©V oocc,:ie,·;;t The e111;,?irer, 
,,vh,"th ~"-,,,~\il$~"l i,ipstre~-s) ~~ge, ~$e$ ~"!l/ bt!h:~cil:ii 4~«li:W J:$tt for ~r$li't4:i$'l lr.: ~n iril$r,,fratre t-C-di~ Ths 
m:~,.,~rJ~, -~ l~trp..."'':ln~i ~it~ ntoP~tr~tbn \<.<tthttit m~ in-s~rtit,r of tntt~t M~tl MB~ :;tind imp'tN~ th~ ixtcititl's' nt.i.~ih'i tr. 
th~ ern.:ine<:JlJ'$ ~nviron~~nt~. · · · 

.~ ~pi:.':,j~l ~k,<'!i ~k1<.linn~\ !::.~- ~ls'~~~;~ i,.<1, ~h~· -...J::>~tr*'i:l1rn fr.;.-::,,~ th~ J©..,~l'(:f f-s;, {'!=«: ,:,~'>>:.\.:.~"'', T'n~ ~J~=k~" ~·l th~ ,,i;,~~{;:~m 
n1-..~~~~ \$ ®~Gr!~ct 1r1: $'\.:.'P,..~~4~-$ tLJ. t!. 

!t k-o-quirn::s an ~;,:temi:i) framing rn~h.ss,'To'sm fur S}'Th-:t1m:,izcli-0:!1 of the ro~MQ~ "'""'tnii:. i§~ up~!~am, ~ frm b-adt­
Gti:~rmei $)'nt~~ o~c.$d h~ri;i\~ Q1;~t.gfn~ fiO $\•Tu.i1r®.l?.$~!W!; thg wt,rz:\.~. Thl~ '$Yn<..~lm..Tik\'.ij{k,n i~ pm\•~J P-'l l~ 
!c;,",,Et' :!:..~i~· ~udh ~- !&':':dEC Ul49fk1 :·HW@ (MPECt4 S~<st-Erns} · · 

NE:Vi/PRED i:~,- ->i t«.tiniQ\.!e in wl:ii:::h IM re~~rK~ p1t'1wre f!}f. hief,ft-ai,1~ roding: i~ repl~ect 00-.~tve/y S!X@:.dirm to 
th,~ ~ipMr~~n-i: m~$..%1inti fr~'.i=t~ 1tw 4'~(>•.:t .. ~·- on~~ VtW r~· ~xw, Vlcl~~ P.~~i;::1M ~ ~r~~~M ~$ ()n~ NP i%!~t~nt NP 
~ei;.litt~nt :~ ii1clk~ke,.i in ,1-ewpcr~d ~~mtnt tn~ it:i Vt.':>L h~cie,-::. Th1::: :1,ef~~1~ piMW'f, i~ i~Pl~1:.:~cl ii:1:~~n~t1~t:t ki 
oocl'i i\.~ $,~@'fl&rl Wt~n Vk!oo P1d>;~t Tu: }tP s~~l$:'lL ~''fl ~fu'!Pt= t1f NP ,~w-~tit :s'5hai! ~. r.~ti'=>t1~d to· oo 
f~t.:)t-M::ni .. 11:§!r 

The f:11(;006' :~ ~crne kim;l$ oJ rn~~ f!W iei~~tzjn ~· tm r.:er:erence :r,iimire, ~~ t~ $tr:iate~)' l-J$~d O'.l me e~ii:.o~­
b ~~i~ct trw m:fof$)"\"'l,:-,,:,~ pk?~~·~ /$. b~tt*'d ~h~= "'~~'Sf;-"'~ ti ~hi~ ~nii~nt 

Th~ ~oo~f', h:,··,,=~-.~r, t~;~ ·th~ ~~,~ ~,:;tk<n ~"'*s~d!~~~ ,;.,f #m. m,;xk-~- ·r~ cl~-oo~r ~~¢~ t\~ NP ~"*1,;;n,~f°* whkl,; 
i~ ~oK:"~i:.ffd ir f1,~ \<iJRJ<tJ\-W_,pr~di<ztwi :fu;!lct -~~ ~= rererer~ p~1:.ire if ~t ~)l:%:1/t~ int~ pk::t\lf~ m.tf~T ~--1-i,~)\ $Im:! 
t@tlil't1:$ ~lh~t' M~\j~.eK tit N!l\J>JACK ~1~t$~l~ i:''hfa. d,;ius~ d~~<:d.)...~ Ht@ pti:.X\@~'@t tif lh~ <IBtx.),1~r 

Tl'!~ OOC't..~ilif :oooooos -.:ii NP 1ajf::"l~t '-i,ith t~~"'t"~!'lefil 'b ttil:l< ~'~\>~ut,§t cl~WL~cl t~l"t"li,.,~'11 \'4~~ w:ipj© i~ 
;,_.,$,J id frsr r.~~~bfa::-:-:i-1: .;";1$ -~ ~~f~~~~~---d $~'r',,,~t)t fr1.:· il'it~t-fr~r~ ®<'SJdki@'.. If vrn) Id for .i:~·i,dk%,"$n isdit**ik~l \$ ·{Y. 
fr~ J~;"o.~'; re.fur,~ fo th~ iurn~di~~ly pr~;\im.m d~o;:d~d ;s~gm~nt o;,· ii ~fors t~ ·:,,ri.'~:sg;Tu.:,~t. W s~J not, howe·\•cr: 
(@f~ k~ ~ny i.\i~it)~~ Wtlid) ~ cl&.~<'aj~,j OOfot~ 1h~ !att t'/OE 

't'he: ~-i:~'..\~r ~~n--i~ f'~ 1..ip':'.,t:i-~1.un rt)e~$@~'l:.':' h.1 th~ ern.),<der b~'$.~d <,ri the ~1i~lrtarn ~)nia\ d~fa@d h 1. l4.2. -rt~ 
i"'@~~foci_J:.it):~h~;siiti_J\<t,~ in VOL la';l~i' il'W:,.~-l:i::*t WNtf1: t)-'$~ -Of tpsl:tt:at1i !ti~~~~ cit t~---OO~cl b-y ~)@ §':t1~~f, TM 
t0t,tirjM rniuni~ ~\"ii/ f~fi•,%~~d typ# ~if qm~r~;Jtr1 ~~~,,;;;'*t~·- nw d~~)d~r. iR::iw~-v*r, ~*:W$ rstit h:;:i,v~ 1!:;: rnwm lr1}' 
l+~lt.'~;~-1 w~,~~'*\~ fr'>l' l1Nt.1P, t~:-...~,-~ t1,V0f' ic~ ~~-t~· i~fen~i b/ ?lm~r ''/t.,'W-~ m,~· ~~wt Mt~ th-~ N.~'<~t-h'~t NP 
~~m~i'it [$ t(tft,"%."il)' OOtt.'i:.l®:'1, 1~ ACK tr"lil!S£~ tf Uw NF S~f::t~'1=t :~ f~i:um~~L \Nt)~!'l ~i'lj' ~JftV ·~- clil!~'t<tM cllJl"i~~ 
ti~ d-t:\4):¥:~it!(:! {:if:!:X~i:$ tit' m~ ~-w:,t kitik~~faJrl i~ ,~H1:.~:~i'j ftf.{~~ &~ b,,~,~W ~i.%~fl':i !~\it'r. in~ -t:fu>t::t¥l:~r t'!Ml-ltl~ ·~ 
NP_NAOK ri\~~~~ 0;;,}ih ~ r~1.msfod_vap _ _)d_fus-_ _prndidkm ,;di~h is tt-ie "'~µ:_id ~t the ti:st oormd~y d~o;:dm:i: NP 
$i=egmfnt M ~re 5~n1:e !,x;~lon c.f tiw: rn.Hn~nt K~ $~r=i,ie;nt n tre btrff.~ ~-,fi:iX't Tj:f,, :eH(lf :e=v$,.~·t ir,du~'$ tl~~ ec~~ 
ti'@'f tb~ NP- :;t~gnmt1t \dR}1;;~ Vt)%Ud \:t'; \iW\JdJi:"::(S)t:*.ldk1fon dt:-.,~~- t,nt ~:dM }) th,~ c~"'-':::i::~~~f Pi~ O-t'>;'.:!Jf.:t'; '-Nh~~ lh.~ 
MP ~~~'t1~r-r ~~~~c1t b~ ii,1t,~~,:M'dly 4~t>;.~\11v~ ro the ~f~\hi:.."'!l.~$ tfr~r$. n~ ·;,,~R .... # ~~id.~· {he lit~!~~) rn~~"~ 
i~ ,;.;fyi~ frcit1 th~ 001t~~ptii1d!i',g n~kl of tw ctcv,t\~fiil/t1 ~1~~~ ·wt'®n th~ r~fa:lb~ Vi.."'f.l:_Jd it ~vai~bl~. 
(khijf',=,,4;~~, it m~,y h~pr-.,~~ ~ ttw t'.::~~ !'.:S:t NPJ"i;&J} .. K, \.,'<:~\)d tt- i~)&.\~~l~':'itt1l.d by ·i ~-'..):.'•n th~ m~i:e.'ll:~~ '*'tl\J,1 ~.'/ lhs~ 
previc!:.@ly r~~i~'Bd NP ~gment cl t:~ ss!'lw k1, .. ~tkm d t~ ~urf'>o:rst NP &~'H,mt. 

't'h~ d~:~-:sd~r ~):,:_id,;; thi!3 o..~,m-ti!y t~<~i.tfod NP ~~rr~%t tr'i'tl: th~ bu&~ m&·rwiy. W ww illn'0Ji.: ~)m< d~t~'i::~t~!:l tit trm 
d*'.::K:-t)<Jirq f.¥>;::;i::--.~::"1$ ~- th~ ~ni.:::i:- ~-·::,dk:-<)1/~1: fa -d~!iver~d tl:\'>'ffi -~ h\'t~-r ~-1~1~m i~y,er, th~ NP t~i~rli: m*'t n~~ ~ 
oo~4 mt~ t* ~..t'ff~r n~'l In 111~ ~$~ ii th~ ~'iter me~srl'' ov~n'kwr th-:;i \'.l!d~~t NP $~gm-ent tit ~h~ $001f, 

k:t:~'il:ktt1 ~:o:c~pt 'k:n th~ M\Jffi:t'l'.nt s0:ihit~'>:; )$ ~"'t®\~X:"*-i ~~ ~ ~"%-t::,,·~;:::li1ij -~:ttt'::z),it1g,. !'nl'1V °""' t!fu'rl,J'.md 
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'lilh@1 th~ N~AC:K ffl~~i!~ ~i r~q~~ti::d b1' t~ ~w.::s..'-u.~l\ lt~ ~c"'>Jd-:tr !llliiJ ni:t@d.~,·~r~= @l'tii::~r of b1Jfor 111~f-·1c1'f 

~ refer~net pidtfffa . The n~e1oo rnJrntoer ©t th€ buft'tr m~wrmtfr.s li ~'O:il'~nQ kl h~ ~tra:wm:l ot. the Jfffurnf!t!ff 
pittin:.;, ~l~iwri tv me i$i<i~r.. ~M if.~S;"n$$lo,, ti:~ay ~,i!\;.,e-$n lnl$ $nM>d!$1 ant the o~oder. n me !$,")t::i®r 
~l""~ts th-~ ~~~~ picit,t~ .~tt<m-:<lfo0: ~PJ\!.~CK m1;s~o~. tM ~rtl®':'T:::<:'l! :\'!'1erontl fa Ml: ~i~.,<a\.~ n~ct~tl Wh~n 
~' ""' w . "" "' ' '". "' lo ='- 'l;. . . •. ; . "" • ·~· ,l ' •* " "' ~. 'tt :,;- ,s d ~ t· "" <i;.-. • t·· ,....,. .• «. . "' . . •. 'l . ,.; ::'l\~i,e e,Hlf s:.ct,=1;~a,~i)et,i (@t..nu~'-e!ff ~f.,, t~~f Hl ::i'!f.!' ~:~.z~=:!,, ~ ~-, Qfi •• cr~..t-'-w ~1~~ ·1e """'t.:~iet ,~s ~i: ,,ff~~i. Df~ 
~clfum! rrm11orf., 

ff the ~tist~m l~yer dek--;e~~ fu..e ir.m~mi~~i~'" cerrCN; in the: 4".l'>"-TI~am, it i~ ~i~b..(e k, defo..<er foe error indk~im 
'Nifu vi~ d~ii:i :in the d,m:;odes·. !n l~ up~tr~am, t::~ &-·:ro,~:d lQ$1r:fil:l3rs-1 •!i~S'2'8fi~ rn:.-ay oo di~-c~'dl-s,;:~ !S:1 fuE: ~1c,o...~·, 

~ C~"Tip.leiify Esilm~th:i.n T~~ :Einab~":$ the e~:'limati:oo .ct de:wdik;.,g i:o.mp:l~'\!:ty v/~t the rm~d ef tf~, ~Kiuaf 
OOCMli'aj Of th~ itit.ctt~t@ ',..{OP's. TI':fil tool lt b~s!§d at tti~ h~~ttit:S!ijfl bf th~ ~t~t~tc t.i fl~ ~du~l ~!'ita'i..'ldii',g 
~Jnrithm.%. ~~-,,,;,..if!~ ar':d ~-·~trieie.-'<::, tJ&~d k, eq:;:~ the ri~1i)1ing VOP. ·Th:!:: 'oosf th e-ornplexi!y b· the e-xeelJ~0::'1 ,nf 
~~~'1 al®><i1hn1 i~, rr~a~ilrad ·W oo~tirm.iood en: ~ach ooroder plaiforrn. Thee ~1.ml £t:lfa~k: cl ·~~ i:foo-...~inq 
,;:;::,,v,,l>:i-,,.;,,, ~ ~··"~•··"·"'·,li•=-1··, :~,, ·~l= '-f'''~'" •l:ii"''·~"""'"~''l ~,,,,,, ,,.,,,, h,;a:; .~,,,·1·"""~'t"'''~ h-., .,,·1="'"""' ,,i!' ~t'"'· ''"'"''"~j,,.,,.,..a:..,,i ,,,,,,,.;,"o:·•· l'1:,<,, t•,;;;;. "'"~»',..,.t,,~11: .. ,.~~- ~x" -.;e.~~~~-;:~~h:~~"':,,.· ~! ~- ~--.._:; ~~:,..._*~~ ._,,l)~»':0:!·1:-,.~<..~I. ~~/~ ,V\.~~, S::::~ ,~,,.~ )'.'!\.~~ -~ ~"f ·~-~~~~~ . .,,_..c \.->~ ~ ~ .... Q;:h-.~~'i:P:,•°'C~-..:;-:'\. .. ~ ~"'-->~~~ ~.~!'"--> ~.!~1:-.-. 

\/OP ~ctrnit dEtX"iding w~'i \w h"e :~pee:fk:, d~~ ..... ier 

Tiw ~zjl •ls n~idlw @'ltc-"® 11 ~fitbl~~, kit ~~h VO, Wiw ~.faftil!i~'!l'l Of1f:® ~M 1jf ~~d H~tlt,tlcK 8Ud~ ~fil'ii:'fibti: =!~ d&~ in 
!h~ '/0 !·~(ti;kc~ Tl"~ ~K,t!J~i nt,,."t','.11, wf fa;;::; ,j~fkft:cl :,\il<il:~i~fo,,;~ i::; {h~n i1:<:::s<:::t"~d int;i ~~dl V'(}P !~;ii;lt;c~ {1,<:;.."'e,"i;udir~J= }q 

th!'$' 'oJf:W~Kitv ~-itiim:too ·~'lnt,;;i:<'. 

ltw ~{~prr.~tk ®t~'.t-tk1t1 d \s.+110,~ g:f 1hE!!: th~t~ byt~ «illW'®ii ~':,i..~~t i~ pr,1$.~r,t ®. (~r1«in-1!:iiw~1$ Th~ 
·"''" '''t<l· • .. ,· ,'),:,. ., 0 t-··.tt ,-.--·~i:;:" ,, ·F <)+><.,.:..;·· ""'"f'' ·ht+> :a '·,\ --l.:.,,·, .Jl-l' "· 't 1..,,·,;;,:,_~ · '•SJ'f ~, .. ,,t,:. · .. :'··~""'- .~,,. fx,' '"""'· ;,il·'<t''"' "' ,,...,,w ~ ;,,~·,,-.,wt ~ ... ~..._._.·\...,,_J··~-'-""~ ........... ~ ~-..: -........... ~·rn,,_ . .:; ~~ ~~ ~~ .:::_'-.... ~·~ .. J t .... ~. h ... t·i;;;. :.., .... ~ :S :Q~'-•\.,,_;'. ~ ~(_..,:. ~ ......... ~~·(i'-"~x ........ ~«: I'\_.,,_ .. },~,~~ .... _.. ~:S:-~ ·,.., .. %._..;.:.._:,. ~·)-::t . ...._,,~~ l~- ~"-.. i;: :~W:~~J:"', "'-..'.<i_ ,~. · · 

oo:eui• Jr, ~nv '>'ict~o ~:tr~;:1rn 'l.~ft>~ ~ ,~t'itii1 __ ylti:§<t) __ _:sl;rt._ .. rrnrK~f.. T~ v~oo. .. ,~~(.J.lf~t.sra1tJ:~~ .,,,..tr ~loo t~v®" 
~~R,~l.'!t°*' <'!, ~hill\},;i6,<:<,wM~J\J!'~.'!tk®( t~~~~/$i§ Jt$ fo,~t M')-bW.-1::i ht i~ iM ~ &ff»,f~tit kx::~~i-:':m (pi'~\'k~d b}'lli: ~!~r.!i"i'l,·1~,1,t 
ii~. r::at !c~t}. 

H~,,,--~wM,, ~p~,ti.).i ~fil:~ti1l$o":i t'®~tit it> t-s--:;; r,-..~id if 1~11~ ~~~k.;®(lii Hi~¥-i!i=*$ ~t~Hi~j ~t ~~-;,y .).tfa~rnty t3t'lit't1 h ~ 
~fat.fMiti fix wh!ci:i th~i~ 1~ rn:.i rrict hitWA@d©@ of t.oo frHtial tvrti. ,~Jb::i."i.."Qh i.mHk@l:t- a rt~~tit: 1t1:lirk@' 1~""'1 @tm/gi!@ 
.~ -Sh(W'L\tQeiJ __ :~tfu"'t,JT!:~$,W w~ ~1:am m~;.n.,"{~\~i~w!lll!Utler' ·fffi:!ci l-engtlm ~m:l n1$...~'00\;_<:%:;l~OO" \'~!!ile~ ijfiQ 
·,;np _,fcicl&:!_fnr'}i;:;iRi va~ie!s} 

,~1~J&.fh t~ oohflVkY ut u~ doc:otrof Hi ~~ ei:'t'-lli1'1~1'.!w,i ii oot ~~";{';fffu:'t!, it i~ :filJQ.~-t~d ti.:J t~'tft::11n \,~ltmv 
¢1\•~,.~kt {~":: ~h~ fa~~ fo\~' Mm ~'{tW,cl #.w ~h<'!~i: vki1i'.i- 1~>'!ft ~ti,@'k& l 1~~ \).~l'.) cl,).~¢1 l:,'!\'~f' M~,t (;~'l\.'W i~ f!(lt th~ 
fr~t !i~rfrsg ird~tN fDl.md Niu~-VDU~ ;;:;~k~"'aro po~SIDiB: fur ~:x~rripl~, d1&king tne\·ak~s mt~ mts n, m, 18-
:ti ~'m Zr ~ycn:1 ~h1;: g~i:,}Hi:re•;"';lt®rtJ)l@irer: ~n*' da~f mijy ij/$,S} m~~'S-~· l, '*'fij/ aquf~rti,n lint~ an 'f "'~' 
iype i,; it1i.ikaft-Ed •:f.:l hit 17 E\-<Bn strnpli dis:~tar,::fo-,,~ :s.0ffi:l? data 'l.\<hile ~,~;:;irdhing fl.~ •;!i \,'&il:!n~ciajaci_!a;,:er_s,tmi:_ro<le 
pdor §a "frning rnc~'" viiih ,l:'l. o:facislrn:1 k, :s:~~k th~ sh.ai_ vidoci...:~fart_ml:'lrl,;,@" ml:!y b~ .,,U,i{,;.,~m..:~~ for ~~-s1~ applkatims. 

·.·.·.·<·:<.>. 
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Anne,x: F 
(inforrrmthre) 

Tht -ii~ took:,~ tthttr'it d~fos;;-M hi thb ~~'1 t1f ltl()l!EG 14416 o'if.-ern. M,1~mi C{,!f~t-oot.oo hlnttim1mlti®, 
rJemmxlin;i Hre el~cri!)tt~"> ~· #w- '?!~"11~ i1 t~rm~ ci' $.':.'..l',f~Hw o,.1M~-;,,,(}bj~"!t;; {'i.,•'()~} Tli:~ ot~r,.~mt.;, ,!,~<'.'Iha d ~h~ virl~" 
ctj€ds m~y mrk:h h'i)e u~r ~'iErncifon in ~€'Ver~§ mJ!tfa"ne:lfa~ ~@V:Cfr'il· d\.~ to f'iexi~e ~)tel~$ fo the tttsh:,i'i!~l and 
~M ~"©)' t\~,iµul,~tlt1n <1.' ~'* 'ii,\(~0 1tlt<.:it':itMi:®\, h) th% fr~1>e'.;:'l;)tK, t!it': i:::m~r r:';~l p-en:..'itri iili K,~J!f ®l1fi:.Btf pre­
pr:~esiir,m, ~tnet:i t~t t~, @tJ,)n1;1ni~ 1~nnt~~1ion ot t~ C-Ql$Ci.S ,:l;:p~arln:Q ht t~ .seqJen~. H~n~ s~m$l"ltalli::::,""l is 
i'i!, k~"r· i~5i}~~· in ~tfa::;lfi;ti:~y ::~ppi:Aj'IQ th~ %:'i:('.ME.C. ·kiM11-t !'):):ffeng schernE, a!h,oi...•1h mt ar.-eclng :at ~r 1h-e bifsqearn 
~yn:m;,;; ~M 1hM~ t'i:.·M ©:~if\~,~, R~ffi~'!.W\i¢ f.i~rt <1.' 1h~ ~i@''*'~RJ 

u~~~1~,l\ tie i~'ni: 5eyne11faik~'< den;'Jt'f!s ihe ~ratrn, :ai~f mt ~rtlllt~'iW.'@ ari m1~ge or ~ VitW{:o ~~q:i<e.n..~ imo 
i"~~~~ t::,;it~t:f.t."rj -tit~~'>~if'iti= §t\ ~ @i'.~fl ,t;i'lt~N~\. fa1 t:!:i~ t~e oi vi~o :requ~11c@:, iliii$ ~dtikm tho.tlk~ ~11i~'ii~ ~he 
t~~1on:1! ,xticrer~"'t:~, f.Sf t1e. re~1;,:mim $?~~:e:ru:::e. 1:1f:' ®J?{t =Mi$$,~S r~re-S:i':t'ltif.':@ ~ vje,o: ;ntb"ect. ~ri tr\s, ~n.t 
ht~rnk~ri!.<. dff,,~-mit !1Wth:xh hi;'!~~ b~,~~ ~$f~~);::)i;~:d f.nt M:gt°hi3:fl>t~bPh c:il' ~;io.'¢0- ~i:::,1ui::s,!)~i::s::::, ~.is.~ci! °'"" ~i~h= . .;i s.p~~i 
&'ltn~tl\iltt ~ !'t'l~k~'i t-0~rt~%~ tt)crk:it1 Hli <:~' :pi,) i•:>nt pi-oc~~ir:g ,c.t ~:@:tlo4erni\¥.Il! f2]}115K6U'l5J. Thew 
:ai=g&i'1hir1:t :;j~ ~r~piWwd ~. id~~m'..t -ti~i:,:t~~~ {.lf tt1evi:t)gi ekJe,'<'.~, ~oon'fa\\l t:6 £t:<~il!!> l~"t:~u.ii,ei 1'i~'-tm,.~~0~ti ~~tl 
tTIDfu:~ $;~,...1~r~~~ ·crit~fbr1~ 

It, fi)\~ ~~111\l~, ~ fr'_~"i'l~',M::<tk ~imi~ .~ .~i -~t~ltf>~'.-1!':\~l,t:! -t~~~"i-i~t~N ~t tM*-~'<'ll ~~'l $t,{1:'ti~\ ~9t'l:i~1~~Ht'..1t) ~!t:t1qi:$~, 
d#"vei<Jf~i thnR~i¥.){J\ foe i~~nd~r(fffu:.ttk1-n ph"'*$'1:l (it 1:s,:.:t11ec: ;.44~1 V~rthm ·~, 1t (l~~~rll~d Th~ de-$,~liikm :~ ~h~ri 
ooiy fm' lt1kvmi!'itiV~ pt.ii't:o~~:1, ~t. ft'® ~@~:iiqu~ to ~:dtad ~~xctt =irtti'l il'lfil $~"W 1~ tut ~tat11::lat'tli1~1. 

Thn~lt.wio,It u~ ""''bit: o1-i: .!l::t1K~-ti,is:tlt 'iiiil/ttitt1atkt~ of {i"lb'.ihg d.\~'d!t tliffiilt~,)t r,{op'.)~,~ tt"li' t~'>~if\t~:~l ~11ct spi:it~i 
~~Jrrt~nt-::'§:tkwi: ~zjrn:i'.hn-m h1§i.>~ b~~~,, tn~\~~,1l:@~t~d. lhl~ :t@liit.td 1§t U~'t -i1md irl ~, ~t,mi:'m~1 t~~~)Jl!!l ~'id ~twl'i~l 
s,s:,gm~mt11,:ti~n franwc;,.,m~ [t '.1] '<'<=h'ici1 i5 sh;:i',':\TI m a high fiEvel bfoc:J,,: cliagrID:'TI in Fig,~:t~ F- t 
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\'dsijt~rnJ 
:St~S1U~tt~lti~\H 

1,1'.,Ji:bl 
8:~_g:iSi~i~t~1}(HJ 

. ,.,_-~~..,..,,, \ ,,....,,,.--,--.,..,.-
t 

'"''1~*-,:t 1!.h,i;k s~1~t~t", .. i 

Tiw 00i11biriM :s.tit~i:i''i~ ~ppli~~ kt ~ fit-st s,1~p tM ~tlliiat blt-'zittt- tlf .;:;:~i1wf~ :111d:iuf\: ~st\ht~iii-t."!l'1 ai1d tx..m"t~i~fon 
I8m;~J[i{l] a-r::.1 s.~ne ct.it ~1ed:i:,wi [BJl:9]PD] wMkh ~~~""l hi: t~ a~ ,1 iind d ~-e,1:Jtn;;~$§..%'""J m :nn:Jer ki :efariinate the 
it)fu1:t'\"'1~>.t) ~-.J ~ m~1"0it19 ,s::,.,.:w~t®'~- I~ ~ $>.t':$;:'.}l''0 ${~---\ ~,iH'R\lf ttmp,:sf:Jl ~ ~~'t1~'"l~d $..t,l:.."'l:'i:iKl'-t~mt,,~Y-.J.:i M-$}!':rmt~t~iJ,,;i-/·') ~-.,,~ t,~~h: 
,;,,,i,,~""' i,. , .. ,,,,i-i~='l ":l:l.~ d"'-''""'~"•iir,, .. i: -,wi- "~= f""•'l'uir"'fl'""f~'"'' ~n,~ t='"""''-~" -~,x il>-R -=~ ·ti;\$'t ir -N"'-'1"'f~ '::;';l""h.-., n"-c~f·-ll"~1irn :~~~.,:-,:,.. ... ~, .... ""'. , ....... ~, .. )~~·:i:-.· ,-> .. '-'.'.' l:-.~,.}~~:N.,~-- (~: ,->~ - .!-_;:.:~ -·~-~----··" ... _ f":>,_-. ~-~ :, ~·:~ ... - . ~~~""' -~ ~"-.->. ~-·~""" ·h":- ~~.·-...... : ·~~~ ,:... ... ·-...~. ~-. -~~, r},:... ........ ~"""'· ~.,· .... ~~ 

tem~-;wai $6~'1~entatb.,"l reqi,:lie~ !€\% o.xn&---i...dmimal oorriJe}:ity Ori -~ eother hand. t~~ing hro a<..--:oowit JSis.o ~p._~al 
t:t;r~~"l::t~ti~n %,~i t..::i !'r'©f~ ~~ ... w~t~ $~W!'!~f)i~~~Y1 t'{;t-\$"!~, ~)t)~ i~Wt~~M~ %t '*¥l')f.)t)i~h~~! ;;;a;:tftl*~l))ty Z}f t!-"\~ 
$.~Jn~~:::1~~ti;;in, 

lb:f, ~v~luwion {Jf ~hie ~·tftr:::.._~1l~lk~--i rt~%;:!~ hl:!$ l~ti d;ii~ $~&{~::.~,frttJ:t k:v ti!lt"* vitwk~ tor lbe M~~~t.1-4 ~:e,jf 
~'"t) .. ~~'$- Mtit'W l~ghi:®\ Atl}o, M.:ill it%!'l~t&, 0:ttYi'iiitH\t' Ship, b::.as~.;iattl, ,*)d Tabl~ T~'if\ls. h''l CtC'.IY ,R:tj GW 
f&m~~$ ""·Mh ~, fr~rt~ r-*fo· d H) ~~-- ltt ;.ldd,fo::;:r\ #'® ~imt~1~ h..1v~ b~~'n: tiif~<t.::liv~:!f ~,.1::iih-1i::lt~1-':i t,~, th~ ttw~-~ almti;.1 
§X<e~'11&"'$ i;i [Hl t-~'\CD fo( :Sf..1'a:1iai accur-acy ~~ on~ le. ~mp1..·;ral ~,:~h~HS:'sc~. Th~ aigcii'h'lt.-ri:s f~ ~Tifilt-a mction 
~tit~OO,) ahci C.'Oi!fi~'l~llbt.\ ft)!' d~W:t:'iilli": <f st~'ffi<--ti~1~, k,'{ t~·'i'iptif~l ~r:-d ~J~l~I ~~trui'ltMl~1, ~Pd 1tlt' 
ct;t'.t:nhltif\J ~r.,~r.im~ ~)d r;p*14=i ~~t'l'';~nt~fa:::l") r~t.i!t~ ;,~ii! t.<,..~ (~~M'fo~d ln frw kibwi'ltl 

Gi<,,erJ t:.<s~ ~u0:.--:es.~ve· irt"'~ges l{~_; and \.~,-t, of a ',/d~ sequen:-e· -::::~pfare:.1 b~' ~ $i~Hc or m-1::rih::J r.;~;i:rrera. an: 

®Pl;l~1t ~an~ra rm,'!i!Jl1 i-s ~$:tlm~tw iif!G ioo~,~te~- Ftir thi~ lWI'P';.,$~, '* m~th..:.~ci \~ @e4 whk:h e~~Jrrhtt~i the 
fMtkw:, p~,:.:::,~\:-$'!~~ .~, ~ i'\gid #..:::t1~ okj~tt "'"'Wtin ~ ;~rt $p~;~, Tmiio, lfw t.~,~*'(Jtt:<l-$'lci o-f 1h~ M,~r;~, !$ ~)"$~tim~d tt) h~ 
plicln-l.lr.. Tlre ~ight p,;irnn,~ti@,$ of ti:® 1110-ticn mK»:.;.~] ,'.;) ---r,~ Cl:!n rdl~t any k~"d of rna-am1c, @~l,fai\t z;x,'fn and p-al1 .. 

FC§'-e•.<ary p,<,.,'i {!i\,,.J<;) i~ frame i\g. -~ C<JIT~~p-&dir,-g ~I (.,\,l\) &dram,;, s\~.,_f, ($ ~},Tu."!: by: 

The c-&'ne.,..s rno..i-Pn is -e~frnated by r¢gt'$:S-;,it~ -o::~s.:irl&iniJ o,,!/ Pl:'ls -.~11hln bad,:gr~nd re1ion5 d H~ ~e--t~us 
rn1a:;e. Aft:certh<$ estirn~tlon ~ {He t;1jj.jjzyn p;$r~-e~er$, th~ dh,ptat~i'ri:l;n.1 ~~Qkt -~ix 0e-'f1t't p~ -~ ~;nown. To~r\ a: ~t. 
pr~e~~it19 11€':p W:;.t1~s &.:ir mo~! faii'ii1r~'li: iifi ~c.Jq}t~urd r~k:wi!:: tfo~ ~i:i 1h.,, a~tMmftitX) r-:..f ~ rigkl ~~~- By thi:s; 
post-p-r.o:~-s..~m.2 it@t\ tht efilii~~:l}d t~a~me:."!t 'lt:~ rl ,e,,,mry tJ'<'ttt'i-gtUtm .. -d ~! \§ irr~ro:::'ild p~ffmmlng .;§ fu!! 
$$<:l",\-"tl Wl:'!f\h a ~tfU~H:l·!) ,:~fl:!$ of ii#l!WiJ $ct~, F:qi' f,;i!XJS."He$ fe.i!~Qf:$ Q{ ~!1$ ~iQDfHIW\ m1;; Q~ne,ai fl"l.,,~i!::\:) ~ Wlly 
cQ.~peraate1 if i mtNing camera has L""t"e'1 clei.ected, · 
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§n ·fil'l~~ of .i: ~@tn~ cut l~b-.~1 th~ h-.'-" =l.;.Qll~~f..,;:_,mfing fr;im~~. lhtt Ciit!'~s'l.:iNl fn<:)tii.1n (;~t, f!Qct b~ wnp~n~~rest in ><'l 

s®'il:-<t~ m:,H1n1=z.r, Ttus, $eBM::i t~tt-s have ti:)t."@ da,,~t&ll t-0r ~e,~1U: ~1:1:e k) pe,~-:mm fmtn& im.~h~i'$ :s~~ t):tl tti~ 'iJkioo 
$$;/U:e:ice, Tu~ s;cen$ GUt &.$tt~tnr ®$:tiled h$1;; i::,-;.,•aru~es w~lh$r the diff$'ent$ b-H\,'<'~n 1~ tt.ltf~1t oilg!na.l 
in'%'!~<$ l~i;s'\;< ~i'>,.<i §!;$ ,t-~rn~t;;;l; :!W'){iM ~mt~~~;;it;;d pt~i.•in.'l'i. !M;;!:lj~ ~i{:~""m ;;I: $!!\<,/;ii ~~s;;~t,!ft Tht *'-'\~iH;t.lk:¢.i is. 

e--tjy pe,tfom~t ;,,,1iiliin the b~~~\Jl'tl~Jrtd t~""h.~ cf the ;tevi .. ~ fr~m~, 

ihi1ii ~ltit~':.lf,:t\ ti&$i'i~"'lfalkw.i <>il~=tdl.ht!\, :,,,Jiitih h,. m ... ~iMI~, ~'i!i~d mt ;1 iik@)(t~= di{.,'§:1-:=.tlt)t\ i::~iit b~ itiYdh.+1$d kib 
oov~·,~i ~,t~p~, =~:S'uming that a poost::<~ -GB>.~•Nl.<! rr~tl@1: l!k-s ak~iS!dy :~~n f;-0!1l;)filmat~:d: by ih,e ~rS:t ~kp, an mrti~l 
th~tig~ d~~!.l!t.i:ltT~ rr1a:£.« (GC·Mi} l:-'i.\\twt,~n lwu cst.:.=t\OO~V~ 't@~'!ii ls g~r~~at.1d !n this iti~sK, tNt,'?f p&. ,,vfwt~ Hw 
!tm1in;,u11,'}€ C:f th~, iru~~ has t:ihr;.ffiJe:.d due t(} .;;ii rf:&.~v~1g ci:i,~f is rrnlr:k~i. After ihat ~,umt..::~;l"ies .of &&~ngetl ifl=R~ 
areas ;;we fil.nl..~U,ed by a ra!.i;.;zifuri oo,.;:;hnlqi.m [1}f2]. ra~'ti!'1fl= in -~ rrm~k COM~ Thernby tt:ie ~lg!J~hm mfap!~ 
fr~n~\~h,.~ @Mt.Jfnijtk~lty t.~ (:ijni~t~ n.z::fa,~ WJMe in Pl kie \.i'${i~m*' ;;_i ~rn=ern rmi~ ;i:!f:d lh!;! i;..'*i~m*' v,,i~flin .zlt;,~i:t 
re~~ns m:e h!Jt:M me~me..~ b..~i~ oo the CDM\ here lhe p-e''li~E m:;srt of ci::ject regbn~ (OM} is a'-'..idlb:w1~H~· used, 
viwre e"~·y pcl is mark~d \<::h~h bfilibi~:i to a mo'><~'i~ oofect. k1 udar k ijn~!!v ~,t tsmp •• "!'.~l(;<' ~~",.~ ®lOClt reQicn~.­
s· •"=•p,,i:s-,, \:x· "'-"."ii!i!"'~"" ,,,.,., ... ,,<k:w1 :ff't,,*··s;: (_>'"i')i',j\ :i,; .i_r-,,·,•L_---~= .. d"-P'',,,w(i *-·~M "'i,,;1·"" """"l'f'<'Wm! ,,~.,~-;~t··, ,-,t' t,.i~\t_ ,,,.':: .... ;:a,'i;; ~: :-:.·~~~:. h.,. ~ , ~-- ,,...-::--.: .. ~~a::-., ~,:,..,k~~, ..... \!--....:? ·~~·~"'.:.x"f(.:,:,._..: .,·.-:,..-.•~ :-~· .. :- :~ ... .. t:>~,l::a::-..~·-1!'·..; --~· =-~ .. ~.>:,..~ .i n:l~"~'-.:- ~ ~: ·,:,.., t-~~ .·~r-~;,.."'.'~"-· ,.J:~::r;":~ ~ ..._... . .:::('>..-xf.,· -~~M'-'-"f-"'·'!>;>.." 

w;1ton,~lk~kt ki t>w. i'@~i-..~t1t:t,. t:twr. film GDM\§i i~ i:k~1:µmi00 ~:t:i Uj~'® d ~- i'tlul'!,'.it'):::~iool t:biilt\;"--ti~'m:':ut at'd 
tiimiM'lk'tf! .µf tt~"il ~~~flt, ~~t\lt~ i~ ~w fin~l c:n~A 

Afte· ihat an init~l obje~1 rnaik {OM1) is mkulated b'.f" etirnina~'<-tg the unm1,,~€'·d h:~dk<Wm.Jnd iaf€-.~s froo1 ~ GPM 
[?]., H1er~11'0,'B ,:i'Usp!~filn:1~nt ir.rfL~maiioo fm ~Is -,-;,.,t!hi:1 the Ceh~ng,ed ragbnB< i~ 1.is~>::l. 1]·%i dl~p~:e:-<11:ent is c~k=iJ!atoo 
bt -~ Mfr~rd&:.:~t bkx;fl:,ff,:.~1d'}ef (MeJtm l:Sl, f\:si' ~ higt~r ;i:!Ct~w~y of 'lh~ Cij/U~iii!~ ,;_jjm).\:ij~~~nt \i'('!t:Wf t1~ld (OVf) 
frie estim:ared GDM i~ ~OO$idere-rL Al la~J:, the t't.'llmdns d ~ie OMi we $,bpt~d ki ~-:e·f !e'itel e--..i:ges in itw,; 
~)ff:~:$~'l<:Wt;lii~ kiW!~ !fl onltf 1~ it'l'~pt.e-~~ l~<t ~?i..~**::y ,,)ft-':t'i cl:\j\1:i-~ t:n~tk, f~:~A!il~ it':,~ flt\;\t~ st;>,.~j~<;:;J ri-w~k (OM} 

{::.;,., ..... ~- ." ,, ~"' ,.,. •. ,,. & ,r,,,.,1=~ ,. --.,~,-~ ' .....,,. ,,., ,,..,,::&,,.,_.,. ' . ·W""'~ .t;·., ..... fk.,., ' .«,;..,!• '"D. ·i<d i,;-.o·· jc,_{'\' =m ~"'"'"' j_,~:'" 
1-"1:°s~:f..:: x~~~ ~~~:,,,,.:Z:,~-:5~:::~~~ :,.:('.~\ ~w .J~}:) o:~:~ . .a f~f~·~) , .... ~: G):~ :~:-~.,::.,~-w -!:~t.}:;.:p,~~-_. ~:h-=.=-~ :-.:Jr.:'! ~n~~~.= \ .... ' .. !~- l'i..._.. __ J~~ll/·lS- ~i-1.. _: ~~-;::-~, l.,,'-'i .~ 

fu"tl:s.hokl 0::.1j:~rafam V.fl th~ s.qu~~~ k.m1b~'}'i:~ diff~~.,c~ irna~. as {f ~ ~${:ti~ ~n rn. fhe t:hre:tho.:tj is ~lcu!a~ 
lrl ~-,:roning -iil liQ:,:s!fi~r~ t~t Th~mre, ih~ iumin~n(~ ~t~r:~ht.~ itts~~ c, ~~ ri~®ii~ii ~~ t)~i.:=~~i#i .;;;;:i;ti!;~iiei 

nd~~ ;,:;A1h ~ 1,,;:';lri::lt1r,~- ;i 2 ~~WJl 1~ t,~,t:~~ th~ v&~~N)-~ >::)f th~ C$ll'*-f.$ i".sOi~"-, wtikh ~1:eans hat ~ ~urninan~ cti~te:'100, 
st, f.z~ pt!i i ~ ;i:1$$.{mTetl t:i t.Zm~~X~'ld t,:,) (~~n:1~~ noite (mi twp<itht'~~ 1::i\~ J ~rd 1w1 to no\:~hg roJeti~ (hy'f:1t.i.he~s 

At*{,<t1:«,~ that r!.¢~hl1t~itSs~ p.tl~ ~r,t ~!Mi~!i~l lncl~~~l'~ii~rt, th~ s:u'TI d: ~fa in 1he: ~u~:ed -dfff.-a~rt~ ~mage wW1in 
~= \:\it)::.i>;J-;.<s:' tif i\(m: b,i "',tt) . fit)tm~~H~d bi tdi!:~ th~ V,~l.,:st~~ e<f c~rn,e·r~ r,vi~, i~, .:{ f cll~libu~d wi:lh n" i.-~\Jr¢'e·~ t1 

h~'OOmn (t:q .. (lt). 

Af p~b far ;,vnch ihe smn T &'<ooetls- ll (lert~i~ ~hreshoM i" Me rnmted as e,'1~ng:,1d. ~tw cttwrn ;sHi rnarkid ~s 
L.~:eha:~ged, 'tte lh~:stok:l f.,., ~ chu,s.en !n such a 'Nitf, thit ,a$$unfog the ve.i h~s r:.nt ¢,anged ,::~t.ts.ed hy mcvlr:-g 
~':je,:m, #w µr~oob.1ity, fu.1:t~ e.sl:cl~i~=red~lm1 T k; gr~ter t~nthis:t11~~t'l%.1tt e.qu~h to l gi':.=en \~!~'!; (t, 

Hi,;ffi, i"i~ thr,,,.~'1,c:'.!!d r~, i~ ~~mi.~ \r:) 210 ~r, fa.,,,;-::~~~ t1! CC!F ~qu~1ffi~, whi~ in i!Y.,;; stta~~ ~f C!F ~qu~,,,.~ t,, i~ ~~t 

ro·rns. 
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e~~~tt r~~l ~1.,ii~,;:&i h~w~ ~H'Ktt.:iih !:;':;;'f~fuur~, $p~dMl h,:.rn,;g-:::,;n~iiy or iJi~ CDM i~ :rttq.-1ii~,l Sp.iti.::ii hu'ln~.,:;~n~t i~ 
,Ehle;,;'t':J b1 r~~at!m1 4 loo CTh\1i usint:l a rt~th-att Pl Thtt~ Ht€ CDs\i, ls ;r0c,sjc1;:i:'l _ ~--ra1it:@lV, !n :ea~i'l ~-rer,iiion 
,M!$-p $. tecif.qn ·~- &,a® fat ~;,.1et)· b{t!$t ~! rn the emit, tr ij !:$~$ to 1~ th!ingMl or to- ii~- uli-,.,"i"~"¥J$d .;;f-ea. 
Tut~, f.t-t ~\~fY b&o"\1~ !*"i ct n,'*1.Jrn1~1 ~'TI"'~ ~~~~ "" tit,f 'h~~shr,ki it t~ruJk::i~i !~kin@ k,'k" ;;1ct:n-'::iiit · th~ h--t~! 
rIBighb:."J.lfhmd {lf tt~ pd. Ftw t~ t:!t!-d:Sion, if ~ :r.~! J1;;.~ -th@:nged hy trOC:.l>tlr-g ¢ifK:$ {$- rn:)t ·~. rn~;,i:!fl'1!;},"'1'l a priori 
~~fo,~~{~- {NAP >::i~fin1~t&') fa ,1~~,;l: 

H~"\'\ (\ ml:l:il~ tfo~t ~ J~i i~ n1~4.-:~d ~~fo,tn~~d ~'i th~ C)M, '<"-·~l~ ll, trwit\i Ih;M ~hi~ p~I fa mJd<:~d 1;.~wh&::.~ kl: 

ih~ COi\l L'J ~~w.t~- tht @\V~© cii~Yi~fiOO k~~~ ~t,\\-\0011 frat!~ .i\n W')d l\_t,l; . Th~ ~"tfu~bl!it~ii; in Eq. {4) at~ 
rn~~H~ ~~ foiio,,~4rm: 

TI'@ µrcl:.~imty §hat i!I :~rr:ih~:i-t:~ rlirk--mr~- i,. k:1 ca,tJlfilci b:J ~amwa oc;~, p(D f:\} i~ d~~cri~d by filw $IDm~ 

:i;.,-:;;t-1~\~~ dkt1t:.t:-wl~) ~i gi~~(i ir) ~q .. rn- Th~ ~~1-n~r»·>1-:#.i11 tit'<-k..~t)m:iy, ~h~t ~ btBi:hTh"ti<;~ s:!if:h"¥>..%)t~ ~\ ~1l' 1->'1~~~1 
ht mt)\At'.!Q i-::1\Z..·,~tlit p(D i (\.l h- mtit~i\~d ~~ ei, i;;~;}~~i~t: d"",~'lhtil~¥l. t:xt btJt ~h~ ,y.11rm¥~· of ~hl~ dl~Nih,\.Jlm h 111:it 

h'iPl; lhe; v~riM,f:! ,ITT th~ ~rnef~ no,~E;\ bii the *'?-"iijn.--;~ <:l'/ of the dff~~~~~f m~ge .n n1~-~4n;"'ci iri fl::we,~·lc'".:cimd 

1:))$ t-::-,·1> ;;ii p.rfol ~t:ib~t..ihil*$ 1ri fr,t (4} @~ f!'~>cl~ll~~ ~Y ~= ~fatk{W rw1:~k:~-r1 fi~Ici t-O't11\4¢fl:fi:~ i {J;.;Jl-t~itibh•;¥¥h~>(>ci 
tlf ~~ p~I a~ ih::rwin in rti~r~ \/2. ,,'34: 

~ 

.Pffl,) ::: '2'~'.xP["· E{G, :J {F). 

Th~ 1~"1:rn :v,f{.d and l\{1).·', ~\ 1, {kt}. i\'lr~ ii• n-:11.S:oo;rn~ fjr th~ k1f}:Jm,,::;g~n~ity of 'lht:: r~~htot..~ht.<0--tl ef t~l ii:, 
'<:'i:h.sch ts isep;M-~~ if:ita !:oriz-~ntw: i'.».. \>-ertie:~l neighb~.,""<lrs {~b~fi,tiaI B~ a:.~ draga~l ffi:!ighrot~ {pi:<ter.~ti:al C} ,.i::s 
~h{~':>w1: tn F~w'!l:! V2 A.14. S:o, ~he t~nn •',t~It) ljern:.~~~ th~ nwn~ ,;:s$ hmlix.)ntii llil{:l \1--w1k.:;,.~i t~lghtiC~ti~ t~f pi:;,\ k ~i11h 
li'!¢ tJf;t¢ti~¢ ~b~l t;> '-l.t - ln l~t :i>Mt)~ w-~"i lhi: ~ftr~ 'itAtJ d¢riPizt- thi: rnt)':\t:::et fil dl~-m! t1ei~h.:t«1~'$ ~ pd ck v:Aih 

the-npp:)'Siite Iait~! fo "h. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2501 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



Fr:::&<n t'.q. (4) b Eq, {f.l} th~ fd§,t):,;~-'hg J~i$iP-~ twie t:~:ri i:l~ ct;:e;ri:\.,~-d., ,<:,h~te d/ d;e:not.,~ !It~ $-~W,,i:t~ ~mbt1r-100 

®ik~<:ice m ~l !': 

n~ l,ltie§ 1-1 ~\~ry txi.fKtW }~1 in tt~ CDMi is tletUei1 ~Y :i.J~i')Q. tl:l:."'i~ '<l!i!:ci:t.~in llll'ft:. Tn~ n& ~t'!Ot.::,,'d rea~i as ~'t.\(!t.f§;.: if 

.,l} ~~~~i$ li~ tN$,;_,n~t1 f~n'< ~tj ti)~ ti!;frf h~:14 ;;.ii~ ~,: ~'9 p/i\ fr-~ p~I /!« $~i :fo-, ih.:1r\~~d {C'VM'.\,~,,~.Jh "" ,lJ , 

cltet\t"'~-e t! 1:'! set lo w,~0;'1:an®d (CJt~J:\",.Jfr,, w~ . The ral3~aifuh is :i:ito,..,""e:~setl ijs:a~i\~h-i. w,"<j'iJ ncihin~. has 
chang~, by r~!ax1:~tbn (;~ tl~ rna~lma\ numh~,"'l· of it>1<rn1tbfi ~t~~ tl =is r~~[,h~d T}~ Sl:i• cl..i.ainfild CD::\I i~ di<!1'<nt.~'\':l 
C}L1t{1~. 

Fti:r (~~i~J\~l&):~ n~ COM th~ ',fML~nt;~$. ,d &!~. M~ttfu t'i@,t;f{Jtiit1d s;/ s)tld :,·;Mhit t)tzj&:t t~tffew~~ a/ -iill'!:'l i:)Nid!:'ld. 

~\'nil~ ii-1 Pl ~h~f~ tht~ CD~% ii mi~l k* t>,~!t.i.i!~tWtJ it~ ~·~d*1J::>::)~i t\ 2 ~Ni (,t, it /$ 11w:<r~ ~i.;:,.~t 'lt} t:ikt./~t~- l~ 

\..<a:-tjance ,:,:l' 'Nitf1~ tr~ um~'1iged regioo:s: cf t!~ CDM ;;;itx!: the ,t~i;;;in~--E ,,,,_ '.' ,dh~" lhe ,:qed r€gbn~ .,:/ the- OM. 

'i''jc ,. ·"'-·<S ,,. ,,., .. ""' " r .,,, "" • d I «&,,.-,;.. .· ' .• , '"''N"' l-.,, •. ,,"' .·' A~ ,v '"" ~&. '' i··· .. ' «~' s..;;c.., ~v «l" ,, . ',., .. ! ,}l.m:,. ~'.':'*> ~.~,i~f!i;::,t,:; .,;,<'• '>-'!~"i.; i)O::~. ,t)t~*-' ~~)!'.,,('f~.~~~~'1; 1-,,,~"j<,ijft:~~';;!:~, ,".>It)~ \.~l~ f:'i\'!i:/..,:t:,m~ ',•'\ $iJl:'<N °"'~'-•:R.:)t\.~l..>t~, 

mto.;,..~~d M~ound ~)cl• mtwiniJ ooJ~t~ ~m 1@ 1mfu~\;,,~·\ for th~ o;_itt:~1t fr~m~. ln till::§ ~p.fo~h tht OM ~"d 
CUM 'fi:'<:©1 l~~ ~~;_,i:,,.x.it ~mt~ ~,~ :®~.;t, In {¥clw t~ h~'¢'.it¢ ~ht itibiiib~~t lt1 ~~ t:if M,..~1t¢ th~ w,~-,'lj~,;J~'¢tl 
"'illi~nc~s .al,® ;~wBr.afl,©j ,"i>ith tlIDS~ of lfl~ !~~t throo tfml!ls 

its ~h~l ~ti~i,~y \$'fyi (~>;:i. f't'(i'.i 1}w p-~~n~l'.'11 •~ h. ~'>'t t,:;:< f ~-11 h~ lR""~~i'it\~i C li;; t~t \t'I. :;?,.$, f\*'1f:~t\ t~ r;:1~tit~,i Nm~~r 
Ii re\..¢x:*1bn st~~~ t<l ht, ~~ t-0 2(\ 

!~1 ill&~ lB tn&!ly ij~t t&nt-ot-:'ll !3t&u~ tlbf~t r-t':{JiM!3. th'® CD~~ i~ Upi.Ml~tt \,':,:1th !tIB Pft1Vlt'lti:S f..:1\<l t~. ifi m~ crn.b 
acidtiD!".a~\i a!l pe:~ are set ta ~:::ha~;ied \\,t.\kh bBlonq to the OM of~. pr£<\•°i.~is fraime. This $ ha~e:§ a,"<:; ttE 
a$:SL~~1pfa-.,n §hat a!! ~~\~ ·.,.hich bitbrig~d fo th~ p,~\o'):,w;. CM ·~hc<Ukl l~k"*,'£! fo Ii~ t.,, .. ~rnnt ts-'"mflg~ d~l~·dtm mfil~t­
Ho\<:-:~':ttr. in on'.fuc~ t!'J ~void i11l111ittli ~~· prOj:..~~\ .~ i:..~~ fwm t% ~~v*t'.13 OM 1~ 0i1ly l&~l®ti &$ :ti:)~~tl in ·tM 
CG'Ms, if t: '8as a%o la!~a\:li?.d :,;s~· chan.;;,i.~~ =m frle CDMs of.G,"'8 cl be :\~sf I.. fr:an1Es, k'"lO, For th~ r~·pns,e, a strirn,g;.o 
k\t evety ~1el i:$ ~"lplb'L bl.Jiklitl@1 ~ memi:.Hy {Mft.J}. 'th~ \t:Jt,i¢ cl' th\\. $;kif@~~ ixhi;:~i:e:$, if lh::e t~,~f:i,f,t:::thie J:i,f,l ',"i~$. ~~t 
t{::i ciian-~ ITT q~ of th1;: t wi:;v\m-1$ GOMi:: n'11;: v~!u~ L ~<l-re~ t~ 01;:p\ti @f ·~ ~m,w¥, Ggn$i\:l~r:g th~t (X)1s~~ .. 
CM $:"W MEI\,\ ara r--'ltH:i1"'11a1sk:~l fie!$ and that MEM k fue 2em,ma.~'i;{ for fhe first frnime, the tipdat~ cl MElM 
t"t~H ~ :fof1tM~~td ~$.: 

Tr!e Ql,IITlWst z:c~~ i% ttl~'1 lApl.-1$'re(;l: :l.;\\<' :Klgii;~l OR: op...w~KWI Det',,;,'¥!~1· :ZX)!\~ -~fld tn~ f!H.,:\'KR~f c:».t 1$.in;, int,;;; 
~ct~)ti1t t~i tn~tht)t)' Mt':~1' 

CL'.l.Mi\~--~/:i:, f) • C:U"'V:l:\,,,i)(Ly),/ iot-"\~; {ts} 

'· 

JfJ1.E:J· .. .f{~:-~.) (-x. ... ~vl > 0 

,fl-.:fXM(.,i.;/t y) .. ,,, 0 

§t $ f!?;a:s,;;.ittattt to ::;et iii~ t:llipttl of ttl~ rn~mor~- l i'l:.l .~ ~11~· \/~l;)e, tf ii~ n'll)ti,µn i;;t me l'to\<tl',g '*'\,leci~ in ir~ $C'i.me 
iii srr1~, and n s-el L t;i iu.n-1,'§r\l,~lwe, If 'lt:B ml}1k.)n :unt~ 0t~~t$ ls !ruiQ'*, Thu~,. I &)ml ~e @cri=&~se~h\,W'l thB 
~<i.~n~e sWn1xiKie .o of the di$p!~e,~1erit \'l:.!ct-ws me~~rnd -,,vtthin ohjed regiora, fmthe;r,. it I$. raa~::it:1.'JMe iO 
ini>.r.:?$s.ti ti)Q a:fupth ¢if ~ m~'Th.,~.>' K w:tb h.~ tcit~ s of llic; 1y·o\•w.g ;;:;tijc:,i:\is;; .. h~h..,~, st ~ n~~l:;c~o:t.")>' fM .~t,iJ~'m;;i~.:: 

se.;rrilrira~cn b a~mme '{~ue of t ·,;,.'th tte se-:::iue~e. lheN'fur~·, the ':fall.le or t s Murisk~~· ~acu.tst-ed: 
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J.\s ~~fl bi;, ~~r, w.i E~ 0 s} tht ,.,~tii;-; of L ;~ ;•Alhi11 th~ int~,..,t,~ fl. Jllic.,J , t j$ :WttN,i$-~<:l tt' th~ t,~<:c t~$. 

tY\/i!\:, ~r.d t,\ ttr(- Hf; -"i/1\\), fhe first term ioore:ss.-e wiih the ~t-era-~,i;- ~plruclt ·cl' me· clispscem$nt s,,sei:rors 
':>'<:tttjn ooJetI t-e~n~ p-z_)ww·~d by 4. T!he i~ccnd t:trm ri~t~te~s.:ei; ex~~1~ntlm!t \;,Nh h@ ~ze l)f_ tha_ o~ec~ r~~*wiK 
~i>.<l·'i(<> ~"'- """'"'-*»>~~!,i ""'a<i "l"" ":*'· ""-':it"""""'"'·s;ofa'<•'< ~-, ,§:cli$;,,f""'"' ,~,"~ ,._,,.. -l\'.i'~1~-ss-~, . ., "' . ""' '<'>'-~»~ c,s~·""·sil:"V 'jl~r ... :x:: ,c.~:~i-.... .. )(.~~:i};~fis;v,: ~~ .. , -~n::tj,.~. (:\~ s;,;::.=~: ~~l t;·~·~.:::'~~~~~t~'-.,H::. ~t1t~:f~:3~. -~t~~ ~~:~$~~ .. h.:l~:,:,~~$< -~t.~ ~ ~ ~~~ .. j~l~Hi:g:::~--t.:f)_ .. ~" 

..................................... ..._ 

:: ..... -........................... .. I I 
{J} 

Fi~~ V.'l ~~5 ,= ~~mp!e• fITT'· enmtn~tirn ot ~--ni!.:j r~gkm'5 U'5~~ ~ terna~v ~ik; 
(J) CM!O wim ;,t ~.m-~~- :t~gk~) a~¥uhhm•t~cl tW ~"mlll~r ffi@ll!:!'=fi~ e~m~~ bJ ~1{*-~; 

~b} CMO l!lH~r ~in~h~\!l~k~l -0,f $t%.§1,li re-9l~t~ wit~~ ten}~t)t ~~$k; 
{~} T~;_;ir!f ~$k; 

{tij, CMP ~ff~r .aji~~Md~~{,; ti ~m~~I r-~fo:n~ ti:'~fo-g ~= ti,\\t'fi~Y tt~~$J; 

In on:l~t kl :simp-Hft filw rn~gions ki itm CDM, th"" mc~p.ho!~"cal es~,~t~"--:C<p!!lrafor is p@·fl:.wn~i:t Na:',,-i,, fur ~llnifoakm of 
~t1ali tfil~i@tt- a tcr.t~tV 1t1~~t /~ ~\t1~rat~d. b ,,.,,fotih p~l~ ~'@ i~wH~d ~~ d~1~~. if th~y am ,lit 1t1 lh@ COM h~-ot~ 
.~'lo ~fter t~ dosing ,r>per,i\~itL PB:~, ,,.m,:J:h arie- not s:et \is thE COM b-Bfur@- :and aft~ th!:! ,:Jio~ir::g oper~tlon, me &~t to 
unch~ig!!lct ki. ih~, ~mwy ma~\. ,~t§I~ fr~,s~ ~~!~, W'1kh am at dffk'-s:r.&1t fa~~ts t;~ft...'f~ and a~r ih~ du-sing 
,::~mtl;;i11 ~t~ t-et t-o -i!i third i~~. ~Vitt.in th!$ tl;!:m;jry ~T:'-®k. $m@H ~:t~l"h.~ci .ijnrj l~nchijfl~,;i= r~~·ln$< wtth ~ ~i~ ~tti>;:' 
.9 ~t,a.in thres;hoki are- qfrnin:&!ed. In ~~r ro P*"9!'i.'~'1.t th.!t 1tery ~mall rag!o~,, -,,<;,<§,k,h sre- miJ.stt'y due b nd.ise ~iots,. 
,w;;._tw it:~·lh~r wtt) k~r~ r~kJl:,$ -,,~b:,1iI 1l~ ,;:;.ki~t,,~ i::.s perfonne;..1, ihe hkKt !*'~i 1'$ ~~,M~d in ~ ~P,'edi§Ji s-;;'ftY An 
~r:~mpJ-;: far ~hi$ rn~fuoo i~ gN$""1 :i!1 F\,wJ,-~ Vi ,tHJ~ ,,_._,tier~ ~ Cl~\1 ($ ~ho.,t,n o-m~l.1!inin: i!i i~rg~ reg\~~, ,-d11e<'1 ,~ 
t1-'llit1hb:1:.~:i:,·~id 0y (1:lm'll ~"tt~/1 r~(.}\'.'..'<11~ r:::,~ll$~l by ~:i.:~~- Pgurl\l V1-~% t*~~·M{!§; lh~ Ct>M: <'l.tilllr ,:-::k::.tlng /~ l~rk¥t~d 
It (~n b~ $-...~1. ~h{:!'t $-1~ nd~y *'f~~ tite: :~1{},;,'lt l<~lh,•w •,<si~h 1h~ !~r;~ t>=e'iliz:in. tn si:¥-der t<.i #'Vz"""j ~hi~, t~-i::; temwy 
roa~k 1~ gen$f:":~rect ~- ~$.{:lit,f,d atmve ~rd a$ tt ~· $ho,~n tGr 'th~ ~~$m~e: in fg;mre: \i2 "6fit, T~ COM ~tt~ 
~it'Rlt~;%t:i:-.."1 -'~ ~~:,.;i~ r~fl$r.-,,;:::,~ b;;• tk't::il'.l@: ~ ~,•:"i:::ti:y .m~~i:: ,:,t, t)t~~~t'il:~d ln t1g.ui:~ 1J2 . .e;d.. Jil thi*" tl~M> -~ :*ki~I Ct)M /,z 
prc-t~s.:rei:.t. 

ij,;i$-$Q ·~"'l 1;t$: ge,<1ef:;!t$r.l Cl.1\1 t~ CTu1i ~ ¢a:I::wl~tect Pi :ct~t4i1g :;ind ~fim~~t#tg ~'XA'$retl b:a.::l;;~'bt.~"li1, t~ing 
kito a~~·1unHM,ad~4ac-anert roro~1s w!thin &e calcui~-d Ct:1\t Tre~fore a DP';/ krthe: rharn:ied in-sue~raas is 
,"'W<'"""t''S.t•,•i' h, h.,.,,.,,,,,.,..i.,.;_,.,,,,,.l "'l""''i, '"'·""~-,~~,,..-;::l'1;l U·i,:,.,,,,,-,,h>:=I ~,l•,,.,d,. ·~~•.,•,i.-,,,,~ ;_-,,,. ''"'""",;.,,,"""'""fl:-.;:,'"'"( '"''"i,.-,.-., i~ '"""""-l&!o>'~ ~~ !: %;.• .'~_,t ;.m): ~~}' n:~ j;~t ~I ..,._:~:: ~~-•~~~ ~J (i.,\._"'~:·•:f~l~"l,(<-': ~ IN [ -....-•J• ~ ·~~~l >':~ \..i{ ~).2{~.. k,~f:'u-~~ ·'{h ti~ t1:j ~~<t:<_~ ~~ t-.::~x,,.-J --!~~~::w~ ~.~:~.,;_~ !: ,:st~3: :, :~1>..<'·Ut..~· ~ ~ :~ f~,~~x~·~~. 

:In ~-i::fo;;-t:Q imi::,,n:,~,-e: ti® DVF ij{ o!ajed b;;:~,m~.tfu~, u~ n1~t~hh9 G;it~rion fa -ontf ~:;.n!iitt~,;;i fur t':h,:§n~d ®~ki,,,,,~. 
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rv tas• !f,-,~ rn,,,i <.;; act~p_~tl lb Qr~., l~>,,~I ~d~1. ,~. m~ cw-rm• f<'ai'"'i~ t~dtifw fut ·m.~, 'll~ Ct\{ i«tw t-h~t :®1 :anav r<:1· 
~~;n~cl~~;-l~. ~~~;Jfat~i for .~;~r;- t~km ~ fa,;' CitJl n~ t;'i~;id,~ i11r~i~-;f it~~· ~1~~ b; t-t)t'.i;~io~ ~;~ giv~~1 hl'. !h,1 
oonl:o•;g 0:f that ,~gion ~Q.-i:'"i:Skkr1ng !he Qt.,,'§l &~r the rn@'p1ok1gfo[!! Mo,,,,, Cl*f~t.,~ ha~ t.~n ~rf.-i)rn100 t,.,,~ fr!:::~ 
TM in~lrl~ Writ t.ifiw ar~-a.fc1 t't.~oofa..if1 •is· g~•'t:"i"i by t't..~"is?~rhg ·~ '#kltl'i u~t~~t~clkn ~Jf 6 ~L W'ifr'i~ th~ ~·~<il tf 
carredt~, the ~m"i::l"lllnr..~ a'%,~ M the i:wrent rm~ge •Jre t~&:{1ra-ree1 U!s:WtQ ~ ;'::,"~~I operator. 

,,. ......... 

,;l.._....... ....... .................. --= •' 

., ... ::::/ 
, ... .... 

.... ,,,<< ........................................ . 
r 

) . 

BJ thi~ £:cl~ a~'<-1:adon 1~\c:hnicy;..~ ~v~t)' b~~r ~l in fo'>'.l OM !~ '<'{afj~1 ti) ff~ near~~. W'ti lt:\V~l et~t i:.W lame 
l"'', l; . if 1}1~:e: 1.;X/$'lW ~m&l :Ml ~~f,:: Wt th~ ~f~ tt% C\}!'f!_;(::ti._1>:ri 'dllMri i cittle {J!' :l'{Jdi!J8· R :'.:: '2 gir,;)Un;l th&t .~. 

In flgtw~ vz ~e-1,. a~ ae: ... -:an1pe fer ~e ~p~twr:: i$ g\i'eti:C\".i i:he ~ft stje a: part ofihe b-l::lroet ti $In ctw'xk@ oojed 
in ;:an OM .:,;; :;.!ii:swti h~:cirao ~&~ ;;ai:{~pfaihM i'B< r,n:;,~i<t;t..~tl Arl®fu'.'.'itt:~!ly th$' hJ1Jmd !\imirn~~ ~dg~t.. ,'.'.'if 'tsll'i• · (:;Jrrw!l: 
!rrn;o:e ~re dr'<lvn irt Cm the ri@hi $.\de, tht· coP.~sp:ondit\'§J rgt of ~he b-N@f alter ,edgt ~d;ptgi{0,~ is p-rtwnte<l .. 
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~ f,:=)\{ 
'f' X},, 

~f.i;th:~Jty ~-:~i'&~&"R~~~-xl ~~~i-::~~1~; 

$f)~H~i ~1m¢->'l~.)tK'.<!) ii:,;H~~ (h~ °*"fl¢~ kr1~~ ir.l~'l k.,'l''t~~,!'l~~i~ f~~k~-1~ ~'l ~~nt'l~ ¢ k~'l~!ttit;t. Tl'® t:iiJfotMt 
horrn:;g~n1:,;QUs ,~gion~ :a~ dfatii'>W,Jistfu--cl by lf,~k &'£.'h'l1lf..B'SSi1'>-g b:;,i.mclari~ fo~i ~'-i::!i'l I;<t,; t.~t->i~"'<d from :frm ~~fi~l 
,t~n'1@1,tatit1t1 A n1tt'hoo far ~p~1la1 s~mt:n!BtiM h htt@ :r.ti:t):lli.~oo wMt:''t fa, M~'<l on ;a 1t"K-.r):itroiagk.'.3l 
,s.~rna~wtiwi that ut!~s r:norpb..,"\.\,-.gi,,'X!~ fi~-Ern and s w-stershEd aey,.."<ri1h'1l [15l Ha,,.;;.,se,~Br the :,\:-\a1Erahed 'i.;,'fil.hl•&Y 
=inkt:.¥.:i1.1t:.% m~r~gm~nfatk~, ~-N.1bli.s:mt> w-hicti c,;iu~ ,Nin)' r.~rtitormd r~-gbn:s. $§,•1:,;n in~ ~Jngfo {;<t;~ci: rn~m. A 
:l"Wi:On met~~ f,!,'$}~, ,~ ciev~ci w ~;,,·~ilci tne ~'-·~r ~m~nt~too i!t~r ""~tevsre:ct ~' t~ :$p®:tisl 1egm~nt3uort 
fl!J:..~-e. V1 ,,e~, depicts ·llie· '®l:l1i~ "fil::""Wlltn1a1icri P>-<t.<i:-ess. The· ,e:imenmttm a!o1}::~1t1m oon~s!ls of 'l.he fcll:0','<1no ffoor 
~~p~: Shr:-:t<ilfot-:-..~rk~1\. I1n*i~11: ,~pi:w/i);frN)tki,,"'l, \1V.~1~~~h@:i= d~t,..~~~b1 ~)cl R~Giti-n fl'h~rgk1ti=, TM cit,'<:1,:j/fa d' ~%~ ~t~f' 
~¢ ~l<;p.-l~tt~d h°'l ih~ fs.~%ti's'i:i=t~ $~llx;;!m~~~, 

Ft~ ~p~li:.,i ~~~~~"'ttMt:.irt irrl~Q~t :;it~ fa~t ~h"s:::iii\\::~ for th~ ~'~ (Jf ip:~il~i %.J•~nm&1~,t~"'n Mat)y (i:K'.~t:-.h::Jb~ir:~:;)! 
@fim'/5 am oft~;, 00:s:i@nfld t.;~· ~,~"ihin>J: noisy 'gr.a/ le;~i h~~:S: by a ri~1tm:n,i;oo :CQ.'l:J~~iflcn 'of ~p-;ni~J ~and 
dO$ln@ v,1n1 :a, gh~t) !!,:tmttutit:@ ~l~rri~tlt [Ml M~r~ ~D!:':iOi':i s)t°':d di!a"ilt1t1 ';-'>-\th ;,) ru.tt t~1Jclud"4 ~l~n'l~tit ~t~ ut:oo in 
ct;;·xr~in..i:ts:iin9 -~ m.::.·ffihi:ik~g\);,il fiH~r t:~ trn~~ &-i~;-:iifa:::~t\'.'..l'). 

!~ r:~;)r1 h@ tKiiit~d lh<tf ttw n1i)t:ph;J\t'\jit;~l1 tif~~'klJ o~atlm /,!,P\ ·: si!:n?Htes fusi lnage by rernovkg 11-$ bi~;h:t. 
~np~1e:i-m th.~t a:s:l not ft \'i:tt'1tn tne $tr'-Jtndn:~ ~ffimecn:$· wtiile f\, (A-) {limimtW$ th~ dml{ ;;;:c~111~,r1e::""'!t$ ~rnp.m~ 
1~ ~h¢ ~·!!J:vt-'°l~1l'it,9 ~,(l$'tii;i,t¥~t)t~.- F~~ the ~~~~ ,;.">f ih~ h~~-s oonMil'mi:J t1u:n.irn~1g ~ca~ v~Ue$., trw tir'©t1t iM ~rf.l 
©-1rnp~v;:e,,J~ $:h-.~fd ~ i::~ort~~ei-1: f,:w ~he !fiirnr,;lffu'-Etktt ~Vtth iM bi:~JMtat!l rn~-.~v,Mi~·\ i'rK".ltpht,.:,."<'iiJit::;i! 
:t)t'.!f.:'nir11/d~,::iwfQ h:t t\~,t,rn,t:n1etkm mt~~ ~t)\~ t.s~;:1 fr:~· mt ptlQ<:'.:iS-E, of ima]-e- si11plt""k:aton [l4l- That is, !he ~sage cl 
6¢.:$~ g1.ey ~~ir$ r:~r!'!ZJ''*\~ ~'%lk:in~ 1$~i: {W~ trn,:1\le.:t ih1<.-;i,~ st :g:v~n :::.~· b\t i:,1:~:s~t?-:e H~ c;,:mts:.'<\.~~ i.'.<f u~ rnm<:llhfuw 
:t.fuj~dli lt'l Hw i.t:1~. Th~ 0:~r1k1;fct111~ ty t~u~trtid0:,"'l lk'terl is i!V€ff by ~Mrt~i r:!lC>').1:1:Mmdlan: 
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Fr.::,n"l (1 IT) l:lr,d Ptl'J, !h~ kri~se ii ~i'i! ~ri"l*K.~ t<t Yn{lt) -~~tibh <:¥•et'i3t~t.n t¢:~tilfa iM: lh~ f\;l;l}::mMrn <.-tttil..ii;! ;ctrnt::"'"lff ~hte 

im~i@'i t~on e~n~~red t-.1 too itn.'<iUl.':il eem;e,1t ·•/iUe$ w-Wle i$.t{J\} f~$tl!{$ in he J'lininrnr v~i~e lt the 
ltx~timi (ti Yl 

BJ n-.-,;in,:,vi:,'"'\g' :i1::iN,<:::.t'.l.~-li d~b.:..~!1:; iir.i. fayf_ut.o;:;, of t.h.;, r·G.-.gi;:-,n,;;, l.h..;. i,"T,\:;a~ i:s., h{":~'\,~~n.<.:mcl .b. hw:i:,;1. d ,r~;;fQ.."'- tJ<l$l"§j_.l.~'« 

ci"i~r,.'<+se oo~\ C-0::"1*"Wdi>..W:5 arm,~ the dtfu._"f.~,t pi,,..~ d fo'"' inage ks;ad fo ~,n:fu~,abl~ si:tl.l;)for,.1.a So fui::;. 
n'IDrp,~ogk-$1 ~'<)f.f~t~n nelp-$ ~p,_::1'lta~ ~egn1:ent.$1}~'1 (;Ot~fa mof:f i-errrnntit re;r:1~~ p]rMioofng in me li~~r $ti~,, 
The fa11:age- s._h1plif:le~1ks,.':: fs nnt net~sary ai::plied ,:w{y ti} fue- g;r;9iy ie\>~ irnS,Je .. Fm the rEg~"S£; tha:t 'i:ifl:.'1'-"" k11,v 
t~Q=!'ll~~-M~, fu~ $kt$hfkm:k:il'l ff.\~Y {~MIi.$ !l') it~t~km qf t~ f.:.'<'P ft~it::t\t lli~t ~~':.,i/d ·~- $t\;X¥~W@, f)~ *~ ti lhz 
r~j<f::'$ ~wrriina~e-o i~- ·ctep~"f~®nt oo ijpp..~ijtim~, .A !l%Tip@i1;i,t im~*e iJ· ~-w::r,,\n in F9ur~ Vi <H)b, 

The ~i~t~l w~~nt tf ff~ ~irnplii~d in:,~1i:w h ~~~;;::)~fr~1m~d t};> th~ l~t ~f mz:irpb::if.:.1Jit~@l rr~··H~nt t~f~t{t%::.ir {14]. 
Thr~.;,@1 tr-it !/fi;,1~ iimpH~1ll~\, tt"!t 111:t.}OO -~- ~~~') li¢ft"l~~t'i,..«oUs t~k.¥i i:£ S:,'tt:al~ grnciitnt •biJl lat~ g!tadim1~ ®'~ 
~:q~e:t&~ .ibn!1 !:h~ nii1fa~:i ~::.ur1d,,W~$ $"l"i,:'it~ <tf6~r~t f'KW'lt::lQ~f,,,,'R;;:;.i~ i~k,ti$ h) lh~ ks,;;~~ $ti th~ $tK~·,n;,11 {w~::li~nt 
c~n oo us-0d i~ ~i i~ut of wal®'~'1:~ ~!ga;i~m fo Pfi~'!lioc:I~ ~n irm~gs 'inro h{irmJg,ss~~& hfon~ily f@J~~$. T!"m: 
tflli'f~'!cio-gm~I \l~ltnt ot~'1~t~' 1J$t)d ~ ~\1)f1'l~~d ~L~th ~~ 

t'tJt~ th~t th!:.'! n'1(.w;:_i;;:,:i,.~~ii::.:~1 :gndJ!;':·nt % pt:i..~iti'<~, Th!f, p::.i,~ilit'.':s;: 9r$d\a;;t1t~ \..t$UWiy ind~:{!~!:.': ~)Ider§; bet%'!:.':~11 n~lijht~'"l· 
r~:g,_'t.~~c:. ,:1n,J a!k.i,.;,· fil·,.-.~ ""'~t~f:~/:,,;-;"{~ k• -~ti Hi~ i/:Mi!ft0 ink~ 1c0gbn~ whk/1 &:lB &A,k·,d lly th~ l.is)i:<l~,-~. 

k~ th~ r~~''i:"$ \<>t'®rn k1l~r;~it/ -;,,~rl~lk"lli:$ ~,~ tn1;,1i( $.\)~*'"ii r:~kt)r:; ;:it\"' ;?lml"'li(f:iK:@~ ~() th~t '>'<';,i~t'$i~ ilti~Wijhm 
1"r11:ty yidi::B foit$.e ti:.:,n®>Jtit"» di.J~ k) H~ re-1}.'4.'%1if(J :;:;.i-ri®! ~r~~tefl~. 'ft~ twei:t:itHt~ thl~ ~n:::b\:t.tn, w~ ~'K(t.}"'Z:in.'.i~ {~,:.~\.~· 

1t\f.t){'rn.a~"".l 1n'klc (}t~tli!:'ln~ t.Dinput.&1ltw~ in \iJ1~h tti!:'l: ia:fQ@$t \~~k~~ ar:imn;;i fa~ @'acli~'lW oorain!&i ln d'..f,,,., J.fS(:,: ,~rd 
rDn.i ar~ rno.s~n. ti, p;and /1Jm •,:;..,;;:~ightin~ fo.ct-...~-s app!~"d k th~ gra,j~<1ts of ,,:i'l; {£, ~'W _:,-,:_··\, r~sp>zCfa,~:y. 

ks ~)'i~JW pr:~('*'~ t~~:$ .. t:~"' t~${.Jt°h,~ gr.id~tit lrtMfl~$ ~thibit~ ,~®'!Y t~<:<i~y gr~rlii~N$ whk.:h t~ q~i.$~ !h,1 
"1-W.:ih~lhoo .$J:Jrnithm ro Q·:,;·:~~~g:.."<t1'>'3t1t fa~ imeig~. In a~r fo pm1t~nt !hiit, h':w grndi®st images a:f~ thmshlJ!iTu..~:d by e; 

i.~h .... 'f'L TtH1! ~~, ~t~ll gt<'iidi&~t \<'>,t~~s m:i~ tfi;:m ~ fhm~h,ld 'i~ru~ ~m Mit to wrn, l:}tl'!ijtWit~ mty rot~in tf!tn~. 
This gr,~i.€nt ima;;)ie' is i.is.~i cas Input fa::u.~~~ fnr ilie w~te~:hecl cieta~~f'L A gr~iient fa"ua~ b:y lhe morph&~k::;;i;l 
gr:ad~""·,rt q..wrakw i1=< !!>ha';sm in :Figuro: V1:.-7€k:,. 

Thi:; in~l.~e 5 often int-&fHf,<t:f::d 'l.l!§; ~.ograph:,.~.;,.:1./ iurt~~ ~ ~~~h~1,.,f:il.)~ m~-rp,'>l'.)i,;1rw ,,~nr~ lfa <;,~' .\.;ov.;>,l i.~ ~~t,;,.d ~\:;' 
ai'ifu.."~· A:& fo-r geogr:!3}fiic:a! surf~:s, fa""n;af.W st;udurn- -~m\-mit~ ihtHhl$,, Ml$ ai.,:l p!a!~%IS ,tf\<'~t ~h:$ in\age pls,'1~. 
Lti,.t~~y a $t)f!'~,l$1iit ~~1.'it'i i~ distm,'}ti$~"d bf ii$ tidl;w~ 1:t&n 1~ :&;ufit)t'ntllf1";; t:i:mti~~titt:- ftti--1::.ini Wi ti~ irn~{t~, n,e 
!:lf~~"it @c1hb1i i~r!;)~ v~lt4~ •~ trn ~'"'ltfM~i, St~ ~ ,;~·~t~rd~ ;,§QOrt:hm tS< applfu;d ta "fue~r$<llE\'1t im:ai;:ie to p...~Won 
fr~ irr:mQB bfo h-nn'K-<g~rwo:t.~ lri~""<f'isii\1< ~·~k.-m:a!i. A. m.jl::s:\:,,.~ M "-V~l'.ersted aJgor/!!l'1It~$ ~\<'£;· bee~ p,<np-o$eil M 1hE 
l!t~rnlWf~s but ~'"it"® W~ ~~~ at) lir\'t1.~r$ltti b~~~ \-1:iat'@f$~'l.i ~lmo!'lt'1J~) !twit jj $h1t"*k ~f:i.i ('.:i;H1~l~~ii~n~liy -cl'fukmt 
The \<>':..~ex~hed a(g~~·ilhm is a ri!?:!:.jor.i grr·wling 1:i!gorithm .am !t :§t'§.signs p!:<-el'§ fu·1 thtl: 1.Jr:c@rh!~1t1 an~.& tc ~h~ rnt"'\t 
sii:Ti~a, r~;ion wiih ~'O,'"TI~ ;s.~grn~nfutk<,'1 (:ni~licn su-ch: a,~ ,,;:Hffi$-r>$ln~ t.lf lMe,.f'is:rty ·t~lt.~s. The fltta\ tast{t of ihE 
ij*~"l'lhm 1$i i 1~~ll~tloo ~t the 1nim im~ !!"'l1o rti ctrrrer:$,~ t;~lt:hn1E.Mf Mi;h:s, 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2506 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



flg;.*~ VJ ,{1~ ¢.epidi .iij t-D grnpNr,~i ,H\~$1.r~t~i, ;;1f t~ Wiir~·lm ~j:gQ{ithrn in m~ Jntl~tlve w~:t T~ ki:::*-l gr$..i:~wt 
rnW:i'"fl;3 ruB cie!~tt>:cl .and uS:ed as ;;~~ far JEfl~"' ®,-~\ ... tng. ki ~ ifu,~~' thew br=.al rnii:~£ are @?;tiilM f(a<n: 
lIDfM~~t';t:t.i'~JW fn*=n~tiy H:=i}~:it\t, ,*$ tht: ~~-~~/~ikin d ht W',tdient iin~"t ® ktfn~~,t. ~tR:f1 ~.~hiYr~~~ tl~~k1 b 
Med VP fr@'TJ ~ ~-i,~St ~!til~di:; '>';,~h w~ $~(~ttd ~ a ~t l/:J~~ri t~ ~l~li:~t~ cl t~ \''<'~~-r in ~~~\ -r~ti;;hment 
h.~$.i~ {$;":id") li'}p ti th~ :;j'~'§.,1, ~: :,;~It) ):§,c it~d& k)f Ir~ ~ .. -~1~r tl:) {i:'c<~~'fu,\'/ ii"iki ~~ M~rb':i {:,M:tihlt'®i"lt b~~:~t. ft;,;;~il~i f!"M 
W@:rer ~i .. wfo~,t. · in ·e~d, t~~%::ftt1er'l:t l}...~$ln te#:cht::~ fhe ~~n~ k.-~~1 but =~ s:~:.wt1ned '<'\1U:i~1 tte r~lkif1= '=<;-:li~tt b 
Mo:::r~,~~t.~~d f,"" ttwi c:t-t$.t iin~>.";. or ~'i':~ Wilt ~..,, m ctt§;:~ ·f.'i 1~ ,<1f\ld(®1t tY:i:Jt""' T~;s1t~ ;:...~t mi1f~"'! ',~ ~m·'."'-'~ a ~ .,~-~. :,.;.,:. ~"J: ... .. . . .. - . n.\;~ .. ~ . • ~ ' • ...~ '• .. ,...,.. ::'1:f .... ~.. :,.: • .:: ~ ..... :. .-:: ...... ·• ~ •• , . ~-~ - - ~ •. • • 

U'"li(iU~ tJtwL 

l})!;o 'l:\"~~'$~1 ~"'~ith,11 i!li hi@,'1Jy $f;rt$rth,i:; t.P grm..i~rt !~:i;'$~, vihiGh v~}~~ mm1y ~&.i1rne\s-it. (:lij~tn$, :f'<o r~$l.~mim it1: 
=t3<,t@r-~~f1~mt~.fa:m. Tt:i: ~d,.~ 1hi1 p~·Klbl~l'"i\ :i~1 r~ti:o:)i\ ;·1;~ruii1(1 ~l@C\t~thtt, tR.~$-~d er~ itit~1~stv h(;:rt1i:.~-=~n~it/ t'* 
=11¥:::i;.~;0,.~:~tei::L The, iti~~t:: ~~r ~he w~t!:::r$h~d de~.%*) k~ ~ht:.wm h fzji.wt· V2 .,'?~. 

In ~ht ~gi?t\ m~1in;;i ${$p t.1f me at"'.}t!ltnm, ~~H .r~~t~:1s .w~ m~r~~ in ~r ~o il~k"l ~r~@r &~ n~anir~i1¥l 
=n,~ginrls whmh ru"le' hrn,1~~:Jus; ru1a d1ff8~~~t ron ih. '.!Bghl:sra~. This schen~ t"€pr-eie."!ts ~,th t~Jl:l.1'>'<1:S ~11d 1l1Elf 
oound~:s-B:s:piic,lty, and rrmkes th~ :'!:trn-ing and im:!e:io:.in} of ~heir ::.~n:1:l:lso'"\"fo. §)mp~~ ~o:s~ible. For reg,_~--m m~rimg, 
,it m~t ~ dlli.~rrniiwd \-,tilth r~i-tfi'1i ~m mtr;oo to tf\il§:t nwt}"lOOffi ~tco.rnii1@ 10 .c.wt~ti pt~dtfln~d: :tim~na. ~ tti~ 
~~pe:n.-.~a~t, '<!te L~ai as a: sirnifarit:t ITIB<:!SUfE! (I) lhe ASAD {&:~cerage, Sl%11 of J:<h-sciLd:e: Dlffere;rL--e danoh:!(l by i\ ) cl 

s:i M@oti lit¥,.~' tot~idfil'i"~itfi b~N.~~1 tNo s.=t.ttt~$;s,\1~ t~--n~~ ~lt! thllJ .)t~f,ii,,~ it"'it@i~ity { l( } of th~ rni;11Jf1: k1 ih~ 
=r:.tm~nl fr~1i~. 

!fa~t.~ r~gbi-) thJJ~ ti:.: .. f1;:,l~1~ -::,J b~t t~1 t.1 ~~lxt~lt ~h,;;l~M tx :r'lt~~~(,"J {::j !!:$ t'lm~:t 1imi®f rtti<~~'L n~t it, w~ w1~r-,.~ th~= 
1\.imila!0ty rrmasurn fJ} .of ~ r~it~, tif~'-m -tl"lfl=ti~atit:-1:'1 >'dth lts flfilig:11-01~. Tl'~n too, R-'fdl~'l'I utitfuf c::m~k,~rat~1 }s 
t'ri®'"*~i t> •~ t~"t1) '>'-4-i,,'ff® th~i d~\--;f~t:~1~ t~il:/,@~ti frsn $m'i~~11)' m@~UW$c =~ W1,~tli~$.t f@' (j()lf "*'tcl CW 
s~tI&~re~ ,,.,.,·;,;, u~ /i""' 0.2 in oor e::~:ped~-~"!fa l"h~ '.'a!u~, Al -:::m-11:fD<h th~ $il"rK,unt cl n'H1a:I1i1if,1~ r~~icn:l ITT a 
~me,,~~;;i: Imm,,.~. V'lff; ~i:@°1. t~ r:,~g:ing ~1..~e,1s ',;\ltti N "' W, ~n,1 re:pe$.l:$ fl'l~-g!ng !t=erntw~iy w1tn M-7$-.~~~ N PY 
'.10 u;n~i! foe- vai.i:e Ai re;.~hes £{). Ther€k.r-e ti"sE mer~~ pr~'::Esi, is dri~ frn*" tim:E's. i, ma-~d ~"t1~e is sh,<:i\\\f"i in 
fl~~~ V2 ,./(i¢. 
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§nth~ hit)>J ~i~f, th~ tk:;:;i::i.ik.11 i.'>f' k.<itytu.''imdl;FG)/t~~lil:!glnmn.i{BG) i~ Hl.:t.ck ~.:-n H~ ~f~fu\y ~gm!%lt~t r~i~,n~ '"'i'ih 
clle-..~ rn@~~$. {-bt..lh@d k1.n~1 wml::~l~ s~mentatim1 fa the itm.~·1.t .A :Eta~!~ :l"e~it~~ rntk: iintl ~mispcJJl tm:l!('m r<ii~::i 
att! to~Wt.~'\d ·~ m~li::e )W~f:B!;;fi:i >Gh FG/BG d$-t.$>'tlf:l. 

~. ~.:,-giTu.,~kd rt~iiill tt1 k fot,s;ic,~iiit ill\ i~)t~::;:;:/s~~,...J,j\~d 
fat iimtf:s'! ;,;~~ll:~timc: im>&. ~':*-J@\ ~); ~~)~t 1,~~4:: 

~r·/· 

3} :>tt;.~;.L~iii~Jt!. ·t~ft.:~~~ ~~~>::!fu.-;:ft 
t~'h~:-:~k ·'-»-~ ·sp::1th~~ »'*§:::\~X):~~~i~~~1 =~»-~~~ 

if) ~:t:':8Jlbit~)1 r~-::~-ih. r,f ~1~~t{:g}: ·~l1~di 
t~~~l.~~~f :::-~~U1~'..~t~(~~'.~t I~~~x~t~) 

F~t, '>"·,~, ,;si:.._~~'"\'aiITT~s~ tti:e ~~"1~ ct:a;fa~"1 nm~~: m rop sf h :spitti~ :s~n,1~'1mtbn maEik. For trm spaf,.~i ~gim 
r,lltlo,. wh~n a ~~t'!l'lty part 1j.f ~ st,grtil.§ti~"d ~-gion Ml~"ig.. to ch~ng>l:>'s.§ f>l:>~w1 ~, 1.h!l.l th~"9!l.l l-M~\·dklri w:sa~t, tM 
\<:,iht,l~ flf!Mi ti if~x ~~gtn~tR'i'1d ,'@t;iim".I !"!i tlli"-t'{;,1:f~d ~i!§ ,,:, fot®@'<:.)'L~t,d .. i'.3~h1~'~'?{~~ fl l'.k~t%~i:1Urid :Pigt~\~ ',Ji_ -Ji mt1Mt~i~~ 
a, rofi":bin;;;itbn s-::h~m~ af ~·!np0;-::~ ~"illl :§~t.:S:l $~gn'W~f-at~m J§~s-~lts. Th:e pru:~ ~;{:o~ed~ region boon-...-iaries in ·ttis 
$p;;ifo~Mt ~n,~11!;.!d r~bn (:".;;ln t~~ -1:;;,;x:lwd~G tn:.~m ~hi;_! kx!;_!~f4'il\s;i r~k)t~ In r'$lW~ Vi ,,?'\l~ ':>A1l;'cn t~ pzmk,n (i:' tl'!# 
e~:i::~:::ling pl~~!s.: ;;;cn1p.:iired to t:'l:e neighb.'~.w re.Jinn:':'> ~ s-<n~il, \</hile m~-:,;i.vererl 1~wts. cl f.'l:f' ~p.<1:fijh' s~Jr:nentei 
r®~<r:, b\' ihe ~bl,ect ma~k ~~. oo illl t,:::r~~~>Und vih~n !h~t Ds.~t~"'< -of ~ral!ls l!lro sms!! OO!'"fWl!lMd to the pia1f!l of ·ttis 
,~':.'.~n iw,~red 1;, · ti~ fQr~·"f"'}!..U'X! tlsr~ ,'l '~ ·'lbi~~ nY~k ' · , .... ~. ·- .... ~' - .. 'f .. ·- .... ~- ~ ..... ~- ~- ~ ~ . ( .. l:,, -~~- . -.: --~-- - .. 

No'w \-'>''e con,k'IBr ~ histt..'"'fk:al t"ict de-.:111es:1 b:y the temP{Wa~ 1-wion ratio .. We ovf*l&l i~ ~tah,! ~~mIBnm r~ions 
oo ihe ~cevhu~ \;3:beHed Irn:~e. tf ·the rn:ajon'iy p~'<!. of .;;i; ,~Ji@n umier oonsldern!tlon ~k;ng;s; to a fon:1grffifild ef the 
ptt·).-k~i~ ~!~!~1 kn~t,. the r~§#k:ii:i, b ~!w ,~>~iiiJ~feci .~ ft:ii'e:ffiljund. Thb $kp ~>:pii:ii~ ~t~~-ks:!11 ~~trihi~~~ ~;) 
~IT~t th.~ \"<W~ l"e$l~lt$· ~~~~(!f ';;,t~fl f}: ff!C-\'if!Q OP!l.erl ~ti..~ .. 

1'hl$ t:tlmWr}g: le<.*nlq~I$ t.,,'/i.*s;;i're~. tt)e ~~~'*!i:- f:ksn~ ~h~ ~inpi:.in.li ~nd ~~tsii ~~rr~nt@1.kw;;. Ft.f !hie f!;';i.i~on~,. #~ 
tk~ibw t~hf!Qulll 1~ t&"i®tfotM ~~ a prteiim,hat)' :,,'®r~k.w -,;~hlot.t 'wili be t~r iti'ip:fo\<M. li'm: l~tfikloo 't,'0!'k~ a~ 
k'ih:;i-,.~'* t:.~ tooh :t~i~n ~ft~ $}~ii~ i~m~nt1t~ts ~ k::.:.~~Ii:.~i..md t h~(~k1n:11Jnti ®'tj~k:iri ii imc1*.i~, ff ~t l~~~t l's0% ~t 
~ p~b within a ~'§!km ~,v~m d~~'ci!!}d a.s fm~G<l.ffld by tlw t~mpornl .s~"t1~rAa~1, aH ~,i,~s o.f 'lhfil rngk.,n afa~~dy 
tk~~tlll~t ~t t::m~roi.itid and i:'i* ~lli- 't>'ithki a, ton,~i:@!'i rat~l11! d 2 ~ 'wim r:ei~ct ID t~ oorntfai'y t:1 ~ tafu*tp;:;,t~i 
se:gmantaticn: ~'B ~8'!! 1Dc foregrs::tw,<l, ihe 11thi:ff to b~ci:~<:Jnd. ii:f !~s;; tha~, ij0'\~, ::if the pels ',dthifl a regibs'1 \·,~B 

00~~1~: .a$ fol~'g,'Utmd by t!w fomp•:.::r.~ lfu'gm~n~llc%, ,;iii ~~h ci' 1r~ r~gjiz;~'l .it~;ad}' ,;fu,fockd as b;,1c-\gr:;:;~md arn:i .;,1ll 
j::~i'l'l "i,.",<ithk, ~ CJjft~btin t'a!'i{l:~ Of 2 t~i \'\'Ith i'~:Sp@.et ~ t'w k\lM'ldfili'} Of th~ !:-~'itt©ta:I ~~~mtt'i~tk¥') :at® ~~, to 
bscigroufid, ..i!! &her t-o t:ID?grc-u"lit •lll ft.ih,.::r,;~ 'M~-1<, it ~ pl:ar.,,'<"!Brl t::] ooditiam1liy ocn~'<lBr the size. of th& sp.1t~i 
r~~\~,,~ atKf #~ 1*,i~M)' t.,{ ·~~ ~m~~}i,il!:~ ~nd $.~Mi~ ~grnemalkm ie1(4t$ in !.be ~~trlbin~,1/.in i.:d1tt.ktt 

!n order 'b su~~i the phi!os.-Qphy of fa-e MPEG.,4 '.\/ld~ s.~1d:$tti, €~~"1 im~· of \'~¢; $eq,i$nt:~s: ;.ht;m!t§ ~· 
rnp~~:£1l:,'l1t>l!d in tt:~~1'l~. nf ':/OP~ ta L~, liln<:,"'l.:-<l~d, fa..,1: is, tri~ 0,,...~jooi~ ro ~ !3:it~@.~d i~ in~~ ~~m,nt:~s ~~01,Jd bl3: 
pr:~'®ti ootur€ th~ ,grK,ctfo'1g ~~,t'lt.~:i~ s·titi1. fh~, MPft:,..4 Vme.:i h.$1 ccmmitt:ed to ~ro\~ilin:(;l an wnJ,})rt t1:d kl 
Sl~pp.crHcr ih€:· .::thfe-d,ba~d ~arn::!fa~ of video cl~ drning f'l:oa th$$~ l of MP!;{~.,4 sj~-t'l$rtfil~~jo,<i, 

H-t1\:,,;:-&~•€t, inB t'tltrnt"s1 wcht1ck,'gJ~1'> t~ autom-stlc ~~m~ntafron ru-e sc-r;wroo"<v !*enatur~ t~ obtain de~ra!»~ 
~~i'i't~t)t~tlm-1: ~'$u!i:i: ~~~®..lw ~1W'h~l<: ~1mtN:lltk,11 \'l:$df i~ ~n ~;p~1;-i~~t~ ~1,;tJ iw{-.~~i pmt.,,~rn., N~\~ft!wl1:t~~-, 
~f~f~: i~ ·.1lj· [~;~W .. h:;t-~i>l!~!i~~ ~;~d 'i3lttr~fa,~ ~p~~~d~· l~ knJ:ge £~~~-w~tltbn 'i:.A1k~ iis S.~tn['.a"itl0::'1\Jt!c The 
$.1,\"'0:fil::h~~ k:1 ~t'fli-~ut~'tt.ii!tit: iewr1~'lt~lkm an~, mti'{;h n·~ pr~ikal and g,ve ~ett'l:f se-}rne,tafon r~:$:;.~I~ fuan u~ 
a!.:..ito.m;atfo •s,sg~f'\fa.tiort 
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=lt1; t"lls ii1f-or~ath~ mr>e't. ~w0 {:liff:fw~nt m)t*~~h~ ~r~ t'.>1'f:§~"iftl The ftnt rn~ttmt ftfJH8f20] Wfl£l$tl {if ~.,_,,,,u 
pn.::{.'e$.:$\ng ~ffif"<&'. in\r&-flmne ~~n"Wll:iaikm ~t1d ln~{ .. fr)&.·•ne S.~Qln-ent~tk:rt The ir:;'tf~,.,'h1rre afowf us~rn ·ro: lni:i~l!y 
~m~ ~:\}' taj1,:;;,:i1~ d it1~t¢~f ,~,i~ ~ w~tAi~~l t..~ii;,r bl11;::rfii,~~ iii~!'i,i l)f;ti':': ~--u! t;,'l:~ti~ec ht.;-\:n.J~de::~. ,:..>f rt~ i~'!:!'i:.lt\ de:::fiiw,f 
The int~-fh,,"l:1a s~9~r:-t~1fon m,~tom~1k':aHy ,s.~p:arate.~ . th!$. region de<f'tie<l by orn~t tacl>:,ng oocrniq~~s. The 
'$.~'',ijflci rnetioo ~11~'>~ a u~w.:- tt::i d:e:firie re,¢0M ot iMera·M tiy ~ r~,:t~nguf~r ti@ @n.i ro c.rn1tR1! user·S:lipp!y 
f!~tNri~-mr~ ,niw. *©ffiilhm. 

As ~M\%1'1: Ir Fig.Jre V2 /fQ, !~ wmkmA.1)111atc 'S~n'Wt.:Wfain c_~n re lh...'1Jght cl,/:.'11 l tJs~r~a~si£~cl ~menl.tiion 
:i.~;;.;hnh:r.~< i\ ,;;,:;r.~it>'h,. d 't,,'ft;- 't,\<s:{>'~:. l":i;r~»'ii~me ,s~~~·l~ioo .~nd iritt:l"'&~~~ ::'S~grt1Z't,'i.®""'I?'° Y~'S;'>,.. \he ',nt.~::S<·,'fr~.,;,,e 
~\;tti~~lafio!'l ls ap'}ll§;,.<'<d fr'i m@ fa~i ftaiTlt of Wit:: t~~ Wl~>i::'ftt@ &\' tM ftfilti~~ 'ltflidt fttn~lh i'ltVAy ~}'Wi'if~(§ Vtti~tl 
oojed.!'... Ol" get bad i~Jme,1tJ11im rwu!~~. The f~fu"a,l\ra1"!l?,, ~~Jtr1e~iaNrn1 {\<1.n he p{OOe.1$.~d by a: 15a· rn,~-u.l!I'.\'' or 
,s:aT1/ .. ~fom~~ca~ly, Th~n tm~ inwr.,fram~ s~m~Tutatlan /§. S:PPl~ iln th~ M::<:t ~oo~~,:ufr.,e, fr•iS:,"'!::e~L 

I~:n~(~~= ::~~~§\~\~~*:~ 
s .. 

.......................................... ! ,{ ~·~ ~.,:~ £~''-'-'-'-'-'-'-'-'-'..: "' ·~ ·~ t"""""~ '""""~"'~'"'~""~'~"""""""""'1 '"""""""""""""'~~""""""" """""~ ,. ·~~·( \ ........ ;:: :;:.,~·( ~~ ~ ~-· ·, · .. , ·· · · ~ PXt"&-s-~~cid <..1b:1 >~>::t ~ 
~) • W'o V ~~'.~:: ~:><~~: :,. • • •.• ~ ~~'=J.~t:~;~:~~ (~t ~tt\~~ ,~· .. S 

1, :,.,;tu~.i,:t,h~.m l,~:;c:/d \!i.,, i &'lli1 t:'.{S:Highl ~<::~u:.,:::i~im,imi l:i:i,;;.~~d. ,:m i 
~1 6~i-~ h,,-id~· tr::~kw~~~ ~ ·,l- ~ . ._.:,.,'{· ··..:.: ::-.:1- .. x ;..,'>! -~: ·~<:,., ~<h~~:-:. s:-.c· .. ~u¥:~~r··-~·tr~, ... -:t~i'-':~~~; I ,. ., .. ~ .. ~ .·. •.· ..... ~ .. · .. ~ ... x~ ~ ( .. )~):~.~. ~,~, •. ) .... h:-~ ... B,: .. ,:; " ..... ~..._ ....... ::: ..._,:,.._" -=-. ··· ·) .: ·~., ... -.;,.,x,s:-: i 
,. I , , l ·""'~:... ·"' ) 

"""""""'''''''''''''''''''"""'""' "" :it.~· """""""'"''''''''''''''''''''"""""""' 

"--~~~~~~~~·-y_~_~-,,;;;;--,,:;_:::::::~~~;::::;~~~~~~::::::~~·:~;-~-·~~~~~~~~~___.., 
n•'----..::_~_,....,._,~•,n•• 

=~ = 

::~~~-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~~:::?~~~?::::? 

The ob;itc.fa~ ofintrn..fr'®.w ~egm:~nMfo'.'A:: !~ tQ find ~'ecl$ce obJe\::ct w1,,w1d~Jle~ \'>'i~h Ct{lriifi/e· hf,m,ma1k~1 cl Hurt:1~n 
~t ~~~ ~@:iit''firi~ by tWc-..r i:flf~t:;.,1?fltk<t~. Sk;-e~ i.\il~~~~tir.; ~...;@Yi~m:t"; ~,.,p:,i:mrt~t =mein~ ,;.\bj~d~ ;:s~ •Acl:~i::< oi~J~,«:~t~ 
\td!~~t ;;irv1 cogr.iifr,/; 1nf-0,.~m~ior1 a pir;.,,r.( Jt is ~,i:wy ~fflio..~1: lo ootahi is1I&satwy sagmer;t~tkin rawlt$ ti genl$f.al sn 
~t~fK'2 '.~'l~~' Tt;~n~11'.tre tl1l~'t1 IB,,<'it~110!c;gt::;~ rra.gre'is t®S b ~· t'f1.We f} OJ,J.ef /Of ~toma.ttt 8e1!"t)erit~W:W~ ti).l)e 

u~J tn rw~tt~~ i~ re,,~J worM m~t~!'ni!\ f.m ft)e h,1ml sit'*'-~ d~tinik1:n iif ~.i;,.,M~'J oh'®tt ii ~'Jn"ll;)'ishrt Mi;;;Jtdivt, 
mer int~v~~fyor, is i'HJ;,•tabl$ in S~'>f.Wl~nt~~ior, pr«~s:S, T}m %, t~e huma."'1 rogrfrij;..% in:fr~.rrnsiion C.$111 ~ ptoi,,~d$d 
kit~ ~~-ne:tt~i~::;,:,~ ~h;o""''9"" .i$S gr~ri,'t.~., u~,zy i11:lA'<'f~:c.;e, (GLih, f':if!µ\~ Vt · 1~ cl~p.i~fo ~· irtr~,fr.s.n,~ ~~m~'1t~f:icn, 
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Sq:ifit~oo th~ U}WT h:; witf,r~it#{i ir~ e.}l_itm,,NntJ (*>,~'"\':ts ""~th Pf'@die htJ;.lt'l>-1~iws ct thB {~Jeci8 in 
MOThER.J)A!i'GHTOR irit.1ge l:.equern:;.~8 i11 -~ m@:ir, 'Nfunfo;,,t t~ far:g® ·win10'N at the QH c~"'lt:etj ct GUI ~n figrn,e. 
\/4 v/"{$.. 

~ir~{~~rt~)i~is~· :t~Jit~~~ 
lwi:m&,,ici,~~ h_y 

,; '<·· ... ·· -n~x'*··:;;tNtn;::i:r~,, · . ' .. ,. \~/,.i~?i~{i\., 
(t~ ~t{\ \ 
:'<$,me<! f;~@•H, h/~} 

1:-~~1t~ttk=ti..4 4f~*~ttfa:~~ 

A u1& {:~ tn&t 1h~ fu'f!:tlt~ tk~,~rt~ ~l thf 1N,~i <'W)-:;.~)d th,~ t~~1)'fu: t~it~ ,~ r'f'l-::)1.l~ 'sv&h f§n t),..pix~I ,,,Ad~ "s-Adlh . . t, 
it'K~ii1:~i ~>,,~{t1 {liz~ht hll~~--t:~\iftd f~!Pt)} ri'i®,z ht 1~~ i\t"W"$~ tt,t\$t'l4:W$ ~it !:._lf¥s~i:i~!""Wi ~f~~ 1r:, ':,>,,{1:,.<:¢fi 1ht ~~) 
®l~'>~ tbtiurn:lW~$ ~~ .1:1s~ril!'ld t;} ~~i1t~. /:., U':.& tci:ltt t~~"'{f ~ tN:::J,;11:oos tif tlw 1litlli$~ ~tc\/rH in ~~r ro (l:\illk n:::tjgK 
t-,..,_,. ,,.;:.,,,.,, ·"·'l:'' - "'·· .,.,,,,,,,_,--i ~h -.. 1-,,-,. -~'""'~-h~ '"''-i,..._,'·«~ ,,n"''"·""""t'"-'""' ·,.i·,;.,i ;,...,_.,,,.,,._.,, ·~,,~,,. ,...._\<'''i ''1"' ',i,,,,'""~ - ··l't·"".,.-c,....,,-;,;_ {X.,-,_~'1t,,~, J t~\ ... ,~,, 11. -~,fi.,'l,~ "·' •!l·,~- ~- ,;.~'!- "~·1:fuil sA:ll.A !l)=':i'>:~1<· ~~- ,L,~·•i,!.:,S, ,t.. '<s<H U U'-"'' ,, • .,,.#'!·. r·,;;;.,,~h, , «. -1 ;.r ~''"'~'$ "''~~ , »:~· ~ ,,f~ 
fr~ s~gmmts1h:&--, P:,'\..'"\l:;>3::SZ. 

Frzm1 th..~ ird~~ 1n)~1Q~ \tfth Ww tti~tt.:M t\~hJ.t\ .g!dt:c.;'i<i/it r~1hi®~;i ima>J~ i~ tt'>4~fr~d Jn ,.,~fa),~ ~~ ur::,-::i,lH,~Jnft rnt1tl:'i 
MR} i~ l~hd~ ~,-/fa 'tl', t:$l~~ ~\~i:W-:;:~ t)f b~~~t ~"''ilh ·f ~t1d th~ ~t~r t~}ii>n~ \'"''fth ';LA ,.,,~t~r~h~i ~ltJ:'.•t'l1hm i~ 
tr~n appli~d tt~ th~ intt~i tm;;i~ ti t.injt'f ·!b p~rfctm ~~lim ~gn~nt~t~"1"l. 

J,A:tn:k· W}U::~x~·~rii1:~l}~ t~r«~:~lf"f~t1:~~1 $h_~~ 

• di~,;::t 'h-)1:mtk,v : ...................... : ... •:.: ...... :.;:.:.::.: .. : .~ ...... . 

ffa~<l ~-~~t~ }~Jt~i~~~r:·t ~y ~J:.::J~,~fa~t 
b~~~~~ ~'\<f~i~~f; 

Th!;' ~p~hi:iiH? %~),"t1~'1W;cl= r,;;giQl'W ~r~ !~bi;i~ wl'i:h in~~ which i.wrn~ ·~ lo,~lly !~h..%.~i irn~e kl F);WJ!"l::! \/2 ,TS, 
k:-<!:;slly fat:ie!8d rn:giQ."<;,g, BWo!BM~'1Q 'b..~<i:1 li'w i,tmii:x of th~· m1{;M$!1"ily t..>":§JiDn l~ ths BWoi'aricr Br0 mfilrg0-1 in~ $ g,.\::<baHy 
k~"$~~ r~~:;m, Tn~t /$, 1.t!i[:!: regii;.,nw !!wt $p,_;in tietw~) ti*" W'll;.~t.i.i.:1!~1:~y ~~r~~ ,ijwJ i gt~\~Ht i~~ti.~~~ r~9qn (tr~ 
a.~~Q~i irifo t~ {tk),WJlly !~~l~1 t,ffikm hl ~1r vldnily ::1ngry the r~~ ~JG-"<ie~ cf ~'!;!r,;1$ of i~~re<;;t c~n ~ 
OO~,'lJ1t1(:d, 

Afu::Y f1m:ib~ th@ t"\~) bt)iJt1d~t\ ti 1h~ t~~<:z)f) -:.i bt&,,~~t {hf r~@lm-1-, :~$,i~lt~ ~~~)Mt~~k)r, m~'t.~) I$ t-:lk·N't ;,i~ input 
iri:t-o fuB. i~1tBr-frarr,B sosgrrwnt.g,fam, §Jr~"-"~:s !f fue in~·Ei·frarrID S:@g~~it~ion ~s.dt is s,~t~faci:cry In ~h~ ~s~8;:; rif 
un~,:1ttfu~c1c-ry ru!l-t~ltt tt1r 11w rn~l b-ot&'<'tjary tr1cting, 1h~ in~~frnm,~ i~--gm~n~-atio.11 ptt~l::l:~~ c~m reMart \.tltil 1rn 
!'i>~lT!!;!n!i$ilGn: f$'.S~M k l'ii~~~adwr Not-l; lh~t ~ny ~,ri..wi n~fail i~~nt~il~'l fl1ij~ ~~1n b$ !J%-!;!d ~~ i~~ut for t~ 
int-Br·k~m>ll s,-,:qm,-,.,,--,lTution i)fO~•Bs. 1li::~ ~:,,,fj b12 the c~oo lt!..'!,t the ~'iii.ta!: ~~ks, ~uiw1~n1 fo the r~·B~fui: i)f the mtm· 
f,:o,p,...,. S"'f'!P'l""'1;"'""')P t)l,'"~!<.i >'""'"' if"-''·') ~- _,,,_\-,<·-~,"l""'·il f,·,:ip·< t"~""f •"''"''a.,fu·--l>l"'""' :Bi""-''~"""'•Yillll"••''J:" ,·~=,·.iclf\,,·,,,..-<,; •. "! "*· ~::,\;,._..., " . ...._ .. ~.~.,-..:.ii.~,..~~"-'\.,..·. , r,,..·. •.,.;''\•~--.~";'; ·':'<."~-.~ • ·l-:.~°"',..._ AA~ ,,..~,.~~~R.~.~ )~, .... ~ ~ {,,.'-'Xl ~-. ~~ )~~ .. 1:0::~ ~·~-::,,;- •:.-: ,,-::~•·,·~ ........ ~ .~"! •• '':-<.". ~ -:.>s''f"':'v~'-:.:t..":...-:t'.'·~N".·. 
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fo ii~ i~ii:~r..:t'.:ltrltli ~{:grn1.:1':!t~fo1n, th>lli rnmi=ng ~l1_i~i!i- ~,~ ~-tg,m,'l.lnt~ ,,--,,its µr,mj~ t.'.ttj>lliet t~x<rl(..~,k::~ in -mdmm~t,~ 
marntm t}ff.ed :)ll tie d)iw..1 ~::i-uun,fatyt:acld~ fcr' n:i::iM;f!:lki ottecti t;,'t thf:,l r@ot~1 ~~kn~ !t-r t'::~id ~biet~t3. This 
~utctn$l!k: :si;g~nt$i:!on or th.$ Jnf~,;fta:i1~ $~@111;:nta'tfun $!!~visit;-$ ~'$/${$ e:ffot: o.t ~·tt$rVe-:ritlcti di,.tln:g h~ 
~.:tn~ri!~1im ptt,~~s S1t1K"~ th~ m~r.:fr,:ici1i~ :S.~Qm~nh~frm l'cJt~i:~ w~t~ i~ IniH.;%• t;~ain~ bti~~t ~\a~l ha,,inp 
prei::J~.e ct)je::::t bt1unrl~ry, 1t iieki:§ pred~ s~n,enti~lon inas.-\.;;~ for ttm m(f'-''.lll:Q cfu:[;~,clli. fn lhe toHowirig ~dbd:at~e&, 
~h~ oor@ p~m ~fu'H} i,w,-..fr~m~, ~'Qff>:;''>rtfatkwi m'e :;J~:;,k;:<lib.~,cl ln ®t~ih J~- ~'.!~t},r%li4 ~mj dgii ~ij~ct ::l-s.'%Jm~n'l.J:t~"!l:., 

lt*9;o ffi..$l'wig!d t:),_'l)Je(1 $\egm~m~ti® m~~~'$ ~ $h::;:w,m in f'!g~i-i:; 'iJJ; ,-nt At fl~t 1h~ ~~vio:;.~ ci:.t~~ 001-.®'\~fY i$ 
'@tlf~ii::t®d fu.':ltft 1fa,"'- !'tl®~ irlt1t-n'l.1fo':lt1 c,b!;;'liti@d b~· il'it"*fratt1£ $»~&i'i:$:.""lfa:ibt.i :r,1,,),:\~&'i,c. To t~Jt~ir) ~h~ h!l:l~ nb)®::t 
b::,1.mdar/ in the ci.m-:erit fl:''8,"<";1::S'., ttm mi,tii:<,'1: *'sti~,,~~"'{' c&"'ld .,:x,n-ipens:$lio,""! h th,a1r,, ;;;ig._~/isd ti:l. -eY."&:'/ ~"1¢.rdi~a1e 
tt'\tr1p~iirig= th~ prfil:,;%u~ oc~~ct L'l.Jufiii~iy. Oli,."t·®t1tlir1g m m~ t:ilt®r~1.::t.1r:~tk:'!. Dr m~ oacl~qrourn.t t~.'.St.'¥ t,r oofWJGn 
:l"l1~ic,\i1\g {)."ii~d~1 t .. @'i ~~'§ t~td to rnidrr)i~~ th,~ -~fn:.1.fi&)l*~ t@sult dtw t-t) nt::~~~ - · • 

l1~n1·{/'iH~ :,."<:'.j;::'m'R'!J:l;~{il::;,1~ 

b!r ll ~~:' 't;"~i; a (ifl: 

wt~~~ N is ,.1 l\~f-MlU)t),~ bk:·-d( ~b'S .r.if.S:d pi~ ~ ~'tt n\~'S. S(i ,, .It, j + ,,::, <'ind .WU. j} ~f~ th,~ ~~:;'l,J(;t"i -~rn~ d~f:_,:s in 
m~ ~un~nt fr&n~ ~)d tht§ t~f~~\"t,~ hit~ &it<'ll ITT too p:~vl~'t;,'5 frarri~, r~sp~ll'-<'N~· .. fer m~ p:o.iy~'Dn L">a:s~ct rooif,;:;-n 
~'fot\.~l0,'i {\(!', /} ht &"'l &1\1h~ \i<titi~ ol' ih~, ~~~'i:''i!M,pt1\'-..·iii'1~ ~i~i B{;, j} ,-~Ni~ N(C f) h. @\«:"'*f~i -1 kw th~ tk-:,,.<i t,~-1d 
ft\:::!llnn .e~nn~ocn, n'sen tt)~ 1:',ftl~' ,fXc,;:Jrl.d~y !lii :re:nt:ect :µ~el C:y p:($:=~! ~Y u$:ng tn:.1,it, .sp~'!'~I ,;Hlct t~'1l~Qra\· 1nri:.~ni.ztf*.Jn 
~o feduce elf.Or ;ropa,;;iafon ;$f!d #le fi:1ail -~e<t 001.t'l~day is obtafn~.- .AHhi:s :rainenwnf ,step; t~ ed~ stienglh ~rt 
tiw, 1:::urrent t~rn~ ~ use-j ~$ th~s: $:pit~l irifur-m~ti~-t'i ~rd too I!1(','1:lon (:O:'l1P~nsa~d twtw is lSijd a~ hii: wm;cr:~l 
inforru~tlof;i .. 

. ?iff~~1~-x~ =:::== t~ ·t.w~~.·v·.ft~;L1~~}Itt1~~~1?1:&t::.~t.tt(~:.· ····· t-lSJ~1 ;,V\~: fl 
:~~~~:t<t~·,:-.~~··: . .-,·,:- ;is\~ 

Aft~ re'iininJ lhi! cqect b.n~ .. ndary, a m~ian rnt-.er ~ awii:e:i at t~ ,~-.,a.-.; ar;:iun,d ~ obje,ct ~um:§ary rn rN=dH to 
~lt'liffi.'),~ mit ~. :rz;uu~ oo,ctod~y ir,te!"'!t~~<c;. 
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§n thb tR®d.§i~--e. th~ ~eg:,,,:;eni..§ii.'s.ti ~\f@rlihm t<.;<r f@id ~~jt:Xl~ i~ 1w~cril,~i;L H ~ b~~;;i i...•n /JWf,!Sfrt~bc rnO't®n 
mlt~!1;:..,:,1 o'§m:J mown {1Cfffl~"1~atk~1 w~ieh ~1:-;.t:®l§W\ 1M J1ap~<l~ fn::mt r;,we rkdd {,~loo ,i;ontour to the fJth~r. Tta 
$egrn~Na§c-<i ~lg,.;~l~hm cmti%. tt. me f~kf,;,,1f\g 4 sl:E%"'S: a} :z pa:i-arfl~~t m~ic.1'! !$tfun;1tlo:n~ bi ~)$~,t ma~ 
~\ln~in~"'lt tc} ~ P*attl$t-@i' mclb~"l ~th'tBtk,ft'. d) nibfort &tn~n~mn l'bt· tb~ oojtcl bc1MbiJL T~ btocis <ll~Ot~m ~. 
,,~ .. o,.f.r..:,:l=.-! 'h f·h, '"' \,~. "'<'" . . ~~:H}~t=~~-«~J. :~ ~ · · J§!~.n~ ,,. ..&. .:.~ i .\ 

\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~f.~)ti.f:w.~ _____ jJ:..:i';,.~ti{!-il Iisti:n.::-si:i~.n ~)·~ 
~~~J~lf~~:n~~=*~t)J~ ··1~J1iwe: :t~j~J~i~:'{1~ :n}~}xtil 

J f 
~:1: fJt;?~IlJ,l-tt.er;1 }·· ~~ .:l-~ 

"''tnere (p1.~\ yJ\q!x, :r,h) ts the' di~~@~nt inci1.,..\.'*ci on rJ:,;,~i {}, y} by ~h~ m1<.1tiM ,Qf thf ctl/$\-::t ~W,'f:,;;;;n ff~~1~1> t 

&nd t + r , A~~l~tninti: the int~1$i(ii' i~ ir1vJtfon:1, l{:ic -f· p, y -\- 1.r+ fl b e:qtiil ~J t(.i .yJ) .· ~ly ,r$~ cl 1';_:J:;;,~~- ·tXp§Wi$kitl. 

kfki,::Ang -~qu~tbn i~ c:::~h~in~t 

l~{~r~~q}::: ·:cz.r~lg+~i\. t r~}1 

(.: ... }}~;}; ... { 

'"'::her~ Al tB< the dbjB>cl fl'~otk, ~~Aflg .E(p, q} ~,<,-~th re~ea: i:o th~ rnotioo µarn,":1etern and s-ettiflg to 2EK> :iSis~ si~ 

lk,A!<M ~'>~:i~fajt\Z: Jt1 ih~ ~I¥ L!t::kne,:;.<rM:,:: .~i;, --- (,:~.J, '''-· d. °''·· f.l :n. kilk-;,.,,~. 

!>~~~\-i~f 
!~:-::/: .1;",:.}~~: 

\"'·:'l}.t? .~ ..... ~:..-· ... .; 

:~~:r(~ 

·::.:~,::i~ JJ 

IY'1i'.)'{ 

~(.~t:(r(:f 

!:.'1? i\..1.~. 
;<~t:}~(~-l} 
L~~~:~; 
i;.&/.i} 
2:~'tyl} 

!'. :t;ylf}~~;' 

!;>?~\(~~ 

i::::i; 
J:J'~~'Jf 

=·L.l_:·(t. 
}'£,;l, 

.L.y,i\/, 
:;£ .. l~ .. )\ 

=X~-:~.t~'>~J:: 
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flr:;;t \;,~ ~rren~te tht:: i:;qe:isl ~~k Ji\, 1 fr.~11 previr,u~ ~ootoor c~ 1 . Thf:,-11 ·w~ ~~f:k~m1 J.,:;i<~r,:in~tf:r rndn~m, 
~trm~fa.11) P#i."i;::~n N;,~1 ::suq:;~!.,~h~ fr~n:1~~ J\ .. , . f\ k:ir {'$!::: kw~ii:i.m!:J d:.1~~t r~gfon. 11*" (k"J~i~t rn~~\ @ reik~i:~,:J b1' 
rnt*.tl'lt""~~ {:--1.ttll~t r,~m \,,tii..""~~ 111t1Hrt'i JX}rt;,~nt~t~'l @t=Wf it lm-g~r th.iJ:n th.~ @i0»~"" thr~thKili'.$. \%/~ ~,<'!k~dMt'i th~ :~Mn~ 
fM:t.lo~ f'.'.-@t~ft!:-t<l~t:~ \-1dth th~ mfif!&..'tj ~~ct rt:'la!::'ik f,w !ttMi{lf:: tillW-l'ltb'"f m ls $\!ti:1 b/ A"1ii .. K~-oo th~ 
~+i~~~1~~~t b~h'~~~ t#Z;o tt:.~-;;(,~tth~\ ~~m~t~ i'n .. v/ t>::~! %!tld~1-1~ly @1t*t kit ts\~ ~>..."N<it ~~}M&:1'i, iwr~~\>~ ~:,;fan~kwt 
fa. :s~~'*i~,t k:1 (:®t~iN (;:;':lH~d m~>i.ltm fl'<-1n1r11~k'i' .. lMirnfa,'ll· %:@ln%)i:k*i h. t:1•!!:- folh:tli:$'. '!=J 1~i'Nt ~--- Jr , t .;--· i:l, 2} i\ i:>; 

-.~-~'P,~d k)W,;1(d li J u~l~ S'§)t'J1k~'1 p@rntt~!@' 'i!/'} . J'.i e,,1.;:,d~'l~ A, hJt;rn "' l "1h [':®K<l'~INS l-'; ; -l*xl !\~"''f~J ,{} 

sn,l,'·•·~) ~ m(.•:, .,.,. ,\m. ii--- i ·i· L 5) ff ['m1J ,, n~ tt~'1 stop term:i@ e!~ @~ b step 2} AH J"R1inh in c~ 1 mE ~ffine 

tr~i,s.fom~tl .ID"i1 stt.,"'l'1ttttici m~ r1~\v :e<t\-'tlet cefltti-iW cl: ~~ $::~\s.n it1 rig1.m~ \Cl.. -TB. 

f\'.w tM. in{r~f:i-1~~. &.'i~~en#,t\1t\ th~· WP m(t~t v,>i~Qw in ~~ ~ft ~~01..wm1 'N~no..-O'NS ;;'J Hw. GlH di~:rf\~'.<'S ~ ~b~!l~d 
m1a~, t~lltd t1'i\~k frn&9:!l:',, 1i lh~ initi~Hy m~ted im~ by the l~N-.. Tiw 1.;J~.{:dafaty r~iori li rern~~ett by the 
,A1iiti .:1~<;--~i.IT .w::tl thti. -g-1,dt~'il:/' !£bt.Aw6 t~bns at~ mtliru~ by red and bii..~ ~it~tt. fi.ffo.t tirdng th~ t~'~ tir.~t 
ixiund~y, ttm r~irum~ t<t'<tltidart ITT~~ IB ~~\\'t:i tn tht s~"t:ml:1 top tl't~~~ wlr~~">'i::'. ftt· ·lti~ ~rilfilr-fHirrit, ~•1~">1~im1:, 
fo~ ro.vHigkl ~\'l:$.~'m {f.-o~gn%~~ii oc~ ~pm-~"l!;!d i::i~ll,~~iic~lly ~nd ~fu?,Nr, in~ m~in -;,-,,i~i;.,,~-. Th~~~ fw~yf1und 
,~-id baci;~,::)l.incl im~'°"E'S: e1ro alsn .~h-.~',m in ~ fuit<l i;iOO f-0urt.'1 •i,1n,:k,w$ i"':l !lrm IE>fl: ooltmm ':,-s·in:::kr,'>'$. The! for~round 
~1zi i~t~~.grz~rn~ (~' it* ~nNre: int~ge (~n !~ l~~~(~ %i v~4~.l z:i!~fe1;:t ft!i::in•::i·,i R~ MPEZJ4, tt.i:te !!wt int~ ~~f\,'*'$..~l~tei;.t 
$..~;rn<'i~t~fiort th~ (nt~r.-~,;lJ11<f' $-~gri~~"lt~#.rm ~"~~~!'ii ~~n ~ ~opp~-d $:• ~"'Y fr~"'nf'.: ttl ,;i;riy rnf:!~~. fir m~~$Wing 
:k."'@rt1~~1~tk·w1 t~rk):rs11®nt~1 (,f ui~i"$ Jtt~~'::."'l~nt if ~\t $~1~1)~'1:'tJtki11 rtt,lj~::,s; .&·~ llm"l1lz;:f~tQry. 

:S~ml-~1ut:t¥:ri~Hc ,.'lt¥~='(:•~i:J, k'l. &<%~~.m)fatfa;t) ,;x,:;kf h~ ~'l: mralghi w~l'i lt!> /t)...·,H~~s~ ~~;;in~:.~nb'l:=k~1 ~t'k~r:,:,m1-e~ t~, m.1n 
rnji 1lrnt ~n~ll~~K')r,;:~, ~'l~blirz_~ th~ 1..©..~ k) b:tit\'Xi~~1~ ir-1 t\~ ~st,~tnt~tt,;:/$) r.:;1m.:t.~$ hl@h,}e'~~i fr~=frwm~tl~)t\ 

·.·.·.·<·:<.>. 
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A;~- ri Jrit~t\id!(m ri~JSt§hm%B~ lwt,'<::f.!@n th@ uierand !~ W@:tr~ntiilk~~ p.ri:i-et'iM:i f.:{!n be im,,A~a~l Fi::w e~0i1r1il~, i1 
t~r .::~r1 ~1ma~· m~r!,,; 1.>bji:Mt~ d !n~~-;e:S; -~r~rnd the ,ibfec: bt:.:<"l.in.dmi~;. lhen ~ ~~tcl cl.'Jed~ c@.:l!d he h'.it-koo 
4\::thg Wi~ t~'Ji:;,->;;.<i¢ e,~vl~lbrt it:: ~t~ :~l.4~,;;; ~t.~ti.¢e W.!'1~i th~ na&.it w,';#r ~i'ct~s~~n ,;;,c;,:•i.if~. it~ th~~ i.~¢, ti~e: ~~et 
srowlw be at.I'll ~:o stop ~t ~ny fr-~·r:e in irn;sae a...•~tfJei':'i'c~s ant ~o ~vfait'ns.,rJ"!a& ~tw -oqe-cis of iritenss1 ::1,,mn rnwe· 
etl"§tt )mm.dar~s whei":fl\'~r th~ segrnerrmtl~1 ~i'i:.~1)',~A..~ is. fKil ~t'@}.lek":t't or a ni:awt ;}bJe~ (;!f intff-e-st ha~ ·t,') ffi'i: 
€,::.::\rne-md. 

0i,o¢~ int~ra~k-.n~ i;.,,::,~Jcl b~ U'§.~f~J! ~ ~<la~-.t ;:;,~'f!P1~nfofo~""'! ~'"Q@4w~~ farnp-:~mlV {fr~·<:·neb:t frn.,~-1~}. ~~fully (in~kk: 
~h fram~} ,or s~'\$i1~~ ht s-equer,ce, "ti.'i ct!/3/:ajog ~~1esigrli\i;:a,,t p~att:$wr on. the )a$.~ of mi;: ~le\,.,'ed ,ntsQI\$, 
Too forter.,~:}trvt a<iJ{~4rn:an.t ot t1e ~~&~met~~ <:,cyu!d t1@ m~Jut ~o di::=;:<:jrnir~t:e m>:.:w~ e~ic}fil1t"ly it~f%@stirg t::$\l~'1£. 
frrn:;~ rn&':kmly\•~=l)i~ rt.'fil,lZJl'k"'3mo,d (~~- ,;Jf>'l~,;:;, $'ti\ 

-~ ,,,..,, ... , .• , .. · ".,. ' .. •,h ,,a< .• 1-...,." t"-' .• ,. ,.,., ,~,- "t •. , .. · .. ,; .• ". . tf ... ,' .. •&, . '·,. ~- •• ~* '. &,, "'•.t\.' ,,.,. ',1·· .._, . ,, :\', '~ ,• , ... 
!"<; ·,m ,~ ~H'. ~\>:,PlO~.i \. ,A)J....,.:~: ,~ i~ _ US.$! v.,;• $:v1,e(,: ., ;h$illA~, xl ,HH~, .,, 1~ ~I~ l~~s<.sn \:'.' ;fh:,.f.~v$:,/ ,h: ·,,ti)*(. l ~,w ,llJJwl<=( \$i 
!oo~t!f,d. Tru~ $dm~'$ t~) ,pfa1'117;e 1~ ;i;)\tf~Gbm pr~~$$ ori tJ:!f, Rm on}:f'. 5-.~n:;i:;nt~fu~ ~'"inmq1;..~'$ 00$-f.:d i::in m~~71 
~n.¥/t% t11@.'ltt!~- t~">\i/d ™kt\ ~\i~1t.,::i.~ fn:.im fa% .)~~z:@Jt ~ l~',y ~!J~.\iy ~~~~# t~\~':;t~i m,;:,\~ns f~ki;)i, l>u1 t.:i:1'\li 
fin~ repr~~*:w;:t~ me ~i:ijei~'.t (1f i=F~~re-~t t\.-<r ih~ li$~L 

Thg &!gcrithm kw th~ ~ernt-at.&:1'n~ ~%-,'lTI:§:·nb:km 1:-~;mafos, in :§:•.;idh frmTie- {lf an ln,ag:e st•qu,af:,.,::,a, ~"'gfons 
(t.'lH~~1t:ttxfa:~ to mt_:,.vfng d~~r~ i1t_~n r~h:,<t\~ i,1-~'h:..·-ngk~ t~h~ ~t~l~ l¥~tQr(i.~·*j t tZJi::it).. 

Thg a!gi,rthm iSi t-.a~oo ~"l ~ e;::h~ dt•tt:;e;::tion ~nslly~ii~· p.,,,'lf~-n100 ~~"'lg ~eversl !lrarne~ ii~ ~~f to ~fact, faf" ~sch 
fr,-m~, plx~!1 ttl~t !:.'<~king l1J m~;.,mg ut~oc!1i. n~ tmt\::m dtl~ttkm !1 µ~fmnll'lll by 1r:acKsng ~,~i:J·, tJX~! t.1 §ti~ tiurrnm. 
fr~n1e. ~!Gflfl ~ QrPtm• of pr~~ik·G fr~rne-$ h the ~i:i:,1~~ of-~ fhr~shdd~o f-m.Jrth ~~ier ~R1''T1~ni d it'~ d~ff,'fiG~~-

Th!>\ i:l:!gutthrn I 12Jp.·11, proc.~~ n~ ~~m&""lt~tl<1n rn~p -t:if ~d>:::t1, ~i'~tl'W fk tt tr~ ~~·~ ... \,,mt® tly proc~s~~ ~ ;~oc.p of 
fr~rtl:-..~::. {/(;, i=) ... hr Th~ mun~r @f frnm~-$ .r:, ;_,~'~ :i:m 1h,t b~11J::. t,f th~~ ~,.~birr~t~d ~)bj~ti: V®kxMy [,1 :?f Arw gk*'-,f 
rru,furi ~,wi.•ngnt iii:• remo,,<oo by a p$'~p:roc~~sing clsge, ;iHgr,i~ fo:,fu. f~,f-"t,,.i7. FCir ~h ftar,,e f1, t~ ~lgcr~t.l"m, 
~p.ms, ,ti §hfoo ~k.~~ f $.-OO if'igum ,/2 -30}. 

&t~~~~~ 

~~t!t-~.t$:.:~~ 

Swp th1~; Ch~mg~ ~~ai ~teetion, The ,;;,i®.e.,-en~$ -t ~-i !/,y}z:f~1(x:y}--l1,:.t,l),y\ J:::l,!J, ,n-t} o.t t%':i{t"l tr@~ ~t nw 
~j~JP. .,.,dth r~,~'\.~,:-t. t,--:,. t.:'l4 ~! f~~~ f"'"~~ ;;i.i;~J!.'M~ irt ,~,dru,- ff.,, ®t~d· thi;; ,;:,h~h@~ ~~~~ cl(~~ frj ,~j:o::.<.~t n~~tk:,nc, 
t~ovtroo h&.,~rcuoo ~nd rn,!fre, In Droor t1) rejeeJ tti~ ~m1~m'h.~ ,m1i.rdr,{1s dtre w ;&S,··t ~11 H~~r C~dtr S~tlI.tc 
te::lt i::is p~~fo,~·rt)d, t--mni~iy, ft<r~@.ci:t ~-.kd (''\f) th.~ biHir-,::,rcl:sr rn._·.,rrillnt *f ~,~ch !r;:t~~fr@::'!~• Jiffem1~¢ ri~:.i,y) fa 
esllrn.a,,~d ~'1 ., &s ;.,vfoa.\:o-;,i, (~ {23} atd (24)), ii ~ i,:Q~·i.;t~t:$d ;,,..,,i~ a r:hre,-shnkl $d~pth1$)' s~ ;:\fl :In$ bi$s cl it$ 
astim:~1;~ o~"'groijm actM~y p 2J, a,nd set to z~o 11· rt: ~s ~b"i:'-' 11\~ ti1~shQi•:t Ciri tte $~4"-a1:C$: or ~~ t:i~tro!ded 
f~';.:lrth-,-pr~r m,m,ent rn~p;S ,;;(/') (:.~,y), o;.li ~tia,"!1 cif:'.k,;;.~bt, F~--.:::etfo~ i~ p~"N.Jf!n.;J.d . 

..... .*:·=·/ 

s~p, 'iwp.: M11t~o~ d~~t\o~, Yhi!ii ;;;t:.w atTl$ $; r:ii~~ng1.rat1 i.n~n~o area$ fl>'lJ~sentng tincci,,,,,rEQ ~r;;k:i;p:n..1nn 
(~'i:.hii:.h !5~:a~wJs ;till kl t~ HOS tn~p~} anrl m@itw ~l)je,::ts (rnovin~ ill th~ HOS m~ii} At tie ith irer~han, the Ji®f ¢ 
*t ... ~' :",.._\,,,,--l• i;.,;j ')/;;; ' .. f ' .·.,/t) .;', ... ,, :,&*:- .,· ., ,•. -~ .. ,, ·::-S. ' ,.j ,,. .... ,~~ .... • .• ··l ·'"' .,, *i ,,al'~'§ •·'"l'l, -~· ' '. ,, k:,. ~=.-;! 1.~f:ef§1Elk<"<l"~i ,.·A,,,_,. t:11:ij.)~ ;';\-i~---.·.,i'}(,Jkl'f\i\ .... ,: .. J\l-,J.: !,2 :@.:&U:,1~.-i. f'Ol e-~! pt~e, -;;,i.,p ~!~s;l1$f.\~!}t,,rem: IS .@\ia!>J&~,-,;.<c~ 

cm a J,t;J windi\'i\ a00f:41hg a S.AD d:ite-ion {Surn d Absoui~ Diffet.~nt:esL as,;& if fae 0~¢-aceti1ent is ~: ntt1! the 
~rel i~ CIB$iitoo ~ ~~vit~,. Then, tlie lag} i£ rncre:.§$mi fte .. ttw pJ~· of rirnp-$ $l!(~$J ~rid :tte t11ot:©n ana!wis rs 
r~~-S'1~d. @1ti!i~t1-c? P\;<~I~ p,~ll~fuo 111)§ cl~p~~~~~1~~1ts: rn .;::l~ th<1 t:;;,~ll~R..-~·\.i p.j!/'$ ;~re cli~ .. ,,~ci ,~~ ~fill t<t,N frmt 
fr~'Tl -~ CO"'nptrartklnal t.nirtt of v~w, at e:ach le.a1ron, o,,"'ilt< ¢),1E!IS hat '>'lete nc! alrea¢,· c~ssifod as nuvirg ate 
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~!>i:J}t1@H;t1. Mt,fe.;)!.:':@( ttw m.,i-$hlr:--0 ~ rwt t1fR'.;!'!:1i~1iy {it1 ~h~ pi:,,~~ii ',\t:1\d, <'!N? .~f.Z'J ~~i @r@ i~)ltif~ti *1 .~ 3x3 r1:wu 
\>'.Wll:io'w, @nrl thzf are s'§$Umed t) t.w· stl!I Th~\1, at the f.Jo:.~fL~ .t:~f ~1~ compivi~-s, thl n~tchrig ~. pedorm~d 
c.•(1 ~',·>" j:/11.ds, :#i~ ~t ~'i:.~ ~~ic,~n~i d i.ex.,;itti:lnit~ n'ii,:1~ th~'l .,;i ;.i~h' ,;if JM>#'ef~~~' ~hi~ ::..~~t,,h ,),in<Ji;i;_;·,,. i:s li:<tr#t 

st~ l'hta-: R~U!atitatt~1, sim teglcn$, inteJTh$!l ti rnoVirg Rgi,or:.$, ate rt"as$ig:til$>d io for~tt1°uno. the 
t~Otiiarit~W:n a~6ritnm ~m~:;; ~ rn~r,...1s=no ~ ~i,,d lM31 toon~ith>itt to,~tt~rnt:~ oob·,dh th~ ~~!<t!A~Llnti ~nci itm 
ftw~rctmd. · 

N;Jjrnety to;~:ilot:i~il 1~:Jt~tr~his on !he t.~ ;;:i c~j$$~ irrngul~riti~ :s.t.tih M hi::~~t ~h1t1L gt.cl':S.= &'1d @le:~. ~re 
kr{Jl)$-eO b-y~1$!$nS qf rni:,~~::ogk::a! fu~r:ng. ~iv,e 111:011no!i:91c~1 c,wrcitb,,is, ·,,,,itt cir;:1.,$11 struc~ur:ing s-laro~nt ~re 
::;snril~<l ff.;:1M~ Vf.' ., 4:1\ Frimi ""· 'k\~'>~~~,~l r.,.1inl !').f \~"'"'· :!hf'· n,-"1;!t0-~r~'t,~f:h"'l :<.Nf!Ai1:s ~nffir.;l:i:> mrs.i'.ifi:a r:i?cthns,. 
y-J~~ si;ro ~;,,:~~""l.is ~hio\ ~i~ of the strucfatng el~n:1~11( ~~~~1<lirlg ta diffu~~~t mo'.'ing ~\~cc.is. Firra.iiy, ~ ~cl-­
pr-i_};:;~'S<.~ln~, i1per~{i(::n n#inei the ~~:s;::J~$ on ~he l~~~~ ~1 ~.p~tiil ~~~$. 

kitrw:lu¢ing t..~er ht;zr~-ction iii foe se~n,oo~.;ifaxi ai~·j.h,1 s:lb\,'>:'S ·~ ~rih~:l:;(;e its; c~&.,t<ilit:l b:: '"'x&~t ·~ s:ti-ss.p~s of 
n10:,,;it1g t\{,\'\.~'$ 'Nitt~ ~Clff~t)'. In f:~t~,. ro mt~l~mi~, f:;i~~ .1J;am1 ~m.Y~., m~ t.i:lj~<:,l~ t.1 i~!>\tl!::-st tn<=3f t~ ~rlt~lt}' m!~oo 
~"'lci in ~!ikMl~f th~ e,:i;:1\~teti i:;l:;,.id b..?:n:!~rn. t,\~ti'?d:l ci.1 mt m~1s:;;:'1 !hi; rt\~! Pb:J~";t b."W4~$ T,q in...?:~~!Re H1~ 
s~rmh">:i.ltiM ~rfu:rr'fl>9:rtoo fo~ i~k:,<i,;fog u~r-al~~it~-n ht~l!i.e:tkifl:~ ar=l'f! ~O"·,d:~:: 

......................................................................................................................................................................................................................... ~ ........................................................................... ~ ................................................................. -....-....;,,..-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....;,,..-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....-....~ 

ii !=Radi:us!RiidiMs t.e:rcatio:n lt~afioo-i~ 
~-----:-:-:--T:-----~---:------.--:--:------f--~------------f--~------------ --r--------------- --t---------------~ 
,, C:lo!s,.i:,g hy Rec.. , ... , ... .,) ~) ~ 

!i Openi!lg b:y ~Ii;%:. ! 7 

25Q: 

t~ ui~t ,irrvE!l :n1te~~d $e:tth-g iri t¥::ier b Wise, $.~Cl$ by ~~,ero:::$ an:j ~'iie by f:r:~...,,~ ~ $lg~'ithrn 
oap~biM/ lo ~~!et,t the ci,\~i::ik d' iM~~;sL 

• ~~~l\~~~il•• 
I 

ki t1*'$ a;::®se the @pµkc~lkw'i (it too aiJ~mfo::, §e@meni:iWf;~ tecl~1k;it~ c:.in ts~ re1:ttic,e<l :::m.d C'Ptiinized .,,,ifht""l l'hat 
R(J! ~~'ilf,. a;:i:~<.i iri rt">~~.i 'l.~ ~~~~ !lhi~ ~'i':o'~ .,,: ~t~'=mi•W>"~ ~'lhlili'<~l:,:;t,'\~flt b"'~"/~·~ p~~fo'l:~Wt~ ~i!i¢i'i! f~,, :fsl/···~iiftg 
nw, o..~je-~t .;t~ e~frTs~~ed en ifue rngkt11 ':i'i-:her~ tie daj;e..ctis in.dud~d ~mi rot on nw errire km.ige wh,t.we rfighf'I$ ~"'1th 
diffurent ¢.:."'l~acwri~iies ;;;tae us~<aio/ pre$ent 
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N:ijvf.gatfon fruiid~ 
:fH1QUf*lCi 

Thf€Hiho1d 
s.,ttUng 

Ai, ~~,:,;.<t<ili}fi, d th~ <..1hltin(i:-;i i<)~\;:.ilLl' !'.:i.i i'li:.'§.;,~'@\J !'is F:'gi~,H v~ -®-1_ ln ~,:;~·1w;ii,{,:§s,)J:'1 %{it fi\'t' Rt~:i.dl'. ;;;b{;i\faK-xJ ti)· {l 

coinpi~te:iy aup,.-,1atlc lectri.~u.~. The enM-\:n,,.~ii a:,~-.rm,n oap.at~litr lo fs~lmaw ,meal paramelers Qfu~,'lS to 
in,pro-.,,~ ii'!, pem.,'1l'~'<'1~ in reV!$i:!i~ frle®J~1 $h~pe">'i<'l1ti~cour:act 

A graµni~~ ~r ~~f:faoe 10\J~i aHQ.\:;,•i~ e$'f u;-:er tnt!:;'il-:acti~~ 'wilh :tte s~*=ntafan ,roca:ss ~ sh:;Nl~ m figure 
v2. -52- 5J$-,'{".i':l!y., me re$uil o.t me ti~meru:~,wo1:: CC{..Jd ~ µ~~~1ied t:, me u~· tt~n1t ~Y/ t'n'im~, w trmt :M, c.'lr1. 
tk"Cktfr b t,onfr1:ue thf pnx~$ \.tlth t)e ~me PMM::~fuf$ or kl :$fop tke t)f:C~~~-s, rtwiM:~ the, lhfonmifa~i he 
w,a'Ao;.islV gavt i:s1.~~ as µir:a~!:ers va,~e-s. or Rm ~iecikinst s."d: restart ·!he· proollSS... 

<·i': t: .. , T. !~~:x::t~~ ~1:-\,. ~~:i~p.; t-Z. ~~!';:1~-t~~· .-~t:~;~t)t~~: f-::1{:'n:l~}~>.~.::";i~-:S:~ {;r~~:fi~P, ~";i~~(.;t.~:.:}n ~f~ rn~;.~~nfii );~l~},.v t~¥r~~r ~i~~'{R:;~~,"&:~~~9U\ 

VbLst fs.~·, t JJp, 1e-!~t&l, M.:)i'th Hm:J. 

r ,~,v:li, ,A. ~;§.i.lF. R. Mfi~t~v. '(:11;1Ag1s :i:h4l'::t:lii~Jti ~r1 iri@a~,. r:.fw,1.m,'<'iti~t"' w*ra GJ:il:is,~ :i-.)t~'.!mt~ fi1~i(~: .~ tt~s{1~\,1n 
~t)Ptt)Ht~t ~.; lt~Jt~~t.~tfi~t1~~ tn1,. ~ffr._\~~~'x~k;p .t})~J .UiiJi\~t~1Jf tii'§Jitt-f ~)ti:::~~}~"x~~~tg ,I!~.:ki ()t:~~tit~tt~k~~,~t:":-:.~ SJ1.i~)itt: 
8~~n~~i, k{:lp,<in, pp. f<\1·(,·1, ('.f~;l.(:,:l:,I:}\' ·rnt~J .. 

J,. lK.~l'(i$, L \i\1t, "',J{)im GOf!lC<Llf"··b~l%~XJ ~:ff(} M(~l!Oil-·\)~tt'£Xl W!M{iti· t%?-qt-8nt~:~ ~l\;l~t::!~fW;..'lKlfi '!Of rv !11l~lt'0 
r:::ndr19 ~t Le:.,,,., &t-,n~t~." Vi'si<..>-s1i C1;,.rm~Js1nk:<1tfr:m~ "'im:ll'rn-,~'.N'i Pn::3PfJifr:;;.:i, (hk::i%1,.'). minds, :S~r1!i!mt~r I:fi&-1. 

?ik 1:lt;'.:rfo11, ·'Diisp.~-:i;,(l:J-SSl1nJ ~1~·bn~,c1~km b/ hi~~m:r,'itk::.,ail bk,js;n1;,;,t,;;bng," :Cf"' $.fW'! f.,JNt"l'lc'\i.,·~i,,ini ,m ~<,:~..,u~/ 
Ci:1t~muik:,1ti'J•:l:S~ri~J.'m1iJ\1 htJr1-s/ii't'{J,. C,~rnl,iid(}lt USA,. P?- t),tl,BWl, Nov~1t1bt:r tH-18. 

P l'k:1uth'N'!W, t f.'\~tii;r:itt ·'~1t:4h'.lri ~J:iQit~~t~t~li{sti >itits <':§ti<)H,-:1~ki) th·n,wii<: $'.r;i~;:\J '*"~1h•t1t f1)m tit~ li~\~'lt~i 
~,e<.}U(H:i~,"· hh~irtKrt\-:;m~J J?:,unNi d C<]·)'lt~~lr.w ~·fa;.fov1 voun, no.2, PP· 1,(17, H~it '18-'SJ. 

J, faig.#,lY, H. Sai,~~,, 'Di'ff~ren!fa! rn~th:.~,J~ kir ite k*nrnkafr::in d ;w s11d 3I~ m~fam rrnril;!k'l ~n ~~mpi~ 
:&l'r(}llt1tKfl§/ S.i{f!,'>Ji Ptt}tt",,_t,'!id:,g., \<'(l!..f, Pll 1:f.l5-tl7,. S@pt H}\15. 
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fl] C C)i, T f)irHlfr'!:1L M Kt1:,~:. ''M,).'i"F~tllft,(j\'.\•:l:! $t.i;§k>ttt:.~)<'>.<°'Hl SHiWni,*tl~hW') for t>:v~i~~rl(l~H:;:;11,.:J \AJt,{i 
Ctxliqr'' ,hMJm§ti\:-m# l·Vi)ri:\::in,::\O (Jr! C:t.¥t(fitJ fr~-;hi-)~Ju~ts frx· \!~.ry Li::<\='i' Bi--t,Jfo V=i:~'(~1"'.!, Ttf,yt3, .J,{1~-.~ut. 
N;;,"""~~·il\c-::~i H~~tt 

rn-1 M kM1:;f, St Th~.;:m)$., ''km~g~ ~1}n1$nt,;1:tit:1n t-:~~$1::;~ 011 :::it*t,t :q6t1nt~d rn~mpin9 ;i\Jh)ll"sf;tfff ~~tim\>tl@:i' $:~Y~~l 
i3!tJ<:@t':.{t\,'. 'i/tL tt !'>-k ). rw. :H&\:~. Oi\t/itllM° 1fKlt~ 

[SJ r.-:t ~~~~~h.: it i/J.t)§J~(~Ja< --~.~~ Nr,:t4:S~ t-h~b-1.~E$'.: ii~1h~:,:._-f t~~ St.~g:t~x~~tt•~tHt.l*:~: ·t}f ~~ttJ~f:'{9. ~lbj(t%~~ ~~~ ~~Q'k~B() G~tfJ~-t.~taj~}-~ ~:. 

hit~Ft'it/f,)m~c' Gi1;<:,:.f~1n-s~11~:;:~ f))l Ao;."\\;$fft:\ $p$f,,t~h h'fl~ S.i\?W{ Mwlith, !..?.l$nm~fl'f\ J\¥H %~Wt 

R. kl~}\ M. \1V,)Ht,i;;,t!\ ''A Ni::k~ Rooi.s~t \fo;:lt)t:~ kt ~~p Sfowm [$iin1l;i;}O.n ,~t Mtfl;:'!t~l ()bii$~W h Vkksi,1 
s~qmrn:a~ C:on:~~::lEdng ii, M~•\•~n~ c~m~rn1,'' Wbrk~hi:tp {in foW@'f.! An.;ifys~ lcr Mtu\\rn~'s;i%~ h1\1*'"i:Jtt.l'v1;!' 
S"f,•,i:."»,,,;, t,~''"""'in-0\r,,-N~r,1,.,,:;;:, ~~l,9iw~", J~~,,~- l()!}}', 

(HJ H 1\-"!J<:t\ M. V\!'0Hta1fk ?i. Nt'i\'t,-~ RotmiH ~~{Atitd f{f: :;m &lmip1;1 f:\Wi'fWfit)ii t:4' Mt1V!i\'9 Ol'.lj:iMJ:!i. ~i \.·\tlti-,1 
Sti11~m~:::.-.% (x.~,'l~d~<::rfoo .,) ~-ilrvklf.1 (;j,1~<::t*.l."' ~1\l'ttM 0'"<'.'Jr\l,;':k'>fr~~-: S';:"Ji~f&<d h:.m,w (Y1 ·wr~{i s~quttJt:(t 
~~~9-t}1:JrM\~f~\?r~ t~Jr :CQ.fr,.'tt~~1f·:-t\~~~(t f~r~'"\9-·~ift~~ f.u-1~t 1~$t~¢,~li\W~~,it \/~ ~~,. N~)~ ~~i. ftf:~ ;~;J3~2:ll"~ twri~ ·1~t~ ... 

Pl1 A !'%1t $.. Gol-orin€'$it 0, RW5{:;0., ·'Vld,m $.,qM1,nc;a Se:grnen~..::l~h:Jn f<;:r O~le<:>!:J;.~:.i-i;id (::{!di.w~. m;;ing H~her 
tld~s1 mt:}!.\$Iit~," tsC.ti.s '§ff, i,kmgkz)f'!fi, J\.int H!S! .. 

P}! A N@\ S. Ct0.tttBS:-~, G, A!..r$,;J, 'i\u11:Jt1:1a~ii; Ma,,ir:¥;! (}t~j~,;j~ £lnd th.k},g,\~mr SeijtN~i-:itatkwi b:y rn<:.N)rn.t of 
~~igh~f· ()':~~:J~$f f~t-ti:~~tk.~~ 1 ~ t(_~t i...~..:~~{;J.f'lt~\~{'f.:· :t..:~tl::t§ii'@ 't:.tt C~st:}~.$J~:'H~~t ~<il~th~ 0(~~Jfff~·~t~sk:;~~i(~fi ~~nd h)-~f:~f~~ 
Fs·n~:$.~inij, S~n J~$~\ {$· l4 Ffl~"1Wff H!H, SPIE Vi:.:iL ~;;{thL 

fhi.] F. P-~lernhL A 8frk fil. Ti...tusln), ''Co.mbrmid fofoibn ,md Edqe An:,ilyih f-i.1r -t1 byffi·-!1,.~s..~d R>B~"\i'~se:rtaticJn d' 
!=1~1;,)i;.Jf :S1i<.)lli:itiCi_%.," ff:J2T:.' Ji:•ti~i"t'itdit'\NJl l'.i:\•tfoi<B-JK•} f)N (<'1Mi;,'1~ frt)tJ~~~~li'g, L'lit.i~Wm1~), 8-'.·'/ik@f!ttntt 
$;::,p-t,;wib@· H}9I}. 

f1:fj.:~ f:.'1-', ~!#~:.f~)fy~: .... ::..t\: t~~- ~-1 -~~"-d~-~-~ -~-~-n=~~~\f~f)~:;;:.-...w: ~~~·~>~:J)f.':-;~)l~·tii:{:~-~ :l:)~:11r·f~:j')~~i'.~\':-:f) Jtw· ~f:f,&:C.~~ ::.~~-{.~!·:r~~i,~":--~ ~~),:;:~~~ii~·~1i/·· J.~:1::i:· 
i\-~).m~~::f,hti& .t~'i frt&\t;!f Pnx:.tis#r~'{, \/1:1Lt Nc .. 50 p:t t;;\9.&;1, S@p~~~)~b~'f 'H,~i4. .. 

H~i Lw:: '>\tWM~t. Pltwi,t \':zi~ltt 'W;(~t1t\lhwir~ iii (HiJ%<:l ,,:;p,::lt~)w {m ~-:1fl\d{1nt t.tkmitt1·n t,m}i}d (~"l irtmi~'*r.i~"<r1 
~~h1txMk's:rffi/ !'t't:f! fttM~~Kii'(..iH :t.WhbAM( Vtt 'l.3,Nt), l$, pp. ~;:'.!.,.5tW3, )um'l: tf:WL 

fi?] N. T. !/Vijwvji, H. K:§lt~t:~, T. Ao.nq_ "M:1rpi·wh:.:gi1:;~~ $egm~:iklth:Jt,, 't,,fth l,~1ilni 8~:t;;d f!.Wlhff$ E.::o:lrw:{t:n/ 
h .. ~r1T~:.t~;:if!:&,.r Wi:¥:il1hot.i w~ Co .. <thg frn,hiii'q1.it'.?$ hv Vf,l'1J Low B..t~nwi, Vfr.,¥;,o, ki!.;;;,cy, Jijw:rn, NW,•'l:':::'P~t~~r tft~t 

ftH] ("}:;,r~ E1<_f.;'<;3rfrr,~nti on MuiNfr}.r.E;tkN,~'i} ~rnd Adv,t,;in-::~-4 b~}'"6'md Cm.ii>'~J A8,f..:$r:.rs~ ~:it MPf{; .... 1 Vkim.i, 1SOHEC 
.rm TSO 2:$/\\'G, 11 N 2 t1G, May l!!JM. 

Pt)! Ja~~ (:'§rf.-; C!'K( M~11Chud K/rl, Mys.)tit\fl Ho Lt\':.) tutl Gi'lil'}1t..'lHk /Jm, 'A U%-§<f:.;'§tMi'.{(-§d Mtjii)t}tltt~tit:<) 11)~1h1:1J &lt 
vtfa;o tlh:i~~i ril;,witl, Q~n1tlTati,::,t\' :fN8 #if;t.i-~;~ikw,~ir ti:i{~·h<¥:r:::.~* C\:t•;,.~~,J"Nf~~f <:;;-~ C:h-;;'.i#~\~:s~~)tW, l~rtW.~\'k:::1'~ ,·i,r~1 
Clli~)ff;Jfl.i'i;-:1thi;<3 (ftt'·-t;St>t>!}b'}. Sok.lit,, Kofl*;l\ p;-. 1,-- HJ. Jd/ 1S-£m:, 

Jtl£tit t,;;-;,..,c;,tl<. hii'l Gt:,tl(i .J~'*'Jt\ \<hJf\::'.JiWi Kif!\ M;!".(ttj:\)@ Ho L~ll ~1:!tti C.r:;it.Hlm:Jk Atn. ''A t~mi•f!Ul~fi%i\lt \hJ'*''lt} 

~mgrninM!ii.m }~w!:iic·d fr;,r r.hJed nn~rH:f::.'i.i n11Jtin~,.na ~;wk;:atl,l:t~~, ., l~~~ 1,.,1t•ttM1t:it:.,;;.~r Tt~t:::.t,•;<,i:'$l C\:.ltti\1t~iYlt~s im 
c'.7',<t~ui~%.\<>~fm:t-.',t 0},<f.\r:<i!..li'>m ;;ir.d Ci:i.tm:ttwfr:.~i'r~-i~ ff'.'G,C,SCG'1h't. Niw~h,. JS:1:iaa P~'J. 1 H ~· t 17. J~ik t;3, 1S, 
"!@flit 

Ju*rmn :Sh~~t::.~!:J{, R.oland fr\!a,:;h, ano ./i.:i@r Ost1mwnri, ''~t!.Wti©l,i M m,(:f\:'119 CB~t Sh::rioW'J for (ntj~:::! 
®.Bt¥;))ni~11ron'· t:i:1~) ruti@f~iJ/tifEt.TTitwt~.-ictfo.tw i.!l'~ ,%lilW11xJM, va, t,-nt). l, tm¥.r 

Thi~ i;i~l%.~~<ll' d~,~t:rit~ lh~ i.:•;..x;ndtw r~;;:;t®'Wl~ of \lQP f~'tmi.~i>Jt'l pri.1>,~~~ Th~ f:1:rrnrnk.>T~ i'f fh~ l'»'km4hg r~"l~'19kt 
of \t()P •'$: b.~$00 o,,~ !he tfJ9'"'11er1t-ed !S~~ bn::m1~t-0rt -~he i\.:#o~Ang ~xffiin$ !l:IB ~-,00~$$ lO Jch!f\l<e _ t'i!e ts,1..-1fuiing 
recang~ of~ \/OP hi su~h a 'uay that fi1e. mlnmum ~mber a'f rrac.rcll!~~\s c.onlaim'\tq ~h~ o~ct wl!I te- a~in1;d kt 
;::,rd,;_,j' f¢i .::a(:n~v~ ;;!: hi~hi:.:ir .-';;::;qhg ,tffki~"l1:<y. 
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2. 

3~. 

4, 

C~n~ri11s: lw· ttlht&.t r~t~ta~i~ w:hr~ 'l=e?1i:ct! @.t'l/1 h,,,':WR)tt~ P•}..~:itrnn~. e:>J ~t:w. tz:w-~!et pt,ht l#ti ff,~n NJrt1ternt 
In ,c.~~ ci nterh~tl mi:.'l,':fe, the 'ii'@i:i~~1 ~m~n oHhe t.'f)-!~ft point 1f the re,,J~niie b a nmmrie cl 4. 

If the tt~P !til. f(!Sitkm atJI tMs r@t~t.ln~ie ki n(1t fW, sat~ ls tr~ atJ!i:Qin of 1re lrr~a th~ roHi:.,Ninj s:m:p~ h@v~ to be 
p$f<in,~ 01~r\~te to fu'dher prct:e$~ing ~1 t$a::'\'s$$':f 

Cct...mt t~ ~iJitbet of maciuh!c1ik$ 1h$t oon,pieM'.l'' t~"lt~h t!w \lOP 1m· ~! 1he pdn~ ct ',.;i1itn ~·l;'ttict,:!l :ard 
nJ:'.ll2ct1,;1J Jt~"\Jk;n~ ;ire ev@1 m1mtier:ect ,:!n ~i!§e ct irrt~r!az~oo mo~, .al~ !11@ vtJirti .e:· whbh ~YKiZ;,<t~tal p:.,~itii;,g1s 
~f~ e:~~") (,um\\~,~t ,~nd ,.,~die~( p1:<Jsifi~.,-,!Si :.=w~ ~wAtif1ft cl 4} {.),f ih~ ~~"'.\ntr,~i e'l~&"'.lh{b:".lk ,1.~lt·\~ th~ fo!fo"-.•,k~g, 
tJfi:.-1>..~~tll~r~; 

"' (~t~t:~t~ ~ htX~ftdk~ t*'t;t:it~W fr(:il) #!~ t;()fS{.f0l tsciH. 0 1h~· rlgftt hzx!l:.:~11 tk,"% {:)f ~h~ V(Y ','.;flfoh tKWm-fat; .(!{ 
m~~ploo d 1!1:d:fl bbcks. 

l:L Eii:~nd ft~ top =t~ft: ooorrli~:i,$i~ of th~ tigh~~t r~ct~ng!e ~ncera~cl in Flg,.~e F-2, tr;; fue oo~k"'d oonlrcl 
~dil'l<'lt$<. Thi~ vim ~r~1~ i:l r~ct~):t~,(® §hi:tt wmp!~i)' cr..mrair11 ti'l~ ®j~t:t bil \\<ith ttw rniriirnmi t':li:'ilt~ tt ooti 
tr.~~)~Pi.~"'~M n,,::ir~~t)bkitik"§ i1 it. 'H~ VClP br.~'ii1Jt:';~<'§! ~nJ v~'*'fr';~I ~""@1l~ t"l:"l:fornt~~i!i :!§f~ t~~~n diti~t:tiy fam1 n\,.~ 
~oolf.:oo top--left crseirrlincle. 

't'he pt1$t-,m~r ~;::tt1$~l d d\~~\."Kt~i~~ fllt~r ~nd ~b~ing m!et Ellher rme m- ootfi of hem ~11 he ttm)ed rw1; {!~ 

~~' 

ih~ fat-er z4~r~1k:w~ .. ~ ~'e ;:ittft:irrn~d 4.k:•t:\l ti:~ 5il:i t~\.~~.K qss .~. th::: oe-iodet as e: pos·l-pro,;e.ss~ opeiatkm. 
Lum!t>;&~~ i§!t w~ll ~1, i:W,rumimoo tMita is mk't~tl ficgum, F-:1 :sh{:),,,vs ttie ~~ ~rlieiane.::i. 
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I 
..... L. 

l 11 i ! f 1~.r1~1 
.•, 

k'i tw M·M t)t)W'i'tHk:;:f'\$, tw::, i''i'itXfot<' ~f'¢ f;i~~d t~¢p~WMijl:/ ~~"f',,._1\ntJ (:,t'i; 1h~ ~(Ktl ¢¢$i~~iMt ,';j~'t;,'~.i~·~d iii bt,{.,'t'©~ty Th~ 
k<{b.'llt=*J i:.<:i::~~':.:.il.Jra h :;,~~j k: 'fir0 •~ v~y :s~nocilh :r-~gfa,~, with Nocbng ~1if~ds du~ b ~ff1a!l oc c:~ff:s.~t and ro a~iign 
itt a DC off~t n1c.;.:.~. It:, t'lw. oti';fu"t ca~. dtfat.dt mixl~ op~'.~tiw,t ;Mt; ~r::dioo . 

. ~~~t,~:·:-:ftf :~~ {f{x~t~ ·v·'f; -~ ~{(~.~l vl} + ·4{~,;2 V~:_3J .a- f(~{l "-"·-!} .i 4::(.-:i'.{ ·~:f} .,i .. }{'il6 ~"'{;} ·*· ff,4:1. ~·f7) 
·:t <}{Vt·-\'1l) * Mvt. -.•fQ, 

whttti NY ) •z:• i if h I ~' 1HR1 mKi :D o!h/;?-A~w.o,ci. 
t~ (~l ..... ~~t .\: ··rH:Rr:} 

··· DC t1ff~m rnt'-O•e h ep;;,:lil.:lt~ 

:in the ·~a!Jt moo:e, a: s~f%a ad~pthse srnoot1lng scn.et1~ /g ~~ioo tw tii~r~nUi§tt'@ n:~~ ci:-:}l;Jli~ ~t th~ tiitXk 
di~tct<ie':,~'!(lili~~ Ui.hij l~ ft~-i:,tt~ni,y i~rf.o:>i'M~tim d-i!' Ml~H:,,-:,r pix~i amays;, ~:, s~, and S;;:. nw. fi!t-i;..tjng so~~~ in 
dEfatiit ~ is eta.'\.4edhy rep!$:i~ j~ hot.looary pi~ti \:.~ii., .. ~$ t•\ @:'X~ tt \Alb~,,~, @'1d f!s' ~~- t:.::ilb~~~; 

freq:uer,<ey ,omponent:s ~JJ~, ~\h in.<l a:.u c.an )e e',:afu;l;@d from the iirnpJe lrn1twpr-ot'w;:t !)f the approrln1gw DCT 
~~rt~-ei 12 .... fi; "':2J\~):iTu\ th:e p{~~i ·~-.t~~tor~-.. j~~·i 

,t10.0"' Ut -5 ti --2; • f:\,G ~,4. V5 \>B]T ) N a, 
~it~. 1 ~ (tt .. ,5 $ .... 2:1 • r~1 ~'.2 ·~<t ~4rr· ) tt -tt.) 
=:i:1,2"' at ,,Ii 5 -·2) -. h5 ,,,.e -.'7 \tlff' ) N tt 
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Hfffi CUR'.XIi'lf) 0if.ls r It) -~ v~tw ~w.,~n fJ <'!n<!J ff'. ,~¥:J CP :ti~(i&t'!:1' trBc zww1~1~tkn t::.~f~rfewr {:if 1~ rn~~:tJ,t;)l~f.< 
\~<,1here pixel Vi, ,emi~$, 0{c,m·1d.1ti:::t1;~·~ iHh:-e 'c0,ndJt.fatt' §S m.ie ~"<'Kl· O otten,'~, 

~n V~"'\ srrt.~tl' roo~n. thE t'tt.Whtl ~~1 tht dM~u!t !'t100~ is mt Kl1A."ici et1001::il'1 w r~d~Jr.t tht bl:orMin'] fjfl:fa,rst duf to ~t, 
ofuet Bo w'iz w~t :t'!i:!!i t~$e in ifue CC off:~t ,,.wxw ~ncl appy fl $1:r:Or@e~· $..~W.-t.-:<thing filer ~$. M!o\»'.t : 

rni\x :,~ M,'\X {v-t v}\ v), v4, li, vi},'./)\ '1•3). 
tr@ ,,: MiN f's.·:l, ~<2, ',:::}, W, V;\ \'~, ,,,,7, \'fl), 

ff {!n1$.~'--n1n! o;:·2,.0,"'.} J{ 

' ,, 
~1:k,~ 

'1 
t~~ :::::= =1:.0, ~ v~-=-.~~ l J .~f :::; f 

;;« .. :\ 

Jij~l .,, ~\~I ·X;~ tJf{?i~~ : ~\.·. ~r n~ •:{ .~ 

'ft::f.; ~ho\·f~ rntw op,;;1'l:1t:on.~ \:'Jr$ 0:pp!i~d br f!i! '!hi;, \>.lo,'.t. hG,ff1$Jt.i:;"1$ fir$f :%-~H~l *:;": M.-,::1rkt:11~13~ -ei:t'l=:% fuH01<~d by ff;r; 
'e,.cf~tlS~-:{~ ~ti1(~:~~~:ff t~ pl'M.d ~~tJ~.J~ h: .-::j\~f~'g~i b:'i th(~· ;:)~~\ik.'1<..:.~·~. :~t(~~ttAfJ. ~~pt~t'~liW~: ~.h.~ t*i:~St{~~-d pi~·~{: '~l~iiltiS i~ t:it~~~ "f~:f ~h~~ 
t1*'itt imtrir~l 

TI,}~ fi~f ·<'it'.t,,~'.lt~~ th1'~€- M~":ft::.'<l:.;(':~~,;: U'iJ·~~ht)ld ·CTl:ihe,:rnki.:i:k,fl, ii-:itfu:~· ~4ul.i:itkw, m,d .~d.tpih~ ~!nt')..'1~1ln;;i, Th~ 
m~ i:t appl~d t-n, t,'1eo pl(,eis ~n Bx$ bits,~ bas:i$. Mor~ sp..,~lflt,Si;l @$ ~i:,.;~$ .a:N~ pro¢:e~$erj 'by r~fot~ncing Hh:10 
p{~-,~Ji:;; .:.:st ll:l.;;s,~h d«;c,:~ .. 'Thi::: k~k~w1r19 r::<:~\.sfam h.: ~i,s;,~d: \,:.1 ~J:A~it:;,· ~h~ !>-':'-" :bk:'1'-'K:§. in 11 m;.".',"ob'.<>:..ry,:. ~ru··if,.">t;~n,..;:~.<:,. 'ri!CT.<i<.[_5) 

; .. ,., ·.si: :,.,. ,· ·,r,:":-. ~" il·& ('.;.~ K:..·~ • .:: :..K.·, ·.~··« ··I!<.. ··s- ~f.· ... -...i-.,f:=.,:~ ·:·:,.;.. :-· ... x.sc: .. ~ :,.:·:... , ·· ··«-.x ·J \"" · .,.,~.~ t ·§~<·~-:,;, '...; :i:-" >Si: ::t ... jt..:~ ·./ ·,No.· . .,;§:· ·f_._ .. , · · :-. t~-;,1rn .. ~pgt)(~~ ~(} ~•W ,. •. l:_, ~~~~~- ~-,,.,~.~-~~ &•,'X.r.:-t"S.) ~ ,,~ ... >:\)~ ~ ('.j:~/·~-~-,!*; -~~h.:~.,_.ft~,,,)!, ff:: ~M ,~ iv,,vlt~ .$:.,'¢t,,~'l;!~ ... 

F~'S:tl/, ~k.x~t~ n1atii~i..t"TI ~nd t1-11111rr1um @'aY va:i~ -,,tnwn ~ b,%.x..'k if! m~ tfocm,'%d itti/3~. S"filoohtlat)\ H"® f.h·~s,~~ 
d~?,nGi:i?.1:l ~, thrffll :and ~~ d:_li~as·•-ri,-:; range ·Of fF.SY ;.rnfe di?.n>:)i:i?.1j b.·r ff~.~J&fiJ ~-e ~<!:'.t: 

An ~:e;:-~:rni~l !)r-J.(;>$SS is d&-,e orli for frw tnrfr~:io~ bt.ds~. L~f nwx __ rw,g\1 •~· fue malirnu,':D vabe cl the O)'n~11i{; 
nm,~ ai'f:!ctl@ ftlut kJth~~i'lt~ t\46t,..~s. 

to!( K'"r ; ¥,<ti, K·H'· H. 
m: m1~1::~.k) <:• J2 && mm, .J~;m{;lE; :~ ,,$,t } 

~t1$.J :~th~~[~rn~*}; 
ll'{ ~\\&:~ ___ n:~i·aj8:<::H.) ) 

~h(kl :;.,(); 

On¢e, fut;, ttirethoM v~u?a ts -ctiterm~~~, th; re:1¥,iiring ~pEt.;tiOs~ a;ra ptJr:ety ~S h--t~k b::1$1$. l-~ r$tfhJJ ar,d 
Mn'{h.tf h-e· ff~ w,.-1y i.i'~lue ~1 tX) .. .-f:dln~~ei (hy} '~·lmre tiy~o, H\" .. 7'_ ..lrn:t the 0t'.JT@:$J©ndin9 tfu'1~~' hde-x, 
r~:lip~~th·~~'-- T~t, t;k~f\t, t) {':at. ~'-9 "'M~lt,-ed by: 
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The ligl!~ ttbw ~1- t':ie bnary 111tic~ ki fil),i_fl b,.-0ck ~vet '-"''h:tff~a~ pr.iletic.~Hy lOxtO bhary indJ~~.s ~re Ul:kt~la'!:€>1 ki 
pK,"'t,~'S:t >!'.~l~ &;,:lI tllOtt!C 

Q p:.r 
~ ;:,,. ........................ ;:,. .............................. , 

0 

1 

-~ l ... , ~t) Q~l) ·1 ~) .. , 
:-..-....-.... ........................ ;:,,.-....-....-....-....-...., ~ ;,,..""""""{ ............... : .............. ;,,.."""""{""""""" ;:,,.-....-....-....-....-...-,;..-,i...-,t-:,,.-....-....-....-....-... ;:..-....-....-....-....-....-...., 

'.) p ·1 [·1 '.q·1 '.) "I 1 ~-1 
... -....-....-....-....-....-....-...., ;:,,.-....-....-....-....-....-...s ~;:,,.-....-....-....-....-....-... ;:,,.-....-....-....-....-....-... 

1~'} :1~·1 1~·1 1 '} 
~ ~ ~ 

-------- --------~ ------- -----··1 ··---- -----··1 ··---- --------~ ------ -----··r· 
~ ~ ~ ~ ~ 

lh~ nlt<$r i~ ~PtiHed O:":J:i, W th~ lin~ri bzfa.*~ i~'l .;,; -1:.;J ',o.-·lRR)W ~r~ <-l.~l the $.~H'l#, Le, Ji@ 'tr hJt~s or $il .,. r lndk~$, 
Now ·mxH::l tit':ifilY :tridioo~ ~rn ot:.t~ir1@d '.ith a ;J;ii'!g1~ ~~·Mooid ~""hid) crin~~PtW!::tIB tt1 IB:~ r:tdl ~t~ fu~\•;:n: lri t:h~ 
~t)\%1 tigtw~, "-"'•h'¢"t.''*' ~h~ ~h~:;k.<l tt~km Nf.:i{t$.¢t\%. th~ t,,k~$ t~ ti~ Mt~J*•l. 

M~i~ lb~ to-'iffit~nt jf lht z~,-~~ j::,'t:<tL Lt., t:ct~i'rO, ~}, (;.i.iffitipt,fl;l$ ~) 'if~ pi.Xti 10 t~ ll~r~t "Th~ mtt:f :)U,WUt WF,N 
~- ooi:i!ined ~y: 

' ., 

.til'i\', "'"'" 0+ ± i>i~{(i, j}- r,~y{l; + i, v+ i} tic'§ r 
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T~ i,r:,;:v;li,wrngI!li}' le-;,~! ,rh~flll:t;': tmi,-,,~n th>!:', rtc~,n~tnci""®j ~l~:~ ~r~i 'ih-i.:,; fllt~~i ;;:,11tt i~ lfo,~ikd a....,;.",;,nding to ff~ 
Qta-,t~ .. ~Ui::i1 pirat'SW,tiat. Le., ,;J,+-~. let lUh d imd fl.trh,%'\l l~ the i'l!~emd t)i'<tl= v@h1~ a1d ~B J.tlx~i \•.~Jue oot1;;'l~ 
llb,il:~1, re$p~cih~!y, 

if( ~f(h,li} .. n,x::'!}1,v};,. fn,:!\wdiff} 
it1f\.'-') '" mr{h,\) ·'!- s}:,;,@"_,dfl1' 

i~W,) 1N tit\il;;.<') , :ttit:¥~;>i) < -·t1t~).:-(_dlff } 
fM(\,1.e') '" n~Ah,•{} .. nw:.;<J:Mf 

t.~~"<-'::3. 

~l(i\ VJ "" ·!it\h,V} 
·~,vt~{~H1 :n1:::t\~~~~if'~(j~~}2 :!t:::r 0(f:h :~ntra Hr~] ~n~~tr :f:f~:~;f(IDt~l*~·~ 

ltl tird~r ro r~~l>t~ tt:w mJrnifu'<f of ttrn0-t;;1Ht)nt in pt::i~~mtwti-g, two ~ir1>::fa, r...t: ~t:111~pnt'<>~:~ t::.wi b*-1 {:,,~fin&d: If:~ 
l:;{pddng :f?ffi.ijPfi:Gr~-$ %"1>::l U-$ fih,;mg ~rn~phi."lf.te' ... D~~~jhg ~ thi,;, bl!':&)li.mg ~m.~phi.Y~,, t~ hrwi~int~l -~~j t~ 
v~·,tkal d.;:kfo-cl,ing fR~ring is ;;,ppii~d strong!,'? ~'1"id 1-,<~aikfy ~ th~ bk/ck bo; .. md~"'.f'. Jf ih>S\ ringihg ss-:m~hon~ {RSJ ~f~ 
C1..Jff:~f.l( tl!i::it.i{ !~ "T,. l'.>~"i~lng fnillri~ !is ~w~~L F!lf ~XiJ:-:lelillg lh~ ~~:tn:aph~~"':, !tl lntr:12-fr~'l'~, \~~l tlnli ~ DC 
r;-Qfl1p{~fh~t ii'!; tt,~ B,$'.8 inver$e ~-¥~n~t p:;i-effi,;;rente;1 {IOC+, thf:! DGT ~ffi.c~nb ~fter ini.·e~ q1¥i!nfa .. ~~iw,, •h;.~ ~ 
J-100-~~r<:< :,i~tJ~,, i}:._~h 1h~ htjf!J<.)ftt~J ~\.~ldJ-1;,1 t~~'ti~~-;:(:<,~'~ (,·m$J ~l'1~t 1~ ·1/t~'fi;:~1 ~/l)o::~~ $~tn~~Rw¢ (VBS} tlf tt-m 
t.Ji.t~* .ij!'e :!$,t k~1 ·' r. Wl~1 Qnw the ~t::effklent~ In mf,! Kip ,{tN ,1.f ttie KlC t\sNe rt~11h~~r-,_i "''~kiei, w~ va:;i h~ ~~ t) 
•r. Wh..<:!{'l o,:'ir/ti:~ <1xw:ftfo.~r:t~ 1r, thf:!far left ~iliJrnn 0:f h~~ QC~""~~~ n@'1:-.,zy.ro V:;1!!~1~-$, f:hf,! HE:S ~ ~ tG- ''1'. n'&';' RS 
k~ ~t t,;} T fl :~my i!1;)il·~~(!} ¢¢~:#kiti:"\t i\1>\i:$-W h j.'};;!$\'t,.'$:t't {J!f:..~f U''$l''i .,); t)C tMi~~"WM, t~m ~mt ~~,\~;)ht.m .AC 
1:;ornp;lrier-1t, .JlfKt lt~ f:'in.;;.t »~w:-.;,.~! AC ;:;::s)-n-~:ir'fflnt lJ!i:-:o ~h~ ·t,.~~,,.,~t~:irli.':s {~f the m~· ... :fr**'1~ SJ~ t:;.ijlJ.~:t,i/$re,,.:.'l fHJm ~K'l1h :irre 
msduw &~Mi f!11d ~ 3-~tti~l'lfJf'ti5 of~ rn,fottfu'%~ k~1:~ by §.,~ing: i~ mtMtn 1ttc<bt. 

T~ chtcfriinarce, -dec.~-natio,1 mi:ering ~nd fre chrornir::an~ i~~q:.xia1ioi :fi'kln; are pef-otmad {}fj the oosi~ of :h'te 
8-sTIWi ·neld §fi ~~~ of hteti~ ot{ect-ba~d ~ding rlMn)tl ti~ i!l:WWi t~11·mt tct)o,;>,e.n;kin pr~iis fn::::~ri 4:?:2 ~::: 
4:2.-.0 ~mi lr~'t.li::21.1 ~'1-4:2:2 .. :r~~ti\,%:'t,· fo e,,;i,~ th~ filt~r t: .. 'lfi,s em,;;fah rn'l!y t:~b.Jeet ~.$t>ipi~~, ~,,:-:rv,,~::it.i&~l: fillBJit)~ 
mithc<ls ere, ~Ii~. Vlnen fu~r t~~ wrrlatn both ohjectsnd ba."ii:gn::und sam~~~, th~ fi:.l--1!,oii,i'lg :i:b"'Ct1:11a11,~1 :ard 
iH~ff.%l~t$n fih~i:J.nij r:1i:l~h~tii$ ~l~ -~ppH~\J: 

Oi;:;ehmfa1n m~~~~J'. thti, ~i::,ur-,t~) nti!uet ;MM t"~t.l-iiW:niml d°;:,,"'Ut1,c) ~rndt~$ Mi} k11Mitiiwti 1Wrn tho!: 1tm1~n~i:,-<itt1 ~h~)tlli 
inbnn;~tkm. . .,..\rKu1g the ct...~dm~t:f.:':.d ,;hrnr~1:a t~m,tslf..!,~, tha ~bfa:-id dxont~ s::.n1:pl(:l!.B .~r~ k~nNUed tit lhf..!, n,,.!il,;::1,-:hH:':i~:l 
,:;f;H)!'l'):is <:::iit!s:~;mpfrit:} r,·~lhs:::..:.i d~sii:db~i ii1 t'l.tiw:l,,;;i:t'l;::,. S.H 't)';. ,},ih,:,r; flH:,s,r :i~p~ {';,;~·)h;;h, hrth (if ,::~tij~~rl .;;in:.i 

l~j;;kgi<)iJtd ii>~~\tii~ .it Ht) ©i¥~tt b:.rnnd,i'V., (1)1\i throt'i,] ;;;;~~nipl!J \i,iH..1@~ or ub}itt ,1r1i utt:.:l kt ~:it~{tiiWil} its 
<:~>:A1T1~!:c;%l i:tm,ff!i.i ,~,;)rnpie \%th.~. for $;.tmmp!e, h i::m,e uh~ t~'<io,,t~p !H:<t~Ji (.•n@ i~1p l~ [ff ~m ~Jbj,;~:it ~·mnp'lt imU 1ti,-;1 

ott~w iiJ on a: t;,1rk1Wol1tid :.l<.1mf1{:>., !he- r~;;-1.i!iin:g ~~ht'\')n1~ S<~~:nplt::, i:'i.l ri:~Win:s;:;d ! . .l$ii'lfl i:n!y hi::i i*jed qhn::,..'{1~1 $.$TlPl~, 
f1d ti::kinlittl (:') tt~} L:-:.,it:t.g.c\)lWd {M!ttipk, b fi~'l.Ji~"i: f,.5 fl). ll'il~ l):{llm;t) dli'6ti1~i t~litiMil C-1 it ()bj,)d ,H-id Ci it 
b~:}::,::_i,'\::-.tw1:,:J. ·t\t.• \iilu(~ ('.'<f ~bt.i :rt.,;:;;u!th~ &ir.'.k,s:~~t.~(j eht.i:.,.,~-:,,;;i t,~mti!<::, C'} kHl(~ ,,:;.\lu,;~ of,C:·1 . 

lnterp,jab:m ~it~i~ig kt lt1:1,~ tit-utgll.:'.l!~llon ~!~whg pi>:.X~B@ ~ .. 1ii=::1h is mo in;,,~)l'&1' tl-i'lhf\t!~"!:c,n1alt)fi. Wt-Orbg, nb}ut.t 
<_lt.~qm~ ~il:11pit::s ~® kkmrn'\",-.:.i is<l':lKH~ th~ b:.'i;;,q:_x:b:i"',rl s>:hrwn,;i ,.;,m,p!,;i,~ ·ln1~-:,1 th« kJ1~,i~'ci,:,:,:i:;,-:,, ::,ih,:;,p«. inforrn<:Sl:$n:,,: :;~r;d 
th~ \'~!u:e~ Qf lhi~ lnt1;;rpol1:t1::N:l nb~Gt r~ht'<:rns $S~W!*''-" am i')htaln~~ ~pp!\,iRg ;;::i-1 liteq:clat~~ ~!t:er (!.~-1 inptrt 
1:t1tHt1~t0d thM11a ti't!'rlpfoik vi,1c,ur~ mt@< t~p~ Hit.'h.Kitj tltl'§h tJ i:i~Jdtl-Hl:t@t:l uti}uet ~)tX~ i)i:1%¥,_qrt"'md thit},'"I~) ~~mpJu&., 
or.hr th.~ dedi~1:~tf-!d obiw~.J (·faoim~ ~1111pfrn~ ;,im i:.oon~t rm ~1~:srr:pifl, i,f.1 ~~~s~ Gf a i~'«Y:-t~ar:o tl!~fl, !n Finw~ F-B {b}, 
~;,,\1 da.%n1il~~d~~hnm1;;_;i sarnp.fu\:i,. c,t itn1 Cf, W'(: \l,;;~:t farnt<uiirt1~1 th~ bt~rpd:l:!t:£:,,J .i:;i'H.1mi!i s.ainpltf.; CS ard er 
$:ii{~)i;_;:~~ t~~t ti.~ ki. J,j~f~~.iti~:d i$% .:.:)b)st:~t ~~fidi t~)-i· ~ :~d~ntlfits.i ~~~ l~t~-Q$0.t~~d frutr~ §h-;s· kJt~lt\.-::.~=t~)~i~ :~b~~r'f: tm\H·:~:::1~~ki) 

,~d ~h$ dt'Qn'H $~~)p!~ (::41;;,; cbjt~d anri C:$ i~, h~!'.J:@r0WKl th~TI ~h~i in~pd;~~E<j Gf1!1.li11~ til;,,i!np,,.\~Cfl: 1$ d~(.;1b',·~~ ~l$ 
th~ \<';:,1tNO;: s.inh.1 i:::twJ11wi smnpleC4. Thm inh,1:1,mlst.on kK er t~ i~t nfN;:f}O::i:R~r:y b*.1:}~t}t-a it~ l:¥,~kgroK:::;''-0. 
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T~mt,ot~ S~%l.ih~i~, 

\~?)~~nt.\~!!l~r~n .. 
~p~ija1 :fa~f.il~'l.qty 
iffo;-;®c} 

Sp~~m :&Jafat1@t~i 
!Entian:e.~rn ~':it} 

Din~~1it:: Re~clutt1.f~ 
:"~(Jf ~¥~f ~~Jn 
'"""""""""""""""""""""""""" '""""""""~~~~ \t-~ffi\~'PRffit) f{P 

·~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'..: 

!Gb:b:i,tl Mcticn 
:Cotnpefis;,itbr; 

: '}t.,~-i-ref'·~I M~til.:m 
Com eni:mii:m.."1 

:Ott~ct :fut~~ Bp~fatl 
\$t.1la&m1v c~~) 
Pt~~ct E'<ilSb"<;J Spafail 0/3:S{q 
=c~~~b~lri)·· {El:~{~$~~:j~,~~fcd 

f1ltJHlb1e Ai.i~i~nf·· 
Oon=-WO!:"':!fil"lit 

./ --- This {:,.1rnhrmfax1 i~ su;nlo.~d l\.'' tl1'1 $~1'lt-ls:(, (Stil'ij~';;:1 ~~1 futh~r ra~l1if-:tim1~ lmpii-se~~ b'lo' 1f11;! (~'finf1lon r.Jif vi:lu~i 
t)t:jt~t:1 ~N1l~J}, 

,i:. ·- This wm!ln~fun ~ r~1t $:JJP?Ot:te.1 b:t the 8}•11:i:&K, 

D - nhi mmtft'l@tbrt fa !itit)ported by H:e s1ntix ~n,1 t)f;t f1!o'Nt.d '<:Vil.bin ,;:uw. Vi~ml ()tiJe-0't{). Thi~ ooml:Jin.§:tkit1 mf§J 
l~ :e.i.1!4-•¢·d~tl iii ~h~ ful:i.a-~, ff t~i!;,':ii~;t~~rrt~ .~f.~~'l;:\ fot th~ t}~<i:i6~s-,hi.ifrig l;;'..'l'ribii:'~tic;,,~i .. 

><) SNwt H~:;;,~~~sf ii:<!.~~ tW;,i ~l-l}~~<ji't tK:/Af:; Pt~<l0fa'.\.t1, 4.M\' titlf Utit~:i;!~kii~t~d !i)!il 
b} SpfikHk,t;~ ft()U,U~'{rotMMV ntt Utl:'o;:)slW::t~~t':: f;;1V. 
<:.) P.·,VO'P Tt::'NJ)',~.~JI f.\::;,:.1l~bililt l.'.~~k .. 
d) G.mv .tk~~ tli:)isi nM ~UP(~)~ 0.~'\(<'.! P'~i'tln:}flifi-'9 f!t)i'R:Vl(\ 
~) b~ii'1~ti1 tbtM !1KA ~iJpjXJH Ll,~it,J P~r11~it)fti'::%i rt)i' RVLC. 
f; f}~<l~-· &<:'.,~%> i:kw-"' rwt :;;uppoii! LiJ.~"i' L~t:Br'><::V Ar,fs'lB~ 
@} f1A.\.C i~ a~1rm~b,n rf gn~y::,:.=f,:i~i~ !it'ti':IW~, r~r; rn.$ili G@1ibii1~l0:11. 
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A,tttl@x H 
Onfonnative' ~ l 

T~ l~S:st'$ ~tte-:rtl~1 is ¢:<:1.m.$1 lo t~ p¢E<Si!J.1ilf:t l"h$l~ f¢i $:ifle cl' ~hto prtiee$$es ~e;,l~ In thl$ p·$r1 .of i$(HeC 
144$\1-;. o.::im:\Jm,;:u1;:.;'l:: ·,·..-'i(§·i t'l'i1~ ~p~fr1\~-~tmn rn~y i~~1~ik~ ~~-~ ~~f mi ~n'~~n{~~1 t.:~iy~r~.l IJJ F*~~l'l r~Jhl::$ .. 

By ptit.!ic.atfj._'11: of §hs. part -of !:S,CflEC: t,t4!9!l lllJ' PJ-'3iti:m ii; fak~"\: \<.d1h respect fo. &is ·,;~lirlizt IJ-1' §his d:ai:i:n ~' of 8:-r:lY 
§Bfu.',nt rights k'=l 1:,a·:'!>%'{;:fo'fi th~rnwith. ~nk~rn~lkY~ r:~-!!r:ding ~tn:tl p.3t~nbs ran ~ obtain~d fri:.<m the fol!m"<·ing 
011lf<lfli~~bon~. 

l~ t~b!~ ;s,1,,,.sn1n-@j~e,i tti~ t,~~n~f ~%~f!t ~~-rem~n:1;;; ~~lv~i ~nd iri~o~t~'$ tt~ p...~~ lJf !fi.--C.'.Vlf C 14400 Vernkm 1 10-
<;d\,d'l the state,~y,t ~"'.lpliE;s (S ~SOilEC 144ft&t: 1£!99 \/ tools fa.t€>::i in Ti;,b;.~ fti, A !SCk!EC: t,49®,3'.l9{}ft R: 
!$1{)/W:C J:4400,.,frJOOO. 0: ItO:i![C. t44{¢,,f< tJ~W}. r:~ iii~ li'!:~!l~--!~$. "1:!! Ki-r>~@':,:l~mks~~ ~#t ~\~V~ $~'fli'llw..i hf~'rtkli 
?-.~~~'1:t ~t,J,li~~-n~1:ti, M..""'~'e.:\~(, if ro "X" 1~ f!f';'::~ffi\ nt-i t,,-n1ij{ ?-.~-re01: $t~n1~1:t ~i,. )'$: ti~ rnreiv~ frpm th~t 
iff{)._i~r1k~kW\. 

*1 R"ifo.:;h 1i'il:w,m1<~'"Wi,~··:::ii'irn·" I x I ~- :$. ·~ x I 
.· ... -........ -. - -.. ~:·.~ .. :. ~: ..... : ....... ·:· .. :· . .-~ .. :.~.~ .' ...... ~. ~ .. ~-.. :· .. :·:-,._,,~"\."\."\."\."\."\."\."\."\."\."\.~"\."\."\."\.~"\."\."\."\."\.t_,,,,:,,,, .... :'>.."\."\."\....:X~,,,..._ :'>.."\."\."\.-:"\.~"\."\."\: :'>.."\."\."\."\.~~"\."\."\.-xi 

! t1. (:~~l~~; ! :( ~ ~ i :~ )f i :-.-. .................................................................. :.. ...... :-.................................................................................................................................... ,,,,,,,,,,,,,,,,,{,,,,,,,,,,,'§..,,,,,,,,, .... :'>..'-'-'-'-'-'-'-'-'-"' :'>..'-'-'-'-'-'-'-'-"' :'>..'-'-'-'-'-'-'-'-'-~ 

: 7. r;.cE:rr ! ~ ~ )t i x ~ i 
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1$:'.:Ui~C H49t \{er:slol'.l t ~n \¥:lie~ th!$' ~$;W,'1)~"1t~pp:ie$ (3: ~SOi'!EC %14{-6,.1:rnrm/Am<l. L2G(i0, v~ tool,, !igtB:iJ in 
flgl.lr-e vi ~e ;3ru:J t~t ~1e'l'.1 lrl 'l'abre' ~c..l, A. !$(.\'[EC 144t{{,;j 1 !2ltl$VAni;;L t ::Ztt:-O, ft l~!Ci~EC ~44ffi3,{.\;i,1;!:CtkAnid. 
t:2lXX1. D: l$GJEC, 144St'Hl:'Hfi99/Arnd i ::JJ:001 Th,~ 1st !~"\\...'\ie~. ijl~ crm.;,nf~~tio.,~~ th,::ft ~1S,W~: ~b,·T~- inttlm'I!:i 
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.Arthlli!X I 
(inforrnafo.r@) 

:Encori@t Com l@xit • F°t:@ductlon Bas=:-4 . • i t: ,u· . ·• . t· n · ._A - • - ·*"'- · - t···. · ·• -... · ... · .. -. .. . .. . <p . )ff ..... _.· . . -... -. . ... e\.-1 on in :eu1gen rre ,,,,.dJan\tsa ro.n 

Thi~ $)bs.:.i~1~~ O.f,:"$'\'.:IB~$ ~n ~n,:.xKj¢r G0011te-:1ify r~i\~M:k-m ·,mnern~- Th~ prcp:1"$fcl ,ill@@ihrn !:$ alrr,ed ~t r~d,_,l-..<;irQ 
con1put:s1,fion1i by ~ ~icijnific31rft ~mc;tmt .,;i~ th!a: ~'''rc,:,,.i,,;;~, It fa ba~;,,,ril on e,.:!fu"{:"thg :lJ! low ~~t h.,"'alut-a { SAE) f:r.,:mi ti'!!a: 
n·V1f-~'Y~ ,,.--,,,,1"1"'-'·1: •. :,,:toa.d-r<a>.->:.f,-l<«>.< t~<'-,'1';'<, ill'"' 1•;cs••1n •t,i,~ •f"'-°'~l'"" ,sm~j ·~' \v,•=11~,=,-,~~,- <J""r',~-~-l ~1-~·r..:.~;.hn/(: ·s1·:a:k=: ~-·1 s'""""""''f: ~).._}._._...._ ·1 """"'N} ~., W1 -...,.,,,.,._~ .._,,,,-.,,.:: -. ~~.,,,. ;.-IX~~~ .,..,...._.,.-.._ •. ,•Y":~ ~ ::-'-.~ ...._..._ H ~- ·\,;.·~).-.: · ~~W. ~ ~ {~ I~• {:._. I -.::,: .. ~~,,::,:$MS ~X.•:J • ~-: ~ ,,,,,_ • ..._., ::S ,. ;.; ... ,.~· .._ .... ,t. '-:: :,.-.._~~· -.;~, . ._.,\~~~-.; 

'?em· f,ifo,.'i~~" {bi.¥k$., h,Wt.'f ~f ?i:;ro cy~~r,iiie<l [}GT ~~-ffi\:ienb} One~ \:I '°i"'::E;f':? b\~'' i$ de~,tf;ci. w~ r~n $..~(p OGT 
q\ias,tis$lf~\ and ~.~~i:mdi~ !OCT ;ili.'1d ir.,v'"'rse q1..;<E1nlis,,fi~ fo<r ~his b,.\-:,dt ii:* redw::::'"' the ~noo<l~r c,,::~::pufafain, 

!Vk~t dtt:m ~~i~tlt~ vk:l~) ttxlln@ 5h~)di:!ttfu; (k1P~:f;..t, M~"'EG-2. MFl::(~-l H.2Z:,1 mtd H.~111} ,Wil!l b.f§~~f N'l fi)s:):..~).f! 

e~fu"l1afur1, DCT,. ,qwsi;tis;;.1~~, ;;i;:,d e;;fn::~,y c..'"'>ding, Th~ ~ cl lh-~ a@c;rih"'im~ ~- a dmrnrfJal ~p \<,1her~ a 
dl:~plil:COO f,r,:,lff'S~ dlff-w~nc~ i:::. :t,~t:W;;it~t!: b~~~ a-1 tr~ nTu°%tifl tlf Um t-1.~-.r~nt -fr;;.~n~ ffcm th~ !mrn-ooi~fu p~~l frn.{rl~ . 
Thi~ di~";ll~r~1 fr,wne dl~ffi~ i$ th~n Q~4'iD'iw~'d ~r1-d e.'1to.py cOO€':.i \,i~ a. vrn:i~ble \f.ntih ~~-. In fu-~ 'ffl'"tci fue~ 
v~Jiab!~ l~n,,.."t';. COO;,iS, akr~g wim t';-,e coo~s vk0ch oontti;h th~ h~1gr hk~~~1~, coofr:;r:mirig tC* i:h,;; :synfal{ cl ~ 
F·<..'1"t1k}i.i!~i- ~cy_)fl\h,··-n, s:r~ tn:l:r\·srnitti,:t ,;:r.re:~- t~¥? 1J~$rln#:l., !\•k~k:m f.:!'.fi'.ti,n:\~~h~1n I~ ih~ f::<l\~*~~ by ,,·A1K:=h w,'* r;·~k~J\~t~ :irn;­
dfr,plm--;ernent of on~ fn:imr in ~ ~%lven~e wf;h r~~~i t,:::, b~ w-eviQ-t~ fr:M11e .. Sy ~~jk;ql~iing th~ di$pl~@~nt O:"l ~ 
bk:i-tk ~\#~, '-'\~ 't"~-.>; t<:Jit)l,\~Jm.:: "'* ®~.pt,-itt\,1 fh:11~ ,;$:<!'f~t~ri® 1ki't it t~~itr t,~ @.'irj,;:,\ lli~"'®Y ~~~t.fr-;9 ~h!ti tttt~r~I 
r~wn:.fanrr in tr~ r;:,a-x~ oiit~). tJt:T qf !t:i(th•kfo@1 t:k .. •:J,;» (&~ pi:ii:~lt) t·i&p,.~ in ~~n'iiJ,An-i ~h~ ,it~ta~ r-e(f,Jnd*~fK:~· _ h't 
J.y;~,,f,y; ~'0,-,f.,'»\ 1£:"~ >>~ 1~,t =!'i&1~;,,..,.,., -j·•1"-')f;..,_,-,!i~ ,!·.,.,~,. \ch~ I,)~,"'-'t. >x-V»)'+. ";''-$<:1(;,-i~-.;:i~, :-;'\c ~~;.;;,_' i')t'·'r·· ,•-ii?-,..'l<~-'<.4 ~~-fi<f"' b·"' .')~; !.enc"'*-··'"'<' 'i.':M. ·" !>:m ,...,Q,.., . ~.!l..- ,,,,..i,. . , .1-;.. < •=--"'~" 0<,'U ,..,~. t~ """'· ,,.,.._,, :,.!:.,'<,c•i,:,Di'<N>t-> " .. :;.; '""-' -1.H.).- ""'"'"'""""· . ,i•,l,l. i•!<>-,,,,<,,.:t 

t*:;~~ki!ti$ ~. ~k:.;)h -::J t)CT ©..~f"k,i-,.~-,1~- th~i ~1s,<t~~k"i t~ ~i1trttr-::.tth!ti tli~:-.~~,:i bli.'#..i>:$, Kl4\t~Hl$~li~'\ ¢-t ti~~ b:>l%~ it 
~. Du:;ilf!ti~:::iK~"'i f~ ~ Gl'iifo:-1:m ql..8::Jf:ltit:.ltim,, v-ifu ~t~ ~L~ v:::ir}{f:11 fts.":>:m 1 t.".1- 61. f~ i~ i:,~p~~~'f-)m,1 ~· :.,, d\.•itkin, ~­
a:i:, ~ tablfil lm up o.perati~::• f~t .a fi~~d-p~ni irnplf:n1~nta~,t LasU~\ h~~~i:@ ob~~~d faB q_t.~"'l'tin."<d oo~ffid~nfa, 
®'i~BPY ~";,.'fil')\1 ls clt'ifi@ ttl f.;_~if:~ (~<tlLlt":® 1h-® tNtf£~i§ tcdt)g i'~t~. TrOO@tstMl~y it)ti~t \~"<ti o;.'idir1@ tl~~Jtfa tl~ 
H::.:IT'ln'\;;m i':CK§::,"=:g for Eflls-Op'.f 0..'&'1i fig 

!~ -tt-~u-1:t. ct t!O-<:iw;tti~li~ rr1i'l.tiof1 ~~trr\~/~"'l'i 1,,-. m~ t~)s1Jlt~l r1~u!~. ·rf~}i~lli li .k:~oot1~o,,; ~i,r ri\c.'\"<'® th~,+:: ~1~;tf at lfw 
i,ii~ =~tth,~ ~~~c..1*;: ~t~ t!)i; ~@~~\ ;;~;,;(1ftbt "'1:;t} ~~~-m-dinu ~;il~t;;~ pt;f~t~~t; ~fo:;;i:~k'.:!i'l.*'-'tifi-~~0;~; ~;t;,~ tv 
soo1B :i:fo:<:fo:~t:e=d f':.s&,::h;,~, QJ" by :::--0~ fa-st ,=,t.fu-optirnal :%fh"<$l'~ ~,c.:,'1Bl'l'W. DCT -~"<'id !OOT ,. whkh ~ ~~~d h 1§~ 
cr:itud~t fat' rtu"!t1s'ltt..\dhg lh~ ¢u~ntll.®:l: ft:'.l'iiti~ tot tTu5titllt 1,glit1~m\ ~n~·~ ~oo t"IB:d mMt co~ty pat1 M tl-1§, 
encr.tdeL Then fclh:i\,,~ qu;;asi!i""'sfa-:i,<:i M'-il 1-fofirrmifl en,.~m:!§n<J. Inver::,' kw,o hii rn~e 89plk:sb.1>."''!fa, aft~?.r the qminlh:aticID 
ef fu~ roo.fo".'i ~1p,mat-oo DOT bkx:ks, n:~ny cl the bJ.~15 hfri~ ~H cl tt~ir -c-0~ffK;ie.nfu :tSs z&i:,_ it ils ob~--,,~ ih~f 
~ m~J;;:iri~y of thi;; N,x*.$ JI)?, ~·@ ~trer cy1.rarm~tlort Th~ ~1-.~~n~ ttmt t \<::~ cJr del~~: ·~ p:iori ::_.<;-h\cti ~~'*-"$ ~n~ ~n~ 
z:en:ie•d r.iut ~fief rJU;l!n!hmi.kt'\. 'A~ c.anfDfi?.gtJ< OCT. quaJ'ltB.s~ion &1u~1ti~;it%:-~'l .a:."!d IDCT f;_,r fome b!och. This 
\"<©~dd lJ~t~il~tt~ ~t:;;, -~• gt~t ~~t)~'t,::t W: $.~:\'kWl~ h1 t¢!t.%"1.~1gii;t1:$ ~t iht ~r\'i(>®.:f, fr~ lh-t t~k.,-'=>,·it.)£l \,~~ ©Ut0~ ~ f:,)~th¢-;:l 
t{l ~Neve tn~ ~~l wth n;;:1 t?:~$- in ti~ ~r~lvw ,;,w.,~my :Pt ~-~ ~0::1~1 ~l:.':qt~~i;; 

W1:!: b-t'gir~ 'hi:m M~tiify:hg ~ln)lt; t~~· t'~Wr~~ ,;1{ [l\~ mo,!k~l i,:,rn,w~'fl:§tlt!Zd \tkK*tl< th:it '<>~f h~p h (j~jj~;§:i(lng ~fr;em 
!nb ziwa ;md )OtHern bt~-.ks, .A ~ f.eatire ih~td ~HW:;' us to c!~~fv the blt1-~!s:s ltff\1 &."4-.~~rately lnd ~t trie 
s~ time rt :s..tm.,.*i p~ ne!~W$lf •e$zY M ~mptde 1i:;..::1- Usirg -~ ti).rr,pfo;,a.t-sd tl;:~$rflc.~tlq: s~lterne de~·ts o~~ m;;1~; 
~::-..1~ d' t~t.'ci"ii:t ~~ o\~,t~l 0--:-lfflp.i~h~ns,, 'l.t'}'Z< oo~kkw s,~;,'lll,r~! f.~ci.~res: ~n:d r~h~ ·he..~ ht th~ c,rd~ d thdt 
~1t}u11ante, ~ · 

M!)"$1 tf w~ fe':ltur~~ \'>~ ~fle:ot ~ff.:'! e~w to ·roo1ptJe ~nd we b;'lre,.-i im n~ ~ s~:::cord &de,f$} rn:;-t~Tts ~f the 
motbn ~rnpersated tibcI,-:s. '!JV~ o:,n,id:!r the f~bwmi f~re;.'. 
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\N'>t Li~~ ~i!i6h cl §h~ ab(l;,,~ fo~fus~~ ~-;, d~if';k1g 1~ st,~t:e«~ ·tfa,'ti;z~:f'f~~<.l t:,J,:;.t;t.il i:l.>t ~·,,tt:i- ct· t<ft~. A ~£:t~ §:.>:IM:k ,\:2: 
ooftm.'d al:.\ a !:::»<.;.;,.\\ '<'riWi ~!l ~f~ 4~mlm.i DCT tooffititnt!:S and a {)'t'ie ooi:c~. ;W5. & ~lOD,'\ with at ra:as.t t§~ rn:,~1'2&0 
q{.l,~nH~'\i OCT ~~ffki~"lt Fi:-ir ,k;;if:11 1;::"'l!;! d~~.-,,if:k:~tf,;<:"l, we ~!~Qt Q:~ (if l~ ~PO\~ foijm~re~ ~f'!-i ij~ ~ 
,~'"f~·~~<Thding f-0~rin,ent.;il!r d,i,,{~'rui~~ thr~hc.\1 ~c ciei::loo wh~t~"'s & rw-1: thi~, ~rek sh>..'<Ul-1 t,;1,: -{;l~~®:t--d a~, 
a'¥.o. ~~fi tim~ \':,~ c.~-s,~ify ab~~~~- .&~o. w~ \>,~:H.i!d t~ 2~t~~ t~A mil§ bl&'(ik tn ~ViN ~"'m) imd \t~Jwh:l tit.'!f oo 
d::'!irm OCT ~rd qt)~'ii$iji~'\ ~nd oon$, .. ~qven~l'.l l0CT ~rd ITT\•~r~ q~t$fl[~atinn Th..~ w;if'j$\\~i~$ lo .ij lm ~f ~\iilil>~:'i- in 
«*'1·-wtJ:Wt~Nt., i'>kx~ ,,~,,~ {i~firw :t,~~~ ~1t~:k~i\~t1:'f '.,~,Nci1 "'.,{'.•~Ad ~lto ~1, in :t<l\tikit%9 lri<tl, p~·;f~rtl,~r1~ cl diij~·~rit 
:f~1~f~'$ ~nd in ql~ntit:fng ~h~ a~gr~fotk:,-n k\ t~rk::rrn:&.~:e wtli\~ Whl'~ iMW $U(:h 're,$:Nr~ !;lil:~e-d d..~~ltk~i(in 
~hf,ff!~. 

,t.1.$ !!:! tAf;' i::-~i'-'!;! ,>.:,i{b 11ll'Jf m1~Wp~ hyp,,"":.<fu~!:s!;!~ p~1h11:;11:1, r:hfR· i;i:~-e t,,.,,:o 1)ipe?l\ o:i trn::...~ ~~~~~i~~(l with thi?l\ fu~ur-e 
b~i~ d.w;.tif~:,:{t\t::in ~,~<tw 8~th i~~~ ,_,,..,~ li,-re ~ ki~tJro l~ ® ll'w M,'m'i::~ :itt~~w~~~itlrt t~n, .jf:¢ fr1tt..mt<tl=t ,,,,+i~t~ 
W¥:? ch,1$:~})' ~ bkx.:k: ~s i~re:.\ '-*'hen i~ S:htilkt h:$.¥~ t~~,i 1,"<?,)('h:.!d ir~t~a;:J fon~\ \\'e; ~~~u thl\:ii eu<Jr t.1$ t~l:~e ~~m1 {P:-A} 
'trw 1@et"lf10 ts,;p.~ d-1 ~nct \<>~ ~,tm~M~:r t1 ~uch .,:j d~ti'lk::afo)t'i ~<:~'tr1~' /$ wr\e"<:1'> ';#~ dat~tih' Eli biook fo b@ tit1fil <il11§n 
=it) ~~~lit~ it thwki h,~v@ h~~"'l :mrt:,,., 'W't t~) ~it .w; ffl~~oot""'"l> {MO\. \M~ bm~~l!y dtlint -~• t1:;,i~nM~tfvt ~'it~;l!~f~ -M 
fil!:~·e ~iarm @rd ncii%.l~t~.h}!l ~~ f.{:4kl,,.,,$; 

v,J:¢f~ !FA i~ thi;: mimber d' hlocik$ d~.::,:.~~~ 11l~ ~w whei tt1~y ai:::a.-aly ~t:ouit1 ha'1e 0~11 ~e, MD is w~ iwm~r or 
ti~)W<:!i. d:Yttifi~J :Yt t)~~ '.::'i:h-~1 ~h%' -1*.~U;:';l!iy ;f'R'i.t&::l M~v~b~!l ze~·o., N·1 ~ th~ru:..m,h~roftrne ll:!ro bl~~s, -~ NC is 
tb'*' fK~rd~r d hie tin~ ~~)cl,,~. \\,~ ~,._irq~~~~· lh~ ~ff~ih>en$...~ cl difurer:t fe~turn~ h;\ rictfa1§ fa .. ~:e ~fam1 {FA} VS,, 
rn~d$:~:eciiori (MD\ ~W'>~ f~~1)bng fu-o,,•n lJ,ing ~- ~bo,<¢ f:~~lur~,~ h t:.~ris, ~ ;;:i~i: ~~;:~t.i,i;i'~;,;~,, id~l:f ',,~ wuw,\.:! 
','t~"'it <l! f~~,M~ 1t) g h~ e;J§; ;l! }::s,~' f.::~l$.~ ~i~'t'rl -l':im.:i ·~ !:¢\,•,,- rTui~d(,<t~cNo~. 

Fron ~~Jr e:~p1,.admerl:ii w--e (:®G::\~df 1h~ SAE .~nd M$E h:;a;,,-$ t~ ~;;f ~rl¢orn1,~tm~ J~\•iilc# Mi;.~ .it1'i~vn r.;it~.;;irtfl 
,\l),\~~f m\$~tedkon rate},. ts-t,\.X has ·fua \~::ot£;t peef,~1"1'1:ailt~e l~fe~t CLlt"WL @nd MAD, VAR me in OO:hi~tKL Snc-e 
~\At~; k~ t(W!VtJtj:lR'tn~~v ~%t !:.'!);f~n$h~ !K) ~~i!Kclh.d~ ~h~r ('.;lz'iE,, we ':,,,~I l~ SAE ~!:S (:<,jf r:tt~j!s)t f~iHre kl (J!~:tify'lt!'9 
the blc{zk-s A~0c, $.\"K:e: t,A/,,X i'$ very f,~~'.!" kl ,,::t,-n'lfR,~:e, i.!n<l lt cals:0 tr o.h'li$es Ji> Gai<:r '$.,':l:he ~g,!!l iitf;:;;:rm~~ m ~ 
tihi}.,;_ w~ "-t:iW .• i~ti iwt1Mi1-*i~ CiJtil'"© it turth~r, 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2531 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



\iVf:; ~=t¢Y lie t!J:$~1lct1k;n :i}t:J1tin1z~. ~wed z.)lt ~"<Jitiz rei;=t.ite:l.\. tm ~ wM~ nffi~, of tltl~ ~(Wm.Of,~ 5ift.:e r~11:J1kw1 
~snritlh:i:i ilCtf tike J: l'lllio'1n~lail1iori Dmees$, the ~t.nti1it$ d f'6%\1t~ bl~t>.;$ ~~· e:o:11@croo r:i ~ $lrn~r. We vetifv lli~ 
fact: by ef:":&'OO&,'fl $~1<~n~l ty~cal $~"t."'e~e~. We oos::e·',i,e t'laJ fa$ c:,,fflf~ fw misdet~fu,,,~ ra\e ~~· f:~!s.~ ~la.rm r.~ 
~~ $in,i§:;irf.i:t.<1" :aii $~;UA'"\i'.'.l$>; iti nth,w ,,~t'd1;:, fu~ '*".:ahil'.4 d;s$iiti¢~li<'in ~,~h~mit> ~>qUJ~ t¢'3~,@Hs'3o th~ \i~tri~lms in ih~· 
!h:p1.it SBqu~nc~. 

8.a~ed tin ~>;piji1::'if,fiW, ""'a;e find &.l\E !1ke8 tie&t r~~t,m kl h:rm~ fl f.ihM ~!~111 ~nd ,11i~'eteciia,"i r~t~ H~~ we ,.,,ill 
f.',;;;<1 ·.~ ... +;.~:,i~t~.,.,t-.,~~*L·!··>'''!"':·' . ~;,,,·;;,.1·.~.: ~!-. $'··f.l!'.b.~.d,· .. t,s.,,:1,~. ,.,.{ ·t~'··:.:.s'" ~~"'·· ·, ·j! , .~.>" flt>'>J flf, Cf):1::!s1ai~u:££rni.h..f ~1~l, !~§.:! ~t m fu..,~~,~~ 1;:; Dt1tvW (, 1Sm"" ~mrn ~'.:h;I',$ lt'K, ;l:. ~r,, ,,,,at11® ,lMf St"fl<i! m.!tn!',.>,,! 
d mi:s;:.d1.1f'-"""·,fo~.,•; b.i;c;cl.'.~. t~t#::;fb.\.a -f~~,,.,, .;~J:i.'trn :r~fo;; ~a.n::. c"'.\,' ,,~·y l',;,..w ki:~1.1,n..<:1~ hkt<c:k?Zi ,dl ~ ro~c;l~,;.s..lti~d. ·;a,;.,. :m.t>,:-; 

l:ioob., t.h.s.~i,;f~~, thi,; qt.mii:y ,;:..~gradafu."1 win ~ tctat!r ~~:w,ifu:ant :Sl,.,,,lalf ,T,~dB~,tion rz:ifil m~ans n1QS:t hw zm-o 
bi:~'mf ':;\<1fi ~ :ett~~/~ :a~ zereJ cl~ki, :am:1 ~h~{~, Mo$;~ MJ !lk;fl DCT ijf@ qt~a('l1!@1R.·T1, m~re,,~e ~tmput~lioo..~l 
er:®1p~:,;:~t:l ""'rn be rerltk":ed. Hl:e~-e \h~ fus~ c-a!,::uLa~l:! ~ Ufper bs~und rlf SAE that. v,il~ gt~"ilrant~ ~o fals·e alarrn 
rnk:, 

...... ~~ 

'">i F{sl .. Ti <J i1i1s~i}i Hi,,!) '" }'.:;·sAF ... for H. v,,,n 

i F(~L ~;)i --QfVl .,: 2 ~·QP 
i Ffrt 1/) l ,. V? $-: QP 

'" .Ji: S,AE, tbr ~t,v '" {} 

\i\>h~t,i mtir~ ti'e, lv1PEM ,~wnllser ,'<~fl, t~ MPEg.4 ~'if1t°0rsk~ qu:;in~i~~ t)':\$h'h. th~ qt~rsfou1lb~ ·fut ~MIER mn .. if>. 
b,~dts AC\DC ;;refflcie~~s rnn be :e;i1pre$i@ as; 
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Proo1 ato-\•$:!!;'qt-~fl~1s \'t$ c~~ gtr:¥r,;1t:t$~ th~t h:e cc -~P{lt,et oHfu! :olt:tK ·~oUl:d oo~"1"" if ftle fci:kliNhg oot:itiito.n 
&.• ... ~iii._;:f~':i: . . 

Sln~ t}:.;., bi:':.: -c:~~~~nt i;.,::. ~to""' ma~,!: l~-,;p,::,.i:t;inl. •l:l.s-ld '1r.>nn.< liks,.~I'-' fa h~;,,~ r;.<:i~~m. ,.,,;il~~"& ~f :a W,~c,l.:: ix*s.. ,;.t;,;y •r,,:::,,,'<\-:t~,,.,,~i:-i. 
¢;.."t'!'ip~i~~b, mb thf~~htJli:'J v~h~ w.~.,~J\~~t$ 'i'tti qt~~1,1y clt~tmt.1!\.'tin '#~1:¢,"1 ~1)!:;/\-~ ih~ pre,,;;q~11!k~icik¥\ ~~t~)"l~ 
:i.m'1 r~h,otijg c.g,._1mg ~~!e:,i:Jy rem:~tion 

To conrih.id(\ ~h~ frirn~ih-::l!d ii, -a'i1t to 2fi·"QP wtmn !;t::_<f\:} Gl.auiis.~r h 1.ts~d, a,,..,J 1 B"QP ,~tl~n MPEG-4 qui:ll:~1fa~:r 'Niih 
:tWf:~it qij&:'1:l1,~tlon t'!'l~'trl1 :~: IJ~~- roo~:t m~~!'!!:.it%s \,ii~ ~~rnr1t~~ ~~un.t~iJ pr~tl{l:tl ~i ~rt) ot:~ti@'W!i ooth t,::w 
A1.:: ,;gs '>'/Ell .i:S?i\ the DC.: cae,ffi~~ls 
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CWltig of VwW:...[m!(:-:,h."<tltWi'it s~~bl!i:ty (\lCS? pgiJ':~rrt~ti"<f~ f'c.'lt 1~tfaru ~1 pl'ti'-.'idfil k:·:f Mf:,.'t_'.:,\,~~1 irtt·:f~tt1~'i1~~l d~tt'l,::llr·!@ 
cf 3D images {et} 20 tcexii.lf.e m~µp.-ed o-<1fo ~ >¥idded 3(.l D:€$h wrh a~ terrsh). Cnrre$fi0rdmg k,d~ fr.~"11 ~SO!'IEC 
l440:"3"·1:199G ant 1ffr~ part :J:f !SOnEG ·14400 ~""'$ w~d in ®!1JWITTcib!1 ~\~i'lh down-str~:am .ioo t~$eam i:ih;sinrwl~ Q.f 
;.,1: :d!#.~~idfr~J ~-:errnin;,iL 1l~ :ixirnbln~t G-i;l!~!:.#\'tie,j pn::i\•i:i;l$' t'~ ni~r~ kw ijfl ~11:u.ider ~:i i~att ~ ~ ~~r~m :s;i-f ~'ib._t:s,;;ilnt 
ir.:fnnn~fu:"~1 re,..~ii~d fu~i,~ .a t~rmirmi. The enr,0'..1!?.f tran~rrits ~ ~rles r:Jf c:ooe.i ~;,:~ires optkt1lz,ed for~ 1,if.-.,.,,,in;i 
~~¢ncli(i.tY1~ ,,;-.:t:i~l'l: ~f\ b*.l {1f:1p.li~4 \ij {fl~ mr~1¢fir1@ tl ~~~t:*~ SD r't'$:$h~,t by too f@..~i\<\""1~ ~mtin;l!I. f~th .;m·w~i~ 
id~,~c:..-z~perd$')t l:e:~l4f~ nnit.a! 1ii:!Xk¥~ .;)lfld if'l:i,,.~~!1~)t~i iifld,i!:(#$) 'Wpk:~il}' ('>:;;.<l'!~p.:wK~!l.l t:::.i i)l: $f~t.:zi&.: )t) \'*''W h: thf 
lit.~(!; 'ii~"''"pwn~ m~1 ti fimt fta11&~iTu,,~ fttWi1 !iht, ruoo1">ik)© ~at1it1;§JL 

A lt.x.)i ~fin~~ in l=.$()/lfC 144~1,, 1 tf$'~:')i=l$ $0 ·:A~t,~iclr;i; }\ij1~me~'f;;. in iti~ 1-.ip,~.U#@''i ~h,\lnnei b~kw ttlt;': ~ni:.~:i:d~'­
The encf.stlet'~ re~fX:~~~ ~- a fteqi.J~nc1"sel~~ti\.--e:, •ie\'i:"',~~mier~t upd~e, d lli'°::T ~·,fa:je~1f~; i-w the 20 tex~<r~ 
i:~~(l,';l' ~Ar.~n ,A~'::\'/,,:;ft~)t)d*.ln1 ptj~s->1i~4! ~ ~ zt) {~~t~~ It'! JO) ~d( t,} ~h~ !'¢~~\'>th~ %~--i-it)~I, ;1!1¢:r~ t~-m 
dziwn:$:t'$~·rn ~tl®'':f~, tbr d~.:idir~ t~y ij Vit~i~i ©Cl R:s.til ;)!\\ the!;, r#-~eh.-h~ terrni1~J. TM~ bilik~to:;r~i :e.zir,,1rntJnki;!ti.<.::t{1 
$qppt.1rfa hteradive -5ie~er,ba!.>.·ed r-i;&,~m..~"'"lt cr t.e;}:trnce f>..1t· lo">.">,,bandv,,-fo~ tr,::1n~rnis~T1$ ki ii:l ~ooing t<i~fint~~i thiJt 
r~-11>~i:$>~ ~ht t~@..im k1 it) ~\w ~ 1;.®~f ~~YW'~lllr,g th@ Y.'®':,>.-f!s~'%t wm,.,,m:r;:l:,~Wll:. A g~ln ir, @::'\tl~f~ w~t1$1~f~@t}fl ~ffit;i¢l'R~'I i~ 
k~~ f@ km;;i~r dt,,s~cl;..t:<t.""} l:at~n:1:;':,< in fa~, ,~nili:lrir~ of t~ t~;;tur~s in,3D. Thfil im01riir;;a~ ~'(;~;-rdirnli~~ inL'l:.~nd - ~ ~ ~ 

t~:dW'e L¢dafu:1- with !t~l JD r"'-~dMlrig!5. ~ci:.·,:i.mting lbr r.\'&twutk -oolay~ M lhat filKiJ.it@ ~~hfild 8'1 lli-t b.~t~ttii1 
rm1t-:n~ Mct-1 rnni .. ~~\'.l :iD v:~'-N. 

A s11;;:::t!·14d k.:~ (,bt.'iln ~i"l "'::.:p!kt4~ o.:.::;,.xJkig ,d zW) d~\i fo l,;:i. t~e link) ~:~z:,onl tl:i:!:: 's'ttwing µ:i:~AKi'i: in ©td~r lw t~i"l~·rM 
ooly m~ n1t.~'1 Vt§ith~· 1t11m:mi:1t~n. · "T'his ~-p'WCl,'"l roouooi gmatt/ ~h~ 1:t~t1s111mi1ri ®!af w1 m.•nt~"\~~1 m 
~-~nM11i'll:&'$ ~l! f¢.~tW> ~~~Tu~ th~:§: t'i')f;ht b~ Vi!lW,,,,~Jj~ ~n :W.) frw-11 !\,'%'< #R(:.clhti ©1;':!b;,i::'*'~ ~f'i®f l<~ th~ d~t«f*l". At ~ 
gi~'en :fun~, onl)' ih~ rrm~t ~--.::;,rfu§.<;t ihformi,,~~ ~~ ~~nt, ~f~n:e&lg l)fl ooj~d g~,._<11~try a:rd ;,,fo,,"\:,j'.K,id di~raoornw,-rrt 
Thl~ Wi.:~~!qi..~ JI!!)\~'~ m~ w~ I~ oo Mt~=am~j ~~!")~~- .;§ Wl\'i:t.'1K, g\•~tl m:at =a, Ut<St~am CtWt)r~l !S ~\l\:!~l~b{~ ft{' 
~ending the !!'€·w vle-»·:iing ~i.w.rlliirn,;,-:;. b the; rern,.'1:>~ <l'11htb<i:SE, This p~ipi;itie i,;: ~~~lied fo foe· te~irn,e dafa fo be 
mapp,c.~ on <Si 3D -grid rn:e:tih. Tfw ~1-§·~-h ~ n:._~t do,wn!oocl~1 inb m~ ~b..~1ccy· ef fue: ci~cooilir s.~ing frw c:ippi-,opric:ifo 
l$F& n-.~i~,. ~rro tt~'l tr,:,f': fK;f ~~hBn.:~ ot ~~ t~xtm~ in-:i;.~g~ ~re !)f©~J)::::i;J tJy wtin:g into 41;:w.~.wt ttie ;,~\'<1n; 
i:mra...~~e:P.,\ i-~- t~ field cl ti-e=-N, ilie dlst~"'11...~ ai~i fae diredioo tDthe- ,;<e,wpciid 

Thi~ (,.~~~~ e:~:pmin$: }h~ Pf{.'¢~$:~ for de·,,xitfa~ ~l# t<1;#m~ d~t~ M$:h!)l 1ne vns }~rni:m#t-er~. lfl :i..~4~· tt~ :i._je,>errnlr~ 
wtik,t d: t~ DCT ,~oomti=~nu lli~ kl, bf ttp1t:mttf ~ 'in~\ 'i:'k1ici1 fa. ~ &~11~® tt!lf!ry ~'i1~~. M-mll tw et'<:,"1'itX~too. nm 
tlt'$l $1~ !~ t> d~t~ntdr!t th*.\l Vit'-i.i"!f)ti= p,;Wsl:,,"};10~f$ ob~~kmd t~m ~ht t~\~tUf~,f)"i~$.1':i KiOOWZ\~il.i@'i ~N:X~-J~jf(< th@ <:!t\'Jtt~ 
::;,t) r~:i,;;l~rin~ in H~ l~:$~r'~ l~":CiJ<;fo)g ~rrnh'i*~L Th~s~ ~r~1r1\;!t~·~ -illre t.m.#d kl t)Jl':liWW:.J ltlt;o: OCT m~"%: 
c&f:El§Ptli'l:dii'';{;l to th~ fa~t v%w1rofast of 1h!:1 ~~;.ioi1 fl[} t~'"&\k Thl!i :t'l''lJ§k 1$ lh~n ul:)cl~tfd \>,:ith &~mritl~I tmtkit. 
m.m 'wltti tt-e t'B,ti \•la\\~ng parame:i~ts ~i~t a::ik!,,v th$- iE-~tu~ ~rnage 'tP ~ee $'i:$i::i.fl1ed 'th~ !:Nts,ream ~l~~ fur 'ii$'-">" 
p-is:i'i!iirn:ekt~ ~nd ln~m!!n-td ~~n~m~l.61: c<ft)CT c-o.t:·~'t::i.'t;;tb i:sgi,.-un dee',·,:hete i~ J30·,%!!C f44'!f&.·-lit,:-:)') ;::,rd ih;:s 
pa-t of 1SG1EC 14496. . 

n~ R1Ho>s;:lf:itl ~uttt%R~~s oMmne 1t~ o\•~taff ,11:K~ti~ ror me @C-t,~r.w ~nd aerKt~:le: 10 ~i:.it:,:wt~µimt:i w~ voo 
fi~\;~1~1ftie; 
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J,2.J.1 

T°t'1<1> \.l0S ~~fTh",~isl~! {(i Jfid f a~~i~~. ,;fa~i~U\¢:~ cl. fut.' ~~~h ~l:} $f1~!! ~~- ,;,Ot~:,ut.,~d lmirig th.$ g~:{W!'t~~lil'. 

parnn1@tz.rs {Mtt~'l, l!@\'<=p@rt A@~f.Kijnt, R:ermenng "-'•m1do-:,vJ, Th=::se p.ar~me!ms ~h@l he ~~,ompute-:.:l tt'Jr eat~h c~ll ,ct 
i~ grocJ m~$l1. 

for :eai::h Sm b!1A~ -~f t>fi-s:Wre e!trnerit.$ ,N:ilhln a 30 rn:@h ~Ii, '.he t.~~t:,,r1~ of trle· ~~ltx:e DCT o::~ffl~ieri.s it1akie 
ii'wi OCT bJa;"i::: ,¥naff n-e. cornputoo ~hg '.1. srd p ang:iet: affid the dstan~ $ del1~1;l fur ea:eh ~H ntati',IE! ic ttie 
\ilev,~tioim. Tie r~si.l!t shal! be cu~ in a bihaf\i m3sk itnaQ~. 

J,2.1..J 

\Nith W:-4 k.t1~~"'ti'>clti~ m' \,;-Jik\~ m:r p.,_~f#d~11t~ h~v'*' ~*~~lh' ~oon l'~~ived (Bi1a1\ rmi~t m~ff'®ltK~ i':'!Rl@~} and ::;~hi-ch 
DC'f cz:.ieffa:.de.nl;j ~*li:': ~~:,a-~,~ijrr for the t,~~-~m <s~>;:ng ~ru!i·ti~:;; {riun~·y VP m,~~l l'>si.l$1\ th~ rstR..,,· OCT 
0::~ffkfa:riis. ~ttal! oo d~ttn1W'1t:',d il\iri~f:Y Difft'l'~n!i4! mast irn~e} a$ o~$c@~ ir1 sut"i.ci!Ms.-e J,:2.4. 

J-2.1 .. 4 

Tiw Vk.,~'"'O !rdm l:it:;:troam. l::ll fh>ll da,\•tnsin,,~"'l'1 crrann.-~. oS:"i;#l! t~ i:.~t..~~d byihe.' ~·#..::~~\':\ef t#~tti(11~! t>~· i:..'$~ib tfs~ bet· 
:t;t;~ifk:l®'lt!"> (DCT im~~}- Th~ ooootiing ptc~:dt.W® ,~ ct~tcr!te-d t1 s:u~'iWIB~ J-2/L 

Tt~ -~:irrent GZ:T buffer in the r~eh~r ~rmi:nal sha!! ~ ~p.'d~oo ~t/,Fiirf9 w the Difler~'>tl~ m~*, U:!<ibg :1.tie 
r~~i,•o:1d DCT i~~~' Th~ m,~, n..~,i,+;,!!sd CCI ~~ffic~nh ih~l bee a<lued to ti,,;; btff~t~ OCT' imaj;J'~. 

l~ l\°1',,1;;':J$~ OCT t:if ~ht 4~'>dl:'lt~'l OCl kt)~J«= ~1i:1H ~::;.'-~t"*l~(t w $µt.\tJi'llt~~ in $~Jbt:i~ll$~ J2:J',. ~(,: cl:i--tlin it~ ~lnij~ 
1~xtum-. 

~ ~~ture is m~'JJ:ii,;d rlnfu the 3D ~-sh am:!: tm:: r~nderin~ of ihe scene is ,:b,"'1.e, faikng hfo, aoo.'c§.J~t tru:;; i~~h arn1 
fa~ >i~'>'"ing c.otIDiiioo~. This ~i oft':w: ~,;:;c~durn (~. oufa~ th~ ,;coiw of thil?< f..~d of r5DilEC 144:!}6. 
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\:'}) ~:::~r:~~:~}~-~~~: 
,:~">it:'*~t~l~~i: c:~~:.~.::::~.~~~:~:) ~. 

------ :~:~::~; J::: 

Kcl"'"~·'' ................... ..,..~--~ .. 

<... >">{~$. ~~r~::t 
\ .,._ 

\'!'.:; ~.,,;l 
~)'.$J~iAA,i:~~N; 

::~ ~"3:-No:-.,,'4}~l. -:.-..,~~&: 
~~n~~ff<)1~~n: 

.:Qkf ·.•t<f!)c:\:S: 

""':LL, 
1 rK:-r :rr~:oo~~~-:;·r~}$.: 
I {k,~~-1~~~f +~r 

.i ·-s--~~tnN~ 

i li{~it~ 

Uru':3 
1 TThCT· 
I. .:;::~'ll_~~:s:~~~~~1-
i .............. :: ._ ................. : 

Jill~nku~L 
i ~~~l!,.~~~ ~~~~: 

i 
}_\~~ffa;::~::::~~~:,;~r · · 

............... "'-, ............. ~ ... -...-.:..:.~.:-:,:,..~~ 

j 
.~-;.ro"'..;.;," .. ,, 

·Thl~. :::...~~~~•:\ i.rS:li{·~~-::;:~ ·ih.s:~· t~1- J}.~i~~:..:~t&-" ~"~ 

~:~~::;:lr:.~{·th~~- ~t.~~~~-·:1: ~~~tf~: 

The VD& tW'ai:-1eMrn. ,g~I! h-'t': oo.rnpJte:t.i for e-~h oon ~f tht gtid me.~t\. 'fhe, rmwh n-1.~y elhei be.~ qu~dM=eri! ~::.-r ~ 
m~ng,ut~t ~!J'i~h. fhtl. nwrnbt of;c;$ik /j1; ~:::i¢h 4lmi»."'lliii,:;...., th1l~ §>~· ~i..'$1 t~ thi: tp:-$.Jro #i~ ~h,,~i~<il !ti/ s. 

IJ 1\5 th~ dstatlt~-e t;i;Jtv~en ¥.t~wp,,h't and Cell r.fmttr: u ···· IW . ~~1 wm, 
'.•l!!:'\'o{pt:4nt '%~Ct~L 
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I 
':i\t~f:' FOi/ i$. ~ Field ct Vi~-:;',' $p~tui~ ~ r&:ll~'ls,. ~ri11 q §: ""Tf\iure\'°'~:,,/<W'incio'>~'VW01n> \<iheR tn:e t:e.>tture 
,.,~fr.th ht~ width ttf th~ fr;!I ~~':<:kW~ {tt/24 ft:;f k1$~...,,t~c) ~rid t~ Wb'.t.%}Nk:kh hi fr,~ vAd#-1 o..:A m~ l'&\,.%.~,k1(l, >.:.\,/j,)::fow. 

Tt'W ang:ffi': !i::<l;,tw~~n t~ ~irri~ dlr~c'lkf.l a:,'1>l:J fr;!;;l nom1a! :i.fthe- C§...~·ront :,::!;;lll ~~:1tfil' sha!! be: pro~te-d I~ t.-,,~ p\sin.oo .. 
'it~ ...... ,.~. 1\-\>ZJ pliiirl'e-i ~~r~ ~~n~ d n@n1:~.J \i~$;::iI R ,;A ~he ()f,~l ""nd lti~ z~1;.m ~%,~i in x ~rn:l y t::fil~1;;,1it$, re:$fie<.~1h':t~lf 
'Y:ii .. ~:-tl. .... · .. ·,;·i .': ?,,. ;?I:' ~·~·t··~ ....... ·,.;ii .. ,, ... , . .,~·.,. ,i;. •. :l',':' ·,,<::•h.~ ... .,.~ ... '" ·" ,J··· ji ri'-·i:ie,·:.,.,·ls;.kt ,,! .;,., ;,.,l{-.. :;,.i,.., . . ,,.m1 ,i'IBI ~rig,~ ,_,.s. ,,.,1 ,._,~,,<>~.~.rq:ti .... ,i~""~~ .~,~ ... )liH~t1t1 "·'· ml,,)~ .. ii ~,1~, ~-~· ,.,:;';litAii,lk~i.J, k~.l:!,·%,»'i.'1::l,,t, 

T~ twig!~ /} k> $r,e.~rt~a ~, It~ pmJ~di~'"i ii t:1~ ~ngi~ ~t,t'~ i~ , th~ n{1Tr,~l cl fu~ ~~~ ~ll, ~'"ld ii ., ~ ~in1ing 
~t~:,il~·\ t':;'i:\l~ th~ p/~ti~ nK ti® p.)tt~~ 1.h~~-~h iK .,i:t\,{ i.i tl$(tll~i ts::::- ;~ •· Skriikdy, th~ ~l'Wlfo ,.,, ii ~~~it~<l ""'t th~ 

Celi$ m~t a~ oil of the fl~!d of \'ie':-':'<" S:ha~ rn:;t bE· tr.~nsnstts,fret:$il.iro; !fmf t.;, at !ea!t :l:J~ of the 4 ,.,~Mi~s vttoh 
ctemi.e tte c-cl§ :~ti:it.~!11 @1:! tie 1~Kl~ the horra~1t;il &"'l,t voo.\c~l f'Je::.~ citvle\v (f'OV\ 

nw riorlzo.r1!&l P:JV ~tmH b~ ci-Ocilwec 'fgJm •fr'1t \1~rtk:a\ fO\t t~fag tlw ~r!i!ll.W~ ge¢.rne-ty., J'lw ~ie{'ti:ml fOV ls. .~q1.m! 
i~ ~b~ FO\/, fh~il §hie: ft.1kt·,-;,<.li1',.!' ~!1<:1:i! L¢. t.'i:li~Ul$~ 

1:lFOV , A tm/ :r, t:m{FOV i Ji) ,,'itw.re w@d h .~re the wtdth antt tW~~~t r-e~~tbe!r of the rimtltt:red h1aQe, 
ii 
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... J .... 

''"'~v·;:i''"'·~,-"'m:_<ll: ,.,,~,-" , ,. 

• •• M ":.: •• :.:.<',~-,,•'°' 

The \/D nas.to:. s. a t\'fl®)' irn~~ of t'l@ smne :s.tw a$. ~~ t~turt- !m@g~. Eact§ v.tue in tt1t n~;j1tto:. ::st\a:!! §fltitate s11tie 
t:.:i::.111e:~11Ji'WilngDCT 1:>&'#l'm::ltnt •~ n~t,dti>.l fl) ;;:)r nt)l (O\ gh-'~1 cr'e vos: p.ar~metes~-

* Us.~ ot :Cf{li)pit19 eti:terion: t ,Ml th1} v;Mt11}t t,f Rw tilll,:.iii~ out ,Jf 1ho tk"td t:.'1 vi'®N, w·ii ti::):i:f1J;~p1.::1,~tllhg SxH t·lndf 
.t~r !ht,{, r.~~:;..~"":v=~ ~~·-::.~;.,:i:~~~ -~~b.:.i,~~ bt? ~~~:!. t:u 1}, 

., 'Uw of ~m:h~tjng, :di:stance; ~Uin:g and r~ta:tion {;:ritmi"': fl:)r e1.1,,::h B;,;B blorik ~f h"w ~Tl&lk :[-R,,~S§:ori,;:fng kl .a 
tit~ ~}, tl'~ 4 ¢:'\1~t~ m~t'liitr'M!tl ~b-l)'l~ st1;a:1! b-~ c0:"1"1,1t.l~J. T>',,'t) vaiu~~ ·~· 'mt, mt:atJtm ari.4 1.m1t1i;i tt!fu':.1-tl:1 ~~! 
be nbfained for ~ quad ~II, !tut ar:i!:r fri:e h,,'gher v-,·,,fa.Je of each crh.~rian :s:m;ili be kept 

Tw~::- thrn1!".!til1~, r':{ i!:"ld Tt 1hl:1E oo ~'t..".Jittoo ai:-s m~ Pf:'tXbct {Jf m~ th!%~ \:tt..15 p:m?'i!:''.Mitfr-~ N.t: .~t. f:tt\ m11.i H>; N,d, 
M1,f,!, r~~p~.t{%i\'{Yi ~fyj 1h~ ':<-',:!/U~ ® T'h~ W$.~llW ~h;,'!lf t';:~ t:¥::i..t~i.~cl lg % lhh pr~~~&.¥~ Wi:~y tm hdi@:®cl 1}'mht.'llk:~Uy 
l$:...~ ft~:kl~·{~ 

.J\· ::::: Jh~i~:{S.J . -:%\ .. .l(.f ., :,.l:(~.} 

l}· N." ~t·b~;{~tf · . .Ry.• l(f _. ft~:, 

Tl"!~ fu1§ F.H tl tit~ filxB blocK t-Oi'f~~"ki}*} t..1 ~ tlit"rufit ~!I shiH 00 ~i lo l if l .:: T\ lOO .i ->(. Ty, nw f::~g sti~ll 1:w 
~~t k~ t) h'i ,l'illl {)lti&. C~i.;.~!,. :~!,- i!!ll!\:k'*1~t fr1 l~ hJt:it'\:C' b~lt:,w 
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OnQf: t~ Nr:~1 im~g~ h~ ~n ~,elv~ct !;.;:zsl~ tt:e, µr~vkil.$1? ernt.i~ Mtt;c le-$ d.~f~ it:.> ni;1;:f,'~$~ry t{, ~ip.~$le; tb~ 
lt,;:t@'@ d~i<-'l fty {ht folit)<,<iif\Q, 1f~t'!'ltR {~&1Utt~lr1~= th~'~ i~ ~. t<)fftli:itkWI r;~t',">'~l~fi 'A@Wptiit,f tXR~i~b~1$) ~lM<:'~~ !ti~ 
~*npi.tl~t:'<)t'l ~. ~K~~tly 1h*- ~1~ f:t:.lr ~;::h :fl~ .~f ~~~h -;~tit $h~! bt'.: ~ft>m1'l'i:t~ t:li~\~H:t ~ft 1h¢ Ml rna~~ m-1~~ti' 
:~rid twt mt.~ L~i! by t~!! bas~. 

If~ ¢..~fn¢~'!! ~~~ ~1.-t.i ~~r1 ~!t''*'~;'.$y 1r~"l:m-r1ttk~ {t,~·for r,)i:i::ik ~t t;:;, O) i.:m4 fa f:tt:t~~ci &tt1:~vt1h,; fa:., Vt)~ "''htltmtl 
©ttefia f'/() ma~~~ ::.>;!tu..., 't}, ~n tt,:i?, roi~~~"\,milng ~x~, r;t it,~ @iff~e,'lti~J m~~k ih~i ~ $t'1: IQ 1. Th/$ lrnpli~$ tti:..~t 
lh~ f@.tdui:~ ~h .. ~/l h,~ L~xfat~tL ill:s.Xt'lihW b 1~1 r,-tt:,,tidM;':$ d..,,%tcti!:11'<id fr1: &t~-::.~·ti~i J .26. 

, .... ~--·'.·-.. .. 
• :···'.._-.,..'"................... . • . . _ .... ,: .... ",'.'..· ,...._.,.:!"··"'-"' '·,:,::,.,. }~i 

·~'", .. ::.~::: ..... ,.,.:::~-<:~,~~:~:~~!!---·_:> 
-+)'M 

(~$~::)-+<:='~!;w'::::'.m . 
. ·.·.·.·.·.:::~_:l~: I ·C:c~·~ f':<{~~~-::..~;1: :~l~&i: \) I :;~~~~.i~~tj :~~~. $~· .i .'"'"'" ii 

TI<i# O,Cf t;;;;.~'ftid~rit~ St12Sli bee ~,:;!';:,cl~ t~!':ii'!g Ji~~ \,Me~hl~·i:l rl'laj~, $#p&({:ll'i2"d 'T#-;;;~@l/\.~i)$i1 it.W* ·~ cl~'$;;;;.t\l:;:t,-zj 
rn the subck\lS-S tA. 

Tne Oiftere.ttlai n:,;asl>i; W'l&~ stiari ~ u~ t, se$:t wni~ (JCT co-ef!l®n-is. rt trn tJt.~"'§':frO ~e:x~~ ~tio.uio pe. 
~Jf:!~ted qsi~{J n~ dtcri.-tied D:.c:r· t(~ffkief}:m. 
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.,~, ... ·-:-•''-:-'-· .·.·.·.·.·.·.·.·.·.·.·.·.··:,,:,:.,.. .,, .... ~,, ..... ·.·..,:.:.: ... : ... :,._"'-· 'fu~ .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·~ 

("''V~:i:~'.·~~~,,,,,.)-+<:,~,~~~:<:~!,, .. ::>~ '.:~~~::::~::::::.! 
'. lf~~ 

... .· ·~·"".. ·.::: ... ·; ,J,.,-£.,.-;., lK., im.~>-'>< , 

• h~~":-: 1 
' ...................................................................................................... ' 

Th~ ~~;~~Jt it ~@<'.t in ,~ :2Ji f1,'W>'t1~t .~ ~l~tJf~{~ lt'l ~(,\:~!~~t EL. ,1,SJt :..,,t~~h ~h~I it=r.~l:t ~h~I k¥ ~~~h ¢:°1t{:1'i'l:i:'f\~t~~'i 
tX"':.'t' i:.:z~ffident. 4 OitTu~·:entk,f ,~t ti%_l$ 1i~\,,~m be l\\~i!ij~~ 'f:he thrnmimm~~ (:<.:teffid,•~nt~ $.:h~~ lJ# 
r~~l,,.'®tl'°lrai·1:'$1t1lt1td: if ~f ~t '! cl ti1-oM1:i 4 tl~tis is~~ la 1 _ 

J . .2J' lOCT 

Thfil IDC'"f and (fu,-,~1timtiw.ti"°n shiaiU bfil pfiltfc:iTnfil:d Ll~"'ig tf1.<s ~ame proc~~s~ .~~ i~, the Vidoo: ~-tra m~ oo decs~~~ 
itt ~{~\(_\~'l~t= 7 ... 4.. 
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Th~ [lf.::l'W'X ide,Thtif!,e:!?< ~' ~ynta~ €i*'lTI$'1ls defm~ in th&l mail'!: boo'y at n<;,fa p,~r-t cf !SOlEG '.14,19€ that -de~ the 
t~m~fJ':;§!!l(n t( lfw 'iii'l.Jail ,d~tt)d~r. TNs AttiWX ~'1'*3~Tu.~1': -~. infwfrra1!i:it~ ptN'it.~rj ITT ,!;iJ:btlaLl~~ 62. L Thi::~ 
~menu sJ~~li ~ wo.:,~S:!;:d different!,y if th~ prui: of the:::.pedf>.C,~tksn fa, w~€<l jollm:!J with the, S1~'1ern:c,, p..~t lSOJEC 
'.144-96--1:1001. tnsfuoo -~f s:;~,e:(ing t~ oonfi@-1..m1tk~,"<'i at fa~ begiming -of~ '/i~t..~i ,[/l~n:irntl.lry l)ibtrom1i, it ~~ll be 
t.Z~-;\;~yecl ~- p~rt z-J. ijn t}!;\'l~1$n~ry &r~;.,,n-1 D-~$ttip1i:.>'I- ti.,~t ~ fwei lnti\Jd~l ki @'l C)t.\~~1 0e~tflpwr cl~~1lbing th~ 
"\11$W~ ctb_i~,t Th~ <le~O'!l~Q:f ·rr~"treW\1fk ~ Si~~iled in !&'-_)if EC t449F.k1 · HID!l 

l'h:f ~x~~~ -~f ac~-&.~irm 1:SZ)J1EG t44fill ct:\:.·,·i-te~t i~ ~~ite,j m IS(J'lEC '.144StJ ... f: 19S~, It ~ ,l~n-irr~r.~ !R,rti ~nd 
c,,,fa:u.~H~~d in Fiw.~'\~ Lot t,::i, R>tJllk@ 'lh~ rwm'*i$i!'I~ (if tfot,)d~t N~tf~tit:..:~tkm i)fu~'!"11~fa:i.n fr} ~j lS(Ymc ,l,t.1:~ 
itt'!"11ind. fhi~ ~~@lptkm ~""$~m~~ ih1,'tt ,';ill eitfntnt-*)' $.~e-i:in--,~ ~r~ ~~~$.ib~ ~xi :$~}~::iy the pri:.:-t~"S:1 i:i ~eniif/ins 
l!"!~ttl H, t,~ le!~ $.t<!~,\M. 

lhf:o t•,Jr~1tft <'!.i,}t~t rn:.;ot~6;.;.1~ $t~-~ frt-~"tt M1 inHi.il Cl"ij~:t t~it-dpfot thf,i:~ n'i:f,i:t be n~,i:idt ~v~ik~:::,,,~ t~'<:.ii.i~h t":~t"®:,'l:$ 
th~ sre rot renne-1 in trf~ ~~rt of ~S0i1EG 144t.4.l It.~ -ili nttri er ftp link oo sn HTMl imgei , ci=e,tflPtm- In ijf1 

!SO/lEC tw·1e,1 Tr&".l~~i &r1~~'Tl, ar w.rne H.245 ii~1-ai!ru;i, et. Ncte tha'1 ti1ls. m@y need :s.~ndan1lS@tloo, by the 
:f~X<:,"i§..fot~ ~tz-:R~fi-. 

Th~ ~niti~l (~~i t~~~rt}R1f ,c;qN,iln-;.. p@m~~ @t ~-~$ to ~ $~$1\;! \'.1~1!;llipt©n mre-.~~ .$1d @. 01::lt~~t '*~r,n;.,t...v 
s:ir:earn 1h;.; Si~e des.-i:,dptk.n sire~':11 CQ'1;\,-eys :fue fme v;,;iiru.l sp...~tio'lemp1.1r.~ la:f'.>i.tl cl ihe seen~. Fz:ir ~~h 
$.~f¢i::'lfi'i!!'i@ t:i'ittM ,;;ibj~el /i:'i00f:1:.:;{:-N\::i¢it~ in t~ 1'¢tl'it , ~!) )t1ltl'..<! t)¢~fit,Wf t>l.1=$~ ttiilt ®"$trlbt$ l:h~ t~t (If tt~~n~~ 
a.~-soom~--q to 'lt!i$ ?T®.'*~ oo~i;.. Th~ ;ie.:l: G:f {)tifect tR;l.~fip~IB i~ oon~'eJ~ ti .s.: -~"'f"--~r~re ~t~r,\ u1 or=cte{ 10 
d\:Mk1(Ni,gh ~~n@ d~*)T~)ti@) lttl'1'l th~ d~$;;:Aptk:,,"i: d' ~h~ slJ~~Rt)k1ij f~${)UR::Mt 

Both the s~~ ~;K:ripiA.,n ~t~rn §If::($ tTh:.e otl€~t ~-icipt-~· $1.r$..~m .;Hi;:i.w tw ti~ i1@,p:_,"'G l~p.~1~"$ ®!' tn~ ~"l;~-n.e; 
des.aipticn .and the cl:ljeci: cls~~tri~;, re:specfare!y Due 'h.:l t~ lime •idsn~; ft =& ah\c'..tl~ kr.,0,1/n at: wforn point ks; 
Ktt¢, ~- fr{lli~ whk.J,, tk~it h'i iltt1¢ {~ti">ii~"i..'h ~ dtl.~ !ttm, ~il¢..'l A~~,t:~ Uriit hi ',Wikl. 

TI'i€' Ck')~~f Oe~.nriµim i&SSf'.ld,~ietl ta a !i'·<'Bn vEu~ objed: fas. hBnt\,,f:te<l t.y ih. C~,\et'.:'lDes.~ripilor_m Em::h viScual {:ibJe:d: 
,m~, r~qt.fr~ f':,'H)i"~ fa&.~ one: ~~m,, .. ~,ntary ~'.tro<.li>'1l {ES} fa:i:t C>..'<nv~y ih coderl ru~~s.~da:~irwi., ~ap~~Ji%'y IT any fmn1 nf 
'S~!~f!bl~fly t§; §.:.:§;~J. !Ei.Mh ~r ~~~ it:~fl§; !$ 00StflOO/j by .alt1 ES ____ C.$~tript¥. Trns dtOOf~tt)~ ~'i~ifl~ <'3• §.:.:riiqu~ 
Iaihel k.~- the ~;-trea.-"<TI, n"E ES_ld, «1ru:t .am-tn19 dh;.;rn, fue ~od:e·rSpedfa:Jnfo strhsc'iur-ec ih.;:;it i~ cQf crmc.~·,n far lhe 
~~tl'>'1~~ ~f th~ At1ti~>;. 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2541 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



8\>,..-.;l,~.:,,,."~<:,, "'"""'~fo~_; ·\, 
... , .............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................. ,~ ........................................................................................................................................................................................................................................................................................................................... ~'·'' 

After tfw re!'Jiewil rt the {h.~"ft.i G-e.~criptor for a ~k~ m!ect a diBJcder fur the 1hu~ filream!''S'l ~s iff:'it~"it~ted, 
ts-)Ji1,~:1t,~tl fa ih~ iit~~$} ind bkl~~i['@d w1&! ih~'t tfaahi fDtt1d k1 ft:\J)~ttif,ttw O!iltC~-;,f'i~)~~~'t\.<ile$:~'ti%dnlb ~x 
~th 1ti·~~m. t~l:!tti~'i:lt~~ri:t\/, it1 '-'l m.irtcl~r, ~\,';~$~ ~,~n~iti(i, tht tmw,%r t~ ~Xjt,;:;~t~i k~ :§l~tt-tih 1~'8,:ii@ b t~ ~~t 
raMu-~ .arn..~~~s prnt!\ \tt1i~ ~n a dl®:':!l-~t'lfilt or lu't:al t:tornf::!~ %~m,®,'l.:i, d;,it~ in, t~ 'ilmtl 1u~:n t™Y :a~~ady lm 
~HW*'xcl i~ ~l '1d~~, t~~t e~.<il t'lmt d~1t~ ,,wrh4~ in: tk<il ,,,fau!lli t~~"iltti ttxm~~)"'h'$ t© ~ t~t1dt:¢i., ~lti:~~ r,~-i,,.'1'l 

Trte 1!frer$,,~li;' ~1\.,~~n ~ vh~@!-,onlr tG$!l~fl(\ 4~ $~,;_1~~ in lh~ ~1$1/~ oo...~'y ot ti$. P™'"t .gf tSO'i'!f<Z: t44$.;, ;fu11 w.i 
id€grnt~d ~plk:~th-., s.Bfog b.1-'ih !S04EC t449f>,1 :t@§: ~nd lhi~ µ.~rt d !SCMB.-:'. l44% i~ ,,i~u~lii::ed irn ;?-: figure 
F©llt'¢ K,2 ~hc-wi th~ V'i.t~\~-,;)t)I/ 1:1r+v~d1 %'i!h '¢:.)fit'j:u'~!k<f-"< 1t1\-.:1t11~f~~1 ~i 1h~, ~gh#ti~ i;.:t <1 blt~Jrn~w1 '®1J 
~tlon,ily r~@~t~~ t~~-~it1~ ~ ~~®~ rnRi~--n %-..~~~-- Flgufe ~<} ·#':$ tM ~'11eQr@~ Sy$~1Tl rn1ai \it$~l\i 
~pt)'tJ...'*.'.b ~hbW$1~ ~~h blt~!t~~it1~ -.'fi&.i th .. ~ {;t;-,-tfiG~W~lk¥ i:,'}:fot111s'iht:it1@\tr~t.foti it1fu1 th® o~J~ct d~$tdpkt~ k:, 1hfo. 
t~it'=' tht ci\l~f ¢h:i,~1·l~\,'iti ·~~;m b<:, i't':J~$~'='J ~, r.w1;;;:,.~n1 ~t~i.R~ \$ i:::,.~~~'t-.,zf Th~ At¥ct$Si Ur1l~i »hi...·h,\'n in ·it"W; fl:$~'* 
corr:!sl~w.ntl to )/OP:$ in th@ c~s~ trf v.i~tral m~ji~ §tl:~ms. 

:::S.~ :_• .. _··_,, •• -,.~,~-~-·1-.~_'_''_ '..'°"',,~_: __ ._.,,_· .. ··. ·. . . ·~· :'§!• fffi ,}l~~-,,n~'.",.';C~\'$'<~ .:,:.--,,,"*>l 
tiL ~~"" d rma :t,m::1 < 

=~~=I~ 
'~~ : :::: :•: :::: .::~,~-::r :$~: l &,.: l:~~'rl·Nt'+n:,:~~-?.t t 1;; Fl>Z.• >+-' : :::: 

·.· ,::.:··.::~:: 
·.·: ~\~! ;~~ .. ~~ *t~\{tt~~~r 
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Thtl {:tet"t.)l_te' ~()ilfl\j,"l.t~tt:in ii'ti:)ffh,jl:il::.if~ kw •iii. i;·i$1J~I 'frlen~nt~':# :i\il'~in ~ g.N<tt} b.J a wn(:.1ten~tl.<Jr; ·~ 'b,)i~ Sfltiilx 
@ltm1en't. ~rat Dr~cwe the ~ct.mt ~"lf:m~d ctatl. l. ft ~~t l'o,Yn 1he $To'e~-,1 \'Wa1er" .~<::.'s!ri:fu1a 10 tht tw1M1x 
spei;!flca:fior M ~pc~4-s~ 6.l '°tf(Q$-$ $}mt;_;p; $ef!::•$1{S ~~ ki!:;nti~d :;-~p$:ra1el:t 'fur ea::h i}~-e ITT \th~af om~ in ~he 
>i.ti'.l&~iii;,nt $.d:~i::i;:;hJi;;Ji..$ r~ $'.l<'nl'*'l( .;;ti#icrl'~')-!% 'lhx'lt ~tliio ft.:lh-v~;;a-'.~'3 -~~. cl$¢,"'".!~ b\Jh~~$~b"'l bfarm;itirss"i i;tl;~i ~~. ~. 
~"f"'"o<o>"t ·1·" ,~~ .. ~,,.,-,,,:. -<>!l';•:fl"-''t·-,:.•'·' N~O:,,:';>'' ~+,.-,.<iW •p·, ... 1k'><"""1'"',;. ~'-"" <"l"-""-"'+"'' "'· .,.b . .; r-,:;,1R'>"lli:l1·· .. l" ;,.. ·»><·°"·~·:<\·>~ ~,.., ·1··, ~,< ~·:§~.::c b. n s:w ~1~-u«~· -i,;... . ... ,.~-. ~~; .:~_,u: g S"Sh.:.,~<tt: ~t~-.;:;.-H.-. · ~·n1J~ {~. '-'(r-.:..~·-i ~:::~;· -~~-1 t<'~] 1~} ,;.(fr~·w:_<'.. -...,~:f~;lni.. ~~ ~ ~<·l ~,,.-..tt..,}l"J~~~..:.-- ~,~.:~ }§§: 

~tm~hs:lkm,,;:l ki G{~df:y 1h~t iln 1.f~nwnt~iy ~t:~m m~t rn:.{ ~mt~h t:l: ·i:>'t..'l'~fon~\i;.,n vf;. f1..'lf e,;~m;:.~, ff~i..~mp'le: 
\tisi.;ald::ij~{) $}i.icr-Jte$ qr n1w@le \'ld$110bj$i;;tLa:y'et0 sttidtires. 

~ d~'>.<:<d"" <::,j.;~t.;w.~th'°', 14:mm,::t~i,:;~ ,;.~::a.ll ~' =n,.,,;,~d .~ 1~ D;;.~C~f.lg:t1~~-t:.r.t~1,S:,;;.Q,:;-:i:l}.i;:,,1nfo-. ~~ *kid: d +h1.< 
:ris;S§..~tvi,; E&_~scripk,r and pz1s~d k:;, ~. d~oc..;.wr ~hr.~ ~'<Y d;;tfa d lh~ 'i,:,'-sl~f ~l~rne:.'1:tary ~tniarn ~~rr. 

Me'1ilflti!iiion i;!i:,'1d pr:irntw o,f 001~,w i:::l- $\gr,a!l;4 ~~itair ~tw a{l k!rnl$ of a1..1di~visi....~ll cObteds in toe E.S __ .De'$crjp~·:~r 
1Ji; s)@t);,'ltk~ ()'~~nk~;. Hw <:i.~lt.@ ,>f \%~l1~!('.t\i$t~J~,"vtt,;..1~(J::t\~\..'\)::l~Mi6w ~mi 
Vid~tc)l'.)ltit-..tL~)>et.\~~/-*\*'z)t)~,yer"'~~1Hi~:r, 

\i'ool1:10bjed{} ,c~T:$£ fiifurmation de:~ming al§ the e!eis'T!sE:nfary Btfel:!ms; ~swc\i;i~ '<'<''l'lh ;;i:n ro;,~d and ig ~~IT:ied In 
~ ~<.int~ifitf ~~'$.G-~~t,e(I :;\,{~h ~ii th~ !~}'f'-f~ Gf 1hii •~:::/~t 

\/!deoct;sectLay,;,r{i ~~"Tle£ii in:furrr1a~km de~'l;fib~ ;:l ='inge -e,'B:-~1Ef.:lt:!t)' ,stream, i..e. <I• ~w~l:e.,lay~ objB<Jt w Ql~,e tll:yier 
d :a1 m,:illl'-\~J~r t."tj~d:- This. mb1,:~1aii!J§1 i;s carri~--d in a :;:c··~ill:li~~ a:s,sc(;.!<ill~ ,'\iH~ tt~ 1x.~1·~Sf.,Q,'1ding ~\~rs:~·-,nt<fily 
stream. 

.-. i:ldu:s.:.'ir~ afl =liida:t: ~~n~~sls d' C•l3@ \l~""<D0bi~·dloii"t,'f0 ~);dt.-.ding 
:f...:';{',t)U!},,.t:{,.\foj~«Jbj~t,{Pi~nt'!(& i§!M VldooO~~t:tPi®-1§0 t:)~~ U."i:,'li\,@:j' lh~ OtX~d dflt~. 

TI'~ a~mw:rililiry ~fr~<li'rn, ;::;t.'f.~i::.b t..f lfl~ 
'l/l&X1,,.f.il!:mfl,Y~1h,,.!§-)tlnJIBi§&~ ~<-W• J,!! fe:·,-,,,~r ~)~',5. 

Ttw ootx:d~t oonf,,~tW&t:k:ln it:1fmtnal;l..._"<f1 far a 'ilm;i ubJ~t:t tt~r typ~ SNff~~t11roGtij@,ct tt1tl~!ii$ of 1h~ to.H(l,~'<'lng 
~'§t'f'l~t'il~ 

.. h~!L<llng ;,,ill $)'!tax e:.~r,ti::ffli$ of c·~ne- ot~fte\~t~€0bj~tn wp t(} t,<;Jt n;i~ ~ti$iii,;itl(ng the i1r':ii ,;;:.~! ·i;i:i· 
N'J:\<~let,).:Ji:\}'.le...~cte(l in lli~~ of 1,:f~ll~3)faie)(}i«fb'J ,,,,,; 'l~)(f( 

.. Mti!Ldirtg iZill !S}#i~f ¢~m¢hli::; ,:,f (:>.."<le $Wif~~~~Ob}~t'l{} :.JF< t,Q hwt p.;j~ fo<:b~ing the f:il"~l -t:<l;i! ·tp· 

sha},e=ooj~d:.,.,_rlewtln~O ~'1 t-l:l~ d' vis.G.U:.~~,t\<a""id f::. ''IJOtW ind tfa~cis:ah~·:.:.::.:.:·'f' and 
iext1;:re = ~t!-j,ett._J;ayeu~J1®.<e = ''DY' 
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.Ji Mdt®lii:i~l ~!! ~.::,,n'l~x ~~~n'li ()f ~ S'l~lT~~1w·-;OtiAf;t{} up it> !Rt nM ~rmkwi~ ~!'w fir~t 
teth.w~JHiu,~mt ~o&lcie h C8$.~ {:{ \1~\:lii....:d'te-~t_},;'~1-M !~ "Ht"f}f' .rmd tW%~ di~blll:!~~'I):". 

"" Ml ~~TIW:( ~'l'li~nta M V)suaDbjec.is.,,~e:'1-."':!H) 

irui!udhcy ~l stitat ~~~tif2:n~ oftine Vist-~!OtjectO 
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R<%~ <:4i'it(li *1ifid b~itl\~ 1:x:ti1.,,.'*-\fam, i~ rut irr.wtxt~1: /~$_~ tor ooth V'BR i:iNi ca,~: ~p~h:::~mns, ln the ®se vf VBR 
~K\~ffl{t ·~ r~re f;\~'l"fif\.~~f ~1>::,~1wre t-0 ijGli~'.'e" (~pt&,0;,w- q1.;~lrty for t; gi::,,'C:n ~r:!=~~ :r-tt~~, l:i-1 the c,.~¢ ('f QOR 
@'\todlt'@ .m)cl ~~:.'!!·<th:<i)~ .ai.ppik~~tbt\ tl-~~ mt,~; (Xm1re1 $...'"'Th~me ha~ to s:aij&ft' the lo,<;,-,~>lat~"lG'J an4 \!'f}?i bml\er 
¢;..Y::t&'j\nh ln miclit~"lt\ th~ t~t~ t:.(:•ti!r,;,"ii ~t~ht~~.,.~ ~\:<.%~ k:o ~. a~:1t~-11ble to ~ wim v~tety M ~~u~1ce1 ~n~ b:rt ra~®c. 

~~. :~~~e;:~e"c°:1!!!' }~~\~~~~~~/:·~!!~~~ t::,':~t.~th Y~!:,\:'i'.'.~! d~~}'®l~!!lf~~i ~1*1 ~~\\'.i!h (?::;N: 
,i~t~m) @,';.., b\»ff:t~ ~'<.~'1::t<,f~,"'Th1~,, ~ ~' ,.,1(. ~oth,..,h>.,, ,;l.'$ ~-,J~!~ f"->'l ';·l;l~,,..'M~ hit l~tt:'S {~ .. J, h%,:Sf~ ~· 1 M!<.<jJ~}. i<~f,'>;Jlj~ 

~~~i~t ~.ci'!J11\::n:i (~Jl qr:if 'Kl cit) 1:m<:1 v1:1nou$ t-?.r::~tr~l :ra~hru>:in~J&,ll 7 ,Stp.s ~ 3ffp(l ~n# van~~ oo®t-s {ij,,!l 
OCT ~i-xl \'f~V~lMJ. Th~ ~!§6hrii~w~ t':~t1 b.:)tKf~. LP, .m,,1 B, tpidllre$, The a~c & i~- slrgle VO, :and l$:>:ler1:siil:f'SS fo M· 
\,{:m w'::>;jj ~'.iln-ft )q,."'1\'W¢,i'iio&~ ®'¢ ~trsg .*1icl¢k~i~d k'1 d.u~:e L-1 Th~ ~~tJm?:n1 ;fa>sct:ripfon i1 d~!!i);~ L ,~ m~!r h~f'!::lt.~~ 
l *rn:l P P~Ufe;$. 

Tt)!;, ~'1,,,'\.';>1!flg bit :C\l%Wl! k~ cti;;~~ci ~ ft The enQ(utir~ ,;;:m1p!$:;:,:tty ,4hroh !$ rn~n a.'?";<-Oi~4te o)ff-f,ren~ (lMAff1 =~ 
d,~ti.t),~~.d ~,s 5. Th.~ qH;~ntlM'hoo rarnu-r¥.it&. fa. zt~)t)~~ ,~!;. (). t'r® m,;):Mln!J p'<':i~,·,Ht'*'~1~'t:§; ~:nt d,i,"'s,".;()\&:.i &"!;. ){:1 ~ttd X.2. 
~~~4~ ~f 'fu~ ~-n~nlMy ¢:f 6~ ~'$tl~it~ptiw-\ t~ t¢,\'/l~b~ f~t;::;: .t:.t;,n~ t~h~n~ it ~'f,'fa®~ h ,\) 'o,c,\)f!¢W ti t,ll; t~¢i, 
~~tl.;iJ itl~util~11, bi:,'s't'i§,'t.t~ i~~ti,1iut11i,. bt~if@r :tut11its~irt~ .i,md iyp~s tt l.'it>.~·~. 

2}. Ct.'i::n~~fu)n of b:S:: toil' ~t bli: r,iii~ i>@fo~~ t,';::l.s.<:.'~::fo'\g _ 

, Th~ ~rg~<t till r~t~ /,!;, tx..'itiptii:oo tia~i§ct tti !~ olfa ~t,alw!~ ~li'li:.~ th@ r~1t o&rit<f.,.~d friiiiti~, t.'ifu. ff t.~ 
!~! fr'*m~~ i:!5. t:'c<:.)tt:p~:,;: .~f,d t}:;';~Sa ,iJX{~~s;,~)I~, tiil:3'. mot·S';i, bih sh.'1uld ~~ ~s~(lt:'*'~1 lo thi~ t~Jl3· .. 
H:),,.,,.~\i":OC, ih~fi.:ai ars fu,Nsr bi~g !~ft kw ,fmc;:.dlng.- Thus, fov,'Er bifu c-.ain bl':::~ ~~,Si~:<S-d bQ fuls fra.,,vi,~ .. A 
\~'e:igl'lti:::~ """''era~ r~~Ct$ ~ t,~cn1pr~n1~~ of tr~~~ N,~ fac:Kirs .. 

• A IG>'w~r wum ~ti:aq;pl Jl;l1~ (F.f.;,O') ·~· ~w ~'"' §h~t nlinim41 qt...'<:l!!ty /~ ~~rsn~~t 

• Th~ i~r~t r~~ i~ a!~fi.;!>te~ ~'C~ord.i:r9 to t~ tuff~' st$tu$ t;i pr~v~nt :tK.1~) QY~rfl,:Nt ,~'zj. , ... rsdo::'l'flQ,',,t, 

3\ :;:,;:,rl'p\:i~tii:#1 ~! th~ i:f.#it~fa.;s:sfi;;;-i-s ~t:i'ili'n-.el~r:~{QP} h~1il'r~ e;n,;;$:i1"1~, 

" Ci:P i:s ~c:,i<.-ed h~~d ·q...;,, the mod~ pil(i$h'1,~t,:e;ns Xt i$tld ),:i 

,. OP fa d~pt'>.'1,>;:i b:1Zt;v~~n 't ~nd 31, 

415 
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• Th~ r;.iiw cli~t'0!1nri !'!le-,~! is urx.1~~~d t;1,-~1 ts!i th~ ~~cooirm ra~ul~t of h~ ~$$!'$Ii~ ~~~ Too b,..~ 

us~ 'ft.y tfot he~dl:(!t' and the rno.ilt~n <,;<fekwt ar,e dedtii::t~i slrm.fJ they <'Jt'e iot ra!~wJ fu QP. 

• Th~ da~ ~'1int$ at'f.\! se!iete1 l@hg ~ wlt~w wtw00: m •rm$ ~n tte o:)~e it'i C{Wl:1M:e~ity. If 
th,:;.: i:;vrn~,!,;:.,,.1-~i.)' ·dia;i;rf:i!>"'ll-'l> cia1r~l'.h .. ,<>!Nli:;.r; -u ;,imill,;:.,~ '"-1:rn .. ls.,,;y -,,dth ;m.,n., f>;;.:,::.-..:.:Ht:..cl;,.if,.., JA.>fofa, :i;:. H<>1.:d. 

~ Th~ t'l'\l"}~! h:,; ,:,.~ibn~t,;,,cl :;i;g~fu tiyt~~dlt\~ fi-0c ;~utu~, dru~,, p..'"tkik. T~ r~~~H'6""l ctlk!rh i,jr:l.l fh@f d~iui 
pciit lli di!§ttrrdtd \'«fi6'~ the ~-edbtkin en(t li more th~~ one :f:lf~""ld~'d dwl.ifun. 

a The r.wd fr~r:ne ~ $~i~illrl if ihe wrreiiU::it.~1'& '§f;&tui hi . .§:hO'@ BG peKen~. 

TM &!~dihi11 •~- i:t@oih~j -~S kJkw,~: 

Rt;: N!rn.t!:"" for ih~ ~•l1;qLi~n<:.:e fw M~~=nilm!\ r ~f.fh NOi» M~:,h;'*:, 'f 
Rf: t:--%:n usixl for m,~ fo~1:-:1 ft\@:@. r ~A-, 1!}00.() tiitt. 'l 
Rr: hi!) !J$~d for th~ ;;:a_.m'\"~nt fr~t:1$. !{ i:i tte bit f()!Ji1t dti:[;lfr'a;d ~~i:\;:r r,rl:(,r,:dh1g_. 
~.~~'.." t.>.~i:r t.{:'(t~ ~~-;:r:r1c.~\i~"';'-dfr-o~~ gn~; tnrl?~r ~-,:~r r~rfa.~r~~-
ts: nt{tiiJ~tr cltfitrnid~- kw t1~ ~'tlt~MK~~ {tw tmnrr'01:it;. r--- ft{},. H} s~c '\ 
~:;;-~ rnf~~!l i}bf',(iltite (J:mw~nt'$ f@' tta;: t;;q:l'FW!t 1"l'$i11$c;i:*er mi;:{J~) {:Qffp, .. ~fl$~$~)n_. 

!f !ile rs1acri1<b!m:k i::;;int"~ oo~~d, tJ11:: {,rigintl :S-P:JiiS:lp/;o:fl \•'<lt~$--m~ ,mrn.-11oc 
(k:>l.'.:!t{:Jr)N;:;,iUti!~ ~~tj ~f,,B(~ fost 1~ t~Ul''flJtl fr&itH, 
N~~ n=~~)"'~t~~"'' {)f ·r· fri~1:~t~~} f:!';~f~":~~:;~f~ke:~s .i;~r ~-·;n:N;}(.'<(i:~:r~ri-

NR,: d~!~nr(;, h<l'lt"s'~t~n 1:.!~~1&:.:-d ~-,irrn~=~t f' ~.g,, :.i f{f 7.}Ups. +/ 
Hr niJtii~tr ~ llif!':. !t~™i,"'iint~ tt)t :BtKodi:!'iJ thh s@qHm(£:i, {~Y s1~1n1ruiit}. 
T: f.-B11'lB{ hi~ te hg ~~:ed for foe -,:11rN:rnl fr:m~~-
S; n~ri1b::,r cl M$ us1.idf0r$ncooin~ t~~pn,1i1,{cus t,::i1Tu1. 
§:-f~'$~ h:~~~'f.tst ~t:N(~ t~ttUt.)~:'.i ~\')t1:(:n·· fa}t:.:s t::~(td: it) fhB ,t.;:u·~1rtt rr~t~ri~. /~ Httfucl~~ ~1§ th~ ~ftf,:srrt~~§k~.:J1 ·t~·~tt~~~t h.:~.: ~h~ 

fi~~~Jh:i~Jd /!t1fJ.tttl~HtW~, 
§·!t::: h:t.~d:~r' ~~:,;{J {:'f'~~i{.)~~ \,i·~:(:,~~:·· t">Ct~~ x~:{$~d :i·}· t~:}~. 'f.\f,'*f.!~>~~~ Jf::-~<"~)~·-. n ~t'~':.*t.~~~~~ ~a ~~~~ .~t'i~'(:.:rf~~~~~i,:'.:-.t~ <.~~.~~·#{~t ~~t)· iJ··~~ 

h~~htj*~ /it1f~)ft}t/~l~tWL 
r~t tf~_J)t~ti~hur~ ~~{~~ l~i~)d ~ti nw f}t~\<h:)t~~ 'ftttr:~~1 
8[: b-df,;;,r tii.e "-' a RQ 
B; twmr~I buH~M !tv-1:)! iLg., l'*'/4 -- 1i1lirt fri:)m u-m mil"kl!~s of iht, twffot 

Rr 0~ lt'R~"l-Rf:; 
~t,"' Rr/Nt~ 
1'!'({i:'$t hi~~x 

(~\~:1{~: 
n:~ .. if··~ ~~,r~: =~'§ 

} 

r k:i~l f!Umti-w <d.- i)its;;)~·-~ii~1ti~ fonhis ::,;1@rni:w11 ''i 
l* ~h~ ~·~·~:r:~g:,;.~ bi~~. t~') t((} f~{1':)())f._~·d ·fa(.$:fn ~h:p ·P'~ff~~ ·(',/ 

'f,-,i\,1a.{f-ts.(~O..,f;t!Nf'O.St-i·t-$'f1D:"i,):Y%sCh fr,lrt~ fa, atsit_~1M ii) rrjn~rn.Jm r:J R/30"" 
l°"'T"'HH-2"l&,;;,A3Wft"8--+fB$,8));f* h1:::n~~~e if ~i,,~ h:;mh$lf't 

~!' l)a--sT> (HVS~:) 
T O Mi.:<{Rkf:iiJ, {U1'8:~0 i:t): t• kt :}:'l~<0,tl (l\•,ltN.:W'i' 

~!&tl it :BA~p-+T ,,; OYH!;} 
T " Rp-S-t-Q. ~ "B~:.; t ti;; .ij\f<:;i1;! twid~;:li'h~v't 
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W NJZ:,,::;f}) !! (HX1 "'E.,:;)""2f4•.:tz•fo"{T-Hp.}},;;tJ)) 
. t:k :z Xii •[frJ('f,gt,\ ?' hsii t~~t':k i0tttd@i'tY1(t,'.im- \' 

d~t:l Qi~:: (l'X2'[e}/(§t,,<:tl~{XJ "EttY,'1,N~"Xt:~t:t:'(,.Mp(!}<K!''Et} 
/·'i-· .l~&':t {~~~-.:.:i~:t· }~~~)t;k~ ·~/ 

Q:c ,~, Mi:ti {t,ti~{{1t1 .25), Qe, 3-1 J; t ttHp:1in;ft 
Ck~,~ M~~ (c~li(fJ'07"J.). i):r'. q, -<" dit:X~h.g '"} 
Q4\-=1nl!i1$"i.km{); 
!faw.:){li,~:i:~O: 

B +•Rt>Hp; 
Rr~tckt: 
S » Re: 
Hp• Mt 

t !..1pj,M~'l: htrfbt frt!!ms~t '/ 
x,· up<i~t(~ 1J~~· tt~tn~~f)}t}~ tJtt t{jt.Jtns -~'l 

.t ~pit.st-a th~ §Xl:;:\*GUS b:i! C!)!lnt~ • i 
/' updatB th!J ~}t-Oi.•i:)u$ ici1tfo;s ~wd rrs:1fa:l1 blt 1.":X:-1JM~ "':r 

t.ll '" Q,;:,; f' upd&!.~: th~ :J'~~~·~).Ll$ :\11ci;;,ifi:i::.~!fa.1(l !,j,l',,-.;jj: *:} 

tir v.·.. t upd:~1~~ the franN i.:,-::.mnt1:1r '} 
Upt:Mef>'.C,t~1zxt~tt:Q!,,Rr,,fa>,i-k,X1,XZ); 

t· ~)~i~l~~)~k':.-:t~ (l ~) f)'~),,• ~1:\(l(l~*l ~l 
,Nhil:: {B >- (J.B • Bs} { 

~h!it~ .. ...t1~.,~t,. .. ..:t·}~:f~~~~o~ 
Nt-< 
f.f .. •;.;R~; 

!t ihe buffil?:r hs.~ r~~.c-hed 8/f':fr af fae buffes ·?;;ize, fr;,e. ernxder \dll skip n~ !:.:,po~11ing fr.,;une- ti::i b€- en,·x;:;,~i Thus the 
~4fftr ii rt1~:::-¢d ~~ r~~\'¢.:~t &'®ti f';f, b~Af·t{ tf,;'~·d1ei,-'>", 
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Ut,i~ii~RPM(;<i%:l {(k. l41;, m::-. rh. Xt Xi} { 
0.;;llft\!: ~rnt.MifilI~k:.n !r:.twti!~ fat 1.f:t:, ~>f:15tfr»"lrl%t~ 
H~Wn]; ~.~,~~"?d ~n~\><:iif~\1 q.,inpi;,;.-.;i~y a~~,d hx fh'!} P>l~,\ li,1,n,;~ 
n: tlutttK\t tit m,t,'Od!:::cl f};_'§~!: ~'i:§t'fkt1~ 
~( :- ~1~tt1t {~1ftt~ii1-:E (~; 
i,r n~trit o(:,mt~,bs. o~(R+fllF: 
~:::r tl)t~m ~bt;duii} dm1,lr:nr~~1 f-.:'lf ltl:t~ pri~·~it11:J~fra~~~- 'Hii~; k; t:ttrnp;:1t1:.1d 1:ifttt rr:w!k)n Gt:,;:rspt::11~a§iN:1 for 
th~ V :,.'::l.,iY1~~;1n~s:1t t,dy, 

RlU[i-1~ ,::::, (~\;,.Hf}i'Et; 
0."1l(nJ ''" (Ji,: 

w ' Mbr;ti.it.~l.".~i;\lt;,\__rll~Wb"'~f:. ~':f'.i)r M:{1.li.irm~rn ~.:M~~ nt.nr1b~r ~t l;t., 20 \i 
lHEp'o·f,;:) 

r~~ -~ t{~=:i!(E~:lEtJ?~~)~ 
~-fu;~ 

t'il ,, i;e:i!(Ei;lfE~-:''w\ 
filJ:·~= ~t~ 

f~:J~t~~=:n; ~~~1i\~(~ §ff:}{ 
O~l\]""G\:liiilj 
R1:(i}"'F:~1Jl[ll 

,.;,; 

~ 
t1·~~is1;;.,,ftsr{Or,.f~'l,\~•;t) }: 

t" $.ti;lfa1g wit-,tlow br ;.i.wmf.l ,s::ihang~ ''i 
t· tJt~d~t-:J tll~~(t .;~{ 

Rtm,o~nOul!imtX 1 J;2,Gp,Hf\Et,w}; 
f;;~ik~-i~~);tr{t)~~:f~)" ~~ Jh }; 

E!lhn:1::fo,r(Qn, RtJ/w.h}{ 

., 
l 

XU: Fttt tlititit tt:~11'%-tmnt 
i ::: L1. Opn•"t·Hi i:::t .?, :~'i:'}l 
y :;> [(J1{U~~f.{r~[f}@~1 \;?~··)~ .. ,i~1JI 

t })!§ ()µ~~) .jf@ :~~(:~t tt§ :l§'tc} t;;~~ft~) J 1 
h ''° (x __ lroo"i~po:;.":t-r';(:f't-· i=Yi: __ Ttl~l'l~f.XJ~n·); 
r Pim~n.;;;h:m ont,ec.m,·wix 7 
f* tt1 ~ (~~:~\fl •); -~">l;.<2J.::-:(,.~ }>-(;t{~~)?\~.:*·1) ·~t 
Xl • .,,. t.i(:l,·t:t 
}.~~ .•:•. l?~~; :- ·i :h 
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H~jtJ(}\'~'fki~fm{X1 ,Kt0t(HM?);,s,,\i} t 
~:rn:.{,..,t r:~~1lrn~~itkY,; iBNJf 

~t-=fi~{i~t~)t.:. ~w.,'t~.J~)rn: ·~x 
a'lt1)~t16kl "° l~ii(tkliW}; 

11-f.!¥,'"W ;;(} 
~bf {F:'i ~ ~~.~:\~~; %~--~}{ 

t{.:it>\:.:{~"'w,~·Ft "''."' in~,~~h~ltl){ 
ri$W'.}N·t\ 
{Jf{f,t,~i(_}"i-'i ::c: (JpM, 
R.tifrtM .. W] :,:;: Rpft 

'fhe sctMifil~ raw ,~nird scfu::mis; amie'\/Bs fftm~~ !eve rnfo ct-ie~tn:i for l'lsJth \lfaR and CBR Q:'i~-rni:. It ~EswT11;,!s a 
"'" ·. 1···· · , .. ·~ ;·; .. §. i,,-, : t·· , . f ..' -~~· .· ~· :ii;,,,; :..i ·«. · ·~·'-><",,i._.,. t·;,; .;:;;,.", .,,,,-, ~ ,-.,f ·•''t,1~ """"""'k,,.,.,..., -!ls '''"'"l·"·H~ ~ •. """~"*= ;,-.,.., .. ~iim:}@ ·t.;,1..iaaa11~ n:1::,Ji c:,:;';;l.01 ·W':i ~tnc1s:)n C'§ t~~ w:.:,i.@~i €t,,.,v:..,ist .. 1~, <""-' r:ic.~ \:..,. '>..;t:;~, ~'"'t.."'iil <,;!, ""' .,.,,.r,,,,-u,~ .1, ""'.,.,;,s. '""'~ 
,iapti'oiwh i'£ w.,;;a-1. t~ ~~~~,1~ '!h~ t~,g~t ra.t~, lt ,~ >tiit,,,te.r Il:te o.:..~'llTui is, de~ted. the sarm:, ta"l::'"!ntw~-e i:S ain:ilkm.<e .~t 
e;faer sfo:~ l~}~ m macn.1:blook !:a'.;,'er. a~~Jf-E cf lhe ~~iHiy :nf t:hi~· ~,he'n€', f'!d-en,.:.ioo cl f~h •iil scheme io 
$.fw;tt oodki'@ w1ci Multitl~,Vts i:'-'-t~dintt ,;,;.~~ b.~ '*<%iii)' iril*tm tm t~~ i:}-i'fu~ p{ th¢ ~il:Ai~1ij r,:1~~ t-z~-iirlJ! ffw<;-i:¢w(:wt 

lh~ e:l.~l-!t~ :t~M~{=ooi ~t';; ~,g,;.~t)t\.~ <,-:.,Mit~h ~-&ii~\:'%$ .,'I. ~{.:S,,"l~t~,"'St Wt ~'~t~ ,>,,h"~) ~(~~teil tr!!i.:lfl#J*' \·1'*'-% ·~]'~~tz;, rt~ 
~h~m~ '*~~qrne~ ti~ folk:-<,,·,4ni i~k::i::th:.inship 1:.le.1·w~1 thl:.! bits ~nd q,¥¥l~$.l1.fa;,wi: pm~ffl$t~w R~r ~t~ Hh tltlj~~t 

A,j; ~h:.tw'n h f'\_~urf L"t thf ~!gz)r~trwn k~ ~tizinrdns 1t~ Jdnt r~te z~~int,)l ti~n b~ d~(~irn;~:i~d i:N{~ ~ nmnbl* i~t 
$:i;p$, \:;;-Th~~ f'l'lij'.l b~ gr(Rl§';~.d intP -i;i p.~-~i1P<')l.iim1, ijf'l(S: pi."-s:;!-,'f>.~(t.7idkig $:Wge. f,~';, bk;.::::k i~ br~fut 4~~.i~i h,'fi:;;,:i,"''. 

lb~ hm~~-iiik.i'i ptoc§its i~ \i~i\' ~rriifoit io t!w S-V()P ppi:,~ts w\;/tn ~-irm,~u~Mit~~ == ·~m.~k, ... Sir'l{,~ a 1fa1g::e t1(1~rer 
I~ usf-;d. 1he b{.iffff drain mt:f-; ~ th-€ ~~'1le. Tm:;, n"H;JW diff:e~nt~e hi th~~. nm1.t pararreter:;; ~t:t e):t~'ll:1~1 tJ: v'e'Ctor 
qi.mmti!~lSc, 

To calcu!at.e the qt;afiii"safion par.a,'11i?.terg wl\.sch are· u~d §i:>t the Ht~rtw ~t.':¢.1 fi!~t t,-..fr~tfi~, .. .1 !:)t ~l!,;.,i;=.~tbn ~li!e 
tl..:ilit~ ®1 H ... ,~fi.;iJts \•'i:§i~,"'1l s~':.sw;d~iAV {H\/$) of (~br k>~riwic~ is ttse& Thi! sct~me as~'<g~s a brge! bi::t tate whir-h is 
?.';e-;Jknea ~Y M,.;t~mrn .gf v~r!:iinr.:;~ ·*.,ci H\iS <:~~.m,~$lm, 
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Cak:WVm1mlM ct®8J'fo~th1:. A rn,~:wn) ~Jix~k i*l i-l@~~ffi@!:i nte, on@ <!::if ~n rt\;1{;r1,-;: ~kw~ ~~f'.*l h~~t 0::"1 H'\iB ~nd 
@-,,e, cl ·1e .cl~,~~ ba~d ~n the \l;lrfan,.~. A reference q0~111i~ti,1) s~ep ~ize ~ ~~ign~ t(l th~ m~crn bk~k 
¢~>i.1tditig t,;.;- ih tl'S~~·i)c L-lwt.t ¢!~!:'!>, A rs~t'~ k_,};;i,:;i>.: j~ t;l~~-~i§~ lilt~ ~ $~1:esiti-s~ ¢:-#!>l;ajt.1y i'hhe: !1lJi''s'i!:.~K ;>f' p.t&t:!:~ 1b :ll~ 
mien;, 'blo~: \~tik.i"i sat~\f l.V'f {Lc~vUp Tabls; ii hrg~ thai1 a lhfflSihold value. Ofu·?f',\iE.-e t~ macrJ blot~ is 
c!J~fu.id hto h~&:n~lti~ce ~~~1:0', 

~~i:;.i\-n~ ... .toit~rtu?1.~· ~~~ f_.ff:~r(r~J~k~~~"'=~ ) 
~ .. ~ ~f 

r·o_fo,;,~""N '" 
1
;\ !~~;;;.(/rs) 

The blo.~k '>.ta~~™-~ d~~ilk:afam ~!k'w~s l;t~ to e,~"\~@te them .. ~~100 df ctxieu bits in J block. :i::£i~:etalrt, t!~ iwtn~r 
,,.: """.,.;:,,.,-;! :;.;,...,, . .-:U.':<"''""''l·*'•'t ·1- ••. ~,.,,.,'k (:.,. !'"'•''-"""''"''~"~""'i ,i,-,. ~-"' le,,,..._., ,,,,.,.;,...,,.,.~ .... ,,.-,.,.,.. ... ...,_,, ,,,, ''"""]'=1''""" "f,= .,,,,;;.,;, ;:,,, ,,,..,,.,,,.., ... - ... 
,-.\'".::= ~..:v.;'\.'"'.,:,.. .. -~ :~ .. ":~~~ :~";>,, .. ~i:""Y{~ .. :~ ... ¥. ~:~ ~'(::~...-.. ~~":t.:. ~~:rt}.~.;.~~~~~·~"~.~·:,.,.,1n ·t~· ,-.::f, .... :e_.;.•t"~~ .. ·~ .. +l':1ti,:Q.~1~~ ~-fS:h,,,--:-:i ~~~~ -~M~,~~-:~~-~~1~. ~-~.:;.-f· -;;,;.;:;.>?....,= ~-~~~;r~~~= 

k, oo oon:;,.far:;t, V'•lfl1 di·tit:.~ tlw rnagn,'h.11.fu ,l b,%.;<(:i;; '.',¥i,max frtl.Q l§ i!11eJ\•$fu:; 'th:"l?~to!d r~ti~'$ jr, $$,,"<>fi /tf,'li!:f\'.iil >:-$fl 
b@ ®llnd in labfo l-l. Tl'!ibffi L-2 @,.11ttrl~-s the 1·tfortt1Ct qu:.artll$~l&:m, $1.tp $i2_~ bru."1'11 or, HVS far e£~h mru'.~'C 

bi~k c!a~ anti ~k:;:Nre tvi~, 

'fablt !A ·~ Bk~k ~'ilf'i<lt1Cf: dai:S~~ 

$iMni~~$lC:tf't} 
{ 

Pnom ~, 100%J\lo.1t 
(~t~~$-Hk~:.~ti::H·~{ };: 
lf(flat tna{¥!) T~rg:etffrt ,, ,\\,-ern,g!E.!,Em~:e1Fr~,inw ·"Il: 
t~~:0 "l\~~tit~tt§ti ~ .~:2\-~tJ.:§t~ig~~~tP-~fF'r~*~~~~~ -~: 4'. 
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t n~1d Optirt~ll Gn ·,.rniu~?. ,,,. 
kw(i~i: i<H; !*"*'X 
flt~~fl)·:-:-QPnt /~· .N}:;..~~~l~ Jt\/S ~~~ijs~::=;;:i (lP t\) ~<lt·t~ ~tP ""/ 
E~~mn*-~1a1t ,-;: tkkMtlm~mtmn: t: Prt.i,-brn,,(~~kmtim§ '/ 
Dll "" ~b~lPAtt)tU3it - E~·llt!:)t*)dEM}; 
m:nlff<Pmffrff}{ 

} 

r~~rnii .,,. t.111\ 
\,1kitrt:uttJ . .,,. i: 

} {~ ~tlt~Etft°*f.J i~.lf~t:t ~Hi)I ~)\~t~ .. tl@tJ ()p- \~1!t:..~:f~l 
8_¢1tMt.l"[lf:l(Mh1~~ru~n'}t t .AifM:iif-li ~-1\)8 t)nht1.,1:l nr-~k, i~,:)dl Mt~ ~t 

Franw .;:c(;.;:!b'<d-bit S3~fanai.1co: n~~ ar~ 512 (;;a~~~~. ~-ihd~ at-'@ wn1binatrom;. Df 3:2 m.aGto bkx.Jt >::ok,'f d<*~'OO"'S(t-.~k:} 
:~rid i 5 bbtk v.~t~~t tfas.~t{t%J. Vt~ can ~th~m th~ 1:ti~i m.itn~"'-t d t0:.t..aj bitii ~1 a fa,'inw ~-·d!h, ttw tiis.h'.!tt'a:in 
a""!d the blf mCL1"::,'i t;ID!t>. fr,&mf'.!EE1.tim~tw8it i'.e,; the E~1irna~i mm&.~ af ~oo__~ bi in ih,s e.1rfl,;,nt frame 

Jt JS 
11i.···.: ·~:- .. ~ .. -~ ....... _..., ,,. .. ' ... ·· ;,:: ."11 , " .... ,,, .' ~', ·• .•.·.x ·11 , 

I'l\::'i~)t~.[:~;fitl~)!~~ll i r ~~: .L L! t~l { t .'(Jd~?tt Ji4 .. ~t[JJf' 1] [i?tJ ~ ft t Jl cJt !'?v]} ··+· ~:itt~f:~~~·tl~r 
:~-'¢ ~<.:: .~:, ... {: 

Int"*' ;;roo0~<e €<:q'l.latbn, B{lfo][Ev] is b'3:e mJ:.'YWEr ~fbit:s:, in h bit faMe.: .and H[M!)][E•.i] is·~~ :oompci'>:lfu::<n re~~& of the 
h0:~,t..-'lfF'.:lm s:•ih~r1. ~ h!ook k d~~~ifiMf mt.,'."J g,,,,.,. Th~ hw:!Cfr~, e~n ~ ~OO'l~~d '<Ntth &,is; iMforw.rnh.'.'Wi d re.~t~"r.l hk!cl< 
~~'$~t ~n4 ~l~k ¢l~'$~~t <,f ih~ i-,'itevlz)l~t fr~rri~ b~t:...ijv.~, ~he t'..($~-nt fr~t~ i(} ~e. ~z:4-..-~1 ~t,cl 1ht t,re\;,\-w~ :fi,'®11¢ &~ 
Vff='l Mgh!'..{ G(lff~~l~t 'H~~1~-:e tr'le reijH'lrr,e Gi;R"llifl>J !'}fl.,"\~~~ i~ P,.>$,._~i(§\~; 

1l~ mimh~r <::.<f rtt;:'lt:m bkx~l oim.~~. ~t\1 bk~l d~~1::-~ in ~ fr~"tl~ {~pW-11.)~ t~'l t~ t-1:§ll:l~fo'.;.~I d1!il:r~1,;t>ii\1imkm. ,:':if th~ 
'ft&.11¢:. Ho;,~~,t~r, !he t~r~et f\,;_,i~'/l>-..<ef rA bi%- \,thid~ i:;:, ~~~\t'i,~~ t;) 6e fr,i,irn~ ~J M ~kx,M.k~) h~ ni:A rei@t~ w)h 
&.'.,iitlttlc~l d1ill:'o.,,.°'ct§,:fistk~ ~ th~ ttatiw .. }·ifilit~ ~ mrg~i. ''iUit1oor ~ bits ft.¥ frati"® h~~ mutJ, dltfatooro Jk1m ~M k>m} 
rn.ir::~~.r ~f r,t~-%11~4 hlt~ k, ~'w fr~trw ,.~'h*n ~!l m<'!t~:f.i) bl~i>tki:. it) th# fr<'l.rn~ m~ W.i*1n:1~~~ 'Ni'&l t~k rw'~&~:~ 
.;.llJemtfa.afam '<if~p j;i,,<zl!l15. So mfuk~~B :quaniis.~fa::-.. ~ ~'!ep s~~:s ahruW b~ ~da.®d n · wder frat fue k~tal r:iumb{Sr :o.f 
'tt:.x.'l~j M if: th~ fl:alti~ OOt.'¢,<!i"lM, .1:!m~t tt'i~ ~~ ~~ loo tlWtiOOt cl fa*,~~t b~'fu ft( t%i ft~trW, Tb {,,~~tfi':\:h~ ti:~ t.;'l;tiO 
~-:if ~haf:t.~ ,::,,f refer:e::i"l.<.."'e q~,:a:~t.:~;itkm Bii~) ,sl~, 'l,:E· ha,ve ~:-; :i?<~tknafa? n':,:i! im):i! nLin1ter cl r'.l.,...<w.:d bit~ h a fr;ame ,".-®·en 
,~l macro bki,::.ta m free fra:-~1e are qu:arniu,d ·,;-,,ii.ti tiwfr i~fornrn:~ qi.ani:is&:ion st...~ ~iz~-s. ThB M t!:"lb!o:s :J~y,-a U,B 
~v~r.~ie v&\J~ ·Gt th? '$'...~frn:~ ~'Til:~r of l)tf, In .~ N0x'$ ~Q_;1fdin~l tfi ?®i.'.rZ;l ts:~'* 0i~~ii1ici!:t,,_·-w1 ~'"'id ti~ 
d~~%fu.:.Hi-.::i:n ~fl !n:!lrniln~r TI'.;:f!IT~. !t ~g pns~:ble? to ·~tfrn."li?. Uh~ to:tail r::u:,~'1t-e.r i:lf Q'xi€:,-:! hit·; lr:i 8,i frnme \dm t'\E bit 
1~~¢, 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2551 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



flNTPAFHAMt B~ ·r~1~;,lt1) 
~- ~'f1•'.t::i~'-:;\N'l11fff?,,, ,. -~ .~. ~:h . .,i:-.: ... t~.l{. .. 9x c=·l,,'"·~· 
l ,, 
65J4e, 114,29[242,27t2t)t/fl t /N1 ,352,JM3Ht4(K\.4 rn,,4J1,4::.Mt 
24.:. J9.S!J2~127i 15'.l 1 !S\ 1IMe.2tk~ .. :232~242~25~."200~2·t2· .. 2:7lf:2ZMi2!B2~ 
'lfi $2' 70, 9:t. ·\%..!:}ff, hiR, H:+-t ,nm, HlO,llH ,21,i.:22:0)'2(;,)812J4, 
12. Jij 5:\ 7J, Jt, tl0.~2.2,t:12, 15tti5-fJ,"!t'i-t\.lfH;,·1~t( 1m\i9\1B5; 
ii ... 2t~ ~2, $0., m. M\H}4,:1 r:t,13"!/!J.U.'!44.;"H4.,itd~H'.{1:..Ht), it.;:\ 
'ltl J4 J§,49, $4, 7~, S-1, 9f:UH},%2,1}~?', BtJ!H 'l-{;\l4f :l5R,, 
e, 1e,2rl; 42, ff,, ~tl.. :gi;:, a7, ·nn, 10:@J H, ,1zz.1;;-;;'i\Bn.r:n,14r 
~\ t1. lfl At. 4A. fft. t:r. hi. 8fi ·Wtl.iOR 111Ji4 l 11't ~::,;,~_HA 
9, ·15,22, Jtt. 4J, &i, :65, t\ %, BL S'.(XK1.'ltIB;lKl,'W\12tt 
g, t~.:l, Hf., :ZS:, 051, ~~\ c'.}S, (~, 7:@, f><B-, U:S,. :'.i.5,, ~1, H:h,1, H:i0., -~ 14, 
8, rn, Ht if>, 15, :s1ll {:il {H\ 13, nt 84, 06, tt:\ (ff.. 9$t'H).{ 
ti., 'l l, t6, 24. 112, 42,, St frt 6$, 14, 79,. ft\ lB, St 84, t)&, 
8, t ·1, HL 2~:..:, ~o, 12, .,n, ffi.t,. ~rn, l1Q:., 74, rs, Ht, ~w 8&L Ot}, 
8, HJ, M, tt, it1, ::1.•t ,44- -·~l 5B, &t {1~\ n\, 'fl, ;~ Slt. SJ, 
tf .. ( 'l~J( '§j.:- l}Ji .it~( ~ti: 4t-c 4-~i- 6tt :ti'l, l:kt~,. t··i.:- 71 .. /it i=t( lt!<( 
tl, ft !2:. ·1@. 2+, JL ,1R 42. 51, 5z.Lf:;t Nt tWi. tn, 72, 7:ti. 
8, 9, 12, 17\ Zt :?lJ:, Jl, «m 48, f6, 57, fl, 64, 61\69, 7::3, 
8.( t\ I t-c ·i()e. 2·1;; ~2t. ::)!\ 0t.: 4i.\ tii· Sfi: ftt< G(\ t4-,{~fJ.; fJ:;)~ 
tl, H, it, ·w, 1lJ, :2t;, at t\.i~i. 4:J 4z.L s2-. H\ 5\ 61 ti:\ atl, 
8, 9, itk 1,·t %\ :?§,, '.l1, '.:!i-ik 4 'l, .. ~s, :;il), f~, SI, fr1, 64, W"\ 
a. ft Ill n. H ~U. :Kt '.t( 4(L M- -Mt f{L M, $/:/ z,-} i:kt 
tl, B, iG, t;t -n, :21. 2t trl, ]B:, 41L '~~\ H\ 52, 67, tit\ 62, 

a, .8., 0, ti, lfi, 2t 11t 2:S, 35, J@, -<t 4it 43, M, 55, 5B, 
H, K 9, l 1-. ·rn, 2(~ :l5,. :;i;§, i:KJ, Ji~, 41, ,M, 45 til, 54, 5(, 

3 .. B, ft t1 .. H .. '1R 24. 27, 32, ,:%.%3, Ml ,B. -<14 . .ta. 9D, Sf.i_. 
B1 8:- 1\ l[( tLt ltt= ~·~ 21~, ~lt~ :Jt., ~~, ~t.?< 4(~(· 4tt .~~\ 5.ti( 
B. It ®, lt\ n .. t}', :l:'l }5, ::?:~L J\ KJ. d:1, 4 t 4:J.4f, fiS, 
fl 8_. S .. lO, ·t;J~ fl\ L'2·, ;t~'L !~.~ ~~ :}tt ~~H~ 4-t~:;· :{2.~ ·4:1 ~ SJ:; 
B1 8:- S~ ~}< l2(. 1 fil., 21, 23~: ~'2( :l1 ., ~5., 3t~ ~19" 4tl~ -iJ~ t~:t 
B. It ®, f\ ·Lt ·rn .. 2\ :t:?:. Y'!, '.-n}. J.4, '.la\ Tl, Jt\ .i.:'i. 51:, 

l; 

Alta- th~ ""~cdb.-9 ~age. i}\.'?.- p,.%~;,unet~ inf·-~- RD :ff&'1~ are up.<l:med. Ghn~n t!IB number cl t£.:);iur-e hit\ R[lt ~ 
QU"->S1fa1:,fo<n lg\~!, Q[iL as--K~ ~ fi'W"sllln a~ci~fa i:faff~rm11::~, G~l, for fr~ i:,umm~ m1<l i>i ~ci'faro r:iurrib~r of §:<a~t 
tt~n~, 1t1e- m!A~I p~r~rn-~·-~- ?J M ~oo XlM t~1 ~ t:~li:.:4\~1);;~ t.t$lng •fi ~?.W-,~qu~r~~ ~1irrt..1t>;:ir:;, 

Tht tx:.1~~~&\~T~~)~" ~~\"l!')ird ;:M,t,n-i~i~~ f)e ,t~lv~ of r\Li}..\iii:_jl<)!J;}. It ic~ iw<*t,K~ i::Jl1);,-:t t~ l,~il'er h~ been \.t;:.i4.."t'led, 
L,;;,, the ~Mn1 ot b~ 1~~.c t~ ~ f'N-efV VD,~ mm~ t:::: t~ Q,,,,~·~rit tiuff~ !,;;v~i -~n~1 *e rit~b1;::r of rntt1 10 ~ 
r~rrn:.:-.,~1 •Pfil' pktur@ is Stibtnicttd. Es..~itl~'!l~y, it ttw- '"'lftt.\;§i ~Jtfr~r· h;;:i~ ~:,:i-::~-~:{~,d ~ ~-:'~~'{\~',.'! J~-.."*i r~ .{J , ®ti\~ t:l lh,~ 
buff.~r ~}, fa6:- ~')lX;<,.~· ',"'>'ill :skip the upconiir,g, fr~-n~ S:C ii$ tn tedi,}(E thE- Glli'ter'ii bmer }~';i~. T~ \•iooar ¢,l.Jff.~!' 
if,vel f'/8} I~ ,gi1;-'~n b:t; 

\sA1Ere t~ ne·w i,,·.filiahle.. Bp-, de:::ii)1e» 1te ruws100 of blM .$~-ed in fi@ ~re;,,.'i;t:J-U,'S' fr~rne, ASi ooit~'f\ B *3- the wrt-ent 
m:.iff.-tt k~v~I ~'=:d ~- 1:$ ti~ ~""'fi~t cl ~li r~it)M*,,1 fr(!fi~ t~ i}ttter p~r pltM~. Afffir m~ v$:J~ d tCiU<iP,.J),O:ft f\:~$. 
t.~.~tt k'll.Ji'li.±, th~ ~.'i~!u~ tor N'_zi<ip_,ti~ it- acldi.ro ki it wh~~ r''il..,s-faiu1t~ ~ ~.lkx1i~t®i kiW<ie we-=fr~m~'$ikin <:{int~'4l-, 
Tt-m ht1~. h~t1int ~ {.lfi-d~t~d b..~~1 rn-:, ~h~ k~::§li !h'St's'll:~t ks h@ski~ped, N_skip '-" t\f__-skip_p,~ + JJ_sk(t·,.J:<J.ti. 

~t __ .Q!Jlma~Utur $}),.,~ C:l.>'<dlng ~i$k'w'.li- ~Y tilm,"'>~ ~~"'Otdln@ t~ tht! ~11:vitoon·H*t. it i:s &slrabi~ to J~ve a 
n~c,",;ani~~1 t:.-:, deted .and tesp ;~"'l t~~te r~ -;;.uch -r.h;.;~;F-c~ 
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!l(N.3Mt> :» SUpTi--1) 
Opl:lmt~ t) Lt~\•Mi::~i~s 

cl~~ 
()pm:;_~·t{~ n MMhM1tl~ 

l'l'I~ me.de d {).~ratrni t"~ri t,e H~oo 1.1;:i; ir:n~,."li§# oot~~r"'*ht~ <<l1 the t-1(:<lmt P<,~>'lnw~i:'$. ~,~iiM r~ s.gnri~ th~ w~hm. 
far :iar~l dimibttlbn.. &"'lU irifu.ie".!ce th$ :sr.a!*! tate i;ontrn ~~n~m. 

T~r;W!t Es.fumt~~r The inita~ fal'gei. tM rn1.e t%l~ t~e ~ak~ll,&1@:J b~t.fil.1 ·~"'! the nur:ioor o~· l\<'&~fu"-e !Ji% fur the 
:segniehl .ahi thf nijmbs'lt cot bits u:sw ~r: the pre,'k-"'Us. cooe-:spoiwhg vo. -~ stnffa k:~*'er b,.,~nd tt1 t~ s~VOF 
~frtrnfo11fot1 ,:::m h~ H~d §!) faf(ll0 n11nfo1um qu~ff)'. 

Joint S~ffor C:onb:~: Th~ j~it l'®ffur CL-"flfra! ~.:,,,nl~!:~~~ th~ SiE!IT:l~ i::~rnfkm ~~. bt~ff'er \::O,'ltrul in 3-VGP ~~<tth 
·~t{'\1t,w~~~ = '1,;iafo', ht).~'.,-i.§!,,~\ m~ 1-af),}~1 i1 .fl ~Wt1) ~fo1dhdrlWtil 1~i'g~W, L~ .. T = ;it~ cl TN. 
rt e.'t · di·· c· t· .§· "h"'" ~, • · •••· ·,· ~)~ , ..... "' -h · ". · ·<~;··-·"" ·11· •· ~· t ... t· ·-4. ,...,. ·•·· · -. h-,-., +' -, ·,..,"~;. Jf_,,. >~"}U'IL,~·JJ >WB*· .',..i,,~,, 1n ,\~"""'.hl~, ,~{~- ~;,:;l*""'~'tQ .,A:'!~~~~~~~•'¥: .,1•e, ,,®_@: "'' H:,1 ·~-~,~~$ ,.,r.,11, ~.neJt.,~,\~,,ll'.'~ 
~''f,Jn.1< ?r.:~y ~'); ~ ef:!C4"Q,,"'i k, 1;'.,'f::':n ~m"*-' the m~l:i!h"t $h1}.~ .. ~~"tj bf.~~ irnorrn.2.1h,n, \f.:,: .ijl@f. t1e, te,!<lfqre. ITT th~t 
~~t¢. th~f¢ :l';r'!;;::ti~ ·~ .~ i~h~tik«,'tc) ~:Q ~i¢ii ¢rfrwf p~t~ ;if th;;:-;; %'tMijl')i f(i.@,, t..w~.t clfotf\t.~i..Jtis"':<t\ CP Zi@¢.tll~~!~ft tit.Ti~ 
:instint up{l~t~} ttl~l~ tl~r~ ii a t:.~f:t:.:~rtt::t ~) 1h~ nurnt~r f.l .~lk:K~ijli:,d iit~. te,t $ ·~· l ,. Hp ~ tr*:': dlret:~~.e ~t~,,t:~n 
1h~ t~t~& .~fid too ~fi't't.~ftt of hlM ll~~ !El !M ~~l;foL~~ frffi'.11~ f@' '!tifl;,)~, ff~ikt1, ,:Witl ~~':'..~f, ~)cl El'ltit 00 ;a :Mt 
1rif<Si,t*1<j~ tt~.i:t¢t th~!i ~'\~, }(J,kit\Jif,» k~ •:*H:*W!#'Th'<l h'.r 

>,<;J;ik{t ·,('.. g(~t..~) 
NnJt.tij~nP:°'1$ ~ ~t~.~~~~tinJJtf: ··<-· ~ 
t" s ·t- Rt~ 

.l"ruge.t Disf.rmti:o,"l: The .i~~i.1. buff~ ,ixi,~trol p,".O·,•ine.-; ~. ne,,v fufal t~rg~t fo be: dist:ii:,.'UlE-d a,410,~g ce.acM \fO. The 
dhtribG.-ticn C3n t.~ ~wd on 1h'@ ~~, fr~ nmH::m, ,;md thi:< vari:&K,o!S {MAC(} of ·~Heh ot~~ct 

lhks ltP.t ~ ,~~§flbtlfk;n l~ ;;:tty ¢~¢;t~t~d \,-,+itt1 th.i': i~(S¢' ii \i~fa:t 1lw, ®tijt{ i$ v~!id \-Awn Jt !~ tit'~~~i' ihM #1¢ tlilm 
~t hae..~1er ti~ ~~ for ~Wifl!J 1hf,• pr~vk~~ tra:rn~. It it hi< nlt v~~, ~w 1hf, ~rQf,tf, @·~ mooe rteg®1iv.e lh~ rt~W~'t~ve 
t<'!t'~~t. Ce.if!: ·~~"ttv~ ;~~ ~= f~~ -Iti' r:ft~fiinQ= t~~ cy~fifa,~f:bri p.'!J::1:lm~t~r~ f.t) §~ if!: .1:l ~~~dl~::l rnn~~ [(}:, :Hf 

l~ !tik1iltllitt ~~k~~ {A Alt-,1h,:ffH !z; 0. 'Hh% h1¢ii'='1 h1~1l~t~ ~hl:'ltJt.~ ~ttoodin@. lh~ I<'!ti;i#~t 'i<'iih~~ t!'i~t Al;:ih~TH r=r~~i 
1.ik~ }i.• 255,,, IT)\W%•~r, it}$ n~OOJ!:lff~tmd t'"!~ $1 P,\pM!\<1A)( ITT nm lafi~ [32, M] oo $t,~C~~ .. 
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Th~ r:~t~ r,~"'!:hr:il m~thmi ~'§;etib~d in ci;Ju~ Lt rn:~i ;1, fh.~d \"jt,;a~1i$.~f..<')~ p~r-~rn~i:@.r CP frit ~ll ·~. m~r:r,~6bt:k~ b 
~ V\'J:?, ~:;,:h~r~ lb~ v@ti~ ~f (}P \'<'¥@ ~\z)~~t~ k} en.;:.-::::s!.i¢. th~ \KJ:P \,',·t1h ~ l*lf{J~l ntmlt# K:4 hl~i. ki ~hht d@.J~ .,,"~ 
~:$.ft'.ie i §1:l~1hO::i tw a.iijp.{i119 me" ,.,~it:e oi OP ,%. f~h m~rm,:io;:~ >,•JtMn th$ VCP. Th\$ tf,\{;fff}:~!Je' @(;Mh:!\'f,$ ~ 
\A:)P t~\.l~t tmnr~ ~N~t~.'§sMy, ;.,,i"'''d~ i:i u~~ful k¥ lth;:"-t::~•M<W vM.,·it) ~ppHc.ijh::¥1~ ·wtih ~m~U bttff:,,~t t.:tm&1r~ki~.. =<tf'd 
~lo:>'>'/$ .aj.~pl~"il ()P ',<;,i~h b¢ 11'\*lttKib,\~k ~''l:tftN ~rri. <NWf ~~:f~j;)'~~~ily f.¢~\,'®:)l tN~:::.~l~{~$, n~ m¢.th0cl .~~:@-~ti W 
t"t:\,..:iibifi~ t;'i~ sit~t:g1h$ t"tf tll.'$ f.tiHo\<'ili'aj ct11lr~i.lctst'. 

• Th~ n=~~~i vAth ~-;;:,,.:, P,..~f~W',~{~~ m~t,1~1'* .~ ~)el*\,1;:Qfl§:ili.it~t >.'~th.re o:.:f or for au th~ ml:.!OllJbk~:kij. fri th\:.! V()f'\ Thlij 
a~tt@til'\: i:!i ~1~ a~"tiPl'ialli ~· k)\~~~ M r@tw.;, ~kioo ii r~i:jwlt'~t ~ ~tn~il i1Ltn1~t o1 iii£ ft..~' &.,crjo1~rt:; &1~· OV!s 
(l:.i~h'l\J DZ)UANT} 

we rrl:f, t1:1:';..~~1 wtm ~in;if' t'l~.,.&~rer ,1,xi~~t 0:..4¥' ,,-,)t"l rrw ~~!\lY l'#. m~ bl~::k by t,~~sa *1$r (liJij!l~'$:t1•0,,~ \~rm~Iler 
(W) f<tt m~t:tmk~k~ (:if tl.M~r ilft~~ ~·~1\oM. i~ t~11uk~~.~ i~'\l~t C'W bi rr•,,;wh~t.id t.ind hiirhr,~, ·~ ni:,:'Jm ~pptr~¥L~~ 
~~· h~h~r bl r~*t, 

•T, ":, ... 
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• \i\\ \'$ ·~ ,,,~itiW ~f.~t i:,~/t'-,);1¢,"$ th¢ p~--,;::~pW~J )~~Jit~t,® ~ ~}w i--(h ~'tiJ@"cl:::ii~-tkc a:l (:k,fa.i..A, ,;,;_~ ~~-ijt W\=- V-,,h=, 
. ' _,;,;'hh~,;,; l. hwt th~y ,'..>,:t.:k'l t~ ®t~':1.h~j trorn ~rniku l~,J~ltfJ~~ i~$ 4.~~<;:r!bf.:!d ln: {~~~~ lw.Z .. 

-. T,1,;;. ii th'@ t:Mt®:1 titMh~~r c:.-::f hlti. k~' it:,,~ §~:,i:tl.Js'@ (W t)C-T-t-t)l,~ff.id:1&t'ifa {km:ih&'lt-ii .,w,,;1 dm)t'liin@';,1)@ <.)~Y1fi::.*~~tib,} -of 
tt~- Vt}P, ~<,:%;~"!· kt Ih~ i,}t~t ff~"'!i,e b~$ T ~~'rn W~')'l~'~)~f rnk· ooi-Wol t~~t d~i..t~ L 1) rth'f.::1.J~ tti't Mt~ for ~Yt,1k"'i'}, 
&~:af~, ans:i= s}n~:,i; cr,i~tl,i;,,~'<t ff m~ wttw- m.,rr1btt ti b:fa ~- twt aii::iilabw for m~ u..n~11t \/OP, otiw c~n suW~ct 
th:1~ ftK':,rn th-.~ f~'@A~-~ V()P fMni!'S'. it) Fl is 'fnx t§k~t°t'~d by tt~ rK~-t1b~'l" i:-..f ph:!'S'.ls b1 th~ \i(}? 

\"'+~,,,,~-:; th~ ;,.,.)J!U~t ;;,fi\ '=*'t,d C2 cl~~n(i {i11:-( i\1; MAt::\,, , M,~t~, T} ~+i--tl {,>'\.,, ,•\ii !\ANO,, ... ,, MAt.\-., 'f}, i~~'}.~¢1h,t+l 
11~ ~r,~$el parnir~~I* l\i, A:~, ~nd ,,\~ w.~ ~~(irn~l~J 'ri:l/i# ~n{.,:Ji.iinij ~ind ii:n f1rru::lice &:'*t w.~ nl;!~~rly ,;::x_~~~:ii:.~m "<~thn 
:i,i VOP, .i!f:11 h!1l~~ G1 ~M (.\,, ~mi JIM ~tt(fb.XitnM=~N ot\t'itii@i:lt ,4s ~- f~~U!t <:•,b.M~'% thill Jttf' !;ar:cg,~ Bttl'~tt<, th~ 
~..)ntit.tHi~~ r.::c~f~<tt~itt :QP \.<sm fr1:¢ft~~ 'bi~h 1h¢' MAO @i¢~'Si if ~~ ~t~i='<:-ti,;'::if;k .R),.,i ~w i¢.·w ~i~;)k~, C1P -;,,,@ ~-:; 
~<:!<~rl'/ t~'.*,""!~t.-~''if ft~.~!% t,~ rn~mh:,,.~~-1£ iri :ih,,,~ VtJP. 

N -· iitirnh~w M it1;}(:t',)faitxJ:~ inHwi \"OP. 
Tno.,: · nrnn'b~r o:.,fbi!$ ~v~f~b!~ 1br ~n.·r~.,ct~ng t.he YGP te~tw~ 

it lk:;t ftt.mt~), ktl At"' i\ ,1 )t~n/.::. tW, lt'1'.::. A1 p~~'l"" 400, ~3"'' AJ ffe~iV"' 0 
OH-wrwisi-:.\ h,JAl» AJ_Jwev ,tQ;;/\;{ ___ ,,<i'f/,,•,andit1=»A3 .. .Pn·;;o't:\ 

If tHstit0 ~' R "' D .fa:iS, ~t& ~> t dhet~%e: !tM !>i<J:. 
S!iN 1n~ti}{il:;i!l,x;fo; f'1(1(~;$ i=;i i (°:itiO .ii,k!r;;,;; (L 

N 

sl ,,,_, t:t ,v, \LAD:, 
P1n~!l:f', !d . (By 11>lt-K$H, ::-;i,.i~\:,Vt:: 'l>l2"' ... "'V°·lN "' ·q 
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.·, 
~f-' ;A.,iM;[:\/ + 4 T;A:lii\AO. i~ t1,:e.;.1$W;,,.11c_ :/~er~ is fW vi,~:k,~ {.if(} 1f\it s0tv~1 ttw 1f.!'(:f.lnzi{W4?r ~wJl.bn fr:ir K,e::J. t1: ttrnt 
c.~e:, 1w tennwith A~ if, dr~p.ped ~rrl ffse f,:.:ilbv,;ing fo \ilS.OOhsfoad; 

MAD/\~ ~11 ~":1' :: .. '""'"""'~~~:------h, '" 

t 

R~nd OP t-0: ¥<:iluf in i, . "' St, ;;i;trl iMii;;at~ ~ dlff~~~ P$1w'$$n tie turt~t \illt..~ of C!'P $~ Mal of 11'$ 
r·revit:Xm ~'f:.K'.{>:'.~b!DtJ. mD(JUANr. {Rl:'K~@I trml D(JJANr i'.Afu'l oNy t~:e \:'flllW:$ ':,,'<,'(f!ln [~2, ·'L {\; t, Z}. ·~. Clt~W,g 
!Tii&Y l::;.-e n~t~, \ 

:~f r{ ,,._~1~ \~~~~ l~~n~ijt· ~~~~:;;~~~li:;>.t~ ti~> ~~M~t~;;;:~~ l"%Z:i, l'>:~r. ;;;tn~f A~\:-/~.tl ~ ~~~~~ik1dy ~:.;; l~n ~t:J{)(J~~~~~~ ~y.·l ~?: 
vv~) ot&'?:r il~i v~s!u~'1':. otB'l, Of\ iw:tl 'M.ti.rn, frt· tht,o. l~MJ \i'V Mlt)t~kld m;;wti)M::x.~~.~ {!.\'hm-;(l '!Ii ,,. O} ln~.o ttirnH 
'$¢$: tbt b}\ t:<\ . ,, bW'}, {q'1, i)Z, .. , q\V}, ind fn11, mt . ,., n,Ml}, WhH~) ihec ti(~, :qf$ .f:!nt:l rnfs 
~>'>'"l~~;,,;,),'.md ts'.'.> th~ ,,,,'jJ!1~, of W1'. QP, ~nd Mi\D\, ~-~>;;i,,,;.ct;1.~/y, fr;.r th~ .Hh tMl<';K~hk:;;;k :iii t\~ i.;i:t · · 

[31~ t--it.: tut ~h~s s)t.J~t~ji%f ~r ft):::lt;ftf~:c:k.~~J\i t~'\.~tru·~~ fJei ~ :~)} .~r~cl ~~1~t \-M»-· ~t:~in{1{l, J\\j: }. t.~tf·t~:: 
f') 1 ,;, r ,i_ 1., 1 rr., 
P2» { 1/q\ 1/~f2. . ., V,q'N rt 
~~~:'" {b·f~l-:thtii, b::~~r2J~·f~:t , .. -.~ h~J\l:~-:1--~t(~tt-)·Afff'.: 
P~l~~ {f1t P·Zt 

X)f~~~i-~~ :t~·~t-:: f~~J$~)r~!:.':.{'~P-* ~:,.-.... ~~~n~4t1~ 1J~t,- $r~iri~lJt:f~~ {Jf ~ ·v-t-::~~~~f ,~f :-~:\~tr~x. P-·§ i ~2' ~l:f~~J ~0~~ .~1r~-::'; -~~-~ .. ~h:Jf~ -~~ 

di1nt1:n~iiji'i i%i x t ~~Kl t-'4 is a mH6t ?Ji w t 2 ~~iti:i;nt~ 

/\':,._XH :,:·:·: 

~ ft Jf i ;:;: §1,l, Stop {~t rnas:rctio.tt":. aHi :E~"'Oded}, !e:1~pre1,n=.: .A.i, fur f :;;.;t,2,\J 

Dth~l~'.,fae, i ::: !+t, .fl.nd git) n.~ St~ 2, 
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B''. ·· ·. · · · ha .·@ codln ntmys ... p. .. .. g 

st'i~ part of 1$(VlEC l4491(} '\i@ t~ ihe fi~i intf.sT;!llfo;;>:fl~i sfundflrd fllfa~4ng the 't~n-tmls:~icn ,;;.;<;~ fld)i~mrWt ~har.<ed 
\>1~"'$:, dajoofa (':/0), ,•\ timi,; ITT-st.mt of a VO i'"' ~~;,,;d Vlcloo Object Plane (VOP!, A 'J0f' is a h.'°1angi.il~ 1-l'i-~o frame 
>:Jr i p:i:1rt tt~~.;ir h;.1lkl:'i'"<:'ki:g *In i:~':)~~H1~s~:.l ,Jpf;:r~~t~d'l l.h~ rsom,-;:c 14400:? vd~ >:'!:r;~,s:I ~?l~~ ~nc. m:c.1or\ 
'tf.xt~.¥e::: ~nd ;'ih~pe i;:Kming foi.~'s to the: '1/i.:.--:.h<:;, ~'"$i~;I !. P, ;md B mod:e~ ~irnibr w H'),!r nlcde~- of f..<'PE:G"'2, Th-e eru>xrer 
tra~amit:s !:e~:ttff~, mct~,- a.,,ci Sihap~ ,:r.,~1n>Z1:-oon cl e:s,-,,.;; VO i"iitHt1 o,;;e bt s~a.~. T~ bk s~m$ o;f,$.~-,,~ra! iQs 
:i:'~nd .~--:i:x,1r1p,\~f:ylntl :t>:.~'np(\.~!fa.1n inkimh~ik~~ {;.m·i l~ m:;.;:!thl;;<i);'<rl ~1~h !h..~t ~ 1~~\'ii~rte..~,i~~ all the· ir:ifor:rn~fu:'f!: ~o 
de~¥; me VO$ ~ni::l M=r~nw. them ki;;i ~ "'idi:;,::-1 ·~~~ \Rgurn l!.4~'1 ), 

F'lgw·~ l\.·M •• ObJ*"d.'h..l:~~d oi::o&ltsti ~f,irn~ ~h~ ii::h~t:Q~r lo ~mtli:~~~ diffut.*-tlt VJd~,t::.i Ci:*(:~ F'~ri~ f\t.OP.) 
hJ:f(l; >JI ${:::to~, 

.An arb~ri:lf'i(y shap<fil1 VO l:-lm h~,.~ bimi:rt ~~~ i:nJrn,iu~km <:;"ttlt rn· b~sMf ish4'W and hi:d.um ink.'\'l"tnalk:.-n. s~,,,·~r,lif 
:fu~pt< m.."l'.IN1g al~~ttt~'tt~ \'l~m, ~'lfliLl<'l:Wd PJ12J. i%n:aty ~hflp~ i11k.t1~t:c-t'l i$ ki:i?W,m!ltoo-il!t ; tiitm~ W:$1t~ .:§ tcrs1tl):1-
based ,~-,fu<;,~'lBfic -~f. &scrib€d fn cia~s':f M2. Cooing c,f te.i;.tu,e Tu."T at~ira'ily s.h~pe<l VC.s is descrilJt!:d b: d:ause 
M,.3. Ttfa ~Birt ~,f !SO<'!EC ·M4-G5 ~~V~l iii up m~i,:i!J ili !h~ @1:sx:d~r kl ~chi~\~ ~ffk:famt t:>tding d ~Jot~r.~ ~t olzj®:t 
oound~'S tw ~mJ:}!oving, ~n w~t:m:iri.:lte, re:dme ~xtrn~:Jttioc, Ji~1itn1. Tr:~ effi~e::""lt {;\..;1,;.t,ng of-~ VQ with iet';l$!i)<' 
,ern:::od~d s;,hapm., reqwire,s an ~r&.""04:::·y :architecll.ir-e :a~ ,~~rl~ ITT ~at.ise, lt4. Jn clause J.t5, 01klel1nes f.nr oodirig 
'i.t'liln~ri!/ »l'i~·td V01 ',·d!l be i:,-ttt,<;.en~es.t t:iw~~"it ~h<*P~ t:nK.~.,dii:1~ m0-'l~$ t~re ln·tt>Sl~Jte:d it\ (J\*",r fo &tMevt: ~ tit 
mc~m repr~:$fn,Ja~'"'n :J.:1t ~ VQ ,'Jr· in r:m..~ t-g ~kfw -fw· t'a(<t -en~oolrm thi:lt it$ trn~'ifillt tx r~Jl,·tirn:e ~~k®1i@"t..~.-

Efld) tk'>"t~ d :StW :l5.:d6 ~!~ v»Hl'iir1 1f:i!§ 001...1r1dltig rad;;1~!~ ~ .;:aHe(;j blh;;1ry ~lpa l:;:l,ock (trab}. E:a.ch bal, is 
;a~$Gt;;l~k"'ti >s'ii:h fu~ r,o,clo;.,.~~ai rn~i;:~ol~?t Thrr;~ ty~ ,~bah$~~ d1stl~lil~t~ inct !:>l.9~!e:ti tor~ t§Ecwer: 
s r~iBpru"~ril bkr.:k~ db· not OOfi t~in :irJ<:,rn~ion .aba.;rt: fa..;; (i,,._~f~t ~p-,i~.#~ !}ock~ ~rn $,~&t~ erc1~rei'y Ins.id~ 1~ t~er.J 
~-id i~tt.ff1(i=*!Vi' ~kx}~ .. $ ~X~\•:er i~rt ;;ft 1t~ {Jti~~t @ 'w~ti $ p&'i oi 1h~ batk.grt-.iJn.<t fer hc~u~1M'/ tlo..~,-s. ~ conlexf-. 
b.<ll~~ ih.."l:pf;. ~~ '.,N~~ ~\>~k~9f;i;l This i,_~j~r ~xpicit;'i tlw :.}pi:iii:;;sl ~¢ct,µistk1nt<t d n~? bhtlry ~h$:?e /m¢trnaH~ ht 
ti': ,.x.~-dNJ Ptl~ <'it~ t,;Xl<W in ~{~~11-.1~~1~ t~·®r ~M !'l.."'~"'' :~y mw .. :ln the fcolkrNi~ paiagr:~ph$. snipe :erie,."-ding in ~tra 
rn!:.x~ ii ~~{;rit~t &-~. Th;!!\ thi~ ~ei.:.:hniqM~ '"" ~($rK~~i tt:i facll~e i@1 int~ ?lb~ie. 
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§n :infra§ scn,Ait'.':, !h1~tt dif~fi;$'!lt ty~tt~ ,;,1 rn:t>,::fQ~~.:ii:;;b, ~rn i:.ht.it~"i..i~!'~tj': r,,~n~~~r~nt ~nd '<-p~:qutt §:,1,:,~t;,t.. ~r~ ~~U§h:~d 
&.r. m.,._":t~n.itloc! ~'m:. The ri:1:ai.);z·.·ti!~\~ ~1 the ®i~t bot)J0d~rv ront~inmJ tt'fil1s~t¥N! ~i "'';,,=€ii ~ OP:.itNll ~;'ii 
t~ong t~ 1h~ thir:ii tyPl;!. for ifue$$ bo~ntj;¥y ~~t:toolo,,...~s, $ i$!':1P.s~~ :of 1n p$l.s !$, i.1$$d to oiHh~ 't~ c~L~l 
tcmt~i4 fot r,l'~ikhmt 'th~ shatw 1-;r;:;.d~JB ti-, **"tt>l:"l°,;<,~'l' ~ nz~Ji'~ h1'-2~} i=ti,o: ~n:ti:,,&n~ t~ ~tat~ tr:~Mrfon. ~• ttmt~;~fc 
'"·=.<>.d ,,..,H,~""""!', .,..,.,..,"..ls,..,· '"""''''"'"'t,.,,.,.Mi>lr's-~ ~, ...... "" ·"'f'*"~'".;,r,·,; ~~,o:,,.,,.-..i,..,.,. .,., _,,i,,,,~.,<:.A .,,..,, ,.,~,l-,.,1,,.n»,:o "'~ .,,. i·., ~·'·"'·'"' T",-<> 
k_,,{.t._""W&-:;~ ,:,xl~~~~('~~t~. ~;<l~""-.;.,,.Z,~.:J~i \a.,~,l~f~~f"'l'l.-..·'!i~~~ \."';5 ~t~: tl!M- >.:.~ l~~~~::,ws.:; ~t~i.~%~V~ ~:§ ",;J~ff:001~ ~~ ~"-'4kA.·~<01:~@'M ~~;:e_~.·J ~ .._~s~-....~--. ·~~M 

i::w,hal'imtykMh v.fthe ~'<)lh,n@:fo:: e1\t,;.·,tk~- fur fo~ %1~41;::c::.rs~:""fa~ .. v® ~fr;,,-edfr'>)m ~~!:'l.-l\:;:fioo.~ thm ~we ~t!ih:l~.;;:..,f 'lt® 
t~;;;t !>s'l w~d f,,'w tttnp:atO,g drff~renl: $fM~ ¥ode"$. V\'iiJ'r ~%'0 b)ite:$ a!!o:;;:.ati::-:l tn cl~S;."nbt ~ s}Tl1~"1 pr,o:~b,.<:tty fur 
~"Ch :ix)ttl~xt tt1® raMt si:s §Si 2tMt \:nie:1§.,. fr~ t*:tfo,t ro ~.rcid @mt.#?itk:.11 d ~tart t~ie~ likt VOP ·~it.lrt ctx'if§. ttia 
i®J'.hmie'lk t-:t1..<1ff ~foff~ m"%'1! 'V ~m tl'lf!: b\~''rt>.:am. '*\hf.:!t~'.~t· ~ fotXJ ·~$.f~J~~r:~ cl 'ff m ~nt. . 

T~ Mtipiat~ ::!ttern:ls ~p b 2 ~!s ro !he· l:eft., tct t~ rzjtt a~s..1 io ~ie· t,;:i • .,~ of the pe! b be ~scled (Figure M<?a} 
H~•Ki~, for ~nrodkg th...~ p~~ 0 fu!B; ?. t<tp ~',cl i:frft: ro::f,<:."~ f·l .~ b:ab, §)arts :i,f ttw t~n-ii:,!ats ~'e d~n!:lro by the ,is~ 
'"'°*'"'""~·s.·•l..-.,, ,._if~ .. ~ "l·.,,,, ·+» t·v,. '"""'"";l,i.,.<,d :,...~\""" "" ... ,.,,. t··<"<!>' "''"" '"'l "''"" ' .. ,;,. ..... ~ ... ·r· ,h.,, , .. ,,=·'t l,,,,,~, F''· .. ,.- ~·1,,., A ... ,. ,,f,• ''<'<>''"'· ~t:.n;....<f~:,:~~~..:i:~~:~ t~ :t:~ ~~t-....::.~f:.-j :.~&C:h-.:...~:-:;i~t.~- s...s~:~<x? :.;.:S:i ~~~' ·x..._~ ~i~:i\.~ '\._.}1_ ~~K, ... r~:~ ~f~~· ( .. J {H:~ ~\JJ~"-.vti. ~~~.J\. l~~ i.t~ J... $fi~i,~~~::-,:..t~{ 
''':~". "'·":"'' ·'·····i>~, .,.,,.~;::: -~.«·f ~:~j: ,·~·,.; ,,,.. ,::,,·»-,<>"•·'' ,'->. ,···~.\· ,., ~>~-;,<· 'I'"''. c "". ,sf>::!:'°'.· ~ .. ',-»o:.::.~~· .,...,,;,;h,~,..,,. :w.m.,-'1.-. ~.I~""· k-!;; I": "';::.<:;. .. fl;,.:,·•,-,.~ t..:U. M{ I· ~,..i;,:;,.,. b:,j~.;. .. uj ~~~~:li .. ~u: p .... . ~...1l ~ ~-.;;:;;: . ..... -Vl '-~·~S.. ~ ~,t;;. ~?,.,.:.~ :j.~ ·- ,f: Q.{.,i:W l,,,\ .~w· ~ ..... ~~~~~ ... :,; I~(~:-.... , .. ..-...~ .,-::, f.~t:r.::::: X ~M· ;;-..»,,~. ~\ ~--~.J~-... ..... =H·~ ~$:.~ 

a:,"'d t<eit b.a.;~, ~a hns~.:arant, ttte :k~ ar4 !;ell: 2 ~,.vz. tJ the {~~iJ~t,t b.,:ib s¥'@ o:m.~i~t\~ !ti ~nfov ,~) ~)!,\) ~M tX:<{t\~Mt 
ft::f fu!1i! ren*~tt kir ir~trn n1ede, 

~'r~·i,;:t,~ ¢.i,ff,~1:! 
Fr>iime 

Fiij~lfe ~t-1 =, fenip!~l~~ fQt' ®tft)h~ ti~ c~ru~id !l:~' n!'t' f.~l lKl' be -t~:a::'cl~d 1~1.), 
ijJ ~tbi~ the intrn, m~ oonte;(i; 

b) ttw ~;Mfu.d wliml :r:,~lnij h1 htt~r o:u,,d,it\ 
Tut ~liQ~m~n~ i~ (fu,,1<,,~~ ~fi~r mii:)H@t ~~t~i::e·mw,,tJt)g t~ f'~·~·,ivi-0l,$ VOf :[1)o 

!n 'l'..t<OOt k) h¥:t~~:w tot.lit~ ~filt@1'k;:Y, as \'"~H ~. to ~kl~«<' i~1v shl:©fil oJdt~, a bab ts)t:: oo s:i.lb~n1µi~ by •i§I fu.tk<l' 
t~ 2 er.~. rnit.i!ti~\~ k1 .~ ti.lt:s.~~::i& ti 1lm: $:~$ t~1f~ t'if ,t~4 ~~,. r~~*-t~HV~J', 't'~, M4h-ti"'t;•di: \$0 ~rie~d~d l,~ln:;i !.*w 
~ctrd~r a~ dts:s:~d~':ci ahc.w~. Th:@ ~now.i~r tran~nlb ki fil~ d~~~f ~t~ '3Ub~amµk~ f~illi S:ut.'ti fa~t th~ d~"l:;t.~'l>~ 
d~todt,i. ~ ah~~ oott at1t1 ~1~t1 u.µMmpi~~ th~ cl~tw~~ m.:fu;..blook to n'1Jtii'tl'ii0di: ~tlt Obvioo!.!ilV. ~~ooh~ 1M 
£.hai:i& ~sin~ ;;;i hid1 su~sn1p:!\~, fad:& i!; · mm.~ effi~tent tot the d€©~iBd ~hap& ~fter LI!'¥'ia,moH11r• inav ·Cf m~v not , ;~ ~ .·...... r---.~~ .. .. 
L~ th~ ~'~ a~ if~ miginai ~haµ~. H~,}t.~, thfa :s.iib$~n~tng i1=a rnc'l5tl'y w~d fu:, b~sr ~ha~~ cm;fr~g. In ~~u~t kl 
~oh~~.~ ~~rnocitti @.l$Ct OOl~r:-ct~n:ei ~er l~P~~mP'!ini;t &1: w.~pfa~ ~1:i,,l!~"'.M ~m~~mp/ing fil~r i~ ~J5ei,1, The; (~~text 
d mis t:ps;:am~lii1g fitt€t· 1s :l>OO'>.,,,n I~ Figura i,1,:3. 

Th~ ¢mti~!'WY t>f th~ t•h~p(\l ~tJti~J rj~~'1:~ cl~~'1¢K.<:..i/i)%i t\"i ~w @'!~'11~tkm ::>f ~ ~h~~ ~i~. Th.WMGtW ~ ~~1~,),.~'W 
~n chLB~ t~ r;(.~~ ii~ !:mb ls:;;ing hmizi."\r1ta/ s.a;:;-llrn~i39 ~ ;,:kis-::d,.oo aL'<:r,{11.l ;-;.~ li:~rnpo:.~~ §h~ macrot.'t.l!1JCt using 
~'filt{:a/ i-ratmtig :i,·tklr 1f. .ati~it~tit a.,."<lhg. 

it, \::.~·o~r t.~ ~ocfl..\~t ~~np;,~~l ~~tml'l#.tt:;y ,in il~ it!ap~ inti:J111&1.-0n,_ the. ~~r ~~Cfk al:xwe· ~ e~:tfltwled by ,sn 
it1,~f tti~ t®ql.Jll'lirq motio's OOit)p~t1~@'l ~K~ illi d!l'fi@'®'i'! ~T,ptit,:;:; io:.n ~~iirn\g 'lhtt c~I~L 

F;;ir moilG11 o~~<l~~tiGB. ~ 20 ki/.l:;t.~r ~l mc,tl,1,ry v~~t";lf ii ~~titt:'$t~~ !:::3shg Ml ~w,;h, ftt ,t:.:l(lk ~b h ¢d~t b 
n~initd:m- th~· tl'~d~il&1 ~'<~i' i:::.(lt,N~m th~ pt·;zNk~~ wdtcl \<'OP shl:lp;e M'k~ '. a.nd tlw ~tmi,.,t sh~e Mk Toe shape 
nsi)~}:J!'l 'f!;:?l;.:lGni \:!r~ pr~tj~ii;..~!J e.ni:{¥J~'tj w!lti r~~~$:.1 ~1;., ti*! $t'k."f!-~ mofon v~wrn of ne4,nbcl'.ing ,mai::n.:stfkmk~s if m::< 
~h,!lp~ tt1:0'lk1t'i V~!:citf is a\i..li!~~. w:s,:tur~ mot.i.¥1 \\~elm'$ ~t'"" U:§~<:l .,1l's ~~cid,::'.!m Th~ ~h~p,~ mr:,tirni \'et~& ;:if ibf:! 
tun~tit blpt$-: i~ ;;...,MJ= b Jligi:1, ~ r.1¢'N i:,i:'::ri~iit:¢ J~il@t~d f;;,y ood:'"'lg S$)$~ iri nt~ moo1= (Hgt.~ M.Jb). th~ tern~~ie 
tfufln~s a conrn;tt ,of ~ p~ls l~sslting ii'1 5.1:Z ccmrexts.. Il,~ p,/:;'l;1,:¢tli:i!-)<f:G'* i:.,n~ ~ynl:\:mf i!;l. 4~$i::t#..<i#q Iiy t k:A>?i'~, tiilh,k~ l!! 
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·· ". ~"·~ .- -~ ll-' . '· , . . f -~•)'}:<' "'· """·· •~. ,w .. ,., ~ f.• , =t + • . -.~,, 0,1,.,,r , ., ;; *''·"" , f . t,,.,,. ~- ,.i ~ ,;;_ ,. ,1., ,,_ .• t)Wq@~~1~~~. ,l~.-iillf. f§!lll Q, ~"'·*·"" ~}},'0j r0\•, f~:::,, 0• ~i1~ /~1 f!il\ ~rn ITT'-,@t~·"-'.ir§. {i~ ~r,,.,,. f~1.iO ''"" s;;;~:;{~f',.·, ,, .. ,Ji:'},\:, _~ff>. 
lbtmed ~t ~te rmn-i:m cm11i1i;m~~~ !(;l'®t:!Ol"'l in the prevoo~ \/OP, A.~suwmg that the ,~::itrwi ve~-t@· (d~,dt}T p:)iAt~1 
ff'W'ii the ,;;:4~nt "'"'-~j:;,,'-s:: t~ th-# i,i'~''<>'K',•u~ t'-&.'¢e4 i.t>i\p'k-\ tii-'1~ !i'-~i!l M t!te, l-"!rni;i~~e ~;;,~~}d h Ihe }:':-$'*'-'ii:'i.~!y t;-u,~ ~'i,4._we: 

i-s ce-;,'Jtei-ed ii m'{};:"1t/l--{!l} ,,~,ti'} {x,Y:F b$!~1§ tte !otidwi of lhe OJJ1$!r~t ~I to be cod~J 

,, . .. -~ 
0 

::::< 

){ 

() 

-~~' ·-~~ 
. ()"' 
X X 

x.,.~x 
"'--' 

FiijW'~ M;:$ = F-m- ~h~J~ u~:.~~1i:wt1t~, tfTu~ ~S'<l:tl~t'j~ J~h~ {I() U~ ootw~t1 th~ k~~1fot) gf th~ ,Hli$..:tmp4~ 
pcii.s {e.:,), Nt:JtJ®hwit)S pt~~ (~I'd -(,)1 t~nijki~ th~ v~~l#'$ (h\1iti~:m1~~~-t (»' ©p~~~j ,:)'f thi:t: ~~~-w ~ :i..~t}'$iiltt,pl~t:I 

fl)~!(l ;,r} 

In hter mo-..ie, the 'i~':ime OJ'.ltm~ .s~ ITT intra n'Kl .. rje- lili<:e· sub,~~~·"'npHng ;lmd trsr.-;p;...-.-sl!1iJ w,;o: a,,rniifablie,. Fm k:,,"S:.·sy thape 
©.-.ctis-:;g, ©-m Brn:~.-..d~r Jl'@)'" ~~11 d,sscid,ss fr@± !h:is ~~rm mp-rt.~-0n:~u~'l aa:~~'ioo by j~t Ctlfl)'lf!Q <Jut rndliCITT 
~T>1p~1w.:~Jon :~ ~l.Jfn~im 1h1i.1~ ~~;,,~ng ~w ov ~vr,1/cilr:@ ~~ ~ldin~ ~:'.1 ~ pr~ciK,·i\.'1n ~1w. r~ ~1©...1'd~~ r~n $';;le:ct 
~""le :nf 7 mndes -fru fue s.h;;i,~ inf>..':ifrt~alla-;i af e;;i"°ti h:3h: trnrH;p~t~J, ap.a..iue, intra, int.er ""'fth and :,o,·tt~')'i.Jt thape 
rn,t,,tkw~ '»'eti~t~i:. ~n1 Mk~ witht,,,,m·1~l~t ~h~~ rrw:fu:wi 1,~c:t~ i:lmt t~·w~tkm ~tP¥ tt){:fa19=, 'rb-t:~-e ,:.i~~rer1t 0:;.t!K-s-·r,t 
wltri i,pm,,"-ryiji ~''4.~~;,,~rnpfr@ ,~~ trJf';W()~lt©n $.lbw R~ iW!~ld~ imfl!#11~n1~t:on~ -ct· ctmt,rerit o~1rng effic..~ffi..,y ~nci 
:i1tl¢-k'*~':l:,~tii;M1t)fi t');}';jjpfr::;d~}'. . . . . 

F~ rndtioo ,o,.~,1~v~rod pr~didi~ cf t':w: bxturn >:lf U-w a~rf~rit VGP, the r~~~-lli."ll::~ \'OP ic~, n.@tioo ,01,m~v11Y.1t~ci 
'l.IB-.%:~ b!t:et !~M:~, 00i't1t~t)~t!t:~\, !t1 &"'t.~f t~ Q-~:l!fal1~~ m~t !.l'il'1f'f pt! Of-~ Cliff~m '>A)P hWli fl '<l~i~ 'Ki 00 
pr.~iid:aed §'n::irn, all nf ~ oournt.'ilir}' bhx,ks and STh"11ci? cl tt1€ trart!ip~erit tk~--j;s cl fu;;; n;tefef',Ce VOP hav,e fo be 
~tk!~d 'i.~~'1@ fiwti:~; S:Q.'TI~rl~'lKITT (MG) ~iing. 80Ji:,tfuiry· blocks aro ~doo<l l~jn,] r~~~ifa,.-·~ paddi~g: Firnt. 
tt,;:i~:irn:f~y rel~ ~ra repl~at$d ~n t"'-:irtmnt@ q\reQll®., t)..~-ry m '\i{~I1i~1 ,i!ffl~ti,~~ rn&\ir:g ~lira iR'-*t if ~ \'iji~i~ e;:::~n •tie: 
;Ms.1gr:€-d to ;,:i. pei bf ~"'Jfu p,~i:Hng -dir~fo:mi ~.., av-erag~ ,._,alue ~- as!l..~"'..~d k:a it'~- ~i. Sh~ this rep€'foi\.-e ~icling 
~~® ii $~r.~if~i\'in{ ,::,;)t'1'-W,1A:~tk~ti;\'il tx#ti.~"1 tJJ'l ltt dt¢:>ct~t; ~ tkrwiltr mt:~m t:i~-t.-it-m ii \.i:$.t':4 1n i\'i• ~~Cq!',d ~{~p. 
Tr@.:"'l~?.-.'¥f:nt ll':::..~~:i..-:i:~wt$ oor1:!%l~1 t-t:.<1.m4@')' blQ,;..*$.- ~~ ij~j;:w~ t:i w.i• ijVW~ \'iji~ 1et-$;in:\f$Q by m~ ;~~- ,of 
Iffi< ~~-\.lhiJ{¥ir@ ~~cl&i bk)&:~ 

!n ~1~1-er ki ~n:ei:::!d~· tr!~ 1extl..~~ t::ff a ~:iru.t.lr/ l)l~, ~nif p:jft ~r !S<:)4f:C l44$<tj: 1r~~m lt'i$ m~i;r@~~~ ~'S ~ r~i!~r 
rn~-m.~"inck and ei.'10...-..-<les ~h th~ uiing an a•g OCT The decQ~f cl€Coo~s tME t-?.xkrre· a~i di~{:am'-s a!f 
•inf~~afon that folfa at.ihri~ d th~ doc:ndoo ;shapw. !n -::order ·k; iru:'",N1ll'i•:~ wdBf§ ~fficimcy, lb~ i>..~oorn ,c;<1s,'1 ~he@:~ 
tl1~ t~i<'\l..1re ·~· ~$ -~~~~ {t t~ :;,.®J~t $Ui;:i'! trmt ti$' :n~r~w t~ nif'iirn~i, Thi~ n{,fH¥.,"'1:P'l\~ti'l~ p,~i.i;:~$.t ii ~!1~¢ 
texture p:aridbg F& intrn1 rnG.-o:.ie, ;;. ki,,.\pass exk~pciafon fil~r kicre;a~ing foe PSNR ~f bNirKi~y bb.c&~ hy an 
$l~W"1-$)·~ -1;,f 2~8 \<cs'~ de.-•tk¥>~-.:.1 HJ Ft~t' iMt:r tttt::<tfu ~tt1W1J ht$.t t~'fa l:i:.:,, tJ ~hi-e,'$ ~l)g(J t·ftk~'-m··11t~Y 

V<JP t~\¥~f~ ~~-my ht ~n1-z:icltcl (~~ing 0-.frnt~i, 11~ R~l~~d $h~~ bk'lfm~kJI', qf th~ a,.f:f~t;}~ r~ ~~~'d i~$.k'$ !ht 
:irit~r mi:::~,.~~ ~icM~l'.i ln ~~<Wi tz..%!1'1 Int Gl®~$'.l P ,, lh~11eo ~$ .ij n~J~ren\::~ \/OP. 

Fl~":..~·@ M-4<'1 ~h:)\<::"$c tl~ Lii:.,.-...:ik di~gr-l3rn cf thh.: ~~i@:;1°L'-l~O ,,iit.fu\J' cotfo:-'f. Thi$ diagrnrn k.--cu~~$ ~: ih~ cl,;,~"l..i:'--~~d 
rn~~ i:'1 &~~ tt'l a!ic:;.:,.,. ~ l'@:W::f t~~~!~~·i\ng tif ht.>\\' li~~ ctKtinij W;:t1.,~nt.~s fu~ ®rn:..'00!3!' ~nd d:€1~0<:."1,.~. im~ij~ 
,~i!ysfar, cr~fe.s th~ bC1.1nci~ re~n~i,s for fa~ rnl1"~n: '\"OP S, and e~fon~~s t~i,;fure- rmd 5:hape rtmfo:m of the 
~ra~t VDP 3-,i: ~·dfa l'~p~·d fu t§lli rn<f~rn1~ VOP s;,.. P-;.u,·~11~1~, ixKHng, w10.Dd~ '1h~ p>li1-,;im~for.:£ predldi'v~!y: 
ltm pan.:U'r)~{.g<f§ ~t §t';§11i-l'n!t1t},:t :tl~t.'od&tl ~nd th~ t~V t~fom,,~ \lOP :?i} ~~),"b"<t'J h fl'® \/DP !'r)~'t~rn·y .;;m,d ~'§t; 
:minded ki- the c~mposik.s: of the ~co;,.~ fur dis,nlay. rte in;."fo,:;~s~--ci CQ;,'1,~~i,;ii:y dt.1e t; -~ ~"'>dlng of ~tiftr;gd:t 
,sti:api,.'<d \iid~o ot.'i,~~ b~cmn~ ~!i.·W~d i1 Figrn'@ M-4b th~'.! ~K%'s-S -lli d@:ail~--d ,d~\"-' d trm parani~&<r t.x.-:;ibg. 
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Sin(:~ 1Ns t~11t ~1t lS(\'HEZ~ l44Bf.i i::wifht'S rnr,t'>f.!n \~~)'S Jw =rnz,.,ti@l ~)':i-w;,,,n~@~rm ,:f te;(:tw~ a'~1 §:X rno:tk,n 
c~,np~"'lz~tion of ·ih~:ie., w~ r-efur M, ttien1 m te.1oJ!...ite m~lfut:1 v~tors ~~:d ~h~pe mofa:in vedm~, rec~~tve:!y, The. 
F-~~tr.$~t ~u~,i #ii~,;xie:'$ ~,~1 i<¢ th#~ t.-4 ·ee~ti l::.;;;;.,'lltscl,;;1f'.i'' bb¢!;; i..i;;.it'l'g ~hi:i:~t;!' 1'l'ii,bt1: o<eel:',{:i;.1'$ #icl ~;-;;t~-t~ i-11t:sU\:in 

veme::;·a; ~ pr'1$jieti~1, Lossy :st~:pe-ct.""<cing ~,ay e,~a,'"'g~ :iJt~f!rjary bbd~ to $1 trar,s.~n1 hk:,.dc tt th11t2 bm-nctary 
!.%~ct;: m n....-1 trm"$p>lrent m$ 8Mp,e m<Jt~~ vector:;$ ,,~:kt-d, l oo s.l1~-e rniJt!m i::::ooer fi:nO\$. \1J11<:-t tilciion i~"i!:..~rn ~::i 
<l~, hy .~-;ffi\,·:incy it~ !R~t.lti bMl~' ~t::-0\~d $tl~t~ ri~mn:eti;f~. 

Fi;:.'{ t~~fur~ *-"r~'dk.ti;:,r1: the rnf~t~l':.<.."S~ ·v-c:;r·;. Rl- 9clll,,M~i -~~ ~~(;;rit.-:.;~i ci>~'•'Zi. Th~ pre~cii'>.:<n~n,cr k, ih$'.:t'.! ~4.it'id w~ir@ 
the ~lh~ ship$ pat~trii$las ~n ~~1*rtnin¢ thee ~r:e:a ~n k!· pad<li&L Lt~in,; th~ or~ltsa $<.~ape i$S :a ret~r-an~ fur 
p.ID":kiit~ is ;~jn ~11 eriiootr :&)~\.~. V~ng tne t::a:i1gin~l -m tie C0.'l®:l ~ha~ for ~fifing :he i~xtt~~ ot a rr~c.ri:;t)!i::..~:k 
m:::ikf..:fs 0!:-wkm~lv enly a diff~r~1i:'.:;e, if tl't.'i: ~¥1:1,r1e: i~ t111-,..·<le.d h.".l:~~i\i A~:Si1m1it~1 th<:St the, t-.1::,,:trn~ ~fxt~s, ribj~d :~rd 
b-~~h¥tl~titl it) ~hw <:~-"i=~h,'lll V()F' cl\~~'$ *S~1Wit~n!fy\ 4i;,m.1 tw ,m-~ii1~ ~h;,:ip,t =k} d~fi:1~ Htii w~, ~ tit p®..-$,.~(il in t}w 
ffla~'Ublrn:,t fXE's'enh• th~ h;m::..t~mmd i~:d:ill~ frrnr1 irifLfu':n:in;i th~ p;E!dding ,PH:.lt)$~"S. Texk:J~ i,::~-::.fa1g "i's:~3~ u~~ tl1fil 
ct."'lj~"'i ttxl:tm.~~ k--w ~"®.i:fa'{! n~suitb@ h w, :tfiIBltnfy tD C{,"tft bk.;_'ic;_ !f mt u~ cih~r h::lrrl th~ c~~'tl ~~fil fut w~d w. 
define th.-8 ~-,ea tc be: poo:ci€<d, b.ackground te:dur~ may a,ff,a--tme- pad:!=in"9 r~=l£it pcli:mMflf hcre:a~ing th8 bHraite f@' 
l~d.urn i:~ooing l.:k:.s1!ifa::-e:3!!y. Fkj:ofly. ·ti~ t~;(tur~ ;:.sf ~~h ma<.:rs.b.kx:k is em::, .. ~:ltsd us\ng DOT. 

Fiyw~ iM-4 ... ijj,i.,'¢J>I df~y:~il~ o=t tii,e 1tl~~ ~1"¢-~~~ (~) uu;J ihae !,':!4:i''$~wt~i' e~t" {~, f~t' 'a.~tfalg :t1-f "'f~1tr~tiiy 
· · sh,~Jl&d vidro otjed:s. · · 

\<\in~.-, ~"3t/lmi'lj ~i1,il'.;;,1d!y ~"1.<1:f-W,';t \it"J:t. R<~\'~~/ ~,\:.' ~t,:-~·'.:hlg npf.:.\~~ l:~"!:>.<;ln1~ S.V~bb!:IJ! ',_>,ti~..-\ ¢b,'npa:f~ t,,.--'; Q~tjiMg 
0:1 re-ctanguhar jtl~ s~que:.ltce; .. He~ .,.g~ pr(:vlde s,:,m! hins :00 lO$}' shap:e· -coding, s~ to&r:g mooe si£il&1ior, 
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The cl~9~ h'>tl:c n'lJ fill~~fumty k, finJ v";.i ,-YhtH1er tht: ~f'lt;~x.~r u~~ k)~t:-.~~~ sx !(.~'<-Y $.!'!~pot:. t;o;iing, .<s-tmt ,~}~~ 
toot~ ~~raBQ:1'' it~ @nt:!)d~· us~'-$ cw te:.{1:Ur'<t. tJat..~nq ~!qt)rtthrn !i t~d; Thernif.,re; :t.K,<.'fil~PrD..~£:~in!'l fll~er f-;:,:w ttw 
bin~rv $>~SPf l~wm~tian nt~l nct bl;!· =u$ed .. !n its. iref~"$1;te ~mp,,~tro;ntatM af $. vid$ c~$', Wlf$ part of lSOHEC 
144tt ;;:,h,,'ls~ ro ~,n1rd !M,i;:y ~h~t:<~ ~mlt~ hv t~iM a:r1 ~i1A~~!h1i;:th..~kL rn~ ~ir+~ tw~~h..'lid <l~·fbts th@ ,rr~:d,'11Utti 
f:'!urnba? of lwct:rw!!l et)(Wd re1~ '<',Mhin a b,_,1ur~fury l~~K. A fixed or idaptfo'e ~lpha"~l'n:ish:.:i!d t,~f:1 tm mffd ft'Jr ~ch 
b~h U~ng wi ~µ:h~ thrn,:,.li!ri:l rs~)' ~~1~@ th~ t~f:~k">'g{ ,;..fth@ ;:ch~@ .. Gftm~,, i~~t'*f •P®~ ~t fo@ olajt:~t l~tm~ry 
~:e c~d .;;s. patt d ~· ohl~t L%iri~ rn&.~~clqgk~l m~t$ a:t ~ er;~o~r w $1n.;.~tr otJ~t t.quf:t!s.,,ri~$ « to lWter 
!hl!§: pred~kil et:\.<w 'dtt1 resp~d lJ':) the i::..·ti~A"'l.'li= shstpe ~~tr.•k~ a ff1:ua1 mi::o:rff: fi'i&Jbtm.~ qt®!rty of ;1 !:O~iiy ~t:).t'.-OC~d 
~h:.':\.~. Furlb.~n't'll'.lt"e ~.:e ~""lr,.:-d~r ""-~n ~\ff~R~ in nf->-"1let-:Hht>:; rrt~faiiit1n t>:;fft¥ ~i~n~ ~Hh~ d::fe.d h'iund.~'<')' f i! .6;).f.!~ 

:1'i<."':tt ¢h@·'\:.~ rt:~ t<:'*';:ik~y qf th>i.i @J~d. jnd t:q ~~~it lw ~ii>&t!k:<11 :tn;;~' h th¢~~-;; ~~4~ t~ ·iM hlt::it:~k 'Nh~t~ th~ 
P,@:.fo::lli.:;'<>~ !S:i,F:~ !~ad~ lo ,!I, chang~ d frie objl>!C't k'9=ilogy. 

A,;,, f~ ~i. ,.srap,$ cadkig is ~~~n1-'la~, tNs pi;ITT of !SJ/!EC M-496 ,~lb,<.:~ fu,r JS ciodin~~ ITll'-doo ci' em:h 81'.B: 
{!titrailril~f .. ''lt\:ii.§t \>/,th MCf'(ht'\t~··tit'l~A'i{'flk::~d ~t:~'t!!'g}'(Si..:i!~tipl!r1g ~tttll' lJtY2). Thi'§ lhfk~'{f}t@ bf difl'~t~rit 'tlitraµ@ 
~1h;i ~JeS; oo th~ peefmn~oo~ of the ~oo..~· in terns .pf ,,:cdi:::'-1Q effw,ie,"l,;y bu~ ~=tW in ~:em1s 6f ~~').~t~tion:~ 
~Tlp!~-.:ify ~ -0f inwm;s,t sin,::,e the :a:h~ co>:kr in.::kJrlin~ p:add~ oon ~cm.:nt fur up t&1, f0.% d 'lm· ermader 
Z¥'!;';rijtkms (:l} )\%,~n ~~¥.°.itig ;,:1 bim.lif)' ~h~i~., {:t~J;in~ ~v~q' ~r,""'"(~ ~~~\•'eci tie:e hfgh~st ~i:.1mp.r~%;brt Hi:.t,;,-:e~~, 
ihe g..~ir:i l*':;h\eved t,~, thi~ :r,,~edo:iru.J ~h,;ni!d be ~\rab~t:td m rf:'l~tk:in fo fae Q)i~:raU bitr£:::'re re:cyir-ed h':ir ~iir;,g a VGP 
l~~\; t<A,.·1 ioo-;,"* ih* ,1-i~ll'i u~~; ~~}f >'.:'::~tfi ~tk'J:i~ r:r'lµ{~ 

:'>..'-'-'-'-'-'-''1'~~~'-'-'-~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-''1'''-'-'-'-'-'-'-~'-'-'-'-'-~'-'-~~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-~ 

; tb.~ ; M;m Ui;.:~ 

1 1 i~~lrn J ~-;!~!t;;;ili:~;~~:~rl!y ~t'&~J<ed 1m te)ltrn otJ~ect 

4 \ ;,;;ub.~~1mpling to ~. hied,: !(:Ln.i- 8:s:i1 t)f 4s:4 \ L<:t'>#,fli!rn~i b~st ~,h~pfr {);:ding 
:'>..'-'-'-'-'-'-'-'--K'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-................................................................................................................................................. ~ ................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ 

1lw: htr~ r:~W! •~· t~~d kt' 1 fr~'l:1$ <'!mt ~hr r::i::itfotQ: th~ ~hi§~ t1'1' t~"S ~t'.bi!:t~~rH~, ~t~pai ~tm 1~;,;:t;w~ t:i!:t~t. Slrnih~l'tf .. 
th~ u~s ,,;;f 'Jh~. htra m~1 g,;,; ?i~H g~ th~ lr:it~ :IT:io.de. ,-;,itt g,")cl ',•tM~•ut m~an ®IT:ipefisiS'ib:m ihoulcl oo !fi'~~sf!giS'ifacl 
fat b'..,_'<f§"i!;.l ct P frai·t1~s. Ft:w ww-blit~.Wt 41pli~tk~:i~, ti'@ ~ha~ Llst.."-iff:t ~quit~$ ~ !i@iifit.~rst ptft.~tifag~, of th@ 
:m;~rn,H bitr~~f. Then it mMes ·~",.Sf ~:)f the ,1:::riro..w 11:i: lnv:e;<.;iiga\~ ~he ,m;iin of ad:~"<;,:tiflQ ttw! ·w.::<1:,"'lning dire::::fon of 
~~.;;:h BAB radt.:cinq ·frie ,;,:h®e bit rate by up to $%. m •C%~,~ ~ !oo.;sv ~~~ ¢..~~..,g iS'lf kHl bl r:at~;s .. ~ ~u~an,ipling 
fa~ef ,~...,*~ie-S th~• jit r~t,.:> ih~ ~~':i~tif' •",·d(1a h;, l"'" \n 1{!'% 1\if ~l a'*l§'M I~)<"'"~*'}j i:i,f l(} '}"~~ U~"" d the $l/~;\lf>W'<lif,;., ~- ... :s·~ ... , . .-..:· ....... -:.~" ·-.... ~ ..... ..,, .:-:' "-""·-'l'.t:"~" '!,,,_ .. %• ~ ~.~"'1 ·-'rs..._,>~~·,< , . ..._.,_ ~., ~ .. ~. ~ :i::-: :--.._,."' ''.," s~ .:· -~'-,:_,._• ~.~ .. ·'w_ -~·: .·~· :·~r-" .,~ 
'filter tS m~$t e.~'j1v'f' ~t:r i, t@b-s. I~ ~~1Sf:? m !r.J.m~'S..~ ~t:~!te 0:~i::nft the ~"'<dfr sociuld S."@:'1al ~t the: bey~1:1r:i,g m e~~h 
VOP fu~t th~ subsan1p\iig fu11,fs~·oe wow!d not•~ :1..s~. fm,;,; 11,vcida fu~ 0:1,~rh~a;d! of signa!if.'<:~ frm :.:ub~,amp.ling f-& 
aijth tl~~R: 

Thhi part cf H30ilEC 14Ji§'5 ~~·,:,.d~rclli-~$ a,4 objoo'l:-~~ oo~ocis..-w. Gev~ral d:iok:~$ r~gardi~ ~:d.uw ~:t".apr.,!~tirns 
~i. ctj~,t tcunt1.1:,~~. ~"Id $h~~ -en~ooi11g: a~ ww1H~t~ Pt~ ~nc~~r It wa~ f~ioo t~;tmr &e:,;.i.wrf e:xtta:pcil~i1:wi .~ 
'!simp,~ :fi!*'r seting ~ lE<d@·:e rn.5'~ie: .of -~ 1::.:t{g}n.13..f cl:jes.'1 $.~ape fo gra,y ls ,;iJffid .. ~"ll k1 the case of !r>$~f ,,m;ipe 
~""-ii~, t'Ki ll~.it:~ ibt (i>:{¢i'tM rJbje-t~ th~~~ fot ddfnki:@ tht::e: ~t~pµwt ft~klft m ih.-e retli;it~, <t:,i~t~:t:ml~lKit't It)~/ ~~f©.:.~~ 

t1e: overrni tli'lrat:f: OJ rn~R t~"*'.., '.1 Qi.1%- Ih, .. ~~t~~, 100~:1 ~~~ ~<i>~ng ~~i. ooly ~1:fre, if ~.~ ffiQ{~~r f;!rohit~w,'e 
µr-e~'"""l~ fn this pii,t:t>e§' is u!sed:. 

FlXi1'1Q th1• ~h ~~)t1nit'lt.l fo !~irori~ it11'112d ~ 00.~l\~li S\'i:ft~'ii1g oo'h~'OO!'l Mri~tlli itt1d \l't'-i1h~l !!ic.&'lt1il'lg 
Irnc:,::e~s.~s 'Jhe- averal=l bi~ME by )1JS<t t% hut !s~v~s sii;jnik:;s,..,l ,;co.".'l'lpltE tin~ ~)r, .. ~ !t1,? :ix::;~~rte icimsh.;i;; rui~hmefa:; 
s::,;.,dfr·~ ,,--,,tth c:,:intfil'.>::1 di>!twmkmli.:~1 hi:t~ k:, h"® usfild (:,.'<ltf h;slf ~B: (lft~n.. 

·.·.·.·<·:<.>. 
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=,.,. ~'" "'"'"' ~ ""'""''" '" "'~ -~ .. = . ""'""•· ' :1,--.f .... "',. -~"'"""· i:\", ,,,.,. ~,,.,, "'"'"' " "~.,.,.,.._,,,;.,,t'f'•'-""I "'"'';,..' ..,«:.·,··t· ' ,,f: ., ... ,,,. ·"-•""'-""'°'*"" ., ~" i~"- .. =::.+ .,-f r P,,. t,',>',\'e ,,1§~l,.,r"_! ,!;J ':'~ ~n,:; !ii-\ !<ci,1}</,' ·, ,%•,., d~w,.'> ,. !:;!.,l:i.~-,:i!§:"'"". <.r:,,, t~("~'.1._.-,,,,,,, f';"'"" .''""·' ,f,,~,~l ) ~"~ 7 , ... ,. ,,,, "~'"·"-;"':'! :. ~h ,.r.:"" {,~"'<::·: ·,r:< 

jcy§:~y fil1~~ ~.{'0~1G m ~T~Ht mt::.;;':e,, th:® $jj0fu..'<fl1plng IOO!'iN:'lffiS ~ $Ul'\!OOtlve qMi!ity of ij.i:l C(!~ ODJ~Ct 'Sh~~ {11,.,e. 
~'i:l 1wrs-lii~~:i:li's:.~'¢ ~p~;;)lis<ii:Ahg filt~r. F,.;;.~ \;.,w ~<lk~~~ vh:h-,;;;; ~t;i:fii''aj :i;i$i1-.:g b~~*'t ¢~--cl~:{; :i:ll'i:$.'¢$, ilsi;\l §1He:t f~tl\;s;',;.i~ 

the 0\>'.$~1! ~tr.ate. · · 

A~ t~ ~xr,~irHNih ,;~·Ni, l~ !S(}nt.C 14400--2 b1Mt{ :$-'l''l'ilf-,~ ~')i.~f (mt:; b~al~ ir, ~ To",tY ~It ~l'fo;:;~ttt ml':in.~e.~. \rt 
...... ~-..l-,,.f ... ,, "'"" '"'' ",.,,, .. ,ri> ob-:.«,~,,-.-,_{ ">t"*'•)!O>vi,h,· if...,._.,. l,1,_<'lh •i-\i'ii .,~;,. .. ,,.rnj>,,,,_;,:,.,,,=, *'""' .<>.«,~--~~·· ·l"'"''" .4',.,,,,..,,,.«. t,, .,,,.,._,.""'"fl>'"·""""'·'!~ .,,.f ...._,,~::..SXv~ ::_~ ,~·,:,'w· ~~~~:~ lf '.."'t~'ith.v~'.~(,,."'!· +~·~1fC·~ ~~~X]: ~~ J'::~t·~ :._.. ~. :;-s._,t•;~.· :-Nfs.~~,,1-....s<.~t~~~ ~iY:! ),a~ ~~•·'3}~~1-. ....... ~a ·..:~·~_;."( ~·Ht.~~~ ~).> ::::~~ WA:f'b;._._;:i ~· ~· :S ':V'-: 

ih~ ~~i:,-<lb@ q1ii,;.~mi, ,@,-d ,h,.;,"G~~ ~ k:~:;; ~~n.\ ~h~~{;,, ~n~,;:'.>,.ihg:. Th{;,, inc,,'*~~~,;, ,;:,f :lh~ ,~v~mH 'biin~h 8-s~y br, k::i:~ 
lh$ii i % at higl hit f'$1e$ ;\:ltit th~ Cot1ptsta@ni;tl cmi~le-.XiW ;:,f thi er¢~~f Q$Cf'.e$~ by :5\t, l:¢! 5J\\\. 

L'l'.l N =~rli:'!:t!t, f. Bti~s-01\ N MLtpr'.i~', ':t.r.:in~iJ,d.,hos%NJ ,Rit!":rt1~}ti<~ ~Mttx~n-g nf ::ti @~pt t.W::iiK1M:s1nf, 5pudM 
:'IE'$~K~n :in $lW!}ll t:.:.·;::utmt}, !Cff' HI'. :1$m1:i~ fa~ft!~·a, ·rnsx. 

fl) A, .. l·(~L$g}9lib~ii, L Nii~!i, F .. t.%Wic:l, ,,_L (}~i(#rnitrn-i, fr . .;;ii_'.:{H:i:'i'l~;·,i, ''.MP:E0,4 l:ltilJ 1°,:il'l;i,·@;((:;::t·*itw, L\~f.'l~iJ iihi;'lpl~ 

i::m.1i1g tK"\~rf.q~~~-" P'{nCM,fci~!:§$: ,::,.f th~ n:.::EE, p;~L '1 ·12&, Hf«t ,.hJn~ 'lSBa. 

P) ,f o~i1:~sn1M~ii,. ~co.:ting (Ji .;.ttJ~r&1iy ts*ia:l){'&j 'ih:'&.1() tXlj~)t::l::i wU1 hr'>mt i1h<l t1tlc:::i£Glf~s ;~i!fi6t1 inllt)s: Wh~1t t:~n 
MPf,(J-,i <$~ ~)r }\Xf'r !$('./S..$ 9:;t, M0.niWf!Y, C,i\, TPt J~t J:qr;~;i lW@~. 

i•t A. ~*1~H "A()',<lpfv~~ k')'i,\;~-p.;:,f,$ !;:,~1,~~Jl~;l~lqn ~~- ppjf,(:1·¥~l;;..'$!;l :\$i:~)Pf$ '!)l,1~n~~ t~f ffi,1'x'!f~ vit~f;O\ F>r~;; Vl!;\{Jl!!I 
(:;)i:"l':ts~11~i~}if,1;wi1\ :;,~rid krk,"l!Ji:<l f.'r(~\'<::!I\tlr.(:i. s~m: )'(/ )J?.4, pp t1'li-Y4 t l-\:it~ l 9-Wt 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2562 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



A.tHi@xN 
(norn1,ative) 

EITTlt,¥11:ti:~tt~:N 1ayi0m iR-O n;:-it ct}urhw.1 t1~ ~t{,P,s:if~'\t~~ otp.tt~. 

Th~, n,(~{irm;rn \>M'V ~)tffi):r 1;Ji4#' li t!w ~?ttnd t;n Jfr'll:! rn>i;ff,PlV (in rn\:ltl'l>tt'oi::J,; ;µn(,1) ~~,hlr,:h r,c~r, ~>t~ lf$'i:i\i hy t!tie­
\<'MV i'':li~utrt§in\ H1i~ aip::,rilfa:n JJ~1@ ~t1blh:itit1) Dj) ,n-:r.1.-i:.tl:i* t~~i;:" pt:s:,::ii 111@mi)BY rrui,t.:i~}t] !:J~, th,~ iM~Um '·>'Bt.ti:il 
d~t.f·Nl~n} r;::r11r;-.;,,}~t 11-'li:$ }}l:ih.1f1)s'rr11'tm0nt 1'wt,,ti~:fi r.'*t r{fi:trii::i)t:(~ \lOP~ ln H·w f:<Hdinfaifi r:i P tl ;::111d StGMC}-­
'lOP$ i;i~d i%:::, :?,~)f~'1J~ 91 th'i; r~x:irl$lJVfJ#i \lQP$ lt1tH ~w;;~ Un':$ lM,~i lt'#:Y W;l r~l~$$,~~;z) hy t~~ d~;;p;j~r,. ;:,hi$ 
'th;:,: n·1o::;1"'-;.i-y rt':QlJir:l.~d k.i -qt~':l(i::':.': B·"lt)f>::s ,.rn~H >::·@1}:.<(,-,:,ifo:wi s;«::K,,is·::;. ks ;,r;:,:ll""~' thx".!t :;;<::<nk1in fl':Wnl:l thrn, ~)Nt} 1'1l\,'t':f, 
lt-i,i mMN.)fy rnt~uit:i.':ffll:1:.tnh indU(it .!1!! t--;~ss..~\ f.-ind r-?-nhim:{:rnt~}~t i.~w{trt. VVh}=n Uik\~in{l h} um1'MBr1t., tWtfl,.'(l.f~:iint.i 
;;ii;;Jft,~~' $Qmi:1 (:"! tho;}~f: n'klt,c,,"{.t*1d=;$ rn.fl'!{ 0v~r1~y ,:;:in th'$ d11;Jpfa)\ h~<;:,";!\-'W ,~:i;'!J::i~~rr;it'! ~n1; mory is n:::q~Jr~~t (prkir to 
cnf)T~lSt~k~n} k~ fa~ \;iJ\( · · 

Tt1:1:::: t,o:.:idcxrnf;.wit.~~ i::~ir::,l tx lfo2~ t~'lsiJ tw~~ <if t~t~pti St-lllJMt) Vlswtl Prt:1m0 i; ht~ S:irt',ti.fo R·1Atk @)Li wl-i~n 
Si:mpl~ $.i;::ak::il:;i,~~ Pn:.'lfl!,s @k. ·1 i$ l.Jl:'~1 ~nd HW! $..:znp!$P.mfrl~ @! L:? whecn Smplii ${i~h1U$ f!::·ot\!ij@ L2: Ii tf~-~L 

4 T!Wi V(V 1;~.K~)!fy)f :'&l{.i~ i~ liV~ ;,,~;:'(_(}f.,({l{l$f,,3\:i1.\$ {HJ f$i!~(f1;;!) io in ';;(11)(1${lt,l;! PA: it i$ Ul# f!lt~st~i( l;'f 

fh,k'i\1bt1tn.:}E/~1Btili'X1 b&i'~d iXl th1} t)<"pk~1 t~)ttti~1 "MW h::i"iip©i<,,ti iwOil.iik)fi~, ~s ibli~.'li~t: 
•· ·14ti Mish, <:ixrn1pt.f:Kit:< t-o CCW m 1 ~Hi:. 
•· 5t1-4·1 ~,t~~t/~ o.t.-'='ftt~1.~~"f~:.::~& {:(~ (JF t)t ·15 H:zr· 8:rHJ ~~J~t~- ·h~fr.-:.~. ti1.:ar t.\t :\~) J:-{t. 

• ,l lmO MBh, z::Offl::StKtntl't bJ (§ff s1"'. S!J Ht. 
... T·~·l:r t\d'Brh ~.).:.Vi:·:1l$~~,~1.Jr~~,~ i~J t' c.i:;'5 :lfo:~~i~t, Cf:F -t.~i t:~ hti .. 
• .2:1750 MtV& t\()trflt\~}l~f1tfut t;) W<'kXt cgp: t)l '.11:l Ht., 
• 9/ZJO MB/$ t:otro~JX'li'it.kt ki t11tittt CClR i:101 i1[ $) Mt .. 
"' <HW1iXJ ~il('.i-/~. {,,w·:;:;,:::st""X~~i~ 19 iwi(;.:,;:: HJ::;;<(),;: ·/~)M} $ ~tr} H:r, .. 

·~ T)~,~ t¢;?.:~ (~1fJ~~\)9::t~~} --..th~\ .. /~.Jfl41\:-:-~J~~ it;; ~h~ ~.;..~$tl~ ~f th~ in=:~h.ikf:x~~i \tB\>·r ~)off~r fr·.)s:~t~r,:,,.~~f;~.~: :~~ ~qf :~1hr@:tl trr$~~· 
(if\ ~tnil&f.l{ 1 BJ& bi§fj kn till VOL1 -ti ,~t!g VO::'.k Hiis {i(.fl! VBV ::§h{f.i i~ !kt)ifo,1 a,X;t)dit!@:!:O mcB ptohki ;~'ld !(}Vd, 

5 Th(§ r1~~:drnwm \,lr:ht>O p,Kt~t l~"!gth ;i;:; '.fadlr~d .~u, tM m~ximt.m tit1mbor t1 l~it~ td 
d~t-s.~., .. J;:>0:W~i~j;;.JfH}'{i. .. s1:~p~i~\ ... ~-M~~};P ....... t:~~~h~--=~{) )·~'$ ::';}~":'5q: \~i~~q ~J~~'::-~~c Tht-;3· ~ir==:.~~r~~in~: ~p~~-;3~- ~:;:<n!~· \~--i1t<~1 ·th~-- :4~m-' 
f}artfo.uing t:wl i tim;ib!ed iin ~h:B t1itst,f;!arn, w·h:~n dat-l.:l pmiiHoning i1:; dl~able::i.t ~1~rn i~ ro lsm~t nri the ~1~1 o1 
'lil'.lt'lt.1 pa::k~t Jecrwn. 

fl The n-i~~mi;rn vcv· ~fer 'i;ize 1\:q~u~h,,,'h<B ~,•1£ir ~ll fa~1,~r~ qf i;ii§ \.lt'11J ~ hMt.e fa~ i,mxhiurn mii~itier ~f 
!·,,.,, .•. ,.,,,,·,t.,~ ... ·'t·~ ".'.·,: ,,,r·· Vt',,'.'$ '" ~~y, \><'z:)·i':)!x:, ,,·,:;-!: t~,«·~~ ~"'l ... ,,,.,.,•j_,<\,..,.,, ,,·~,,·~>i'~~ (,, •. i!·~,, i:ir•·>,,.i,c:, l\~.;1·><! Pr"a':{lx::, ·"'i::.•,ii1·,,··~,, ~r'.,,,,i,,,,,,.~ ~H~t~,~·..:,-.:.:,--~\'<;.:3\.,.,,, f:"'"t:-:. cr,·,:..), ~,i::i::t.-.:~.f~::..:h,~~ -.::~-.,;..-,.; ~"'v-?1;2;:.: "~"'<,.:' -nl~~~~:,._ .. ,,~i- o.:~ ........... ~'r'· ... ~t ... ,~· ,J·~·{~ v~.H-e:•?~ ~~i.::,l..:{:~~ ~ ..... ~:.:~~." ~~-~,,,~·~· v .. ~t~&:1!.l ... ~~ .. 

P>"0ilkt tl<~'<''~ 1) .,w,cl .~d\.>1*n~wtl Fhi~! Tkni'i Sfr)'l!')ffi f:>;<:1tif:§:, f\;~-· HH.i S§i't!f;\f:i, \./~t~:t)} P<*!:\fo ,;:\n(~ t~·1~ l\cl',{'Si'l(:{t-d f~·~I 
Tlrn~ Sinp,~~ Pr~N~, lhii;; '<'$:11;~ l$ mm:in1~):n n~11~,;bw of ini;i,~KiMr;i;:~;iiJ pi,1r "iOP, F@' tlw $:impir, ${,i;~~t~ prqfi!i;; 
(l.~'ii!!f§ 1}, ti fa',, 125 tWl'l!!fi, (,f th!::i ffsg~itmtil"l n~:fflt}~;:f Of 1ng(j0;.)b,,\1dtffi piU 'V'GP. lh@ frt,~t ~Pt~i@s 'K~ bi:.Mi YGV 
huf:h.w &'if:d 'lt:fl lx.'iund:.:n-y MB VCVbt§f-faL 

~ ThtJ VCl t::z:t.@d~!)' MB <l·&'iXtl@t r~Wt ·t<l~rtit":: klt#i1.l:.1 lh~ r}i.Wnt'mf ti f:W:lm1hk."l!:~t;;i c:~':it,l!if~!1tl rKin tfivl,~l ~!i:1t:<fl 
in,fl.'),m~i'lbn. r~-; V(>.l tm~~ndr;i1y MB d:i;icww ,~t!;>' f~Jn$ns;it% ~fu;: h1i;;l§ rµn,t§':r ~f ~)..'\ff1~ry MS~ it, ~i~ V{)t$ 
rn:ii:Y~,irrtn§h•. N()/r,, !hit ti&~ b,~md.~iy 1ni:l:r;:r,'.lbk~d,:f.< m.,~ .:::.ci:.tsd to t,1~h ih~e VGl-l .:::.ndh,:i.~,ndmy \/{'.:\./ tuftf,ffii. 
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}~ ·t6 ~~ 

CM\iZ'* 
Si,rnlt 
M~H'M 

Kfoiit ......... (X :,si.a~. !~ ::Llii ········. 4 ll~:'.HJ 1K\t.% i~"%Zs:f j:i,M@M fi% ... Jt-0 .. ,MriH ':ti~@ ti~~btfo ~'<'1.t)//·i 
~~ ~ro 

I ~~\."-~~~~~~ r'.;:M\iw 
S1r$l!ll 

lS ;:¢1R. !J:~ ai £ 4 1 i ::10$ /W,4:ti i!7'}{Kl ,4$(m 32il 
m·~ Ma!nm 

t::·::'3ra ~~~ 
Si~l!:! 

L2 ~~F )~ 16 ~ 4 )f!M fi8B 2$7i!});} Hf!BQ BO 
. ~]_§}:-',.'!'. ~'..\f ~ 

c:~rrf~ 
!;Hft~~~~ 

u ;ff- .-~'t< rn ~ 
Cti!'~ Q." 

$\WOl(i 

q:r 

$l1ttllt 

%sli~:i~} i ~ \iii ,:& ~ ••• 1 'u;';;i;: 7ti:i · i~7ffi'l ·:Ni 
&~i,ik~1fu~'' $irrpl~ 

Si~l!ll 
s~·sts.ihki: 

s;;,tf!l,;-, 
$'{$.ft"b!~ 

$2rc, i61M Mai:::i • $>~l~~"' ·~~Ont i 
• T~i~til& 
i ~~,ffe~~y~ 

St~:2 W.~ &~Mi~ 1000 i 
y,· ·.~-r~':"~~Z:t';': ~ 

• f'~%.il~$- ~ 

~~··· 1·· 

:::<"iii i: ii-ililM 
:,_-.;r 

\i~~rn~~~ 
:~,rti~~:~ 
m .. ~:l: 
~fir 

M@'i 
itfft' 

s:i~116k ..... Ct ~~t .... 4. iii .......... i .. t#'i .... f\M .... HMti .. iJA ..... 4ti ······ liti ...... tf&f NC.A. kA: 
Str~·piei 

Sirn,pt ..... Ci ;W .... 4 .. i i .......... 1 .. i@i .... too .... %~:i .... M.A: ...... ,i(i ...... in ...... 46\~ MS ,A. ~fJC 
$iimi~ 

thip~ D jt:ft 4 l i 1 i@ M AM NX. Yo rn ~~\ KA. ff.A, tr N.A. 
Siitt"'.li~ 
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A&an:i::oo 
(:<;':l::ih1ij 

[l'folt!Jf;W 

t{ H.?20 

"' 1{~fi 

"~ ~ :i:A:§·,·. • <l 4EOOO}l~:;;;,m 4St~:~Kl 2:44~00 U:K! 
Ci.t<fo':§ • 
fu~~,z,y. 
t)"·C~~~; 
2frr:<.;ik · 

Acl;,·>;:1r1,a;;:s<J, w e:tm'::i: ~ I ~~ 
. •. ~~t.'1 : Coo!rig 6lf1 

t#(lli'l!'Wf 

Ad~·~nl:$<! Ll Gf 
C,:,~lng 
$:tttmi1~1· 

,~,m'«')'' 

wt::.~'.>1'\3:0::,.~ 

rn ·fil< ::< .;,~i~·. • ~ :nlB t1 ,rnE 23)t'-O t rnw an 
n~:}a:'h~~ . 

f,®.:-J~.::a)' • ,~ ... {}~):~: ~~ 

....................... tirt~~ 
f\i::han:1::.00, l 1 G.=F 
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t::::!'fu;fol\~y 

C<l:l'E 
(~t,~'ll~{::J!si 

Cti-m 
S{~liJf:if~ 

t3 Ct!R 
1}!;)1 

CCl'E U Cf 
@caiab!,1 

Aatanc~ l2 CF 
Cme 

,~ <!:o\,;,-. ,~ h&~ )'~2 nM0 %"4!'i· 
Ctm'i1~ . 
~~'<:Jru.:·:,t. 
~t~~~~a.;~i 
@l;Wil~; ' 

j~ t~ X Q~'$) 4. 
t.:f· €~it~~t( : 
;-}~'C{}..~: 

~";.;.-:;;~;:_~~~ 

~~·~n,~'.}li 
!€(:~~~~' 

~ lh:Cai~ • ~ 
~:r $~n\;{~. 1 

;;rCxm: 
~~m~~~ 

..... ~r :9~~r~:-"1,:.\ 

p"··S~ri~~-1 
t~~ (}>1fS· 
i~ .. :l~~ 
t~~ mi~\~:;.:;:. I 
~~\~t%. 

16 't.~ ~-c~~t~: ~ 
i~t ?~s~·t;.!1:~ 1 

!f;'\d,, 
~~~~:ij:~~~~ 

t~, SmiJi,, 
!$i'./\@ 

§i:)$,ilil~ 

M~2 N.A. N, A. 

~.A 

!'lA. 

t lS; N.,A ~e Table: 2.fJC-0 
,,/2-,~i 

.............................. 
~~fcll.~i,;iM-'i 
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#oi~ll~mt:f!d L4. :"AF 
Raai 'fkr~ 

t>.il~'i:m~d LS ::w 
Rael Tlrrn 

~:£~ •·,::; ~ ·1 n~i • . \iii;)~~~ t:t 
• t,-::.~w .. l\\<,iil 
• fnr:;m 
•..... fo{,,i~ .. 
4 M:,t '1 

\Bf!)l}.\.~ t:t 
\AJ.}><'F<;;~l 

N.A. •oM. N.A. 

SltN:>i~ , h:'&-,,w : , , 
·~~~~~~~~~~~~~~~~~~~ ~~. ~~~ ~~~~~~~~~~~ ~ ~~~~ls.~~~~ ~~~~~ ~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~. ~~~~~~~~~ ~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ! ~~~~~~~~~~~~~~~~ 
,\ikam~d L2 )W 4 14 "'· i n~i ire ·HMO N,A. 40 M) t§):..'i.M ~- A.. ~f. A. U'.B N. A 
Rt:.~! ~nm-,, . {i.Mii~i~:~' . . · 
fitnVl;:i \A.f~. R~l3l 

Hm~ 
............ ... J~trm\~ ... 

l':tlv~r,i;~d l.~ 

~al tlhlE 
:i:§!tlpi~ 

N. t.. 
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R~'"'§'~s,~mtatio.n of ::3 "<'irru~I ',~v,:ttid {iriciw:ling 3-D mi:o:ful~.i ts niJt s~~t'"lir::g m.iNt :r.i thi:5 part df tSO<'lEC 14-4W. F~r 
~t&np:~, l:50.'1EC l~.77.l- U8@7 d&sttlt.'llt:,';S ~i1 ~ffi.(i~l: 'sf~/ ~ti: f~Pf~S~l'it Vlrtt~l "'"'tlfkL [( M,~~'>i'&', r&t~i11s 
,,::.~~!~"llging if e:"1iitf.<~ n:f 1t'1e 1dm.1J1I wmM ~ll~~ ~~ ZHJ mcci::c'"fs:. &e• b be ts-.:~ra:rn~ifej cr :i>l~ ~e ro h~ \-wge ~i.;re cl 
d~bi. 3:D M~sh C*=!ciing in this p$:1: of ~SO.'IEC M400 ;~ ~ \'i~Y ta: s-ffic~nti'y ~001prn,-.""S .~. :J-D mo&"! "~ .. ~it':• snh;anc~d 
n~twi:.irk l~i4-i;.~biii~i: t'->:wnp.m~tk:tr1ijl w~t~1\d ~grni:tnbn tt)n1fd, im:::ren1,..~nt~l repr~r@.si!km, ~'1-wrt f@ fKlf),, 
rn~1ifok! m~. ;i::..rrnr re.~~i,~'){,e and 41Ja!itv $ai~mly \•'i:~ Miernrdical lrnnm,l~~i:.'}."'1 d l\i::..,.:ei~ of detsib .. 

Tiw ToL~k.~lt:.il Surg@y (T&} r~pf~~Matlot~ 11 ·!tw K~/ 1~-t)'it,t1t !l'i t.i.m!tig N ~ J-D rt:ifr.t<ft A 3-D m~1h t-.ari t.w 
foa~ht .rt as lm:~·J:edFaceS~ in mC\'IEC: 14772"1:1[fF Aoo it :r,;0,~~ts. of wrn:,~~tlii(:.r. ~nretry~ and prop:ert*s 
{;\g. ~ci~ir., normal, ~Els1'.;.lr~ e<.;xiRjiriat~} inf.m-m~~~. Th!::1 co.nroocth<1fy inf.orrrmtk,:,'1 is $a~@®'ci b.~:S!e~~)·, whfilt~s 

~~~ -01~~·, inrtxrr::.tk§\?t!Ul!J t;: 3~~111l:~~: ~;:!~ t.'-O(!;f§~~~~~'t~.: ~·~ to rt1at11~~in. tM~ ~t~@;.~r~:~ :*~nw.~)i>1::i: 
~mrewy and prnp:eMe~ lf"H..s.t1i~lli.."1-'l ,;-:,fw 0~:J".~,-~,,ded h ,l ~i.".,~~r ,S$!1lnft The mil:p:ul of iJre dei:.~':der ~ru, he d;fe\ ... , .. ~ 
u~oo ~=z an ~rniexe-OF~:~~s~ ~ r:£?r:as~rrt~d i~ ~sons::. ~4~i9~~ ~t'l~~-

~ oor~ne:;tl',,,}1y m ~ :3.D rr~s:h .~ t'1t: i'&~fu·w:$'1© ;a:,~c0g t~e 'iem,es., ~j,. and fat.,"'e~ of t'1t: .~ n~esh. !ri the 
Top,.cilogca! Sur~({ ~·er{e$oe'1i!aron (TS) 'the· c.onre<:trlty ct a oormeci:w ~Qri1pone1t ot a mi?!nifc~ 30 mew1 is 
cl~,;:>@'jt~N;:,~f it'!lW ~ Slwipfi§ P-1..i\'@t'\~ ~t,d .;;i. V~tWX (.'!t.iph. 

A n~'<,m~nii-::.:<ld nr oor~-...~'f!iin~b~ :]p mesh ra, flr$1 OQrr:~iert-sd ~o ~n ~t~-snte4 marirol:t 30 tne:sn bJ' t~illlhg fr1rnwgh 
soo,e ,.~rtl"!s<s ~nrl f'd!$"$. Oi"'W' $!Jth m~thrnl \,; demnzy,tl ki r~f~re,ne PO] n~ i~forn,atb~ r~;-~~ry- tn 
ri.lc@1ll>ttuc.t :tie 01igha! c@1iwt..il/t:y from th!;;, rnfmtti~ tlffilntrol:e miiiife,~ c~,n~~\,ity can bt entoo6d :rn:;lng 
.$fit-;;~~~~~'--

...................................................... ,,,,, .............................. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,"\''''"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"''''"'"'"'"'"'"'"'"'''''','''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''" 

$,>''. '. '. '. '. '. '. ,,,. '. '". I"""'""""''I·~""'"""''~ [ .... -~_ ....... /'• ./., .. >l ...• / ..... "'>/ I 
~. f """'"'.~.'."·"·"·"·"·"·"·"·"·"'.~. l ... ,"' ... ;,,,,l ....... , ••. ,,,~.,.··/"""''' • ,., ... ,"'' .... ,/'1 
*''--""""""1~. :::::..s:""'""1:s:'. &·. 
i ,,,,/'''''.: ,/ .. ,,,,, ...... : ,/,,,,,•'~ 
::::: ............ : l" :: ........ ~ 
~ ..... ~ .. ~. . : . ,;.-.,\"· : : ...... ~ .. ~. ~ ~;;;;..-~~--~,,,--=--1 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnun+.uunnnnnnnnnnnnn,,unnnnnnnnnnnnn,un,;,'l.,nnnnnnnnnnnnn~~nnnnnnnnnnnnnnnnnn 

A : B I C 

·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•: •.• :•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•1•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•:•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•J•·•·•········ ·o 

F~ar~ \.'2 ,. 83 •. , :!'i~:,.,~)"IP'~~· on·~wl¢~~a:i S~f'§l~' -o.n ~ t-0nJ:-s, 
fhe t-0r1,-s. {,i;t) can ~ oblai~e<I from the· quadrHa~ai tS) by i:denUfying boonoory !tertk:es. Th~ simple 

:polfflOn 1:s mtat:red b:y c~tn~lng a ~rn1~ng tr~ §n tlle ~~al :&r~r.t~ ot u~e ftl$h {CJ ·nre l)ouooiuy. ot uue 
~ijrntil~ tlJ1Yt,'l()t1 ~ !j.W; tl-01~, ~~,op, Th~ v~t~~ $1l,'l!mifrm tre~ ts ~».tl$.~n~d~d ~$ ~ :spinni~g bf!~ h, th~ 

\l'ede<x spann,ing graph (a}. 
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Tl,t fi'*~t t'ffl'J ~f Hw ~);)\"St~i'l{§ t~·H:}()~'%'!-. ',s.ihfrf~ @e'Wf@~'$ t!f'i r~r,ir~i~nttt~:.w,. ts: R'.l (',;:in"":l{%Jt~! ~ {9:1.m· f~lftfW $P,&&-+:ilnf! 
,;l-,;;. ~,,:c,.~ '°"''"""'!''"'"'~ii-"<·';;!";'"""'-"'!-,, T,.,,.,. o,,,,h ,,.~ <lo<·<> ..:..<>h<a"" ,,.fit"'"' ~.I"\ "''-"""'I~ •,.s,,. <,;::. .,.J.,_,.,,,,_.,,""''""'.,j b,' """" fs,•,• ·><>=»+• fu•<::, 
~~Q:~, lJ~"'-~--=- g:~~~'l;!t:-.;..;~: :,.,~~ ~u ~~~\.<""'t:::, ~:.i·~"t.--~-~·.{:,;$u--::::t~ro:%,.\.~-~~~'M~i.c::-~~ .~1u. ~:-~~.,.;,r~·l~~b k--"»:~~.::e..~~:lsi~:~Q ·.t 1:n~.; .~~~ ~-,, • .il~..,.~t. .. ·u~· 

tit.-:.~, fure:'~:l ei'ci"$::ii'-~ -l#:t:cl ifi~ ,,~i"'*,( gr'<fPh 1St.%tei:,. 'f=h~ "¥~1:¢::,; ~1;;1p/1 ~~'#?Sd~tii1~ faee ,.-~ii{~) ~r~h ~,~,!~1n~ ih~ ~"t#~h 
offue sn me,s~. All the fai~"-$ .rt eam ~,ni::~cta"l compon~nt ct the 3Dma.h are wnnf'cieli'.l by ha:(;$' fu~st •e-s, 
r-e~ulfai!J ifi C,,,""lsA@<:,ne. i;:.cne~~::lf~~nc~, between t:c.rn1ect!Ki · ~m~~1et:ts &'~ tree~ of ·h~ !~ce ft.,,:r:e~t The ~iroP:~ 
f:>,..iYt.~i% n~ ~tin.~d ~m &-e (:(,rm~::t~ ~(~~1PK'lri:w)·~ fit Ire S:D rntsh rwu,'!~o lrom Gi,.rtirw ttw. ~>rktnm 30 tne~h 
thiowg1 fhe \•-eiex graph :e~e-:s. The d~~~ ui-es the v~ie~ gr ~h b ioani~y h:0\,;/ b stitch Ihe JD mest\ ha,:~ 
~~th~L Hgur~ \f'1. - m ~~w~ fin ~ .. s_~fflf4~ Q:f thi:;;. d'~!:$.Jt1'WJ::,,Jti~!'L 

A TKtrH11.~nik.i:&::.! 30 me$h !i 1,~*~~'i'l.l!::ii:t ~'t~ ;$ m~in*.~'i:t 10 ~·1e$h ~ml ~ \0i;:,rtli!::ii: d;.J!:;:;!.edng ~rn:if 1)\"f.:! vert:#x t~iuM~~~'G 
a.rr~y i:;i r:~pr~ented ,~~ ~ :;:~'!;!rii:;~ o{ ';';f:#che:~ m~r~fori'$, \Nith ~ r~:-m-i,,n~"1::,').? ~· ~~e-:r. The wi,·x~hg ~~~. 
~;'1~;;'}($:t !h~ ith:Ph~i :~~@ ~ ~$':N(>; ~t.)rh i~ ;~:J)~x'i~@ ~fr)$.l tlw V~1~;.; 't=m~~dt~ ~'f'•W: Wl\':l qf.X!tli'l~Ht ~l$.htl .'i 
'-''~Jmn~w ~l~;f 'H~ t\Jather $rrn;y pn:;tvkIB~ R* e.;;i,lJ~ ,.,li!:Jt~;,; if! the '.s~rteK grn;:in t~ t~t~;,; of it~ pr~ei.:.--e~~i:t:r U~H'*!i 
ii':, m~ dtootM V@t!M :Qf:a,d1 \':Mho-i.tl .ilt~,~ (t"W1~i1=1i&~!t th£i i,~tfu.¥. ~ht<!f if }t iS ~ f:!Xli ot lt~ grn~'t ':!A!htltt )Ump~\ A 
r,,,~ft 1\::ti"l:¢i<; ~~d-$._~t<:.:f) ii :,i::,i ~~"¢ cl lh~ lD r-nijih. 

!r, the ~,h~;Jd repr~$1:.:~~fa.1n to~ ~,~;fi~i bek1,,,,, \%-:e fi.w~ th!:.: face irer t\.;1 •~ tinii!r:t ii\'<';' dt) hi~, h:'f ffiij~}:1~@~~ 
r,-t'li':,{lm~1 fa¢t'l:t; ¢fft¢1h•w!j\ ~i,;'jk'$ .i-M~ti,:>,.'<\~i ®.~t 'k} th.t tM%.'t"i, Si~~ 1Ht 0tmt~'lkm .)ttdt t'::k~t.:i Mk.; \>,'1!/ .'i\w~ 
l,nn.~,(~·~&i*i ·tl\'li!:fn~·~ll,J:j in i1~ vtlrt~x ,W\lph,. ~)Y ~*np,u1lr~ l pr~v~:;~rsly ~i:J l~ t~fanw,~~"ttk:in. 

Figt~~~ Vl ., ij4 ,.,. C~fi~f;i:tsHt,it1tih ill=!'!!t)~tling t;l-1"' ~lmtoo f}t:ol:\1~1'1, A: Ttfafitl~1 l~btl$ .@t~ttw1~~g ltl ttk~r ii:st."d~t 
ci tf~\·t~,n~~t 8; Tri .. ir~w~~ ~~!i:.i ~l:;C()fdin9 't(} th,a-ir (ml< bit C(*.W·, ~ ~ll~~{)..Jing ~~f the fK.dyg~n !$ th'* 

~tqlili::"1tc:t, OO[w~tl: tfw ~t~di:~HL 

The ~irnp!e fh.i!1-g:,_'),"'l ~~fl he r~re~nt~ ~~ ~ ~ti~ ·of t~:,,\,_-t;,ft ©:-1.<~~ bt recurm1>~~\" '!ra'>"e~ing, the tr~ngle tr~ ~ 
i!!ustn~ted in Fi*'~ \i2 , :84. 'Ths &av.srssi! ':farts by el1terhg a first 'ln;l...~!E; ~alled .roe<f triat,,ql~ thr-O'ugh .a ~!ygori 
li:~,p oog~ call~cl ;fu~ nx,i' am:.t-w (gIB\~n lli>,\p in Fgurn V2 - &4). G~~ of: lffil' two ~m:tx,*its ""i thiS:~ rs:;.;:t! >!Kl~~ is ~~Joo 
th~ r;;-.k'lt v~n~.i t'if:= th~ s:\rn~ polygon. Th~ lrav~rnal a!gt.¥~~!'rn =t~ th~i:i ~,~t1~x ~inl~rn,. ·~ ~ft 'l-<1§-tt~x 'i:L frl~ tight 
~,~dz1:.:· vR, ~nd the opp,~i'f:e ~<e.rf;s,g \•O. The, d;ht vei:ex i=s ir::~ti~12ed to t~ root 1;'!:rl~~, ~he ~ff ,.lSrtex 'io the :;be.r 
~1Kt~<int t,f i.§'w n_,ot @.:lg~, .~1d th~ t.1)(.:<D=::;iit~ v~t~z b fa~ third v~rfa;<: t.i tl'!@ rt.X:,t trl~nti~. Th:~, :i;,,"cig~3, ~L:::,t,A .. , >.,Q) is 
c$Hrd i~ff. ~~' and the, ed1Je eR~{vR ¥()') /$ :cale,,i tft'.l'\'1:t ~,~.-. fa10'1 of tJ~ t:,.,,.u e.iQt;-~ i~ fi#'lfr ~i ~Jnd:mv e,,ig,e ot 
fr~ p.d.!~'@:!J.f\ :Jt' intem;ai t,::. the polygor:, OM bi!: cl lhe encoding, is t~ fo ITTdic~te ,,,-,hid1 ~a:s-e, ;viifi the bff 
~~$.-rn_j~~ \"'''~) ti~ ieft ~;~ fa~~ kil~~<=<':ed b:)' If'*" bit ~»'$titl$l~d ,dih the t~h! e=dg~, ilit'ii:.l \,\,Jh i.'~be~ i =for i1'l~rn~l, 
and O for lA'1in1r:fa1.w ... tt i~'iv the ~fl:. ecigl.;! /~ interna:L the fr.a~~l.:!! .~!!JO:l'ithrn ~em \'R~>..>'0 and OJ>".'itrnre.."<J ,:;,,f1.h the o::.:~~ 
fu"i;ani;iJe md~nt t~ ~L If only thee ri@::'.l ~e i~ i~~emaii, fr!~ '!rn;.<~~~I alg,~,th:rn se.~ vL~vo and ~~tim.Je.-s. 'Nit:"j thl? 
z~fi~r t=r~r·ig~ ht:,,H~nt ki ~rt t ~:,d1 #cl~~ $~ ir)t~Iniii( !h1:, tr~'i.<~t~I ~Tu»"t·llf\rs-t P:it*1e-:$ v<.) @i-0 vH 1Jnto ;\$ ff~'i.<=etMi 
t\tatk, ~t ,w~. 'il'IR=\{) ~no tD=ntil)t.'!:l§ wi'lh 1~ othw tr®,'\lt irititl~t1t tti ~L rn l".1-0'lh lllcit~~ ,i~ ootmmy at)d :Ir~ 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2568 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



trn1,;~ff:N:ll ttri. i-s ~t ~ffiPV. me ti@v~'SJ~ J!i:.KllHhm t~~)~ 1;,--R• ,1rKi 1tt fr~)t11 thts, trn\<~rn.~s~rN:t. l:l~:l \~1~ttniw.~ viltt r.ne 
0th!'ff tt~fl@\:§ inticler,t k th'e eoi;m {i.,L,iR\ !t both ect~$. are bt\utw~·:r and thir tr~-et~! $:mtk 18 empty, at the 
1fl$i\glec~ i1f (he ~~t,µ~ P·~·ifg,~i) hit·o;·~ i.1~i1 ,.d~i~& F~i >eR-~i'tµI~, itl fl~i,W~ \,7, - S.·hA.,the- !:dJeii;~!~~ ieit~ h;iib~:'led \,;<i~h 
their o..~:6~ ct lrai/oer$a:( ~nd h Flg~'*'e V2 y e4-li, ~·,~1h t!lek c<."»1'$S~~iru t,<..,?-bh ~~. ~- a m.imba~r In -~ne r-ange 
,·,; •'< ·.,,,,..,. '·>Y'- ,,A'""" "·l: ,t..'o ·1 •.• -,.:(,,· ""'" i' <· ,r:~ ,,.~ 'Y} ~ ''.< :~ f\l'.11· <·:, ··l.'\J· 
<.:.:.~<··"··~").. ?Jp,;,.\, ~n:V~~~!r~~~~ UJ~r~'(ij\_~(t -~ l~.i,:::_:~:~.-v~i-~~~:.. :~ L<·(. 

Thi! siITwl:e: }@V~t,,,'1 tan aZ$-o oo 1-e:prni!§erted @!§ a ~t\~ ol tt'k~qt'e n,.,~,~ ln th;s ~.'l.~11.'f \~ay -ii~ th~ \'f;rt@x tre~; @:<.:~pt 
m~t 1Ntch t:-m:i~19® nf'l ~$)>'..©rd i~ ~n1p;~~t1>:il s:sf ~nly r~"'~ fu!d~ (tt_p..$.i't..k,n~'th, ±fjzy_~fj. ii.< Th"/5:{ ikhi i~ n~ m.,:;:,,;s~~~ry 
bee:.a:i.ise W~ ~rw.ngle tf,~ i:S ~ birot:lif~, and ~a:ci'i m~1~"-$run -,,;,J1kti ~"'Id:$ if! a brar.chihJ nc-cle, tNJst ~ fot.n,'.'1<ed 
by tX&.".:tiy h'!J nnl:$.. The :g;tn~lurn Qf the ~i~~l:a !~ {{}€:!§ M1t ew'i"'l:f,·ie-t@i t~scrt.)e :he tti~~t~laJon i:.t th~ $!mp!e 
~'.ll)-'iJfin tlmJ(),tt Tn iY;:rrn:;i!f;:W. m.~· d~~:!p,•km ,\'lt) !i":Ylr~ Wt f*'f W,R\<Jk .~:".-~,:::-~:@l~d 'c's.-'ifu:i\'l. r~nl~ f~~:~ IT !'hf.\ frfa1cy!~ 
tr~ m1-!S.t he ~t..-:dced. Thif( s,;qr;:;;;;,~l'ii/ ~f ~~n:h,'r!@ ,i:i.ti~"'T.'-S >:ib"'tern1ITT>ES }~·,N b tri:ang,J~tie- ih:e lri:.~"<'igle ft..;1:"iBi- ty 
<t;:hem'cing ~sih~r on too !~ft rn: -on if~ dgM on th~ bc.~ndi3ry cf th~, ~mr:;~ pi:Jn;ion. 

Ne~ ttwt l:hS::),~ ii;;~ \.\'i.:tY $k11t:::k~ ~t~J)~f(:<.ln1~1k:Wi friJltl t:~ ~f~\-'il)V~ f~t::it1ii~N~R':<!1 cl ~rm Miti'j:.i:® ~+~~~, t:i;. tM!:: <is,<-:¢. 

'F~ s~ ::~r,d O» )1 ll~ ~(~'1:::,m~ in ti,~ pre'.#i.)w, J~J)ff.:!~nt~1k~1 n,~/i,t the ~K~ qf the tfi:~ln~le n .... ~n,. IJ1 ihe e:~$t"if.'.~ of 
Fi@k"® \/2 - M, th~ U'lah@~'Ui'l~ ~'~ d~1itIBd by tlIB t.i.tb-t~u~nt:~s f 12,J 223l PJ. rm~. tTil., ~rid ft2,K!J, Whid:) ~m in 
1*1¢' ~~new z)ttl~t d~~n~d !:.:,t !h-!:\ t~!:.:f~ -<;l ~"11@!~ nit-1i .. TM t\jv11J~n~h fa~ld ;,,'&t~~ .~ {h¢ t'il4l'1t:l~t' ~- W,t)--b\t t;;'*'°'t in 
th~ e:Dn~i.i::~<ndi1g ::i~lb~~,u~r~~ (5J ,2J, and 4 1n ihi:t; t:a::i~}. Th~ tl_l~~f field ;,'~lu~ ks dgt:J*rriin~:d b:y jfa3, I~S:1 c,:::,rl~ 

ki l.ne $',.$b$--'~{pe11~ {3 __ ,,.. 0 .. U .-,;+ 1j, and the m-~m\ .. "'fy~ p~~rn~ ty lhe dhe· <:'°'i~ •::nu~ ~'Wfn{~r, $kippin,;;;: th!::! l~ 
,.,.,..,,,ii'<,. ., .. ,, ,.,. ,,, ~' ·i-- ~,,,, .. <>.-,w.;.,;;;,$:'·" .... ,.,,.,...,.;.._:-:"_,.,. s,-<·s,.<>. -:" ~'"'-' t"·'I"··{·~;-. ,,. ....... "'""-" --~-~'~""N'•'1i+·jA*·~<',i ,,-..,, .. .,.,, .. ~-t.~~t.;1 \.!!'$ ·~ ~: ~~-:*° ~,:;; &t:. .~~~,;. ·::}:.:.~·!::~ft!~ ·te~,~P%~ ... t,:~~~ ~:-:~~~h.-.·~~~~~ ·~tJ~"\.""' .ey ~f~~,·~-~~¥'i'O:-~f~~ 1.C~~l~ .... ~h{..-~ ... ~~ l~h~<·(~~,·~·~ ... \ :~l~~~~ .. :.r ~....:~~f~)\ 
t'1€: :i._:ipp_~tt~ tr~tw~iti~ !$ ~t~!f}r $im1::i:l~, 

h~· @ (;{)tm-et:.Jli::'-1 m,\wifdcl °"'iitl'~i.Jt b:~.ir~d~ty, ~:1'..'.h ~d~ :d' th:::· ,,~tre;( ~-~k1 <:..1::in-e~\°:.~'%l~ t:;::i t,:,,-;::s t~lyg-;::in if:,~~:;, e\~~~ 
{L~ ..• bt<i .. lndat)' ~d!~'% er~ $i!T1iJ!t pdfy'gtYl:i, MA 'fw tl~'\il6~ \\il.h b..'4.lt1tiat)\ OOff)~ ~®~"'S ~ tM WfltX Jraph 
{th<;,,t~ <Aik:h C<.Wf~$J1,m.j ~:l bt;>.mtiwy :,~tlg:@:t td ~im s:t;~~i} tX,ff~:§.p:1,.··mtl ~:) ,:i.i'iiy i:;,t\~ t-d:t~f\t'l: kk)p ~%_l~ tn lm~ ;:;,;:i~ ti 
,;ll s.inip,~ n:w.~h (in~~fdd v,tthrn.i wmrl<l111 wttt1: E1~lw ~Jm~<;..z ?. L@. h.,r,\1}1gliJ,,mr ~1uh-i,'*~~f tx1 ~ f>nh~). fhi?, 
'.-.'~!,X g~~M i~, ,~ tr~e;. \>VJ-~,n ihe manifold m;z.sh i~; n~ sirnp:l~ {i.~, 01;-~~l':i ttm rn~sh t~·~ t-otmd~ry ~dg~s, ot" \\\i\~n fh~ 
:i::o, ,f •. " <X· ·:·~·,~'=r·· i·, ,·li;~<:,:a:"( ";,~·x,·,1. :}"<. '"'"" ·, .• ,,..~·,···· ,,,,,,,,_,.,,~· •" '<l"'·::>k .,, I·•.·''<.,,,-,; it ll""'· · ;=·~·-- v ...,,, .•.. 1.··· , ..... ,,~,,_,...,.;·'.'!=cl· -~:" "' ''·l)·,,,,,. ,,,,>,{~ ·h.-.:t.;·~~: ~·~~~_,.,~.._; ~':! ~:··l~"v:,0'>:-,.•~P.; '~''N"·_·fx~,~:: !.._~~~ ~f~~t!-~~- ~~~ .. ~,ti,~.~ '-"'~:-.•_:-:,..,__.....:Qlf$ ~t,);._ .. ,'.I.:,~ ,~ ~ ~x._;;;- .~~..:~~-~ t~~~ :-:$: ~~-·,q~;u;·~~ ... -~ ..... -s,:;~ ~ -~~ .. ~.x,~!'..~:-~ 

free ns1 1~':::th t:)l'.~: W~-V..,$1nQ the· 'lertex gr~'Wh, ~h~:1, Ol'1f:: ba~--e:.,ge, or ;iw,71-J edge:. t~:)~')ed~ a le~f n;;<i.ie ot lhe: 
'.-.'~!,X tr~a ,,-,.,ijh a p:r-svk'\l~ty s,{!ai-lt~d ~'"'dll:\ fomtng ~ ~~-

The )\etiex QmPh i~ fepn:::~nt~i ,;u (1l!~ st:1.;.<i.~me VG cmrip0;~:ed r.:1f ~e:c..J~"'li::~ d r~Nf.fi. Eve.., f'11~1t,uh ~1cf=, l1mrp 
,c,~,~.,,;~oo.,~is b a ~ingle ooge in ~he '<~rfox w-~ph, \'<$ r~r;z:oont -~ ).Jmp by t,,~,;::,; runs in too VG, 01:,~ of th~:,:m having 
:t.iito l@!©lh TM rirnt, aritl tit£;, rt~'.t ttaftf; ~t ll:@ flf!st r1.<,.""~ m~ ~~~ ,~it ~·fa,it-oo. Th@ S.~fu"'"'l-1 rur1 % g~~-~t,<iit~d ,,~tl@n 
we: rearm the ~fe'ii~~~:it vi$i1ed ni~te,. which. fu~'l ~~d~ fo be o.~1$idef~i a.~ ~ bmnchin!:I n:.':lde, and t~ rnn 
~1!'!!,l'Eii:Wd hg:s. zero t~ngt,"t. Egch rur:i r~~!Jrd -of VB i!:: c-0rnpos:.wl ct ~ 'larigbie ntm,ll~ ~f fidcts. A \~rte:,i; run 
-~,''-<~>,-,:..,·-,to:· :'Jo '"":.o-> .(~'." '~r··~l">"l',;l;,_.,:, <"'):'l.:. +,,) '~<:,.,,;h'<·""•l" ::.,S,;~« .,·», ><,r·»>X<~>·,J'.">.<i <'-'''•'.la:. t-i:.i'l~l ,,'\>~: :.t f>.:O><~j ",> ·~<:&I'.,';. <'s'' \'<'Wf'""· >:O:H<l:·'·"-f <'-•'<<~"'-<: ~, ... ~ ... ~:~'-"·~..._....._'< c._,.._ ~-..;,_:;;-,-......1 ..._.,.,. !;:$ ~s.:~x~f.:-::.s .. ~.~ :-::~ ... ~('.I<" ~s.,~ "3-,"-·~;...l'l~~w"-.\': -:.;;:;:<.~~ ~~· W~i'\.~·~-..._.J:-::~.~~ :-::~,~;i;y- ... ~-:.::....._ ...... +~h ~,· r,-«..~~' Vf -&~- C& ~~ ~11~t.....-- ~~~;,,,._~"-~ :,;:~-,.._.«,,_~i.;y~, 

The order of r:r;:wern .. ~l tJf the tr~ d~flnl;!'$ ,J ~eqiimfaf q:;ier fur the 'tertex rnnll ;and s fu"f!I. and !s~t n,..'1l:.le fm &~h 
n~n. [~jts '<'~!i.~~; f\4°'t \'$ s'~'.<f~c~t)t~ ~ ~: '>'t;l!~X s'Ut'\ t'~~--j ~l:,'tl~~@ r;t' th~ folk_'l'~"''!f:!1 ij~\kfa. s}'m \i~ J;it$:~ f~i(J k~ ~ 
~i; :h~1· j~.~rr,~i1~"'~ i tt1e r;-«1 ~};,~,-~~ tl';;.,. lk~t r,,.,,:k· ~~;w, :~l"'"' i;.::~t ~-~;1.; ,·ir :,,.,·)t ·i~~ ;.'.n f' .,/ ,.;.l~;~~h · t'l<>l;.; i~ ~.;;\·;1,~;~;~,,;.. ,.~:,,~;; 
~{:"-'-'M.~s ... ~,-..,...; ,_:,.._•}'i;;;_~·..._, '-"' s'· ,..,~,~ .. ~(~~-'-" \""ii;y.,_ ·-.: ~;-,;,_..;,~~,f,' ,:::;~~:,;;::..,,.-),i;y,..-..,,_:,,: ._-::-~~ :s.,_,., ·. ~~.·~ ~~ ... ,-.:~~~·•:.._,,,?""-'·~.~:;.,,\;,s~l~~ l ~-,.,_~ '-'-'~~~~} , .. :u:::: 

~ \'·alt~ ~ual -~ llil-1 r~mtb-:tt ol ~~"\'l:s 1n too nm. tit)t ;;OLmtmg t~ Jurn:p ~d~~- Th~ '.:¥;!.)~at f~b i~ a t:~t "<'>"Th'{;h 
®4.°\":'tl!~'$ w ~h~ f\~~ ~:r,,:;ii in :,) it,~J t)f: hrnnthiMS ~'Z¢, t*.th ~~'@.'~),,~d V~tW\ fl.~!': ~tl>;ifa':$ ~) ~ Jt~t t~~ {VS,.)*'~0 l} 
h,~s ~fl ~cld1Nomii V[ 1,~.:ip ~M,. inzfo:.:t~lk~ if 1h'1:! i~tt m_:ii:l~, fft ti~ v~nl;!'); nm i~ z~~.,,n~i:::ted t1) ww{her rn.~~ th~ou~ti a 
Jl_,itnp ~jgtl,. Ntt~ tl~t :ooitJ, ~);:IDt1tl~d \•itt~;.:: nmt t:-.f !&i¢h t'Th'D, wh@) !§. ~':NJ:'.fi ~&'!.OOl~t~ ;,.,11h a jL:t~1 ~$~, 
:sb..,---u)cl be ooo~~erad a-s em:~ in a !~. F~i· '!he-s;:e -erl..."":..~~d '>-~!19:( rt.;1:"i::, fin,t and !ast rn:sde ;are- ihe s;:arrie. ff 
\i1tJ~"-)ti"'t, the t~ttint ijk~<s: h~$ ~ ~'Y.JZ)i\<'<"ijft{jt.wi, n~ld lri.1~~1i1)@ :;~'l-1.~{lier thb. i\~', t~Ji't°~~t}tictt to ttre, :M:.1lr~ z~- ~~'d :l)f 
the run. Eath .Jump e\i\,~ OJl:'l~~.$ t~ @.$ct fl.\"Xie Gt@ mi to~ Pf€'iiot.~l'.l vfalite.i !'KR.'ie. The ~iJ>.ie \'l$.)e,1: firnt ~~ the 
.. tMW <:-/ ~h~ }Wt'ip {\<t.tJ@\,-,'@'~j·ff~'i =·1 ( *-*~ frw (;~' (\~ !$.. th~ fW,\<$ "1 1h~ jump {WtJtf,,,,~t~_J\~) :=i)). ff 
\i1_L}i:.it\#i:l,t()\.~, <>(\ l~~ rtoon::i Jhi:.:i h~~ ~ \1kJ~"'-:1pjfa*.K ~~l\t fv~y titn~ t1e ~tiiltt d ~, )l.,~itp i:§ ei·,{:-t~ir:t~te<~t H1~, 
0::::tnf:W~&'or1 .,u'lt! cl!!'ib,..<$'i~t~5:·%::wi: &!g@'i-if,,,•n:§ tru~:, thfl, .r~t':&f'leil to tr~ jtf~, ,to~ t~"lro .ati: m.x~m.My #,lt.W sfi.lr:K TM 
'v'i=!h~ ff 'fJ hx~ Jt'icl~:,;; * tht -d~f~:h ef 'lfu1 tt¥f~~r,x:i,,"lt"h~ k~rrw 0.1iw iri 1h~ iuttit.:i: it::-¥l~ ~t too R-<rw lh~ 00Itw-·n'l:~$1N·~ 
Qr -;."$oo;::~"i1)rn::,;:§l:oo prcgrnm:ti ~fi,Xit.mfor 1h~ ~M off~ jL.ll'lp. Th@ rifurnn::~ }~, lfnl"n~~folll~)y r@mOVM f:"..-m1 ~: st~\ 
rna.11ncg s.t~b'S.~U!!'ittt r~fuTu't)t~~ up, ~ru roout:it'@ m~ ki:1~ d~<tt'! arm~ M~tt ty 0:-~ {M1tl so f~tlt..."itit'sft tfi~ i~irr:wtt of 
tits ,,._,.,quired to re,~r:e~ent t:"iE ~•:fi.h cl m.ib&e;:iuen(~urrp ?.d>~s}. Figrne \(1)35 rnu~h'.BiE-:-s S\.'m'lf: :nflhi;-se e:-inr,-epk 

·.·.·.·<·:<.>. 
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oa 

!1 
, S ~ 3 t 

~J 

fiijm~ 'Vl • &-~ ·~ $~pc~ ik:i lru!id ~1~, b(:imdh'~ ki:i'.:iif.l fas:;im thee \•~,t~;( 9:ra~f.t 
A : '!>'ffie)i !}faph decomposed i:nto:.') Yerle·x tre·e {!JH;!ffi) and jump ed~~ {red),. 

S : -e):f~,:d~ \rort~ tr-e;e §:s croo-~~ by cutti~ jump ~e,~ in haU, 
C ; the e~f11mded -;.~ert~,;. tr~ ha~ 'M!"O ~~\•e'$ k,r ~dt jtmnp ed~. 

D : tN.~ild ~e enendM! verrex ~ !!Q(tp., 
Ee : t:Q:11Mt~ t~W. ~t.wi ~~cl ~mii (!,! (i.:i,"i;h j1~~1, OOS¢, 

r ; r~ltfa1t~ ~ooi~~-)' k:iop. 

A m:M'l~-ti-lcl ltJ r~i.t. ~i f~t-:w~-w~~·H1 ifi ct1-~'ftt~rnt~oo t~n ~~ l~ ~,i~;s'lt~"l~tii:in ~f ~t~ ~ot~!Wt~~~ ¢,,,~ffipt:ir1~111i 
rnp,~~"nfod in OJffl!X~1>~mi fomi. TI~~ al~;xiihrn tC1 ro.rn'l}f't':S:-S ~ ro.nn~-cfu~ wmptmt::rd ';;':f m~ C'Zffl:'1•,~,dh'tty d -~ 
m~nitoid JO rr,e$;r, c:~n ~ ~:ez~{~1p,J~ into th~ t~kt\~t:rq ~~p~r 

6. The ${mp,"e p1Af~~~1 ~- t*i# m~,~h t\·e~iAtir~ frtrn :r,i.lttis'9 t:!-i~ 'ltienguar me$h th.tm.,"9h th:a=~~; ci tit€ \<'£!:iiex graph, 
The t:i~~!e tree hs the r:ii~l grai;:n &~he -~\'np;.~ pO)QOl1" 
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Hl. ~· the t~es ii~-:Mentto h\e r~ &1~~ ct th~ ve:t1ex tiM:, tht:i.w.c-e m l!'%:;t1tmt face. ind 1t~'\'l! it. r&.t f&..~ ot the f~.i;;e 
tr~~ 

s i, c;aii Hse ~Jge of%=· ro.ol faC!;;' (;;lf w:e f~;-e 1:r~ ~ne:si.-'Ot'K-1ng io !ti:;- !'Om. ·e4~ 'i:if th~ ve:w;.: ~~e. rooi 1:.:~e or m1e 
f~bEtr~. 

12 .. Cali t~ vertex of~ ro~t foce :D.T &le f~e, tre.-e o..<o<:·::~p;:i,'<zjiflg fo ~hE ft::<,.,,.'1'1 \•~1:ex cf 'lh~· ','B,'iE'~ tre., f°'-'"'>t ve:r:tex D'f 
~ foe~ fr~~' 

ti [r~,t~'.l~ lh~ §;h~,d~ txli':>'~¥1 b\' :i:wpth f.rnt tr.t,'~t~~I ~~t~h'lf! mm~ ;,{)-t:•l ~,:~ d #t~ $&'it~~ m)lrn:::-w,. >.:A~ 1tw fot'.Wt 
;,,~swx of tlw ;a~'11icl~ pclygon a::. right ,_,~rfu;,<s:, aro too' cll"®r ~n$.o;rit ·~f tbi'.,; root ,i,,_~ acs' %TI 'b~M~- Up.,:,n 
fillt~fifl@ <li ~~fi~l-jifi~ tfi.llt@!~, tf.li;,~;~ lfu':l !:&§: ill~t'~th OOkV~ ti~ ~'gM !::t~'1-Ct1:, 

14 Et1t•:>de ~h~ ~·)~Jk~: ~tilif$ Z<):~ ~ t~h!t <l ~):k\h{°kcl v¢it~:;o; ft.l:>'1$ ty ~:tih ~~ ~'©°\'~ttii\t fu~ ~>i.1tt14.~ '~~l't¢i< ff~, 
121t..~'t*cting 1;:1c u~ t:~~1t~im .of: too, ~tnri~ pdy901, ind tro@:l: :ty tllli ott1~l tif u~v~~~} of: too, ~tm~~ pt,.\i/gffi't 

.A rin-<1,,n1&1:'fnld :;£~ m~h i'I'. n~i..w.~~~ed ~. ;m rn-h,mfahi;:; m;:mi:fnlcl mesh .md _;;a1 1,<ce:,·•te~ dusis,i~ig ;;irrn:t A n~'h 

,i:sd~nt~M~ m*!Nfal.o:$ $0 rtlt.~~h ($ ~{~"'%k'kt¢cl in tr~ ~~n~ W@.'f ~~ ~ ~~'..\fr,m~t~ik,'<j.tj w\11'1 ih~ it)t~~~~te:!%t ~~i .~t 
$r,.·,~/~r, A llral $'R:f, !n ·~~ ~~~~iing prooe.'$'~ i;oot$~ p:f ~"',,S'\\•mlng ~ nGrHm~rtfl..io me-ih t._1; ~ nwrntR,~ r::~m ~rid ~ 
\<~1-w~ dut.tll:,'l'it"@ amiy. lh~r~ ~f'@ ~~-;,r~ra§ p,:,~sft/~ mcthoo~ for 1-~~rfom,~ng thi::. t,i:,~rnti&.\ >:.<!"l'@ r.i ·wf,kh twlng 
...i...,' ,.,'~,,.,-~ !;.., . "" ...... ;;.. ' • »! .·."' >-¢'-"""'"""" 1··l ""' ,;.re:~"l~<oS:t i:.,yt;;:;.,.m:.:.:,~t:,$I ~- ~. ru.,~.,,;.,.,{;-6 . \..>f 

'TIW! $1)t;';f~t fa~·i~:r tl~f~~t jr,: $ itli:liil'lW tf,tiff)ijcUk; !ti ~~ ZllMt\!,i~ ~(:~'{${, 11:$ tlt~fMmt it ~~~tf'ii~s~d ii') !M ~l,i~\.i~,~® 
d F~Jt:0:1, V'2, l'i§ :t'mlo,;s.,; 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2571 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ff th!!r hte"'Oki:in ,~~-~tit'Cht>.l;!; t1~y ~ H~ !;Ul:ll@'lt ·1:,-'l,.'lH!pt.'f~i: m trn~. thtn for e;_:,i;~'h ··~~,bx ;;:cf lf~ ~ltdt!i."1: ~-~ph in 
~r crder, the rn.tt,:he-s ~1~r ~nc,)jes ai :Sdtchhg roi<'!flrnaritl f~"l'l the ~rnstearr,. Th£! oooi~an v,=1!u£! 
!,i;'Utch..;cmd ise;no:xiecl. If ~he booieari val~e s!U~h,.,.prn~ ii:$ %tie, !ttten ih« b;:;~!aan v~!ue ~titthJop..;o.r Jet ii 
~':!:'oo,1d: f fu~ bo,.~l~.rui a,,'.;iilti~ ~m{':h~f!-0-fl ~'°'r~ij~t i~ fah*, -~ l~nsign~d !noo.i~r ~me\_,~!"~gt~ ls ~n(!:tc·de,;.,,t The 
c~--.:r~"i: ',i'ert:£!:« ·• is 1M=n ~,1.1sh£!d t-~ the ba~k -ef fue ~,eh~ _s~k. 
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:If '!§~ifr,:tl:~Jl(~L tJ<r. .... O~ ~i ~T%Jl\ 1h@"l tr€ f:Xi~~&1 v~~Je 1ftt~it..JJ(jt) is ~f\t,,'}(1:$::l Mk::iw?d w/th 1hj?,: \,lf!Z~f'Wtt iht~f.Wr 
v:all~ s:iifoh_ ~t~kjndir~. Uting, stitch_;$fat.::k_frt:rlex, ~. :§.1ire.hirq......::@t}t:hi::i· hl rnfu'j~;te~i frc.it1 thi! at~hor_$t~c.k n1i'S­
~'$ th~ #i'it.:t'si..•f fil'S':!:t Vt~ ~Wi~1l \i~f~;~ l w'iii l:,~ .:i<:1~-h#t; l(j, It ffi#' ~Jt&.l:~p !i.,,;,;i~{~i ,;3;:1t~~ !~ kae:, 1h~i thee 
s~Rd'linc a~itcf ls n,.,·rnivect trn::1, me an¢.~r s·tac~. Then,iir, lnl$1ef ·· :stitch i~r:::: le!lgfu ts ~incoo~ as an 

. · ·':':t · :-'.:< ;~~-~r . · lj :> ., ,l'_,;j. ·. · ·,. i, k· · · ''( .,f · 7 4., .. · .l.:, · · ·f<,~o;:k · -;, , h, · ~:h - ' T '~ :<Se'l:"S ,h .. ,~ ~ ,-•~t· ·~-.. · ~~ ... rnlS:g,1(:$.J u~~;{l~L. ~ ~ I~ Q!u@!~".l~ '$0ftl ~:S:S:, h.$. $!~~ {k<1-1X.~a,4 Sdil..i~-~R;f-~'!'l!nij,s.H:..._~ijijJ ~':$ ""! ,ci..,~tt~ •. '"'\ ~~1' C.n( .... J.~h~, 
t~<1(il§.'l!=fl ',Ni~ ii ~f'i~1d:ei.t n $.tlt-i::tu::-t~h ® ~nm. ~ tUTs,mi v~~ Hi ~);*fwd t.i:Hhe~~~ @f !h.~ @t~'l1f .... Jl.®tk An 
rnU<~f s.titrn,.Jingfu a-s.-:e.oo:u~ -;""i1h 1~ sttc{lirg ___ ,:~~hor ~- ~tti:e,.,.,.~, A total_Je~~h b.i- rompt,rted by adjin,g 
$litd1_l~~g~ ~rid $tli:~fU*CN~gf-h; st t,t:<l.·~u~~th ~$g{¢;:ih.~r th~M ~~t-;), Ui~n ~ ~tikJU:¢Vf;f'~¢ 1::K;,,ti~j'l: V~l~~ i~ 
°""lY•~,c-,,l~,.j r;i;x.,.,,c;:.,., ~J-~~ > ,,:,llll:,:;, ,b:i-.-:.i1·«->"<-r!~<-. li<, ,:.-,,,,,,,j ,,;i i,>c_,,,, ».s.-1'<>~•..;i '·.,ii,s-,\ "-".« «•;i<,,,.l~""'i"l ·-,;"'"-«<l,_'-.<l' .. 
~--1 i(.ru~~~::J~. ~ ~~~N~~~~ I:.:~~~:~~~!~~ i~l,.~~ · ~~;~~:~ ~~ ..,,'O-t3>,~-x;~-;J:.t_~. {~'$.,~~°'.; ~;i~:_.s ·~~,~~:]:~ ~~ S:~..: ~t!~>_....;fi~'.t~~~~~t.:.:~~-• 

To ~uq."'~"1 err.-& re~Mieru.':le, ci..ifa ~~~inning ·~ vefJ mpc<rt;art Co,'tip,,n~it tasel'l cta:a part~ton:mg \CODAP} 
~'ll-ik~-e:s a, ne',"" fumc'!fonalitt to th~ TS m~~oo .. COOAP ~n:<vid~ -~ \,-:i~Y to frnp!d~!)>• ,di:\o-&1~ ~ !~r~~ 3D ~1;~h mtn 
rnii.i1lpi!!;- pi~rtilko!):. A p~dfa~-; n-rn;;:- 1ni::.:k~i:Jf ?-~!t ;;if .~ t,:irw1~c~ecl cernp.,;.".nen! or mMijpl~ co,,""t~wd tO:"'i'lJ1@1€t1W. 
Sin..~ \>e1e:>i gr:aph h~ r~l~fa,~l\,;- $Tl;.~i c1mp,\l!'a't k':i si:n~le pt:;il~]~\- Hie dl~•lt:ik~i of ~.:mr~ctw ~,;:iinpl.lr~n1 i~ ;;:only 
:~p!i<\i<ii tt< ,~ltripl<\i: t~'ii:/~~\- H,<'!>·#~\'M,, ~~ tsw.r~~%E{)nrj~r1::e t-et,,•,~n ~"t:'!x graph (¥11 am sirnp!~ P<h\\<'g-an l5< k-ep.t 
't}1p-~t' th!" ,;:;+nif ,,,-~f~w ;ii,·i:.--e~~ ·n""t:l:.': '~'e ~}·:;r>ee tWto;t-e,;n~ p,:it~iijor \/f""'$ "i:.','t''"'h r~,tecl dlfftrerit rc.~'""hit"'tfi:&i of :·~·-·;~;f·.~.~:~.~~-, :·.~ .. -.~~ .. \~ .:~;:~~,;~ ~ .. ;~~-~::~~~ ~- ~~~~~~--~;<=.-:::. -~~~:-.·~:~~~ ··,,:~~-~-~--~- .~ :~~;_·~·:. -~~~~ \·.: ~~~ ~-~:- \~ .... ~-- .·c,.~-i:·.:··:·.~;.: ~ :~:.:·~ .:-~---~~:: -~~--. ~--. -.~ 
\<illW;( \,J~:1~ .l:if'k} ~~,_~ll_,, PDh~t'icS. lr" fit.vi af w~~,, p~1t!10n, Si ~-~rt -c,(Xl,$ tf.(. t,.':'i'•:h>®~xi bt l~-)'f~,-,,,:~ .. H~)11ls!.;.:;;~m"lo. 

ln ~wzler tt.~ m<'lk~ ij pijrtrtk,n intl) <'* gven ~ti~, ~ij'i~'f~i mjer ctatm1h1filtlm atid pMti:1t~11wq rr~tmt~i~ am l~d. Ttie 
ii-..~\~rn<~I order lrifar:rnah,n ;t:;. ~'k"'d ~"'~th p;.~rtkufar b:-~~ltt:Mg tttanglE*. \/~itiaf IBS:f td'&i~ ihk:trti::alkln ~ i:n;eri-ed at 
tb~, ~1'!4 .~- ~~;;;M divk~/$ mm~~ W~~') © ITiJt<\i ~ \>\!~~~!!~· ~{.lfi1ple~e trlanwe !tee 

I• ,-.,;.. • • · · .,. ~ · k::f ,1-.. • !,,, "t +, • ' · ,;<'t" . · · · .. •,;: <· · · • · ••• fil ..J · · · ,. · ·t C,;i- · · · C • • " • •• • • •• '•S..' · · · ·. · ,,; kA 
~ 1,,.~tmer ·i::::rmrs ,_,,,,. me iJI s;,.e<J~,,. ~<j,"'ne par:Lt.,n~ \~l~ Oi:!, ,~rnif-~i!!','l,J or ~os, ,'-:ill:','>'E:'l-ef. O}n:er oa..·•tt!l:ln-s, \Vm "'~ 

ds.::od'!:>"ci with i~ simp.llil ~!ygp!"i m,d :;:;,:rfs~'<.:-"'>"1di11g vg .. ft".lt'i,~~n:l t~~·i/w C(frtct!t~~ rMh ott '!Jl"!ie~ to ·en;~re tw \'g !~ 
pt~:Jct~:tei::l. 

In f:t;., 1h~ =1~tttL~'l~tlitt1 pnx~dtit~ fa .<i'!~ Mki-,,i,~:: 'll tit~!t)tl tl'lf tk~Jmlihg ioofi t~bk, 2} $;{:!rnputng me iuun~~ty •~t f;,,,."'t w~h brn:n~h, ij~$ J} ttt~i::o:~tt\:~~iti@ 1f.i~-;.-w~i :Md P(tl1~n,; .. 

In ba,~ii;; TS o~~i;i, t~ tfa\•~n',-ijl {iir~,ti~"< i$ .~fai~:.;;~ r;:i~::o·llSB •i:}<l· i~rt ,rn>$ s-f,'!;=:rG!l. ln b!;:l qa:~ that the ~« ur~1~h is 
rm.t.."ti ~~r ~i.iln i:he r~M w~n,:::Ji -of ~ ~~'%"<1cgl~ th>'""E', ~· d~ooo,r hwt Mi w~t u~'M i~ d1M.::-:~de:1 tt'.it vet1k,~.s ,l.t~ fhe 
w~'*);' d<.w-m Hw !et!: brJ.rx:h t~f,~oe "-~::ding ~nd f~r~lerir~J fut &mml!w rig!t ~an,.<m. ~ F~v,.~·e 'V2 • ff!. H1;w.,'eviir in 
the CCD,~P ~--J~~'\1{.~, in o;;nier t.P ~='o<-9id ~inn-%~~<:i~f}' 1owa::.', fu-,s, ~n•~>M \,·JU -tm:i-o)s:,-¢; lh;;:; ,.;.ri¢:-~t- ti~ ~t ~M) 
~;int-h. A t\"l~--~lt !lij~ \dll ~ M~~itnl ®~ il"'lf-t~~m th-(2 :t~{.d$r d ·~ tri-..,~rsai °''~r of Hl! trwngt: tra£!. · 

In f@Wft VJ,. E?, the: inf-;.1rn~•'\"1 ;of *e lI~l\l~~l ~"~ •,:;. o,.,,A."' ;ii~ hr,:gr;r:h efsn .:i rrk"'ih 'l:c:lA"l'l ri fru;: n;::;;ttlff."1r.:,i:srl ±ii";~ 
Tl"m ;r~~n branching trkmgro hl!l.=la: th9 right first ira'>'~r~ai ~ro:tBr- .m11 tt'!t r~ Qffu,"lCtfu1g tri.M1gl:e has tlie left ffrn:t 
lt.:.l:\<el'$.ijl zm:ler. \\\~_hin ~ fuf:$1('.t~., tn~ h'~\\~!;.l~1 @:)t);j~· f$ ,~h""'i~ @!oi.i,w;.-m:.fil, ~.~ ~l.:fsVn ':,-:·Ab th,;, pw~l~ &w, 

t.~, ~~€.'.:~ ~ id_prien~'tim ! _ to(\ td..,.,ori~•nta.}0,"li\l 
~ : 
~ \ ! 
~ : 

~ ·'•'•'•'•'•'•'•'•'•'•'•'· .. '.'•'•'•'•'•'•'•'•'•'•'• .. '.'•'•'•'•'•'•'~'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'i'.'•'•'•'•'•'•'•' •'·'•'•'•'•'•'•'•'•'•'•'• •'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•'•''·'•'•'•'•'-'-'-'-'-"-'-'-'-'•'•'-'-'-'-'•'·W 

The tria1gle da-ra «ntail!:5 1riange rnarchhg ,eo:ge (rne) iM::cnrFi1%r. "'""'hare iher~ is a trang~ ruri. Ho<:#~\l'ff, h'1-e 
tr~tgle ®t~ m.,,----r:-tal$ th$ t~~pt~"lta~n iel&s ,,-,,t,1:,'1"e tf'l:!t$ $ a1 [if~tmh it, 1~n1,;1:h ~,~m ci' the !hltiat:.<' 'ITT$l~le ~r~. 
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\ "'\ ).. ~·.... . ..... ,. 

\ \ \ /··"""''\ .. _....,,_· .•. • \.) 

..••... \\\:'.;/:// / 

l'r "'1 .. ~\.~-<< :·:·:::·.-.:· 
.~:.::.:.'.)~'""~;''' ",, -~: -~-.... 'k/':·.:::~>/ ,,,,/ ,. r. __________ .>.t ......... , .. !~:: //···· 

.,···· 

·'\.. 

'"':,,. ~~- ~~ \"· ,, / '··, 
. ''·<~~'.~'. / //t",,\ 
" -~ ... ,, f···""''' 

~--:~--:-:-:-:-:-:-w~~ ~ '\ \\~.t~_.-·'~\~~r ........ "~~~'J \ ,. r. _.;.,~"-------~ "' 
,,~l:,!~;:~;~, 

()r~ w~y ti..~ ~rid!e t~ Y··\<ert~t wni!e" rn~i1M~lri~ iri~~n;..~lft1;-e ~tiieim p-,.~11~lqne-~= ilmple p(t't~~ (t~gi !~ t{l 
n,;~k~ n~ r:~rtifa)n!W d&lt~ <'!$ "'· A~u=<"!! t:i:~),'Tu."-dOO -t~Oi''fli:'}(-:t>i,~,n! by ltm.wthg Ath.1~1 bit~. -~'-~ ,i5.h6\'>:t1 · ki Plgur~ V2 - 8®. 
Th®'~ *lt:e t\/() rt')~fn t:::.$f~'}t kw ®f1'tt~ 1re ~·it'4@i tit~. Wh-t~'i iht pwti\k}':1 ¢tt::b ""¥h ~ i1.~t1 ~r ~ 4}ijf ~fw1g¢, ~ r~k ~· 
i,,<t(fa~i bi~~ p, '.l} \'$ ~cloo ta lM (~t.}im.Jti'igtl\ t-U~~n paL \\'h6i'l ttw t,-wtitibii 6~dii. tm ~ !:;~!~tll..f~ltaj ti:l~i'!Y!~, t,<1<.i 
p@k'!; tit 1,1rtu~ bih p t} ijrn ·~1:::l~d k~ ih~ ilt.Jttt\.)~th. itJt%4} p;§k. Al~7, it lh~ tm,i@tm tmi:t; tw-i . .':l b!:mfld:-1:lrQ 
fu"iang,i~" ~h~ lS'lflih of !hliI trn,"'!ci'i \oociap_J:m:iMh_!~n.} is ~d~j s~ tfag_t 'f--v~rba:.: Index coo ~'Ei :;;afo:ulatscl. 

F~&t vi~ B~ -- lihtiimip~ or f-mmfng jt~t'i.:Wl~ tt3m~cl~ t::twnp~}n~nt :b'.!i• in:liliHtHtg vttt~~, b~~ tu mate.: '!l'~'hUil 
trimtQ~~ bmu-k~d i~ redl, The t"@rtlti::tHti~~l W~$ d~ne, S,f : (al ~1 l~r (bl~ n..11 t~ a. bra:r~h.. 
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YVfWti !he Si!1P'tf P,,'}h,•i}Of:: G@~~ _i~ t~Jrttj(~Wti, ~td 'K)ft:1~1'1$ '-.:trt~1:,1I ;,}(t."tn~t~';t ~{W!:'K)Qf'l::':t1~ n1e (~"'~if?.f (\'H1 flrizj O~~t 
ti' th!:} \'tttua! ~!Th ~~'l:'Sil hy <:heckmg fhe tolk,.-,,,irl@ ootilihc-r'. 

'if !h's rm~-clih',:\n ~ trt$, ~rt (,irti.1~ hit~ ~-ti$t ft:\ fit~d ¢iil ~f {h;11c~ ;am ~'i~ ·~~ ';-wrt p.-;r.k, ¢if s.>-\ti!.:~i M;;i:ng~~, di~ ihwd 
trtargle Iron, tne ,end fu; Cl-'Wd.ed ·k) $~ wt%!th~ it i;; a bandl or nnt If i~ is- a bn:'l~~=- h\ero fae pflrtUton eniiloo on a 
Lll:i;tf11;<h ;:iwd t=,w -,&-~~ ~ri~nge~ ~r.~ ,':!.t;i,)~1. C+.h~n1d~, ff=:;~ p,:ttlil.i.,µn em.l~-4 ~~; i::i: )::i-~f-::,w 4 ri.::r1 i:HW ~-m:it' ~ll~= '<'hi.,;,,.~l 
§.rt~rgle it Mtl':etl rd ih~ -et1d., Ho\-;:,e.ver, if th~ lt~f i1 th--e ,n!y tdm~g!~ lo tr~ tlbtree in Fig.'ilt-e ':/2 -~ 88 {~), ~")et."!i.~f'$ 
$f$1 1¥Jl m~e a pgrW,:m -~ t:'li~ p::iint Thi; i!l t, avtM a ~crsfuct i.lli:!h flgwr~ V2 ,. SS· (i:(. 

AlM, th~ ~x~oottd :ooun.<lary prndidl~, n1ooe ~t~H he ,~d ta ~ \>\l:'lt'~X,.~.g; in fae, ~rtltbri tl th~ $-i:t..ir~ i;..w1e.~ 
>l!!\'>ei)' V~fi~:>l ~nm~ p,.=uttth:in ~:i th~ :§lit!!,~~~~'$ fWl tJZil~d :ln (!}~ [.:<i*rilikm~ .sifmr th-t' ~utJf~, 

Jn t~~>t.1JJgirol $.tlt1t~'.Y, k.1 (:<itie the trieiiti i~~n1\1ti\:::iri corn:~:!rih:g ~Y[mm.\ th~ pdygm~ ~re firnt e:<ivkled ~"lt-0 
frwr..gle$, Ft;i:}fe ;,Ji · ~;1 ~r';'s,W~ ;\3<:~ -e~:i;:,~p~ ~r thi!S ~~c 

f~u~ V2 ~ Bi - !Ex~mplie cf dfuiidfaig ;ID m:ellih §tllfi· ·l\'i;&:B1gle me~h :: th~ s.clirl rnr~-s Ml!! th>?.! orig,inii!I: 30 ~h 
~t, ~f@ -~he 1:fuij¢d Hne:'$ ,i.irt th~ im~~t~ty tj~:$ ~t~ ~r ~~ i'ilh•fai;t)n ~t p¢elt~~tt ihh:t< ~w.,tmre~, 

\Nh:~t) pt'llf@\¥1:$ au.~ &\>ki~i inti,;.i hk~i)g!e--~,- k~b~1y ~~~t ~r1:;: ~ddied. Ther~fot~,- thb fu-1f~);={n~1k:t} t'nli~t ·~- $:$l)t K~ 
foe Gi;;'t~ to r~¢;,._~'TI$t'1,~1 it,f,· ~'1l\~~'1~. Thi~ hf<..~1~t.ion ~ Cj~~:d i::,ol'.$~00 ~4,_~, So •,,;·nen ~ ~:::.4):g~~ frjge 
=ink':$''!'r1,'*tkwt !~ ~nt tw ,i,;~d) t:tl~n~~- v~§j_w -~ i~ :§;~ft! ft'.% ;c1r~ml ~dg~. ~~ 0 \~ t&l~ ft:w Jn int.~git\&) ~:\,~ ~'-'i.t'.1\$_%·v,ir, if 
jt} n~iti ct,.~1,wt t;.J.M {Pnir ,::dan*~ ,r1t$ht$ ·• wi~ng!i.i~~d,,_,~,t \ lh~) ~~'+t!JtX) ei;.i~ h°l\'ltTna~i-:;in b ni:.:"''. r~Je<l, 

In b~ i:opo.,~"'>§le.ii stirgB:l':{ ~li,'1::-..'>cl, ei,.,;1·y 1=s1itrg1i'11< in the ITT>E--'$.r!• i,;; di:vidB:::! \1110 tri:rsngles ~1-,ti p:i;l:,,~ ed@e lnfa·r:"IBi~m 
J~ KfKcci1¥~~ ty foe mmib~r cl' trifu~tb~$. AH tf th\'$ \)k,nr:f~tK~'* i:t ,:::>,kd, k~.t•1$.j-.~tt~cl and ~kr~t hw\'est~f, ~h~~ lbt· 
'fu~t trk~ngl~ n11;,'$:t. ~t~rt Nith ij r~ij) ~iw~, th~ tooe.~p,~lr:ig p:;;:d),g.:::in In~~71'1J.ti,:in \~W ruw~\~ b~ =1, ijnd ~ it i~ r:ii,t 
{!>;)<~d L,; ~t,\,;:, ;;;,-:ii,;:~, ~ '~"':>$" :;::c.:!'lxtfl',i,.;:., ~,,:t :th,.;: r,\}.~~'\]''>~ ~~'""" ii:,fr::,,wm~:fun ~ fa@ fiwt ,;.cl~~ ,i,;;, t. 

vvn~1 tt~t<'* ~aftifun~1; fa peiJt1frn~t. tti~= ;~m~~nit~ niiy t~ i::.~i'!:'f' ~: the im~irt<1:fY ~Jge ln$M~ the pi;f:;i@i:~n, ~$ w1 
Fl'g11r,e V2 • @D fb). In §fl:is case. Jt csnnct be as&tm1e-j th~t tre polvgo.n ~1'qe: nt ;a dati:! p~"<'titbn ·start$ w~h i, 
Th1:~ref-O•R'.' the p,ly~~fl: edge mt.lilt b-e ooj~d by thee rim-:i~t of t~'.!~"l'Jle'$, excei:,1 fer 11'w $kwple polft,.'On oora fri 
~~tHl@fi ty~."~ 0, wfu,~h i~ cle~db%_'tj in ih~ ri~xt ~di(lrt 
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,· ,· 
·' ·~.-~:..:..:...:.~, .. / 

I tt;, 1 
~i J -- l ti,, l ~,€ I :1e- J . . J ~€ J• 

;,,..,..,..,..,..,..,..,..,.J •• .,..,..,..,..,..,..,..,..,.vl • .,..,..,..,..,..,..,..,..J •• .,..,..,..,..,..,..,..,..,.{,.,..,..,..,..,..,..,..,..,.$ •• .,..,..,..,..,..,..,..,..,.~~-""""""""').~ ..... .,..,..,..,..,..,..,..,.: 

10; 

PigMtt V'J. ~ '9(1 "' E~i!!mp.i;e ~,, ~tlti®~htg tm )0 ~~"$h ~t)d n~ t=el~t~~ ~)fl(~ : =tt }~ tht Wi~:t)ij!~ f~) 
~nforn1~f§:rP.l't, tEw. !~ tti~ ttratdd$9 oog~ hifotit~i:it§oo, i-"™ 1!. Ura pcl~l q~ irtfm1ti.tt1t1n, .u1r,~=x at uw, ll>tlttt!iitt 
~\t'i:'lo\~~ u~ t':$td~r -of ~n i<mcl p~ tt:tin~~'!ml:tlhi:g to tt ·~ 1:5 ~™ ~m~btw of td:<l:r~I~~- {.;,;) tht, od!Jiin~I 3,0 m:t'!:~h, {b} 

part:ifu):n~n,,g ir!sioo a p~lyg~~l, [:e) pa.~ttiorllng at thiei bJ:Umimy edg~r-ea~ ~-dg~J of-~ potygo.n:-s., {ct) wi~oo 
t:tiatigu~i!t~d :;;::;:; l(tto JO it~~hl (~l wh~r~ JO l'oo$h ~.tl$ts i:irnJ p:.ttt§t§ooitig §t :ot~IY .=i:lkvh~d ~t m~ r~~I tt•, tfli 

w-h~ri= 30 m.€$h e:(}~t$ an:d $l;,;ffliiiooir~J f$ al!~ at U-re ~~IJii~f'Y ed~. 

Cm ~ oifa-es· hl:!n>:.t if the:r~ e:~ists 8>I p:t:1l1:gDr:: witl, m~r::-y ~irlf!;. (e:o.:iQl?:-;} hut it •~· l}l:!t-titbn?.'d r.;,,,'iy a! s res! B..ige,. ful?: 
si:m ef a i:,-,amlim may no.t co.fll:{l ffi'l:o !h~ rnng~ r.i tID~t =:l<i~. Sc- 'Nh~n too ~rti:ioo ir:iSid~ ~ po!1~;:m i~ ,i1ll1Jwed, it 
!$ p,;,'$$lbJ~ w ~h~\·~ tre ii~ ~r...11 ,\t~Mr: R $·n~t rn~"'f,' ct -~Jfct $'\re, Ai~, aiiow'lri; ~Me ~mi.~~ !nsict~ t')i::: ~:.:t)'1100 
in;;ikf':;. the mEthri-d rn:1;."»'f': f?-:,~rali:x&! · · · · · · 

G'n.{;~= ~ o..~''.tlli't:Md ,0rnpi'.:{1M11 ~i ~ttiikiYIM 1:ritd p,<tl,oo~, w«iidion of georr.ewy -onciing rai wm11 ·* imher a~"Wfs 
th.:::it u!>.-e µ-ejicth•f: 5::»:fa,~} !shrn:..t.1 albw inde~~"'!de-nt ;:t~'):::x1hg tseht~""'l partifa<Jt\s. 

Th&~ .&"® t\'l© tti.oc:.w.~ tl!' o~'%g ,.,~rt,~~ tr) tM t:Jl"'.lt.tidf!rV ~h<::een pat:fu.~rs: ~estrided bni,,ri®ry pr:edicllo:,"l m~~­
;:!!ri:d ~KN~·,dm1 bf!U!'ii;:l®)' pt~<!ict&~:i n~~1~. 

\N!wn p;,1ttilkming =~ ct,:,-.,~ at a brn:1,ching !rfa~~'@~', M ,'$ rnwt1~ed :f\.1 iJte exien(W1'. h...ryM'1d..=ny pHKfotkin ma:l~ for 
&~ r1r'$t brsnGh tR--mi tr~ l~~~-:ti~"!:Q ttitwi!;;te, 
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A h~..;-:r0-cr:4'ff g,,;,o,'ni[,1fk~I ~rooidk."~ oohers,;i,; ~ ~n~~roo in ~...-jing of 1N:<rte::.: pasi1kt-i,~,, ool~ protwrti"'~ foida~ 
ft0ti1k;,.'rrs, :m~ m'..1rn~~l 'i-1e1;,.'lct)r$. rt~ em~{~~· tnim*mH~ !?f~Uype., ih~ irifrtrmijtk)n of prei:.htik~1n typ~. J:i:J t~~ (i'i::;1it.~~·, 
~ ~.h,:,,,~n in T~P!e V2" 4$. 

~1[~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~i~:ii~Lit~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
U1 T tt-~ t:.t~:§t~itit'I 

:x,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,-.; :x,,,,,,,,,,,~~'''''''''''''''''''''''''''''''''''''''''''''''''''"-
·1 (} Pi:irnfu:logranl_Pf$3d:~&:i,n 

Fer e-:K~m~~. if he We:d~fype ind/~}~~$ #le;! pr~~ii;-n ty~ !$ ~e0 precibfam Of p~:~j~t.')!Jf&'R. n":!:;: pr~iided 
\<~fo..~·~r }'! ! $}@'\ j;:::~ ~:.:pr'i:.~t,~,(il ~'$. t.t:'\{,,\;,t'i i(j'j [(:j, (),x 1, 

1lw: A·'!!; in ~q. Ox.1 n,if!·®~nt th.~ v~ti~r r.wt'i~~ril~,:,. t1f the a$ac~'1l ~serlk~-s, 'th~ en~:a kansni:'l.Si me tach 
A; ~m:l i>.f tot~ ,:i,~';\~~r, 

Ho'>'>'~"''t<r, th@ v~l:~x PfL~":@"ty '<'.<1lu~S, sts<th ~ti- {;dor,,, po~ifa."¥1s., nt.iim~l Vt'ltrorn, ~ni t~:i:ture ~~l~tom, ~C*~Q the' 
'lf~t'IB;{ tr12h%t~I ~t4~~'1M':S hf!5 !tt~~t e~n't<lat~ii t'®t.,,,~~'1'1 s;uccesst~,e 'xe,'ikes,. it iieJra6;!s tne pi~iction acouraw, 1n 
thee ca:s.-9 of is:,%' conef;3;:t\oo :sequ~~"'Ss, th:t! pred~"l' :sct;'¢:nt~ -t<~ ~~' !ln,iii~ ;fi;:i U'¢ $hip!~ 'l~-~d~t pt~~it,fu;ih, Tu~ 
$m~~ f\,zyrcief preciittk:\!"! ~Gnerrie i;;~n ~ ~?$;!\,· Jmr,~m~:ed P tr.~ $1~r aid o::-ecod~ b>s< :iidni:i the )., ''~, a-a 
mio:},,,,,n 111 fi(.:j, o. t,.J... 

{Eq. 0.K.2} 

............................................................... 

S.:(~npl~ -1~i-<:~-:d~':f prn<.ii~tm 
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kith~ pi!:~tii.\\~',,W ftsteit ~F~l {PF&) t:>;}:fif)i't$:'i:\ttn ~Ii@'!%; }ii JD n1t'.ttld i'$ Ntj;.~%~et1h:K~ ~t ~ liJ-.;' ,,eociltlttif\ \lK~i 
fQ~Wmi fu'i's' ~. ~i.lt~fii'.,t of fot~~ ,rm ·ct.\i:tmHGrul A h..Ytst;citt "'n&ati(:!1 }$ rnn1'eS;t~red bv ii fo:re~l ~1 th~, ormJh ef 
v~ii.~--s $rid id-9£:$ ef .a me~h, · ~ $equ~ri~ of ~rnp!e µct:y-goos;, and .~ ~::µenG! of "~rtex a.nd pr~rtr 
,',::,\'tpL~~rn~nf~ t~ n'l~~h # t~f.,.;,l;!d bi tti!'lfog ~~ tr1~~h #t¢>'\J~~ H-~ f,':»"~~f, 'i<p!isfo1g 1h~ t$l;s.Jtl~J h.m;nd;;'ld4o;: ,~~~'ts 
f'1lfo'<n ""'·'""'t, ,.,i. ~"'- , · '!<;"~"""~ ®'""'" '""' ,.,,.:t.,,~,i· '·"'~~ic·~· ·,/il~ '''''"""· ,.,,f ~»-~ .m+'.l'>r><b. ~.,._.,.,,i, :~""'""'' · .,>--.,,~t ,fo,.,.,,~~,, : .. \.,..,.I· ""'~·f'</~ ~"" •-;;;.:.,<> ~- .. ~~~ ~~ ~-·.i;.<l~,,·}) "i.:J''S: ~H~'\· f~;:.,~ .... m .. ~~.~~ ·tH:.:.··',:;· ~'(} ... ~r..~·P· ..... ffl~ J tis"wr,.~{~ ~'-:-:1!.._~~ '\._,?~ .. <>;., w-:i 'i.~~ ·~h ~~.{',;.,;• ~ .... ~i::1~~"' ~'.IL{'.; ~~~ ~a::~~~J'<'! !!i;.;s~.,, ~{.W:. ~~ l~·~!>}"· !:~-..:,oft 

\<w:h't.:u ~nd P"~,,tdi'tt~,. Th~ s'tprn~~;nt-s:1fa:.~\ ~nmxfo'@ ~Q)ttfl'm', impn'l~,\'l:lon .~!s;:ll:ihn, ,,tr1cs:..'<lin€J ~ncl de(._._,10:;.iit'@ 
n.tethbd$ $'e &$orlbed ~n [El 

rrn:1 ~n~,~ ;;k<_t;:'.t-~t<:>;, \'3.f ·~ ,.in,f,H5.:z~J1e:<R ,;.~h'«<rrl.':< fo a~~l~t.;. th;;;, p,w~~,m;;,s;i,.~ :~,Pft&Sok'<f.i:;ttl..,:;,.~, :;;;i:>>:i fu>.<l; ~:;..c;,J:at,;.,1 
!~w~,l cl d~tail hi~rar{;by, from a .singfo r~s-oli..:'ifo:ITT 1D m~sh, i~ ;;fas~rih~d oas '"'~it Thi:s. mdood may r~wiro aridih~i 
compres.~Gft PSfffl'11$:~IB, '"•~1/i~/l rn~y ~ tt:inet:l ir:it~f~io,,ett tor f>i~t'l trf*n~it;:;:.m trorn ~~ le'i>~l Qt ®taii tQ the re~J 
me. 

A ~n,1~~ ~n(:i;i~I'"',@ -~ the h:;.~~t r,eql~lre$ ~..,.~ btt !~f ~ig~, for ~K~~9~ ~ ¥.il~Je 1 fQf t."w!: e4g~ ~\~gin~ to~ 
f~>t~$t ~'id () f:,r th~ f~~t H~~: !:liM -i'W~ t:ii~:t:~d ht ~~ ,t(¥tttW~'$:~d d~bl tti">~~ti'~ it, th~ ~tJ~ fr~-:fux t:W:$.'*· :%~~~d 
~/2:i(:J~'i!::· HtJ',,'<'~)~f. ~k"K~ M)f ~t.tl:i1et {j{ ~J~~ ::A~ ft:.',H~·$t ~hrn .~ 11~{;,}t, lht. ~'(%}e~ ,,,·At'h Ml ¥~lt.~ 1 r~d l{'.:i k~ ~ t~~ft#>h 
p.:..i~11 mi:ty dfil:Wftliit~ that t$t1~h ~ct~~ ':'!,,if.ti J-1aj~~, ~ijg~ 1t1d~t ~Mulct n:~;.,~ bit v·~ltffi o, 001,~r1A~ mv \'<'t::U~ 
tf~;;it~ Ki-,t;1~ in h% kw.:-%t d~~ltmd M'l fr~' by 1h~ biM: '-"/i!.§':l r:;:~~ .i~~~~ 1, ·r~l>.~~ ~1$-~t ~~r1 oo $.ldtJt~tt in th~ (::rn'tii'Jr~t,;$mc~ 
d:@t8 sfr~:arn. As-ithm~:fo ,W\Dl><:'fa"iq ·Of fu~ b:i:k3'<irnB::'t1 re;sult,,s Sl: t.'fl:,'~~:r tiil~. !11 tw eX§.,'Brif\1:,':!::':lb that ·1'?<'~ ht!\:~ nm ID fct1r .. 
\?~f~, ti-W n;®'1~"< ,of :!l'l~t\J~~ /t:1:t'r~,s~ by §GqS~1., .\./rth ~~"!. ftX~it st))~:1 ~~i:'l~~t _m~, iMppi11&, ~{ µt~~'t.'t:atiit ~h 
tt€!.ls\'.c:fm<i ~·:irr,.-~ lrun~ !h·e :~~~'ih af the b~st b~tc!>,'trea@: hy :.:iilmut 1,8:'%, 900 ·~ %1"f\~~ E-'1cnt1mg at tne ne'sui!&"'lg 
b4-s~8m r~ ~~ui:i!ly short®' th~":: ttw run-l.:sB@ih &~0..~rl ~tr~&:'l:1, A p,~ud,~ ir::~"&··1:~r.ita~ion d th<:J rn@thod tg 
o~~~rr:r:dn:e \llti~h ~¢!~~ to ~nGi.~'re' l~ ~$ tolta-w~; 
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" ,I 

Toe de"Ode: pn~~s. s1..~pots r;.,!;il})nal 'raC$$ for ~It~ M~e rn~~h, J~ '"~ k:i:r t~ ~~1v~ pt..i}\1t~~~ (1~ei:.t t<;.i: M the 
§~ h»-?;f\'-~, 

TM m~hoo des>El~~ in tMs, seelioci fakes a~ input :a ID meih, "'""~·re aifl p:i!y-gc,:ns m£! k;g!:@le'$ am! g:e~~~t~s a 
,!l.@°i@:~ :i.i ffi'>'~ls rlf d®'.ail th,ll:,t cl:ln IJl;l: ~rnx,.d~ ~ ,,,i S'll!:!~":);; c.-f PFS q:.~ni.m.:mi,. Th>li irtq::,l-1,~~.,.~nfafax) irn:i..1tkid lin Hm: 
:r~'h.~'t<f1~ §tlID.':>'~m thl..~ :a:l5, af"l :lr)put a n%trict@d VRML. ~n©k'-f~~o.\1M:e:"'i m~ twtfllii (oo~&:"i~'<:d k1 th~ cor~ 
E~:p1edl'Th...-<>i.''l!S (k:,;.,"W:-rie,it} and res.iurns ;;i Clus~el'!:'1 n1ulf-,1es-oltifon file fo~-nat {a:.:t~1:sinn '_,m,r" as descdbed in foe 
():.~-e: [i>i:peiin::,1~n~1 dool~m~1tr Ait!·l>;)t~h @ Cki1tered mti!li~,~~\fli~:i We fottn~t t@n r~x~$~it ~nt hi~N~'tJw· :l)f 
:i(';V$,). ct d~~il,_ n-;,:e oJJ1:}1~t ct 1::i1,..sr m1at~id l$ ·~ p,;1nwm 1it1:rnrnh)' i:,:;irr~~-Jnciir,g ~o iji o..~1~ rne-~h iMid ~ ~u~~Ji-~n 
cf PFS reftnert"lE~~:s. Th? ~f:~'>"d is based oo .applying a succession of edge ~cl~pseis t;;:-; tt.<e adginal m~h. The 
~d~ c;;,:ifop~ '1p-en~Ngn b O::~$\:-t1t~d /1) 1he Ctit:e, !h:t)B·itnet/$ ct\.-x:t-m·ient, in tiii:: tf,'tf0n di::i:fa::illt.~'l t} n~ 
F-rmin~·~itv~ \te'i~):: ~1itt ~r11atr:~:; II: ~Ji$:l$ t:t· f'{'$f'£!in,g the t<:;;,:o ~nd~~rit~ m •ln eq~, @id f:ter~\J~' ~iimin~ting t,-,;:c, 
1ri®·~t'%. f:hm1 !l,"W< m~&i (;;(1~, id~~J%, ff §h~ ~d$1 b~k.'31~1. ~i} th~ n~'*i;:~ k©m'd~t\~ ._ Th>t t11~th(X'J -tt-' ih*' i<-~~rnt.).-,;~ 
iiMi~,f,ti~nt$k1n t~l1$i:ti{c$ cf' f,tiit&~ ~l! the ·ttzjel ~-f ~he t"*"~h in <'-i, :i:nt::.id1:t '4i;.i,¢iit l:b.._"tt i~ keye-cl \\'\th !h"!':: bt~ih ti l:h~, 
00~: '1t'h~1. ii"~ %~t.@'iSkm }ht oog~ aoo, f~'t1{l>V.M H-t¥!1 tt~ 4'k~U~, ~"fj OOH,ilp$00 Pf~\tj@(l tMt ~y p;,l'S$ .,il §~f~,; 
,::ff t~iN;. 'l"t'-;;,,~ t~,.,11;>:; «it'~ i'lf t,o:,'Q typ§1$.'. "1i:.:;t,{-:'i~~k, .. ~r' t~t:1> i11d "q.m:.'3,'iM:li'k" ~~~~- Ttsp"-'.,b1km 1~$1$ ®'~ t:@.ittsm~~ ~r~t, 
,aE; tlwy .ar~ ~>;]Wr,fad to b:e ~S$ l)oot\y ~~ the g~l),<ndri,~ mcfil~-- ff th~ t~~h m"@ allm pa@lfil:L fa~ ~dg~ i5 r~mavl;l:d 
~1"1_,a~ qL~oo. ,ilf1d ,.Ml rwi~~'<!ir1g ~-cig~$ .l:"lm ~-*"~~1M _ ~nd r~-0rit~oo rry t')~ t.1u~t...~ f)l:t §f:htlUhi rt~i :~~~t E~w 
=~~~ns Beare the ge--rirnE!ric t~-sts ar;e ~----d~--rne{l ~ 0~1-s.0>'1 t!s; m:ai.1e nn ,w,~' tt:, p.':i~Jl1rw1: 1he '<'e:rt-e:,;: re<,:1..,,k~-g f,,a,-n 

~ ,:ciQ~ ,c,0%1.p~:::, 0:::P~"'fdin~- ,;:inf.~ ~,,..:s>::r'~ c~i~- ~hi::i:~;.ifo-.m ,:.;-.,rs~' ~ith~ ~,;.;i~ "[;,~df,~':sl· ,;,i· c;,l~ ~~1t=.i,<wci1t-i;,f 6hc 
ed~- fn ftlesaq,iei, tti:e \•'ertix f~!,.liii,°'1g: f,001 m -ed~ wfa~-e I$ f'£fEN~d to a$ ''slrrpfrflB.i verte:,{_ Fig:urEVl .. 91 
~ ~ ~iag~··r iiil~i1r~fog tiw: <l!g{in11'!"'lt 
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~· p.i~~e d the bpl71logc-ai *£W i$ t;, em.ti$ !ha11h.<;! nesti is $fii! a rna<1iM:! a,~· cJ:l!:ap.stng a g/'.:'l<;n $!pg$ and 
~h~t {t.':;e Ci.,'kctt,n tJ tn<i!ngi$s ti'i;;iil 'x'<~n~ r~'r,;s;,•ed at-e ~t...-c~) lhi~t ttie: dt,,~, graph t:;:f thh t.'°'i~i.-%:it"i \~ a ~~-est 'tt# tln,t 
f t • .. •«;,,;• . ,, fi. 't ;i,,~ '' <,:, . "'$,.· .· f !iI, ..... ·>+ . ' , ...• ,,._:, ~. !'S:'1- ·~~ • .,!"' •'· <~ : .. ·« ,, 'l-'"l·;>f<: • , .. ,,_.,,,1; .. ' ,(,:: .. ~ •!: .,,- ·~ :if< ' : ieJ, \01'::lu:lf:::;. tll~, 1JS1:, 1;;~0efire Os ~1,>e 1/ir.it~X !t$lNt{'!g ,1~h~ ~re tlt'>::,1e , •. ~:§.!!)'SI!!.@ fo!",\i, ,~te; ,;,;:;:d'fK., ~.~ .. ea,,~,$ Is ·It <:i:i 
rK.i a ti0:<:.m~r) \:sed.ex. Tlw $..e@t'}j te~1 li!ri~ut-es if'mt all fae \.•~itk.t~ i!li::.i&lnt t1 tl1t $lnplifmd t:eti:ijt at~ di~reri:l 
(¢,fiq~<ie'itt:¢ \,\~ :,,.,¢Gd ht:l\•Q. $ noti.,mmmrtikf ~ti;1s.h). f.h~ thrd k$~ ">,$df>~:t fo,1-t fa;z, c:-ttl!$tl«'3n ,;;f t'sii!~Ji~:» th.;1§ "-'>'~t.,s;i 
remov~d bl/ cdlapsln9 ~d:g~s ~'TI'! a foctH,lt as \,;,%'11 as a rn~iifoful m~h. Snt!t prtp~~"i:es ire 1hm:ed 'i:JV mear,s af ~ 
c<t~pren:em~iwfl te&. T<l k~p: Jr~C*: ~1 ~ m,ria,~s tn~t 8Jf e..~rnin:mftj, wi~ in~·-0.\tuct a ®!@ o::::ii:1:ng :W. tile tri~""it?-~s 
~'§; foUr:,,<',~ Mi~-~ tilslt~l~_o;;, ~r~ i:hf.!: aflt";!Ei :l'\lfanin.,1,1;t,; .. d d:mfr'IC en\lB t~1ll~t~i,!~' t~i M.~10lw. ~Js'! ~. ,~11,!e<c ~'f!fn;;'lin~u. 
~rp!e trfamgl:.&.~ &~ ~~'. trta:1.g!e-s that woHM be ~imi~t~{vii0®1 t,<:,h, .. '(n1e blue) if !he ejge oo1tapse ~.ffi:(k.r curl'$!n.1: 
~;;l::.~jr:~ ,~·~iq §:>~ ;«~rilltmd. ~ft'1,Jf ~,.:.,.'Qr~ m::,J~p~~~ .llQ ~rl~-;r::,,Q,;:l, .;;n ~,dg%) ks hs-; sl~1f.(ifl~ 1,m,1'.;;i~ i::l.,n 
~ _,,,,.,.,,,._,,.....,.,! *''>,,; t,sl>• ,,;;: .,..,. """··-,, ~"""'°""°* ,:;~o'l""''· ::.., ....,.,., ,,,,.;,,:::,,,l· a,;· ,...i.:.,.<"-" i~t~m '~ ':':< '*-~ "'""-"' • ~·,'< """"°"' ~..,,. "'!-"'~·«•'> ~·<S. ,. ;i.,,,,. J;.,t,,~:><:.:c:"-'t-"'':,'1 ~Q:;,, ~ti«:~.~: o,~s.~~..._!;_,d,~ ·,;;.,i:cisc<j :!«: :,H>;.r i;.;1>!J.iH~ :<:>J.~:!si,,.....,,: \.'<l'»,;:, l~ qd:!i\s;: """'~'J:!.V. =,<,;.,< ::1,.s-, hx>~s,s,t;:'-" ,'\'H<S:!o 
('..!@!t.ip~!n@ ~-i ~lU~t'K~ l\,'/() :.§lq~ce:){ ~::i&~~j.. It R)l!t:,"s:';;'$ O~l lll~ lri~njt*,%i tnJt iWe! t€!mtii.~i:_~ tl1-.l!:i'h~ (nt;, Ct¥lJpt~ 
(p:irple 1riang!~) ijfce rro:/ nec~s:~uy ~J:i~~nt. f'Na ~,se, ~re· &~$1£Wi$hed., ,de,~..,dhg i).!\ \\h$1mer ~ pt.:,,,-p~ 
tri:~ngf~$ :~ :*0;:nt or 1cot ti tnE ft1$t cas~, the Kvo ,w~e tf.an~e:s, 'Whkri ~~'$· tiTo.~ to .as TI $:~ n, ~~: 
'~"""~11 \'V"" i!.~ "'""" ri•':f'.,!if':11.~ •:'let fi""'~.ill'<> V'J ~ Cf} 1,v,... fi,~q:,:,..:;f ' .. ,,,ts;:,th~· Tn ::'ltrtd Tt :<}f~ ~',li"1s~~t m '.1 m· m{":'ii'<'<· Mu;.,. ~ ... s•~J~-.:..,,~• ~ ... _ '-:..-.• -)::··'-•"v ·~-~~ .,-..,_..:,......_~_,-.._,·y,, ·-.:·-...:.._ ~ :.,,,:,::- ,,~, ·~..,·d•·. ,), ...._,. M-...,1:.:.· · · ·: · '· ··· .' · ··· · · ·J:·_ · · ··· · · · · · .· ·. · · · 

ti3ngI~:S. ;~ s.::ihkh {;;ms~ tiw h.~t: f.aifa. Ot:~6:r,-,,j~~, it TO ~ndT1 a;re ;'!ldjete,,""lt ~. O or 4 bl~ tiangi~, WE c-0,<'lsfd~t thE 
i,,{fil'lk;~s ai1wtig VG, \o't, V2 ~M V;J, {:Ellt<'-:¥t\ it'i F@Llr~ V2 - !::~) W~t (;it~ ttn ii'¥.~1$1t t>t ti til.i~ ti<'it~!~ t)ti§. it ad}itt;.'fi(!;§ 
k::. ~mM l'O t::¢ T'l. n t~·~ ~~ ifu:itl~-;,t !t, ~t1y biu"" tri~~f;ll~ fie iest is fail::?d ff'iQrn-e V?. ,. £38), :~na otti~-i""ise i~ 1E$t 
i~ pi!:S$~. Ot'%Y.~~i!<B., 1f TD SM T1 ~re ooja,~rf fo ~;->:$li~ly t.•iQ b!Ue M$igle$, ':c-;:,e fust ¢'1.~cl 'Nne~het ihe· lwtl 
a:d_i;~t~tll: b/1.,~ 1~~gh'::~~ s'lt'® lt'!t:kl~rn ID a t0,1''!t'i'i&~ '/~1~\ if which ,~~~ tit¢ 1".."$1 i"li foikd. t}®,"'N,'ci$i>, tb:t tw'>'.I ~d.~ilo-c:-~M 
b!ll:O?. ~!iam;!~~ mud bek~'1:§ In a difl'etB:-~t. ~~'lner.itM oomprJll~""lt of b!t~ tri~1g~s in ';'Jrjerto p..~ss Ih@ ~~t (Fi-;,1rn·-e V2 
- £!3.A.L Tl'® C>,...'Ti°"-''~,::d~:d 00,~DOOfl!m of triangb.~ am 81$lbial:1-e.ci '.,,.'$ind' $; p.arth1:on M° tre ~imgl:e$, 
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~olfut~£· if d~ ~~lli ti:iJ~\tfu~ 
fo•)rn;~ ~l,, ~Jif~~rnl\'1 i:'t~l1)Xil·Wntt 

Fi'@.lim Vl "'93 ... ,~tm~lll ~d~ ~-0!:lap~itfrl:ity t~-st:s ooci::.~M,:a,mry to ~a:in a PfS rnpr~,s;~nta:tio~. Too ca:a~ 
mu~tt"-<!t$d ~r~ app~y wh~n tfl.se ~'Vo lngiog;l~!S ct ~h~ ,ng!n:;i~ !5:'Yfmre· toot 'i'!:R! remcy,\o'$d tty too e~ =t:ol~i=l~ 

. . .~)! ~ij:;'lt.~f:I! 

'i:1~ ~¢1:_iri,q <.:fili.~ ~ppi~1 \-41t:t, !h~ t,s=-z:, Pliip!i; td~n~Jlt$ Ttl i:ind T1 m-e ni.:i1 ~'i..\i:i{>i:;'-r1L l'.hl~ tij~ i~ Wl,~lf~1~·I in 
fl~~ \/2. .. ll1. vv~ faM f~St \,'\,t1trtl'ml Vfil1~X V2 ls l tltn.m~ry V&.1t)'., tf }~. TU i't)l.i~1 bt .1: b<:~'1-t'i~ty tr~l\;I}~ 
t'lit~w .. t~~ t~ ~%t f1lm !'.C~t A h).. W T{) m ~ l)l:)umt.*:t Wim)!Jitt, ttit)"§ th~ i~t ij, t."\~ MITW ~$ wtl@!1 V2 !$ mt .a; 
b1und$'1<' 'W'::~i~J {C~~~ S ~Rci.t C ~" Figtclf~ V2: ., Mt ~I! ti®,mle-~ lh$ide'1t eyi, \t,,7 rni.t~t bf;· red Th~ ~~1:1:,;,' $.~lti:enre :l)f 
fu~-~- is appli>Bd t.c, 'V:Grte.x V.4: if V~r1$X V4, i~ a bi:.~!'K§s!) ve~iei:, Tl rm.1st t"'3! ~ :bou"l.-d-~ry 1ri"1l!@~ -~tw;,iv,·fa-~ 'h~ t~t 
fa\\j (Cjte .A 1',n}, ff TI :~ ;:_,; ~oimw.i~y trfangJ~, $hen !h~ ~$t \$.. the ':.S~'fffl . .:t~ '-"''nefi V4 h~ ~~ lnt~rksr ~·$.'t~:1 {C~~.s B 
Md C ink ;i.tJ~ tr~~ng\~% indclent on: V4 rrn,>l'% ~ ~-ti-
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fi~itf~ \i2 - M -- Adclitfo!'l~l ~~= -i;J:OK~J~!i:iMH!t fo~fo: m-c~~-:.s1ry to ~Mii~ ~= ~Ft f!S~f~~:i1t~ifoct1, T.tm ¢~"$~ 

rn~J$:tr~t~ htt'.l\'! ~tr whe-11 lhe: tw~ tti:i,mgietl' of the {ff@§n;il sttrnre tlmt ~~. t~tntwed !O'l;e pu:rµJ~ iri@:ngl~~ 
Tl1 an~ ri1 a~ not= adµceut sowtace}rttern m1toe1na~g1es inctlt;$'.e< col:0:r~; 

A: du t10:t ooJ~ps~- s, c: ro.:t!iit!)$1l; 

T~ g~":'!n-;~fri~l~~!t d,;;,l<'0"l~ irs ihst ~~d~":'!n ~loi: ~":'It. {:tmip.,lit-&':i' 1M ,-:o:rd~t §p: ~pt;;,~~""t th~ ~"'~ of ,*'1it~~ h~.:i~t~~Y in 
Df·C! · u,~<! ·,,,,<>.>,,.,, ~!,..,,_-, • ""'''""- "'"''''-""''°"''"'1!.~':>.~·, ,.,,,,.<os'i',il +<"3 ~"-~,.i,:sc= 1·,,,,._,,<&j·,, ff: .• -i.,,,~,,.;t ~:1,_,.t· "''""' si;&-s,<>t<(,' .,,,...~,,;,,,.,.,+,."''·<' ·~,,,. \,;.:s.•~ ,,._.._: t• :··>,l,. r:i~~~x-.~~t .. t=J~x..-.i ~~·'{,~..:._ ... , ~~l\P*;:~d: .. ~~;,:-i»&{<.~~ :t-t<§X•~\.~ ~::,;.., :~~JJf.~'t-l•M}~ ... ~·~·','I~..: ~ ~a~ ·'i..Sx, ... ~H :SH-»:· .-:_f1·~-. 'i·:-~'i,,c{,.~~:t ~~J,:..~J,:4~~l· .... -,:}.~.· =~lit~ r-~.a.~.·.;.~:-:; 

~h~ ~igodthm fa mcl:>t q.,e:n %:or R-f~=m~~ a=ml inptiJVm!~rsJ~ by F,@rti~~ fu~1_pl~m~1liniJ <in otwc,,;.•i~=L nm Jin.:t ~~'ln'e:§ri,;.;; 
test. of the sample im,p!\:lnmtafur.i ;,ia=!fes tt:st. the nttms!~, ,cl' I.he ltraaj!es iitci1~<1t to· :my v:etre;.; of lhe roH~p,sed 
e,,.,~ -do n.-1: mta-te by mora: fuit a use,"s~c!fled an,~!~ cl.Iring h"te c-Otap~. The ~ser tan sp,s:;lf':,,' trus ~,aximum 
&~1~- Th~ ""~wind 9.,<lli.~'1:11s1!rk~ fol,it v~flfu:~ fIDf fa~ tmnitnu'r'1 ,::;~'1,~~1t.~~li: ,.,~k~~ .:}f th~ M~n~~ :iri~i:t.·fant ~, ~fiY 
€;:rt.%.~~~t d tf.w ooit~p~ e<l~, b:etrn-e the ®d~ o::cita~<S.:e {GO) and Jfrer the etl'gt= t;ct!ap~ (C1} ~ti~~l ~hf foH0\"-4ng 
rea110T Cl ::,. r G>:\ \\il1~:E r is a ~'S!!ilH-pi;e:t1~ rai:ro, ln.,? wn1ps~tll~'Si$ ct~= ma,n~ $ ~n~ ~ng ·lhe- ~IX)\'€ 

. ·. ;f. h:/ . . ··. ·, . . . . .. .. .·. ·. ·, . ·, 
tc-.r{nu~, {~ "' ... , .... ,~:(.: ...... " ., \=s,n~'e .~ f$ thtHlrE:a: :t1Hte t-r1~nfu~"-e ftrnHhe l $ ~ri:H51:~ far~ :§.,'tt,Het19tl1s 

1.; -+~ 1;: + l; 

(}.'1~"<'.\1.Jm:ticri~ Graceful Degr@i.1*'m~":: (CGG) /$ ·fu-e pn::,\.'"'~$~ ~:ff grn.ce~H:t riegn:1.db"l-'Q t~ qi~hty cl the r:ende~--m -1:if 
l~~ :M.) *{~,1~ i,t-., ,~w-~ th~ :10 r~~@htl $,,"lg\.1~ \ .. ~t, not -~~<:.-;,:,;$! W'®~tik-1; J;;o,.,~w f®' t::*d,~'tt1fr%l ~ t1t1@rlt1~ k'i 
r~~Hh=n~. !s1 bl~ :t.~,, ~,:;inie kw,,·er,,4;1~lit}<' i-~1cl~'fki~ p1~:e®~1> {:ilin l}e ?,~'tv$·ts~~,d iri~t~~1:d, ~$ for e:ii:~rnpl~ ~Jt 
!3hatliflg: it1Mt·ad ct 1m11t..~~1 :§hW:ilr'@, tr1~1h-rn~~'tit'lQ: wlm a ~tM!ttr mJit:To\i.~' tif tr~ngi~ •.. , TM itn!Jl~mllitt&t!tl;') af 
$f,~dfk: C(~t) mtt>Cfilh'it~ ,,vt,t..•ih f.l'i,'l'.)Vi~1 ~h~ Nijh-~~t t~\.~~~1At;l 1\1cl~Jl)1l(;:i,'l k¥ fu~ ki\-,~tl im~~ cl~~t:lfoti'i \$ ~t 
impi~m~mati@"l ~·~p~ncl~n~ fa~u~, ,-,,hd1 has i10 n:;;..,rrnati~~ ir1plk.a~ns. 

r\v b~iri@ ~t!~ ttt ~r.1p1y G-$rn,pqt~tk¥:~l Gr;x~i\i! t)t0rnt#1lbt1, ~h ~p~ctt'it 'n) ~\mc:k."i'ihti ~~$w $i'~liki b~ ~bi~ ~:1 
e$N'fci:4.1t k$ t.'t,qi.:!ii:ei:l 1~i'il'k;rinti rir=m~e1s~ifi@ pth,\,~t, t~t:)i,"i;; the )0 r;ent~~in~ ,~, ~ttt~*Y :1,;i~tt-ecl. T'i-i1;: ~rat.z~·~r ~1·'>\,~t 
tl'®mftlrf: trnn.~mit a~ &..'G''l &t t-oM;!b,~,, &Jm~ {;:;-)t'!)p!~xtty ~§:tl~~lk.¥1 (oo) tootatttf:rii1l~ ct [h<i'! Ill tmf~et~. whitf1 
®"~ t.'~~"-'\~'i f;;j )t) t@';,~dt'%l tt~~~i, Th~ d1Nnitk:on ,t tb~t ~)ft$i~,ft/ r*-'.~t'fl•~t~rs i~ i1@1t1;:!!,$V\1. Th~~1 
t~t.;1.t::i~tff~ $1~ 1J~%:iit.:d ..;i$ tcl(~<,,,~: 
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Fl~urn v2 ~ 95 ~" Ptajru::t~d Sur~ St}h~ ;i:;~t$lt'iHi~d by ~~t1:11g rn~ pix.~~, :t'lf th~ o~oot ottt,o. a v.irtt~! 
-sc.r:eM fm- d~ffereni liiewfr1g ~ngl=~~ 

lbt t~'t\i~red ~,l~ilt~:.t. \:;s. t'rt nliffi~' <.$ pi;e;:d::ii t~ml ./llre ~&""-t~il~, i~1*d~& t::.#'\~> ~ht, 1{-~-e~n {t-\~f~d th~ Al'li;..'x.'il :'fitlfeefi} 
duMng -~ f~nd~nnf! o-f in~ ~~~: ~., tni:lit c;,;i!:fN1fiQ ~itk:m {~~ F!£l~R' vz '" !;15:k Th::t$ Pf~1$..,ted 'jUf:fij.t~ =lffl'Q!.;!)! 't~~s 
,.d~h ord~t% 4 m~tJ11iN1::k<. cl~p,~">·dinf.! tm t.h.~ "'l~,.,,in~ ~tml~ ~t1d v~,..,+~J dh~~noo t~ t.~ t~~-,:::\ ,,.Aiio+i ¢,~t\ h~ 
t);,,,),iif~~ by ~he u1es', ·,Alh<i{A ~1'l\{ ~:¥;;:_:sth~:r ir~er~bJti ft) pfr)t.i:~\.;,, H~ tit'<.)\'~i'.ilecl ~;;:ff&:;~ $¥.:~,k:l be 1mn,mi-11tiecl; 

t®' ~~v t~"s-,1i~km ~r~t""'0 mt ~*'*<,t . ._,,~,1~h 1.%~~,:!nt rj\::1;t~1t::e to ."ii rererenc::e ~=~nt (1,f t-ie ooJeci (e.g,. g.r~~itt p(libt\ 
c:roofa1g tiw ~ci:iil!~rl Pr:Dject~ S."'--m'&~e Sphere (s~t< fl!};.~l;j V2 -05). . . . 

Ho'Ni;'ter, $\fffi.iiijt©ll$ h.~ve .$~':l%<;,~1 {~€e [9H that the projt~e!:eti rui:fttJ® sNcid orll)<~ rrie&MJr®:i in~ lit'dt@d number 
,:if p~-s;jf,n,<,s arQ:l..m;-,1: -~ object frc,:,"1--i '·"-f,fati ~he, pi,n.i~~~ ::;urfuc-:e fo,.r #h' t:ther p.:iBt!m" :;::.an i~- ,'l::!ct.~e:11='d ~ wiittsH i:isn 
;:.~:,~i~~ibie ernt.:tf t;)l;n\tj ~ by fa~~il\t \1:,~i-t;_i:~ki:fs ;;~ $:~hill Li~-e~ kt~rpclatfo,-, · ~ L~tl \"'m1!h a. ftojecied Sutace 
S:iPhf-!re 'Nith wns:tant fiW!U;%:, "~tiJe ~c{'.!Jing, ii reqk~t'd for ex1.rnv0la-ing Unt:1ff).~tl%1} inmn11~ti.s:.t1: ft'l"Jnl C-{'lf 
{difiere~i} Pr\..."\~iad SiJrful,:;e Sphat~s) fo ~!':§..,-{her Prop;,:::-t¢#. $i.Wft;iii;:-e $i;>~!"~, t\::ir tt¥~i s':ltuzl.lt':$~y,. 'w~ ~\.;i~ ·to 
.iiippli H=l# Mk/i>:<ir~ t{-~tk:m fi::inntil~, t~k~ (;:j·~ ~~n:k~lll~r ::i~'i!ctecl Suia~ Sp:"len~: 
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The ,~c.{;tHr:1:<?,,' c~r; e\•B~i be, incr:ea.~.;.,._i by alib,dng !S."'-li!'The .s-:kmm..'1~1 me:a"3iure:d Pr.~~d,e<l Swi~"E Sp'"leve!<, t'trtt.J$ at 
diifus·B:nr. rncii} Typic--illl)', -only '13 ·i~r't limit~ points,,,,~! be ,aj~~ }.Jf ~;sici':! tiddi!i~l Projooioo Suoore G;;,,~rfil. 

A 1..§:s;t t.wit:~b ~h:,uk! i~1,1:,;-::.,~,M b tru;: :~{:\Jv~~f(})t~~ttJ*;~d$t \;.{WH'l®' (:::.;)rnput~tk:¢,~l (;rn,:~'@ful t)it'tlt~,:i*ti:l;"l i~ 
8D.%)bd or not Thi~ bit is r~lkd ~h~ !J8:_}3~'\!HC. if h'1-@ t:$__:SNHC is Sa~Uo off no ~ddi\ik:,,'1~1 ,hfor:rntidon \-,.~i1h rn~~~t 
t-o. too1pl~x1ty ~1t1tt1afut ht ~~'\"It 1~'\.~Qh t!W tWi.$t'w.m. Dt~'t',wfa,~, ~1t Pro.j~~j Stll't.~~~ sr~~-i~{i) ts {at~} :$.®)t, 
frrnn \A'li:ch lhe requif:~d pmt'.e«i:sing pl'.-'Ner for JD rend€f:~ c,f ~he 30 :ntjed cr:in i~ ~sh.~:alai. Sinc.e !he pnJ.j~te:l 
$Urfao@ d<..~~ mj: rlrniatici!U)' -;:;h~'":::~ :dth t~ 3D n1~~h re~dutkID. ii i~ ~p-6Ci&~ m ·tho 3D 3,Jfil$oli_ Ob[~t_H~~d12!r Tu.~­
itl !~}~IB, =~~®-.i Ii ~lng ~""'-.,~in..%-i rn 10 ...... Me-:~.rt .. C~o!;';r,t.._J .. ~ver 

Ftw- ~~m'l St\)li,;•th~f:*-~'(J~ia::i:f. ifikwi-rmti')t) t:l;l{l~t&~~ lhe m1trh1;<r ti l}~l~~-- ft\~i){lfl;'!s ~nd ~t~ ~hoi}d ~ 
fu"~ns...~ifu;d if fr!~- ce~SNHC i;s ·OOOOlE:•d in 3D_M~!.ih_Obj~i__H~,x,r_ Tra,'1:-smi'tlih; th~ ~m1~:s:~r of -.•mioo;a, ~i:aflg!es. 
and <e'Jne-:§ st- thf-' '""'<"#=l (lt Ihe "'f\ M~~" i''lh•!;l;i.:.4 ; $'<,~'' ~iill!-i; t~>e ~d--·~nl""-'•f ~i--F~t t~w :~t"' fei'l&'i~f~Y~ ~~:(s,,1~j<-,p ('<'It'' ~ & ._,_ v. ~ ..,.: _~--:- ,.,~ :v, _.,, -.,~x ... '-"'c ~;:...,\ ,~~'.'>.."·\,-.:'-:',,. .. _ ~·-· ·\,,..::~"' -~ ,~ ,:,, ··-" _..;:-..,, "·-· ,~~·-' ,,_<i .. ~.~ ... .._,_:,._'t . ..,.. ""'':.: l~ '""" ...... ~:-.-" ·).,,_, ~- .... :.. ,..,. 
perlmrneo st ijf1:)' 50 fl1e'St, n:'~$t~U~~irt 

llefhhg f,ftil=~~ -~'ld ~\<'f,':~ lfl fu~MC ha, f),~Ved lQ 1~· ~~~k~r~bi~' d\ff~it ~-%".~ PfW~$...~~,g Jm,W'taf ~quired i\.,"{ 
~"':Oci!!"'q ;a~ f\:::T~eiing trffi ]D oont~""il ~':alies 'A~th c,:,"deorn & !'SEqflilk',]~, inn~, -:;>,,~ii:E' ;iddruonsl!v the p:etfam1MCt! 
,-.j,l;,:,. .I.,w,:·,l,' .;;~<- ,i--- .. ,.J ... ~ ··!,\, ·l«--·<+"J .. S .. :!-$;·.s,c:,;'~·J:+. · '-:- .,,.. ..... ,.f ..... ii,.· ... ·:·s,·:'..;.:,,.,··d-·~·'.'.':,,, · ·,···y,..;,-S,',l 
i:_.,. "'~·<--"'.Jt.i,;::::, ts~~ r,1,g::,,it,; ~~"el tl;!·en,: ,;::in ,~~ ol<'l~~,,-, p-1®»,i.Jf,,,'l:s ';ts(i<t,:;,'~tt. 'i,,.:r.~,~ n,,.'3:g:,,,-;:~,~- ~'"f-).">.::.i,'lei lliMKit,';':;, \<erf i,x~'>«,,_, ft,ii 

g~"\~~,$ ,~:d~, .. J, 

Ftlur'IS!: V1 - 96 '!;hlJ:~,~ ho\'t lh~ e&'<'l t~ m!illh.~d bf w;ing O: .. rr'4'1Jladuna! G~it~i11l D~ll!tl~fun l~~hn~~w:;; in th~ 
~{:Wi:;L 

H,:.,\'<il>~,r~r, this de~~ mt r~w!>,,~ th~ µnx:i~m of prcll~ am ~v~{ ;;:~fo11lkin~, ir.1 \<i:'.!'i,~\ l:msit.,J(t th~ datc,oi Hst is 
tf~ns<trntoo should um1j,iy t.J :ro:n~ prttM\tttd tMM!~'tl~ Ust)W'V'flkmt 1l) "t;t..'t)'lplhti Mt~k~~m5''). Hl~rotom .. \'!;~ 
PfD•<'ide ;3:n up: .. i]-e.m,., \-,.hkir s::,,nia:.-: conveys, ~ome i~funuai'Jon fast rei>•e:a!s fo. 'h'1~ er@~ (seiver) th;., 
t:rerk:.f.tnf,inCe$ of the dewd~r {~~ F1:gur~ V2 , 97} Thii b.~~ii..:-t1Hf rn¢'t1n!:' thd1 f·si::: <le1.>Jtk, ~t~nnk1t'!S i~l::I :;;.:,:if.~u~'Jiliie~ 
in &jv:&~ (ot)~-~r,ot :thlMt,rnitit)n i:;-r~~~t ~fs'it11m~il.~ th~ ~fe:,'11'!.,.Mioo to the ~"'lo.."'der, '>'i:'h:h wiff t~stlcf tis owa lo· 
l~~ o:::~p~i#iiill~1 t:# ~h~ (fuPi:)(i1r (~,ti- ty ~~,~h ~ttii~>\%:::~!kf~~. The clilt~ to be ~mnem~tt~-1 th1Jt1i;,tl t~ Mpetr~m ie. 
OOflnooi i:n sl~j~~~: :~1-3 .. t2 .. 3 (up-sir~ar~r~_:St-{~~ic~_ QQS). 

The ciet0v,~ ~i'~"IT"!:a~es are me,;isured by ~~'ing ~s¢ ~'i",qei'lflg diff.$'en{ SNHC ilije.-::1$ ah-ti rne:aswr-ing ~ 
frJJ1i;t: {:~te in ·clitl~r~nt t'.:·t~'i%,Wf~tots~, t~. ·~ v~JlnQ ti1trnk~r of tfraflQ:.~S, a ~'&'\'in; nu11w at oh:els pr~'<ec~d {In t~ 
~.rx~n and drfw!·~nt rent~n-J rruw·e-~ T~ pe.:icnnaf%e infa:li1~n 1$ tmntmltt€d rn..~1g mfre:rfflti: t~rft...,,'1TI;}.nce 
CW'',,\%. ffi~l);~ }),.,''Wft~'lt.~~'1-t~ CHt\<~ t(Jf.i'\~1t,X}i"'l,~i$ t,;;). t~W: fr~rt~~·ak: &:J;le:v,!:d fax ,;:,i:w ~,ti;:,u:~r ~itk~ 0cf~he m;.~ni.,~r »f 
t~'~n;;f}~$ ~-rn:! t~n{!~ti~ 1,no:;ii_'l#, bM 'fo.r @ '<'~f/fr~ ~'t.*n~r .::..:1 ~r~n cove:t:i{Jes, 
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F'i'@~e \it , ~ ..,. P~Wntoatlln,g o~ro~e,tfty ~'$iUmii1don (C/Jffiput~li'-~ml Gra~tul ti~rada~ori} pa.~~t~ t:ll 
.. . . .. the ~cmter .. . . 

Fit!;a:r$! V'J .. ~r ... Up::':oacimgtermlrl~ (r~~~r}.Pl3'ffo,ma~~ fl:quH~-:s b tna sa-v~N. whit:h·wm hl tijm ttansmd 
the data moo.et ~t til$ (»rt,e.:ci Uv~i of Odair fu,r ~~t1imi ~'*~ijm~ tt"d:erfr~g at fu~ 'i$!¢~r 
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Pleas£: note 
The information provided by this document is provided on an "as is'' basis. No responsibility is assumed 
by Malrox Electronic Systems Ltd. for its use; nor for any infringements of pate!1ls or other rights of third 
parties resulting from its use. No license is granted under any patents or paten! rights or Ma,rox 
Electronic Systems Ltd, 
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1 J) lntroducUon 
Tlw OpenDML Fik Forma, Subcrnnmi1ief i:-- defminr an A 'v'J-comptaible fik form:1, 1b, 
addresses the particular needs of professional video. As such, this docmnem rei11,1;;,. ;,,p--:cific 
proposals to these needs. 

Further work by OpenDML will elaborate on extensions to the Codec and Vidcap 
specifications of Video for Windows to meet the needs of professional video. 

Scope 
This document describes the propos,:,,d forn.at of the OpenDML-compliant A VI extensions, 
spedfica1ly for the Motion-JPEG DJB A VI file_ This form.at is an extension to the AVI M­
JPEG DIB as defined in the JPEG DIB FORMAT technical note from Microsoft. The format is 
based on the lSO 10918 def:med JPEG format. 

1t is assumed. that the reader is fa:mihar with JPEG as defined m the ISO ] 09 l 8 docu meni. For 
additional information on JPEG, see the ISO 10918 lnfonnation technology·· Digital 
compression. and coding of continuous-tone still images: Requirements and guidelines. 

For additional information about the JPEG DID format, se.e Microsoft Multirne'.db Technical 
Note JPEG D!B FORMAT. 

For additional informatkm about RIFF files see the Microsoft Windows Software Development 
.Kit Multimedia Progmmm.er's Guide and Multimedia Programmer's Reference. 

For additional information on hrnta1fab1e crn:npressors and decompressors, see the Video 
Compression/Decompression Drivers technica1 note from Mkrnsoft. 

Portions of the above Microsoft docurnents have been reprinte-..d with permission of M icrnsoft 
Corp. 

OpenDMl Sub-Committee on FUe Format: High Level Goals 
., 1mernperabilily and A VI CompatibHity 

,,. Large File Support 

., Frame and Field Indexing 

., 1ntede£tving Audio with Video 

., Srnm:e and Header 1nfommtion Storage 

., OpenDML File Format Certification Code 

., Microsoft Certification and Com.rmmication 

Version LO 

Version Ll 

November 13, 1995 

December rn, 1995 

First Rekase 

Includes smaU changes from Microsoft 

Scope 

,, 
l 
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1.0 Overview of Profession Video Requirements 

Goal 
Provide interoperability between different hardware and software vendors' Motion JPEG 
codecs. Support Vide.o for Windows A Vl file format for MJPG video, while improving the 
performance of these systems. 

Issues 

AV!: Support Current AV! Format 
The goal is to support interope.rability by standardizing on the AV1 fi.le format for Motion­
JPEG video. This implies a minimum compatibility to support the standard A VI file access 
interface, as well as the vidcap and codecs that are part of Video for Windows. This means 
support of the MJPG DIB specificadon, supporting the RIFF file format as well as the 
standard A VI stream headers, allowing for optional audio interleaving, and supporting one 
storage. of one frame of video per ##de data chunk in the UST 'movi' chunk of the A VI file. 

60 Fields Per Second vs. 30 frames Per Second; or 24 Frames Per 
Second For Film 
Professional Video Applications require the ability to sequence individual fields of the video 
data for certain playback rates and vjdeo effects. For example, in order to do a slow motion 
effect, it is not sufficient to just repeat the frames; the fields must be individually repeated. For 
example, as sequence of fie]ds in a file numbered 123456 ... should be played a! half spee.d as 
11223344 ... rather than 12123434 .... As such, the individual fields should be acce$,;ib!e. AVI 
requires that frames are stored per data chunk. Storing individual fields in e.ach chunk would 
break A VI applications. 

The extended A VI format will allow for access to individna] fields. 1n addition, the format will 
allow for storage of 24 frn:rne based mes, such that me readers can properly convert between 
24 frame-based data storage and 25 or 30 frame PAL and NTSC playback. 

Improved Tombstone and Header Information 
Professional video applications need extended information such as starting timecode and reel 
1D to be contained inside the AVI file. 1·fore advanced information such as the location of 
time.code discontinuities, etc. are also desirable. 

OpenDML AVI File Format Extensions 
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h1troducUon: RIFF Chunk Format 
The A VJ file begms a1> a standard RIFF chunk (ncte that this is a non-standard representation 
that shows the 4-byte size): 

RIFF (size) 'AVI ' o,' 

Standard RIFF AV! form 

t 
L_______ cMi.mk sl,:is 

There is only one RIFF chunk per file. RIFF sub-chunks may be either UST chunks or regular 
sub-ctmnks. The LIST chunk obeys the same structure and may have regular or UST sub­
chu:r:ks; aH other RIFF sub-chunks have just an ID identifier and a size. These regrtlar sub­
chunks may not have sub~chun.ks. 

increased FBe Size Umits (>> 1 GB) 
The current RIFF file fom1at jmplies a maximum chunk s:ize of 4 GB because the size :is stored 
as a 32-bit value. However, limitations to the RIFF parser cooe and MCIA Vl Em.its the file to 
oruy 1 GB. At data rates of 10 MB/s, a 1 GB file will last less than 2 mim1tes. 

Extension for FUe Size > 1 GB 
An AV! file can be extended beyond 1 GB by placing more than one RIFF chunk ln the sarne 
me (whlch is legal), Each RIFF chunk can have a ma,1dmusn size of 1 GR Standard A VI 
applications wm see the first RIFF chunk (RIFF 'A VI") as a standard A VI file, ai1d this chunk 
should be complete, Information that the file is extended over 1 GB should be placed in the 
E,i,:tended AV! header (see below). Subsequel1t RIFF chunks wrn be identified by the A VIX 
(for AV! extended) chMk kt These RlFF 'AVIX' chunks do not need to contain further data. 
it is expected that the A VIX chi.mks only contain UST 'movi' data. All other AV! information 
should be stored rn the first (RIFF 'AV!') chunk so that it is accessible by all applkations. 

lntmduction: RIFF crnmk Farrna 
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RIFF AVI form for files> 1 GB 

1 ~ header hldicaling Extended chunk size L_ presence RIFF AVIX chunks 

Firs! cht..mk {< 1 GB) 

OpenDML AVl File Format Extensions 
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3.0 Frame and Field Indexing 

The A V.l file fonnat specifies an optional 'kl.x 1' chua"k:, which contains a list of the off sets and 
chunk types of every chunk inside the UST 'movi' chunk This list is used to make A V1 
playback and seeks more efficient because the focation of each frame of video can be found 
without scanning through each su b~chunk of the UST 'movi' data. 

Standard ictx"l form 
UST movl chwnl\ data idx1 chunk dl3.ta 

1""1 lll-! 
...... ~ -- -- ' .... .---- ... 

~w-&~tl l 
'HI 

1 ~ 

i 
~ l ! 

. L- '"'"""""""""""------------· !--· 
~ ..._..._..._..._..._..._-.._-.._-...~ • ..._-...-.. v.:.,.~•-.-.,,, ... ,... .................. ...,,..,,., .................. .,...,..._..._..._..._..._..._.~ 

• de1s o! idx1 chuni,, is an 1nd@x 1o eech movi 
su!N;nur:k, indude1> ollsel and length of each chunk 

Allow Field ~nde)(hlg 
In order to support field accurate inde:dng while still retaining A vl compatibility, the video 
data must be stored one frame per ##de 'movi' chunk, while an index must be present tha! 
gives the locations of both fields (ff they exist) within the fraroeo Applications could then use 
field-based codecs to perform field-tm:sed effects (e.g., slow motion, etc.). 

A.How !ncrnmerdai Grnwth of Flies 
The 'idx1' chunk fol.lows the LJST 'movi' chunk in the fik. As such, it must be moved an order 
to insert new darn into the fik ,t;.n inte.r!ea ved frnrne index wou!d be more efficient for the 
purposes of file growth, 

Minimize Disk Seeks 
ln playback, there are several causes of ineffkiency, One is that the index is at foe end of the 
fiJe, reqlliring a large seek when opening the me. The other is that the index itself contains an 
the dr..in.ks inside the 'movi' data, not just those for one AVJ stream. As such, the i.rn:lex mnst. 
be preprocessed so that the location of each frame in the index can be found. 

Introduction: 'idx1' Index Ctiun 
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Proposed Index List 

Overview 
]nstead of u:sing an inde:;. chunk like 'idx 1 ·, a nr,,_ index s1 rnctun' i~ proposed. Tht· imk:-,, ba:-. 
the following main characteristics: 

® The can either be a single index chunk, or a two tiered index, with a super index pointing to 
inte.rleave.<l index segments in the 'movi' data. 

® The index can include locations of the fields within a frame . 

..- The index has no restrictions to 4 GB file size. 

& There is an index per data stream (if necessary). 

The advantages of the index are as follows: 

e The index can contain the locations of the individual fields in each chunk as well as the 
chunk information as a who1e. The 'idx]' chunk only contains indices of the frames. 

& The index segments are interleaved within the 'movi' data, meaning that the file can be 
grown. The 'idx1' chunk is present at the end of the. file. it must be movf'..d for the file to 
grow. 

e The index segment is smaller than an 'k!x 1' chunk, so the amount of data needed to be read 
in order to access a pai1icular fra1ne is Jess. Also, if the index is interleaved before its data 
(i.e., Jess efficient in write), then playback will be more efficient than the 'idx l ' chunk. 

e The index lists are present per stream number(##). As such, the list can be accesses like an 
army, unlike the 'idx1' chunl:, which contains entries for all 'movi' chunks from all 
streams. 

The index is implemented as an index of indexes (optional) and an index of chunks. Both are 
based on a base index form. 

Base Index Form ~indx' 
Thus the actual in1plementation is based on a base index form 'indx': 

struct _aviindex_chunk 

); 

FOURCC fee; 

DWORD cb; 

WORD wLongsPerEntry; 

BYTE blnde:x:SubType; 

BYTE bindexType; 

PWORD nEntr:ieslnUse; 

DWORD dwChunk:rd; 

DWORD dwReserved [3] ; 

II ai~e of each entry in arndex array 

I/ .futu:r.·e ,1se. must be O 

// one of AVt_lNDEX_* codes 

// inde;x of fi:cst umised member in alnde:o: array 

// fee of what is indexed 

II meaning diffen, for t~ach index 

// type/subtype. 

stxuct. _aviindex __ em:.:r:y { 

{l if unused 

DWORD adw[wLongsPerEntry); 

} a:rndex r J; 

OpenDML AVI File Format Extensions 
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The actual size of the entries of the a Index array is emered into wLongsPerEnt:ry, 
Between the cb field and wLongsPerBntry the actual size of the ,nx,:1y is known. The field 
:nEn tr i e i:; I nus e allows a dro.mk lo be allocated ]or:ger t:han tile actual m.smber of used 
elemem" in liw arru). 

The !ypes defined for the blnde.:x:Type and binde:,.;:S-,,.ibtype field are the following: 

! ' , I 

fik 

// 

// when each 1z11t.'I.·y i'!i ..:1J.nde:x 

// ar:ray points to an index ,:hunk 

l ! array 

// when f:ach entry is a.Index is 

AVI Stmidard k1a:fox Chunk 
The .A V1 Standard lmfox dn.m.k coni-ai:ns infon:nadon that indexes A VI franses. 

DWORD cb; 

DWORD 

DWORD dwChi:::rfk1d; 

DWORD dwRese.rxed:3; 

DWORD 

DWORD 

slnde::x[ l 1 

dwffsset, 

// 

/ / all dl<'Offse;:s in al.mi,;,:;; 1>:rray are 

// rdativs to thi!3 

// must be O 

// q,,...gaseOffset + this is absolute fne off.set 

// bit 31 is set if this is NOT a keyframs 

A singh~ standard fodex dmn.k can only index data within a 4 GB region, The dwOf f set. 
field points w the start of the data hself, £lnd noi to the start of the RIFF clmnk for that field, 

Proposed index Us! 
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Standard Index Chunk 

'data of Standard AVI im:!ex chunk is an index to 
each mov! chunk data, Includes offset and length ol chunk. 

The index chunk above is shown in the 'movi' data, but may be found in the strearn header {see 
below). 

AVI field inde.x Chunk 
The A VI Field Index Chunk is the same as the Standard 1ndex Chunk except that it contains 
the locations of each field in the frame. 

typedef struct _avifieldindex_chunk { 

FOURCC fee; 

DWORD cb; 

WORD 

BYTE 

BYTE 

DWORD 

DWORD 

wl..r:mgsPerEntry; 

bindexSub'f)/pe; 

bindexType; 

nEntriesinUse; 

dwChu.nldd; 

QUADWORD qwBaseOffset; 

DWORD dwReserved3; 

struct _avifieldindex_entry 

DWORD 

DWORD 

dwOtfset; 

dwSize; 

// 'ix##' 

II must be 3 (size of each entry in 

II a.Index arrily) 

/ I 1WI_INDEX~_2FIELD 

I I AVI ___ :mnEX~_OF ___ CHlJNKS 

II 
II 'ff#dc' or '##db' 

// offsets in i3Index ilrray ilre relative tc ~his 

// must be o 

// size of all fields 

DWORD 

II (bit 31 set fer NON-keyframes) 

dwOffsetField:Z: II offset to second field 

a.Irn'lex [ l; 

AVJFIELDINDEX, " PAVH'IEL-DINDEX; 

The field wLongsPerEntry is set to 3 because of the addition of the dwOff set Field2 
field in !he array. Thfa is indica!e.d by setting the sub type to AV! _INDEX_ 2FI ELD. 

OpenDML AV! File Format Extensions 
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Fie!d index Chunk 

4 i 4 1 
'---.------.... ..J ... l ~~·--·"""""•J,,' ~ 

' data ot Field Index Ci1mk is a:i lm:!e:< to each movl 
sub-chunk da!a, inch1des offset and ieng!h of ch:.mk, 
as well as offset to Uw Eecond field. 

The index chunk above is sho\vn in the movi data, but rnay he found in the Mrearn header (see 
below). 

AV! Super lnde~ Chunk 
The Super Index Chunk is an index of i:rn:lext'h'> and is always found in the 'indx' chunk of an 
A Vl fikt It is defmed as foJJows: 

FOURCC fee; 

WORD 

BYTE bl:ndexS1.1.bType; / / ffi\.\St be O or .AVI_INDE~:_2FIELD 

BYTE bindexType; // mu1:1t; be .iWX~INDBX_OF_nm:s:;-rn:s 

DWORD nEnt.1;.~ie.srnuse; // numbe:r of entx-ief3 in a:tndex array that 

// are U£;ed. 

DWORD 

r.;t;n;ct .. avisuperinde:s:_imtxy { 

Q'Gh,.'lWORD qwO:f f set; 

DWORD 

// absiolute f.ilr.1 of.:fset., o.tfirnt O i» 

// unused entry"?,' 

The hI nde:xSub1'y;ie is se! to the type of index that the Super Index pofot.s to. If the index 
chunks are Standard Index Chun.ks, then the value sho11ld be 0. ff the index chunks are A Vl 
Field fodex Chunks, then the vah:ie should bt~ AVI_IND.EX_2FIELD, This implies that a 
stream cannot mix Field and Standard Index Chunks. 

Proposed lndex Usi 
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Super index Chunk 

• dala of #itb: chunk is an Index to each mo,,<; 
sub·chunk data, Includes offset and !englh of chunk, 
and possibly the offset to the second field . 
.. data of Super lnde:i,: lndx chunk ls an index to each ##1x 
movi sub-chunk. 

If we use the :/#/pc chunks, then they must be indexe.rl by their own Index List: Paieue changes 
should noi appear in !he same Index List as ##de chunks, since they eliminate the abili1y to 
access an element (frame) directly \.Vithout having to scan the lisL 

index Locations in RIFF File 
Unlike the 'idx 1 ' chunk, a single index is stored per stream in the A \tl file. An 'indx' chunk 
follows the 'st,r chunk i:n the LIST 'strl' chunk of an AVI header. This 'indx' chunk mny 
either be an index of indexes (super index), or may be an index to the chunks direc,ly. ln ahe 

case of video, this means that the dmnk is either a AV1SUPERINDEX or an 
AVIFIELDINDEX/AVISTDINDEX

0 

lf the 'indx' chunk is a standard or field index chunk (Le., not an index of indexe$) then the 
stream has only one index chunk and there is none in the 'movi' data. 

If the 'indx' chunk is a Super Index, then the corresponding i.ridex chunks are marked with 
'ix##' in the ·movi' data. The## is the stream number, the same as for the ##de or ##wb. 
The index chunks can be either standard or field index chunks. 

A file can be e-.. asily grnwn ifil has a standard index in the 'indx' chunk position. The chunk 
can be moved to a new 'ix##' chunk, and a new super index can be inserted inlo the ~!ream 
he.ider ('indx' position). New 'ix##' chunks can be added to grow the file. 

Note the reversal of the '##ix' to 'ix##'. This is fur A VJ backward compatibility. Note that 
lNDEX_JS_DATA strearns remain as '##ix'. 

Here is a sample RIFF file in the format show11 by the RIFF\VALK utility: 

RIFF {7F03B718) 'AVI ' 

LIST (DD0l0B4C) 'hdrl' 

avih (ODOD0038i 

OpenDML AV! File Format Extensions 
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LIST (OO(H),l4EC) '.r;trl' 

st.:.rh (OtH)(H)036) 

I , ,·~ Ct'C ~.,,,;::,c : t-c·· 

vpxp i00000064) 

LIST (DDDDG05B) 'Rtrl' 

st:rh {00000036} 

st:rf {00000012; 

indx {00003Fl'B) 

LIST I0000404C) 'strl' 

strh ( (l(lOOOOJll) 

strf rnooooooo) 
indx {(l0003FF!l) 

LIST { OCIO(Hl(l60) 'oi:l:n1 • 

dmlh {OCIM0054) 

LIST (7F000000) 'movi' 

Olwb HHHl(l:2dFO) 

OOdb (O!Hl30004) 

Olw.b ( OGOOMFll) 

00@ (00030('.HH) 

a•' t:im€! pe&St$e~ 

£)21.x i: OQC03 FFS) 

«- vider..": }).t"t\pert.y h,e~adex 

~ ... timecod~ stre~rn. . 

ix01 ( OD003l?l"l\) 

, . -,,tc . , 

<- part.ia.l video index 

< ~- p?.\t."t.ial :"S.udio index 

idxl (()0030000) 

Proposed !ndex List 
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4.0 interleaving Audio with Video 

issues 

kstedeavkig Rate 
Files for Ed!th1g 
files for Playback 

Single or Wfa.iU!ph:i files for Video and Audio 

Multiple Tracks of Ai..u.iio Storage 

Mono and Stereo Auc:Uc 
Support of multiple streams of data exists in A VL A proposal to recommend that audio be 
strn·e-..d as tv,m mono ,area.ms should be examinecL Not aH appfa:atlom; would be able to play 
this back :in stereo, however. 

Audio / Vldeo Time Stampinij {Sync Point Ust) 
his necessary to add time stamping information to account (and correct) for drift befwo?..en 
audio and video when us:ing hardware that is not able to maintain a perfect synchronization 
between audio and video (via a hardware connection) and when there exists a drift m the 
crystal frequency on audio hardware. 

This. can be accomplishe.d by adding a sync point list into the file. A sync point list identifies 
two samples in different streams that are to be pko.yt?.d at the same time. Thus, drift can be 
corrected by identifying sync poi.nts and if necessary, correcting for the drift during playback 

Notes on Interleaving Audio and Video 
With the exception of AVI files playing off CD-ROM drives, it is not necessary to interleave 
the audio and vide.o into REC cl':n.mks, In fact, with higher video and audio data rates, it is 
probably more efficient to store the audio in large consecutive blocks. As such, the audio can 
be interleaved in large blocks (not necessarily done on a frame basis), 

Audio data chunks :rnay or may not be in integrn] frames, or multiple of frames. The other 
option woukl be a constant number of bytes, In addition, audio may be interleave.cl before or 
after the corresponding video, This. is. just a tradeoff between record and playback 
performance. TypicaHy, saving audio chunks after video in record wlH give better record 
performance, which is important because hard drives tend to be less perf ormant during write 
operations, However, during playback, multiple stre.ains and cnts may be played, reducing the 
drive performance, 
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5.0 Source and Header Information Storage 

The goal is to impkment a standard way to store certain header and tombstone information in 
an A VI file so that other app1icatfons can interpret and use this data. In many cases, the header 
data is not uniformly set between different A V1 files. 

Required iniormaUon 

Mair1 AV! Header (avih) 
Tota! Frame~ 

The dw'l'otalFr.ames fldd indicates the size (number of frames) within fhe fast RIFF 
·AV1' chunk. 

AVi Stream Header (strh} 
Quality information 
A Vl defines the quality of a clip by a DWORD vaiue from O to i 000{), This value seems 
arbitrary. For MJPG files, a standard guality shoukl be defined, The quality can be defined by 
either of these three mode.<;; 

s- constant average data rate 

~ constant Q-tab!e 

"' lossless 

Lossless is not part of the Basefa1e proc,:,.ss. As such it requires the definition of a new Proce.<;s. 
Under baseline, ksssless can be achievetl by setting the Q-tables to umtyl. 

Under constant data rnte, the d<:'A'iired data rate for the file shouM be specified {in kb/s). This, 
plus the number of fields per frame, slsouk! be abk to determine the Q4abies required to 
compress the image. 

1 Wnile a lossless (or pseudo lossless) process can be defined by setting the Q~tables to unity, 
the ISO spf'..cification of lossless JPEG compression is a different process. Lossie.ss encoding 
as defined by ISO does not use DCT transformed data, For a sample to be encoded, a 
predictor is formed from the rec.onstrnc!c?..d values of up to three neighborhood samples. This 
gives a prediction of the of the sample to be encoded, The pre.diction is imbtracted from the 
actual value of the sample and the difference fa losslessly entropy coded using elther Huffman 
or arithmetic coding. As far as forming a type of pseudo kissless compre.ssion from a baseline 
JPEG process with unity Q tables, there fa the potential of some s1ight loss of data during the 
DCT process due to arithmetic precision. PractlcaHy speaking, there is no real m1age quality 
Joss, but the word lossless irnpjjes a guarantee of reconstructing the source image on a bit by 
bit basis. 

15 
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Under constant Q··tab1e, there are two possibilities. Either the absolute Q-tab!es are given (8x8 
matrices) per component (in our case, 2), or a factor which ls used to generate any Q-t.able of a 
standard one. The constant Q-table file would of course have the same tables repeated per 
field. a~ per the f,,,1.JPG DJB ;;per. Thf' advanH!ff' of a ()-fa,1or i~ thf' recluctirn1 nf h,·;1dt·i 
injormallorL Hmveve1, l weaked Q-tabk.-5 would no longer be possible. i 

Scale I Rate 

The scale and rate parameters wm define the correct ratio for different video standards. Known 
ratio values are (rate/scale): 

NTSC 

PAL 
rcFrnme 

30000/100] 

2511 

The on-disk R.ECT coordinates are 16-bit values, The R.ECT structure in NT is a 32-bit 
(LONG) for each coordinate, but the on-disk ones remain 16-bit. 

AV! Stream Format (strf) 
Height 

The MJPG DIB spe.c lists that heights less than 288 are for single frames (one chunk) and 
greater than 288 are for interleaved fields, However, there is no real connection between frame 
height and interleaving. The b:iHeight parameter refers to the raw height of the frame 
(intet'leaved or not). OpenDML codecs that operate in field by field modes will be passed this 
value divided by 2 to get the fieki height 

Extended AVI Header (dmlh) 
typedef struct { 

DWORD dwTota1Frame5; 

} ODMLExtendedAVIHeader, 

Total !Frames 

The dwTotalFrames .field indicates the real size of the AVJ fi1e, Since the same field in the 
Main AVI Header 'avi.h' indicates the size within the first RIFF 'AVJ' chunk 

Video Properties Header {vprp) 
The video properties header idenlifies video signal properties associate.d with a digital video 
stream in an .AV1 file. This header attempts to address two main video properties: 

<S The type of video signal (PAL, NT.SC, etc., as well as the resolution of the video signal), 

* The framing of the compression within a video signal. 

The parameters can be used to uniquely describe a video signaL 

typedef st:ruct 

DWORD 

DWORD 

DWORD 

DWORD 

DWORD 

VideoFo~matToken; 

Video.Standard; 

dwVerticalRefreshRate; 

dwB'!'ot:aJ.lnT; 

dw\lTotallnLines; 

OpenDML AVl File Format Extensions 

BNSDOCID: ~xr-
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DWORD dwF:r:ameABpectRatio; 

DWORG dwFrameWidtblnPixels; 

owmm dw,>remeHeigbtinLines; 

VIOEO_FIELD_DESC FieldXnfo !nbPie1.dPe,:Frz.meJ; 

} VideoPropBeader.; 

Video Format Token 
enum {FOfil1AT_tlN!OIOWN, FORMAT __ _PAL_SQUARE, FORMJ,T_l?AL_CCIR_!S1:n, 

FOll.MAT __ NTSC_SQUARE, FORJl!'.AT_:N'.:'SC_ccrn._601, .. } VIDEO_FORM.AT; 

The fo.rmai token indicates that a kno-wn standard is defined for the following data fields. 
Those fields must be filled, but their value can be e.xpe,:tl?.d w he the defined standant If the 
format is defined as FORl'fAT_UNKNOWN then the fields may contain spedaJ values. Known 
tokens are defined ill the table below: 

Tok I Stem Ref H- v~ Frame F F Pixel 

en. ,,1. dard R~e~·t iota ~t ~;;::t : :: ;s:;~~f 
" e e (derived 

NTS t-s----:,----8.5_8 ____ 5--25-· ---0-;,;0_00 ___ ~4---:-: ___ f_: ___ :_l_6_0:-1Q-.4--
C 
CCl 
R 
601 

C 0003 0 5 0 

NTS 
C 
SQU 
ARE 
PAL 
CCl 
R 
Wl 

PAL 
SQU 
ARE 

NTS 
C 

PAL 

PAL 

Video Standard 

60 

so 

50 

780 525 

864 625 

62.5 

(-4:3) 

(h,;0004 64 48 
0003 0 0 
(4:3) 

0K0004 72 57 (}003 0 6 
(4:3) 

Dx0004 76 '57 
0003 8 6 
(4:3) 

enum { STil.NDAAD ~UNKNOWN' STANDARD_ PAL, STANDhRD _l";'l'SC' STANT)hRD ~ SECJ>.M} 

VIDE(l__ STJ>.o"\f.DAR.D; 

Defines standards such as NTSC, PAL etc. lmphcitly defines vertical refresh rate. 

Vertical Refresh Rate 

l :1 

2]60:230 
4 

l:l 

Used when an unknown standard is specified. Non:naHy, 60 for NTSC, and 50 for PAL 

Required !riformatk.m 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2611 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



18 

H~Total in T 

Defines the horizontal total, in T (one luminance sample: pixel) 

V~Tota! in Lines 

Define~ 1hr venical total, .in Jinei,. 

Active Frame Aspect Ratio 

The aspect ratio is stored as a DWORD value with a word each storing the x:y ratio. For 
examp]e, 1 to 1 is OxOOOJOOOL Standard values for television is 4:3 or 16:9. This value can be 
used with the frame width and height to calculate the pixel aspect ratio. 

Active Frame Width ln Pixels 

Defines the active frame width in pixels. The bitmap might digitize a region that is smaller or 
bigger than the active video widlh. 

Active ·Frame Height in Unes 

Defines the frame height in lines. The bitmap might digitize a region that is smai!er or bigger 
than the active video height. 

Number of Fields Per Frnme 

One or two, depending on whether the video is interlaced or progressive. 

Field Framing Information 

The field framing information defines where the compressed image is with respect to the video 
signat The: data is present for each field (and may be different), 

Typedef struct { 

DWOJW CompressedBMHeight; 

DWORD CompressedBMWidth, 

DWORD ValidBMHeight; 

DWORD ValidBMW:idth; 

DWORD Val idBMJtof f set; 

DWORD ValidEMYOffset; 

DWORD VideoXOffsetinT; 

DWORD VideoYValidStartLine; 

VIDEO_FlELP_DESC; 

OpenOML AVI File Format Extensions 
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~ -------------------------------------------------• (,,;:_;• :.~: ;{.: :;,: \,},.":•,;'\/,'..:,.:,' • • • • • nnnuuu,>nnnnnnnnnnn>•~ 

I 

~i ;:;~;:~~ ~-

~--···· Vkt~:::f~Cil1?S~tt~"f -----~~ 
I , 
~~•••••••-n•••••••••n••••-.••••••••••••••••••••••••·-•'"•-••••••••••••'"' ~~-1"t't$!1: ••••••••••••••••••••••••••••••••••••••••••uu•o•n•••••••••••••••••-.-.•••• ........ : 

~ : 

Compressed Bitmap Height and Width 

The compressed bitmap height and width repre$ent the she of the compressed image. Fer 
JPEG, these values are multiples of 8. 

Valid Bitmap Height and Width, X and Y Offset 

The valid bitmap height, width and x and y offsets represent the size of the valid data withiri 
the compressed bitmap, Because padding may be re.qui:n:'<l when compressing, it is not 
guaranteed that all the data ,1vhhin the compressed image is valid. Note that compressing 
blanking is stiU valid. fo the case where aU the compressed bitmap cor:res from the video 
sig11al, then the valid heigh! and width are equal to the compressed height and width, and the 
offsets are 0. 

Valid X0 0ff set !n T 

The VideoXOffsetinT is used to kx:ate the x position of the start of the valid bitmap with 
reference to the video signaL The vahle is a measurement in units of T, which is one 
luml.nance-samphng dock, from the leading e<lge of the horizontal sync pulse (CCIR 624~3). 

Valid Y Start Line 

The VideoYValidStartLine field is use.cl to locate the line that the valid bitmRp starts 

on. This value will be different for each field. (CCIR 624-3), 

A typical value for the Frarning Information for NTSC CCIR 601 would be: 

Vide Co Co Vali Vali Vali 

rn 

Required !n!orrnation 
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0 mpr mpr d d d lid oX y 

Typ esse esse BM BM Blv1 B Offs Valid 
e d d Hei Wid X M er in Start 

Bl\1 Bll-1 ,ehr !h Off, ) '! l ... inf' 
· Nei Wid er Ojj 

ght th set 

Piel 248 no 248 no 0 0 122 20 
d 1 

Piel 248 no 248 no 0 0 122 283 
d J 

Source and Timecode Information 
The following information is use.d to describe time.code and source information inside an A Vl 
file. 

Base Timecode Structure 

AH SMPTE timecode information is stored in the following format: 

typedef union _t.imecnde ( 

struct { 

WORD wFrameRate1 I! D is 30 drop. do we need 

II frame rat.es? 

other 

WORD wFramePract; // fractional frame. full scale is 

:,ONG 1Frarne; 

l, 
int.64 qwA1J., 

TlMECOOE, ~PTlMBCODB; 

drop 

always Ox10000 

This format allows for a frame, and a frame fractional vaJue to be spedfie.d, with the frnme 
rate stored in the low word of the value. As the values are stored, two thnecode$ can he 
compared and subtracted. For drop frame code, no lF'rame values are skipped, :;o a drop 
frame timecode of 1 :00:00;00 would be a lFrame value of 107892. 

Timecode Discontinuity Table (Stream) 'tcdl' 

The following structure defines a timecode discontinuity table. This would be stored us a 
stream itselL The table would either be a table alone in the 'indx' chunk of that stream, or if 
the table. is large, an index to the table could be stored with the table itself stored a~ a ##ix in 
the 'movi' data. 

#define PILM_SEQUBNCE_NONE 0 

#define FILM __ SEQl.JENCE_A1l.BBBCCDDD l 

#define F:l:Ll•l_SEQUENCS _ _AAABECCCDD Z 

II structure of a timecode discont.i:rmity table . .not.e that this fits 

I/ w:i.th:i..n the definition of the st:ructure of an inoe:.: chunk 

II 
typedef st:ruct timecode ___ dl ___ chunk 

OpenDMl AV! File Format Extensions 
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FD1JRCC 

DWORD 

WORD 

cb; 

// '#~ix• 

// si~eof this structure less B 

// must be :.s or more 

DWORD 

D1~0RD 

DWORD 

nEnt.riesI:n:o:;e; 

dwChlmkid; 

dwRern:o:;.."Ved DJ , 

// i..ndex ~).f f ixs-;t unused entry in a:.tnd.ex array 

I I 'tcd1' i timecode discont:i.n1.d t.y 1 irst.) 

st.T.uct ~tii1~eccde~dl~~fitr·v 

QtlJ'illWORD qwTi,~k; 

st:r:uct 

// timecode user data 

// >'llhich fr.-am~ in cclcr sequf!nce DWORD ColorFrame i 4; 

DWORD ColorSequence , 4; 

DWORD ,>i lmi.'rari,e : 5; 

/ / Duretion in f.rmM,s of completce sequence 

J,: // Onto of F!LM_SEQ1JBNCE __ xxx ,Jef.irnes 

// i.'ut.m:·1:~ :.lse ·· set to 0 

J; 

Flil.9'S; 

TCHAR 

a1nde:~ [ } ; 

s2Ree1Id[32J; II source id 

The flags structure can opfamally iipecify color framing, and film pull-dov,'!l information. lf ,ill 
fields are O then no siich optimial information is p:msenL Notice frmt there is no explicit flag for 
drop frame NTSC since that inforn:mtion in already stored in the TJMECODE structure. 

If Co1or8equence is non--zero value, then Co1orFrame contains a frame mn-nber from 0 
to Co1or8equ.ence--1, whkh specifies the co1or framing of the frame specified in ahe 
time-..code structure. 

1f FilmSeguenceType is not FILM_SEQUBNCB_NONB, then PilmFrmne <:cmtains the 
offset .into the pull-down sequem:e coffe.sponding to the frame spe.dfie.d in the tirnecrnle 
structure. For e:,rnrnpk, if FilmFrame is 1 and FilmSequenceType fa 
FILM_SEQUeNCE_AABBBCCDDD then the referenced frame is a BB frame, Again, if 
FilmFrame ls 1 and :FilmSequenceType is FILM_SEQUENCE_AA.AEBCCCDD then 

the referenced frarne. is an .AB frame. 

Timecode Stream 'tfme' 

This strnctme defines a time.code. value for every lick of the timecode stream 

// *t~.Ai..':tu1wa of ~ tirnecr.uje. $t".r.r:~-s.ri1 dB .. t.l~ cl:n .. u1 ... ~ ~ for storing every 

/ / ~vent in a timecod~ stream :r·a.thex t.har.i just. the d.1 sccnt.inui ties 

// 

WORD wLcmgsl?erBnt:ry; (,! im.ist. he 3 

Required Information 
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B'lr'l'R b!ndexSubType; II mmt oo o 
a'Jt'l"!! b!~; I I Avx_x:m:in_:i:s_01.".t'A 

rmoru:i ~:rie1111InUs'1!I>; II iodex of firet unused entry in al~ au:ay 

DWORn dwChucltld; II 'time• (timecode stream) 

DWORO dwRem'!rved [l] ; II future, JmM/t be 0 

•truet _till!&lQcod!St_lS!t:ream_entry { 

TIMECODE timecod.e; // tiumcode 

DWO!m t'h.iOsssr; I I timecode wser data 

struct { 

~ Colorka!m'I 4; I I ffltlc~ fra.mie in color Sll~e 

mroim Col,u:S~e : 4; / / Dur.s.ticn in fr.s.mea of COlSi,Pl@te s~e 

~ FilllllPrmJllle: 5; II Offset into ~C8S 

tmOtW lfil~'fyp<e l; I I One of ir:u.M_~~-~ <.id~ 

tmOtW Reue~ i :u;; / / ll!'utuxe WIIISS - sset to o 
Flags; 

} &Index[ l; 

Mefisw ll!'l:Uil_LOG_lt\mRTZ 

ifdefir.!.e i'l:I..M_LOG_Ji!UtX 

l 

2 

I I 111tructw:."$ of a film trdlml!l!fer log. :Wot$ that thi111 fita 

II within the definition of tm'I structure of an ind!!x chffl:llt 

II 
typedef 81ltruct _film_traiwfer_cllunk { 

}. 

rowcc fee, I I '#ib:' 

mfOM 

RORI).,. 

BYTE 

Bn'lll: 

DWORD 

DWORD 

miroiw 

wI..or.!g~~rE!.'l.try; .·· 
ti:i:oo~. 

hln~; 

nll!:ntr:l.ssslntl'li!@, 

dwehffllltid; 

dwR.esse~ [111 , 

I I lili:&eof this •tructuni l<&#ll!i ti 

II =t be .f. or uicre 
•,,• . ' 

! I IIIIW9t be o 
I I Av:t_zmmx_:rn_mTA 

I I index of first m:i.used entry :l.n 11I~ m:ray 

II •film' (fil~ trl!Ullllfer log~ 

II future, 1mUSt bis o 
1111truct _film_tr~fer_:tus&der { 

DWOM d~; II ffl'.dch type of nm_WG_:xxx file fo~t 

dwHssaderSige; II ~i=e of thia _fil~_trl!8:ll8Sfer_header •tii:uetw:-e 

dwR.ese~[4lt// Puture Wile - !S!@t to O 

I I mroaw dv!JserDef:i.m:dll, II Optil."JMl uaer d.&t.1!. 

} Fil!ll!Seaderz 

I/ BYTE b'i'ra&ruSf~r~ D ; I I The actual -transfer log :begins here 

The size of the Film.Header is given by the dwHeaderSi2:e. This allows for user~ 
additions to the header. which a~ at the em of the FilmHeader. The .A'SCII film 

0N5D0Clil: <XP:. ······~·· ... 2~'?BJH5 ... \ _ _; __ :-. 
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~fer log begin8 ~t.ely ~ ~ FilrnHeader ~o Thiem of~ ASCII~ 
coo oo ~ from too dwlieade~i~e of the~ imd the -cb si:re t'.Jf ~ mm 
structure. The A~Cil data ihoold be paddoo with Nill.J...s" ro the ~t DWORD structure 
size. 

'The csmtenw of~ bT:r&tnS:tferI,og ocmy i!!i byre for byre too ~-of the ASCll mmsfer 
~ file of too type giv~ m the dwtog!'ype &kl.. FOf :oow. two cypeg are Mmoo: 
FILMJ..OO_EVERTZ: the demiled .FTL ftle fommt ~ oo ob~ from 

E.vS::rlz Mkrosysrems. ~ 

3465 Mmnway 

Bur~ OnwioLiM 1A9. ~ 

905n335~3100 

FiLMJ..OO_FLEX: too ~ed FLEX ffl.e f~ cim be ob~ from 

Tm~.ioo, 

11992~Ct 

M~CA93021 

805-529-1155 

Microsoft .. Deflned Tombstone Data 
1k; fulowmg ronlbsrooo dam mm ~ bffll ~ by Microooft: 

Mdi~ AVI mf~ folloWffl$ ~ 'st!i' chunk m the A VI~ UST "Mrr cooa. 
(~A.VI RIFF form, Vwe.ofor W~ SDK}: 

Addi&mat H~ ~ 

After tlw •mr clu.mk, W1m A VI~ ~t have adoo.ti~ ~ oom. Addm~ 
mfon:mdioo ~ mdli® tl~odechum ~ apply ro the whole fm. The folio~~ 
foor~ cl'.m m-e useful in A VI ~:l 

~ ~cbi.mk coom.ms the-S:MFTE ti~ dtoo 
digm1.atioo s~ pomt. The time~ ex~~ a~ 
~ ~ s~ of too fom1HH:MM:SS.FF. ll' 
~~MCI~inAVICAP, tmg cmmkm 
&u~y ffl: mm the MCI 1stm ti.me, 

IDIT ~ toodnmk ~~ too time a Mte~~ 
co~ '11m fum ii& coo~ bl :an ASCll ' of 

ll'ttlo'lo'lo'lo'lo'lo'IU..,,.,lo'I-,..,- ~ 

2 Now toot~ chuw are hu d:mm. Md u mwb. shoru.d be f~ moo 1NFO chunk (sre 
co~thdow)? 
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~~y 26 c~ and oos the f~ ··woo,~ 00 
02:03:5:S 1~\0", The~~~ ~00$,~ oo 
n~ w ~ !>W~ in th.is f~t, 

me ·xsMP' w:mcooe chunk usually cmTe8poo.ds- ro the~~ copied from 
the mt sample of a captured sequence. Use this chunk to nm. the~ ~le to 
the origmal sample. For example, if yoo need to recapture a video ~ yoo can 
use the nmecooe ro reposition the~ ~ and restart ~P• from that 
point. 

. The ·rorr· ti:mecode chunk usmuly corresponds to the time the~ was~ 
1"ms ~ provides a~ to the age of a sample Md creates a~ if a 
stties of sampJe.11 is~ 

The weakness with the aoove section is that the ISMP infommtioo dooo not me~ any.-. 
ID. so theeffuctive ~is~. 

Addirlow mfommnoo. global to RIFF files (from Multimedia File Formats, W~ 3.1 
SJJK): 

BNSDOCK':~ <XP' ..... , ...... 217S:rH>.~ ... } .. > 

The INFO List Chmdt 

The .. INFO" ht is a •tered global form type iliat can mote infonmtion tbm ~s 
identify the cootents of the chunk. This mforma.tioo is useful but does oot ~ die 
way a program mm:prets D file; examples are copyright~ am~. 
An "INFO .. mt is a "UST' chunk with list type ··INFO:~ The folio~ ~le 
~ a sample .. INFO" list cmmk: · 

LIST('INF0' Il!mM(~Two Treea~z) 

ICM'l'{~A picture for the open.iug sereen~z) ) 

An "INFO .. Jmt should oontain.ooly the fotl~_c;:lnmks, New chum •Yoo ... 
defmoo, but an application shoold ignore any chunk it doesn't~ ~ c~ 
llilted below may oo1y appear m an "INFO .. list. Each chl.mk oomm -a zsm. or mill­
~ted t.ex.t strmg. 

Artist. Lists the artist of the orlgmal subject of the file; for ~Ii; 
•'Michaf'hngelo ... 

Commi.sswn.ed. Lists the name of the person or ~iza.tioo that 
commissioned the subject of the file; for example. "Pope Julian ]I/' 

Comments. Prov.ides ~ comments about the file or rtw. subject of 
the~. Jf tlre~mmoot is several sentences Jong,~ each~ with 
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a. period. Do not include oow~line dmraeters, 

ICO Copyright. Reoords the copyright information for the file; for~ 
P "'Copyright Encyclopedia International 1991." If there are multiple 

copyrights, separate them by a 11emk:olon followed by a ~ru::e. 

!CR Creation date. S~ the date the rubjea of ·the file ms created. List 
D dates in year-m:inth-day forrmt., padding ~t ~ 2nd days with 

a zero on the left; for ex.ample,, .. 1553-05.{)3" for MaY3. 1:553. 

ICR Cropped.~~ an image bas been cropped and. if so, how 
P it was cropped; fur example,. .. lower-right corner, .. · 

ID! D~iom. Specifies too size of the original subject of the file; fur 
M ~mpk\ '"'8.:Sin h. 11 in w." 

IDPI Dots P~r.lnch, S~ dots pa:- inch setting of the ~:r.er used to 
proo:ooo the file, sru;:h as .. 300." 

IEN Engineer. Stores the mune of the~ who worked oo the ffle. If 
G there are mtlple ~.~too ni.unoo by a ~loo and a 

b.iank; for example. .. Smith,. John; Adams. Joe:• 

IG.N Gsmre. ~the~ work,. such as .. ~ .... portrait. .. 
R. «still lire. .. etc. 

Ilil£ Keywor.ds. Provides a. list of keywords that refer to the file or subject of 
Y the file. Separate multiple keywords with a oon:uooloo and a blank; for 

a~ampk, "'Seattle; aeri.al view; ~-.. 

ILG Ughtnes$, Describes 1ise c~ in ligb.mesi ~ oo the digmffl 
T required to produce the file. Note that the form.at of this infutmatioo 
~ oo hardvmre used. 

lME Medium. ~bmi the original subjeci: of the file. inch ~ «c~ter 
D imliget .. drawing/' .. lithograph/' and oo on. 

INA Name. Store§ the title of the subject of the file, snch as ~ From 
M Abo~," 

I.PLT Palette Setting. S~ the number of colors requested when wgi.tizmg 
an image. such as .. 256, .. 

IPR Product. Specifies the name of the title too file~ ~ ~ 
D for9 such as "'Encyclopedia of Pacillc Northwest ~y ... 

ISBJ Subject. J)escribes the oonrenu of the file. such M "Atti.al view of 
Sea.We," 

IS.Fr S~re. I~ the name of the software package used to create the 
file., such as ~soft WaveE.dit." · 

Netflix, Inc. and Hulu, LLC - Ex. 1002, Page 2619 
IPR2020-00558 (Netflix, Inc. and Hulu, LLC v. DivX, LLC)



ffiffiS' Sharpr~ss, Is:bltifi~ the~ ka s~~s foc the~ •roo 
t.o p~ tbe file (the fonmt ~ oo. the hru:tl~ ~-

IS:it Sm.tree. Identifies the :mune of the person o:r o:rganizatksn who tmpplied 
C the origiool subject of too me~ for example, "Trey Re.rearch ... 

m.mr Sourc.e Ferm, Idtmtlfi~ ~~~of~ :om~~ W$ 

d~~.ed. ~ ~~ "llliioo. .. "'~per:' "'~p."" ~ oo ~-~ m ni::lt 
~~ythe ~ ~ IMEl}, 

ITC T~cW~hffl. ~ the t~Jmicirul woo ~t=i the iubj®t file; f©lt' 
Ii e~re. "'Smith. Joon:· 
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6 .. 0 Other File Issues 

Contirn.1ation over Mtdtiple File$ 
With restrictions to the~ file foomt and limitations oo the maximum a of disk 
partitions. it may be desirable to implemem a mechamsm that specifies al~~ 
multiple files. It will certamly be desired rlw the dam of ooe stream of video can be~ 
acroos multiple files. For too ~t, this will be e:tm:nal to the A VI file. 

Minimized Time to Open Ales 
lhd 

Simultanem.1s Reading and Writing I Mtlltiple Access 
lbd 

BNSDOC'!D: -.XP ........... 2i793~BA .... l. > 
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1 .. 0 MJPG Motion JPEG DIB Extensions 

Issues 

ISO vs. Non ISO Formats 
For interoperability ~ various hard'\Wre and software coo.oos. it is not ~t that the 
file format bes~ the cootoots of the video dam cJ:runb mJSt bes~ In 
oo:f.er to ~ly with industry s~. the A VI MJPO specification and OMF 2.0 • f~ 
specifications. the standard ISO Motioo JPEG spa::.ifica.tioo is p~ with~~ 
to ~port efficient i~oo of the mterleaved ~ in the fmme. 

Non-ISO for.mats coold be used, provided that they provide the srune outward~ as 
the ISO dam chunk This woold require d.iffermt ~ to decompress and oomp.R'$3 the~ 

8wbit va6 1 O,,,blt YUV 
'11:tm oocumem cw:rootly a~ &-bit 4:2:2 TIN as per the Microooft s~oo. 

Video vs~ Bitmap 
Imies ~ the fact that a bitmap is a pure~~ while video starts with hwf lines; 
Motion JPEG oompresses oo nmltip~ of S J.m.es, so what is too frame at v.idoo t!w is 
~vs.the real :f:mme. 

Soothe ~oo a.f'the Video~~ in~ 5.0. 

Proposed Data Chunk Format 

BNSDOC!f:: <·XP .......... , .• 2~7G31S.-"i .. } .. > 

'The data chunk format is defined as pea- the Microooft JPEG DIB FORMAT T~ N• 
Type 2: Motioo JPEG Dm. 

From the DIB spec: 
Type 2: Motion JPEG 

Moooo JPOO Dms shall acco~ intezd:mnge funmts which satisfy the~~ 
sequential Md progressive syntax .. (ISO 10918 Pm 1. A..noox B. Pam. B.2). A ffl of 
imtl~ of this type with oompatt"ble ~ can be placed in an AVI file to~ a 
motioo sequmce. Frame~ for these oms sbaJl be llimtoo to~~ in Pam 
B.2"2 of the citoo A~ B. 1"hese cypes are SOFO. S0F1. SOF2. S0F3. SOF9. S0F10 
and S0F11. Of the types accoIDIIlOdatoo_ this specificatioo provides imp~ ooly 
for the Baseline Sequmtial DCT (SOFO). 

This om type contains incomplete JPEG data (AhbrevmtroFormat pea- ISO 10918) and is 
not intended for stand-alone single image frame disk files. It may be used within WFF files 
mld other contexts whte it is a~ to: 

a. Decode an image without supplying the associated JPEG Huffmml tables. 
This p~ the oodec has been propecly pre-~ prior to~ 
decooe. 
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b, · Request i;meodec output of compressed image data absent~ Hllff:n:wi' " ; ,1-

'_'.l'ables. 

All motion JPEG aaw.·'Will·use YCbCr encoding. · ,; 

ln an A VI ~ aft JPEG frames 'Will be key frames as this ensures that witbm the A VI ·. 
and Video for Windows an::hltecmre an~ will be directly and i~ · ,, · · ·i ·. 

m.idre8sable. 
' 

For.optirml sire and speed ®ring playback of an A VI file the Hn.ffin!m 4&ti·'used_tiy ·, · ·" '(' 
motioo JPEG will be fixed and defined by this dotmnent, This will ~ the ~vidool 

31 

fr~ of every motion~ smafler and more efficient to play back. Alw rui all' ,. 
~ of motion images use the~ Huffman data and co\ot spru:e it m ~h.~ · ,.. 't.··1 · · 

lilrely that motion datii·can'!)e directly exchangoo without nx:o~ioo. A deflni~ of: · ·· ·· · 
the Huffl'mn data will be-provide:! in MMRE(tH (which is listed at the end ofdns > . . · '. · . ·. · 
~)'as a byte sttmg "Nhich can be c~ ooro the start of a aootioo JPOO· · "· · ' 
image to form a valid mll JPEG-~ 

'MJPGDHTSeg ,z. { ··x~ FF' • DHT l length~ JPEG Huffman ·table . 
parameters j · . · · 

Q-w.ble data is. ~t·and may vary in every frame of a lllOtion sequ~ to~ oontrol ' 
over the bruidwidth ofsequ~ that contain bunlts of~ of varying Jevds of· '. · ' · ·· · ~ 
compkruty. The restart interval used during the compression l)roce§S may alro vaty'for" 
ewty irame, . 

Only tlw mtedeaved form of YCreb ~ n; supporred for motion JPOO data. Titls 
imp~ that ooly one SOS ~twill be present in any~ motion JPEG ml1lge. · 

The follomng applies (again from MS DID spec): 

As in the JPEG DID format the JPEG stream synt.ax is used for the~ dam with the 
following coostrnmts, Too follo'Wing JPEG marm-coa.es· SOI. DR.I. DQT. SOFO. SOS 
and EOI are expected "(mandatory) in the image data chmlk. and the comtndned values 
i!lhown in the example bclow-are mandru:ory for the image data withm the A VI &ream. 

Any~ in the SOFO (fuurie) and SOS (start of scan)~ that are dnp~ hl 
the BI'l'MAPINFOHEADER fur JPEG rrmt be the same, Tbls woold include Sample · 
Precm.oo. m1bmnpling. ~ of oomponents{as implied. by JPEGColorSpaeeID), 
etc. Then~ of tm.es and ~leis p!.'l[' ~ m. the SOFO ~ and the width and 
hclgbt defined in the forimt chunk must match the maw A VI~ width and b.cight · 
valoos. All of these values me ~pootoo to remain the~ for every image data chunk in 
theAVI~ 

Within the mm.ge data chunk two JPEG oogments begmning with the SOI markec and 
ending with the BOI markm _are a'llo\\'ed to accommodate field-moodeawd ~, ~ 
. is an APPO marker im~ty followmg the SOI ~m that coowns mfoomtioo about 
the vhlro image, Specifically. tbi$ allows the identification of the two ficlds that ~ 
an interleaved :frame, This APPO ~ is expected to have the mt 4 bytes following the 
lqah bytes set to the c~ 'A'. 'V", T. '1 ', The next byte indicates which ficld too· ~, 
JPEG data was oompreswfrom and woo expected value of Ox.01 for the Fl'RST JPEG · 
data oogment Md Ox02 for the SBCO~ ~ indkating the FIRST and SECOND 
fields respectivcly, If the stream is riot field interlmved then this value will be OxOO and 
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._. " 

thefe will only be coo JPEp ~. The~ seven bytes are expected to be set. to 
o a wm be ignored by too codec. 

If a codec camwt handle &e interleaved. fields. the codec will use oo.ly the Fm.ST field and 
will replicate the lines as necessary to provide an image that conforms to the image siu 
defmed in fue main A. VI.header, Conversely if a capture system only accesses a smg)e flcld 
of each SOlll're frame oozy a single filM. imlge may be present in a JPEG stteam. '11m 
implies that the smgle field data should be used as the source of both fields by a 
decompressor that wishes ro process- full-inredoooo data, 

And a new proposal: 

BN:~oocm: <XP ............ }ti7~3~clA. __ (_:..~ 

The AP.PO marlrer will. have an. added- use beside the field ~wity and will also ~·­
size of the C1.U're&lt field (entirely. from SOI to EOl). ~ well as any padding requiffld. This 
is to allow applications al1d c~ to avoid bciri,g forced to scan for too secood SOI-001 
pair. The sim :mfommtioo in~ APPO ·~ iioo:s tS(lt incmde any monmtioo aboot a· 
secood fiekl in the ##oo c~ This way. fidds can be copied as integral units without 
having to have ilieoontamed data 'modified-fur the~ Md size of~ 
fields. . 

The byte following the peliu:icy will be~ for future expansion. The~ 8 
bytes of this madre:rwill be med to store two~ values. The first vah:re s~ the 
''length in bytes of the field (entirely; from SOiw EOI) including my padding lfter the EOI 
(which sbook1 be small) and the~ values~ the size of the same field exc~ 
any padding after the EOI. Both s~ value!! will be sto:red in the usual ISO JPEG fashion 
where bytes are stored in decreasing~ with the~ s~t byte being mt. 1'be 
lmgth of this marker was· previously 14 Md fa oow Sf:11: to 16. 

An&~ MJPG fmme witt8 two rntQ~ ~ 

B Rrat ffffid (00! rot ~ 

"' -·· ~-."~.~.(~.1~01.~ .. ., ., -~ 
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MJPEG Ba®~U§1e OCT M YCbCr ms Map 
AB~ OCT - YCbCr d now therefore have~ follo\Ving look': 

i 
SOI {xFFDS) 

APPO (xFFEO) ,· 

Le::ngth { Hi} , 

·11AVIP, Poharity, o, FieldSize, 
FieldSizeLeaaPadding:, 

• % • 

DR! {xFFDD} , . 

Length (4), 

Restart. interval. 

DQT {:xFWDB) , 

Length {132}, 

Precision {O), T.ru)le !D (O}, 

OQT data {64] for table O, 

PreciGion {O), T&tble ID {l), 

DQT data [641 for table 1, 

SOFO {xFFCO), 
Length { l 7 ) , 

Sample Pr~ciaion {S), 

Number of linew {biHeight ~ m.ultipl~ of S}, 
s~mple per lin~ (biMidth: multiple of 1$), 

Nu~r·of eomponentm (3) 

ID of lwt component (1}, 

Sampling r~tio of 1st component (H,V}, 

Q-table ID of .1st component (0), 

!D of 2nd component {2}, 

Sampling ratio of 2nd component {H., V) , 
Q table ID of 2nd ~omponent.(1}, 
ID of 3rd component {3), 
Sampling ratio of 3rd component (H,V), 
Q table ID of 3rd component {1}. 

SOS {xFFDA} , 

Length {12) $ 

Number of component.a (3} 

ID of l~t component {1), . . 

DC and AC B:uffrnap. ID.for la;t compon.ent {0.,-0)i 

ID of 2nd COMpOll$llt {2}§ 
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DC and AC Huffman ID for 2nd component {1,1), 
ID of 3rd component (3), 

DC and AC Hu:f:EmanID for 3rd component. (1,1}, 

Start of spectral {O}, 

End of spectral· (63}, 

successive approximation bit position, high ~d 
low {0,0}. 

*** IMAGE DATA*** 
There could be some .Restart markers. 
Values are from xFFDO.to xFFD7. 
EOI {xFFD9}. 

·ae mm to hare a single ))QT~ the previous. ones will be o~. 

The order of the markern may affect some OOlks. 

IDs for the 3 component as recommeoooo by the Microsoft DIB s~oo are 1.2 a 
3. 

Sector Alignment and Padding 
'fhe ##Mc ch~ may be sector~ if ~zy, As men. a~ chunk woo.id be 

. ~ following the~ to~ the RIFF :format Padding~ fldds should be 
disco~ however too ISO specification ailoW'S p~ if the data cootaioo OxF'F fur 

· efteh padded byteo 

OpenDML AV! File Format &:tensions 

BNSl::OCiO: -::XP ········---~~ i't331BA .. J .. :.· 
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Concurrently Develop a Test Suite to measure <.:t,mpaUbUity 
T~ S):i&:r C~-. with new A VI fi~, 

Test old AVI ft~ "*i.th oow C~§. 
' 

Cmmt© fill fil~ iliroog;h i~stry (s.e.. ~v~ tests ~body elre';rs ~). 

File checm :rootloo to~ A VI forn:m.t, Fl'~ ~y grow to mcmoo • ~ressi00$ 
nsmg oofuwre c~. . 
T~ llilm§ MCIA VI with~~, 

&'l w MS porting !a.bs fuf specif§C ~ file f~t J Cooec t~ ~'d:. 

3NS00G:D· .;:;t.i;;p ...•••••••. 2i7B3H:V\ ... : .. ::< 
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BroadQ 

,,,..-------------------------------------------------------------~------~-~------~-------------------....... 

' 

broadq __ 
;::=::::-::;:::::::::,:::::::_:~ 

Music 
MP3 

SIPD!F 
{op!!,:;ai CP.ltplit} 

ACS 
('llid<l>(H;tl!~} 

Ooo lih':wbis 
{<l.l,IOOIOOi}'f 

VideotMovles 
MPEG-1 
MPEG-·2 
MPEG-4 
DivX a.11 
orvX 4.x. 
DivX 5.x 

MS MPEG-4. V3 
)MO 

Pictures 

JPEG 
PNG 

Page 1 of 1 

m:;!lta! content formats: 
Musi•c: Browse your digital music rollec!ion oo a 

remote computer, select arid create 
playffsls with a remote cootr()I. 

V"tde!C!: !'klw y<:iur pe"1'Sc.oai CQ!leclkm of rnovli,;$, 
Mme videos and pre-recorded iV programs 
can oe enpye<I on the t;ig seteim. 

Flc.:rures; Create your mNn slid,~hows or display 
photo albums fur the entire fi:lmily to enjoy. 

Simple neti1<1orlc suppM allows digital content to be e~oyed on 
the TV with a standard PlayStatioo 2. 

Sony network adaptor {required} 

Optimized for media deUvery over 802. 1i~802.11b 

Convenient rem-0te control a-0c~ss 
Integrated playll$is 
PanmfaJ and ai::ooss control cap.abilities 
Easy and fner1ctly lns~f!atJon 
Windows, Mac arnj Uru.m OS support 
Dynamic, C,,i'lfo,,;ous, ai.rtomaled updates 

http://web.archive.orgiweb/20030401122010/www.broadq.com/qcasttuner/ 5/11/2009 
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Protecting Digital Content using Code Transformation Technology 

PROTECTING DIGITAL CONTENT 

USING CLOAKWARE 

CODE TRANSFORMATION TECHNOLOGY 

VERSION 1.2 
MAY 2002 

SUMMARY 
Broadband networks and media, coupled with open computing platforms, offer tremendous potential for 
the distribution and delivery of digital content. They offer content providers cost-effective and far reaching 
distribution channels, and offer users convenient access to content 

One of the challenges that must be overcome to enable this market is to ensure that digital content is 
used only by authorized users, in ways that the content provider intended. Digital content protection 
systems are intended to confine the use of content to authorized users and uses. These systems rely on 
software resident on the user's PC or open device to enforce the interests of content owners. 

Software deployed on open platforms is susceptible to tampering and reverse engineering attacks that 
can by easily bypass a content protection system. Cloakware has developed a new security technology 
based on code transformations that converts ordinary software into a tamper-resistant form. The 
technology offers this tamper resistance with the convenience and cost-effectiveness of being entirely 
software based. It is a critical enabling technology for the distribution and delivery of digital content to 
open platforms via the internet or other broadband media. 

© Cloakware Corporation, 2002 
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Protecting Digital Content using Code Transformation Technology 

INTRODUCTION 

Broadband networks and media. coupled with open computing platforms, offer tremendous potential for 
the distribution and delivery of digital content. They offer content providers cost-effective and far 

reaching distribution channels, and offer users convenient access to content 

The success of the Internet as a distribution channel for digital content will depend not only on providing 
users with convenient and cost effective access to digital content. but also on providing assurances to 
content providers that their copyrights will be enforced. Ensuring that digital content is used only by 
authorized users. in ways that the content provider intended, is one of the biggest challenges facing this 

market. • 

Digital content protection (DCP) systems provide a technological answer to enforcing the copyrights of 

content owners. They are intended to confine the use of content to authorized users and uses. These 
systems must rely on software agents that can be downloaded to user's PC or open device such as a 

content player, and be trusted to enforce the interests of content owners. Software deployed on open 
platforms is susceptible to tampering and reverse engineering attacks - attacks that can by easily bypass 
a content protection system. Since these software agents will be deployed in hostile environments, they 
must be made tamper-resistant. 

Cloakware has developed a revolutionary new security technology that converts ordinary software into a 
tamper-resistant form. Based on code transformations, the technology provides tamper resistance with 
the convenience and cost-effectiveness of being entirely software based. Cloakware is working with 

vendors to embed this technology into their digital content protection systems. lt is a critical enabling 
technology for the distribution and delivery of digital content to open platforms via the Internet or other 
broadband media. 

Cloakware Corporation - 2 - making software secure 
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Protecting Digital Content using Code Transformation Technology 

DIGITAL CONTENT PROTECTION 

The Internet offers corporations and content companies an efficient distribution channel for digital content, 

however. copyright enforcement and the protection of corporate information remains a fundamental 

challenge. Unprotected digital content can be easily copied and broadcast to hundreds of millions of 
Internet users, as Napster demonstrated. 

Another market trend that makes content more vulnerable is the move to open platforms for content 
playback. This includes content playback on PCs, mobile phones, PDAs and devices such as set-top 

boxes, which are becoming more general computing platforms. 

With over $200 billion in annual content sales at stake, the opportunity is enormous for technologies and 

systems that provide content owners with a mechanism to enforce usage rights for digital content. 

Figure 1 provides a general illustration of how digital content is distributed to open platforms and the key 
functions required to protect that content against unauthorized use. This architecture is generic to all 

digital content protection schemes, although not all functions have been implemented in existing systems 
(for example, the current DVD standard does not include usage rights or entitlements). 

Figure 1: Digital Content Protection - General System Architecture 

Content 

entitlements 

i _____________ ___J 

Cloakware Corporation . 3. making software secure 
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Protecting Digital Content using Code Transformation Technology 

The protected digital content may be consumer oriented (such as books, music and movies) or enterprise 
oriented (such as documents). Content may be distributed via satellite network (digital TV), cable 

networks (digital video), the Internet or a mass memory device such as a DVD or flash memory card. 

To protect digital content against unauthorized use, it must be distributed to users in encrypted or 

scrambled form. User entitlements, which define what a user may do with content, must also be 
distributed in a similar form. When a user attempts to access protected digital content, a :software 
rendering and access control engine is used to determine whether the user is entitled to do what they are 
trying to do (play, fo~ard, copy, etc.). This may be based on factors such as being a valid subscriber to 

a satellite TV service, or confirmation that a user is an employee of company XYZ and that they are 
entitled to view certain content (authentication and authorization). The decision is made by the copyright 
enforcement/entitlements management system as to whether the user can do what they request. Once 
that decision is made, it sends the appropriate commands to the content decryption engine. 

There are three key weaknesses to this problem that can be addressed using Cloakware code 
transformation technology: 

!iii> Protecting the copyright enforcement/entitlements management function against tampering. 
For example, a hacker might change the software from: 

"If CEO then give general access to content" 

to 

ulf anyone then give general access to the content" 

i!li- Protecting the content decryption key against reverse engineering attacks or tampering attacks 
designed ta separate it from the software player. For example, the DVD Content Scrambling 
System (CSS) was subjected to this type of attack in 2000. 

i!1i- Protecting attacks to spool unprotected and decompressed content to a storage device or to 

the Internet for rebroadcast to the general Internet population. 

The alternative to Claakware code protection technology is to implement these functions in hardware on 
closed platforms, or to use some other form of tamper resistant software. The third problem indicated in 
Figure 1 is easier to address for some content types such as video, books and documents, due to the 
large size of the decompressed or rendered content. For content types such as music, it is difficult to 
prevent this type of attack. 

These attacks on digital content protection applications cannot be protected with cryptography alone. 
Cryptographic protocols generally assume the user can be trusted {i.e., not to act in a hostile manner). In 
the case of digital content protection, the user can't be assumed to be trusted and may in fact attempt to 

modify the software used to protect digital content. 

Cioakware Corporaticn - 4 - making software secure 
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Protecting Digital Content using Code Transformation Technology 

MARKET DYNAMICS 

The market for digital content protection is varied. Although some markets are just emerging, others can 
immediately take advantage of the benefits of code transformation technology. For example, the content 
protection market for digital video delivered via satellite and cable system is well developed, with content 
protection being provided by Conditional Access systems. Companies such as NDS and Philips provide 

these, primarily via smart cards. Smart cards are used in set top boxes to store and decipher user 
entitlements, and they are frequently hacked. Once a gray market for the hacked smart cards has 
developed, the direct broadcast satellite provider has no alternative but to change the installed base of 
cards at a cost that can exceed $100 million. Code protection technology offers a software-only 
alternative that can be··refreshed" online easily in the event of an attack. 

In the video streaming market, several players that provide products for satellite and digital cable are 
looking to leverage their Conditional Access systems. Since these systems are targeted at PCs, they can 
no longer rely on smart cards t.o decipher and store user entitlements. Code protection technology 
provides the same substitute for smart cards in these video streaming applications and markets. 

Another market segment that could benefit greatly is that of content privacy. The system architecture 

used to manage content privacy is almost identical to Figure 1, and has the same security challenges. 
The same challenges addressed by code transformation technology. The difference is content can 
originate from an enterprise or a single end user. For example. a user may wish to send an email or 
document to a group of employees within a company, and specify that the email or document cannot be 
forwarded or read by other users. This can only be enforced using code transformations and the 
appropriate application on the user's computing platform. 

C!oakware Corporation - 5 - making software secure 
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Protecting Digital Content using Code Transformation Technology 

DCP SECURITY MODEL 

The security mode! for digital content protection differs substantially from the typical Internet security 
model, which relies on software operating in trusted environments. For example, companies rely on web 
servers and applications for e-commerce because they deploy these in trusted environments on trusted 
servers. Hostile users or hackers are prevented from accessing the trusted software both physically (by 

locked doors) or electronically (by firewalls}. Hence, they cannot change the behavior of the trusted 

software to suit their purpose. 

Recent research in security has also focused on the protecting benign hosts against malicious or virus­

infested software that may be downloaded from the lntemet. For example, the Java sandbox was 
developed specifically to address the risk of malicious software downloaded to the user's computer. 
User's can trust the downloaded software since the Java sandbox protects the user's computer against 
malicious or virus-infested code. 

Digital content protection systems require a different security model. Content providers must deliver 
content across a hostile network to a user and host platform that cannot be trusted. To control how that 
content is used and by whom, digital content protection systems must rely on a software enforcement 
agent that executes in a hostile environment. 

The trusted agent must represent and enforce the interests of the content owner, including the terms and 
conditions under which the content may be used, and by whom, in an environment where the user has 
complete control and access to the hardware and software that provides access to the content. Users 
must also be assumed to have an unlimited amount of time and resources to attack and bypass any 
content protections mechanisms. 

This is a unique security model, requiring a unique set of technology. 

Traditional Assumptions Won't Work 

Historically, cryptography adopted the security model where Alice sends data to Bob, and Eve tries to 
attack the communication. This model assumes that both Alice and Bob can be trusted. For example, 
they can be trusted to maintain the secrecy of the cryptographic key{s) used to decrypt messages sent to 
each other, because they have no incentive to disc!ose that information to other individuals. 

A problem arises when this thinking is applied to digital content protection. 

First, digital content protection systems must rely on cryptographic keys to decrypt streamed or persistent 
{stored locally) content. However, the possibility must be considered that Bob could be a hostile party, 
and cannot be trusted to maintain the secrecy of the cryptographic keys or to use those keys in a manner 
that supports the interests of Alice (the content provider). Since Bob cannot be trusted, a trusted agent 
must be introduced and be present on Bob's computer or player to decrypt the content in a manner that 
reflects Bob's authorization to access or use that content 

Cloakware Corporation - 6 - making soft<Nare secure 
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Second, cryptography protects data. not the trusted agent. The trusted agent must withstand focused 
reverse engineering attacks to discover the cryptographic keys, and in the case of the soft.ware, 
tampering attacks to change the behavior of the trusted agent in favor of the attacker. Digital signatures 
could be used to ensure the integrity of a trusted software agent, but again we can't rely on Bob to verify 
the digital signature and the integrity of the agent. lf we rely on a trusted software agent to verify its own 

integrity, the software again is exposed to tampering attacks to eliminate this check. 

The failure of the DVD (Digital Video Disk} Forum's CSS (Content Security System) and recent attacks 

such as on the player used to distribute Stephen King's latest e-book were the result of cryptographic 

technologies alone being applied to protect digital content in a hostile environment 

While cryptography is an important element of DCP, full content protection will hinge on the ability of 
content providers and distributors to develop confidence in these trusted agents on users' computers or 

content players. To achieve this, the trusted agents must be made able to withstand focused tampering 
and reverse engineering attacks. 

Cloakware Corporation . 7. making software secure 
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REQUIREMENTS FOR TRUSTED SOFTWARE 

Trusted software agents can be deployed and upgraded across the Internet at relatively low cost, 
avoiding problems with installed base compatibility and the lime and cost to deploy a hardware solution. 

Whiie some may consider a software-based approach to security to be less effective than one delivered 
in hardware. trusted software agents offer the advantage of easy renewability. As new attacks are found, 
they can be countered with advances in architecture, and with improvements to the technologies used to 
implement them. Neither hardware nor software will withstand a focused attack lasting months or years, 
so digital content protection security models cannot be predicated on this assumption . . 
Trusted software agents also offer greater user convenience since they can be readily deployed on 
existing player devices without requiring the user to upgrade their player or purchase a new player. 

Trusted software incorporated in digital content protection solutions must have the following properties: 

!Iii- Resistance to Reverse Engineering Attacks: Trusted software must protect cryptographic 
keys used for content decryption, against extraction through attacks that rely on static analysis 
or tracing the execution of code. 

Simple code obfuscation technologies do not address this requirement; these typically 
obfuscate software through symbol renaming, stripping out debug information and other 
obfuscation techniques that are easily defeated. 

,... Resistance to Tampering Attacks: Trusted software must be resistant to tampering so that 
functionality that is critical to the content provider cannot be bypassed or changed. 

Standard hacking techniques, such as modifying crucial branch instructions, are easy to apply 
to these software programs. ln the early days of the PC, computer game manufacturers made 
many efforts to prevent hackers from bypassing their copy protection code but all these were 
readily defeated by hackers using these techniques. 

Code obfuscation tools do nothing to protect software against tamper!ng; a user that can 
reverse engineer the software can also, with relative ease, make useful changes to the 
software. 

~ !Portability: Portability is another key requirement for trusted software. With the rise in new 
consumer devices that will be used to access the Internet and digital content, the X86 
architecture is unlikely to be the dominant platform for the viewing and use of digital content. 

A number of techniques to render software tamper-resistant have been implemented or 
proposed. In general, these rely on encryption and decryption of the binary file, or 
manipulation of the binary to make it very difficult to reverse engineer. These "wrapper" 
technologies are, in general. limited in their portability. 
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CLOAKWARE CODE TRANSFORMATION TECHNOLOGY 

Cloakware has developed a revolutionary new security technology that converts normal software into a 
tamper-resistant form. Cloakware code transformation technology can be applied to trusted software 

agents used in digital content protection systems to harden them against focused attacks. 

This technology is based on a family of compiler-derived techniques and the innovative application of 

mathematical and cryptographic principles to prevent reverse engineering and tampering with software. 

This conversion of software to a tamper-resistant form is accomplished through a process of "cloaking" 

crucial pieces of the software. The cloaking process, which occurs at source level, resists traditional 

techniques for key extraction - cryptographic keys are mapped using non-invertible functions in the 
cloaked code and never appear as ·ctear text· in the protected software during execution. 

Tamper-resistant properties are achieved by injecting a measured and appropriate degree of entropy into 

the code. if the cloaked code is tampered with, the code will cascade into failure during execution. This 

means the attacker cannot make use.fY.I changes (from the hacker's perspective) to the code. 

Since the technology works at source code level, it offers portab!llty advantages over tamper resistant 

technologies that operate at binary level. 

Cloakware is working with major digital content protection system providers and content providers to 

implement our code transformation technology into their products. This technology offers the 

convenience of a software-only offering, with a high-level of resistance to tampering and reverse 

engineering attacks. These are essential to the digital content protection security model and ultimately to 

the success of digital content protection and the use of the Internet for the distribution of digital content. 
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Protecting Digital Content using Code Transformation Technology 

CONCLUSION 

The success of the lntemet as a distribution channel for digital content will depend not only on providing 

users with convenient and cost effective access to digital content, but also on providing assurances to 

content providers that their copyrights will be enforced. 

Digital Rights Management (digital content protection) systems offer a technological means of enforcing 
the copyrights of content owners. Trustworthiness and convenience will be crucial to the broad 

acceptance of digital rfght management (digital content protection) across the Internet. 

The digital content protection security model depends on trusted software agents that can be downloaded 
to user's content players or PCs and be trusted to enforce the interests of content owners. These trusted 

software agents must be made tamper-resistant to withstand attacks to extract cryptographic keys and to 
change the functionality of the trusted software agents. 

Cloakware has developed a revolutionary new code transformation technology that converts ordinary 

software into tamper-resistant software. The technology offers digital content protection system and 
service providers, tamper resistance with the convenlence and cost-effectiveness of a portable, software­
only product. 

Cloakware is currently working with leading digital content protection vendors to embed this technology 

into their DCP systems and to manufacture renewable trusted software agents. The application of 

Cloakware's security technology to digital content protection offers content providers assurances that 

their copyrights will be enforced while offering content users the convenience of a portable, software-only 
solution. 

© Cloakware Corporation, 2002 

This document is provided "as is" with no warranties. expressed or implied, including but not limited to any implied 
warranty of merchantability, fitness for a particular purpose, or freedom from infringement Cloakware Corporation 
may have patents or pending patent appiications, trademarks, copyrights or other intellectual property rights that 
relate to the described subject matter. The furnishing of this document does not provide any license, expressed or 
implied, by estoppels or otherwise, to any such patents, trademarks, copyrights, or other intellectual property rights. 
Cloakware Corporation assumes no responsibility for error or omissions in this document; nor does Cloakware 
Corporation make any commitment to update the information contained herein. This document is subject to change 
without notice. 
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CellPort Labs Inc. has developed a tool for law enforcement agencies, 

ambulance corps and other groups that need to distribute information quickly 

and securely across a fleet of vehicles. 

The CP2100 mobile network server supports two-way data communications 

between a vehicle-based unit and the Internet, a corporate network or an 

intranet. The system also provides data communications between vehicles. 

The product eliminates a lot of the hassles associated with remote-access 

technology by simply turning a vehicle system into a node on the Internet, 

company officials said. Such an approach makes it easy to give vehicles 

access to centralized applications and to give central offices access to 

information on the vehicles. 

Boulder, Colo.-based CellPort, a developer of wireless connectivity products 

for cellular phones, has been contacted by officials from law enforcement and 

other public-safety agencies that are looking to better monitor their fleet of 

vehicles, said Tom Kubancik, the company's director of business development. 

The company is in discussions with several state transportation departments 

about using the technology to assist their emergency response vehicles on 

major highways. The product can be customized to monitor road temperature, 

air temperature and vehicle speeds. "Without any human interaction, the 

server grabs all the information and sends it back," he said. "II would allow the 

[transportation departments] to use their vehicles as probes." 

The CP2100 is available directly from the company and starts at $995. 
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INTRODUCTION 

Introduction 

If you are inten~sted in any of the following: 

~ Streaming audio or video to iPhone, iPod touch, iPad, or Apple TV 

* Streaming live events without special server software 

~ Sending video on demand with encryption and authentication 

you should learn about HTTP Live Streaming. 

HTTP Liv,~ Streaming lets you s,~nd audio and video over HTTP from an ordinary web server for playback on 
iOS-based devices-including iPhone, iPad, iPod touch, and Apple TV-and on desktop computers (Mac OS 
X). HTTP Live Streaming supports both live broadcasts and prnrecorded content (video on demand). HTTP 
Live Streaming supports multiple alternate streams at different bit rates, and the client software can switch 
streams intelligently as network bandwidth changes. HTTP Live Streaming also provides for media encryption 
and user authentication over HTTPS, allowing publishers to protect their work. 

AudioNideo 
input$ 

........... . ............ . ...........•.............. 
iiiiiiiiit: .. . i iiiiiiiil 

Server Distribution 

origin web server 

[~1fHJ!~ 

· Client 
! .................................................................... .. 

u:I 
All devirns running iOS 3.0 and later include built-in client softwarn for HTTP Live Streaming. The Safari 
browser can play HTTP streams within a webpage on iPad and desktop computers, and Safari launches a 
full-screen m,~dia player for HTTP streams on iOS d,~vices with small screens, such as iPhone and iPod touch. 
Apple TV 2 and later includes an HTTP Live Streaming client. 

7 
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INTRODUCTION 

Introduction 

I important: iPhone and iPad apps that send large amounts of audio or video data over cellular networks am ] 
! required to use HTTP Live Streaming. See "Requirements for App,;" (page 21 ). ! 
t ......................................................................................................................................................................................................................................... : 

Safari plays HTTP Live streams natively as the source for the <VIDEO> tag. Mac OS X developers can use the 
QTKit and AVFoundation frameworks to create desktop applications that play HTTP Live Streams, and iOS 
developers can use the MediaPlayer and AVFoundation frameworks to create iOS apps. 

I important: Always use the <video> tag to emb,~d HTTP Live Streaming. Do not use the <object> or i 
! <embed> tags (except to specify fallback content). i 
t----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------: 

Because it uses HTTP, this kind of streaming is automatically supported by nearly all edge servers, media 
distributors, caching systems, routers, and firewalls. 

, ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ 

l Note: Many existing streaming services require specialized servers to distribute content to end users. These l 
l s,~rvers requirn specialized skills to set up and maintain, and in a large-scale deployment this can be costly. ! 
! HTTP Live Streaming avoids this by using standard HTTP to deliver the media. Additionally, HTTP live Streaming l 
l is designed to work seaml,~ssly in conjunction with media distribution networks for large scale operations. l 
~ '""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ~ 

The HTTP Live Streaming specification is an IETF Internet-Draft. 

At a Glance 

HTTP Live Streaming is a way to send audio and video over HTTP from a web server to client software on the 
desktop or to iOS-bas,~d devirns. 

You Can Send Audio and Video Without Special Server Software 

You can serve HTTP Live Streaming audio and video from an ordinary web server. The cli,~nt software can be 
the Safari browser or an app that you've written for iOS or Mac OS X. 

HTTP Live Streaming sends audio and video as a series of small files, typically of about 10 seconds duration, 
called media segment files. An index file, or playlist, gives the clients the URL.s of the media segment files. 
The playlist can be periodically refreshed to accomodate live broadcasts, where media segment files are 
constantly being produced. You can embed a link to the playlist in a webpage or send it to an app that you've 
written. 

8 At a Glance 
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INTRODUCTION 

Introduction 

, ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ 

l Relevant Chapter: "HTTP Streaming Architecture'' (page l 1) l 
~ ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... ~ 

You Can Send Live Streams or Video on Demand, with Optional 
Encryption 

For video on demand from prerecorded media, Apple provides a free tool to make media segment files and 
playlists from MPEG-4 video or Quicklime movies with H.264 video compression, or audio files with AAC or 
MP3 compression. The playlists and media segment files can be used for video on demand or streaming 
radio, for example. 

For live streams, Apple provides a free tool to make media segment files and playlists from live MPEG-2 
transport streams carrying H.264 video, AAC audio, or MP3 audio. There are a number of hardware and 
software encoders that can create fv'\PEG-2 transport streams carrying MPEG-4 video and AAC audio in real 
time. 

Either of these tools can be instructed to ,~ncrypt your media and gern~rate d,~cryption keys. You can use a 
single key for all your streams, a different key for each stream, or a series of randomly generated keys that 
change at int,~rvals during a stream. Keys are further protected by the rnquirem,~nt for an initialization vector, 
which can also be set to change periodically. 

I" Relevant Chapter:, "Using, HTTP, l..ive, Streaming", (page, 17) """"""""""""""""""""""""""""""""""""""""""""""""""""" I 

Prerequisites 

You should have a general understanding of common audio and video file formats and be familiar with how 
web servers and browsers work. 

See Also 

$ i05 Human Interface Guidelines-how to design web content for iOS-based devices. 

~ HTTP Uv;? Streaming protocol·---·the IETF Internet-Draft of the HTTP live Streaming specification. 

Prerequisites 9 
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CHAPTER 1 

HTTP Streaming Architecture 

HTTP Live Streaming allows you to send live or prerecord,~d audio and video, with support for encryption 
and authentication, from an ordinary web server to any device running iOS 3.0 or later (including iPad and 
Apple TV), or any computer with Safari 4.0 or later installed. 

Overview 

Conceptually, HTTP Live Streaming consists of three parts: the server component, the distribution component, 
and the client software. 

The server component is responsible for taking input streams of media and encoding them digitally, 
encapsulating them in a format suitable for delivery, and preparing the encapsulated media for distribution. 

The distribution component consists of standard web servers. They are rnsponsible for accepting client 
requests and delivering prepared media and associated resources to the client. For large-scale distribution, 
edge networks or other content delivery networks can also be used. 

The client software is responsible for determining the appropriate media to rnquest, downloading those 
resources, and then reassembling them so that the media can be presented to the user in a continuous 
stream. Client software is includ,~d on iOS 3.0 and later and computers with Safari 4.0 or later install;~d. 

In a typical configuration, a hardware encoder takes audio-video input, encodes it as H.264 video and AAC 
audio, and outputs it in an MPEG-2 Transport Stream, which is then broken into a series of short media files 
by a software stream segmenter. These files are plarnd on a w,~b server. The s,~gmenter also creates and 
maintains an index file containing a list of the media files. The URL of the index file is published on the web 
server. Client software reads the index, then requests the listed media files in order and displays them without 
any pauses or gaps between segments. 

An example of a simple HTTP streaming configuration is shown in "A basic configuration." 

Overview 11 
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CHAPTER 1 

HTTP Streaming Architecture 

Flgure1-1 A basic configuration 

AudioNideo 
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Server 

origin web server 
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Input can be live or from a prerecorded source. It is typically encoded as MPEG-4 (H.264 video and AAC audio) 
and packaged in an MPEG-2 Transport Stream by off-the-shelf hardware. The MPEG-2 transport stream is 
then broken into segments and saved as a series of one or more . ts media flies. This is typically accomplished 
using a software tool such as the Apple stream segmenter. 

Audio-·only streams can be a series of MPEG elementary audio files formatted as either AAC with ADTS headers 
or as MP3. 

The segmenter also creates an index file. The index file contains a list of media flies. The index file also contains 
metadata. The index file is an . M JU 8 playlist The URL of the index file is accessed by clients; which then 
request the indexed flies in sequence. 

Server Components 

The server requires a media encod,~r; which can be off-th,~-sh,~lf hardware, and a way to break the encoded 
media into segments and save them as files, which can be software such as the media stream segmenter 
provided by Apple. 

Media Encoder 

The m,~dia ,~ncoder tak,~s a real-time signal from an audio-vid,~o device, encodes the media, and encapsulates 
it for transport. Encoding should be set to a format supported by the client device, such as H.264 video and 
HE-AAC audio. Currently, the supported delivery format is MPEG-2 Transport Streams for audio-video, or 
IVIPEG elementary streams for audio-only. 

12 Server Components 
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