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Abstract— Nowadays the use of multicast in wide area
networks is essential for the development of multimedia 
applications such as IPTV. In this research, it performed an 
analysis and evaluation of the operation and performance of IP 
multicasting routing protocols supported by Cisco IOS 
C2800NM-ADVIPSERVICESK9-M, Version 12.4(15)T1, where 
it is determined which protocol provides the best conditions for 
multicasting, based on a study case, which consist  on the 
implementation of IPTV service over MPLS Core platform. 
Soon, this service will be implemented by first time in Ecuador on 
the MPLS network of “Telecommunication National Corporation 
(CNT)” so this research will contribute with a solid study, which 
will facilitate the multicasting delivery on their network, in 
specific the IPTV service. 

Keywords— Multicast, MPLS, IPTV, Cisco.

Resumen— Hoy en día el uso de multidifusión en redes de
área amplia es esencial para el desarrollo de aplicaciones 
multimedia como lo es IPTV. En esta investigación, se realizó el 
análisis y evaluación del funcionamiento y rendimiento de los 
protocolos de enrutamiento IP multicast soportados por el IOS 
de Cisco C2800NM-ADVIPSERVICESK9-M, Versión 
12.4(15)T1, donde se determinó cual provee las mejores 
condiciones para la multidifusión basado en un caso de estudio 
enfocándose en la implementación del servicio de IPTV sobre una 
plataforma con un core MPLS, tomando en cuenta que en un 
futuro cercano este servicio será implementado por primera vez 
en Ecuador en la red de la Corporación Nacional de 
Telecomunicaciones, contribuyendo de esta manera con un 
estudio solido que facilitará la implementación de multidifusión 
en su red, específicamente para la provisión del servicio de IPTV. 

Palabras Clave— Multicast, MPLS, IPTV, Cisco.
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!!" #$%&'!$(&)*+*#,%-.-)*
&/* 012* 034153615712* 89* 03* 3:389;73* <72:1* 89* 03* &2:=903*

)=>95715* ?1076@:/7:3* 89* <A7;4153B1* 29* 7;>09;9/6C* =/*
>516167>1* 89* >5=9432* D=9* 3E=8C* 3* 89695;7/35* :=F0* 92* 90*
>5161:101* ;=067:326* 21>156381* >15* 90* !-)* 89* <72:1* ;F2*
389:=381*>353*03*>51G727C/*89*=/*295G7:71*C>67;1*89*!?%HI*9269*
:1/6C*:1/*012*27J=79/692*909;9/612K*

 L* '1=6952* <72:1* <3630E26* MNOO"* P!-)* <MNQQR#S
$.H!?)&'H!<&)TUS#I*G9527C/*OM"VPOLW%OW*

 V*)X76:A92*<72:1*<3630E26* MUYQ* P<MUYQS($RZ$)&S
#I*G9527C/*OM"MPMLW[\W*

 O*)95G7815*89*)6593;7/J*H(<"**PH(<*M"Q"]W*

 L*?<*:079/692"*

 *O*)96S61>*Z1^*#$_*MLQ*

 O*%H*

 H95271/* 89;1* 890* 21`6X359* `9)6593;* !?%H* &^>956**************
$/30EB95"*PG"MQOMW**

(3*909::7C/*890*21`6X359*>353*90*3/F07272*89*032*G35734092*89*
:307838*89*!?%H*29*01*59307BC*0=9J1*89*=/3*:1;>353:7C/*6@:/7:3*
89* 83632A9962* 89* 87`959/692* 21`6X3592* 92>9:7307B3812* 9/* 032*
;987:71/92*89*G35734092*89*!?%H"*&0*>51J53;3*`9)6593;*92*90*
D=9*457/8343*92638a267:32*;F2*:1;>09632*>353*90* 653/2>1569*89*
G7891* 26593;I* >15* 01* D=9* `=9* 90* 2909::71/381*>353* 59307B35* 032*
87G95232*;987:71/92"*

(3* `7J=53* O* ;=92653* 90* 92:9/3571* =2381* >353* 59307B35* 032*
>5=9432*89*012*>5161:1012*89*9/5=63;79/61*;=067:326*21>1563812*
>15* 90* !-)* 89* <72:1* <MNQQR#S$.H!?)&'H!<&)TUS#I*
G9527C/* OM"VPOLW%OI* 90* 8729b1* 89* 03* ;72;3* 29* 9263409:7C* 89*
;3/953* D=9* >95;763* 3>59:735* 012* 49/9`7:712* 890* =21* 89* 03*
69:/101Ja3*;=067:326*>353*03*>51G727C/*890*295G7:71*89*!?%H"*

* *
[7J"*O*&2:9/3571*89*?5=9432"*

(32* :1/9^71/92* 890* <-'&* #?()* 29* 032* 59307B351/*
;9873/69* 9/03:92* `=00S8c>09^* 29573092* 2a/:51/12* H"dMI* >15* 01*
D=9*90*3/:A1*89*43/83*9/*92632*7/695`3:92*`=9*89*;F^7;1*89*N*
#4>2I* >95;7679/81* 03* 653/2;727C/* 27;=06F/93* 89* A3263* 812*
:3/3092*:1/*89`7/7:7C/*926F/835"*

(32* >5=9432* 29* 032* 59307B351/* :1/* 9D=7>12* <72:1I* ;35:3*
92:1J783* ;9873/69* 926=8712* >59G712* >15* 03* <R%* >353* 03*
7;>09;9/63:7C/* 89* 2=* <-'&* #?()"* &0* 3/F07272* 89* 92612*
926=8712* 29* 9/:=9/653/* 8963003812* 9/* 81:=;9/612* 89* 65343e1*
7/695/12*89*03*<15>153:7C/*R3:71/30*89*%909:1;=/7:3:71/92"**

?353* 03*9e9:=:7C/*89* 032*>5=9432* 29*=2351/*812*G78912*D=9*
27;=0351/*:3/3092*89*6909G727C/I*9/*03*63403*O*29*>=989*14295G35*
2=2*:353:695a267:32"*

%3403*O*<353:695a267:32*G78912*!?%H"*

*

(3* 7/G9267J3:7C/* 29* 03* 59307BC* ;9873/69* 90* ;@6181*
7/8=:67G1I* >57;953;9/69* 29* 432C* 9/* 03* 14295G3:7C/* 890*
`=/:71/3;79/61* 89* :383* >5161:101* E* 90* 59J72651* 89* 032*
;987:71/92*D=9*;1265C*90*>5143815I*0=9J1*29*A7B1*90*3/F07272*E*
:0327`7:3:7C/* 89* 012* 83612* 1469/7812* >353* `7/30;9/69* 009J35* 3*
=/3*:1/:0=27C/*890*926=871"**

(32* 92>9:7`7:3:71/92* 89* 032* >5=9432* 59307B3832* >15* :383*
>5161:101*21/*032*27J=79/692K*

Primero* f*%53/2;727C/*89*812*:3/3092* 27;=06F/912*>15* 03*
8759::7C/*MMV"M"M"M*:1/*90*>=9561*LQQO*E*LQQVI*=23/81*90*G7891*
89*Od*;7/=612"*

Segundo*f*%53/2;727C/*89*812*:3/3092* 27;=06F/912*>15*03*
8759::7C/*MMV"M"M"M*:1/*90*>=9561*LQQO*E*LQQVI*=23/81*90*G7891*
89* Od*;7/=612I* 389;F2* 29* :=9/63* :1/* 03* * 653/2`959/:73* 89* =/*
35:A7G1* 89* M_Z* ;9873/69* * [%?* >15* 03* 598I* >353* 27;=035* 90*
65F`7:1*89*83612"*

Tercero*f* *%53/2;727C/*89*812*:3/3092*27;=06F/912*>15*03*
8759::7C/*MMV"M"M"M*:1/*90*>=9561*LQQO*E*LQQVI*=23/81*90*G7891*
89**O*A153*dM*;7/=612*

Cuarto* f* %53/2;727C/* 89* 812* :3/3092* 27;=06F/912* >15* 03*
8759::7C/*MMV"M"M"M*:1/*90*>=9561*LQQO*E*LQQVI*=23/81*90*G7891*
89* Od*;7/=612I* 389;F2* 29* :=9/63* :1/* 03* * 653/2`959/:73* 89* =/*
35:A7G1* 89* M_Z* ;9873/69* * [%?* >15* 03* 598I* >353* 27;=035* 90*
65F`7:1*89*83612"*

(32* G35734092* D=9* 29* 3/307B351/* 9/* :383* 92:9/3571* 21/* 032*
:1;c/;9/69* =23832* >353* 03* ;987:7C/* 89* 03* :307838* 9/* 03*
7/8=26573*89*!?%H*gdh*E*92632*21/K*

Video/Audio MOS* f* ;@657:3* D=9* ;789* 03* :307838*
>95:9>6=30* 890* 26593;7/J* 89* G7891I* 81/89* O* 92* =/3* :307838*
>1459*E*L*=/3*9^:909/69*:307838"*

Max PCR jitter* f* 03* G3573:7C/* 890* 5963581* >5929/69* 9/* 03*
653/2;727C/*89*012*26593;2*89*!?%HI*;98783*9/*;70729J=/812"*

Video packet loss rate* f* * 90* >15:9/63e9* 89* >3D=9692* 89*
!?%H*>9587812*1*892:3563812"*

%1832* 032* >5=9432* 29* 59307B351/* >15* MQ* G9:92* :1/* :383*
>5161:101* E3* D=9* 92* 90* /c;951* ;a/7;1* 89* ;=926532* D=9* 90*
;@618o 92638a267:1 i8729b1*`3:615730*;7^61*M^d” 9263409:9*>353*
59307B35*=/*3/F07272*:1/*=/*3061*/7G90*89*:1/`734707838"*gVh*

N Video Duración Resolución Tamaño del video 
O* ZZ<*

R9X2*
QKOdKdV* ]MQ^L]Y* dOQ*#Z*

M* ?90a:=03* OKdMKOM* YVQ^VNQ* NLU*#Z*
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!!!" #$%&'()*+%,-,,*!%.&%!/0,
'1234,52,67829,927:;<754,:7=,>91287=,>49,?@,A2B2=,B4C,B757,

>94D4B4:4E,B4C,2:,>9487549,F2%D927G,!H(I,$J>29D,)C7:K<29E,=2,
>1252C,48=29A79,:4=,92=1:D754=,>94G25;4,>797,2:,>94D4B4:4,H!L,
%L,2C,:7,D78:7,?",

(78:7,?,#2=1:D754,H!L,%L,

, PIM SM 
Métricas 

,
No Exp. 

MOS 
Audio/Video 

PCR 
Jitter [ms] 

Video Packet 
Loss [%] 

M, NEM@, OEPQ, @E@@,
?, NE@N, NENN, MERM,
O, OES?, ?SEOR, @EPP,
N, OEQS, ?TEMO, OETT,
H94G25;4=, 3,883 15,228 1,588 
,
'4=, 92=1:D754=, >94G25;4, >797, 2:, >94D4B4:4, H!L, *L, =2,

48=29A7C,2C,:7,D78:7,O",
,

(78:7,O,#2=1:D754,H!L,*L,

, PIM DM 
Métricas 

,
No Exp. 

MOS 
Audio/Video 

PCR 
Jitter [ms] 

Video Packet 
Loss [%] 

M, NE@P, OETQ, @E@@,

?, NE@S, OEST, MEQN,
O, OEQN, ?SE@@, @ESN,
N, OEPS, ?NEMO, TEMN,
H94G25;4=, OEPNO, MNEQM, MERR,
,
'4=,92=1:D754=,>94G25;4,>797,2:,>94D4B4:4,H!L,%LU*L,=2,

48=29A7C,2C,:7,D78:7,N",
(78:7,N,#2=1:D754,H!L,%LU*L,

, PIM SM-DM 
Métricas 

No Exp. 
MOS 

Audio/Video 
PCR 

Jitter [ms] 
Video Packet 

Loss [%] 
M, NE@P, OEQO, @E@@,
?, NE@S, OET@, MER@,
O, OES?, ?SE@Q, @ERQ,
N, OEPS, ?TENN, TE@T,
H94G25;4=, 3,963 14,91 1,928 
,

H797, 2:, 7CV:;=;=, 2=D75W=D;B4, 52, :4=, 92=1:D754=, =2, 5;=2X794C,
D92=,2J>29;G2CD4=E,1C4,>49,B757,>94D4B4:4",'7=,B797BD29W=D;B7=,
52:,2J>29;G2CD4,F1294C,:7=,=;31;2CD2=Y,

Descripción del Experimento,Z,.4C4B29,=;,2:,927:;<79,1C7,
D97C=G;=;[C, 52, !H(I, \1CD4, B4C, B7937, 75;B;4C7:, B4G4, D9VF;B4,
](H,K,2:, D;>4,52,>94D4B4:4,52,2C91D7G;2CD4,G1:D;B7=DE, ;CF:1K2,
2C,:7=,G^D9;B7=,52,2=D15;4",

Factores,Z,H797,:4=,2J>29;G2CD4=,=2,B4C=;529[,54=,F7BD492=,
_12,=4CY,

7`, H94D4B4:4=,

, H!L,*L,

, H!L,%L,

, H!L,%LU*L,

8`, .7CD;575,*2,(9VF;B4,$C,'7,#25,a.7937`,

, %4:4,!H(I,

, !H(I,K,](H,

Variable Respuesta,Z,L^D9;B7,52:,$J>29;G2CD4,

Individuo,Z,%D927G;C3,52,!H(I",

Unidad Experimental, Z, *2>2C52, 52, :7, G^D9;B7, 52:,
2J>29;G2CD4",

Hipótesis, Z, :7=, 6;>[D2=;=, _12, =2, >:7CD2794C, =4C, :7=,
=;31;2CD2=Y,

b@Y,cM,d,c?,ded cf,d,c,

bMY,04,D457=,:7=,cM,=4C,;317:2=",

b@Y,b;>[D2=;=,01:7,

cY,L25;7,52,:7,A79;78:2,2C,2=D15;4",

bMY,b;>[D2=;=,):D29C7D;A7,

*28;54,7,_12, , =2,5;=>4C2,52,54=, F7BD492=E,2:,1C4,B4C,D92=,
C;A2:2=, K, 2:, 4D94, B4C, 54=E, 2:, G^D454, 2=D75W=D;B4, _12, =2,
;G>:2G2CD[ F12 2: g*;=2X4 F7BD49;7: G;JDo ?JOh iNj",

):,=29,1C,>94K2BD4,52,;CA2=D;37B;[C,2:,7CV:;=;=,F12,927:;<754,
7,1C,C;A2:,52,=;3C;F;B7CB;7,52,@E@T,B4C,2:, =4FDk792,2=D75W=D;B4,
L;C;D78, A"MQ, 2C, 54C52, :7, G7D9;<, 52, 57D4=, F12, ;C392=757, >797,
48D2C29,:4=,92=1:D754=,52,:4=,D92=,2J>29;G2CD4=",

Experimento 1 

$=D2, 2J>29;G2CD4, F12, 2CF4B754, 7:, 2=D15;4, 52, :7, A79;78:2,
g.7:;57d  52  )15;4  K  I;524, LOS”  _12  2=  1C7  G^D9;B7 
>29B2>D17:,_12,C4=,>29G;D2,=7829,B4C,2J7BD;D15,:4,_12,=2,2=>297,
_12,2:,=1=B9;>D49,>1257,A29",

'1234,52, 67829, 7C7:;<754, :7, D78:7, 7C4A7, 48D2C;57, 2C, 2=D2,
2J>29;G2CD4,=2,B4CB:1K2,_12Y,

 $J;=D2, 1C, 2F2BD4, 52, :4=, >94D4B4:4=, 52, 2C91D7G;2CD4,
G1:D;B7=D,=4892,:7,B7:;575,52,715;4,K,A;524,L+%",

 $J;=D2, 1C, 2F2BD4, 52, :7, B7CD;575, 52, D9VF;B4, _12, =2,
G7C2\2, 2C, :7, 925, =4892, :7, B7:;575, 52, 715;4, K, A;524,
L+%",

 $J;=D2, 1C, 2F2BD4, 52, ;CD297BB;[C, 2CD92, 2:, D;>4, 52,
>94D4B4:4,52,2C91D7G;2CD4,G1:D;B7=D, K, :7,B7CD;575,52,
D9VF;B4,_12,2J;=D2,2C,:7,925",

$:, G^D454, 52, B4G>797B;[C, 52, G25;7=, '%*, 7994\[, 7, :4=,
>94D4B4:4=, H!L, *L, K, H!L, %LU*L, B4G4, :4=, 37C75492=,
2=D75W=D;B7G2CD2,2C,2:,2J>29;G2CD4,ME,>294,=2,52D29G;C[,_12,2:,
>94D4B4:4,H!L,%LU*L,2=,2:,37C7549,2C,D^9G;C4=,2=D75W=D;B4=,
7:,89;C579,1C7,G2\49,B7:;575,_12,H!L,*L,2C,2:,2=B2C79;4,=;C,
D9VF;B4,75;B;4C7:",

Experimento 2 
$=D2, 2J>29;G2CD4, F12, 2CF4B754, 7:, 2=D15;4, 52, :7, A79;78:2,

gL7J H.# \;DD29 aG=`h _12 2= 1C7 G^D9;B7 _12 C4= G4=D979V 1C 
A7:49,2C,G;:;=231C54=E,92>92=2CD7C54,2:,D;2G>4,52,:7,A79;7B;[C,
52:,92D7954,,2C,:7,_12,=2,92B;82,:7,=2X7:,52,=;CB94C;<7B;[C,H.#,
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!"#!"$ "%$ "&'(!")*$ +,),$ -&,$ '())"'.,$ )"+)(!-''/0&$ !"%$ ,-!/($ 1$
2/!"(3$

4-"5($!"$ 6,7")$ ,&,%/8,!($ %,$ .,7%,$ ,&(2,$ (7."&/!,$ "&$ "#."$
"9+")/:"&.($#"$'(&'%-1"$;-"<$

 =($"9/#."$-&$">"'.($!"$%(#$+)(.('(%(#$!"$"&)-.,:/"&.(
:-%./',#.$#(7)"$"%$?,9$@AB$C/..")3

 =($ "9/#."$ -&$ ">"'.($ !"$ %,$ ',&./!,!$ !"$ .)D>/'($ ;-"$ #"
:,&"C"$"&$%,$)"!$#(7)"$"%$?,9$@AB$C/..")3

 =($ "9/#."$ -&$ ">"'.($ !"$ /&."),''/0&$ "&.)"$ "%$ ./+($ !"
+)(.('(%($!"$"&)-.,:/"&.($:-%./',#.$ 1$ %,$',&./!,!$!"
.)D>/'($;-"$"9/#."$"&$%,$)"!$"&$"%$?,9$@AB$C/..")3

E&$"#."$"9+")/:"&.($&($#"$+-"!"$!"."):/&,)$-&$+)(.('(%($
:-%./',#.$ 5,&,!()$ "&$ .F):/&(#$ "#.,!G#./'(#$ 1,$ ;-"$ '(:($
)"#-%.,!($#"$(7.-2($;-"$"#."$ >,'.()$&($ /&'/!"$"&$ "%$?,9$@AB$
C/..")3$ H#G$ ;-"$ #/$ #"$ '(&#/!"),$ "#."$ ,#+"'.($ #"$ +-"!"$
/:+%":"&.,)$1,$#",$@I?$J?*$@I?$K?$($@I?$J?LK?3$

Experimento 3 
E#."$ "9+")/:"&.($ >-"$ "&>(',!($ ,%$ "#.-!/($ !"$ %,$ 2,)/,7%"$

M@()'"&.,C" !" +,;-"."# +")!/!(#N ;-" "# -&, :F.)/', ;-" &(# 
+"):/."$ #,7")$ '-D&.($ !"%$ #.)",:/&5$ #"$ "#.D$ )"'/7/"&!($ "&$ "%$
'%/"&."$!"$I@OP3$

4-"5($!"$ 6,7")$ ,&,%/8,!($ %,$ .,7%,$ ,&(2,$ (7."&/!,$ "&$ "#."$
"9+")/:"&.($#"$'(&'%-1"$;-"<$

 =($"9/#."$-&$">"'.($!"$%(#$+)(.('(%(#$!"$"&)-.,:/"&.(
:-%./',#.$#(7)"$"%$+()'"&.,C"$!"$+,;-"."#$+")!/!(#3

 =($ "9/#."$ -&$ ">"'.($ !"$ %,$ ',&./!,!$ !"$ .)D>/'($ ;-"$ #"
:,&"C"$ "&$ %,$ )"!$ #(7)"$ "%$ +()'"&.,C"$ !"$ +,;-"."#
+")!/!(#3

 =($ "9/#."$ -&$ ">"'.($ !"$ /&."),''/0&$ "&.)"$ "%$ ./+($ !"
+)(.('(%($!"$"&)-.,:/"&.($:-%./',#.$ 1$ %,$',&./!,!$!"
.)D>/'($;-"$"9/#."$"&$%,$)"!$"&$%(#$@,;-"."#$@")!/!(#3

E%$:F.(!($!"$'(:+,),'/0&$!"$:"!/,#$4JK$&(#$,))(C,$,$%(#$
+)(.('(%(#$ @I?$ K?$ 1$ @I?$ J?LK?$ '(:($ %(#$ 5,&,!()"#$
"#.,!G#./',:"&."$"&$"%$"9+")/:"&.($Q*$+")($"#.($#"$)">/")"$,$;-"$
%(#$ !(#$ +)(.('(%(#$ #(&$ %(#$ ;-"$ :D#$ +")!/!,#$ !"$ +,;-"."#$
+)"#"&.,&$"&$-&,$ )"!$'(&$',)5,$,!/'/(&,%$+()$ %($;-"$+(!":(#$
!"."):/&,)$;-"$"%$+)(.('(%($@I?$J?$"#$"%$;-"$:"&(#$+")!/!,#$
!"$+,;-"."#$."&!)G,$"&$%,$.),&#:/#/0&*$,-&;-"$',7"$)"',%',)$;-"$
"&$ "&.()&(#$ #/&$ ',)5,$ %(#$ .)"#$ +)(.('(%(#$ ./"&"&$ -&$
'(:+().,:/"&.($#/:/%,)3$

4-"5($!"$ 6,7")$ "2,%-,!($ %(#$ .)"#$ "9+")/:"&.(#$ )",%/8,!(#$
#"$+-!($!"."):/&,)$;-"$'-,&!($#"$!"#""$/:+%":"&.,)$:-%./',#.$
"&$-&$'()"$?@4J<$

 J/$#"$./"&"$'(:($+)/()/!,!$%,$',%/!,!$!"$,-!/($1$2/!"(
?RJ*$'(:($+()$ "C":+%($ "&$ "&.()&(#$ !"$ .),&#:/#/0&
!"$ #.)",:#$ !"$ ,-!/($ 1$ 2/!"(*$ I@OP$ (
2/!"('(&>")"&'/,#$ "%$ +)(.('(%($ ;-"$ #"$ )"'(:"&!,)G,
/:+%":"&.,)$"#$"%$@I?$J?LK?3

 J/$#"$./"&"&$'(:($+)/()/!,!$"%$?,9$@AB$ C/..")*$'(:(
+()$ "C":+%($ "&$ ',#(#$ ;-"$ #"$ )";-/"),$ "%$ -#($ !"
:-%./',#.$'(&$P(I@*$$#"$+-"!"$/:+%":"&.,)$'-,%;-/"),
!"$%(#$.)"#$+)(.('(%(#3

 J/$ #"$ ./"&"$ '(:($ +)/()/!,!$ %,$ +F)!/!,$ !"$ +,;-"."#*
'(:($ +()$ "C":+%($ "&$ "&.()&(#$ !"$ "&.)"5,$ !"$ !,.(#
7,&',)/(#$ ,$ -&$ 5)-+($:-%./',#.*$ $ "%$ +)(.('(%($ ;-"$ #"
)"'(:"&!,)G,$/:+%":"&.,)$"#$"%$@I?$J?3

E&$ -&,$ )"!$ !"$ I@OP$ %($ ;-"$ "%$ +)(2""!()$ ./"&"$ '(:($
+)/()/!,!$"#$;-"$%,$',%/!,!$!"%$#.)",:/&5$,$%,$2/#.,$!"%$-#-,)/($
#",$ %,$ :"C()*$ +()$ %($ ;-"$ '(:+)(7,&!($ %,$ 6/+0."#/#$ !"$ "#.,$
/&2"#./5,'/0&  #"  !/'"  ;-":  ME%  "#.-!/(  !"  %(#  +)(.('(%(#  !" 
"&)-.,:/"&.($ :-%./',#.$ #(+().,!($ +()$ "%$ IRJ$ !"$ A/#'($ #(7)"$
?@4J$ $ +"):/./0$ !"."):/&,)$ ;-"$ "%$ +)(.('(%($ :D#$ ,!"'-,!($
+,),$%,$+)(2/#/0&$!"%$#")2/'/($!"$I@OP$"#$"%$+)(.('(%($@I?$J?L
K?3N$

IP3 AR=A4SJIR=EJ
K"#+-F#$ !"$ 6,7")$ )",%/8,!($ "%$ +)"#"&."$ "#.-!/($ 1$ '(&$ %,$

'(:+)(7,'/0&$+(#/./2,$!"$ %,$6/+0."#/#$#"$ %%"5,$,$ %,$'(&'%-#/0&$
!"$;-"$:"!/,&."$%,$/:+%":"&.,'/0&$!"$-&$+)(.(./+($!"$+)-"7,#$
!"$-&$'()"$?@4J$:-%./',#.$;-"$+)(2""$"%$#")2/'/($!"$I@OP$"&$
%,$ H',!":/,$ 4(',%$ !"$ B"!"#$ A/#'(LEJ@RAT*$ #"$ +-!($
!"."):/&,)$;-"$"%$+)(.('(%($:D#$,!"'-,!($+,),$%,$+)"#.,'/0&$!"$
"#."$#")2/'/($"#$"%$@I?$J?LK?3$$

U),'/,#$,%$-#($!"$+)(.('(%(#$!"$"&)-.,:/"&.($?-%./',#.$"%$
'(&#-:($!"$,&'6($!"$7,&!,$"&$-&,$)"!$$"#$";-/2,%"&."$,%$!"$-&$
V&/'($ -#-,)/(*$ /&!"+"&!/"&.":"&."$ !"$ #/$ #"$ '(&"'.,&$ ,$ %,$
.),&#:/#/0&$ '/&'(*$ :/%$ ($ "%$ &V:")($ ;-"$ #",$ !"$ )"'"+.()"#$$
#/:-%.D&",:"&."3$E#.,$">/'/"&'/,$#"$'(&#/5-"$'(&$/&#.)-''/(&"#$
!"$%,$',+,$Q$!"%$:(!"%($RJI$;-"$'(&2/")."$,$',!,$'(:+-.,!(),$
!"$-&$5)-+($!"."):/&,!($"&$!"#./&,)/,$!"$%(#$+,;-"."#$!"$!,.(#$
?-%./',#.$;-"$2/,C,&$,$%($%,)5($!"$%,$)"!3$

E&$-&,$)"!$!"$I@OP$#"$./"&"$'(:($+)/()/!,!$%,$',%/!,!$!"$
,-!/($ 1$ 2/!"($ ?RJ*$ +()$ %($ ;-"$ "%$ +)(.('(%($ ;-"$ #"$ !"7")G,$
/:+%":"&.,)$ "#$ "%$ @I?$ J?LK?3$ J/$ %,$ +)/()/!,!$ "&$ %,$
.),&#:/#/0&$ :-%./',#.$ "#$ "%$ ?,9$ @AB$ C/..")$ #"$ +-"!"$
/:+%":"&.,)$'-,%;-/"),$!"$ %(#$.)"#$+)(.('(%(#*$($#/$ %($"#"&'/,%$
"#$ ."&")$ %,$ :"&()$ +F)!/!,$ !"$ +,;-"."#*$ "%$ +)(.('(%($ ;-"$ #"$
)"'(:"&!,)G,$/:+%":"&.,)$"#$"%$@I?$J?3$

HUBHKEAI?IE=ORJ$

H5),!"'":(#$ +()$ "%$ ,+(1($ 7)/&!,!($ "&$ "%$ .),&#'-)#($ !"$
"#.,$ /&2"#./5,'/0&$ ,$ %,$ E#'-"%,$ J-+")/()$ @(%/.F'&/',$ !"$
A6/:7(),8(*$H',!":/,$4(',%$!"$B"!"#$A/#'(LEJ@RAT$1$#-#$
!('"&."#3$

BEWEBE=AIHJ$
XYZ$ U(&8D%"8$[*$T")&D&!"8$A*$40+"8$K3$\]^YY_$A(&.)(%$!"$,!:/#/0&$:-%./',#.3$

X]Z$ ?/&(%/$ K*$ \]^^`_$ I@$ ?-%./',#.$ a/.6$ H++%/',./(&#$ .($ I@OP$ ,&!$ ?(7/%"$
KPbLT3$EESS3$

XQZ$ H%%/,&'"$>()$O"%"'(::-&/',./(&#$I&!-#.)1$J(%-./(&#3$\]^^c_$d(J$?".)/'#
W()$4/&",)$b)(,!',#.$I@OP3

XeZ$ U-./F))"8$ @-%/!($ T3$ \]^Y]_$ H&D%/#/#$ 1$ !/#"f($ !"$ "9+")/:"&.(#3$ ]$ "!3$
?F9/'(3
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