
!"#"$%"&'()*(""$*()&+,-".%&/$,0&123242%"%&3,&

5,,3%3$26&766.*823*,(&1"#".,60"(3&
7(9*3&+2.62(*

:;*
<&=>*.*6&7?&5"$(%3"*(

@A
<&B"$)"C&+".(*9

DE*
<&F20"%&G?&H"$I*..*)"$

@J
&

!
"#$%&#'"#()%)*)+',-'.+/0#,1,23'4&$5&(6'"#$%&'

1ankit@cse.iitm.ac.in 
7
4%/5,(,-)'8+(+&5/06'9:;'

2Phil.Bernstein@microsoft.com 
4James.Terwilliger@microsoft.com 

<
=,,21+'"#/>6'9:;'

3melnik@google.com 

&
!"#$%&'$!" #$%&'()*&+,(-./,+" 0,11-/2" 343(&03" 5,6&" $&'.0&"

.7(&/)83&9" (..+3" (." 1*.6-9&" ,11+-',(-./" ,''&33" (." *&+,(-./,+"

9,(,$,3&3:"";/","9,(,$,3&)7-*3("9&6&+.10&/("3'&/,*-.<"(5&"./83"-3"

./" (5&" 9&6&+.1&*" (." './3(*8'(" ,"0&,/-/278+" .$%&'(" +,4&*" 7.*" (5&"

,11+-',(-./" $&',83&" 35-11-/2" (..+3<" ,3" #=>" (..+3" ./+4" 35-1"

9,(,$,3&" *&6&*3&)&/2-/&&*-/2" (..+3" (5,(" 2&/&*,(&" .$%&'(3" ?-(5" ,"

(*-6-,+" ./&)(.)./&" 0,11-/2:" "@&" $8-+(" ," (..+<" A90B&/CC<" (5,("

'.0$-/&3" 1,((&*/)7-/9-/2" *8+&3" 7*.0" './'&1(8,+" 0.9&++-/2"

+-(&*,(8*&" ?-(5" './7-28*,$+&" './9-(-./3" (5,(" -/'*&,3&" (5&"

+-D&+-5..9" (5,(" 7.8/9" 1,((&*/3" ,*&" 3&0,/(-',++4" *&+&6,/(:"

A90B&/CC" 1*.98'&3" ," './'&1(8,+" 0.9&+" ?-(5" -/5&*-(,/'&" -/"

>-'*.3.7(E3" A/(-(4" F,(," >.9&+<" ?5-'5" >-'*.3.7(E3" A/(-(4"

G*,0&?.*D" 83&3" (." 3811.*(" ,/" &H&'8(,$+&" .$%&'()(.)*&+,(-./,+"

0,11-/2:" " I5&" &H&'8(-./" (-0&" .7" A90B&/CC" ./" '83(.0&*"

9,(,$,3&3"-3"*&,3./,$+&"7.*"9&3-2/)(-0&:"

K?! KLH!M1NOHKML&

M4P"83Q$".23*,(2.&0266*()&RM!+S&3,,.%&.*9"&T*4"$(23"&UVW<&

M$28."&H,6X*(9&UYW<&!Z4C&,(&!2*.%&U;[W<&2(-&+*8$,%,/3&'(3*3C&

G$20"I,$9& U;W& >2#"& 4"8,0"& 6,6Z.2$& 3,,.%& /,$& 266.*823*,(&

-"#".,60"(3?& & =2$3& ,/& 3>"& 266"2.& ,/& 3>"%"& 3,,.%& *%& 3>23& 2&

-"#".,6"$& 82(& 8,(%3$Z83& \Z"$C& 2(-& Z6-23"& ,6"$23*,(%& *(& 3>"&

(23*#"&,4P"83Q,$*"(3"-&0,-".&,/&3>"&266.*823*,(?&

]>"(& 8,(%3$Z83*()& 2(& 266.*823*,(& /$,0& %8$238><& 3>"$"& 2$"&

3I,&8,00,(&%8"(2$*,%^&0,-".Q/*$%3&2(-&-23242%"Q/*$%3?&&H>"$"&

*%&023Z$"&2(-&$,4Z%3&3,,.&%Z66,$3&/,$&3>"&0,-".Q/*$%3&%8"(2$*,<&

2%&)"("$23*()&2&-23242%"&%8>"02&/$,0&2(&,4P"83&,$&8,(8"63Z2.&

0,-".& *%&)"("$2..C&2(&2.),$*3>0*8&6$,8"%%&UV<YW?& &T,I"#"$<& *3&

*%&0,$"&-*//*8Z.3& 3,&8$"23"&2&Z%"/Z.&,4P"83&0,-".&3>23&8263Z$"%&

*(>"$*32(8"& 2(-& ,3>"$& %"02(3*8%& 3>23& *%& 6$"%"(3& *(& 2& -23242%"&

4Z3&>*--"(&*(&*3%&%8>"02&2(-&-232?&T"(8"<&*3&*%&,/3"(&6"$/,$0"-&

02(Z2..C?&&'28>&M!+&3,,.&.*%3"-&24,#"&%>*6%&I*3>&2&3,,.&3>23&

)"("$23"%&2(&,4P"83&0,-".&/$,0&2&-23242%"&3,&4,,3%3$26&-"#".Q

,60"(3<&4Z3&3>"&)"("$23"-&0,-".&*%&*%,0,$6>*8&3,&3>"&-23242%"&

%8>"02&_&2&8.2%%&6"$&324."&2(-&2&$".23*,(%>*6&6"$&/,$"*)(&9"C<&

I*3>&(,&*(>"$*32(8"&,$&$"8,)(*3*,(&,/&,3>"$&$".23*,(%>*6%?&

!"%"2$8>&6$,P"83%&%62((*()&%"#"$2.&-"82-"%&>2#"&233"063"-&

3,&-"#".,6&2.),$*3>0%&/,$&)"("$23*()&0,-".%&I*3>& *(>"$*32(8"&

/$,0& -23242%"& *(%32(8"%& *(& 2(& 2Z3,023"-& /2%>*,(& UJ<`<aW?&&

H>"%"&266$,28>"%&Z%"&6233"$(%&-*%8,#"$"-&*(&%8>"02&,$&-232&3,&

*(/"$& -232& %"02(3*8%& 2(-& 8,(%3$2*(3%<& 2(-& "b6.,*3& 3>,%"& 8,(Q

%3$2*(3%& 3,& *(/"$& 3>"& 6$"%"(8"& ,/& 8,(%3$Z83%& *(& 3>"& 8.*"(3& -232&

0,-".?& &L"*3>"$& -"-*823"-&0,-"..*()& 3,,.%& (,$&M!+& $"#"$%"&

"()*(""$*()&3,,.%&"06.,C&6233"$(Q/*(-*()&3"8>(*\Z"%?&

K-"(3*/C*()&6,3"(3*2.&*(>"$*32(8"&>*"$2$8>*"%&*(&2&-23242%"&*%&

4"("/*8*2.& 4"82Z%"& %Z8>& >*"$2$8>*"%& ."#"$2)"& 3>"& "b6$"%%*#"&

6,I"$& ,/& 3>"& 8,(8"63Z2.& ,$& ,4P"83& 0,-".<& 2(-& 2$"& 0,$"&

"b6$"%%*#"& 3>2(& 3>"& %3,$2)"& $".23*,(%?& & T,I"#"$<& %3$*83.C&

266.C*()& 6233"$(Q0238>*()& $Z."%& 3,& 2& -23242%"& *(%32(8"& 02C&

)"("$23"& 2& 8,(8"63Z2.& 0,-".& I*3>& Z(02(2)"24.C& 02(C&

8,(%3$Z83%& 2(-& *(/.23"-& *(>"$*32(8"& >*"$2$8>*"%?& & c"("$23"-&

%Z4Q3C6"%& 82(& 4"& %323*%3*82..C& *(%*)(*/*82(3& ,$& 0"2(*()."%%&

4"82Z%"&2&%02..&20,Z(3&,/&-232&>266"(%&3,&0238>&2&6233"$(&4C&

288*-"(3?&&K(&2--*3*,(<&$Z."%&*(#,.#"&\Z"$*"%&3>23&$Z(&,(&%8>"02&

2(-& -232<& 2(-& 3>Z%& >2#"& 2(& 2%%,8*23"-& 8,%3& *(& -*%9& KdM& 3>23&

*(8$"2%"%&I*3>&3>"&%*e"&,/&3>"&-23242%"?&&B*06.C&$Z((*()&$Z."%&

*(-*%8$*0*(23".C&2(C&3*0"&2&$Z."&82(&6,%%*4.C&4"&266.*"-&*%&(,3&

"//*8*"(3&2(-&02C&(,3&C*".-&Z%"/Z.&$"%Z.3%?&

H>"& '(3*3C& G$20"I,$9& R'GS<& 62$3& ,/& 3>"& $"8"(3& $"."2%"& ,/&

71M?L"3& /$,0& +*8$,%,/3<& )*#"%& -"#".,6"$%& ,4P"83Q,$*"(3"-&

288"%%&3,&$".23*,(2.&-232&4C&-"$*#*()&8.2%%"%&/$,0&2(&"b3"(-"-&

"(3*3CQ$".23*,(%>*6&8,(8"63Z2.&$"6$"%"(323*,(&,/&-232&82.."-&3>"&

'(3*3C&1232&+,-".&R'1+S?&&]"&>2#"&-"#".,6"-&2&3,,.&82.."-&

'-0c"(ff&3>23&)"("$23"%&2&#2.*-&'1+&8,(8"63Z2.&0,-".&2(-&

2& 8,$$"83& 0266*()& 4"3I""(& 3>"& 0,-".& 2(-& 3>"& -23242%"& 3,&

6$,#*-"& -"#".,6"$& 288"%%?& & =$"Q& 2(-& 6,%3Q8,(-*3*,(%& /,$& "28>&

$Z."&".*0*(23"&*(>"$*32(8"&$".23*,(%>*6%&3>23&2$"&Z(.*9".C&3,&4"&

%"02(3*82..C& 0"2(*()/Z.?& & H>"& 6$"Q8,(-*3*,(%& 2.%,& *06$,#"&

6"$/,$02(8"&4C&$"-Z8*()&3>"&(Z04"$&,/&6233"$(%&3>23&0238>&2&

$Z."<&266.C*()&$Z."%&PZ-*8*,Z%.C&,#"$&2&.2$)"&%"2$8>&%628"?&

H>"&8,(3$*4Z3*,(%&,/&3>*%&I,$9&2$"^&

•! 7&%"3&,/&6233"$(Q0238>*()&$Z."%&*(%6*$"-&4C&6$*,$&I,$9&*(&
0,-".& )"("$23*,(& 3>23& *-"(3*/C& '1+& 8,(%3$Z83%& *(& 2&

-23242%"& *(%32(8"<& 2(-& 2(& "b6.*8*3& $Z."& ,$-"$*()& 3>23&

*06$,#"%&6"$/,$02(8"?&

•! =$"Q&2(-&6,%3Q8,(-*3*,(%&/,$&$Z."&"b"8Z3*,(&3,&-"3"$0*("&*/&
2&$Z."&*%&.*9".C&3,&6$,-Z8"&Z%"/Z.&$"%Z.3%?&

•! 1"32*.%& ,/& 2& 6$,3,3C6"& *06."0"(323*,(**<& 2(-& 2& 6"$/,$0Q
2(8"&2(2.C%*%&,/&'-0c"(ff&,(&8Z%3,0"$&-23242%"%?&

K(&B"83*,(&A<&I"&6$,#*-"&2(&,#"$#*"I&,/&,Z$&-"0,(%3$23*,(&

,/&3>"&'-0c"(ff&3,,.?&&B"83*,(&E&6$,#*-"%&%,0"&*(%*)>3&*(3,&

*&],$9&6"$/,$0"-&I>*."&23&+*8$,%,/3&!"%"2$8>&

**&7&#"$%*,(&,/&,Z$&6$,3,3C6"&*%&2#2*.24."&/,$&6Z4.*8&-,I(.,2-&23^&

>336^dd8,-"?0%-(?0*8$,%,/3?8,0d'-0c"(A&



3>"&*06."0"(323*,(&,/&'-0c"(ff&2(-&2&6"$/,$02(8"&2(2.C%*%&

,/& 3>"& 3,,.& $Z((*()& ,(& $"2.QI,$.-& -232& %"3%?& & B"83*,(& J&

8,(8.Z-"%&4C&8,062$*()&'-0c"(ff&3,&$".23"-&I,$9?&

KK?!]T7H&KB&1'+MLBH!7H'1&

]"& -"0,(%3$23"& 2& -23242%"Q/*$%3& 266.*823*,(& "()*(""$*()&

%8"(2$*,<&%32$3*()&I*3>&(,3>*()&4Z3&2&-23242%"&*(%32(8"?&&7/3"$&

$Z((*()& '-0c"(ff<& 3>"& -"#".,6"$& *%& )*#"(& 2& %"02(3*82..C&

0"2(*()/Z.&0,-".& /,$& 3>23&-23242%"<&8.2%%"%&8,$$"%6,(-*()& 3,&

3>"&0,-".<&2(-&2&#2.*-&0266*()&3,&3>,%"&8.2%%"%&3>23&%Z66,$3%&

\Z"$*"%& 2(-& Z6-23"%& 3,& 3>"& -23242%"?& & ]"& %>,I& 266.*823*,(&

8,-"&3>23&*%%Z"%&\Z"$*"%&2(-&Z6-23"%&2)2*(%3&0,-".%&)"("$23"-&

/$,0&"b206."&-23242%"%<&$"3Z$(*()&.*#"&$"%Z.3%?&

]"& Z%"& 3>"& 3"$0%& "(3*3*"%<& 2%%,8*23*,(%<& 2(-& 6$,6"$3*"%& 3,&

$"/"$& 3,& 8,(%3$Z83%& *(& 3>"& 8.*"(3Q%*-"& '1+& 0,-".?& ]"& Z%"&

324."%<&/,$"*)(&9"C%<&2(-&8,.Z0(%&3,&$"/"$&3,&8,(%3$Z83%&*(&3>"&

%"$#"$Q%*-"&$".23*,(2.&-23242%"&*(%32(8"?&

O,(%*-"$&3>"&-23242%"&*(%32(8"&*(&G*)Z$"&;R2S?&&H>"&%8>"02&

8,(32*(%& 3>$""& 324."%& 8,(("83"-&4C& 3I,& /,$"*)(&9"C%<& 4,3>&,/&

I>*8>&>2#"&,("Q3,Q,("&82$-*(2.*3C&%*(8"&3>"*$&%,Z$8"&8,.Z0(%&

2$"&2.%,&6$*02$C&9"C%?& &B32$3*()&I*3>& 3>"& %8>"02&2(-&-232&,/&

3>*%&-23242%"&*(%32(8"<&I"&82(&8,(%3$Z83&3>"&8,(8"63Z2.&0,-".&

/,Z(-& *(& G*)Z$"& ;R4S?& H>"& $".23*,(%>*6& 4"3I""(& G*)Z$"& ;R2S&

2(-&G*)Z$"&;R4S&82(&4"&"b6.2*("-&2%&/,..,I%^&

•! H24."&="$%,(&*%&4$,9"(&*(3,&"(3*3*"%&="$%,(<&B3Z-"(3<&2(-&

7.Z0(Z%&42%"-&,(& 3>"&#2.Z"%& %3,$"-& *(& 3>"&8,.Z0(& 3C6"?&&

H>*%& $".23*,(%>*6& *%& 2(& "b206."& ,/& 2& 324."Q6"$Q>*"$2$8>C&

6233"$(&/,$&%3,$*()&*(>"$*32(8"&3$""%&2%&324."%?&

•! H24."&1"32*.%&*%&#"$3*82..C&0"$)"-&*(3,&="$%,(&"(3*3C?&

•! H24."&782-"0*8%&*%&#"$3*82..C&0"$)"-&*(3,&B3Z-"(3&"(3*3C?&

'28>&,/&3>"&24,#"&$".23*,(%>*6%&2$*%"%&/$,0&2&6233"$(&*(&3>"&

-232& *(& G*)Z$"& ;R2S?& & G,$& *(%32(8"<& 3>"& 324."Q6"$Q>*"$2$8>C&

2$$2()"0"(3& 2$*%"%& /$,0& *-"(3*/C*()& 2& $".23*,(%>*6& 4"3I""(&

#2.Z"%& *(& 3>"& g3C6"h& 8,.Z0(& 2(-& 3>"& 6$"%"(8"& ,$& 24%"(8"& ,/&

#2.Z"%&*(&,3>"$&8,.Z0(%?&

G*)Z$"& ;R8S& %>,I%& 2(,3>"$& 8,(8"63Z2.&0,-".& /,$& 3>"& %20"&

-23242%"&*(%32(8"?&&H>"&8,(8"63Z2.&0,-".&*%&#2.*-&*(&3>"&%"(%"&

3>23& *3& 82(& 026& 3,& 3>"& 324."%<& 8,.Z0(%<& /,$"*)(& 9"C%<& 2(-&

-*%3$*4Z3*,(%&,/&(Z..&#2.Z"%&*(&3>"&-23242%"<&4Z3&3>*%&8,(8"63Z2.&

0,-".& 8,(32*(%& "(3*3*"%& 3>23& G*)Z$"& ;R4S& -,"%& (,3?& & K3& *%&

-"42324."&I>"3>"$&3>"%"&3I,&2--*3*,(2.&"(3*3*"%&2$"&%*)(*/*82(3i&

/,$& *(%32(8"<& 3>"& +*(,$B3Z-"(3& "(3*3C& >2%& 02(C& /"I"$& $,I%&

3>2(&*3%&62$"(3<&2(-&T,(,$B3Z-"(3&>2%&,(.C&2&%*()."&6$,6"$3C?&&

K(& ,Z$& -"0,(%3$23*,(<& I"& %>,I& >,I& 2& Z%"$& 82(& %6"8*/C&

62$20"3"$%& 3,& '-0c"(ff& 3,& \Z2(3*/C& I>23& *3& 0"2(%& 3,& 4"&

%323*%3*82..C&%*)(*/*82(3?&

KKK?!K+=X'+'LH7HKML&

H>"&8,$"&,/&,Z$& *06."0"(323*,(& *%&2&%"3&,/& $Z."%& 3>23&0*("&

3>"& -23242%"& /,$& 6233"$(%& *(& -232& 2(-& %8>"02& 3>23& 6$,#*-"&

"#*-"(8"& ,/& *(>"$*32(8"& ,$& 62$3*3*,(*()& $".23*,(%>*6%?& H>"&

)"("$2.&2.),$*3>0&*%^&

;?! c"("$23"& 2& -"/2Z.3& 0,-".& 2(-& ,("Q3,Q,("&0266*()& /$,0&

3>"&-23242%"<&I>"$"& 324."%&026& 3,&"(3*3*"%<& 8,.Z0(%&026&

3,& 6$,6"$3*"%<& 2(-& /,$"*)(& 9"C%& 026& 3,& 2%%,8*23*,(%?& & K/&

2(C&324."&8,(%*%3%&,(.C&,/&/,$"*)(&9"C%&3,&3I,&,3>"$&324."%<&

3$2(%.23"&*3&*(3,&2&02(CQ3,Q02(C&2%%,8*23*,(&*(%3"2-?&

A?! G,$& "28>& ,/& 3>"& $Z."%<& .,,6& ,#"$& 3>"& 8,(%3$Z83%& R"(3*3*"%<&

2%%,8*23*,(%<& 2(-& 6$,6"$3*"%S& *(& 3>"& 8Z$$"(3& 8,(8"63Z2.&

0,-".?&&K/&3>"&8,(%3$Z83&0238>"%&3>"&6$"Q8,(-*3*,(%&/,$&3>"&

$Z."&2(-&3>"&6233"$(<&3>"(&"#2.Z23"&3>"&$Z."?&

E?! K/& 3>"& $Z."& >2%& 6,%3Q8,(-*3*,(%<& "#2.Z23"& 3>"0& ,(& 3>"&

,Z36Z3& ,/& 3>"& $Z."?& & K/& 3>"& 8,(-*3*,(%& /2*.<& $,..& 4289& 3>"&

"//"83&,/&3>"&$Z."?&

J?! !"6"23&%3"6%&A&2(-&E&/,$&"28>&,/&3>"&$Z."%?&

;>! 8*1+('&#$'?5$+5'

H24."& ;& -"%8$*4"%& 3>"& %*b& $Z."%& 3>23& ,Z$& *06."0"(323*,(&

8Z$$"(3.C&Z%"%<&*(&3>"&,$-"$&3>23&3>"C&2$"&266.*"-?&

&

&R2S& R4S R8S&

*-&R9"CS&

3C6"&

(20"&

-")$""&

C"2$j2I2$-"-&

-"62$30"(3&

>,(,$%&

*-&R9"CS&

2--$"%%&

6>,("&

8*3C&

%323"&

e*68,-"&

*-&R9"CS&

02P,$&

0*(,$&

)62&

2-#*%,$&

8,2-#*%,$&

J&*3./K"LMMM"*.?3"

F&(,-+3K" N',9&0-'3K"

LMMM"*.?3 OMM"*.?3

GPGP"

OMM"*.?3"

LMMM"*.?3

QN$3(*,'(R

SOMM"*.?3 OM"*.?3"
T"*.?3

OMM"*.?3"

SOMM"*.?3

LMMM"*.?3"QN$3(*,'(R"

G-28*&"S:""N"9,(,$,3&"3'5&0,"?-(5"*.?"'.8/(3"Q,R",/9"(?."',/9-9,(&"'./'&1(8,+"0.9&+3"7.*"(5,("9,(,$,3&"Q$<"'R"



H75X'&K&

&HT'&M!1'!'1&XKBH&MG&!NX'B&HT7H&'1+c'Lff&'k'ONH'B?&&LMH7HKML&7&!&5&!'=!'B'LHB&!'X7HKMLBTK=&l7&KB&7&=7!'LH&MG&5l?&

U,0&" F&3'*-1(-./" J,((&*/" N'(-./"#6&*6-&?"

IJVS"

H24."Q6"$Q>*"$2$8>C&

6233"$(^&%"2$8>&/,$&

-*%8$*0*(23,$&8,.Z0(%&

7&*%&2(&"(3*3C<&=&*%&2&

6$,6"$3C&,/&7<&

O,Z(3R1*%3*(83&7?=S&*%&

4".,I&%,0"&3>$"%>,.-&

•!O$"23"&2&("I&24%3$283&"(3*3C&'&I*3>&6$,6"$3*"%&m"C%R7S?&
•!O$"23"&2&("I&"(3*3C&n<&'&!&n<&/,$&"28>&-*%3*(83&#2.Z"&*(&7?=?&&G,$&"28>&
(,(Q9"C&6$,6"$3C&O&*(&7<&2--&6$,6"$3C&O&3,&n&*/&"O#=on7&8,(32*(%&23&

."2%3&,("&(,(Q(Z..&#2.Z"?&&H>*%&%3"6&"//"83*#".C&62$3*3*,(%&'&*(3,&2%&02(C&

8.2%%"%&2%&3>"$"&2$"&"."0"(3%&*(&7?=p%&283*#"&-,02*(?&

•! K/&6$,6"$3C&O&4".,()%&3,&2..&8>*.-$"(&,/&'<&0,#"&O&/$,0&8>*.-$"(&3,&'?&
•!G,$&"28>&%*4.*()&62*$&O<&1&,/&-"%8"(-2(3%&,/&'<&*/&=$,6"$3*"%ROS&!&
=$,6"$3*"%R1S<&$"0,#"&1&/$,0&*3%&62$"(3&2(-&*(3$,-Z8"&O&!&1?&

IJVL"

H24."Q6"$Q>*"$2$8>C&

6233"$(^&%"2$8>&/,$&

0Z3Z2.&"b8.Z%*,(&

$".23*,(%>*6%&4"3I""(&

8,.Z0(%&

7&*%&2(&"(3*3C<&7&>2%&23&

."2%3&,("&6$,6"$3C&3>23&

2..,I%&(Z..&#2.Z"%&

•!N%"&2(&G=Q3$""&3,&-"3"$0*("&0Z3Z2.&"b*%3"(8"&R7?=&*%&(Z..&*//&7?q&*%&
(Z..S&2(-&0Z3Z2.&"b8.Z%*,(&R7?=&*%&(Z..&*//&7?q&*%&(,3&(Z..S&

•!N%"&3>"&"b*%3"(8"&2(-&"b8.Z%*,(&-"6"(-"(8*"%&3,&/*(-&2&%"3&,/&6$,6"$3C&
%"3%&=;<r<=(&%Z8>&3>23&"28>&6$,6"$3C&%"3&>2%&0Z3Z2.&"b*%3"(8"&2(-&3>"&

%"3&,/&6$,6"$3C&%"3%&*%&0Z3Z2..C&"b8.Z%*#"&R"?)?<&*/&=A&>,.-%&(,(Q(Z..&

#2.Z"%&/,$&$,I&!<&3>"(&!&*%&(Z..&,(&2..&,3>"$&%"3%S?&

•!=2$3*3*,(&"(3*3C&7&*(3,&"(3*3*"%&5;<r<5(<&,("&/,$&"28>&6$,6"$3C&%"3&=*?&&
•!!Z(&$"8Z$%*#".C&,#"$&3>"&("I.CQ)"("$23"-&"(3*3*"%?&

IJW"

T,$*e,(32.&62$3*3*,(*()&

2(-&H24."Q6"$Q8,(8$"3"&

3C6"&6233"$(^&%"2$8>&/,$&

324."%&I*3>&,#"$.266*()&

8,.Z0(%&2(-&(,(Q

,#"$.266*()&9"C&"b3"(3%&

7<&5&2$"&"(3*3*"%<&m"CR7S&

o&m"CR5S<&

"m"CR7S7&"&"m"CR5S5&o&#<&
7&2(-&5&8,.Z0(%&*(&

8,00,(&24,#"&%,0"&

3>$"%>,.-&

•! K/&=$,6"$3*"%R7S&o&=$,6"$3*"%R5S&2(-&7&2(-&5&62$3*8*623"&*(&2%%,8*23*,(%&
I*3>&3>"&%20"&"(3*3*"%<&8,(%3$Z83&2&("I&"(3*3C&+&I*3>&6$,6"$3*"%&

=$,6"$3*"%R7S&$&s=t<&I>"$"&=&*%&2&6$,#"(2(8"&8,.Z0(?&

•! K/&=$,6"$3*"%R7S&%&=$,6"$3*"%R5S<&*(3$,-Z8"&$".23*,(%>*6&7&!&5?&
•!M3>"$I*%"<&8$"23"&("I&24%3$283&"(3*3C&O&I*3>&6$,6"$3*"%&R=$,6"$3*"%R7S&
"&=$,6"$3*"%R5SS<&2(-&$".23*,(%>*6%&O&!&7&2(-&O&!&5?&

JFN"

=Z%>&-,I(&2%%,8*23*,(%^&

0,#"&2%%,8*23*,(%&3,&

%Z43C6"%&

7<&5<&O&2$"&"(3*3*"%<&

7$5&5&!&O<&O,Z(3R7&&&

OS&o&O,Z(3R7&&&5S&

•!+,#"&2%%,8*23*,(&7$5&3,&7$O?&

IJI"

H24."Q6"$Q3C6"&6233"$(^&

Z%"&2%%,8*23*,(%&3,&.,,9&

/,$&*(>"$*32(8"&2(-&

#"$3*82.&62$3*3*,(*()&

7<&5&2$"&"(3*3*"%<&7$5&*(&

2&,("Q3,Q,("&2%%,8*23*,(&

•! K/&O,Z(3R7S&o&O,Z(3R5S<&$"0,#"&7$5&2(-&0"$)"&"(3*3*"%&7&2(-&5&*(3,&
2&%*()."&"(3*3C&7&4C&329*()&3>"&Z(*,(&,/&3>"*$&8,.Z0(%?&

•!M3>"$I*%"<&$"0,#"&7$5<&*(3$,-Z8"&*(>"$*32(8"&$".23*,(%>*6&7&!&5?&

NXY"

74%3$283*,(&8>"89^&

-"3"$0*("&*/&2(&"(3*3C&

%>,Z.-&4"&02$9"-&2%&

24%3$283&

7<&';<r<'(&2$"&"(3*3*"%<&

'*!7&!&'*<&(5&

R5)s';<r<'(t&2(-&

7&!&5S<&';&$r$!'(&o&7&

•!B"3&324."&7&3,&4"&24%3$283?&

B,0"& -"32*.%& 2$"& ,0*33"-& /,$& 4$"#*3Ci& /,$& *(%32(8"<& $Z."&

H=T;& 2.%,& Z%"%& 2%%,8*23*,(%& 3,& .,,9& ,Z3%*-"& 2& 324."& /,$&

-*%8$*0*(23,$&8,.Z0(%?&&H>"&,$-"$&,/&3>"&$Z."%&*%&*06,$32(3&/,$&

6"$/,$02(8"& $"2%,(%<& 2%& "2$.*"$& $Z."%& $"-Z8"& 3>"& (Z04"$& ,/&

82(-*-23"&0238>"%&/,$&.23"$&$Z."%<&*(&)"("$2.?&

G,Z$&$Z."%&*(&H24."&;&%"2$8>&/,$&6233"$(%&3>23&8,$$"%6,(-&3,&

3>"& 3>$""& 6$*02$C& 0"3>,-%& /,$&0266*()& *(>"$*32(8"& $".23*,(Q

%>*6%& 3,& 324."%^& 324."Q6"$Q>*"$2$8>C& RH=TS<& 324."Q6"$Q8,(8$"3"&

3C6"&RH=OS<&2(-&324."Q6"$Q3C6"&RH=HS?&&H>"%"&$Z."%&2.%,&%"2$8>&

/,$& "#*-"(8"& ,/& #"$3*82.& ,$& >,$*e,(32.& 62$3*3*,(*()& ,/& -232&

28$,%%& 324."%& 2%& %6"8*2.& 82%"%& ,/& 3>"& H=H& 2(-& H=O& 6233"$(%?&&

G*(2..C<&3I,&$Z."%&*(&3>"&324."&2$"&g8."2(QZ6h&$Z."%&3>23&2-PZ%3&

2%%,8*23*,(%&R0,#*()&3>"0&2%&/2$&-,I(&*(>"$*32(8"&>*"$2$8>*"%&

2%&*%&8,(%*%3"(3&I*3>&3>"&-232S&2(-&*-"(3*/C&24%3$283&"(3*3*"%?&

@>! A&5&B+)+5%C+$'A5+DE,#$%)%,#('

B"#"$2.& ,/& 3>"& 6233"$(Q0238>*()& $Z."%& 8,(32*(& 6$"Q

8,(-*3*,(%& 3>23& 0Z%3& 4"& 3$Z"& 24,Z3& 2(& "(3*3C<& 8,.."83*,(& ,/&

"(3*3*"%<&,$&2%%,8*23*,(&4"/,$"&6"$/,$0*()&2(C&-232&0*(*()&3>23&

$"\Z*$"%&$Z((*()&\Z"$*"%?&&=$"Q8,(-*3*,(%&2#,*-&"b"8Z3*()&$Z."%&

3>23& 2$"& Z(.*9".C& 3,& 6$,-Z8"& 0"2(*()/Z.& *(>"$*32(8"&

$".23*,(%>*6%?& &H>"C&.*0*3& 3>"&$2()"&,/&6,%%*4."&*(>"$*32(8"& *(&

3>"& ,Z36Z3& 2(-& 3>"& KdM& 8,%3?& & '28>& 6$"Q8,(-*3*,(& R2(-& 6,%3Q

8,(-*3*,(<& *(3$,-Z8"-& 0,0"(32$*.CS& >2%& 2& -"/2Z.3& #2.Z"& 3>23&

I"& -"3"$0*("-& "06*$*82..C& /$,0& $Z((*()&'-0c"(ff&,(& .*#"&

-23242%"%&2(-&#*%Z2..C&*(%6"83*()&3>"&$"%Z.3%?&

U80$&*" .7" 9-3(-/'(" 6,+8&3" -/" ," '.+80/?& & !Z."& H=T;&

-"6"(-%&,(&/*(-*()&2&8,.Z0(&I*3>&/"I&283*#"&-,02*(&#2.Z"%?&

U80$&*" .7" '.+80/3" -/" '.00./" $&(?&&/" (,$+&3?& & !Z."&

H=O& $"\Z*$"%& 3I,& 324."%& 3,& >2#"& 8,.Z0(%& *(& 8,00,(& 3,&

8,(%*-"$&3>"&324."%&2%&82(-*-23"%&/,$&0"$)*()&*(3,&2&324."Q6"$Q

8,(8$"3"Q3C6"&>*"$2$8>C?&&H>"&8,.Z0(&8,Z(3&*(8.Z-"%&4,3>&9"C&

2(-& (,(Q9"C& 8,.Z0(%?& & H>*%& 6$"Q8,(-*3*,(& *%& ("8"%%2$C&

4"82Z%"& 324."%&02C& *(8*-"(32..C& >2#"& 8,.Z0(%&I*3>& *-"(3*82.&

(20"%&2(-&-,02*(%&R8,00,(&82%"%&*(8.Z-"&gL20"h&2(-&g*-hS?&



H75X'&KK&

!'BNXHB&MG&!NLLKLc&'1+c'Lff&ML&7&OMXX'OHKML&MG&!'7XQ]M!X1&17H7&
B'HB&NBKLc&1'G7NXH&=7!7+'H'!B&

FX" I,$+&3" Y-Z&" I-0&" ["G.8/9"
;& `[& ;;m&$,I%d324."& ;E&%"8& `&

A& Ju& Vm&$,I%d324."& A;&%"8& ;J&

E& aE& JJm&$d3&R;?;u&c5S& Y?u&0*(& JJ&

J& ;`V& EVm&$d3&RA&c5S& `?u&0*(& AV&

u& Yu& u[[&$,I%d324."& u[&%"8& u;&

V& ;Y`& um&$d3&R;?Y&c5S& V?u&0*(& a`&

`& ;Au& Aum&$d3&R;?E&c5S& ;&0*(& ;[&

E>! A&5&B+)+5%C+$'A,()DE,#$%)%,#('

B,0"& $Z."%& >2#"& 6,%3Q8,(-*3*,(%& 3>23& $Z(& 2/3"$& $Z."& 266.*Q

823*,(&3,&.*0*3& *(>"$*32(8"&*(&3>"&/*(2.&0,-".&3,&*(%32(8"%&3>23&

2$"&.*9".C&3,&4"&%"02(3*82..C&$"."#2(3?&&=,%3Q8,(-*3*,(%&-,&(,3&

.*0*3& KdM&8,%3&4"82Z%"& 3>"C&0Z%3& $Z(&2/3"$&0*(*()&8,(8"63Z2.&

-"6"(-"(8*"%&2(-&266.C*()&R4Z3&(,3&8,00*33*()S&3>"&$Z."?&

W5-+9"&H(&/("3-Z&"*&+,(-6&"(."1,*&/(?&&G,$&2(C&("I&*(>"$*3Q

2(8"& $".23*,(%>*6& -*%8,#"$"-& 4C& $Z."&H=TA<&I"& 3"%3& 3,& %""& */&

3>"& ("I& 8>*.-& "(3*3C& >2%& 2& %*)(*/*82(3& (Z04"$& ,/& *(%32(8"%?&&

gB*)(*/*82(3h&*(&3>*%&82%"&*%&-"/*("-&2%&3>"&$23*,&,/&$,I&8,Z(3%&

*(& 3>"& 8>*.-& 3,& 3>"& 62$"(3& R,Z$& -"/2Z.3& #2.Z"& *%& uvS?& & K/& 3>*%&

$23*,&*%&4".,I&3>"&3>$"%>,.-<&3>"&("I&*(>"$*32(8"&*%&$"P"83"-?&

>8+(-1+-'-(4".7"'5-+9"1*.1&*(-&3?&&G,$&2(C&("I&*(>"$*32(8"&

$".23*,(%>*6& -*%8,#"$"-& 4C& $Z."%& H=T;& 2(-&H=TA<&I"& 8>"89&

I>"3>"$&3>"&82(-*-23"&8>*.-&"(3*3C&3,,&/"I&Z(*\Z"&6$,6"$3*"%&3,&

4"&0"2(*()/Z.&2%&*3%&,I(&"(3*3C&R/,$&*(%32(8"<&,(.C&,("&,$&3I,S?&

F>! G5+H*+#)'A&))+5#'.5++('

]"&Z%"&G$"\Z"(3&=233"$(&H$""%&RG=Q3$""%S&UuW&*(&3I,&,/&3>"&

$Z."%& *(&H24."& K& 3,&2(2.Ce"& 3>"& /$"\Z"(8*"%&,/&8,Q,88Z$$"(8"%&

,/& /"23Z$"%& *(&2(& *3"0&8,.."83*,(?& &7(&G=Q3$""&82(&4"&4Z*.3& *(&

3I,&62%%"%&,#"$&3>"&8,.."83*,(&,/&*3"0%^&3>"&/*$%3& 3,&-"3"$0*("&

3>"&/$"\Z"(8C&,/&"28>&/"23Z$"<&2(-&3>"&%"8,(-&3,&4Z*.-&3>"&3$""?&

!Z."&H=TA&Z%"%&2(&G=Q3$""&3,&8,$$".23"&3>"&6$"%"(8"&,/&(Z..&

#2.Z"%&*(&6$,6"$3*"%?&&H>"&g/"23Z$"h&*%&"28>&(,(Q9"C&6$,6"$3C<&

2(-&3>"&*3"0&8,.."83*,(&*%&3>"&"(3*3Cp%&%"3&,/&$,I%?&&7&(,(Q(Z..&

#2.Z"&/,$&2&6$,6"$3C&0"2(%&3>"&6$,6"$3C&g,88Z$%h&/,$&3>23&$,I?&

!Z."& H=O& Z%"%& 2(& G=Q3$""& 3,& 8,$$".23"& 3>"& 6$"%"(8"& ,/&

%8>"02& "."0"(3%& 28$,%%& "(3*3*"%?& & H>"& g/"23Z$"h& *%& 3>"& (20"&

2(-& -232& 3C6"& ,/& 2& (,(Q9"C& 6$,6"$3C?& &H>"& *3"0& 8,.."83*,(& *%&

3>"&%"3&,/&2..&"(3*3*"%&I*3>&2&8,00,(&6$*02$C&9"C&3>23&>2#"&(,&

62$"(3?&&7&/"23Z$"&g,88Z$%h&*/&2(&"(3*3C&>2%&2&6$,6"$3C&I*3>&3>"&

/"23Z$"p%& (20"& 2(-& -232& 3C6"?& & H>"& G=Q3$""& 3>Z%& ,$)2(*e"%&

62*$%&,/&"(3*3*"%&3>23&2$"&82(-*-23"%&/,$&3>"&$Z."?&

I>! A+5-,5B&#/+'8+(*1)('&#$'F%(/*((%,#'

]"& $2(& '-0c"(ff& 2)2*(%3& -"0,(%3$23*,(& 2(-& $"2.QI,$.-&

-232&%"3%&Z%*()&3>"&-"/2Z.3&#2.Z"%&/,$&6$"Q&2(-&6,%3Q8,(-*3*,(%?&

H24."& KK& %>,I%<& /,$& 2& %206.*()&,/& 3>,%"& $Z(%<& 3>"&(Z04"$&,/&

324."%& 2(-& %*e"& ,/& "28>& -232& %"3<& "b"8Z3*,(& 3*0"<& 2(-& 3>"&

(Z04"$&,/&*(>"$*32(8"&$".23*,(%>*6%&-*%8,#"$"-?&&H>"%"&$"%Z.3%&

-"0,(%3$23"&3>23<&,(&-23242%"%&I*3>&)*)24C3"%&,/&-232&2(-&3"(%&

3,& >Z(-$"-%& ,/& 324."%<& '-0c"(ff& )"("$23"%& 0,-".%& *(& 2&

%Z*324."& 20,Z(3&,/& 3*0"& /,$& 2& -"%*)(Q3*0"& 283*#*3C?& &MZ$&6"$Q

/,$02(8"&2(2.C%*%&*%&2&I,$9&*(&6$,)$"%%i&/,$&3>"&-"0,(%3$23*,(<&

I"&I*..& 6$"%"(3& 3*0*()%& ,#"$&0Z8>& .2$)"$& -23242%"& *(%32(8"%&

2(-&I*..&6$,/*."&3>"&$".23*#"&8,%3&,/&"28>&$Z."?&

]"&8>,%"&-"/2Z.3&8,(-*3*,(&#2.Z"%&2/3"$&3"%3*()&'-0c"(ff&

I*3>& #2$C*()&62$20"3"$%?& & G,$& *(%32(8"<& /,$& 3>"& $".23*#"& 8>*.-&

%*e"&6,%3Q8,(-*3*,(<& *(8$"2%*()& 3>"&62$20"3"$& /$,0&[v&3,&uv&

R3>"& -"/2Z.3& #2.Z"& 2(-& 3>"& 82%"& %>,I(& *(& H24."& AS& ,(&15& V&

$"-Z8"-&*(>"$*32(8"&$".23*,(%>*6%&/$,0&E;a&3,&a`<&2(-&$"-Z8"-&

3>"& (Z04"$& ,/& "(3*3*"%& *(& 3>"& )"("$23"-& 0,-".& 4C& ,#"$& >2./?&&

+2(Z2.&*(%6"83*,(&$"#"2."-&3>23&0,%3&,/&3>"&8Z3&"(3*3*"%&I"$"&

%*0*.2$&3,&+*(,$B3Z-"(3&*(&G*)Z$"&;R8S<&I*3>&/"I&"(,Z)>&$,I%&

2(-& 8,.Z0(%& 3>23& 3>"& %"02(3*8& $"."#2(8"& ,/& 3>"& "(3*3C& *%&

\Z"%3*,(24."?& & K(8$"2%*()& 3>"& 62$20"3"$& /$,0& uv& 3,& ;[v&

$"-Z8"-& *(>"$*32(8"& 8,Z(3& /$,0& a`& 3,& Y;<& 2(-& 4")2(& 3,& 8Z3&

"(3*3*"%&I*3>&%*)(*/*82(3&8,.Z0(&8,Z(3%?&

Kn?!!'X7H'1&]M!m&

+2(C& $"%"2$8>& 6$,P"83%& >2#"& %>,I(& >,I& 3,& )"("$23"& $*8>&

8,(8"63Z2.& ,$& ,4P"83&0,-".%& /$,0& *(%32(8"%?& & X2002$*& "3& 2.?&

%Z002$*e"&%Z8>&0"3>,-%<&4,3>&/,$&)"("$23*,(&,/&'b3"(-"-&'!&

-*2)$20%& 2(-& ,/& ,4P"83& 0,-".%& U`W?& H>"C& 6$,#*-"& 3>"*$& ,I(&

0"3>,-& R+"!OKS& 3>23& >2%& /"23Z$"%& 3>23&'-0c"(ff& 8Z$$"(3.C&

.289%<&%Z8>&2%&"b20*(23*,(&,/&1+X&*(& .,)%&2(-&-"-Z83*,(&,/&

-"/2Z.3& #2.Z"%?& H>"C& -"#".,6"-& 2& 6$,3,3C6"<& 4Z3& -,& (,3&

2(2.Ce"&*3%&6"$/,$02(8"&,$&3>"&$"."#2(8"&,/&)"("$23"-&0,-".%?&

T2*(2Z3& "3& 2.?& -"%8$*4"& 2&6233"$(Q42%"-& 266$,28>& 3,& )"("$Q

23*()& 2(& ''!& 8,(8"63Z2.& 0,-".& /$,0& %8>"02& 2(-& -232& UJW?&&

H>"C& -"%8$*4"& 82%"& %3Z-*"%& 2(-& 2& 6$,3,3C6"& *06."0"(323*,(<&

15Q+7KL<&I>*8>&*%&3>"&,(.C&6Z4.*8.CQ2#2*.24."&0,-".*()&3,,.&

I"&2$"&2I2$"&,/&3>23&82(&$"#"$%"&"()*(""$&2&(,(Q3$*#*2.&0,-".&

/$,0& 2& -23242%"& UEW?& & K(& 15Q+7KL<& $"#"$%"& "()*(""$*()& *%&

-,("&02(Z2..C<&I>"$"&3>"&Z%"$&8>,,%"%&2&$Z."&3,&266.C& 3,&3>"&

8Z$$"(3& 8,(8"63Z2.& 0,-".<& 2(-& 3>"& $Z."& *%& 266.*"-& 3,& 2..&

0238>*()& 6233"$(%?& & L,& $Z."%& 266.C& 3,& *(%32(8"& -232<& 2(-& (,&

2(2.C%*%&*%&6"$/,$0"-&,(&3>"&\Z2.*3C&,/&3>"&$"%Z.3*()&0,-".%?&

'-0c"(ff& 8,(-*3*,(%& 2$"& *(%6*$"-& 4C& I,$9& ,(& %8>"02&

%Z002$*e23*,(& 4C& wZ& 2(-& F2)2-*%>& U;;W& 2(-& ,4P"83Q,$*"(3"-&

\Z2.*3C&-"%*)(&0"3$*8%& UAW?& & K(& /Z3Z$"&I,$9<&I"&02C&8,(%*-"$&

,3>"$& 0"3$*8%& $"/"$"(8"-& *(& 3>"*$& I,$9& 2%& )Z*-".*("%& /,$&

)"("$23*()&0,$"&$"."#2(3&0,-".%?&

!'G'!'LO'B&

U;W! 7?&7-C2<&F?&7?&5.29"."C<&B?&+".(*9<&B?&+Z$2.*->2$<&2(-&3>"&71M?L'H&
H"20?&&7(23,0C&,/&3>"&71M?L'H&'(3*3C&G$20"I,$9?&BKc+M1<&A[[`?&

UAW! B?& !?& O>*-204"$& 2(-& O?& G?& m"0"$"$?& & 7& +"3$*8%& BZ*3"& /,$& M4P"83&

M$*"(3"-&1"%*)(?& & K'''&H$2(%283*,(%&,(&B,/3I2$"&'()*(""$*()<&;aaJ<&
A[RVS^J`VxJaE?&

UEW! 15&+2*(?&&>336^ddIII?-4Q02*(?"Zd?&
UJW! F?QX?&T2*(2Z3&"3&2.?&&123242%"&$"#"$%"&"()*(""$*()^&/$,0&$"\Z*$"0"(3%&3,&

O7!'& 3,,.%?& & F,Z$(2.& ,/& 7Z3,023"-& B,/3I2$"& '()*(""$*()<& ;aaV<&

ER;S^axJu?&
UuW! F?&T2(<&F?&="*<&2(-&w?&w*(?&&+*(*()&/$"\Z"(3&6233"$(%&I*3>,Z3&82(-*-23"&

)"("$23*,(?&&BKc+M1<&A[[[<&;x;A?&

UVW! T*4"$(23"?&&>336^ddIII?>*4"$(23"?,$)d?&
U`W! L?& X2002$*<& K?& O,0C(Q]233*2Z<& 2(-& F?& 79,92?& & 'b3$283*()&

)"("$2.*e23*,(& >*"$2$8>*"%& /$,0& $".23*,(2.& -23242%"%^& 7& $"#"$%"&

"()*(""$*()& 266$,28>?& & F,Z$(2.& ,/&1232& 2(-&m(,I."-)"& '()*(""$*()<&
A[[`<&VERAS^uVYxuYa?&

UYW! M$28."&H,6X*(9?&

>336^ddIII?,$28."?8,0d3"8>(,.,)C&d6$,-Z83%d*2%d3,6.*(9d*(-"b?>30.?&
UaW! B?&!202(23>2(&2(-&F?&T,-)"%?&&'b3$283*,(&,/&,4P"83Q,$*"(3"-&%3$Z83Z$"%&

/$,0&"b*%3*()&$".23*,(2.&-23242%"%?&BKc+M1&!"8,$-<&AVR;S^uaxVJ?&

U;[W! !Z4C&,(&!2*.%?&&>336^dd$Z4C,($2*.%?,$)d?&
U;;W! O?& wZ& 2(-& T?& n?& F2)2-*%>?& & B8>"02& BZ002$*e23*,(?& & nX15& A[[V<&

E;axEE[?&


