
������������	 
���
���
���� ��� ��������
���
���� � ���������������

�������!����	 


"$#

%'&)(*(,+.-0/ 1325476.89-�:

;=<?>�@BADCEAFADGIH�JKCL<D<?@NMO<?PQ<D>I@�RTSVUBGIWL<YXOPVZ[<D>I@�\^]ICL_`@NaDADCL<YXOPVZcbd@NWeSgfhS,aD@iCE]kjlSVam<DCeSVW

ZnGIWLolWpWEJK@N]�<qP,Z3<?>I@�aD@Br�GICEaD@NJK@N]�<DAOZnP`as<?>I@tM�@Bu`am@B@tPVZ�v�P`]IP`amAkwhSVUx>�@BWpPVa�PVZKyzUNCp@N]IUB@tCE]

{
P`J�jIG�<D@Ba�SV]IMs|Y]�ZnPVaDJKS,<?CEP`]}yzUBCE@B]IUN@BA~f~CE<D>qbdCEAm<DCp]IU•<?CpPV]

yzjIaDCE]IuK€V•`•�€

U

‚ €V•`•�€ ƒ�S,<m<?>I@•f'w amCpMIuV@BA

;^WpW…„~Cpu`>�<DA~„�@NAD@Ba†_`@NM



������������	 
���
���
���� ��� ��������
���
���� � ���������������

�������!����	 


"$#

%'&)(*(,+.-0/ 1325476.89-�:

;^jIjIaDP‡_V@BM‰ˆ

Š

PVaDC

ŠŒ‹T•

PVWpWpP0UxŽT•

•

>

‹

b

‹

•

amPVZn@BAmADP`a~CE]}Ux>ISVaDu`@•PVZ$<?>�@BADCEA~P`]qH)@B>ISVWEZ$PVZ‘<?>I@•;’Mz_zCEADP`a†X
{

P`J�JKCL<D<D@B@

;^jIjIaDP‡_V@BM‰ˆ

“

amaDP`W

Š[‹TŠ

WEP*X0M‰•

•

>

‹

b

‹

{
P`JKJ�CE<m<?@N@”JK@NJiH•@Na.ZnaDP`J=<D>I@^bd@BjlSVa†<?J�@B]�<–PVZ

{
PVJKjIGz<?@Ba–SV]�M—|Y]�ZnP`amJ—S5<?CpPV]

yzUBCE@B]IUN@BA

;^jIjIaDP‡_V@BM‰ˆ

˜

P`>I]�™

‹

wc@BaDuVJ—SV]9•

•

>

‹

b

‹

{
P`JKJ�CE<m<?@N@dJK@NJiH)@BahZnaDPVJš<?>�@›wcP�SVaDMsPVZ.yz@N]ICpP`a”œ”>�@BADCEA’„~@gS,MI@BamA

;^jIjIaDP‡_V@BM‰ˆ

;’]I]};’amMICpAN•

•

>

‹

b

‹

{
>lSVCpa”P,Z‘<D>I@•\^]ICL_`@BamADCL<YX

{
P`J�JKCL<D<?@N@dP`]�y0<?G�MI@B]�<^SV]IMqRTSVUBGIWL<YXžv�P`]IP`amA



����Ÿ'����  ����¡¢�!�q	 ���£�¤


R¥CpamAm<g•”|3f~CEAD>¦<DPt<?>lSV]�Ž�J§X¨Z©SVJ�CpWLXtZnP`aQS,WpW~<?>I@NCpa—AmGIjIj)P`am<—<?>IamP`GIu`>¦<D>I@OX`@BSVaDA

‹

;^WpADP�•�J§XKJ—S,]�X�ZnaDCE@B]IM�A >I@NaD@•S,<h<D>I@F\�]ICE_V@BaDAmCE<YX—PVZ$bd@BWpS‡f SVam@dMI@BAm@Ba†_`@•JK@N]�<?CpPV]—ZnP`ac<D>I@BCEa

AmGIjIj)P`am<

‹

œ”>lSV]IŽ}X`P`G

•

@•<?@,•…ªF@N_0Cp]‰•…ƒ�S,<D<B•«ƒ�SVamCpADS�•9;^WpWpCEADP`]9•

˜

@N]I]�X`•«¬^S,<xSVWECp@,•9SV]�M

Š

CEA?S

‹

œ”>lS,]IŽ­X`P`G�<?P¨@N_`@NamXVP`]I@tCE]�<D>I@�v�Cpj)@BamADjlSVUN@�WpSVH�f~>IP�f SVAs<?>I@NaD@�<DP=®†ADGIjIj)P`a†<?¯¨JK@,•

CE]IUBWEGIMICp]�u�wc@B]‰•~ƒ}CpŽV@,•h;’J›X`• °[@NAB•~yzam@B@NMI@N_0C7•

Š

SVG�a?S�• SV]IM

˜

@BSV]

‹

bda

‹�Š

WpP‡X0M�SV]�M¦bda

‹

w @NaDu`JKSV]‰•�<?>ISV]IŽ�X`P`GQZnP`a[<xS,Ž0CE]Iu§<D>I@^<DCpJ�@�<DPiaD@BSVM—<?>�CpAc<D>I@BAmCpA

‹[Š

S,Am<?WLX`•zS§HICEu§<?>lS,]IŽ3X`P`G

<DPKbda

‹[•

P`WEWpP0UxŽKZnP`a~S,WpW•<D>I@•>lSVamM}fcP`aDŽ—AD>I@•>lSVA~MIP`]�@•<DP�>I@BWEjqJ�@Fu`@N<”<D>ICpA”Z©SVa

‹

CECpC



�K��±¤��� ��� �����£���q�£�¨


²[³*´‰µ·¶�¸�¸h³‡¹sºž»Q¼•´¾½•½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½š¿«À

²[³*´‰µ·¶�¸�µ ÁžÂ3²–¼›´Ã½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½0¿…ÀÄÀ©À

ÁžÂK´‰µ›»žÁQÅ§µ ½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ÆÀÈÇ

Å§É«ÊIË$ÌgÍ0Î

Ï

³NÐ�µ›»Q¶�Ñsº�Å§µ›³‡¶�Ð ½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½

Ï

Ò

Â3ÁQÅiÓq¹Q»Q¶�ºsÐ�ÑkÔ‘Õ•»Q¶Q¹ž»QÁžÖ »Q¼’Õ›»Q¼•´‰¼FÐqµhÁ•µ›³‡¶�Ð×ÁžÐ�Ñ

´‰²–³‡Å›³BÐk¹ ½•½•½›½•½›½•½•½›½•½›½•½•½•½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½ Ø

€

‹LÙ

bd@NoI]ICE<DCpP`]IAhSV]IM}œ‘@NaDJ�Cp]IP`WEP`uVX

½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ Ú

€

‹LÙ`‹LÙ

whSVADCEU•w WpP0UxŽ�A

½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ Ú

€

‹LÙ`‹

€ ™•aDSVjI>
{

P`]IUN@Bj�<DA

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ Û

€

‹LÙ`‹ÝÜ

{
SVWpW«y0@Br�GI@B]�UB@

½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ Û

€

‹LÙ`‹ßÞ

{
SVWpW«™Fa?S,jI>

½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ Û

€

‹

€
{

P`]�<?amP`W«R¥WEP*f�™Fa?SVj�>tà
{

R‘™•á

½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ â

€

‹ÝÜ •

aDP`uVa?SVJãbd@Bj)@B]IMI@N]IUB@§™Fa?SVjI>�à

•

b•™•á

½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙ

•

€

‹ßÞ

|Y]�<?aDSVjIaDP0UB@NMIGIaDSVW$yzWpCEUBCE]Iu

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙgÞ

€

‹åÚ

y0X0Am<D@BJæbd@Nj•@N]IMI@B]�UB@§™•aDSVjI>�à7y�b•™•á

½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙ*â

€

‹åÚz‹LÙ

{
SVWpWECp]Iu

{
PV]�<D@•ç0<’SV]IMs|Y]�<?@BamjIaDP0UB@NMIGIaDSVW‘yzWpCEUBCp]�u

½•½›½•½•½›½•½•½›½•½

€

Ù

€

‹åÚz‹

€

Š

CL_0CpMlSVA SV]IM
{

amP`WpWÄèÝAc;’jIjIamP�SVUx>ž<?P3;^MIMICE]Iuiœ$a?SV]IAmCE<DCE_`@dbd@Bj)@B]IMI@N]IUB@

“

M�u`@BA

½•½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½

€

Ú

€

‹åÚz‹ÝÜ

„�@•ol]I@BJ�@B]�<�PVZ‘;’U•<?GlSVWêé†ëdG�<”°[@Nam<?CEUB@NA

½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Ü

•

€

‹ÝÛ

|Y]�<?@NaDjIamPzUN@BMIGIaDSVW‘yzWpCEUBCE]Iu

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Ü

€

€

‹åâ •

S,a?SVWEWp@BW

•

aDP`u`aDSVJ�JKCE]Iu

“

]�_zCEaDP`]�JK@N]�<

½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£ÜVÞ

€

‹Ýì

ƒqPV<DCE_,S,<DCpP`]IAcZnP`a�yzWpCEUBCE]Iu

•

S,a?SVWEWp@BW

•

aDP`u`aDSVJ�A

½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'ÞIÙ

CE_



í

³NÐ�µ›¼’»QÕ›»Q¶QÅ›¼FÑsºž»žÁž²¾´…µ Á•µ•³*Åî´‰²–³‡Å›³BÐk¹ï¶�¸ð´‰ñ�ÁQ»Q¼dÑ

Ö'¼FÖ�¶�»dòóÕhÁQ»žÁž²–²–¼d²!Õ•»ž¶—¹ž»žÁžÖ�´ ½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½�Ø

í

Ü�‹LÙ

ƒqP0MI@BWECp]Iui<D>I@ { P`]�<?amP`W«R¥WpP‡f

½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'Þ�Ü

Ü�‹LÙ`‹LÙ

{ P`]IUBG�aDaD@N]�< { P`]�<DaDP`W«R¥WEP‡f'™Fa?SVj�>�à {”{ R$™›á

½•½›½•½›½•½•½›½•½•½›½•½'Þ`Þ

Ü�‹LÙ`‹

€

“

ç0<D@B]IMICE]Iu�<?>I@ {”{ R$™ôZnP`a�ëdj•@N]Tƒ

• ½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'Þ�Ú

Ü�‹

€ |Y]�<?aDSVjIaDP0UB@NMIGIaDSVW$yzWpCEUBCE]IuiPVZ.ëdj•@N]Tƒ

•­•

aDP`uVa?SVJ�A

½•½•½›½•½›½•½•½›½•½•½›½•½'Þ�Û

Ü�‹

€

‹LÙ

œ”>IaD@BSVMI@BM

•

aDP`u`aDSVJÆbd@Nj•@N]IMI@N]IUB@§™•aDSVjI>�àn<

•

b•™•á

½•½•½›½•½•½›½•½¢Ú

•

Ü�‹

€

‹

€ ;’WpuVP`aDCL<?>IJðZnP`a”|Y]�<?aDSVjIaDP0UB@NMIGIaDSVW$yzWpCEUBCE]IuiP‡_`@Na’Si<

•

b•™

½›½•½•½›½•½¢ÚzÙ

Ü�‹ÝÜ

yzWECpUBCE]IuiP‡_`@Na
{

S,WpW«yzCL<?@NA

½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½¢Ú`â

Ü�‹ÝÜ�‹LÙ

œ”>IaD@BSVMI@BMOy0X0Am<D@BJæbd@Bj)@B]�MI@B]IUN@i™Fa?S,jI>

½›½•½•½›½•½›½•½•½›½•½•½›½•½¢Ú`â

Ü�‹ÝÜ�‹

€ ;’WpuVP`aDCL<?>IJðZnP`a”|Y]�<?@NaDjIamPzUN@BMIGIaDSVW‘yzWpCEUBCE]IuiP‡_`@Na’Si<õyzb•™

½•½›½•½•½›½•½¢ÚVì

Ø ³NÖ£Õ›²[¼FÖ'¼FÐ�µhÁ•µ•³*¶�ÐóÁžÐ�Ñö¼’÷FÁž²–ºsÁ•µ•³*¶�Ðø½›½•½•½›½•½›½•½•½›½•½•½›½•½�ù)ù

ú

»Q¼F²–Á•µ›¼FÑüûý¶3»žÓ ½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½�ù)þ

ù Å�¶�ÐÿÅ§²–º�´‰³‡¶�Ðÿ´�ÁžÐqÑó¸”ºsµ›ºs»—¼ ûî¶�»žÓ ½•½›½•½•½›½•½›½•½•½›½•½•½›½•½
�

Ï

Âi³NÂ3²–³‡¶Q¹Q»žÁQÕ§ñsò ½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½
�

í

_



��
�
^� �¦� �ž
����!�­��


Ò��©Ï

yz@Br�GI@N]�<DCeSVW

•

aDPVu`a?SVJ ZnP`a~„~GI]I]ICE]Iu

“

ç�SVJ�jIWE@

½›½•½•½›½•½›½•½•½›½•½•½›½•½ Ú

Ò��EÒ

{ R‘™ôZnPVa

“

ç�SVJ�jIWE@

•

amP`u`aDSVJ

½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½ ì

Ò��Eí

•

b•™£ZnP`a
{

R$™�Cp]}R¥CpuVGIaD@•€

‹

€

½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙgÞ

Ò��

Ø

v^P`amP*f~CL<��,•T„�@NjIAB•TSV]�M�w CE]IŽ�Wp@•X•èßA~|Y]�<?a?S,jIaDP0UB@NMIGIa?S,W$yzWpCEUBCp]�u3;’WpuVP`aDCL<?>IJ

GIADCE]Iu�<D>I@

•

b•™	�ßv^„^w�


â
�¦½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙ*Ú

Ò��Eú

|Y]�<Da?SVj�aDP0UB@BM�GIa?SVW‘yzWECpUNCp]Iu

“

ç�SVJ�jIWp@

½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½äÙ‡Û

Ò��

ù “

ç�SVJ�jIWE@
{

•

aDP`u`aDSVJ

“

çzjlSV]�MI@BM

½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½

€

Ù

Ò��

�
“

ç�SVJ�jIWE@•P,Z.SV]qy�b•™

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½

€`€

Ò����

y�b•™¢f~CE<D>sœ‘aDSV]IADCL<?CL_`@•bd@Bj)@B]IM�@B]IUN@BA

½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½

€

Þ

Ò��

þ “

ç�SVJ�jIWE@
{!{

PzM�@

“

çzjlSV]�MI@BM}f~CE<?>}„~@N<DGIaD]s°–SVWpG�@BA

½›½•½›½•½•½›½•½•½›½•½

€

ì

Ò��©Ï��

“

ç�SVJ�jIWE@•P,Z.SV]qy�b•™£f~CE<?>

Š

CE_0CEMlSVA~SV]IM
{

amP`WpWÄèÝA

“

ç0<?@N]IADCEP`]IA

½›½•½•½›½•½

€�


Ò��©Ï)Ï

|Y]�<D@BamjIaDP0UB@NMIGIa?S,W¥y0WpCpUNCp]Iu3;^Wpu`PVaDCE<D>IJ

½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£ÜVÞ

Ò��©ÏzÒ

|Y]�<D@BamjIaDP0UB@NMIGIa?S,W¥y0WpCpUNCp]Iu

“

ç�SVJ�jIWp@’é

•

SVADA

Ù�½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Ü�Ú

Ò��©Ïzí

|Y]�<D@BamjIaDP0UB@NMIGIa?S,W¥y0WpCpUNCp]Iu

“

ç�SVJ�jIWp@’é

•

SVADA

Ù

SV]IM�€

½›½•½›½•½•½›½•½•½›½•½£Ü`Û

Ò��©Ï

Ø

ëFj)@B]lƒ

•­“

çIS,JKjIWE@

•

aDP`u`aDSVJ

½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'Þ

•

í��©Ï

ëFj)@B]lƒ

•

àÄS�ámyz@BU•<?CEP`]IA›à©HTá

•

SVaDSVWpWE@BW.à©U‡á†RlP`a�ƒqP0MI@BWE@BMqSVA
{

P`H)@Bu`CE]��
{

P0@B]IM

Þ�â

í��EÒ

“

ç�SVJ�jIWE@§ëdj)@B]Tƒ

•

{
PzM�@§y0@Bu`J�@B]�<

½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'Þ�ì

_0C



í��Eí

{”{ R‘™ôZnPVa�ëFj)@B]lƒ

•

{ PzM�@•CE]}R¥Cpu`G�aD@

Ü�‹

€

½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½'Þ�ì

í��

Ø

<

•

b•™¢ZnP`a�ëdj)@B]Tƒ

•

{ P0MI@•Cp]}R¥CEu`GIam@

Ü�‹

€

½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½¢ÚzÙ

í��Eú

ª•amCp]IŽ,@VèßA^œ”>�aD@gS,MI@BMq|Y]�<Da?SVj�aDP0UB@BM�GIa?SVW$y0WpCpUNCp]Iu§;’WpuVP`aDCL<?>IJ��ßªFamC�


ì�� ½•½›½•½¢Ú,Þ

í��

ù

œ”>IaD@BSVMI@BMq|Y]�<?a?S,jIaDP0UB@NMIGIa?S,W¥y0WpCpUNCp]Iu

“

ç�SVJ�jIWE@

½›½•½•½›½•½›½•½•½›½•½•½›½•½¢Ú`Ú

í��

�

;’WpuVP`aDCL<?>IJðZnP`a { P`]IA†<?amGIUN<DCpP`]}PVZ$<õy�b•™

½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½¢Ú




í����

„�@NJKP0MI@BWE@BM

“

ç�SVJKj�Wp@•ëdj•@N]Tƒ

•­•

aDPVu`a?SVJ

½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Û

•

í��

þ “

ç�SVJ�jIWE@•P,Z.SV]ž<xy�b•™

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Û�Ù

í��©Ï��

yzWpCEUB@FPVZ$<õy�b•™£ZnaDP`JãR¥Cpu`G�aD@

Ü�‹


§é

•

SVAmA

Ùó½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£ÛVÞ

í��©Ï)Ï

yzWpCEUB@FPVZ$<õy�b•™£ZnaDP`JãR¥Cpu`G�aD@

Ü�‹


§é

•

SVAmA

Ù

SV]IM�€

½•½•½›½•½›½•½•½›½•½•½›½•½£Û�Ú

Ø

�©Ï

ëd_V@Ba†_zCE@Nf'P,ZŒëdM�X0ADAm@NXq„~@BAD@BSVaDUx>
{

P`J�jICpWE@Ba

½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Û�â

Ø

�EÒ

ëFMzXzAmAD@•X�S,]IMOyz\^| R

•

SVAmAD@BA

½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Û�â

_0CpC



��
�
^� ��� �—��±¤����


Ò��©Ï

ëFj)@B]lƒ

•

{ P`]IA†<?aDG�UN<?A

½•½•½›½•½›½•½•½›½•½•½›½•½›½•½•½›½•½›½•½•½›½•½•½›½•½£Ü`ì

_0CECpC



��±�
^�����­�Ã�

œ”>I@QJKSVCp]�UBP`]�<?amCpHIGz<?CpPV]�PVZ”<D>ICpA•<?>I@NADCpA§CpA›<D>I@QMI@•_`@NWpP`jIJ�@B]�<3P,Z�Sq<?@NUx>I]ICpr�GI@KZnP`a

A†<xS,<DCpU•Cp]�<?@NaDjIamPzUN@BMIGIaDSVW«ADWECpUBCE]Iu�PVZ.Am>lSVam@BMOJ�@BJ�P`amXQjlSVa?S,WpWp@NW…jIaDPVu`a?SVJ�A

‹��

>ICpWE@•A†<xS,<DCpU•Cp]0é

<D@BaDj�aDP0UB@BM�GIa?SVW)ADWECpUNCp]IuFZnP`a[AD@Nr�GI@B]�<?CpSVW9UNPzM�@BA CEAŒf @NWpWTGI]IMI@NaDA†<?P0PzMžS,]IM—GIAm@BMQCE]QSF_,SVaDCE@N<YX�PVZ

SVj�jIWpCEUgS,<DCpP`]IAN•‰<?>I@NaD@KSVaD@�]IPqSVWEu`P`aDCL<?>IJ�A’XV@N<›MI@N_V@BWpPVj•@NM�ZnP`a•Am<?S,<?CEU�Cp]�<?@NaDjIamPzUN@BMIGIaDSVWŒADWECpUõé

CE]IužPVZ–AD>lS,aD@BM�J�@BJ�P`amXqjlSVaDSVWpWE@BW¥j�aDP`u`aDSVJ�A

‹

œ‘PžZ©SVUNCpWpCL<xS,<D@•<D>I@�Am<?S,<?CEUiADWECpUBCE]IuQPVZcjlSVaDSVWpWE@BW

jIamP`u`aDSVJKAN•”S�]I@•fîCp]�<?@NaDJ�@BMICpS,<?@sjIamP`u`a?S,J am@BjIam@BAm@B]�<xS,<DCpP`]9•~<D>I@q<D>IaD@BSVMI@NM�y0X0Am<?@NJ bd@õé

j)@B]IM�@B]IUN@ž™Fa?SVjI>¦àn<xy�b•™•á••…CpA•MI@•_`@NWpP`j)@BM�<?P}@B]IUNP`JKjISVADA•<?>I@�jlSVaDSVWpWE@BWŒS,]IM�fcP`aDŽ�Am>lSVaDCE]Iu

UNP`]IAm<DaDGIU•<?A–G�<?CEWpC��B@BM3CE]KëFj)@B]lƒ

•‘‹

œ”>I@~UBPV]IUB@Nj�< P,Z•<Da?SV]IAmCE<DCE_`@~MI@Nj•@N]IMI@N]IUB@^CpAŒaD@NMI@NoI]I@BM�<?P

CE]IUBWEGIMI@•MI@Bj)@B]IM�@B]IUN@BAFUgS,GIAD@NMkH�XqUBPV]��lCpU•<’@NMIu`@NAdCp]qAD>lSVam@BMOJ�@BJ�P`a†XsjlSVa?S,WpWp@NW…jIaDPVu`a?SVJ�AB•

<D>0G�A—@B]ISVHIWpCE]Iu�Cp]�<?@NaDjIamPzUN@BMIGIaDSVW�ADWpCEUBCE]IuÿPVZd<?>�@�]I@•fæjIaDP`uVa?SVJïam@BjIam@BAD@N]�<xS,<DCpP`]

‹

;^]­SVWLé

u`PVaDCE<D>IJšZnPVa�CE]�<?@BamjIaDP0UB@NMIGIaDSVW«ADWpCEUBCE]Iu�P*_V@Ba~<?>I@•<õyzb•™ôaD@NjIaD@NAD@B]�<?S,<?CEP`]OCpA~jIam@BAm@B]�<?@NM

‹

œ”>I@

AmWpCpUNCp]Iu^SVWEu`P`aDCL<?>IJ�HIGICpWEMIA¥PV]§<?>I@ SVWpuVP`aDCL<?>IJ�A$SVWpam@gSVM�X•M�@N_`@NWpP`j)@BMiZnPVa¥Cp]�<D@BaDj�aDP0UB@BM�GIa?SVW0ADWECpUõé

CE]IuiPVZ$AD@Nr�GI@B]�<?CpSVW‰jIamP`u`aDSVJKA SV]IMž<?>�@FSVWpuVP`aDCL<?>IJ�A[MI@N_V@BWpPVj•@NM}ZnP`acCp]�<?aDSVjIamPzUN@BMIGIaDSVW9AmWpCEUBCp]�u

PVZ‘jlSVaDSVWpWE@BW•jIaDP`uVa?SVJ�A

‹

CLç



�����! #"�$&%('


��£������¡)�£�Ã��
��¦�

•

am@N_0CpPVGIA3aD@NAD@gS,aDUx>¦CE]ÃAm<?S,<?CEUžjIaDP`uVa?SVJóADWpCEUBCE]IuO>lSVA3am@BAmGIWE<D@BM¨Cp]ÃADG�UBUB@NADA†ZnGIW’S,Wpu`P,é

amCE<?>�JKA}SV]IM�_,SVaDCEP`GIAsjIaDPVu`a?SVJ aD@Bj�aD@BAm@B]�<xS5<?CpPV]IAqZnP`asAmWpCpUNCp]Iu¤J�P`Am<s<YX0j)@BA�P,Z3AD@Nr0G�@B]�<?CpSVW

jIamP`u`aDSVJKA

‹

y0<xS,<DCpU•ADWECpUNCp]Iu3PVZ‘jlSVaDSVWpWE@BW‰j�aDP`u`aDSVJ�AB•I>IP‡fc@N_V@BaB••j•PVAD@BA^SVMIM�CE<?CEP`]lSVW•Ux>lSVWEWp@B]�u`@BAN•

SV]�MqCEA”Am<?CEWpW9SV]}SVUN<DCE_`@•SVam@gS�PVZ‘aD@BAm@gSVamUx>

‹

;+*-,�.0/�,21�3547698;:=<�CEAŒMI@Nol]�@BMQS,A–<D>I@~AD@N<–PVZ9Cp]IA†<?amGIUN<DCpP`]IAŒCE]�S•jIamP`u`aDSVJôf~>ICEUx>QS?>•@BU•<

P`a•j)PV<?@N]�<DCeSVWEWEXOS?>9@NUN<›<?>I@�_,SVWpGI@NA§UNP`JKj�G�<?@NMtS,<§SqUN@Bam<?SVCp]�j•PVCp]�<•Cp]�<D>I@—j�aDP`u`aDSVJ

‹

œ”>I@

j)P`Cp]�<”P,Z«Cp]�<?@NaD@BA†<~Cp]Q<D>I@FjIaDPVu`a?SVJ CpA UgSVWEWp@BMK<?>I@@47698;:78BA�/C:7,78BDE<7,F8;.GAl•ISV]�MžCpAhMI@•ol]I@NMqH�XQ<D>I@

jlS,CpaIHKJ�L�MONN•.f~>I@Bam@C*�CEA3Skj•P`CE]�<}à©CE]IAm<DaDGIU•<?CpPV]Tá•CE]t<?>I@sjIamP`u`a?S,Jq•ŒS,]IMQP�CEA�SOADGIHIAm@N<�PVZ

_,SVamCeSVHIWE@BA^aD@NZn@NaD@N]IUB@NMtS,<R*S� œ”CpjT


Ú

•

�

@BC

ìVÞ?�Ä‹

œ”>�CpAFaD@NAD@BSVaDUx>ÿZnPzUNGIAD@NA•P`]O<?>I@3G�AD@3PVZ–Am<?S,<?CEU

AmWpCpUNCp]Iu�• SVA�P`jIj)P`Am@BM�<DP�M�X0]lS,JKCEU}AmWpCEUBCp]�u

‹

;U47DV1�DW8;:}ADWECpUN@}CEA�MI@Nol]�@BM�SVA�<?>I@}AD@•<QPVZdSVWpW

A†<xS,<D@BJ�@B]�<?A•<?>lS5<§SG>9@NUN<•P`a•j•P,<?@B]�<DCeSVWEWEX�S?>9@NUN<•<?>�@�_,SVWEGI@3PVZ _,SVamCeSVH�Wp@CPOG�AD@BM�P`a•MI@NoI]I@BM

S,<X*ÿSVA”UBP`J�jIG�<D@BM}H�X}SV]lSVWLXO�NCp]Iui<D>I@•jIaDPVu`a?SVJšUBP0MI@Y�

�

@BC

ì,Þ

•Tv’„�wX


âZ�7‹X[]\

A-1�3^8;:dAmWpCEUBCp]�u

G�<DCpWEC_�B@NA�SKADj)@BUNCEolU›Cp]Ij�G�<’MIS,<xS—Am@N<’Cp]OS,MIMICE<DCpP`]ž<DPK<?>�@§jIamP`u`a?S,J

‹

œ”>I@NaD@•ZnP`aD@,•‰S—M�X0]lS,JKCEU

AmWpCpUN@hAD>�P*f~A–P`]IWLX›<D>I@~MI@Bj)@B]�MI@B]IUN@BA–<?>lS,<.@•çzCpA†<cM�GIaDCE]Iu•SFADCp]�u`Wp@h@õçz@BUBGz<?CpPV]�P,Z•<D>I@”jIaDPVu`a?SVJ

f~CL<?>ž<?>lS5<~Cp]IjIGz<
� œ”CpjT


ÚZ�7‹

|Y]}UBP`]�<Da?SVA†<g•TS`47DV1�DW8;:FAmWpCEUB@FAD>�P*f~A~<?>�@•M�@Bj)@B]IMI@N]IUB@NA^<D>lS,<�@•çzCpA†<

ZnP`a§SV]�X�CE]IAm<?SV]IUN@—PVZ~jIamP`u`aDSVJ×@•çz@BUNG�<?CEP`]a� œ”CpjT


Ú
�7‹

œ$P�<D>I@žSVG�<D>IP`aNèÝA›Ž0]�P*f~WE@BMIuV@V•Œ<?>ICEA›CEA

<D>I@OolaDA†<saD@NAD@gS,aDUx>­<?P¤SVM�MIaD@NADAsAm<?S,<?CEUOCp]�<?@NaDjIamPzUN@BMIG�a?SVWdAmWpCEUBCp]�u�ZnP`aQCEJKj)@BaDS,<?CL_`@,•”AD>lSVam@BM

J�@BJ�P`amXijlSVa?S,WpWp@NWIjIamP`u`a?S,JKAN•�f~amCE<m<?@B]KGIADCE]Iu•<?>I@dëFj)@B]lƒ

•

Am<xS,]IMlSVamM‰èÝAc@•çzjIWECpUBCL<?WLXijlSVaDSVWpWE@BW

UNP`]IAm<DaDGIU•<?A

‹

ëFj)@B]lƒ

•

>ISVAiH)@BUBPVJK@—<D>I@QA†<xSV]IMISVaDMtZnP`a›MI@N_V@BWEP`jICp]�uk@cb�UBCE@B]�<g•Œj)P`am<?SVHIWE@—jlSVaDSVWLé

WE@BW«jIaDPVu`a?SVJ�A~ZnP`a’Am>lSVaD@NMkJK@NJKPVamXsJiGIWL<?CEjIaDP0UB@NADADPVaDA§à©@

‹

u

‹

•…yI™F|xèßAFëdaDCEu`Cp]

Ü

•`•`•`ád�ßëdj•@�


âG�Ä‹

Ù



œ”>I@^ëdj)@B]Tƒ

•

Am<xS,]IMlSVamMKCE]�<DaDP0MIGIUN@BAŒ<?>I@”UNP`]IUN@Bj�<DAcPVZ9SFjlSVaDSVWpWE@BW0aD@BuVCpP`]�SV]�M�fcP`aDŽ�Am>lSVaDCE]Iu

UNP`]IAm<DaDGIU•<?A[<?>lS5<[>lSg_`@�]IPV<[jIam@N_0CpP`G�ADWEX§H•@N@B]KSVMIMIam@BAmAD@BM—Cp]3aD@NAD@BSVaDUx>KP`]Kj�aDP`u`aDSVJ=S,]lSVWEX0AmCpAB•

CE]IUBWEGIMICp]�u}AmWpCEUBCp]�u

‹`�

>I@N]tADWECpUBCE]IusAD>lS,aD@BMÃJ�@BJ�P`a†XkjlSVaDSVWpWE@BW.jIamP`u`aDSVJKAN•‘<D>I@KAmWpCEUB@Ba•JiGIA†<

<?SVŽV@qCp]�<?P�SVUBUNP`GI]�<—<D>I@�j)P`AmADCpH�Wp@sCp]�<?@Na?SVU•<?CEP`]IA�H•@•<Yf @N@B]�SVUNUB@BAmAžSV]IM�Am<DP`a?SVuV@qPVZdAD>lSVam@BM

_,SVamCeSVHIWE@BA~H�XsMIC�>•@Bam@B]�<�<?>Iam@gSVMIA�<?>lS5<’UBSV]�j)PV<?@N]�<?CeS,WpWEXK@•çz@NUBG�<D@iCp]}jlSVaDSVWpWE@BW

‹

œ$P—@BWEGIUBCEMlS,<D@

<D>I@BAm@�CE]�<?@BaDSVUN<DCpP`]�A’ZnP`adjIamP`u`aDSVJýAmWpCEUBCp]�uI•‰SQ]I@•f=jIamP`u`aDSVJýam@BjIam@BAm@B]�<xS,<DCpP`]�CpA’MI@N_V@BWpPVj•@NM‰•

UBSVWpWE@BM3<?>I@”<D>IaD@BSVMI@BM—y0X0Am<D@BJ bd@Bj)@B]�MI@B]IUN@d™Fa?S,jI>qàn<õyzb•™›á

‹

œ”>I@~<õy�b•™�CpA–SdZnGIADCEP`]�PVZ9<D>I@

<

•

b•™e� ª•amC�


ìZ�

SV]IMÿ<?>�@—yzb•™f� v’„�wX


âZ�

<?>lS,<›SVWEWpP‡f~AFJiGIWL<?CêéYjIamPzUN@BMIGIam@3jlSVaDSVWpWE@BW¥j�aDP`u`aDSVJ�A

<DP�H)@—SV]ISVWEX��B@NM

‹

œ”>ICEA›<?>�@BADCEA›j�aD@BAm@B]�<?Ai<D@BUx>I]�Cpr�GI@BA›<?P}UBP`]IA†<?amGIUN<3j�aDP`u`aDSVJ AmWpCpUN@BA•GIADCE]Iu

<D>I@—<õyzb•™

‹‘•

aD@N_0CEP`GIA§fcP`aDŽ�P`]ÃA†<xS,<DCpU—AmWpCEUBCp]�uqPVZ~jISVa?SVWEWp@NW–j�aDP`u`aDSVJ�A§>lSVA§H•@N@B]ÃMIP`]�@QH�X

ªFaDCE]IŽV@g�ßªFamC�


ì
�

SV]�M
{

>I@B]IuT�
{

>I@�


â?�Ä‹

v^P‡fc@N_`@NaB•0ªFaDCE]IŽV@,èÝAŒS,jIjIaDP`SVUx>ifhS,A.aD@NAm<?amCpU•<?@BMi<DPdADWECpUõé

CE]IuQf~CE<D>kUBP`]IAm@Ba†_VS5<?CE_V@�SVADAmGIJKjz<?CpPV]IAFSVH)P`G�<F<D>I@3@c>•@BU•<•PVZ AmGIHIamP`G�<?CE]I@3UgS,WpWpAN•‰SV]�M
{

>�@B]Iu

UNP`]IUB@N]�<?a?S5<?@BM¨P`]ÃAmWpCpUNCp]Iu�PVZ�P`H�hm@BU•<mé P`aDCE@B]�<?@NM¨jISVa?SVWEWp@NW–j�aDP`u`aDSVJ�A

‹

œ”>I@žUBP`]�<DaDCpH�G�<?CEP`]tPVZ

<D>ICpAcaD@BAm@gSVamUx>qCEAc<D>I@dMI@•_`@BWEP`jIJ�@B]�<~PVZ$SV]i8BATDE<7,V*-,�.Z:=<0j�kO,21�6…jIamP`u`a?S,JšAmWpCpUNCp]Iu•<?@NUx>I]ICEr0G�@dZnP`a

ëdj)@B]Tƒ

•

jlS,a?SVWEWp@BW jIaDP`uVa?SVJ�Ai<?>lS5<K<?SVŽV@NA—Cp]�<DP�SVUNUBP`G�]�<�<?>�@q@7>9@NUN<QP,ZdADG�HIaDP`Gz<?Cp]�@qUBSVWpWEA

f~CL<?>ICE]OjlSVaDSVWpWE@BW$UBP`]IA†<?amGIUN<DAB•$SV]IMO<D>0G�A•j�aDP‡_0CpMI@NAFJKP`am@ijIam@BUBCEAD@3AmWpCpUN@BA’<D>lSV]ÿªFaDCE]IŽV@,èÝA•SVj0é

jIamP�SVUx>

‹

y0<xS,<DCpU•Cp]�<D@BaDj�aDP0UB@BM�GIa?SVW«jIamP`u`aDSVJ ADWECpUBCE]Iu�>lSVA^J—SV]�XsGIAm@NZnGIW‘SVjIj�WpCpUBS,<?CEP`]IAN•ICp]IUNWpGIM0é

CE]Iu~jIaDP`uVa?SVJ¾M�@BHIGIuVu`Cp]Iu�•*<D@BA†<?Cp]�uI•,JKSVCE]�<D@B]lS,]IUB@,•,CE]�<D@Bu`aDS,<?CEP`]‰•*SVGz<?P`JKS,<?CEU.jlSVaDSVWpWE@BWEC_�gS5<?CpPV]‰•

SV]�M›UNP`JKj�Wp@•çzCL<YXFJK@BSVADG�aD@BJ�@B]�<

‹

Rl@Nf�ADP`jI>�CpAm<DCpUBS,<?@NM›<?P0P`WEA…@•çzCpA†<$<DP’S,ADADCEAm<‘jIaDPVu`a?SVJ�J�@BaDA…CE]

@NCE<?>�@BaŒ<?>I@~MI@NHIGIu`uVCp]Iu•P`aŒP`j�<DCpJ�C_�BS,<?CEP`]iPVZ•jlSVaDSVWpWE@BW�j�aDP`u`aDSVJ�A

‹

ëdj�<DCpJ�C_�NCp]IudUNP`J�jICpWE@BaDA‘ZnP`a

jlS,a?SVWEWp@BW$jIamP`u`a?S,JKAFUBSV]I]IPV<•M�CpaD@NUN<DWEXqG�<?CEWpC_�N@§P`jz<?CpJ�C_�BS,<?CEP`]IA~ZnP`aFAD@Nr�GI@B]�<?CpSVWŒjIamP`u`a?S,JKAN•«SVA

Am>IP‡f~]qH�Xsƒ}CpMIŽ�C�>�SV]IM

•

SVMIGlSl�Ýƒ

•


`•

�Ä‹

œ”>�GIAB•lH)PV<?>Q<D>I@dUNP`JKj�CpWp@NahSV]�MQ<?>I@FjIamP`u`aDSVJKJ�@Ba

am@Br�GICpam@qM�C�>•@BaD@N]�<QP`a�SVMIM�CE<?CEP`]lSVWh<DPzPVWpA�SV]IM¦JK@•<?>IP0MIA�<?P�MI@N_V@BWpPVj�jlSVaDSVWpWE@BW”UBP0MI@NA—@c>•@BUõé

<DCE_`@NWEX

‹

y0<?S,<?CEU3ADWpCEUBCE]IuQPVZ–jlSVaDSVWpWE@BW$UBP0MI@BA•UBSV]�SVADAmCpAm<•<D>I@3jIaDPVu`a?SVJ�J�@Ba’CE]kGI]IMI@NaDA†<xSV]IM�Cp]Iu

<D>I@BCEa’UBP0MI@§SV]IM�<D>I@iMI@Nj•@N]IMI@B]�UB@BAF<D>lS,<^@•çzCpA†<df~CE<D>ICp]qCE<

‹

|Y]kSVM�MICE<DCpP`]‰•l<D>I@iUBPVJKjICEWp@Na�UBSV]

G�<DCpWEC_�B@^ADWECpUBCE]Iu§<D@BUx>I]ICEr�GI@BA�<?P3>I@NWpjsu`GlSVaDSV]�<?@N@•j�aDP`u`aDSVJãUNP`aDam@BU•<?]I@NADA�mlZnP`a”@õç�SVJKj�Wp@V•zf~>I@B]

€



<D>I@•jIaDP`uVa?SVJšUBP`]�<xS,Cp]IA~MICK>9@NaD@B]�<�J�@BJ�P`amXKUBP`]�ADCpA†<?@N]IUNXsJ�PzM�@BWpAhZnPVa”MIC�>•@Bam@B]�<~_VS,aDCeS,HIWp@NA

‹

œ”>I@›ZnP`WEWpP‡f~Cp]�u3Ux>lSVj�<D@Ba’uVCE_`@NA’S,]�P‡_`@Nam_0Cp@•f£PVZŒjIamP`u`a?S,JÆaD@NjIaD@NAD@B]�<?S,<?CEP`]IAB••ADWECpUBCE]IuI•

SV]�M}jISVa?SVWEWp@NW•jIamP`u`aDSVJKJ�Cp]�u

‹

yzG�HIAD@Nr0G�@B]�<dUx>lS,j�<?@NaDA~MI@BAmUBamCpH)@•<D>I@d<?>�@BADCEA~aD@BAm@gSVamUx>�P`]ž<D>I@

<xy�b•™�• Am<xS5<?CpU�Cp]�<?@NaDjIamPzUN@BMIGIaDSVWFADWECpUNCp]IutP,Z§Am>lSVaD@NM!J�@BJ�P`a†X�jlSVaDSVWpWE@BW^jIaDP`uVa?SVJ�AB•^SV]IM�S

jIamPV<?P,<YXzj)@•CpJ�jIWp@NJK@N]�<xS,<DCpP`]KPVZ¥<D>I@F<?@BUx>�]ICpr�GI@NA

‹

Ü



�����! #"�$&%)n

±��­�tŸ¾�!���o���'¡qp›�������!����	 �­�����­��
��q�£�—�ÿ��
���� ���'¡


���
���
����

œ”>ICpAŒUx>lS,j�<?@NacjIamP‡_zCEMI@BA–S•HlSVUxŽ�u`amP`GI]IMKMICpAmUBGIAmADCpPV]KPVZ•UBPV]IUB@Nj�<?A–Cp]3<?>�@^S,aD@gSFPVZ9jIaDP5é

u`aDSVJÆam@BjIam@BAD@N]�<xS,<DCpP`]

‹

| <^SVWpAmP�Cp]IUNWpGIMI@NA�S�MICEADUNGIADAmCpP`]}PVZ¥<D>I@FZnGI]IMlS,JK@N]�<?SVW…UBPV]IUB@Nj�<?A’SV]IM

SVWEu`P`amCE<?>�JKA…]I@NUB@NADA?S,amX•ZnP`a$<D>I@ am@BAm@gSVamUx>3GI]IMI@Nam<xS,ŽV@B]

‹

|Y]§jlSVa†<?CEUBGIWpSVaB•*<?>I@cUx>lSVj�<D@Ba‘Cp]IUNWpGIMI@NA

SV]kP‡_V@Bam_0CE@Nf=P,Z[AD@Br�GI@N]�<?CeS,WŒjIaDP`uVa?SVJîADWECpUBCE]IuI••SV]kCp]�<DaDP0MIGIUN<DCpP`]q<?PQ<?>�@§<xSVamu`@N<D@BMÿjlSVaDSVWpWE@BW

jIamP`u`aDSVJKJ�Cp]�ui@B]�_0CpamP`]IJ�@B]�<g•TSV]�Ms<D>I@•JKP,<?CE_,S,<DCpP`]�AcZnP`a”AmWpCpUNCp]Iu3jISVa?SVWEWp@NW9jIamP`u`a?S,JKA

‹

œ”>ICpA[Ux>lSVjz<?@Ba–MI@NADUBamCpH)@BA[<?>Iam@B@�aD@NjIaD@NAD@B]�<?S,<?CEP`]IA[ZnP`a[AD@Br�GI@N]�<?CeS,W)j�aDP`u`aDSVJ�A.<?>lS,<cSVam@

UNP`JKJ�P`]IWLXiUNP`]IAm<DaDGIU•<?@NMsSV]IM—G�AD@BMKZnP`a–SVG�<?PVJ—S,<DCpU~jIamP`u`a?S,JäSV]lSVWLX0ADCpA–SVAcjlSVa†<cP,Z…UBP`J�jICEWp@Ba

P`jz<?CpJ�C_�BS,<?CEP`]3SV]�MKAmPVZÈ<YfhS,aD@’M�@N_`@NWpP`j�JK@N]�<–<?P0P`WEABˆ à©Cp]�SVAmUB@N]IMICp]�u§UBPVJKjIWE@•çzCE<YX�á¥<?>�@^UNP`]�<?aDPVW

�lP‡fãu`a?SVj�>�à
{

R$™›áõ•.<?>I@sjIamP`u`a?S,JøMI@Nj•@N]IMI@B]�UB@�uVa?SVjI>!à

•

b•™•á�� R$ë

��ì�âZ�

•cSV]IM¤<?>�@}A†X0A†é

<D@BJðMI@Bj)@B]�MI@B]IUN@du`aDSVjI>kàÄy�b•™•á�� v’„�wX


â
�Ä‹Œ“

SVUx>Qam@BjIam@BAm@B]�<xS,<DCpP`]—Cp]IUNP`aDj)P`a?S5<?@BA–P`a[G�<DCpWpC��B@NA

CE]�ZnP`aDJKS,<DCpP`]�ZnaDP`JÆj�aD@N_0CEP`GIA~aD@NjIaD@NAD@B]�<?S,<?CEP`]IA

‹

œ‘PKCpWpWEGIAm<Da?S,<D@’<?>�@BAD@§aD@Bj�aD@BAm@B]�<xS5<?CpPV]IAdSV]�M�WeS5<?@BaN•I<?>I@§SVWpuVP`aDCL<?>IJ�AB•�<D>I@
{

jIaDPVu`a?SVJ

CE]�oIu`GIaD@’€

‹LÙ

f~CEWpWIH)@~GIAD@NMK<D>IaDP`G�u`>IP`G�<[<D>I@^Ux>ISVj�<?@Na S,A[<D>I@�HlSVADCEAŒZnP`a–S•amGI]I]ICE]Iu•@•ç�SVJ�jIWp@

‹

œ”>I@qWpCE]I@gSVamC_�N@BMÃ<?@õçz<DGlSVW~aD@NjIaD@NAD@N]�<?S,<?CEP`]¦P,Z’<?>�@qjIamP`u`aDSVJïCp]¤olu`GIam@O€

‹EÙ

CpWEWpGIA†<?a?S5<?@BA3PV]I@

f SgXkPVZ[_0Cp@Nf~CE]IusSžjIaDPVu`a?SVJ

‹

œ”>ICpAd_0CE@Nf••«>IP‡f @•_`@NaB•$CpAdGIAm@NZnGIWŒPV]IWEX}<?PQ<D>I@�jIaDP`uVa?SVJ�JK@NaB•

]IP,<^<D>I@›UNP`J�jICpWE@BahP`a�jIamP`u`a?S,J SV]lSVWLX0ADCpA”<DPzP`WEA

‹

;¢<Da?SV]�AmZnP`amJ—S,<DCpP`]sPVZ‘<?>I@•jIamP`u`a?S,JãZnaDP`J

AmP`GIaDUN@�<D@•ç0<•<?PqSžu`a?SVj�>�A†<?aDG�UN<?G�aD@�CpAFGIAmGlSVWpWLXOj)@Ba†ZnP`aDJ�@BMÿ<?PžZ©SVUNCpWpCL<xS,<D@iSV]ISVWEX0ADCEA•SV]IM��5P`a

J�PzM�CEolUBS,<?CEP`]QPVZ$<?>I@•jIamP`u`aDSVJãH�Xž<?>�@•UNP`J�jICpWE@Ba

‹

Þ



rasutwv�xzyT{ltwv}|c~?•

€!s twv�x({�•5r
‚Sƒ…„†•z‡!ƒuˆ‰•)Š�r�‹

Œ}s •lŽ?•!|7twv�x•t‰•)‚S‹‘t‰’5r
‚S‹F~�•

‡�s “TŽ?•Y”!|�{Sƒ–•g„—~a‹

˜

s to•5to™qr�‹

š!s ›

œ}s „(•�{?„-•&|E„—~a‹

ž}s t
•Ÿ| „¢¡5r
‚l~?•

£!s „¤•qr
‚z™+„�‹

r
‚!s ›�¥O¦�•�¥�•

r§ras “TŽ?•Y”}|0{Sƒ–•g„—~a‹

r
€!s ›

rZŒ}s ¨�•�twv�x�•!|�©§© ª§«¬sIª§«UsIª§«}­§­§ƒ2{SƒE„�ƒ=ˆ�~a‹

rw‡�s •�¥�xY®O•gv¢‚S‹

r

˜

s�›

¸”ÀW¯-°«Î*Í

Ò��©Ï

Ô

yz@Nr0G�@B]�<?CpSVW

•

amP`u`aDSVJšZnP`a~„~GI]I]�Cp]Iu

“

ç�SVJKj�Wp@

Ò��©Ï

ÑžÍY±S²$ÀÈÌ*ÀW³-²&´3ÊT²¶µ­µcÍ0ÎG·tÀW²a³—¸¹³�¯Tº

Ò��©ÏT�ÄÏ

ÂiÊT´gÀW»qÂ^¸¹³¼»
½¼´

;q¾=1G478;:R¾�6_.Z:=¿�CEA S•UBPV]IAD@NUBG�<DCE_`@’AD@Br�GI@N]IUB@’PVZ…Cp]�Am<?amGIUN<DCpP`]�A[<D>lS,<c>lSVAcS›AmCp]Iu`WE@~@B]�<?a†X

SV]�M�SsADCE]Iu`Wp@3@õçzCE<

‹

|Y]�P,<?>I@Na•fcP`aDM�AB•¥@õçz@BUBGz<?CpPV]�PVZc<?>I@�HIWEPzUxŽOUBSV]�P`]IWEXOH•@Nu`Cp]ÿf~CE<D>�<D>I@

olamAm<’Cp]IA†<?aDG�UN<?CEP`]‰•)SV]IMqCE<^UgSV]�P`]IWEXQWp@gSg_V@iS,ZÈ<D@Ba’@õçz@BUBGz<?CpPV]OPVZ.<D>I@›WpSVAm<^Cp]�Am<?amGIUN<DCpP`]qPVZ.<D>I@

HIWEPzUxŽ

‹

œ”>I@NaD@›SVaD@•]IPRhmGIJ�jIA~Cp]�<DP�PVa”P`G�<~PVZ$<?>I@•J�CpMIM�Wp@dPVZ$<?>�@•H�WpP0UxŽ

‹

RTPVa•@õç�SVJKj�Wp@V•$<?>I@KCp]IA†<?amGIUN<DCpP`]IA•P`]�WpCp]�@BA

Þ

SV]IM

Ú

PVZ”j�aDP0UB@BM�GIaD@

y�{ltwv

UBP`GIWEM�H)@

UNP`JiHICE]I@BMt<DPOZnP`aDJóSOADCE]Iu`Wp@—HlSVADCEUQHIWEPzUxŽ

‹

v^P‡f @•_`@NaB• WECp]I@

Ü

UBP`G�WpMÃ]IPV<iH•@QjISVam<�PVZ~<D>I@

ADSVJK@FHISVADCEU•H�WpP0UxŽ—H)@BUgS,GIAD@•<?>I@F<D@BAm<�UNP`]IMICL<?CpPV]}P,Z‘<D>I@Ff~>ICpWE@dWpP0P`jž>lSVA”<YfcP—@õç�CL<?A

‹

whSVADCEUžHIWpP0UxŽ�A�Cp]Ã<?>ICEAi<?>I@NADCEAKS,aD@sUBP`]�ADCpM�@BaD@NM¨<DPÿUBP`]�<xS,Cp]¤P`]IWLXÃSÿADCp]�u`Wp@QCE]IAm<DaDGIUõé

<DCpP`]

‹

œ”>ICEA�SVWpWEP*f~A3J�P`am@sSVUBUNGIa?S,<D@qAmWpCEUB@BA3<DP�H)@sUgSVWEUBGIWpS,<?@NM‰• S,A�M�@Bj)@B]IMI@N]IUB@NAQH)@N<Yfc@B@B]

HlS,ADCpUqHIWpP0UxŽ�A—H)@BUNP`JK@}MI@Nj•@N]IMI@B]�UB@BAsH)@N<Yfc@B@N]­Cp]IA†<?aDG�UN<?CEP`]IA—SV]IM�]IP,<—JiG�WE<?CEjIWp@žCE]IAm<DaDGIUõé

<DCpP`]IA

‹

œ”>0G�AB•¥CE]IAm<DaDGIU•<?CEP`]IA•SVaD@�]IP,<›CE]IUBWEGIMI@NMÿf~>�CpUx>�JKSgXO>lSg_V@—H)@B@B]�jlSVa†<•PVZ <D>I@�A?SVJ�@

HlS,ADCpUFH�WpP0UxŽ)•lH�G�<~f~>ICpUx>}UgSV]}]IPV<�SG>9@NUN<~<?>I@•AmWpCpUNCp]Iu3UNaDCL<?@BamCpP`]

‹

Ú



Ò��©ÏT�pÒ

¹žÎ*ÊIË‘É�Å@³-²&»`Í�Ë$Ì
´

¹QÎ5Ê�Ë¥É!¹OÔ

;ãAD@•<3PVZ”_V@Bam<DCpUN@BA§°ÆSV]IM�<D>I@QAD@•<3PVZ”@NMIu`@NA

“

UNP`]I]I@NUN<DCp]Iu�<D>I@K_V@Ba†<?CpUN@BAi°§•

f~amCE<m<?@B]}SVA^™�àn°§•

“

á

‹

÷•Í�Î‡Ì‡Í�ÇŒÔ

;�]IP0MI@”Cp]�SFu`a?S,jI>Oàn@

‹

u

‹

• { R‘™3•

•

b•™�•�y�b•™�• {”{ R‘™3•`<

•

b•™3•`P`a.<xy�b•™›á«f~>ICpUx>

am@BjIam@BAm@B]�<?A’S�j�aDP`u`aDSVJãUNP`]IA†<?aDG�UN<

‹

;'_`@Nam<D@•ç}UgS,]qam@BjIam@BAD@N]�<’@NCE<?>�@Ba~SV]}Cp]IA†<?amGIUN<DCpP`]‰•

S�HlSVAmCpU•HIWEPzUxŽT•TP`a�S�UNP`]�<?amP`W«Am<?amGIUN<DGIaD@Qà©@

‹

u

‹

•TWeSVH)@BWÄ•ICEZeé7<?>I@N]‰•If~>ICEWp@V•l@•<?U

‹

á–�ßƒqGIU�


â?�Ä‹

œ”>�CpA…CpA‰<D>I@[HlSVAmCpUŒ_`@Nam<?@õç•<YX0j•@[Cp]•@BSVUx>›P,Zz<D>I@[u`a?SVj�>ICpUBSVW`aD@NjIaD@NAD@N]�<?S,<?CEP`]IAcm�SVMIMICL<?CEP`]lSVW

_V@Ba†<?@•çs<YX0j)@BA~f~CpWEW9H)@•M�@Nol]I@NMq<D>IaDP`G�u`>IP`G�<~<D>I@•Ux>lSVj�<D@Ba

‹

¼Àµa¯TÍTÔ

;ôam@BWeS5<?CpPV]žH•@•<Yf @N@B]O<YfcPÿà©]IP,<^]�@BUB@NADADSVaDCEWEXsMICEAm<?CE]IUN<xá _`@Ba†<?CEUB@BA

‹

RlP`a�SVWpW…u`aDSVjI>ICEUgSVW

am@BjIam@BAm@B]�<xS,<DCpP`]�AB•V@NMIu`@NA‘f~CpWEW`H)@–M�CpaD@NUN<D@BM§am@BWpS,<?CEP`]IAD>�CpjIA

‹

RTPVa«<D>I@[MI@Bj)@B]�MI@B]IUN@hu`aDSVjI>

am@BjIam@BAm@B]�<xS,<DCpP`]�AB•)SV]}@BMIu`@Ff~CEWpW9am@BjIam@BAm@B]�<FS3MI@Nj•@N]IMI@B]�UB@iH)@N<Yfc@B@N]q<YfcPK_`@Nam<DCpUB@NA

‹

;

M�@Bj)@B]IMI@N]IUB@›PVZ¶M�Á’PV]…M
Â«CpA”f~aDCL<D<D@B]}SVABˆ

M
ÂÄÃ Å_Æ

Ç-È

McÁ àÄ€

‹LÙ

á

ÕdÊzÌ*É–Ô

;'jIS,<?>sCpAhS�Am@Br�GI@N]IUB@›PVZ«_`@Ba†<?CEUB@BAÉM
ÂVL�M
ÂËÊ—ÌFL

½L½L½

L�McÁ^AmGIUx>q<D>lS,<”ZnP`a @gSVUx>}UBP`]�AD@BUNG�<?CL_`@

jISVCpa•PVZc_`@Ba†<?CEUB@BACHÍMGÎ?L�MGÎ=Ê—Ì2N••$<D>I@Bam@—@•çzCEAm<?A›SqM�CpaD@NUN<D@BM�@NMIu`@�ZnaDP`JUMGÎ3<?P…M?Î=Ê—Ì

‹

œ”>I@

@õçzCpAm<D@B]IUN@›P,Z.S3jlS,<D>}ZnamP`JÏM
Â«<?PÐMcÁdCpAhf~aDCL<D<D@B]}SVABˆ

MGÂ

Ç-È‰Ñ

M�ÁÓÒôàËJCÒÔHÍM
ÂVL0MGÂËÊ—Ì7L

½g½g½

L�McÁ7NGÕêà_Ö�×‰àWØ!Ùz×ÄÚ�Û0áDáNàWMGÎ

ÇÜÈ

MGÎ=Ê—ÌmáDá àÄ€

‹

€`á

Õ•Î*ÍOµ«Í�»`Í�´w´�³TÎG´ÄÝ�´¼°&»Y»`Í�´w´�³TÎG´VÔ

œ”>I@3jIaD@NMI@BUN@BAmADP`a›AD@N<•P,Z SQ_V@Bam<D@•çÞM
Â’à

•

aD@NM«àWM
Â©ámá^CpAd<D>I@

Am@N<�PVZ^SVWEW–_V@Ba†<?CpUN@BAÐMcÁ�f~>I@NaD@ÄMcÁ

Ç-È

M
Â •Œf~>ICpWE@K<D>I@žADGIUNUB@NADADPVaKAm@N<�PVZ�SO_`@Nam<D@•çßM
Â

àÄyzGIUNU�àWM
Â©ámá”CEAh<?>I@•Am@N<�PVZ¥SVWpW9_V@Ba†<?CpUN@BAÓMcÁ’f~>I@Bam@àM
Â

Ç—È

McÁ^�Ýƒ}GIUw


â
�7‹

Ò��©ÏT�pí

Å›ÊT¸Í¸~´‰Í�á�°«Í�²¶»`Í

;â:01�6B6T4Z<0ã�k�<7AÜ:=<^CpA S§AD@Nr�GI@B]IUN@FPVZ«jIamPzUN@BMIGIam@BA]HËJÜÌ7L;JTäwL

½g½g½

L;J�åYNŒf~>I@Bam@XJlÂ‰UNP`]�<xSVCE]IA

S3UgS,WpW‰AmCE<?@F<DP]J�ÂËÊ—Ì

‹

Ò��©ÏT�

Ø Å›ÊT¸Í¸~¹žÎ*ÊIË‘É

;æ:01�6B6&/�,217*Tç�PVZ~S}jIaDP`uVa?SVJ·f~CL<?>�jIaDP0UB@NMIGIaD@NARJÜÌFLÍJTäwL

½g½B½

L;JlåsCpA•<?>�@Ku`aDSVjI>éèêÒ

H;ëìLFíîL=ïeL�ðgNFf~CE<D>�_`@Nam<D@•çÃAm@N<Ðë Òòñ=JÜÌ7L;JTäwL

½g½g½

L;J�åOó�•$<?>I@QAm@N<3y�PVZ”UgS,WpW[ADCL<?@—WpSVH)@BWpAN•‘<D>I@

Am@N<Äï ôæë õoë õoí�PVZFWpSVH)@BWp@NM�@NMIu`@NAB•~SV]IM¨<?>I@qMICpA†<?CE]Iu`GICEAD>I@NM�@N]�<DamX¨]IP0MI@�ð÷öqë

ànaD@Bj�aD@BAm@B]�<?CE]Iuq<D>I@�J—SVCE]kjIaDPVu`a?SVJ—á••‰f~>�@BaD@�ZnP`a•@gS,Ux>�øfÒ·àËJ�ÂVLFùwÎGL;J§ÁNá••¶ùwÎ�M�@B]IPV<D@BA›S}UBSVWpW

AmCE<?@›Cp]`J�Â¥ZnaDPVJæf~>�CpUx>CJ§Á•CpA^UgSVWEWp@BM

‹

| ZŒ<?>�@BaD@§CpA’PV]IWEX}P`]I@§UgSVWEW«ZnamP`JîjIaDP0UB@NMIGIaD@#JlÂ¥<DP@J§Á*•

<D>I@•UgSVWEW‰ADCL<?@àùwÎFJ—SgXžH)@FP`J�CE<m<?@BM}SV]�Ms<D>I@•@BMIuV@•f~amCE<m<?@B]qSVAŸJlÂ

Ç—È

JYÁ?�ßƒqGIU�


â?�Ä‹

Û



Ò��EÒ

Åd³-²•Ì‡Î
³-¸ ¸ú¸¹³Oûö¹žÎ*ÊIË‘É5ü?Å§¸”¹…ý

œ”>I@�UNP`]�<?aDPVWÓ�IP*fæuVa?SVjI>¾à { R$™•á�CEA—S�UBP`J�JKPV]¨am@BjIam@BAm@B]�<xS,<DCpP`]�<?>lS,<KJ�PzMI@NWpA�S

jIamP`u`aDSVJqèßA’j)P`AmADCpH�Wp@@�lP‡fôPVZ[UBPV]�<DaDP`WV� ;dy�\

ìVÛ?�7‹

;^AFAm<xS5<?@BMkCE]O<?>I@§MI@Nol]�CE<?CEP`]kPVZ–S—_V@Bam<D@•ç••

SO_`@Nam<D@•ç¤am@BjIam@BAD@N]�<?AQSOHISVADCEUžHIWpP0UxŽ­ànPVZ�P`]I@sCp]IA†<?amGIUN<DCpP`]Tá

‹

\�]ICpr�GI@}w

“

™F| ¬ SV]IM

“

¬’b

_V@Bam<DCpUN@BAB•«f~>ICEUx>�MIP}]IPV<•am@BjIam@BAm@B]�<§HISVADCEU�H�WpP0UxŽ0AN•$SVaD@�SVM�MI@BM�<?PsCp]IM�CpUgS5<?@§<D>I@�@B]�<?a†X�SV]IM

@õç�CL<dPVZ[<D>I@ijIamPzUN@BMIGIam@V•‰am@BAmj•@NUN<?CL_`@NWEX

‹

œ”>I@iw

“

™•| ¬�]�PzMI@§CpAdS,MIMI@BM�SVA�<?>I@›olaDA†<•]IPzM�@§PVZ

<D>I@›j�aDP0UB@BM�GIaD@›SV]IMq>lSVA�SVA�CE<?A~AmGIUBUN@BADAmP`a’<D>I@•oIaDAm<�am@gSVW«HlSVAmCpU•HIWEPzUxŽ

‹h“

SVUx>qj•PVADADCEHIWp@•@õç�CL<

ZnamP`Jš<D>I@FjIaDP0UB@NMIGIam@•>ISVA~SVA”CE<DAhADG�UBUB@NADAmP`a�<D>I@

“Sþ

|Yœ!]IPzM�@V•IJKSVŽ�Cp]Iu3CL<h<?>�@dol]lSVW‰]�PzMI@FCE]

<D>I@•u`a?SVj�>a�Ýƒ}GIUw


â
�7‹

œ”>I@
{

R$™¢G�<DCpWpC��B@NA UBPV]�<DaDP`W—�lP‡f�@NMIu`@BAh<DP�MI@BAmUBaDCEH•@d<D>I@djIamP`u`aDSVJ

‹

;'UBP`]�<?amP`W—�IP*f

@NMIu`@V•TM
ÂQÿ��
Ç—È

McÁ5•�aD@c�I@BUN<DA�<D>I@•j•P,<?@B]�<DCeSVW9ZnPVahjIaDPVu`a?SVJš@•çz@BUNG�<?CEP`]s<?P^�lP‡f�ZnamP`Jš_V@Bam<D@•ç�ànP`a

HlS,ADCpU�HIWEPzUxŽzá�M
Â–<DPž_`@Ba†<?@õçéMcÁ

‹

;�ZÈ<?@Ba•SQ_`@Nam<D@•ç�° CpA•@•çz@BUNG�<?@NMÃS,<•amGI]�<?CpJ�@V•«UNP`]�<?aDPVW.f~CpWpW

H)@’<?aDSV]IA†Zn@BaDam@BM�ànP`a��lP‡f^áhSVWEP`]Iu›P`]I@dPVZ…°§èÝA P`G�<?uVP`Cp]Iu›UBP`]�<DaDP`W-�lP‡f!@NMIu`@NA

‹

| Z«°'>lSVAhJ�P`am@

<D>lSV]ÿP`]I@3P`Gz<?u`P`CE]IužUBPV]�<DaDP`W¶�lP‡f�@NMIu`@V•$SQ<?@NAm<•JiG�Am<•H•@3j)@Ba†ZnP`aDJ�@BMÿS,Ad<?>I@�WeS,Am<FP`a’P`]IWEX

CE]IAm<DaDGIU•<?CpPV]OCp]�<D>I@3HlSVAmCpU›HIWpP0UxŽqam@BjIam@BAm@B]�<?@NM�H�X�°

‹

{
SVAm@3Am<?S,<?@NJK@N]�<DA•SVaD@§>lSV]IMIWE@BMÿSVA’CEZ

<D>I@NX�f @NaD@KJiG�<?WECpjIWE@

tG•

A†<xS,<D@BJ�@B]�<?A

‹

œ”>�GIAN•.°ÆUgS,]I]IPV<§>lSg_`@QJ�P`aD@�<?>ISV]�<YfcPOP`G�<Du`P`CE]Iu

UNP`]�<?aDPVWa�IP*f¾@BMIu`@NAB•9SVA�<D>I@•<?@BA†<?A^j•@NamZnP`amJK@NMqJiG�Am<^H•@•PVZŒS�H)PzP`WE@gSV]}]lS,<DGIaD@

‹

| Z[S3_`@Nam<?@õç

>lS,A›<YfcPkADGIUNUB@BAmADP`amAB•Œ<?>�@K<YfcPk@BMIu`@NA3SVam@—UBPV]IADCEMI@Bam@BM�<DPOH•@KWeSVH)@BWE@BMÿf~CE<D>t@BCL<?>I@Na›œýànZnPVa

<DaDGI@gá~P`a�R�ànZnP`a”Z©SVWEAD@‡áõ•TSVA^SVjIjIamP`jIaDCpS,<?@FZnP`a”<D>I@§P`Gz<?UBPVJK@•PVZ‘<?>I@•<?@NAm<

‹

RlP`a�SV]�Xž_V@Bam<D@•çq°

CE]ÿ<D>I@
{

R$™�•…CL<•CpA•SVAmADGIJ�@BMÿ<?>lS5<§SžjlS5<?>�@•çzCpA†<?A•ZnaDP`Jî<?>I@�w

“

™F| ¬ä_V@Ba†<?@•ç�<DPs°ð<DP}<D>I@

“

¬’b£_`@Nam<?@õç��ßR$ë

��ì`â?�7‹

Åd³-²•Ì‡Î
³-¸ ¸ú¸¹³Oû·ÕdÊ�Ì*É[Ô

;ýUNP`]�<?amP`Wú�lP‡fæjlS,<?>�ZnaDP`J _V@Bam<D@•ç÷MGÂ�<?P�_`@Nam<?@õç‰McÁžCpAKS�jlS5<?>

f~>�@BaD@•<?>�@•@NMIu`@FZnaDPVJÏMGÎ•<DPÐM?Î=Ê—ÌcJiG�Am<�H•@•S3UBPV]�<DaDP`W��IP*f�@BMIuV@V•If~aDCL<D<D@B]qSVABˆ

MGÂQÿ��
Ç—È¤Ñ

McÁÓÒ�à0HWMGÂ;L�MGÂ9Ê—Ì7L

½g½g½

L0M�Á7NGÕ��…àWMGÎ ÿ��
Ç-È

M?Î�Ê—ÌmáBà¹Ø}Ùz×ÄÚ�Û0ámá àÄ€

‹ÝÜ

á

;’]3@•ç�SVJ�jIWE@
{

R$™�CEA¥AD>�P*f~]�CE]§olu`GIam@~€

‹

€^ZnP`a‘<D>I@hUNPzMI@cZnaDP`J£olu`GIam@~€

‹LÙ`‹

;^WpW0@BMIuV@BA

Am>IP‡f~]�SVam@dUBPV]�<DaDP`W—�lP‡f�@NMIu`@BA

‹

°[@Bam<D@•çCM��~CpAhS§_`@Ba†<?@õçžf~CE<D>Q<Yf P�UBPV]�<DaDP`W—�lP‡f�AmGIUBUN@BADAmP`aDA

H)@BUBSVGIAD@—PVZ <D>I@K<D@BAm<§CE<•UBPV]�<?SVCp]�A

‹

œ”>I@K@•ç�SVJ�jIWp@KSVWpAmPqAm>IP‡f~A3SV]�@•ç�SVJ�jIWp@�PVZ~S

•lŽ�•

ànP`a

â



V1: Begin-Main

V2: int a=10
b=4
c=1
i=0

V6: b = abs(b);

V7: if(b > 10){

V11: return 0;

V10: printf("%d:%d:%d", a, b, c);

V12: End

V5: i = i + 1;

V4: work(a, &b);

V3: i<10

V8: b = 10 + b; V9: work(a, &b);
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V1: Begin-Main
V2: int a=10, b=4, c=-1;

V4: work(a, &b);

V5: i = i + 1;

V3: for(int i=0; i<10;){

V6: b = abs(b); V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;
V12: End

V9: work(a, &b);V8: b = c + b;

Control Dependence
Data Dependence
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V10: printf("%d:%d:%d", a, b, c);

V11: return 0;
V12: End

V8: b = c + b;

Control Dependence
Data Dependence

V9: work(a, &b);

V7: if(b > 10){V6: b = abs(b);

V3: for(int i=0; i<10;){

V1: Begin-Main
V2: int a=10, b=4, c=-1;

V4: work(a, &b);

V5: i = i + 1;
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V1: Begin-Main
V2: int a=10, b=4, c=-1;

V3: for(int i=0; i<10;){

V6: b = abs(b); V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;

V9: work(a, &b);V8: b = c + b;V5: i = i + 1;

V13: u_in=a V14: v_in=&b V15: b=v_out V16: u_in = a V17: v_in =&b V18: b = v_out

V6: u=u_in V9: v_out = *vV8: u_out = uV7: v=v_in

V4: work(a, &b);

V1: Begin-Work

V12: End

V2: *v=*v+u; V3: u=20-*v; V4: End

Control Dependence Data Dependence Param-In/Out & Call
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V1: Begin-Main
V2: int a=10, b=4, c=-1;

V3: for(int i=0; i<10;){

V6: b = abs(b); V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;

V9: work(a, &b);V8: b = c + b;V5: i = i + 1;

V13: u_in=a V14: v_in=&b V15: b=v_out V16: u_in = a V17: v_in =&b V18: b = v_out

V6: u=u_in V9: v_out = *vV8: u_out = uV7: v=v_in

V4: work(a, &b);

V1: Begin-Work

V12: End

V2: *v=*v+u; V3: u=20-*v; V4: End

Control Dependence Data Dependence Param-In/Out & Call
Transitive Dep.
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V1: Begin-Main
V2: int a=10, b=4, c=-1;

V3: for(int i=0; i<10;){

V6: b = abs(b); V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;

V8: b = c + b;V5: i = i + 1;

V13: u_in=a V14: v_in=&b V15: b=v_out V16: u_in = a V17: v_in =&b V18: b = v_out

V6: u=u_in V9: v_out = *vV8: u_out = uV7: v=v_in
V1: Begin-Work

V12: End

V2: *v=*v+u;

V4: c=work(a, &b);

V9: c=work(a, &b);

V4: End
V3: return (20-*v);

Control Dependence Data Dependence Param-In/Out & Call
Transitive Dep. Affect-Return Return-Link
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V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;

V8: b = c + b;

V16: u_in = a V17: v_in =&b V18: b = v_out

V6: u=u_in V9: v_out = *vV8: u_out = uV7: v=v_in
V1: Begin-Work

V12: End

V2: *v=*v+u;

V9: c=work(a, &b);

V4: End
V3: return (20-*v);

Control Dependence Data Dependence Param-In/Out & Call
Transitive Dep. Affect-Return Return-Link

V6: b = abs(b);

V15: b=v_outV14: v_in=&bV13: u_in=a

V4: c=work(a, &b);

V3: for(int i=0; i<10;){

V2: int a=10, b=4, c=-1;

V5: i = i + 1;

V1: Begin-Main
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V7: if(b > 10){

V10: printf("%d:%d:%d", a, b, c);

V11: return 0;

V8: b = c + b;

V16: u_in = a V17: v_in =&b V18: b = v_out

V8: u_out = u

V12: End

V9: c=work(a, &b);

V4: End

Control Dependence Data Dependence Param-In/Out & Call
Transitive Dep. Affect-Return Return-Link

V6: b = abs(b);

V15: b=v_outV14: v_in=&bV13: u_in=a

V4: c=work(a, &b);

V3: for(int i=0; i<10;){

V2: int a=10, b=4, c=-1;

V5: i = i + 1;

V1: Begin-Main

V1: Begin-Work

V3: return (20-*v);V2: *v=*v+u;

V6: u=u_in V7: v=v_in V9: v_out = *v
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V7: End

V4: if(u > 0){

V6: *v = *v + xV5: *v = u + *v;
T F

V8: Begin

V12: Coend

V11: End

Control Flow
Parallel Flow
Conflict Edge

V10: *v = 5+w;

V9: w = *v+w;

V13: End
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V1: Begin-Work

V2: Cobegin

V3: Begin

V4: if(u > 0){

V5: *v = u + *v;

V6: *v = *v + x

V7: End
V8: Begin

V9: w = *v+w; V10: *v = 5+w;

V11: End

V12: Coend

Control Flow
Parallel Flow

Data Dep.
Interference Dep.

Control Dep.

V13: End
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V6: *v = *v + x

V7: End V11: End

V12: Coend

Control Flow
Parallel Flow

Data Dep.
Interference Dep.

Control Dep.

V13: End

V9: w = *v+w;

T F

V1: Begin-Work

V2: Cobegin

V3: Begin

V4: if(u > 0){

V5: *v = u + *v; V8: Begin

V10: *v = 5+w;
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V2: Cobegin

V1: Begin-Work

V13: End

V6: work(a, b, &c, d) V7: b= c/2

V9: return 0

V10: End

V4: if(u>0)

V10: x=x+*w

V8: Begin
V12: Coend

V11: End

V3: Begin

V5: v=u+v

V6: v=v*v

V12: v_in=bV11: u_in=a V13: w_in=&c V15: c=w_outV14: x_in=d

V9: *w=v+*w

Data Dep.
Transitive Dep.
Param-In/Out & Call

Interference Dep.Control Dep.

V14: u=u_in

V17: x=x_in

V15: v=v_in V19: v_out=v

V21: x_out=x

V1: Begin-MainV2: a=10

V3: b=6

V4: c=12
V5: d=23 V8: printf(a, b, c, d)

V16: w=w_in

V7: End

V18: u_out=u

V20: w_out=*w
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V2: Cobegin

V1: Begin-Work

V13: End

V6: work(a, b, &c, d) V7: b= c/2

V9: return 0

V10: End

V4: if(u>0)

V10: x=x+*w

V8: Begin
V12: Coend

V11: End

V3: Begin

V5: v=u+v

V6: v=v*v

V12: v_in=bV11: u_in=a V13: w_in=&c V15: c=w_outV14: x_in=d

V9: *w=v+*w

Data Dep.
Transitive Dep.
Param-In/Out & Call

Interference Dep.Control Dep.

V14: u=u_in

V17: x=x_in

V15: v=v_in V19: v_out=v

V21: x_out=x

V1: Begin-MainV2: a=10

V3: b=6

V4: c=12
V5: d=23 V8: printf(a, b, c, d)

V16: w=w_in

V7: End

V18: u_out=u

V20: w_out=*w
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V2: Cobegin

V1: Begin-Work

V13: End

V6: work(a, b, &c, d) V7: b= c/2

V9: return 0

V10: End

V4: if(u>0)

V10: x=x+*w

V8: Begin
V12: Coend

V11: End

V3: Begin

V5: v=u+v

V6: v=v*v

V12: v_in=bV11: u_in=a V13: w_in=&c V15: c=w_outV14: x_in=d

V9: *w=v+*w

Data Dep.
Transitive Dep.
Param-In/Out & Call

Interference Dep.Control Dep.

V14: u=u_in

V17: x=x_in

V15: v=v_in V19: v_out=v

V21: x_out=x

V1: Begin-MainV2: a=10

V3: b=6

V4: c=12
V5: d=23 V8: printf(a, b, c, d)

V16: w=w_in

V7: End

V18: u_out=u

V20: w_out=*w
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macro expansions for OpenMP
Odyssey Odyssey

Concurrent Control Flow Graph (CCFG)

Concurrent Single Static Assignment with
Mutual Exclusion (CSSAME)

Interprocedural Analysis - shared variables
referenced and mutex bodies defined by 
called procedures are propagated to 
call sites

Optimizations

front-end scanner, parser

back-end/runtime library

SUIF

Source Code

parallel MIPS executable
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SCC - SUIF Parser

Porky - SUIF simple
cleanup of intermediate language

FindPar - Odyssey find cobegin/coend
& parloop constructs

OpenMP Extensions

Source File -
C Code with

Data Flow & Optimization Passes

GenPar - Generates SUIF annotations
used to generate parallel code

Pgen - Generates actual parallel code

FixPgen - Odyssey pass to clean up codeOutput File -
MIPS executable

.odc* file (* = number)

.pa1

.pa2

.spd file

.spx file

.od1 file
(contains CCFG)

.dot file
Dot Graph filetSDG Generation - Construct a tSDG

tSDG Slicing - Slice the tSDG
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