
��������� �	� 
���
���

�

��� ����� ������� �
�� �!"�#!$ %$�$&$'� (�))��� *��

�!'���+ $,# ��"$, (�!�,��'

-./0./ 12.342056 17897/207 :/;./6 -<4=>?24< @74A.6
?9<B7C @2/A.6 D788927C -750./

E.F</8 GHHI>JK DL7/M GHHI

NOPQRQSQ TUSV NOTWVXYQRZ [ \OR]^VPRQUYQP_R_`RWQa^Z
bcdefgh ijklmjnk



opqrstuvw xy z{s|{s }t{~�t|u� }�wv�st|� �s�{s� zp����t�p ����{��vp��� �ts�{� ��wwvt�� z�u|{s �|�wtw�w ���s �|�ps��wt��|t�{s�tw��w ��u���su������� ��u���su� �{s��|rvwwq��������|�ps��wt���|t���u���su���� ��� stuvw� s{�{s�{� �



 ¡¢ £¤¥¦§ ¨©ª«¢¬­ ®
¯°±­²³¢´²µ ¶µ­µ·µ¸¢ ¹°ººª©­ »ª©

£²¸­ª©¼ µ½´ £°³µ½ ¹¬²¢½¬¢¸
¾¿ÀÁ¿À ÂÃ¿ÄÅÃÁÆÇ ÂÈÉÊÈÀÃÁÈ ËÀÌ¿ÀÇ ¾ÍÅÎÏÐÃÅÍ ÑÈÅÒ¿Ç

ÐÊÍÓÈÔ ÑÃÀÒ¿Ç ÕÈÉÉÊÃÈÔ ¾ÈÆÁ¿À
ÖÁÃ×¿ÀÔÃÉØÈÉ ÙÚÆÔÌÚÀÆ

ÛÜÝÞßàáÞ
âãä åæçäèéåêëåìíåæîèï ðñòóô ìèõö äëç åæ÷äêçåøîçäê çãä åùìîëç õú ùûíçåùäéåîîììíåëîçåõæê úèõù çãä ãûùîæåçåäêü åæ ìîèçåëûíîè ãäèîíéèïü õæ úûçûèä éîçîýîêäçäëãæõíõøïþ ÿä ìèäêäæç�èêç ä÷îíûîçåõæ èäêûíçê õú �ûäèïåæø åùîøä éîçîýîêäê ýï÷åêûîí ëõæçäæçþ �íêõ çãä èä�ûåèäùäæçê õú î éåøåçîí �õè�ýäæëã ú õè îèç ãåêçõèåîæêîèä éäêëèåýäéþ ðäèä �ä ìèäêäæç îæ îììèõîëã ãõ� çõ çîë�íä çãä ëõùìíä� ìèõýíäùõú ä�ëãîæøåæø ùûíçåùäéåî éõëûùäæçê õ÷äè çãä åæçäèæäçþ

� ��	
��
�	���
���u{� �{s{ ����r� ��{� wp �{�s xp�q�{� t|�ps��wtp|� �vp�uv wv{r w{|� wp �{ {�{| wv{�p�w t|w�twt�{ �t|� p� t|�ps��wtp|� t��u{ t|w{sqs{w�wtp| s{��ts{� � �pw p� �{��|wtx �|p���{�u{ �|� xp|�{��{|w�r t� � wt�{�xp|���t|u� �t�x��w w���� �xxps�t|u wp wv{ts xp�q�{�twr��p ��s �tww�{ ��w����{ ��qqpsw �ps t��u{ s{wst{��� �|� {�����wtp| v�� �{{| {�w���t�v{��o�ss{|w�r s{�{�sxv {�psw� �s�� �qp| w�p pswvpup|�� �qqsp�xv{� �ps wv{ s{wst{��� p� t���u{� ���{� p| wv{ts xp|w{|w� �v{ xp|�{s��wt�{ ��r t� wp ��|����r t|�{� �| t��u{��xp|w{|w ��t|u qs{�{�|{� �px�����sr� ��{st{� wv{| �s{ �q{xt�{� ��t|u wv{ qs{�{�|{��px�����sr ������ �z}���� � �ps{ s{x{|w �qqsp�xv �ww{�qw� �| ��wp��wtx xp|w{|w����{� t��u{ s{wst{��� ���{� p| u{|{stx �{�w�s{� �t�{ xp�ps� w{�w�s{� �v�q{ ps �q�wt�� ��rp�w��v{s{ �s{ |��{sp�� qsp�{xw� �|� �xp��{sxt��� �r�w{�� �{��t|u �twv ��w����{ ��qqpsw�ps ���wt�{�t� ��w� �|� xp|w{|w����{� s{wst{���� ��xv �� ���o � � !�"�� #vpwp�pp�
�##��"� ps $ts�u{ ��|x���� �vt� {�{sut|u w{xv|p�pur pq{|� �q wv{ pqqpsw�|twr �ps xv����{|ut|u �qq�tx�wtp|� t| wv{ v���|twt{�� �v{s{ ��su{ �|� qs{xtp�� xp��{xwtp|� p� t��u{�{�t�w�

�



�w wv{ �|t�{s�twr p� ��u���su xp�q�w{s �xt{|wt�w� �|� �sw vt�wpst�|� v��{ t|twt�w{� wv{t|w{s�t�xtq�t|�sr s{�{�sxv qsp�{xw %�&�'( �%�&���sr �'�t|{�� �p��r wv{ ��{ p� �tutw���t�s�st{� t| �sw�� vt�wpsr �|� v���|twt{� t� �wt�� {�x{qwtp|��� �vp�uv t��u{� �s{ {��{|wt��t| ���p�w ��� vt�wpstx �xt{|x{�� wv{ts ��{ t| v{s���sr t� p�w�w�|�t|u� �v{ %�&�' qsp�{xwt� �{w �q �twv wv{ w�su{w p� ��t��t|u � �{sr ��su{ ���wt�{�t� ��w����{ �ps v{s���txs{�{�sxv t| �sw vt�wpsr� %{s���sr t� p|{ p� wv{ p��{�w �|xt���sr �xt{|x{� �|� ��{��� �ps wv{x����t�x�wtp| p� � �t�{ ��st{wr p� �{�t{��� vt�wpstx�� �px��{|w�� {qtw�qv�� q�t|wt|u� pspwv{s qt{x{� p� �sw� ��q{xt���r �v{| tw xp�{� wp wv{ t�{|wt�x�wtp| p� q�swtx���s q{s�p|�ps q{s�p|�� qp��{�tp|�� s{���w� x�| p�w{| p|�r �{ �xvt{�{� �r wv{ �{�|� p� v{s���sr� �px����t�r xp�w� p� �s�� �{qtxw{� p| vt�wpstx�� p��{xw�� vt�wpst�|� �wt�� v��{ wp up wvsp�uv��stp�� ��su{ �ps�� p� s{�{s{|x{� �p�{ xp|w�t|t|u �ps{ wv�| �))�))) �t�{s{|w �vt{���
��t{��� &t{�)�� �v�� {�t�wt|u w{xv|p�put{� �ps xp|w{|w����{� t��u{ s{wst{��� v��{ wp �{{�����w{� �{stp���r ��s�w� wv{ s{��ts{�{|w� p� v{s���sr�
�v{ t|w{us�wtp| t|wp wv{ t|w{s|{w wpu{wv{s �twv {�xt{|w p|�t|{ �xx{�� t� xs�xt�� �ps%�&�'�  sp� �| �sw vt�wpst�|�� �t{�qpt|w wv{ zzz x�| �{ xv�s�xw{st*{� �� � �ps���t�{ xp�qp�|� p� ���wt�{�t� �px��{|w �{s�{s� �{�t�{st|u vt�wpstx�� �px��{|w� s{�{���|w wp vt��v{s �ps�� %p�{�{s� wv{ �sw vt�wpst�|�� s{��ts{�{|w� �s���wtx���r t|+�{|x{wv{ qsp��{ p� p|�t|{ ���wt�{�t� ��w����{�� �v{ t|w{|�t�{ ��{ p� ���wt�{�t� �px��{|w�t| � ��st{wr p� �ps��w� �|� �w �t�{s{|w �{�{�� p� ����twr �{��|�� �| pqwt�t*{� �wps�u{p� ���wt�{�t� �px��{|w�� wpu{wv{s �twv wv{ t|w{us�wtp| p� �|p��{�u{ p| ���wt�{�t��ps��w� t|wp �{� �{s�{s� �|� x�t{|w��
�v{ s{�w p� wvt� q�q{s t� psu�|t*{� �� �p��p��� �| p�{s�t{� p� wv{ �xt{|x{ p� v{s���srwpu{wv{s �twv |{� xv���{|u{� �ps v{s���tx ��w����{� t� qs{�{|w{� t| �{xw� ,�  ts�w s{���w�p| wv{ s{wst{��� �r t��u{ xp|w{|w �s{ qs{�{|w{� t| �{xw� �� �{xwtp| " �t�x���{� wv{t�q�xw p� �| �sw vt�wpst�|�� s{��ts{�{|w� p| wv{ �{�tu| p� %�&�'�� qsp�q{xwt�{ �{s�{s�sxvtw{xw�s{ �|� tw� t|w{us�wtp| t|wp � |{w�ps�{� {|�tsp|�{|w� z{ �t�� �s�� xp|x���tp|�t| �{xw� � �|� qpt|w p�w ��w�s{ s{�{�sxv �ts{xwtp|� p� wv{ %�&�' qsp�{xw�
- ./
01��� �0	0203/3

�vp�uv t��u{� �s{ {��{|wt�� t| ���p�w ��� �sw vt�wpstx �|� vt�wpstx �xt{|x{�� wv{ts ��{t| v{s���sr t� {�x{qwtp|��� zv{| tw xp�{� wp wv{ t�{|wt�x�wtp| p� q�swtx���s q{s�p|� psq{s�p|�� qp��{��tp|�� s{���w� x�| p�w{| p|�r �{ �xvt{�{� �r wv{ �{�|� p� v{s���sr� �v{�{ut||t|u� p� v{s���sr ��w{ ��x� wp wv{ ��w{ {�{�{|wv x{|w�sr �v{| |p��{� �{u�| wp �uvwt| �s�p�s� �|� {�xv �{� vt� q�swtx���s �p�r p� s{w�t|{s� t|wp wv{ �{��� �� tw �{x��{ �ps{�|� �ps{ t�qp��t��{ wp s{xpu|t*{ �wsp|u�r �s�p�s{� �uvw{s�� qtxwpst�� s{qs{�{|w�wtp|��{s{ ��{� wp t�{|wt�r t|�t�t������ �|� ��w{s p| {|wts{ ���t�t{�� �| wv{ r{�s �)�� �vt{���{����*p|{� �twv v{s���tx {���{�� �xv�su{�� �qq{�s �ps wv{ �s�w wt�{ t| vt�wpsr �|�{�s�r p|� v{s���sr wpp� tw� q��x{ �� �| t|w{us�� q�sw p� ��s��s{� �t|x{ wv{ �,45 x{|w�sr
6789:; <=; >;?89989? @A BCCD EFGHI 8J AK9L;L >M <=; NOP QN;K<J:=; O@RJ:=K9?J?;S;89J:=TA<U TJVTR< @A <=; NOP VR@?RTS WX;R<;8Y<; X;RTR>;8<K9? K9L X;RS8<<YK9? L8?8<TY;R N@ZKS;9<;W[

"



�s�w �ww{�qw� �{s{ ���{ wp ��r �p�| ���� �ps tw� u�t��|x{ �|� wp xp��{xw � �t�{ ��st{wrp� �t�{s{|w �{�st|u� p� �|tuvw�� �v{�{ sp��� p� �s�� �{s{ wv{ �s�w s{�{s{|x{� xp|w�t|t|ut��u{� ps qsp�{ �{�xstqwtp|� ����*p|t|u�� p� �{�st|u� �w ��stp�� q{stp�� �x��  tu�s{ ����r wv{ �t���{ �u{� v{s���sr v�� ��p��p�{� t|wp � xp�q�{� �r�w{� �twv wv{ usp�t|uw{|�{|xr wp xsr�w���t*{ ��u�{ u�t�t|u qst|xtq�{� t|wp {��xw s��{� ��p�����
\]^ _̀ `ab` cd ebfghifj
klmlm nopqoÝrÞros ßtuvÝ woß xvßàuyrá ÝxrvuyÝ
�� wv{ �xx{qw�|x{ p� v{s���sr us{�� wv{ �{qtxwtp|� p� �s�� � wpu{wv{s �twv wv{ s{�|{�{|wp� �sw� � �{x��{ �ps{ �|� �ps{ t|�t�t����� 'pw p|�r wv{ �ps� p� wv{ �vt{�� tw�{�� ��st{����w �vt{��� �{s{ �{xps�wt�{�r ��ssp�|�{� �r �p�{ �ps� p� �s�q{sr� v{��{w�� xsp�|��xs{�w� ps pwv{s ���u{�� 'p|{wv{�{�� wv{�{ p�w{s ps|��{|w� �s{ p� �t|ps t|w{s{�w� �|u{|{s�� wv{s{ �s{ wvs{{ qst|xtq�� {�{�{|w� wv�w xv�s�xw{st*{ � xp�w p� �s���

z wv{ �{���
z wv{ wt|xw�s{�� �{w���� xp�ps� �|� ��s��
z wv{ xv�su{��

�v{ �{�� t� wv{ usp�|� p� wv{ �vt{�� �|� ��r �{ �t�t�{� �r vpst*p|w��� q{sq{|�tx���sps �t�up|�� �t|{� �|� �r �|r xp��t|�wtp| p� wv{�{� �v�� �����{s q�swtwtp|� �st�{ wv�wx�| �{ �t�t�{� ps {����*p|{� �twv xv�su{� �t�{ wv{ pstut|�� �vt{��� ��xv q�swtwtp| psxv�su{ t� p� � �q{xt�x wt|xw�s{� �v{ wt|xw�s{� xp�qst�{ w�p �{w��� � up�� �|� �t��{s �p�w{|s{qs{�{|w{� �r r{��p� �|� �vtw{�� �{�{| xp�ps� � s{�� ���{� us{{|� q�sq�{� ���x�� ps�|u{�|� �sp�| �|� wvs{{ ��s� � {s�t|{� ��ts �|� qpw{|w� �| �s��t|u� ps {|us��t|u� wt|xw�s{��s{ �p�w�r s{qs{�{|w{� �r �pw� ps �t�{s{|w�r �ss�|u{� �t|{� �v�wxvt|u��� �v{s{ �s{ �pw� p�xv�su{� ps �r��p�� wv�w x�| {����*p| � �vt{��� {�{| p�{s��rt|u �{�{s�� q�swtwtp|�� �|{p� wv{ ��t| s��{� t| v{s���sr t� wv�w �{w�� ���w |pw �{ q��x{� p| �{w��� ps xp�p�s p|xp�p�s�  ps t|�w�|x{� t� wv{ �{�� t� p� up�� ps �t��{s� wv{ xv�su{� wv{s{p| ���w �{ p� xp�p�sps ��s� %p�{�{s� ��|r {�x{qwtp|� �s{ ���p�{� �|� pxx��tp|���r {�{| �s�� �tp��wt|u wvt�s��{ �s{ �p�|����st|u wv{ �t���{ �u{� �s�� �{x��{ � xp��p| ��r wp t�{|wt�r |pw p|�r |p��{ ���t�t{����w ���p q{s�p|�� qp��{��tp|�� �|� wv{ ��r� wp s{���{ �s�pst�� �{�st|u� v�� wp �{s{�wstxw{�� �v{s{�ps{ v{s���� v�� wp �{ �qqpt|w{� wp ���{ us�|w� p� �s�� �|� u{|{s���rwp p��{s�{ wv{ xp�q�t�|x{ �twv v{s���tx s{u���wtp|�� �� v{s���sr �qs{�� ��� p�{s ��spq{�|� wv{ |���{s p� �s�� �� �{�� �� xv�su{� wp �t�wt|u�t�v s�qt��r us{�� � w{xv|tx��w{s�t|p�pur v�� �{xp�{ ���p��w{�r |{x{���sr� �v{ �sw p� xpss{xw ���*p|t|u� t� � �{srxp�q�{� ��ww{s� �vtxv s{��ts{� � �q{xt�x �px�����sr� 'pw p|�r q�swtwtp|�� xp�ps� �|�xv�su{� v�� wp �{ |��{� t|�t�t�����r� ��w ���p q�swtx���s qp�w�s{� �|� �{�{s�� ��r� p��{qtxwtp|�

�



 tu�s{ �� ���u{ p� � �vt{�� �twv ���*p|t|u �sp� ��t{���

klmlk {ßoÜuvp ÝÞàÞvpvsÞÝ rs xvßàuyß|
�v{ t|w{sqs{w�wtp| p� �s��� wv�w t� wv{ ���tu|�{|w p� �s�� wp wv{ts �{�s{s�� x�| v{�q wpxp|�s� t�{|wtwt{� p� q{s�p|� �� �{�� �� wv{ p�|{s�vtq p� q�swtx���s p��{xw�� �� �| t�{|wtwrv�� ��s{��r �{{| �{st�{� xpss{xw�r� {�u� |��{� �s{ {�q�txtw�r �{|wtp|{� p| qpsws�r� pswp���wp|{�� wv{ ���*p|t|u p� �s�� q�t|w{� ���w xp�q�{w{� wv{ {��xw �{�xstqwtp| p� �|p��{xw� �v{ �r ��s �ps{ �{��|�t|u x��{ t� wv�w � xp�w p� �s�� �{qtxw{� t� wv{ p|�rxv�|x{ wp t�{|wt�r q�swtx���s q{s�p|��op|�t�{st|u �ps t|�w�|x{ wv{ qpsws�tw �vp�| t|  tu�s{ ,� wv{ t�{|wtwr p� wv{ q{s�p|qpsws�r{� t� |pw �qq�s{|w� �v{ p|�r s{��t*���{ vt|w t� ut�{| �r wv{ xp�w p� �s�� q�t|w{�t| wv{ �qq{s stuvw xps|{s� �vtxv t� ��qqp�{� wp �{ wv{ �{�st|u p� wv{ q{s�p| �{qtxw{����t|u p|{ p� wv{ ��t| �ps�� p� s{�{s{|x{ ��t{��� �ps �{s��| v{s���sr� wv{ ��|��� �{�sxv�ps wvt� �{�st|u qsp��x{� wv{ s{���w �vp�| t|  tu�s{ �� �vp�uv wv{ �ps� p� wv{ �vt{���t�{s�� wv{ xv�su{ �|� xp�ps� ��{� �s{ wv{ ���{� �{�t�{� wv{ t����ws�wtp| p� wv{ �s���wv{s{ t� � �vpsw w{�w xp|w�t|t|u u{|{��putx�� t|�ps��wtp| �� �{�� �� wv{ ���*p|t|u� �| wvt�x��{ wv{ xp�w p� �s�� ��� �ps|{ �r � ���t�r |��{� }#s��|}�
%��t|u t�{|wt�{� wv{ �s��� ��swv{s �|��r�t� p� qsp�{|�|x{� wt�{ p� pstut|� �swt�w psxp�q�st�p|� wp pwv{s qpsws�tw� �vp�t|u wv{ ���{ xp�w p� �s��� x�| �{st�r wv�w wv{ �{�s{sp� wv{ �s�� t�{|wt�{� s{���r t� wv{ q{s�p| qpsws�r{�� � �t�t��s x��{ t� �vp�| t|  tu�s{ ���u�t| wv{s{ t� |p vt|w wv�w v{�q� wp t�{|wt�r wv{ qpsws�r{� q{s�p| �{�t�{� w�p �t�{s{|w�s��� � �ps{ {��xw �|��r�t� p� wv{ q�t|wt|u �vp�� wv�w wv{ �s�� t| wv{ �qq{s stuvwxps|{s ��� t|�{sw{� ��p�w � v�|�s{� r{�s� ��w{s� �v�� tw t� �p�w �t�{�r wp �{ wv{ �vt{��p� �| p�|{s� t| wvt� x��{ wv{ #s��|� �� �{{| �{�ps{ �x��  tu�s{ ��� �| ��xw �� ��s �� wvt�q�t|wt|u t� xp|x{s|{�� |{twv{s wv{ �{�s{s |ps wv{ pstut| p� wv{ �s�� p| wv{ �{�w v�� �{{|��x{sw�t|{� �r |p��

�



 tu�s{ ,� ��45 o{|w�sr qpsws�tw �|� ��u|t�x�wtp| p� wv{ �qq{s stuvw xps|{s
 t|�t|u q�swtx���s xp�w p� �s�� t| �ps�� p� s{�{s{|x{ v�� �{{| � �t�x��w ��ww{s �p ��s��{x���{ �p�w �ps�� �s{ ps�{s{� �r wpqpus�qvtx ��q{xw�� t�{� �|r �p���{ p|�r xp|w�t|��s�� p� � s{utp|���r s{�wstxw{� �s{��  �swv{s�ps{ wv{s{ �s{ ��s wpp ��|r �t�{s{|w xp���{xwtp|� p� �s��� qs{�{|wt|u � xp�q�{w{ �{��{|wt�� �x�|�  ps t|�w�|x{ }�t{���xv{s��usp{� z�qq{|��xv} ��t{��� xp|�t�w� p� �ps{ wv�| � v�|�s{� �p���{�� wpu{wv{s xp|w�t|�t|u ��p�w ��)�))) �t�{s{|w �s��� �p tw t� {��r wp �{st�r �����qwtp|�� ��w �|�t|u �s���twvp�w �|r �|p��{�u{ p� wv{ts qsp�{|�|x{ ps wv{ �{�s{s�� |��{ t� ��s wpp p�w{| � �{��qtw{ wt�{ xp|���t|u �{�sxv{� � �|��xx{������ �v{s{�ps{ �sw vt�wpstx�� �{�xstqwtp|� p�p��{xw� �s{��{|w�r xp|w�t| ���*p|t|u�� ��w wv{ t�{|wt�x�wtp| p� wv{ �s�� �wt�� s{��t|� wp�{ p�w�t|{� �r �xxt�{|w�
\]\ ~eghhbd�b` ��f ebfghic� ig�g�g`b`
&{x{|w�r qsp�t�t|u {�psw� �{s{ ���{ wp ��t�� � �ps�� �t�{ |{w p� �tutw�� �t�s�st{� �|��px��{|w {�xv�|u{ �r�w{�� wp ��qq�r ��{s� ��� p�{s wv{ �ps�� �twv ���p�w {�{sr t|�ps���wtp| s{��ts{� �%{��,�� ��w wv{ s{wst{��� p� t��u{� wv�w �s{ ���tx q�sw� p� �p�w �xt{|wt�xqsp�{xw�� {�q{xt���r t| wv{ �{�� p� �sw vt�wpsr� v�� �wt�� wp �{ t�qsp�{� xp|�t�{s���r�

�



 tu�s{ �� ��45 o{|w�sr q�t|wt|u �vp�t|u wv{ �s�� p� wv{ q{s�p| qpsws�r{� ��qq{s �{�wxps|{s� �|� wv{ ��w{s t|�{sw{� �s�� p� � xp��{xwps ��qq{s stuvw xps|{s�

klklm �tvß|rs� xvßàuyrá yàÞàÜàÝvÝ
�syv�rs� �Ýl áosÞvsÞ�ÜàÝvy ßvÞßrv�àu
��wvp�uv ���wt�{�t� ��w����{ w{xv|p�pur p�{s� � �t�{ ��st{wr p� qp��t�t�twt{� wp �wps{�|� ��|�u{ t��u{ t|�ps��wtp| {�xt{|w�r� ��� wv{ ws��twtp|�� �tutw�� t��u{ �sxvt�{� v��{t| xp��p| wv�w wv{r p|�r ���p� xp|�{|wtp|�� ��{sr �r �{r�ps� ps ���� w{�w �{�sxvp| p|�r � �{� x�w{upst{� �|��{ p� wv{ �swt�w� txp|pus�qvtx ����{xw� �{qp�twpsr ps {�{|qvr�tx�� �wwst��w{� �t�{ �ps��w ps �t*{�� �p�w�r wv{s{ t� {�{| � �w�|��s�t*{� �px�����sr p�us�qvtx�� {�{�{|w� pxx�sst|u� ��w qs{�{|w �r�w{�� x�| �{s{�r �{ ��{� �r {�q{sw� t| wv{�q{xt�x �{�� xp|x{s|{��  sp� wv{ �{ut||t|u p� t��u{ qspx{��t|u �w�|��s�t*{� us����s��t�{ �o�'o���� ��&�"� v��{ �{{| ��{� �ps �{�xstqwtp| p� ���p�w �|r �t|� p� t��u{�� ��w�ps �|r �{�sxv{� ��t|u �|�|wtxtq�w{� �{r�ps�� ps ����{xwt�{ �{�xstqwtp|� � {�u� �v��{�p� xp�ps� � upp� s{���w� x�||pw �{ {�q{xw{�� �vp�uv ���*p|t|u� �s{ �w�|��s�t*{� �rq�swtx���s s��{�� �vtxv xp��� �{ ws�|���w{� t|wp � �q{xt�x us����s� ���ps {�q{st{|x{� t|�{�xst�t|u t��u{� xpss{xw�r �p��� �{ ���p��w{�r |{x{���sr� ��{ wp wv{ {�ws{�{ xp�q�{�twrp� �sw vt�wpstx�� �xt{|x{�� %p�{�{s� qs{�{|w s{wst{��� �r�w{�� �s{ s�wv{s ��t|u wv{�{�{�xstqwtp|� wv�| wv{ �q{xt�x xp|w{|w� p� t��u{���| wt�{� p� usp�t|u t��u{ �sxvt�{� �|� ���wt�{�t� ��w����{� � �ps{ |�w�s�� �xx{����t|u us�qvtx�� �{�w�s{� t| ���twtp| wp ws��twtp|�� w{�w ps �{r�ps� �{�sxv{� t� |{{�{��

�



&{wst{��� �r t��u{ xp|w{|w v�� wv{ qpw{|wt�� wp ���{ �sxvt�{� �xx{��t��{ wp � ��s ��su{susp�q p� ��{s�� �� p|�r wv{ �t���� t�qs{��tp| �|� |pw wv{ {��xw �{�|twtp| p� �v�w t��vp�| t� |{{�{� wp s{wst{�{ x{sw�t| t��u{�� %p�{�{s� {�q{sw� t| wv{ �{�� ��r �wt�� ��|wwp ��{ ws��twtp|�� s{wst{��� x�q��t�twt{� �� ���� w{�w �{�sxv p| ���*p|t|u�� �v{s{�ps{ �xp��t|�wtp| p� �pwv xp|�{|wtp|�� �|� �t���� �qqsp�xv{� p� s{wst{��� �t�� �{ w��{| t|wp�xxp�|w �r wv{ %�&�' qsp�{xw�
�tuÞrurs�tàu rÝÝtvÝ
��t|u ��|u��u{��p�|� �{�xstqwtp|� p|�r t� ��s wpp p��ws�xwt�{ wp t|w{s�t�xtq�t|�sr s{��{�sxv �� �{�� �� wp ��{st{� t| pwv{s ��|u��u{�� �| �p�w x��{� wv{ �{�xstqwtp|� �s{�p|{ �twvp�w ��t|u � �w�|��s� �px�����sr ps wv{���s�� �|� {�{| t� �p� wv{ qsp��{� p��q{xt��t*{� w{s�t|p�pur t| {�xv �t�xtq�t|{ s{��t|� �� � ��sst{s wp t|w{s�t�xtq�t|�sr xp����|tx�wtp|� ���wt�t|u��� �{�xstqwtp|� �s{ p�{s{� s�s{�r� �w �{�w �| �|u�t�v ws�|���wtp|t� ut�{| t| ���twtp| wp wv{ q�swtx���s |�wt�{ ��|u��u{ �{�xstqwtp|� �� �{{| �{�ps{� �{s����{�xstqwtp| ����r� t|�p��{� � �pw p� wt�{ �|� wv{s{�ps{ v�� wp �{ �{qw �vpsw wp ���{ xp�w��
klklk �tuÞrpvyrà yoátpvsÞ v�áxàs�v
� ���ps �s����x� p� wv{ qpq���s zzz t� tw� p�w{| xp�q��t|{� ��x� p� ��|��t�wv�o�xvt|u p� �px��{|w� �r qsp�r �{s�{s� �|� {�w���t�vt|u p� vt{s�sxvt{� p� ��xv �{s�{s�x�| p|�r �twtu�w{ wvt� |�t��|x{ �r s{��xt|u �t�{ �s{� |{w�ps� �xx{��{�� �| wv{ pwv{sv�|�� wv{ t|�ps��wtp| {�xv�|u{� �|� �wps{� �twvt| wv{ �{� t� �s{��{|w�r s{��|��|w� �ps�px��{|w� �wps{� �|� {�xv�|u{� t| wv{ �{� wv{s{ �s{ ��|r ���wt�{�t� ��w� �ps��w��t�{st|u t| ��q{xw� ��xv �� s{�p��wtp|� ���q�t|u s�w{� �|� xp�qs{��tp|� %p�{�{s� ��w��ps��w� �s{ |pw t|�{q{|�{|w �sp� {�xv pwv{s ��w t|w{ss{��w{� �r xp|�{s�tp| wpp���
�vt� vp��� {�{| �ps{ t| wv{ %�&�' xp|w{�w� �ps wv{ q�sqp�{ p� �sw vt�wpstx s{�{�sxv wv{{�xt{|w �xx{�� p� vt�wpstx�� ���wt�{�t� �px��{|w� t| �{�{s�� �ps��w� �|� �w �t�{s{|w�{�{�� p� ����twr t� ��|��wpsr� �� tw t� |pw |{x{���sr wp v��{ � vtuv ����twr �ps ���w
��tx��r �sp��t|u wv{ t��u{�� �p� ����twr t��u{� ps wv���|�t�� �s{ ���xt{|w wp xvpp�{wv{ s{�{��|w p|{�� ��{ wp wv{ t�qpsw�|x{ p� �{w�t�� p� wv{ pstut|��� tw t� |{x{���sr wp u{w�w �{��w �| ��{s�u{ ����twr t��u{ p| wv{ �xs{{|� �vtxv ���w ���p �{ ���t����{ t| vtuv
����twr �ps *pp�t|u ps qst|wt|u�  �swv{s�ps{� wv{s{ �s{ �t�{s{|w �{� �sp��{s�� wv{ ��w��ps��w� wv{r ��qqpsw� �|� wv{ts |{w�ps� �xx{���
�t�{| � �{w p� wpp�� �ps ���wt�{�t� �ps��w xp|�{s�tp| t| u{|{s�� wv{s{ t� �ps{ wv�|p|{ ��r p� q�swtwtp|t|u wv{ �ps��w� t|wp qvr�tx���r s{qs{�{|w{� �|� xp�q�w{� p|{�� �r�qq�rt|u �| ��{���w{ xp�w ��|xwtp| xp|�t�{st|u ��q{xw� ��xv �� �wps�u{ xp|���qwtp|�|{w�ps� ��|��t�wv� �|� xp�q�{�twr p� wv{ xp|�{s�tp|� �| pqwt��� xvptx{ x�| �{ �{�w{s�t|{�� �vt� pqwt�t*�wtp| t� � |p|�wst�t�� w��� wv�w x�||pw �{ �p|{ ��|����r �|����w �{ q{s�ps�{� q{stp�tx���r �t|x{ wv{ q�s��{w{s� p� wv{ xp�w ��|xwtp| ��r xv�|u{�{q{|�t|u p| wv{ �xx{�� qsp��{� {�u� wv{ �{s�{s x�| ��{ �w�wt�wtx�� ��w� �ps wvt� q�sqp�{��{xwtp| " �t�� {���t|{ wvt� t���{ �{s{ x�p�{�r�

�



� �
/
� 2� ��0�/ ���	/�	 �� �/
01��� �0	0203/3

�]^ �achicd� g ebfghic� ig�g�g`b
�v{ u{|{s�� �qqsp�xv wp��s�� s{wst{��� �r t��u{ xp|w{|w t� wp {�ws�xw us�qvtx�� qspq{s�wt{�� �p x���{� �{�w�s{�� p� �tutwt*{� t��u{� ps {�{| q�sw� p� wv{�{� t|x���t|u t|�ps��wtp|p| �wwst��w{� ��xv �� xp�ps�� w{�w�s{�� �v�q{� ps ��rp�w� �v�� ��{st{� �t�{ }�{�{xw ���t��u{� wv�w �vp� s{� �tp|��v�q{� xv�su{�} x�| �{ qspx{��{�� �|pwv{s ��{��� �qq�tx�wtp|t� wp xp�q�s{ wv{ �t�t��stwr p� ut�{| t��u{�� � qsp��{� �vtxv t� p�w{| s{�{ss{� wp ��
��{sr �r �t���� {���q�{ �%}�,�� �v{ �r�w{� {�����w{� wv{ �t�t��stwr �{w�{{| wv{ �t����{���q�{ xvp�{| �|� {�xv t��u{ t| wv{ ��w����{ ��wp��wtx���r �|� �t�q��r� � �t�w p� wv{�p�w �t�t��s t��u{� �� ��{sr s{���w� op|w{|w����{� �{�sxv{� x�| p|�r �{ �qqsp�t��w{�wv�� wv{s{ t� |p {��xw ��wxv� ��w � s�|�{� �t�w �� s{���w� �v{ ��{s �t�� ����r� v��{ wp�t�x�s� ����{ s{wst{���� ��wt��w{�r�
�v{ ���ps qsp��{� t| xp|w{|w����{� ��{srt|u t� wp �{w{s�t|{ wv{ {��xw �{w p� �qqspqst�w{�wwst��w{� ps �{�w�s{� wv�w �{�xst�{� wv{ xp|w{|w p� {�xv t��u{ t| wv{ ��w����{ ��{���w{�r��|x{ �{w{s�t|{�� wv{ �p�w ��{��� s{qs{�{|w�wtp| p� {�xv �wwst��w{ v�� wp �{ �p�|�� �|u{|{s�� {�{sr �{�w�s{ x�| �{ {�ws�xw{� t|wp � vtuv��t�{|�tp|�� �{�w�s{ �{xwps� �v{xp�q�{w{ qspx{�� t� t����ws�w{� t| �u�s{ "�

Feature Extraction

Image Analysis &

Database Population

Query ResultImage Analysis &

Feature Extraction

Image Database

Image Retrieval

Matching 

Similarity-Visual Example

Heraldic Images
Digitization

Digitization

 tu�s{ "� ���u{ qspx{��t|u �|� s{wst{���
�v{ ��w�s{ %�&�' ��w����{ �t�� xp|�t�w p� t��u{� p� ��p�w �,�))) xp�w p� �s��� %tuv
����twr �x�||{s� �s{ ��{� �ps wv{ �p|pxvsp�{ �tutwt*�wtp| p� t��u{�� �� tw t� |pw |{x�{���sr wp v��{ vtuv ����twr �ps ���w ���w�r �sp��t|u wv{ t��u{�� �p� ����twr t��u{� pswv���|�t�� �s{ ���xt{|w wp xvpp�{ wv{ s{�{��|w p|{�� ��{ wp t�qpsw�|w �{w�t�� p� wv{pstut|��� tw t� |{x{���sr wp u{w �w �{��w �| ��{s�u{ ����twr t��u{ p| wv{ �xs{{|� �vtxv���w ���p �{ ���t����{ t| vtuv ����twr �ps *pp�t|u ps qst|wt|u� �v{ vtuv ����twr t��u{�
�pstut|�� �t*{ ��p�w ����, t|xv{�� �s{ �x�||{� �w �))�qt ��t|u ��  ��) �ps��w� ���{sr xp�w p� �s�� t� �t�t�{� t| w�p v{s���tx t��u{�� p|{ �vp�t|u wv{ xp�q�{w{ xp�w p��s��� wv{ pwv{s p|{ qs{�{|wt|u wv{ �vt{�� p|�r� ��p�w w�{��{ xp�w p� �s�� q{s q{s�p|�|� vp�s x�| �{ �x�||{� �|� qp�wqspx{��{� p| wv{ ��{s�u{�  �swv{s�ps{ wv���|�t��
��)�qt� �|� wv{ t��u{� t| �{�t�� ����twr ��))�qt� p� ��� wvp�{ t��u{� �vp�t|u �vt{���

�)



p|�r� �t�� �{ �wps{� t| wv{ p|�t|{ s{wst{��� ��w����{ wpu{wv{s �twv ���� w{�w ���*p|t|u� p�wv{ xpss{�qp|�t|u xp�w p� �s�� s{���wt|u t| � ��w����{ �w wv{ wpw�� �t*{ p� �qqsp�t��w{�r����  ps wv{ q�sqp�{ p� *pp�t|u� wv{ vtuv ����twr t��u{� x�| �{ �wps{� t| � |{�s�t|{o��&�� ��w����{ �twv � �t*{ p� ��p�w �)���
�]\ �cf`� fb`ah�`
�v{s{ �s{ �pw� p� �t�{s{|w �{�w�s{�� ��upstwv�� �|� �t�t��stwr �{���s{� wv�w v��{ �{{|qspqp�{�� ��w �| pqwt��� �{w x�| p|�r �{ xvp�{| �twv s{�{s{|x{ wp wv{ �{�� p� �qq�tx�wtp|��p u{w � �s�w �{{�t|u ��p�w wv{ �q{xt�x qsp��{�� t| v{s���sr� � ����� ��w����{ xp|w�t|t|u�)) �vt{��� v�� �{{| xs{�w{� ��t|u ����� ��wt�{�t� ��|�u{s � � !�"� � %!�"�� �v{��wt�{�t� ��|�u{s p�{s� � ��st{wr p� �t�{s{|w �{�w�s{� t|x���t|u xp�ps � vt�wpus����� �{�� �� ��{s�u{ xp�ps �� w{�w�s{� qp�twtp| �|� �v�q{ p� t��u{� �|� wv{ p��{xw� wv{rxp|w�t|� �| v{s���tx �qq�tx�wtp|� wv{ t�qpsw�|x{ p� �{�w�s{� t� s�|�{� �� �p��p���

�� �v�q{�
,� xp�ps� w{�w�s{ �|� qp�twtp|� p� q�swtx���s p��{xw��

�t|x{ xv�su{� �s{ {��{|wt�� wp xp�q�s{ xp�w� p� �s��� �v�q{ v�� qsp�{| wp �{ wv{ �r ��s�p�w t�qpsw�|w �{�w�s{ �ps v{s���tx ��w����{�� �{xp|��sr �s{ xp�ps� �|� w{�w�s{� wv�w�s{ �pwv ��{� wp �{w{s�t|{ wt|xw�s{� �|� qp�twtp| �{�w�s{� wv�w x�| �{ ��{� wp xp�q�s{s{utp|���r s{�wstxw{� �s{�� p� �vt{���� �| ������� wv{�{ �{�w�s{� v��{ �{{| �|��r*{��
�lklm �xàqv wvàÞtßvÝ
&{wst{��� �r �v�q{ t� �|p�| wp �{ p|{ p� wv{ �p�w xp�q�{� qsp��{�� t| t��u{ s{wst{����� �t�{ ��st{wr p� �v�q{ �{�w�s{� v��{ �{{| qspqp�{� t| ��xvt|{ �t�tp| �tw{s�w�s{� ��w�t�t��stwr �wsp|u�r �{q{|�� p| wv{ q�swtx���s �{�� p� �qq�tx�wtp|� �v�q{ �{�xstqwtp|w{xv|t��{� x�| �{ x�w{upst*{� t|wp �p�|��sr����{� �|� s{utp|����{� �{wvp��� zvt�{wv{ �s�w xp|x{|ws�w{ p| wv{ xp|wp�s ps �ps�{s p� wv{ p��{xw �{qtxw{� �|� {|wts{�r tu|ps{wv{ t|w{stps� wv{ ��ww{s w��{ t|wp �xxp�|w t|w{s|�� �{w�t�� �vp�{�� {wx�� �{�t�{� �p�|��sr�{w�t��� �t�q�{ �p�|��sr����{� �{�w�s{ �{�xstqwps� �s{ �ps {���q�{ xv�t| xp�{�� xps|{sqpt|w��  p�st{s �{�xstqwps� �|� �wwst��w{� ��xv �� �s{� ps q{st�{w{s� o����tx�� s{utp|����{� �{�xstqwps� �s{ {�u� ���{�{w ws�|��ps�� ���{s |���{s ps �p�{|w t|��st�|w�� �p��r�p�w xp��{sxt�� �r�w{�� ��{ � xp��t|{� �qqsp�xv� op|�t�{st|u wv{ ��� ��wt�{�t���|�u{s �v�q{ �{�w�s{� �s{ �{w{s�t|{� �r �s{�� xtsx���stwr� {xx{|wstxtwr �|� ���ps ��t�pst{|w�wtp| �� �{�� �� ��u{�s�tx �p�{|w t|��st�|w� ��o�,�� z{ v��{ �w��t{� wv{ s{wst{���p� �pwv �t�q�{ u{p�{wstx �ws�xw�s{� �xtsx�{�� s{xw�|u�{�� {wx�� �|� xp�q�{� �v�q{� ��tp|��{�u�{�� {wx��� � s{wst{��� s{���w p� � �t�q�{ �v�q{ t� �vp�| t|  tu�s{ �� �v{ ���q�{ p�� xsp�� t| wv{ �qq{s �{�w xps|{s t� xp�q�s{� wp ��� t��u{� t| wv{ ��w����{ �|� x�{�s�r�t�wt|u�t�v{� �sp� wv{ xsp�� �p�t|{ ��p�{s �{�w� ps wv{ t|�{|w{� xsp�� ��{xp|� sp�� �{xp|�t��u{��
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