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©m©?�æmÌÉµ÷æ%<Sj<~æý(úà(æ(m�æÌ??�æmàà?©÷?Væ �É�æ©µÌãúàm÷úÉ�æm�Væýúããæ m©©?m�æ �ÉÉ� æ
À(Éµ²(æ ÷(?æ µ�?��æ ú�æ ²?�?�mãæ ý?�?æ µú÷?æ �m÷ú��ú?Væ ýú÷(æ %<Sj<~æ ÷(?9æ ÃmV?æ mæ ãm�²?æ
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%<Sj<æú�æ�++Y æ
æ
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Yæ ��÷�ÉVµà÷úÉ�æ
À(ú�æ V?ãú�?�mÌã?æ ú�æ ú�÷?�V?Væ ÷Éæ VÉàµÃ?�÷æ ÷(?æ ýÉ��æ ú�æ ÷(?æ ?Vµàm÷úÉ�æ m�?mæ �?ãm÷?Væ ÷Éæ
©µÌãú�(ú�²æ?Vµàm÷úÉ�mãæÃm÷?�úmãæÉ�æ%<Sj<~æ÷(?æ%?©É�ú÷É�9æÉ�æ<Sj<æ�É�æ ã?m��ú�²æµ�ú÷�ræ
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�Éýæ É�æ ú�æ ÷(?æ �?m�æ æ �m�æ �µ÷µ�?�æ �É�æ ÷(?æ Ìµ�ú�?��æ É�æ ©�É�?��úÉ�mã�æ Ì?ú�²æ ú�÷?�?�÷?Væ ú�æ
j?Ãm�÷úàæ×?Ì æ×?æ Ìm�úàmãã9æµ�?Væ ÷(?æ ãú�÷æ É�æj?Ãm�÷úàæ×?Ìæ àÉ�? æ ÷É©úà�æ m�Væ �©?àúmãæ
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<�?�æ÷(Éµ²(æ÷(?æ�?�µã÷�æÉ�æ÷(?æ µ?�÷úÉ��mú�?æm�?æ�É÷æ�?©�?�?�÷m÷ú�?æVµ?æ÷Éæ÷(?æãÉýæ�µÃÌ?�æ
É�æ �?�©É��?�~æ m÷æ ã?m�÷æ(m�ú�²æ j?Ãm�÷úàæ��Éýã?V²?æ"m�m²?Ã?�÷ æ m�æ ÷(?æÃÉ�÷æ �?ã?�m�÷æ
÷É©úàæàÉú�àúV?�æýú÷(æ÷(?æ�mà÷æ÷(m÷æ÷(?æÃÉ�÷æÉ�÷?�æÌÉÉ�?Væ�?�Éµ�à?æÉ�æ%<Sj<æ�É�æú�Vµ�÷�úmãæ
mµVú?�à?�æ ú�æ �mà÷æ ú�æ mÌÉµ÷æ ��Éýã?V²?æ "m�m²?Ã?�÷ æ <�?�æ ÷(Éµ²(æ ý?æ VúVæ �É÷æ (m�?æ
j?Ãm�÷úàæ�% æm�æ÷É©úàæú�æ÷(?æàm÷mãÉ²µ?æý(?�æ÷(?æ µ?�÷úÉ��mú�?æým�æ©�?©m�?Væý?æmã�?mV9æ
(mVæ µú÷?æ mæ �µÃÌ?�æ É�æ �?�Éµ�à?�æ V?mãú�²æýú÷(æ ÷(ú�æ ÷É©úà�~æý(úà(æým�æ �Éµ�Væ Vµ�ú�²æ ÷(?æ
Ãm�µmãæ �?àãm��ú�úàm÷úÉ�æ�÷?©æÉ�æ ÷(?æ�?�Éµ�à?�æm�÷?�æ(m�ú�²æµ©Vm÷?Væ÷(?æ%<Sj<æàm÷mãÉ²µ?æ
÷Éæ�?��úÉ�æ�æÉ�æ ÷(?æ÷É©úàæ(ú?�m�à(9 ægÉ�æ "ô ~æý?æVÉæ�É÷æ(m�?æÃm�9æ�?�Éµ�à?�æ�úÃ©ã9æ
Ì?àmµ�?æ ú÷æým�æ �É÷æ Éµ�æ �Éàµ�æ Ý÷(Éµ²(æ ú÷æ ú�æ m�æ úÃ©É�÷m�÷æ ÌµúãVú�²æ Ì�úà�~æ ú÷æ ú�æ �É÷ æ mæ àÉ�?æ
àÉÃ©É�?�÷æÉ�æ÷(?æj?Ãm�÷úàæ×?Ì�æm�Væ÷(?�?æm�?æÉ÷(?�æ²ÉÉVæ�Éµ�à?�æ�É�æã?m��ú�²æÃm÷?�úmãæ
Ý× �æ "ôæ÷µ÷É�úmã�� æÀÉæ�µú÷æ÷(?æ�??V�æÉ�æj?Ãm�÷úàæ×?Ìæµ�?��~æý?æ(m�?æmVV?Væ ãú���æ÷Éæ
÷(?�?æ÷µ÷É�úmã�æÉ�æ%<Sj< æ
gÉ�æ ��Éýã?V²?æ�?©�?�?�÷m÷úÉ� ~æ ÷ÉÉã� ~æm�Væ {×ô æý?æmã�Éæmã�?mV9æ(m�?æmæ�?m�É�mÌã?æ
�µÃÌ?�æÉ�æ�?�Éµ�à?�æú�æ%<Sj<~æ�É�æ �ú�µmãúdm÷úÉ� æÌ�Éý�ú�² æm�Væ �?©É�ú÷É�ú?� æ÷(?�?æm�?æ
àµ��?�÷ã9æ�?�9æ�?ýæ�?�Éµ�à?�æ9?÷æÝý?æm�?æú�æ÷(?æ©�Éà?��æ÷Éæ�úããæ÷(ú�æ²m©� æÀ(?æ�ÉããÉýú�²æ
÷mÌã?æãú�÷�æ÷(?æm�múãmÌã?æ�?�Éµ�à?�æ�É�æ?mà(æ÷É©úà�æ
ÀÉ©úàæ %?�Éµ�à?�æ�É�æm�9æ

mµVú?�à?æ
%?�Éµ�à?�æ�É�æ
ú�Vµ�÷�úmãæmµVú?�à?æ

��æ÷É©úàæ
(ú?�m�à(9æ� æ

��Éýã?V²?æ
"m�m²?Ã?�÷æ

æ Yæ ñ?�æ
j?Ãm�÷úàæ�%æ æj?m�à(æ �æ +æ 6Éæ
"ôæ æ æ ñ?�æ

��Éýã?V²?æ
%?©�?�?�÷m÷úÉ�æ

�Bæ æ ñ?�æ
Úú�µmãúdm÷úÉ�æ æ
Ì�Éý�ú�²æ

�æ �æ 6Éæ
%?©É�ú÷É�ú?�æ �æ æ 6Éæ
ÀÉÉã�æ � æ æ ñ?�æ
{×ôæ � æ Bæ ñ?�æ
%µã?�æ æ pæ ñ?�æ
{�÷ÉãÉ²9æú�÷?²�m÷úÉ�æ +æ +æ ñ?�æ
jÉæú��÷?mVæÉ�æúV?�÷ú�9ú�²æ÷É©úà�æý(úà(æm�?æ�É÷æ9?÷æàÉ�?�?VæÌ9æ%<Sj<~æ÷(?æ µ?�÷úÉ��mú�?æ
�m÷(?�æ(?ã©?Væµ�æ÷ÉæúÃ©�É�?æ÷(?æ÷É©úàæ(ú?�m�à(9 æS÷æã?m�÷~æý?æý?�?æµ�²?�÷ã9æãmà�ú�²æ÷(�??æ
��ÉÃæ÷(?æ +æÃÉ�÷æÉ�÷?�æÃ?�÷úÉ�?Væ÷É©úà�~æÃÉ�÷æ�É÷mÌã9æ÷(?æàm÷?²É�9æ �?Ãm�÷úàæ�%æ æ
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�?m�à( æý(úà(æ(m�æÌ??�æmVV?Væú�æ�?��úÉ�æ�æÉ�æ÷(?æ%<Sj<æàm÷mãÉ²µ?æm�æm©©ãúàm÷úÉ�æm�?æ�É�æ
j?Ãm�÷úàæ×?Ìæ÷?à(�ÉãÉ²9 æ

+æ À(?æ%<Sj<æ�m÷mãÉ²µ?æ
S�æV?�à�úÌ?Væú�æ ���~æ÷(?æ%<Sj<æàm÷mãÉ²µ?æú�ú÷úmãã9æàÉÃ©�ú�?VæÉ�ã9æ�ú�?æàm÷?²É�ú?� æ
¬Éý?�?�~æý(?�æÃÉ�?æm�VæÃÉ�?æ ã?m��ú�²æ�?�Éµ�à?�æý?�?æmVV?V~æ ú÷æÌ?àmÃ?æàã?m�æ ÷(m÷æ÷(ú�æ
ú�ú÷úmãæàãm��ú�úàm÷úÉ�æým�æ�ÉæãÉ�²?�æ�µ��úàú?�÷~æ�Éæý?æú�ú÷úm÷?Væmæ²?�?�mãæVú�àµ��úÉ�æmÌÉµ÷æmæ
j?Ãm�÷úàæ×?Ìæàµ��úàµãµÃ~æ ÷(?æ�É àmãã?Væj?Ãm�÷úàæ×?ÌæÀÉ©úàæ¬ú?�m�à(9�æ÷É²?÷(?�æýú÷(æ
÷(?æ 6É<æ %<×<%j<~æ ú�æ É�V?�æ ÷Éæ mãú²�æ ÷(?æ %<Sj<æ àm÷mãÉ²µ?æ ýú÷(æ mã�?mV9æ �÷m�÷?V æ
àµ��úàµãµÃæmà÷ú�ú÷ú?�æú�æ%<×<%j< æ��æ�++ ~æý?æÃÉ�?Væ÷(?æj?Ãm�÷úàæ×?Ìæàµ��úàµãµÃæ÷Éæ
÷(?æ{�÷É×É�ãVæýú�ú~æ mæ×ú�úæ �9�÷?Ãæý(úà(æ ú�æ ú÷�?ã�æ �?Ãm�÷úàmãã9æ ?�(m�à?V æj©?àú�úàmãã9~æ
ý?æ(m�?æú�àãµV?Væ÷(?æj?Ãm�÷úàæ×?Ìæ÷É©úàæ(ú?�m�à(9æú�÷Éæ÷(?æ×ú�úæàm÷?²É�údm÷úÉ�æ�à(?Ã? æ
À(ú�æým9~æÉ÷(?�æµ�?��æÉ�æ ÷(?æ{�÷É×É�ãVæýú�ú~æ �É�æ ?îmÃ©ã?~æý(Éæm�?æµ�ú�²æ ú÷æ ÷Éæ©µÌãú�(æ
ýÉ���(É©æÉ�æàÉ��?�?�à?æm��Éµ�à?Ã?�÷� ~æàm�æµ�?æ÷(?æ÷É©úàæ(ú?�m�à(9æ�É�æàãm��ú�úàm÷úÉ�æÉ�æ
m�9æ ýú�úæ ©m²? æ gµ�÷(?�ÃÉ�?~æ �??©ú�²æ ÷(?æ ÷É©úàæ (ú?�m�à(9æ m�Væ ÷(?æ Vú�àµ��úÉ�æ mÌÉµ÷æ ú÷ �æ
V?�?ãÉ©Ã?�÷æ ú�æmæ©µÌãúàæýú�úæ?��µ�?�æmæ(ú²(æV?²�??æÉ�æ�µ�÷mú�mÌúãú÷9 æS�æm�æÉµ÷àÉÃ?æÉ�æ
ãm�÷æ 9?m� �æ ?�mãµm÷úÉ�~æ ý?æ (m�?æ ©µÌãú�(?Væ �?��úÉ�æ �æ É�æ ÷(?æ ÷É©úàæ (ú?�m�à(9 æ Ýà� æ ÷(?æ
�ÉããÉýú�²æ �?à÷úÉ��~æ ý(úà(æ ?î÷?�V�æ ÷(?æ (ú?�m�à(9æ ��ÉÃæ p æ àm÷?²É�ú?�æ ÷Éæ Y+æ àm÷?²É�ú?� ~æ
mVVú�²æ�?ýæÉ�?�æm�æý?ããæm�æV?ã?÷ú�²æ�ÉÃ? ææ
+BYæ À(?æj?Ãm�÷úàæ×?ÌæÀÉ©úàæ¬ú?�m�à(9~æ�?��úÉ�æ�æ
À(?æj?Ãm�÷úàæ×?ÌæÀÉ©úàæ¬ú?�m�à(9æým�æV?�?ãÉ©?Væ�Éú�÷ã9æýú÷(æ%<×<%j<æ�÷m�÷ú�²æ��ÉÃæ
÷(?æú�ú÷úmãæàµ��úàµãµÃæm�æVú�àµ��?Væú�æ÷(?æ%<×<%j<æV?ãú�?�mÌã?æ< p æ��æ�++Y~æmV�m�à?�æ
ý?�?æÃmV?æmãÉ�²æ�Éµ�æãú�?�~æÃmú�ã9æ÷Éæ?��µ�?æmæ(ú²(æ�µ�÷mú�mÌúãú÷9æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æ
mà÷ú�ú÷ú?��æ

æ ú�àµ��úÉ�æ�?��úÉ�æ æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æm�Væµ©Vm÷?æ÷Éæ�?��úÉ�æ�æ
� æ SVVú�²æ÷(?æV?�?ãÉ©Ã?�÷æ(ú�÷É�9æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æ÷Éæ÷(?æÉ�÷ÉýÉ�ãVæýú�úæ
æ SVVú�²æmæ�ã?îúÌã?æÃ?à(m�ú�Ãæ�É�æ?Ã?�²ú�²æ÷É©úà�æý(úà(æm�?æÝ�É÷æ9?÷�æú�àãµV?Væú�æ
÷(?æ÷É©úàæ(ú?�m�à(9æ

B æ �É��?à÷ú�²æVú��?�?�÷æ©�É÷É÷9©?�æm�Væ�?�µã÷�æÉ�æ��Éýã?V²?×?Ìæµ�ú�²æ÷(?æýú�ú æ
æ
"É�?æV?÷múã�æ mÌÉµ÷æ ÷(?æ(ú�÷É�9æÉ�æ ÷(?æ ÷É©úàæ(ú?�m�à(9æm�VæÉãV?�æ�?��úÉ��æ m�?æ m�múãmÌã?æ m÷æ
(÷÷©� É�÷ÉýÉ�ãV É�² ýú�ú ¬ú�÷É�9 É� ÷(? j?Ãm�÷úà ×?Ì ÀÉ©úà ¬ú?�m�à(9 æ À(?æ àµ��?�÷æ
�?��úÉ�æÉ�æ ÷(?æ ÷É©úàæ(ú?�m�à(9æýú÷(æ ?î©ãm�m÷úÉ��~æ ? ² ~æÃÉ�?æ ú��É�Ãm÷úÉ�æmÌÉµ÷æ m÷æý(úà(æ
�?��úÉ�æ mæ ÷É©úàæ ým�æ mVV?V~æ ú�æ m�mú ãmÌã?æ m÷æ
(÷÷©� É�÷ÉýÉ�ãV É�² ýú�ú j?Ãm�÷úà ×?Ì ÀÉ©úà ¬ú?�m�à(9~æmæãú�÷æÉ�æ©É÷?�÷úmãã9æ?Ã?�²ú�²æ
÷É©úà�æàm�æÌ?æ�Éµ�Væm÷æ(÷÷©� É�÷ÉýÉ�ãV É�² ýú�ú <Ã?�²ú�² j?Ãm�÷úà ×?Ì ÀÉ©úà� æ
{�?�mããæj÷�µà÷µ�?æ
À(?æ�÷�µà÷µ�?æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æú�æú�æ²?�?�mãæ÷(�?? �ÉãV�æ

�æ gÉµ�Vm÷úÉ��æ
�æ j?Ãm�÷úàæ×?Ìæ�É�?æÀÉ©úà�æ
�æ j?Ãm�÷úàæ×?Ìæj©?àúmãæÀÉ©úà�æ

ææææææææææææææææææææææææææææææ ææææææææææææææææææ
�æ æ(÷÷©�vvÉ�÷ÉýÉ�ãVwÉ�²výú�úvj?Ãm�÷úàx×?ÌxÀÉ©úàx¬ú?�m�à(9ææ
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+BYBYæ gÉµ�Vm÷úÉ��æ
À(?æ �Éµ�Vm÷úÉ��æ ÷É© ã?�?ãæ àm÷?²É�9æ àÉÃ©�ú�?�æ ÷(?æ �ÉããÉýú�²æ àm÷?²É�ú?�æ m�Væ �µÌ
àm÷?²É�ú?��æ

�æ ��Éýã?V²?æ<�²ú�??�ú�²æ æ{�÷ÉãÉ²9æ<�²ú�??�ú�²æ æ
Éæ {�÷ÉãÉ²9æ<�²ú�??�ú�²æ"?÷(ÉVÉãÉ²ú?�ææ
Éæ {�÷ÉãÉ²9æ�É��÷�µà÷úÉ�æ æô?m��ú�²æ æ�É©µãm÷úÉ�ææ
Éæ {�÷ÉãÉ²9æ<�Éãµ÷úÉ�æ æ"mú�÷?�m�à?æ æÚ?��úÉ�ú�²æÝ 9�mÃúà��ææ
Éæ {�÷ÉãÉ²9æ"m©©ú�²æ æÀ�m��ãm÷úÉ�æ æ"m÷à(ú�²æ æSãú²�ú�²æÝ¬?÷?�É²?�?ú÷9�ææ
Éæ {�÷ÉãÉ²9æ<�mãµm÷úÉ�æ æÚmãúVm÷úÉ�ææ
Éæ {�÷ÉãÉ²9æ��÷?�É©?�mÌúãú÷9æ æ��÷?²�m÷úÉ�æ æ"?�²ú�²ææ
Éæ {�÷ÉãÉ²9æ"ÉVµãm�údm÷úÉ�æm�Væ�ÉÃ©É�ú÷úÉ�ææ
Éæ {�÷ÉãÉ²9æ<�²ú�??�ú�²æÀÉÉã�ææ
Éæ {�÷ÉãÉ²9æÚú�µmãúdm÷úÉ�æ

�æ ��Éýã?V²?æ%?©�?�?�÷m÷úÉ�æm�Væ%?m�É�ú�²æ æ
Éæ ôÉ²úà�ææ

Úæ ?�à�ú©÷úÉ�æôÉ²úà�ææ
Úæ g ôÉ²úàææ
Úæ gú��÷ {�V?�æôÉ²úàææ
Úæ À?Ã©É�mãæôÉ²úàææ
Úæ gµdd9æôÉ²úà�æ

Éæ ôÉ²úàæ��É²�mÃÃú�²ææ
Úæ ¬É��æôÉ²úàææ
Úæ m÷mãÉ²ææ
Úæ ��ÉãÉ²ææ
Úæ ¬úãÉ²ææ
Úæ "É�É÷É�úàæm�Væ6É�ÃÉ�É÷É�úàæ6?²m÷úÉ��æ

Éæ %?m�É�ú�²ææ
Úæ %?m�É�ú�²æ<�²ú�?�æ æÀ(?É�?Ãæ��É�?��ææ
Úæ gµdd9æ%?m�É�ú�²æ

�æ Mm�úàæ×?Ìæ���É�Ãm÷úÉ�æÀ?à(�ÉãÉ²ú?�ææ
Éæ "ôææ
Éæ ×?Ìæ m÷mæ��÷?²�m÷úÉ�ææ
Éæ ×?Ìæj?��úà?�ææ

Úæ ×?Ìæj?��úà?æ ú�àÉ�?�9ææ
Úæ ×?Ìæj?��úà?æ�ÉÃ©É�ú÷úÉ�ææ

Éæ �?��É�mãúdm÷úÉ�æÀ?à(�ú µ?�æ æ
Éæ ×?Ìæ m÷mæ<î÷�mà÷úÉ�æ æ���É�Ãm÷úÉ�æ<î÷�mà÷úÉ�ææ

�æ S²?�÷�ææ
�æ 6m÷µ�mãæôm�²µm²?æ��Éà?��ú�²æ æ
�æ j?àµ�ú÷9æ æÀ�µ�÷æ æ��ú�mà9ææ
�æ "mà(ú�?æô?m��ú�²ææ
�æ %µã?�ææ

Éæ ?Vµà÷ú�?æ%µã?�ææ
Éæ %?mà÷ú�?æ%µã?�ææ
Éæ %µã?æÚú�µmãúdm÷úÉ�ææ
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�æ ���É�Ãm÷úÉ�æSàà?��ææ
Éæ µ?�9æôm�²µm²?�ææ
Éæ M�Éý�ú�²æ æ6m�ú²m÷úÉ�mãæSàà?��ææ
Éæ µ?�9æSã²?Ì�mææ
Éæ µ?�9æ{©÷úÃúdm÷úÉ�ææ
Éæ Úú�µmãæ µ?�9ú�²ææ
Éæ <�?�÷æ µ?�ú?�æ

+BYB�æ j?Ãm�÷úàæ×?Ìæ�É�?æÀÉ©úà�æ
À(?æj?Ãm�÷úàæ×?Ìæ�É�?æÀÉ©úàæ÷É© ã?�?ãæàm÷?²É�9æàÉ�÷mú���æ

�æ j?Ãm�÷úàæ×?Ìæ���É�Ãm÷úÉ�æSàà?��ææ
Éæ j?Ãm�÷úàæ×?Ìæ µ?�9æôm�²µm²?�æ æ
Éæ j?Ãm�÷úàæ×?ÌæM�Éý�ú�²ææ

�æ {�÷ÉãÉ²ú?�æÉ�æ÷(?æj?Ãm�÷úàæ×?Ìææ
Éæ {×ôææ
Éæ %?�Éµ�à?æ ?�à�ú©÷úÉ�æg�mÃ?ýÉ��æ æ% gjà(?Ãmææ
Éæ ô?²mà9æ{�÷ÉãÉ²9æôm�²µm²?�æÝ S"ô~æ S"ô {�ô�æ æ
Éæ {�÷ÉãÉ²9æ%?©É�ú÷É�ú?�ææ
Éæ {�÷ÉãÉ²9æ���÷m�à?�ææ

Úæ P©©?� ô?�?ãæ{�÷ÉãÉ²ú?�æ æÀÉ© ô?�?ãæ{�÷ÉãÉ²ú?�ææ
Úæ ÉÃmú�æ{�÷ÉãÉ²ú?�ææ

Éæ j?Ãm�÷úàæS��É÷m÷úÉ�æ æ"úà�É�É�Ãm÷�ææ
�æ ×?Ìæm�Væj?Ãm�÷úàæ×?Ìæ%µã?�ææ

Éæ %µã?æôm�²µm²?�ææ
Éæ %µã?æ"m��µ©ææ
Éæ ��÷?²�m÷úÉ�æÉ�æ%µã?�æm�Væ{�÷ÉãÉ²ú?�ææ
Éæ ú�÷�úÌµ÷?Væ%µã?æ��Éà?��ú�²ææ

�æ j?Ãm�÷úàæ×?ÌæS©©ãúàm÷úÉ�æ ÉÃmú��ææ
Éæ ��Éýã?V²?æ"m�m²?Ã?�÷ææ
Éæ ?ã?m��ú�²ææ
Éæ MúÉú��É�Ãm÷úà�ææ
Éæ "µã÷úÃ?Vúmææ
Éæ ?(?mã÷(ææ
Éæ ?Ìµ�ú�?��ææ
Éæ ? É�?��Ã?�÷ææ
Éæ ���É�Ãm÷úÉ�æ%?÷�ú?�mãæ æj?m�à(ææ
Éæ ?�µã÷µ�?ææ
Éæ ¬µÃm�æ�?�Éµ�à?�ææ
Éæ MãÉ²�ææ
Éæ Mµ�ú�?��æ%µã?�ææ
Éæ ×ú�ú�ææ
Éæ ú²ú÷mãæôúÌ�m�ú?�ææ
Éæ m÷mæ��÷?²�m÷úÉ�æ æ<�÷?�©�ú�?æ���É�Ãm÷úÉ�æ��÷?²�m÷úÉ�ææ

�æ %?m�É�ú�²æú�æ÷(?æj?Ãm�÷úàæ×?Ìæ
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+BYB+æ j?Ãm�÷úàæ×?Ìæj©?àúmãæÀÉ©úà�æ
�æ 6m÷µ�mãæôm�²µm²?æ��Éà?��ú�²æ æ¬µÃm�æôm�²µm²?æÀ?à(�ÉãÉ²ú?�æ æ
�æ jÉàúmãæ�Ã©mà÷æÉ�æ÷(?æj?Ãm�÷úàæ×?Ìææ
�æ jÉàúmãæ6?÷ýÉ���æm�Væj?Ãm�÷úàæ×?Ìææ
�æ �??� ÷É �??�æm�Væj?Ãm�÷úàæ×?Ìææ
�æ S²?�÷�æm�Væj?Ãm�÷úàæ×?Ìææ
�æ j?Ãm�÷úàæ �úVææ
�æ {µ÷�?mà(æ÷Éæ��Vµ�÷�9ææ
�æ M?�à(Ãm��ú�²æ æj?Ãm�÷úàæ×?ÌæjàmãmÌúãú÷9ææ
�æ j?Ãm�÷úàæ×?Ìæj?��úà?�ææ
�æ j?Ãm�÷úàæ ?��÷É©æ

+BYByæ %?àãm��ú�úàm÷úÉ�ææ
��æ²?�?�mã~æý?æ÷�ú?Væ÷Éæ?��µ�?æmæÌmà�ým�VæàÉÃ©m÷úÌúãú÷9æ÷Éæ©�?�úÉµ�æ�?��úÉ��æÉ�æ÷(?æ÷É©úàæ
(ú?�m�à(9æ m�æ �m�æ m�æ ©É��úÌã? æ¬Éý?�?�~æ ÷(ú�æ (m�æ Ì??�æ mæÃm÷÷?�æÉ�æ ÷�mV? É���æ ú�æ ÷(?æ ©m�÷ æ
"É�÷æ �É÷mÌã9~æ �ÉÃ?æ àm÷?²É�ú?�æ Ì?ú�²æ ú�æ �?��úÉ�æ æ ÷µ��?Væ Éµ÷æ ÷Éæ Ì?æ ÷ÉÉæ �©?àú�úàæ
àÉÃ©m�?Væ÷ÉæÉ÷(?��~æ�Éæ÷(m÷æ÷(?9æ(mVæ÷ÉæÌ?æ�?ÃÉ�?Væ�É�æàÉ��ú�÷?�à9æ�?m�É��æ ?�?�æ÷(Éµ²(æ
÷(?9æý?�?æµ�?Væ Ý�m�?ã9� ægÉ�æ m©©ãúàm÷úÉ��æµ�ú�²æ ÷(?æ ÷É©úàæ(ú?�m�à(9æ Ý�µà(æm�æ%<Sj<�~æ mæ
�µãã9æ mµ÷ÉÃm÷úàæ �?àãm��ú�úàm÷úÉ�æ m©©�Émà(æ àÉµãV~æ (?�à?~æ �Éæ ãÉ�²?�æ Ì?æ ²µm �m�÷??Væ Vµ�ú�²æ
÷(?æµ©Vm÷?æ÷Éæ�?��úÉ�æ�æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9 ææ
+BYBpæ À(?æ{�÷ÉýÉ�ãVæýú�ú�æÀ(?æ�?�÷�mãæ�É��?à÷É�æ
P�ú�²æ÷(?æÉ�÷ÉýÉ�ãVæýú�úæm�æÃmú�æàÉ��?à÷É�æÉ�æ÷(?æVú��?�?�÷æÉµ÷àÉÃ?�æÉ�æ��Éýã?V²?×?Ìæ
ým�æ É�?æ É�æ ÷(?æÃmú�æ ?��É�÷�æ ú�æ �++Y æ gÉ�æ ÷(ú�æ ©µ�©É�?~æ ý?æ (m�?æ à�?m÷?Væ ÷(?æ �ÉããÉýú�²æ
Ãm�Vm÷É�9æ�÷m�Vm�Væ�÷�µà÷µ�?æ�É�æmããæ÷É©úà�æú�æ÷(?æ÷É©úàæ(ú?�m�à(9æÝý(úà(æàm�æÌ?æ?�(m�à?Væ
ýú÷(æÃÉ�?æÉ©÷úÉ�mãæ©m�÷���æ
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j?m�à(æ �æ Ãµã÷úÃ?Vúmæææææææææææ ~æ�S"ôæ �æ ?�àÉÃÃ?�à?æ ~æ

æ
À(?æ%<Sj<æ÷É©úàæ(ú?�m�à(9æàÉÃ©�ú�?�æVú�?à÷ã9æàÉ�÷mú��æ��æÉµ÷æÉ�æ÷(?æ Bæ÷?�Ã�æ ú�æÀmÌã?æ
~æ �mÃ?ã9æ æ É�÷ÉãÉ²9 ~æ ý?Ìæ �?��úà?� ~æ % g ~æ {×ô ~æ "ô ~æ ��Éýã?V²?æ
�?©�?�?�÷m÷úÉ� ~æ ��Éýã?V²?æÃm�m²?Ã?�÷ ~æ m²?�÷� ~æ V?�à�ú©÷úÉ�æ ãÉ²úà� ~æ ©??� ÷É ©??� ~æ
ú��É�Ãm÷úÉ�æ ?î÷�mà÷úÉ� ~æ ©?��É�mãúdm÷úÉ� ~æ É�÷ÉãÉ²9æ Ãm©©ú�² ~æ ú��É�Ãm÷úÉ�æ
ú�÷?²�m÷úÉ� ~æ ? ô?m��ú�² ~æ j?Ãm�÷úàæ×?Ìæj?��úà?� ~æ ú�÷?�É©?�mÌúãú÷9 ~æ % gj ~æ �µã?� ~æ
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Ýmµ÷ÉÃm÷?V�æ �?m�É�ú�² ~æ Ãµã÷úÃ?Vúm ~æ m�Væ ?
àÉÃÃ?�à? æ Ýú�æ Éµ�æ (ú?�m�à(9æ àmãã?Væ ?Mµ�ú�?��� æ BæÉµ÷æ
É�æ ÷(?æ �?Ãmú�ú�²æ �æ m�?æ �?�9æ ²?�?�mãæ ú�àãµVú�²æ
Ã?÷mVm÷m ~æ m��É÷m÷úÉ� ~æ �?Ãm�÷úàæ m��É÷m÷úÉ� ~æ m�Væ
µ�?�æ ú�÷?��mà? æÀ(?æ ÷ýÉæ�?9ýÉ�V�æmÌÉµ÷æ©�?V?à? ��É�æ
ãm�²µm²?�æÉ�æ{×ôæÝ S"ô æm�Væ S"ô {�ô �æàm�æ
Ì?æ ?m�úã9æ àãm��ú�ú?Væ ú�÷Éæ ÷(?æ àm÷?²É�9æ {�÷ÉãÉ²9æ
%?©�?�?�÷m÷úÉ�æ æ{�÷ÉãÉ²9æôm�²µm²?�æ æ{×ô æm�Væm�?~æ
(?�à?~æ mã�Éæ ú�àãµV?Væ ú�æ ÷(?æ j?Ãm�÷úàæ ×?Ìæ ÀÉ©úàæ
¬ú?�m�à(9 æÀ(�??æÉ�æ÷(?æ�?Ãmú�ú�²æ÷É©úà�æm�?æ�µÌ÷É©úà�æ
É�æ j?Ãm�÷úàæ ×?Ìæ j?��úà?� ~æ �mÃ?ã9æ Ãm÷à(Ãm�ú�² ~æ
{×ô j ~æm�Væ ×?Ìæ�?��úà?æàÉÃ©É�ú÷úÉ� æÀ(?9æÃú²(÷æ
Ì?æmVV?Væ÷Éæ�?�ú�?æ÷(?æj?Ãm�÷úàæ×?Ìæj?��úà?æàm÷?²É�9æ
ú�æ÷(?æ�µ÷µ�? ææ
æ
S�æ mæ �?�µã÷æ É�æ ÷(ú�æ m�mã9�ú�~æ ý?æ àÉ��úV?�?Væ ú�àãµVú�²æ
÷(?æ÷É©úàæ �?m�à(æ æú��É�Ãm÷úÉ�æ�?÷�ú?�mã ~æm�Væ Ãmà(ú�?æ
ã?m��ú�² æ m�æ m�æ m©©ãúàm÷úÉ�æ m�?mæ ú�æ ÷(?æ j?Ãm�÷úàæ×?Ìæ
ÀÉ©úàæ¬ú?�m�à(9 ææ
æ
À(?æ �?Ãmú�ú�²æ p+æ ÷?�Ã�æ ú�æ ÷(?æ j?Ãm�÷úàæ×?Ìæ ÀÉ©úàæ
¬ú?�m�à(9æVÉæ�É÷æàÉ Éààµ�æýú÷(æ j?Ãm�÷úàæ×?Ì æÃÉ�?æ
÷(m�æ �ú�?æ ÷úÃ?�æ m�Væ m�?~æ (?�à?~æ �É÷æ ãú�÷?Væ ú�æÀmÌã?æ æ
À(ú�æ ú�æ ÃÉ�÷ã9æ Ì?àmµ�?æ ÷(?9æ m�?æ �?�9æ �©?àú�úàæ m�Væ
÷9©úàmãã9æ �É÷æ µ�?Væ m�æ mµ÷(É�æ �?9ýÉ�V�æ Ýãú�?æ ÷(?æ
�µÌ÷É©úà�æ É�æ "ô �æ É�æ �?�9æ �m�?ã9æ É�ã9æ Ýãú�?æ ôÉ²úàæ
��É²�mÃÃú�² æ àÉ Éààµ��ú�²æ Bæ ÷úÃ?�æ ýú÷(æ j?Ãm�÷úàæ
×?Ì � æ×?æýúããæm�mã9d?æ ÷(?æµ�m²?æÉ�æ ÷(?æàm÷?²É�ú?�æ ú�æ
%<Sj<æú�æÃÉ�?æV?÷múãæú�æj?à÷úÉ�æ æ
æ
×?æ mã�Éæ V?�?ãÉ©?Væ ÷(?æ j?Ãm�÷úàæ �ÉýMm²æ m©©�Émà(æ

MÀ+ æ÷Éæmµ÷ÉÃm÷úàmãã9æ�ú�Væ÷m²æ²�m©(�~æú ? æ�?ãm÷úÉ��æ
Ì?÷ý??�æ÷É©úà�æÝý(úà(æm�?æ�É÷æ�?à?��m�úã9æ(ú?�m�à(úàmã�æ
��ÉÃæ ÷m²²?Væ ÉÌ�?à÷æ àÉãã?à÷úÉ��~æ �É�æ ?îmÃ©ã?~æ
©µÌãúàm÷úÉ�æVm÷mÌm�?�æm��É÷m÷?Væýú÷(æmµ÷(É�æ�?9ýÉ�V� æ
×?æ µ�?Væ ÷(?æ �mÃ?æ Mô�æ Vm÷m�?÷~æ ?�(m�à?Væ ýú÷(æ
mµ÷(É�æ�?9ýÉ�V�æ÷Éæ²?÷æmæ÷m²æ²�m©(æ�É�æ j?Ãm�÷úàæ×?Ì æ
m�æ�(Éý�æú�ægú²µ�?æ æ
��æ ÷(ú�æ �ú²µ�?æ Ý²?�?�m÷?Væ µ�ú�²æ mµ÷(É�æ �?9ýÉ�V �æ ��ÉÃæ
©µÌãúàm÷úÉ��æú�æ÷(?æ©?�úÉVæ�++ �++p�~æ j?Ãm�÷úàæ×?Ì æ
ú�æ V?©úà÷?Væ ýú÷(æ mæ Ìãmà�æ Ìmà�²�Éµ�V~æ m�Væ ÷(?æ Ãmú�æ
�?ãm÷?Væ àÉ�à?©÷�æ Ýú ? æ É�÷ÉãÉ²9 ~æ ý?Ìæ �?��úà?� ~æ
% g ~æ Ã?÷mVm÷m ~æ ��Éýã?V²?æ �?©�?�?�÷m÷úÉ� ~æ
V?�à�ú©÷úÉ�æ ãÉ²úà� ~æm�Væ {×ô �~æm�æ�Éµ�Væ ��ÉÃæmæàÉ
Éààµ��?�à?æ m�mã9�ú�~æ m�?æ �(Éý�æ ýú÷(æ mæ ²�?9æ
Ìmà�²�Éµ�V æS��Éý�æ ú�æ ²?�?�mãæ àm�æ Ì?æ Ì?�÷æ V?�à�úÌ?Væ
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÷ÉæÃ?m�æ ú�æ �?ãm÷?Væ ÷Éæm�VæÃÉ�?æ�©?àú�úà ~æÌµ÷æ µú÷?æ�ÉÃ?æÉ�æ ÷(?Ãæm�?æmã�Éæ (ú?�m�à(úàmã æ
m�Væmà÷µmãã9æÃ?m�æ �µÌ�µÃ? æÀ(?æàÉ��úV?�à?æ ú�æ÷(?æmµ÷ÉÃm÷úàmãã9æ àÉÃ©µ÷?Væ�?ãm÷úÉ��æ ú�æ
�(Éý�æýú÷(æÌÉãVæ ãú�?�æ m�Væ ÷ýÉ (?mV?Væm��Éý�æ �É�æ �÷�É�²æàÉ��úV?�à?æm�Væýú÷(æ mæVm�(?Væ
ãú�?æ �É�æ mæý?m�æ àÉ��úV?�à? æ"É�?æ V?÷múã�æ mÌÉµ÷æ ÷(?æ �ÉýMm²æ �à(?Ã?æ àm�æ Ì?æ �Éµ�Væ ú�æ

MÀ+ æm�Væ M+Y æ
æ
S�æ mæ �?�µã÷~æ �ÉýMm²æ àÉ��ú�Ã�æ ÷(?æ j?Ãm�÷úàæ ×?Ìæ ÀÉ©úàæ ¬ú?�m�à(9æ ú�æ ÷(?æ �ÉããÉýú�²æ
m�©?à÷��æ
�æÀ(?æ÷É©úà�æ ý?Ìæ�?��úà?� ~æ V?�à�ú©÷úÉ�æãÉ²úà� ~æm�Væ ��Éýã?V²?æ�?©�?�?�÷m÷úÉ� æm�?æmããæ
úÃ©É�÷m�÷~æÌµ÷æ�É÷æmæ�µÌ÷É©úàæÉ�æ j?Ãm�÷úàæ×?Ì æÝú�æ÷(?æj?Ãm�÷úàæ×?ÌæÀÉ©úàæ
¬ú?�m�à(9æ÷(?9æmããæÌ?ãÉ�²æ÷Éæ÷(?æ �Éµ�Vm÷úÉ� æ©m�÷�æ

�æÀ(?æ÷É©úà�æ É�÷ÉãÉ²9 ~æ % g ~æm�Væ {×ô æm�?æmããæ�µÌ÷É©úà�æÉ�æ j?Ãm�÷úàæ×?Ì æÝ�÷�É�²æ
àÉ��úV?�à?�æ

�æÀ(?æ÷É©úà�æ �µã?� ~æ �?m�É�ú�² ~æm�Væ j?Ãm�÷úàæ×?Ìæj?��úà?� æm�?æ�µÌ÷É©úà�æÉ�æ
j?Ãm�÷úàæ×?Ì æÝý?m�æàÉ��úV?�à?�æ

æ
gµ�÷(?�æú�÷?�?�÷ú�²æ�ú�Vú�²�æÝ÷(É�?æú��Éã�ú�²æ�÷�É�²æ�?ãm÷úÉ���æm�?�æ
�æ æ % g æú�æmæ�µÌ÷É©úàæÉ�æ Ã?÷mVm÷m æ
�æ {�÷ÉãÉ²9 æ ú�æ mæ �µ©?� ÷É©úàæ É�æ �?��úà?æ àÉÃ©É�ú÷úÉ� æ m�æ ý?ããæ m�æ ×?Ìæ �?��úà? æ ú�æ mæ

�µ©?� ÷É©úàæÉ�æ �?��úà?æàÉÃ©É�ú÷úÉ� æÀ(ú�æú�æ÷(?æàÉ��?à÷úÉ�æÌ?÷ý??�æ÷(?æ÷m²æ²�m©(æÉ�æ
�?Ãm�÷úàæ ý?Ì æ m�Væ ý?Ìæ �?��úà? æ Ý �?Ãm�÷úàæ ý?Ìæ �?��úà? æ VÉ?�æ �É÷æ ÷m�?æ ÷(ú�æ �Éã?æ
Ì?àmµ�?æmµ÷(É��æVÉæ�?ú÷(?�æµ�?æ ÷(?æ©mú�æ �?Ãm�÷úàæý?Ì æm�Væ �?Ãm�÷úàæý?Ìæ �? ��úà? æ
�É�æ÷(?æ©mú�æ ý?Ìæ�?��úà? æm�Væ �?Ãm�÷úàæý?Ìæ�?��úà? � æ

æ
6Éæ�µ�÷(?�æ�?9ýÉ�V�æm�?æ�Éµ�Væú�æ÷(?æ÷m²æ²�m©(æÉ�æ j?Ãm�÷úàæ×?Ì æý(úà(æm©©?m�?Væ÷ÉæÌ?æ
Ãú��ú�²æú�æ÷(?æj?Ãm�÷úàæ×?ÌæÀÉ©úàæ¬ú?�m�à(9 ææ
+B+æ À(?æ%<Sj<æ�m÷mãÉ²µ?æ
×(úã?æ ÷(?æj?Ãm�÷úàæ×?ÌæÀÉ©úàæ¬ú?�m�à(9æ �?�ã?à÷�~æÉ�æ àÉµ��?~æ mæ àÉÃ©�ÉÃú�?æmÃÉ�²æ ÷(?æ
Vú��?�?�÷æ É©ú�úÉ��æ ýú÷(ú�æ ÷(?æ j?Ãm�÷úàæ ×?Ìæ àÉÃÃµ�ú÷9æ Ý? ² ~æ �ÉÃ?æ àÉ��úV?�æ �m÷µ�mãæ
ãm�²µm²?æ©�Éà?��ú�² æm�æmæ�Éµ�Vm÷úÉ�mãæ÷É©úàæý(úã?æÉ÷(?��æ÷�?m÷æú÷æm�æ�©?àúmãæ÷É©úà�~æý?æ(mVæ
÷Éæ²?�?�m÷?æm�æ?�?�æÃÉ�?æ�úÃ©ãú�ú?Væ�?��úÉ�æ�É�æ÷?à(�úàmãæ�?m�É���æ÷(?æ%<Sj<æàm÷mãÉ²µ?~æ
÷(Éµ²(æàµ�÷ÉÃúdmÌã?~æàm�æÉ�ã9æ(m�Vã?æµ©æ÷Éæ÷ýÉæ(ú?�m�à(úàmãæã?�?ã�æm÷æÃmîúÃµÃ æÀ(ú�æ(m�æ
mã�Éæ÷(?æmV�m�÷m²?æ÷(m÷æ÷(?æ�µÃÌ?�æÉ�æàm÷?²É�ú?�æú�æÃÉ�?æãúÃú÷?V~æ�Éæ%<Sj<æµ�?��æm�?æ�É÷æ
ãÉ�÷ æú�æ÷ÉÉæÃm�9æàm÷mãÉ²µ?æàm÷?²É�ú?� æ
S�æ mæ �?�µã÷~æý?æ ��ú©©?Væ ÷(?æ �ú��÷ ã?�?ãæ (ú?�m�à(9æ É�æ �Éµ�Vm÷úÉ�� ~æ j?Ãm�÷úàæ×?Ìæ àÉ�?æ
÷É©úà� æ m�æ ÷(?�?æ �ÉÃ?÷úÃ?�æ mã�Éæ ú�æ �Éæ �?mãæ Vú�÷ú�à÷úÉ�æ Ì?÷ý??�æ ÷(?Ãæ Ý÷(?�?æ ým�~æ �É�æ
?îmÃ©ã?~æ µú÷?æ �ÉÃ?æ Vú�àµ��úÉ�æ Vµ�ú�²æ ÷(?æ à�?m÷úÉ�æ É�æ ÷(?æ ÷É©úàæ (ú?�m�à(9æ ý(?÷(?�æ
É�÷ÉãÉ²ú?�æ m�?æ �Éµ�Vm÷úÉ�mãæ É�æ Ì?ãÉ�²æ ÷Éæ ÷(?æ àÉ�?æ ÷É©úà�� æ gµ�÷(?�ÃÉ�?~æ ý?æ ú²�É�?Væ mããæ
�µÌàm÷?²É�ú?�æ É�æ mæ V?©÷(æ ãm�²?�æ ÷ (m�æ �æ Ý? ² ~æ ÷(?æ �µÌàm÷?²É�ú?�æ É�æ ôÉ²úà� ~æ ôÉ²úàæ
��É²�mÃÃú�² ~æm�Væ "ô �~æ�ú�à?æ ú÷æým�æ�É÷æ?î©?à÷?Væ÷(m÷æ ã?m��ú�²æÃm÷?�úmãæ ú�æ%<Sj<æ
ýúããæV?mãæ�©?àú�úàmãã9æýú÷(æÉ�?æÉ�æ÷(?æ�µÌ÷É©úà� æ���÷?mV~æú÷æú�æ?î©?à÷?Væ÷(m÷æã?m��ú�²æµ�ú÷�æ
ú�æ ÷(?�?æ ÷É©úà�æ²ú�?æm�æÉ�?��ú?ý~æ�É�æ?îmÃ©ã?~æÉ�æ ôÉ²úà� æm�VæVú�àµ��æÃÉ�÷æÉ�æ ÷(?æ�µÌ
àm÷?²É�ú?� æ
æ
S�æmæ�?�µã÷~æ÷(?æ%<Sj<æàm÷mãÉ²µ?æàÉÃ©�ú�?�æ÷(?æ�ÉããÉýú�²æ÷É©úà��æ
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�æ ��Éýã?V²?æ<�²ú�??�ú�²æ æ{�÷ÉãÉ²9æ<�²ú�??�ú�²æ æ
Éæ {�÷ÉãÉ²9æ<�²ú�??�ú�²æ"?÷(ÉVÉãÉ²ú?�ææ
Éæ {�÷ÉãÉ²9æ�É��÷�µà÷úÉ�æ æô?m��ú�²æ æ�É©µãm÷úÉ�æ
Éæ {�÷ÉãÉ²9æ<�Éãµ÷úÉ�æ æ"mú�÷?�m�à?æ æÚ?��úÉ�ú�²æÝ 9�mÃúà��ææ
Éæ {�÷ÉãÉ²9æ"m©©ú�²æ æÀ�m��ãm÷úÉ�æ æ"m÷à(ú�²æ æSãú²�ú�²æÝ¬?÷?�É²?�?ú÷9�æ
Éæ {�÷ÉãÉ²9æ<�mãµm÷úÉ�æ æÚmãúVm÷úÉ�ææ
Éæ {�÷ÉãÉ²9æ��÷?�É©?�mÌúãú÷9æ æ��÷?²�m÷úÉ�æ æ"?�²ú�²ææ
Éæ {�÷ÉãÉ²9æ"ÉVµãm�údm÷úÉ�æm�Væ�ÉÃ©É�ú÷úÉ�ææ
Éæ {�÷ÉãÉ²9æ<�²ú�??�ú�²æÀÉÉã�ææ
Éæ {�÷ÉãÉ²9æÚú�µmãúdm÷úÉ�ææ

�æ ��Éýã?V²?æ%?©�?�?�÷m÷úÉ�æm�Væ%?m�É�ú�²æ æ
Éæ ôÉ²úà�ææ
Éæ ôÉ²úàæ��É²�mÃÃú�²ææ
Éæ %?m�É�ú�²ææ

�æ Mm�úàæ×?Ìæ���É�Ãm÷úÉ�æÀ?à(�ÉãÉ²ú?�ææ
Éæ "ôææ
Éæ ×?Ìæ m÷mæ��÷?²�m÷úÉ�ææ
Éæ ×?Ìæj?��úà?�ææ
Éæ �?��É�mãúdm÷úÉ�æÀ?à(�ú µ?�æ æ
Éæ ���É�Ãm÷úÉ�æ<î÷�mà÷úÉ�æ æ×?Ìæ m÷mæ<î÷�mà÷úÉ�ææ

�æ ���É�Ãm÷úÉ�æSàà?��ææ
Éæ µ?�9æôm�²µm²?�ææ
Éæ M�Éý�ú�²ææ
Éæ µ?�9æSã²?Ì�mææ
Éæ µ?�9æ{©÷úÃúdm÷úÉ�ææ
Éæ Úú�µmãæ µ?�9ú�²ææ
Éæ <�?�÷æ µ?�ú?�ææ

�æ {�÷ÉãÉ²ú?�æÉ�æ÷(?æj?Ãm�÷úàæ×?Ìææ
Éæ {×ôææ
Éæ %?�Éµ�à?æ ?�à�ú©÷úÉ�æg�mÃ?ýÉ��æ æ% gjà(?Ãmæ æ
Éæ ô?²mà9æôm�²µm²?�æÝ S"ô~æ S"ô {�ô�ææ
Éæ {�÷ÉãÉ²9æ%?©É�ú÷É�ú?�ææ
Éæ {�÷ÉãÉ²9æ���÷m�à?�ææ
Éæ j?Ãm�÷úàæS��É÷m÷úÉ�ææ

�æ %µã?�æ
Éæ %µã?æôm�²µm²?�ææ
Éæ %µã?æ"m��µ©ææ
Éæ ��÷?²�m÷úÉ�æÉ�æ%µã?�æm�Væ{�÷ÉãÉ²ú?�ææ
Éæ ú�÷�úÌµ÷?Væ%µã?æ��Éà?��ú�²ææ
Éæ ?Vµà÷ú�?æ%µã?�ææ
Éæ %?mà÷ú�?æ%µã?�ææ
Éæ %µã?æÚú�µmãúdm÷úÉ�ææ

�æ j?àµ�ú÷9æ æÀ�µ�÷æ æ��ú�mà9æú�æ÷(?æj?Ãm�÷úàæ×?Ìææ
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�æ S©©ãúàm÷úÉ�æ ÉÃmú��ææ
Éæ ��Éýã?V²?æ"m�m²?Ã?�÷ææ
Éæ ?ã?m��ú�²ææ
Éæ MúÉú��É�Ãm÷úà�ææ
Éæ "µã÷úÃ?Vúmææ
Éæ ?(?mã÷(ææ
Éæ ?Ìµ�ú�?��ææ
Éæ ? É�?��Ã?�÷ææ
Éæ ���É�Ãm÷úÉ�æ%?÷�ú?�mãæ æj?m�à(ææ
Éæ ?�µã÷µ�?ææ
Éæ ¬µÃm�æ�?�Éµ�à?�ææ
Éæ MãÉ²�ææ
Éæ Mµ�ú�?��æ%µã?�ææ
Éæ ×ú�ú�ææ
Éæ ú²ú÷mãæôúÌ�m�ú?�ææ
Éæ m÷mæ��÷?²�m÷úÉ�æ æ<�÷?�©�ú�?æ���É�Ãm÷úÉ�æ��÷?²�m÷úÉ�ææ

�æ j©?àúmãæÀÉ©úà�ææ
Éæ 6m÷µ�mãæôm�²µm²?æ��Éà?��ú�²æ æ¬µÃm�æôm�²µm²?æÀ?à(�ÉãÉ²ú?�æ æ
Éæ jÉàúmãæ�Ã©mà÷æÉ�æ÷(?æj?Ãm�÷úàæ×?Ìææ
Éæ jÉàúmãæ6?÷ýÉ���æm�Væj?Ãm�÷úàæ×?Ìææ
Éæ �??� ÷É �??�æm�Væj?Ãm�÷úàæ×?Ìææ
Éæ S²?�÷�æm�Væj?Ãm�÷úàæ×?Ìææ
Éæ j?Ãm�÷úàæ �úVææ
Éæ {µ÷�?mà(æ÷Éæ��Vµ�÷�9ææ
Éæ M?�à(Ãm��ú�²æjàmãmÌúãú÷9ææ
Éæ j?Ãm�÷úàæ×?Ìæj?��úà?�ææ
Éæ j?Ãm�÷úàæ ?��÷É©æ

æ
{�æàÉµ��?~æ÷(ú�æàm÷mãÉ²µ?æýúããæÌ?æVú�àµ��?Væ�µ�÷(?�æú�æ÷(?æ�µ÷µ�?æ÷ÉæmVm©÷æ÷Éæ÷(?æV9�mÃúà�æ
É�æ÷(?æj?Ãm�÷úàæ×?ÌæVÉÃmú� æ

æ ôú�÷æÉ�æ�µÌãú�(?Væô?m��ú�²æP�ú÷�æ
À(ú�æ �?à÷úÉ�æ �µÃÃm�úd?�æ ÷(?æ ã?m��ú�²æµ�ú÷�æ ÷(m÷æ(m�?æÌ??�æ©µÌãú�(?VæÉ�æ%<Sj<æÌ9æ ÷(?æ
?�VæÉ�æ�++Y æ��æàÉ�÷�m�÷æ÷Éæ©�?�úÉµ�æ�?��úÉ��~æý?æVÉæ�É÷æãú�÷æmããæV?ãú�?�mÌã?�æ�?©m�m÷?ã9æ�É�æ
�©mà?æ �?m�É�� æ Sããæ �?�Éµ�à?�æ àm�æ Ì?æ �ú?ý?Væ Vú�?à÷ã9æ É�æ %<Sj<æ m÷æ
(÷÷©� �?m�? �?Ãm�÷úàý?Ì É�² ææ
BYæ {�?��ú?ýæm�Væj÷m÷ú�÷úà�æ

À(?æ �ÉããÉýú�²æ gú²µ�?æ �æ V?©úà÷�æ ÷(?æ �µÃÌ?�æ É�æ ã?m��ú�²æ �?�Éµ�à?�æ m�múãmÌã?æ É�æ%<Sj<æ
�ú�à?æú÷æým�æ©µ÷æÉ�ãú�?æú�æ¯µã9æ�++B æ
æ
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gú²µ�?æ �æ�µÌãú�(?Væô?m��ú�²æP�ú÷�æÉ�æ%<Sj<æ
æ
��æ ÷É÷mãæ Y æ ã?m��ú�²æµ�ú÷�æý?�?æ©µÌãú�(?VæÉ�æ%<Sj<~æÉ�æý(úà(æ æý?�?æ©µÌãú�(?VæÌ9æ
��Éýã?V²?×?Ìæ ©m�÷�?�� æ Y æ É�æ ÷(?�?æ ã?m��ú�²æ µ�ú÷�æ ÝBB �æ m�?æ ?�©?àúmãã9æ �µú÷?Væ �É�æ
ú�Vµ�÷�úmãæ?Vµàm÷úÉ� æÝm�æÉ�æ �÷æ6É�?ÃÌ?�æ�++Y� ææ
SæàÉµ©ã?æÉ�æÃmú�æ?�?�÷�æàm�æÌ?æúV?�÷ú�ú?V~æ��æ{à÷ÉÌ?�æ æ6É�?ÃÌ?�æ�++B~æm�æú�ú÷úmãæ�?÷æÉ�æ
ã?m��ú�²æµ�ú÷�æým�æ©µÌãú�(?Væm�æ mæ �?�µã÷æÉ�æ ÷(?æ �ú��÷æ©µÌãúàæ m��Éµ�à?Ã?�÷æÉ�æ%<Sj<æ ú�æ
{à÷ÉÌ?�æ�++B æSæ�?àÉ�Væ�ú²�ú�úàm�÷ã9æãm�²?æ�?÷æÉ�æ�?�Éµ�à?�æým�æmVV?Væú�æ¯µ�?æ æ¯µã9æ�++pæ
Ì9æ÷(?æ÷µ÷É��æÉ�æ÷(?æ%<×<%j<æ�µÃÃ?�æ�à(ÉÉã~æý(Éæý?�?æ�? µú�?Væ÷ÉæmVVæ÷(?ú�æ�?�Éµ�à?�æ
Ì?�É�?æ÷(?æ�÷m�÷æÉ�æ÷(?æ�µÃÃ?�æ�à(ÉÉã æ"É�?æ�?�Éµ�à?�æý?�?æmVV?Væ�÷?©æÌ9æ�÷?©æm÷æ÷(?æ?�Væ
É�æ �++pæ m�æ mæ �?�µã÷æ É�æ �µ�÷(?�æ ?Vµàm÷úÉ�mãæ mà÷ú�ú÷ú?�æ ú�æ ��Éýã?V²?×?Ì~æ �µà(æ m�æ ÷(?æ
ú�Vµ�÷�9 ?Vµàm÷úÉ�æ?�?�÷�æÝ�?©É�÷?Væú�æ � � æÀ(?æ%<×<%j<æ�µÃÃ?�æ�à(ÉÉãæ�ãúV?�æÉ�æ
�++ æý?�?æmVV?VæVµ�ú�²æ ÷(?æý(Éã?æ9?m�æ�++ æý(úã?æ ÷(?æ��Éýã?V²?×?Ìæ�µÃÃ?�æ�à(ÉÉãæ
�?àÉ�Vú�²�æ É�æ �++pæ m�Væ ÷(?æ ©�?�?�÷m÷úÉ��æ É�æ ÷(?æ <j×�æ ú�Vµ� ÷�úmãæ Vm9æ ý?�?æ mVV?Væ ú�æ
?à?ÃÌ?�æ�++ æ ��æg?Ì�µm�9æ�++Y~æý?æm��Éµ�à?Ã?�÷�æ �É�æ ?Vµàm÷úÉ�mãæ ?�?�÷�æ©�É�úV?Væ

Ì9æ÷(?æj?Ãm�÷úàæ×?Ìæjà(ÉÉãæú�æSµ�÷�úmæý?�?æmVV?Væm�æý?ããæm�æ÷(?æ�úV?Éæ�?àÉ�Vú�²�æÉ�æ÷(?æ
��Éýã?V²?×?Ìæ �µÃÃ?�æ �à(ÉÉãæ �++ æ ��æ ¯µ�?æ �++Y~æ ÷(?æ ©�?�?�÷m÷úÉ��æ É�æ ÷(?æ ú�Vµ�÷�9æ
mým�?�?��æ Vm9æ É�æ j?Ãm�÷úà�æ �++ æ ý?�?æ ú�àãµV?Væ ú�æ %<Sj< æ À(?æ ú�Vµ�÷�9æ ÷�mà�æ
©�?�?�÷m÷úÉ��æ É�æ �j×�æ �++ æ ý?�?æ mVV?Væ ú�æ Sµ²µ�÷æ �++Yæ ÷É²?÷(?�æ ýú÷(æ ÷(?æ �?9�É÷?æ
©�?�?�÷m÷úÉ��æÉ�æ<j×�æ�++Yæm�Væ÷(?æ©�?�?�÷m÷úÉ��æ��ÉÃæ÷(?æ<jÀ�æ�++Y æ æ
��æ�µÃÃm�9~æý?æ�Éàµ�?VæÉ�æ©µÌãú�(ú�²æÃm÷?�úmãæ�É�æú�Vµ�÷�úmãæmµVú?�à?�æú�æ÷(?æ©m�÷æÃÉ�÷(æ
m�Væ ÷(?æ©?�à?�÷m²?æÉ�æ àÉµ��?�æ �µú÷?Væ �É�æ ú�Vµ�÷�úmãæ ?Vµàm÷úÉ�æ (m�æ²�Éý�æ ��ÉÃæ ã?��æ ÷(m�æ
+ æm÷æ÷(?æÌ?²ú��ú�²æÉ�æ�++pæm�Væ�p æm÷æ÷(?æ?�VæÉ�æ�++pæ÷Éæ + æm÷æ÷(?æ?�VæÉ�æ�++ æm�Væ
BB æú�æ6É�?ÃÌ?�æ�++Y ææ
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pæ <�mãµm÷úÉ�æÉ�æ%<Sj<æ
S�æVú�àµ��?Væú�æ÷(?æ©�?�úÉµ�æV?ãú�?�mÌã?æ B~æ÷(?æV?�?ãÉ©Ã?�÷æÉ�æ%<Sj<æ(m�æ�?mà(?Væ
mæ �÷m²?æ É�æ Ãm÷µ�ú÷9æ ý(?�?æ ú÷æ �? µú�?�æ �ÉÃ?æ �É�Ãmãæ ?�mãµm÷úÉ�æ É�æ ú÷�æ µmãú÷9æ m�Væ
?��?à÷ú�?�?�� æÀ(ú�æ?�mãµm÷úÉ�æ�??V�æ÷ÉæÌ?æàm��ú?VæÉµ÷ æÉ�æ�m�úÉµ�æVúÃ?��úÉ���ææ

�æ É?�æ÷(?æ?îú�÷?�à?æÉ�æ%<Sj<æ�µã�úããæmæ�??V?Væ�Éã? ææ
�æ ��æ÷(?æ�µmãú÷9æÉ�æÃm÷?�úmãæú�æ%<Sj<æÉ�æmæ�µú÷mÌã?æ�÷m�Vm�V ææ
�æ ��æ÷(?�?æ�µ��úàú?�÷æÃm÷?�úmãæú�æ%<Sj<æ÷ÉæÃm�?æú÷æýÉ�÷(ý(úã? ææ
�æ S�?æ÷(?æÃ?à(m�ú�Ã�æ�É�æ�ú�Vú�²æú��É�Ãm÷úÉ�æýú÷(ú�æ%<Sj<æmV? µm÷? ææ
�æ S�?æ÷(?�?æÃ?à(m�ú�Ã�æ�É�æ©�É�úVú�²æÃm÷?�úmãæú�æ%<Sj<æmV? µm÷? ææ
�æ ��æ÷(?æµ�mÌúãú÷9æÉ�æ%<Sj<æmàà?©÷mÌã? ææ
æ

×?æ (m�?æ ÷(?�?�É�?æ àm��ú?Væ Éµ÷æ mæ ÷ýÉ ©m�÷æ ?�mãµm÷úÉ�æ ú�æ �++ �æ �ú��÷~æ ú�æ ÷(?æ �É�Ãæ É�æ mæ
µ?�÷úÉ��mú�?æ�?�÷æ÷Éæmããæµ�?��æÉ�æ%<Sj<~æm�Væm�æm�mã9�ú�æÉ�æ÷(?ú�æ�?�©É��?� æm�Væ�?àÉ�V~æ
mæ÷m�� Ìm�?Væ�÷µV9æàÉÃ©ã?÷?VæÌ9æ�?ã?à÷?Væ�Éãµ�÷??�� æS�æmæ�ÉããÉý µ©æ÷Éæ÷(?æ?�mãµm÷úÉ�æ ú�æ
÷(?æ ãm�÷æ �?��úÉ�æ É�æ ÷(ú�æ �?©É�÷~æ ý?æ (m�?æ ©�?©m�?Væ ú�æ �++Yæ mæ �Éµ��mãæ ©m©?�æ mÌÉµ÷æ ÷(?æ
?�mãµm÷úÉ�~æ ý(úà(æ mã�Éæ ú�àãµV?�æ mæ ÷�m��mà÷úÉ�æ ãÉ² æ �úã?æ m�mã9�ú� æ À(ú�æ �Éµ��mãæ ©m©?�æ (m�æ
Ì??�æmàà?©÷?Væ�É�æ©µÌãúàm÷úÉ�æm�Væ ú�æm�múãmÌã?æú�æ÷(?æm©©?�VúîæÉ�æ÷(ú�æ�?©É�÷ æ�÷æ�µ©?��?V?�æ
÷(?æ É�ú²ú�mãæ �?��úÉ�æ É�æ ÷(?æ ?�mãµm÷úÉ�æ �?©É�÷æ ©�É�úV?Væ ú�æ ÷(?æ ©�?�úÉµ�æ �?��úÉ�æ É�æ ÷(ú�æ
�?©É�÷ æææ

æ µmãú÷9æ µúV?ãú�?�æm�Væ��Éà?Vµ�?�æ
ÀÉæm��µ�?æmæ(ú²(æ µmãú÷9æÉ�æ ÷(?æÃm÷?�úmãæ �÷É�?Væ ú�æ%<Sj<~æmæ�?�ú?ýæ©�Éà?��æ ú�æ �? µú�?V~æ
?�©?àúmãã9æ �ú�à?æ %<Sj<æ ú�æ �ÉýæÃÉ�ú�²æ ÃÉ�?æ ÷Éým�V�æ ÷(?æ ©µÌãúàæ Ýý?æ àÉµãVæ m��µÃ?æ mæ
�?m�É�mÌã?æ V?²�??æ É�æ µmãú÷9æ �É�æ ÷(?æ Ãm÷?�úmãæ ©µÌãú�(?Væ ��ÉÃæ ��Éýã?V²?×?Ìæ æ
%<×<%j<æ©m�÷�?��æµ©æ ÷Éæ�Éý~æÌµ÷æ ÷(ú�æýúããæ �É÷æ�?à?��m�úã9æÌ?æ ÷(?æ àm�?æ ú�æ©?É©ã?æ ��ÉÃæ
Éµ÷�úV?æÌÉ÷(æ©�É�?à÷�æ �÷m�÷æµ©ãÉmVú�²æÃm÷?�úmã� ægÉ�æ ÷(ú�æ �?m�É�~æý?æ(m�?æ �?÷æµ©æmæ ãú�÷æÉ�æ
µmãú÷9æ²µúV?ãú�?�æý(úà(æm�?æ÷ÉæÌ?æ�µã�úãã?VæÌ?�É�?æ÷(?æã?m��ú�²æÃm÷?�úmãæú�æ�ú�mãã9æmàà?©÷?Væ
÷ÉæÌ?æ©µÌãú�(?Væm÷æ%<Sj< æÀ(ú�æ ú�æ�?à?��m�9æ ÷Éæ ?��µ�?æ ÷(m÷æ%<Sj<æàm�æmà(ú?�?æmæ(ú²(æ
�?©µ÷m÷úÉ�æ ú�æ ÷(?æ m�?mæ É�æ ã?m��ú�²æ mÌÉµ÷æ j?Ãm�÷úàæ ×?Ì æ À(?æ µm ãú÷9æ ²µúV?ãú�?�æ ýúããæ
?�Éã�?æÉ�?�æ÷úÃ?~æ�Éæ÷(ú�æ�?à÷úÉ�æÉ�ã9æV?�à�úÌ?�æ÷(?æàµ��?�÷æ�÷m÷?æÉ�æ÷(?æ µmãú÷9æ²µúV?ãú�?� æ
À(?æ µmãú÷9æÉ�æ?mà(æã?m��ú�²æµ�ú÷æú�æ�?ãm÷?Væ÷Éæ÷ýÉæÃm�É�æm�?m��æ÷?à(�úàmãæ�? µú�?Ã?�÷�æm�Væ
�? µú�?Ã?�÷�æ�?²m�Vú�²æ÷(?æàÉ�÷?�÷ æ
BYæ À?à(�úàmãæ%? µú�?Ã?�÷�æ

À(?æ ÷?à(�úàmãæ �? µú�?Ã?�÷�æ V?�ú�?æ mããæ ú��µ?�æ ý(úà(æ m�?æ �É÷æ �?ãm÷?Væ ÷Éæ ÷(?æ àÉ�÷?�÷æ É�æ mæ
ã?m��ú�²æµ�ú÷ æj©?àú�úàmãã9~æ÷(ú�æàÉÃ©�ú�?��æ�BYBYæ 6É����É©�ú?÷m�9ægúã?ægÉ�Ãm÷�æ
ÀÉæ ?��µ�?æ ÷(m÷æ ã?m��ú�²æ µ�ú÷�æ VÉæ �É÷æ V?©?�Væ É�æ �©?àú�úàæ m©©ãúàm÷úÉ��æ ÷Éæ Ì?æ mÌã?æ ÷Éæ µ�?æ
÷(?Ã~æ ÷(?9æ �(ÉµãVæ�É÷æÌ?æ©µÌãú�(?Væ ú�æ©�É©�ú?÷m�9æ�úã?æ �É�Ãm÷� æS�æm�æ?îmÃ©ã?~æ ÷(?æ�?�9æ
©É©µãm�æ �úã?æ �É�Ãm÷�æ�É�æ"úà�É�É�÷æ{��úà?æm©©ãúàm÷úÉ��æm�?æ�?�9æVú��úàµã÷æ÷Éæ�?mVæ�É�æµ�?��æ
��ÉÃæÉ÷(?�æÉ©?�m÷ú�²æ�9�÷?Ã� æ
À(?�?�É�?~æý?æ �? µú�?æ �÷�úà÷ã9æ ÷(m÷æ ã?m��ú�²æµ�ú÷�æÃµ�÷æÌ?æ©�É�úV?Væm÷æ ã?m�÷æ ú�æÉ�?æ�É�
©�É©�ú?÷m�9æ �É�Ãm÷ æ ¬Éý?�?�~æ ý?æ VÉæ ým�÷æ ÷Éæ �??©æ ÷(?æ ©�É©�ú?÷m�9æ Ý�Éµ�à?�æ �É�Ãm÷�æ
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mVVú÷úÉ�mãã9æ m�æÃm�9æ©?É©ã?æýÉ��æýú÷(æ ÷(?Ãæm�Væ �?µ�?æ ÷(?Ãæ �É�æ ÷(?ú�æÉý�æ©µ�©É�?�æ Ýú�æ
÷(?æãúà?�à?æmããÉý�æ÷(ú�� æ
æ
À(?�?�É�?~æ ÷Éæ �µ©©É�÷æ ©�É�úVú�²æ ©�É©�ú?÷m�9æ Ý?Vú÷mÌã?�æ �Éµ�à?æ �úã?�æ ÷É²?÷(?�æ ýú÷(æ �É�
©�É©�ú?÷m�9æ Ý�?mV É�ã9�æ �?��úÉ��~æ ý?æ (m�?æ ú�÷?²�m÷?Væ m�æ mµ÷ÉÃm÷úàæ àÉ��?��úÉ�æ ÷ÉÉãæ ú�÷Éæ
%<Sj<æÝôú�ÌÉî�� æ ��æ ÷(?æ ã?m��ú�²æ�?�Éµ�à?æ©�É�úV?�æµ©ãÉmV�æ ÷(?ú�æÃm÷?�úmãæ ú�æÉ�?æÉ�æ ÷(?æ
{��úà?æ �úã?æ �É�Ãm÷�~æ ÷(?9æýúããæ Ì?æmµ÷ÉÃm÷úàmãã9æ àÉ��?�÷?Væ ú�÷Éæmæ� gæ�úã?æm�Væmæ�?ã?à÷úÉ�æ
Ì?÷ý??�æÌÉ÷(æú�æ©�?�?�÷?Væ÷Éæ%<Sj<æµ�?��~æý(Éæým�÷æ÷Éæmàà?��æ÷(?æã?m��ú�²æ�?�Éµ�à? æ�BYB�æ P©ãÉmVú�²æ"m÷?�úmãæ��Bæôú��ú�²æ
Mm�úàmãã9~æ?mà(æã?m��ú�²æÃm÷?�úmãæ©�É�úV?�æ(m�æ÷(?æà(Éúà?æ÷Éæ?ú÷(?�æµ©ãÉmVæ÷(?ú�æÃm÷?�úmãæ÷Éæ
÷(?æ%<Sj<æ�?��?�æÉ�æ÷Éæ©�É�úV?æmæP%ôæ÷Éæý(?�?æ÷(?æã?m��ú�²æÃm÷?�úmãæú�æãÉàm÷?V æ
��É�úVú�²æ mæ ãú��æ Ìm�úàmãã9æ (m�æ ÷(?æ ©É÷?�÷úmãæ mV�m�÷m²?æ ÷(m÷æ µ©Vm÷?�æ m�?æ m�múãmÌã?æ
ú��÷m�÷m�?Éµ�ã9æm�Væmµ÷ÉÃm÷úàmãã9 æ¬Éý?�?�~æ ú÷æàm��ú?�æ ÷(?æ�ú��æ ÷(m÷æ÷(?æÃm÷?�úmãæýúããæ �É÷æ
Ì?æm�múãmÌã?æm÷æmãã~æ�É�æ?îmÃ©ã?~æm�÷?�æmæ�? É�²m�údm÷úÉ�æÉ�æ÷(?æý?Ìæ�?��?�æÉ�æú�æ÷(?æ©�É�úV?�æ
à(m�²?�æ ú��÷ú÷µ÷úÉ� ægµ�÷(?�ÃÉ�?~æ ú÷æ ú�æ �É÷æ©É��úÌã?æ ÷Éæ mµ÷ÉÃm÷úàmãã9æ àÉ��?�÷æ©� É©�ú?÷m�9æ
�úã?æ �É�Ãm÷�æ Ým�æÃ?�÷úÉ�?Væ ú�æ ÷(?æ �?à÷úÉ�æmÌÉ�?� æÀ(?�?�É�?~æý?æ �? µú�?æ ÷(m÷æÃm÷?�úmãæ ú�æ
µ©ãÉmV?Væú��÷?mVæÉ�æ©�É�úVú�²æmæP%ôæÉ�ã9~æµ�ã?��æ÷(?æÃm÷?�úmãæú�æú÷�?ã�æú�æ¬À"ô æ�BYB+æ "?÷mVm÷mæ
ÀÉæ úÃ©ã?Ã?�÷æ mæ �?m�É�mÌã?æ �?m�à(æ �?��úà?æ É�æ %<Sj<~æ ú÷æ ú�æ ?��?�÷úmãæ ÷(m÷æ mæ �µ��úàú?�÷æ
�µÃÌ?�æÉ�æÃ?÷mVm÷mæ�ú?ãV�æ ú�æ�©?àú�ú?Væ�É�æ?mà(æ�?�Éµ�à? æÀ(?æÃmú�æ©m�÷æÉ�æ�?�ú�9ú�²æ÷(ú�æ
Ã?÷mVm÷mæú�æmã�?mV9æVÉ�?æÌ9æ÷(?æ�9�÷?Ã æ{�æ÷(?æÉ�?æ(m�V~æ÷(?æ%<Sj<æàm÷mãÉ²µ?æ©�É�úV?�æ
mæàãm��ú�úàm÷úÉ�æ ú�÷Éæ÷(?æÃÉ�÷æ©É©µãm�æj?Ãm�÷úàæ×?ÌæÀÉ©úà�~æÉ�æ÷(?æÉ÷(?�æ(m�Væ ÷(?æÃÉ�÷æ
úÃ©É�÷m�÷æmVVú÷úÉ�mãæÃ?÷mVm÷mæ�ú?ãV�æm©m�÷æ ��ÉÃæ÷(?æàãm��ú�úàm÷úÉ�æm�?æ Ãm�Vm÷É�9 æ ú�æ ÷(?æ
�?��?æ÷(m÷æ÷(?æ�9�÷?Ãæýúããæ�É÷æmããÉýæ÷(?æµ�?�æ÷ÉæàÉÃ©ã?÷?æ÷(?æµ©ãÉmVæÉ�æ÷(?æÃm÷?�úmãæµ�÷úãæ
÷(?æÃm�Vm÷É�9æÃ?÷mVm÷mæ�ú?ãV�æm�?æ�©?àú�ú?V æ¬Éý?�?�~æ ú�æ÷(?æÃ?÷mVm÷mæú�æ÷ÉæÌ?æV?�à�úÌ?Væ
ú�æ ��??æ ÷?î÷~æ ©?É©ã?æ Ãú²(÷æ �úããæ ú�æ ý�É�²æ �mãµ?�æ �µà(æ ÷(m÷æ mæ Ãm�µmãæ ©É�÷ àÉ�÷�Éãæ É�æ ÷(?æ
Ã?÷mVm÷mæ�ú?ãVæú�æ�?à?��m�9 æ�BYB�æ gúã?ægÉ�Ãm÷�æ
S�æÃ?�÷úÉ�?VæmÌÉ�?~æ ã?m��ú�²æÉÌ�?à÷�æ÷(m÷æm�?æ©�É�úV?Væ ú�æm�æ?Vú÷mÌã?æ�É�Ãm÷æÝ÷(?æ�Éµ�à?æ
àÉV?�æm�?æ(ú²(ã9æ�mãµmÌã?æ�É�æ©?��É��æý(Éæm�?æ÷?mà(?��æ÷(?Ã�?ã�?� æjµà(æ?Vú ÷mÌã?æ�É�Ãm÷�æ
Ãm9æ mã�Éæ Ì?æ �mãµmÌã?æ �É�æ <Sj<~æ �É�æ ?îmÃ©ã?~æ ú�æ ÷(?9æ m�?æ É�ã9æ m�mú ãmÌã?æ ÷Éæ <Sj<æ
Ã?ÃÌ?��~æ²?�?�m÷ú�²æmæ(ú²(?�æ ú�÷?�?�÷æ �É�æ<Sj<æ ú�æ ÷(ú�æým9 æ¬Éý?�?�~æý?æVÉæ�É÷æ �É�à?æ
©�É�úV?��æ ÷Éæ µ©ãÉmVæ ÷(?ú�æ Ãm÷?�úmãæ ú�æ mæ �Éµ�à?æ �É�Ãm÷æ m�æ ÷(ú�æ Ãú²(÷æ ©�?�?�÷æ ÷ÉÉæ Ãm�9æ
©?É©ã?æ÷Éæµ�?æ%<Sj<æm÷æmããæ÷Éæ©�É�úV?æ÷(?ú�æã?m��ú�²æµ�ú÷� æ�BYBpæ "ÉVµãm�údm÷úÉ�æ
À(?æ µ÷úãú÷9æ É�æ mæ ã?m��ú�²æ �?�Éµ�à?æ mã�Éæ V?©?�V�æ É�æ ú÷�æ �úd? æ {�?��úd?Væ �?�Éµ�à?�æ m�?æ
Vú��úàµã÷æ ÷Éæ µ�?æ �É�æ mæ ©É÷?�÷úmãã9æ ú�÷?�?�÷?Væ ã?m��?�æ m�Væ ÷(?9æ m�?æ Vú��úàµã÷æ ÷Éæ àãm��ú�9æ
mààÉ�Vú�²æ ÷Éæ ÷(?æ %<Sj<æ àm÷mãÉ²µ? æ gÉ�æ ?îmÃ©ã?~æ ú�æ �ÉÃ?É�?æ µ©ãÉmV�æ mæ ã?à÷µ�?æ É�æ
j?Ãm�÷úàæ×?ÌæàÉ�?�ú�²æmæ ÃÉ�÷( àÉµ��?æm÷æµ�ú�?��ú÷9~æmããæ÷É©úà�æàm�æÌ?æm��Éàúm÷?Væýú÷(æ
÷(ú�æ àÉµ��? æ ÀÉæ m�ÉúVæ ÷(ú�æ ©�ÉÌã?Ãæ É�æ ÷ÉÉ àÉÃÃÉ�æ ã?m��ú�²æ Ãm÷?�úmã�~æ ý?æ �? µú�?æ ÷(m÷æ
ææææææææææææææææææææææææææææææ ææææææææææææææææææ�æ æ(÷÷©���ýýý�ãú�ÌÉî�àÉÃ�?��àÉ��?�÷?�æ
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�µà(æÃm÷?�úmãæú�æ÷ÉæÌ?æÌ�É�?�æú�÷Éæ�?�?�mãæ�µÌµ�ú÷�æÌ?�É�?æú÷æú�æ©µÌãú�(?Væú�æ%<Sj< æS�æmæ
�µã?æÉ�æ ÷(µÃÌ~æÃm÷?�úmãæ ÷(m÷æ àÉ�?��æÃÉ�?æ ÷(m�æ �æ(Éµ��æ ú�æ àÉ��úV?�?Væ ÷ÉæÌ?æ ÷ÉÉæ ãÉ�²æ ÷Éæ
àÉ��÷ú÷µ÷?æmæ�ú�²ã?æ ã?m��ú�²æµ�ú÷æ ú�æ%<Sj<~æÌµ÷æ÷(ú�æ(m�æ ÷ÉæÌ?æV?àúV?VæÉ�æmæàm�? Ì9 àm�?æ
Ìm�ú�æýú÷(ú�æ÷(?æ µmãú÷9æÃm�m²?Ã?�÷æ©�Éà?��æm�æV?�à�úÌ?VæÌ?ãÉý æ æ�BYB�æ�µ?�÷úÉ��mú�?æ
ÀÉæÌ?æmÌã?æ÷Éæ²?÷æ�??VÌmà�æ��ÉÃæµ�?��æÉ�æã?m��ú�²æ�?�Éµ�à?�~æ%<Sj<æmããÉý�æ?mà(æ©�É�úV?�æ
÷Éæ m÷÷mà(æ mæ µ?�÷úÉ��mú�?æ ÷Éæ ?mà(æ ã?m��ú�²æ µ�ú÷ æ ¬Éý?�?�~æ ?mà(æ ©�É�úV?�æ (m�æ ÷Éæ
ú�Vú�úVµmãã9æV?àúV?æý(?÷(?�æ(?�æÃm÷?�úmãæú�æm��Éàúm÷?Væýú÷(æmæ µ?�÷úÉ��mú�?æÉ�æ�É÷ æ×?æm�?æ
àµ��?�÷ã9æ �É÷æ V?Ãm�Vú�²æ ÷(m÷æ ÷(?9æ VÉæ ÷(ú�æ m�æ ÷(?æ µ?�÷úÉ��mú�?æ �µ©©É�÷æ É�æ %<Sj<æ ú�æ
ú�àÉÃ©ã?÷? æ ¬Éý?�?�~æ ý?æ Ãú²(÷æ à(m�²?æ ÷(ú�æ ú�æ ÷(?æ �µ÷µ�?æ ÷Éæ ²?÷æ ÃÉ�?æ �??VÌmà�æ ��ÉÃæ
%<Sj<æµ�?�� æ
B�æ 6É� À?à(�úàmãæ%? µú�?Ã?�÷�æ

À(?æ �É� ÷?à(�úàmãæ �? µú�?Ã?�÷�æ m�?æ Ãmú�ã9æ �?ãm÷?Væ ÷Éæ ÷(?æ àÉ�÷?�÷æ É�æ ?mà(æ ã?m��ú�²æ
�?�Éµ�à? æ×?æÌm�úàmãã9æ(m�?æ÷Éæ�?�ú�9æ÷ýÉæú��µ?��æ

Éæ %?ãm÷úÉ�æ÷Éæ÷(?æj?Ãm�÷úàæ×?Ìæ
Éæ µmãú÷9æÉ�æ÷(?æmà÷µmãæàÉ�÷?�÷ æ

À(?æ �ú��÷æ �? µú�?Ã?�÷æ ú�æ �?à?��m�9æ ÷Éæ ?��µ�?æ ÷(m÷æ %<Sj<æ �??©�æ ú÷�æ �Éàµ�æ É�æ j?Ãm�÷úàæ
×?Ìæ÷É©úà�æm�Væ÷(?æ�?à?��m�9æÌm�úà�æ÷Éæµ�V?��÷m�Væ÷(?æj?Ãm�÷úàæ×?Ì æS�æm�æ?îmÃ©ã?~æý?æ
m�?æ mããÉýú�²æÃm÷?�úmãæ m�Éµ�Væ ÷(?æ ÷É©úà�æ "ô æ Ým�æ% gæ ú�æÉ�÷?�æ?î©�?��?Væ ú�æ ú÷�æ "ôæ
�m�úm�÷�~æÌµ÷æmæ²?�?�mãæ÷µ÷É�úmãæmÌÉµ÷æ ¬À"ô æÉ�æ àÉÃ©µ÷?�æ�?÷ýÉ��� æú�æÉµ÷ É� �Éàµ� æ
B+æ µmãú÷9æ"m�m²?Ã?�÷æ��Éà?Vµ�?�æ
µmãú÷9æÃm�m²?Ã?�÷æú�æ%<Sj<æú�æú�÷?�V?Væ÷Éæ?��µ�?æ÷(m÷æmããæ©µÌãú�(?Væã?m��ú�²æµ�ú÷�æm�?æ

ú�æ mààÉ�Vm�à?æ ýú÷(æ ÷(?æ mÌÉ�?æ ãú�÷?Væ �? µú�?Ã?�÷� æ ×?æ àm�æ Vú�÷ú�²µú�(æ Ì?÷ý??�æ
mµ÷ÉÃm÷úàmãã9æàÉ�÷�Éãã?Væ�? µú�?Ã?�÷�æm�Væ÷(É�?æ÷(m÷æ(m�?æ÷ÉæÌ?æ�?�ú�ú?VæÃm�µmãã9 æ�B+BYæ �É�÷�Éããú�²æ%?�µú�?Ã?�÷�æSµ÷ÉÃm÷úàmãã9æ
À(?æ�µã�úãÃ?�÷æÉ�æ÷(?æ÷?à(�úàmãæ�? µú�?Ã?�÷�æú�æm�æÉ�÷?�æm�æ©É��úÌã?æ?��µ�?Væmµ÷ÉÃm÷ úàmãã9 æ
gÉ�æ ?îmÃ©ã?~æ ÷(?æ ÃÉ�÷æ úÃ©É�÷m�÷æ Ã?÷mVm÷mæ �ú?ãV�æ V?�à�úÌú�²æ ÷(?æ ã?m��ú�²æ µ�ú÷�æ m�?æ
Ãm�Vm÷É�9æ�µà(æ ÷(m÷æ%<Sj<æýúããæ�É÷æmàà?©÷æmæ�?ýæã?m��ú�²æµ�ú÷æýú÷(Éµ÷æ÷(?�?æÃ?÷mVm÷mæ
�ú?ãV�æÌ?ú�²æ�úãã?Væú� ægµ�÷(?�ÃÉ�?~æý?æúÃ©ã?Ã?�÷?Væm�æmµ÷ÉÃm÷?VæàÉ��?��úÉ�æÉ�æ÷(?æÃÉ�÷æ
©É©µãm�æ ©�É©�ú?÷m�9æ �É�Ãm÷�æ Ý"úà�É�É�÷æ {��úà?�æ ú�÷Éæ ÷(?æ � gæ �É�Ãm÷æ µ�ú�²æ ÷(?æ ôú�ÌÉîæ
÷?à(�ÉãÉ²9æÝ(÷÷©� ýýý ãú�ÌÉî àÉÃ àÉ��?�÷?�� æ�B+B�æ �É�÷�Éããú�²æ%?�µú�?Ã?�÷�æ"m�µmãã9æ
À(ú�æ Ãm�µmãæ µmãú÷9æ Ãm�m²?Ã?�÷æ ©�Éà?��æ (m�æ ÷Éæ Ì?æ ?��?à÷ú�?æ m�Væ ?��úàú?�÷ æ À(?�?�É�?~æ
%<Sj<æ ú�æ �? µú�?Væ ÷Éæ�µ©©É�÷æ÷(ú�æ©�Éà?��~æý(úà(æ ú�æmã�?mV9æ©m�÷ã9æm�múãmÌã? æ<mà(æ ÷úÃ?æ
m�æmµ÷(É�æ©µÌãú�(?�æ mæ �?ýæ ã?m��ú�²æµ�ú÷æ æ µ©Vm ÷?�æ m�æ?îú�÷ú�²æÉ�?~æ ÷(?æ mVÃú�ú�÷� m÷É�æÉ�æ
%<Sj<æ(m�æ÷Éæm©©�É�?æ÷(?æà(m�²?� æ��æ÷(ú�æÃm��?�~æý?æàm�æm�ÉúVæ÷(?æ©µÌãúà m÷úÉ�æÉ�æãÉý
µmãú÷9æ Ãm÷?�úmã~æ ý(úà(æ ú�æ �É÷æ �?ãm÷?Væ ÷Éæ %<Sj<æ m÷æ mãã æ À(ú�æ ú�æ mæ �µ�÷mú �mÌã?æ m©©�Émà(æ
�?²m�Vú�²æ÷(?æ�µÃÌ?�æÉ�æã?m��ú�²æµ�ú÷�æm�Væ÷(?æ?î©?à÷?VæãÉýæ��? µ?�à9æÉ�æµ©Vm÷?�æÝý(úà(æ
ú�æVú��?�?�÷æ��ÉÃæÉ÷(?�æãm�²? �àmã?æm©©�Émà(?�~æ�µà(æm�æýú�ú©?Vúm~æm�æ%<Sj<æú�æÉ�ã9æmÌÉµ÷æ
mæãúÃú÷?Væ÷É©úà� æ
æ
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ÀÉæ ?��µ�?æ ÷(m÷æ ÷(?æ µmãú÷9æ É�æ ÷(?æ àÉ�÷?�÷æÉ�æ mããæ j?Ãm�÷úà ×?Ìæ �?ãm÷?Væ ã?m��ú�²æ µ�ú÷�æ ú�æ
(ú²(~æý?æ?��ú�úÉ�æ÷(?æ�ÉããÉýú�²æ©�Éà?���æ
æ

æ À(?æ%<Sj<æmVÃú�ú�÷�m÷É�æÝàµ��?�÷ã9æ¯Æ�²æ ú?V?�úà(~æô j�æ�?�ú�ú?�æ÷(?æ�?Ãmú�ú�²æ
÷?à(�úàmãæ�? µú�?Ã?�÷�æÝ÷(É�?æ÷(m÷æàm��É÷æÌ?æ�mãúVm÷?Væmµ÷ÉÃm÷úàmãã9~æÉ�æÉ�ã9ææýú÷(æ
Vú��úàµã÷9� æ

� æ ¬?æmã�Éæm��?��?�æ÷(?æàÉ�÷?�÷æÉ�æ?mà(æ ã?m��ú�²æµ�ú÷ æ÷Éæ�úã÷?�æÉµ÷æ÷(?æ�É� ÌÉ�V?�ãú�?æ
àm�?� æ À(?�?æ ú�àãµV?~æ É�æ ÷(?æ É�?æ (m�V~æ ã?m��ú�²æ µ�ú÷�æ ��ÉÃæ ��Éý ã?V²?×?Ìæ
©m�÷�?��æ É�æ àÉÉ©?�m÷ú�²æ 6É<�~æ ý(úà(æ (m�?æ mæ �?�9æ (ú²(æ ©�ÉÌmÌúãú÷9æ É�æ Ì?ú�²æ
?îà?ãã?�÷æ m�Væ àm�æ ÷(µ�æ Ì?æ m��µÃ?Væ ÷Éæ Ãm÷à(æ ÷(?æ àÉ�÷?�÷æ �? µú�?Ã?�÷� æ {�æ ÷(?æ
É÷(?�æ(m�V~æ÷(?æmVÃú�ú�÷�m÷É�æàm�æmã�Éæ?m�úã9æ�úã÷?�æÉµ÷æ �©mÃÃ?�� ~æý(Éæ÷�9æ÷Éæµ�?æ
÷(?æ ©ãm÷�É�Ãæ �É�æ ?îà(m�²ú�²æ Ãm÷?�úmãæ àÉÃ©ã?÷?ã9æ µ��?ãm÷?Væ ÷Éæ j?Ãm�÷úàæ ×?Ìæ
÷É©úà� æ

æ gÉ�æ ÌÉ�V?�ãú�?æ àm�?�~æ ý?æ (m�?æ ú��÷mãã?Væ m�æ ?Vú÷É�úmãæ ÌÉm�Væ ÷(m÷æ ýúããæ �?�ú?ýæ ÷(?æ
�?Ãmú�ú�²æ µ�ú÷�æ �É�æ ÷(?ú�æ �µú÷mÌúãú÷9æ ÷Éæ %<Sj<æ ú�æ mààÉ�Vm�à?æ ýú÷(æ ÷(?æ µmãú÷9æ
²µúV?ãú�?� æÀ(?æàµ��?�÷æÃ?ÃÌ?��æÉ�æ÷(?æ?Vú÷É�úmãæÌÉm�Væm�?�æ

�æ ¬Éã²?�æ×mà(?~æÚPæÝ��Éýã?V²?æ�?©�?�?�÷m÷úÉ�æm�Væ�?m�É�ú�²�æÉ�÷ÉãÉ²ú?�~æ
�?©�?�?�÷m÷úÉ�æãm�²µm²?�~æ�?m�É�ú�²æ÷?à(�ú µ?�� æ

�æ úm�mæ"m9�m�V~æPjg æÝ(µÃm�æãm�²µm²?æ÷?à(�ÉãÉ²9�æ
�æ ñÉ��æ jµ�?~æ P�S%ôæ ÝÉ�÷ÉãÉ²9æ ?�²ú�??�ú�²~æ É�÷ÉãÉ²9æ Ãm�m²?Ã?�÷~æ

�?Ãm�÷úàæý?Ìæú���m�÷�µà÷µ�?�æ
�æ ô9�VÉ�æ 6úîÉ�~æ gPM?�ãú�æ ÝÃm÷?�úmã�æ �É�æ Ìµ�ú�?��æ ©�É�?��úÉ�mã�~æ

Ãµã÷úÃ?Vúm~æj?Ãm�÷úàæ×?Ìæ�?��úà?��æ
�æ j9ã�mú�æ ?(É��~æ�6%�SæÝÌm�úàæý?Ìæú��É�Ãm÷úÉ�æ÷?à(�ÉãÉ²9~æÉ�÷ÉãÉ²ú?�æ�É�æ

÷(?æ j?Ãm�÷úàæ ×?Ì~æ %?�Éµ�à?æ ?�à�ú©÷úÉ�æ g�mÃ?ýÉ��æ Ý% g�æ æ
% gjà(?Ãm~æ? ã?m��ú�²�æ

�æ <��úàÉæg�m�àÉ�ú~ægPMæÝãÉ²úà�~æj?Ãm�÷úàæ×?Ìæãm�²µm²?�� æ
�æ "m�÷ú�æ dÌÉ�~æ {Pæ Ýú�÷?�É©?�mÌúãú÷9æ æ ú�÷?²�m÷úÉ�~æ V9�mÃúà�~æ ÷ÉÉã�~æ

m�à(ú÷?à÷µ�?æÉ�æ ú��É�Ãm÷úÉ�æ�9�÷?Ã�~æ©?��É�mãúdm÷úÉ�æ÷?à(�ú µ?�~æj?Ãm�÷úàæ
×?Ìæ ú���m�÷�µà÷µ�? m�à(ú÷?à÷µ�?~æ �?àµ�ú÷9 ©�ú�mà9 ÷�µ�÷~æ ú��É�Ãm÷úÉ�æ
Ãm�m²?Ã?�÷�æ

�æ ¯É(�æM�?�ãú�~æ6P� æÝj?Ãm�÷úàæ×?Ìæ ú���m�÷�µà÷µ�?~æ�Éàúmãæ�?÷ýÉ���æ ú�æ ÷(?æ
j?Ãm�÷úàæ×?Ì�æ

�æ ñúm��ú�æ�ÉÃ©m÷�úm�ú�~æ�<%À¬æÝÃµã÷úÃ?VúmæÉ�÷ÉãÉ²ú?�~æ�?Ãm�÷úàæm�mã9�ú�æ
m�Væ�?m�É�ú�²æÉ�æÃµã÷úÃ?VúmæàÉ�÷?�÷~æÃµã÷úÃ?Vúmæm�Væj?Ãm�÷úàæ×?Ì�æ

�æ "µ�÷m�mæ ñm��m�~æ ÚPMæ Ý��Éýã?V²?æ ?�²ú�??�ú�²æ æ É�÷ÉãÉ²9æ ?�²ú�??�ú�²~æ
��Éýã?V²?æ �?©�?�?�÷m÷úÉ�æ m�Væ �?m�É�ú�²~æ É�÷ÉãÉ²ú?�æ �É�æ ÷(?æ j?Ãm�÷úàæ
×?Ì~æj?Ãm�÷úàæ×?Ìæ�©?àúmãæ÷É©úà��æ

æ
gú�mãã9~æ �ÉÃ?æ ã?m��ú�²æ µ�ú÷�æ m�?æ ?î©?à÷?Væ ÷Éæ Ì?æ (ú²(ãú²(÷?Væ µ�ú�²æ �ÉÃ?æ �ú�Væ É�æ
��Éýã?V²?×?Ìæ à?�÷ú�úàm÷? ~æ ý(úà(æ àm�æ ?ú÷(?�æ Ì?æ �? µ?�÷?Væ Ì9æ É÷(?�æ Ã?ÃÌ?��æ É�æ
��Éýã?V²?×?Ìæ Ý�É�æ ?îmÃ©ã?~æ ú�æ ÷(?9æ (m�?æ �µàà?���µãã9æµ�?Væ ÷(?æ ã?m��ú�²æµ�ú÷æ �É �æ ÷(?ú�æ
Éý�æàÉµ��?��æÉ�æÌ9æÉ÷(?�æ%<Sj<æµ�?��~æý(Éæàm�æ?î©�?��æ ÷(?ú�æÉ©ú�úÉ�æÉ�æ ÷(?æ ã?m��ú�²æ
µ�ú÷æµ�ú�²æ÷(?æ%<Sj<æ�??VÌmà�æÃ?à(m�ú�Ãæm�Væ�m÷ú�²æ�à(?Ã? æÀ(ú�æ�??VÌmà�æÃ?à( m�ú�Ãæ
ú�æàµ��?�÷ã9~æ(Éý?�?�~æ�É� ©µÌãúàæm�VæÃú²(÷æÌ?æ?î÷?�V?Væ÷ÉæÌ?àÉÃ?æ©µÌãúà æ
æ
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?©?�Vú�²æ É�æ ÷(?æ Vú��?�?�÷æ àÉÃÃµ�ú÷ú?�æ �?©�?�?�÷?Væ ú�æ ��Éýã?V²?×?Ìæ Ý ?�à�ú©÷úÉ�æ
ôÉ²úà�~æ{�÷ÉãÉ²9æ<�²ú�??�ú�²~ �~æý?æmã�Éæ?��ú�úÉ�æ�?àÉÃÃ?�Vm÷úÉ��æ�É�æ�?mVú�²~æý(úà(æ
Ãú²(÷æ Ì?æ Vú��?�?�÷æ V?©?�Vú�²æ É�æ ÷(?æ àÉÃÃµ�ú÷9 æ À(?�?æ �?àÉÃÃ?�Vm÷úÉ��æ Ãú²(÷æ Ì?æ
²?�?�m÷?Væ mµ÷ÉÃm÷úàmãã9æ æ �?Ãú mµ÷ÉÃm÷úàmãã9~æ V?©?�Vú�²æ É�æ ÷(?æ mV�m�à?Væ �?Ãm�÷úàæ
©ãm÷�É�Ãæ �É�æ ã?m��ú�²æ ÝSj�ô�~æý(úà(æýúããæ Ì?æV?�?ãÉ©?Væ ú�æ×� æ ��æmµ÷µÃ�æ�++Y~æ ÷(?æ
j?Ãm�÷úàæ×?Ìæ<Vµàm÷úÉ�æm�Væ{µ÷�?mà(æýÉ��ú�²æ²�Éµ©æ Ýj×<{�æÉ�æ× �æ(m�æ �÷m�÷?Væ ÷Éæ
ýÉ��æ÷Éým�V�æmæ�?÷æÉ�æ j×<{æ�?àÉÃÃ?�V?V æj?Ãm�÷úàæ×?Ìæ÷µ÷É�úmã�~æý(úà(æm�?æ©ãm��?Væ
÷ÉæÌ?æ©µÌãú�(?Væµ�ú�²æ%<Sj< ææ

æ æP�m²?æÉ�æô?m��ú�²æ%?�Éµ�à?�æ
��æ ÷(ú�æ �?à÷úÉ�~æý?æ �?©É�÷æ mÌÉµ÷æ ÷(?æ µ�m²?æ É�æ%<Sj<æ m�Væ ÷(?æ ©�É�úV?Væ �?�Éµ�à?� æÀ(?æ
©�?�?�÷?Væ�µÃÌ?��æm�?æ²m÷(?�?Væ��ÉÃæãÉ²æ�úã?�æÉ�æ÷(?æµ�V?�ã9ú�²æý?Ìæ�?��?�æm�Væ��ÉÃæ÷(?æ
ÌÉÉ�ú�²�æm�Væmàà?��æú��É�Ãm÷úÉ�æÉ�æ÷(?æVm÷mÌm�?~æÉ�æý(úà(æ%<Sj<æú�æÌm�?V æ
BYæ ?�?�mãæP�m²?æÉ�æ÷(?æ%<Sj<æ×?Ìæ�m²?�æ

À(?æµ�m²?æÉ�æ ÷(?æ%<Sj<æý?Ìæ©m²?�æ �ú�à?æ ú÷æý?�÷æÉ�ãú�?æ ú�æ ¯µã9æ�++Bæ ú�æ �(Éý�æ ú�æ ÷(?æ
�ÉããÉýú�²ægú²µ�?æ æÝ÷(?æ�÷m÷ú�÷úà�æý?�?æ÷m�?�æÉ�æ6É� æ�++Yæ��ÉÃæ÷(?æý?Ìæ�?��?�æãÉ²æ�úã?æ
?îàãµVú�²æmàà?��?�æ��ÉÃæ©É©µãm�æý?Ìæ�ÉÌÉ÷�æm�Væmàà?��?�æ��ÉÃæýú÷(ú�æ÷(?æ(É�÷ú�²æVÉÃmú�æ
É�æ%<Sj<��æ
æ
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À(?æ �ú��÷æ ©µÌãúàæ m��Éµ�à?Ã?�÷æ É�æ %<Sj<æ ým�æ ú��µ?Væ ú�æ {à÷ÉÌ?�æ �++B~æ ã?mVú�²æ ÷Éæ m�æ
ú�ú÷úmãæ ú�à�?m�?æ ú�æ ÷(?æ màà?��æ �÷m÷ú�÷úà�~æÌ?àmµ�?æmæ �ú��÷æ �?÷æÉ�æ ã?m��ú�²æ �?�Éµ�à?�æÌ?àmÃ?æ
m�múãmÌã?æú�æ6É�?ÃÌ?�æ�++B æ×(?�?m�æ÷(?æ�µÃÌ?�æÉ�æmàà?��?�æ �?Ãmú�?Væ�÷mÌã?æú�æ÷(?æ�ú��÷æ
(mã�æÉ�æ�++p~æ ú÷æ ú�à�?m�?Væm²mú�æ ú�æ �µÃÃ?�æ�++p~æÃmú�ã9æÌ?àmµ�?æÉ�æ ÷(?æ �µÃÃ?�æ �à(ÉÉãæ
mà÷ú�ú÷ú?�æÉ�æ��Éýã?V²?×?Ìæm�Væ%<×<%j< æ<�©?àúmãã9~æ÷(?æ÷?mà(?��æÉ�æ÷(?æ%<×<%j<æ
�µÃÃ?�æ�à(ÉÉãæý?�?æ�? µú�?Væ÷Éæµ©ãÉmVæ÷(?ú�æÃm÷?�úmãæÌ?�É�?æ÷(?æ�µÃÃ?�æ�à(ÉÉãæ�÷m�÷�æ�Éæ
÷(m÷æ ÷(?æ �÷µV?�÷�æ àÉµãVæ màà?��æ ÷(?Ãæ ��ÉÃæ %<Sj<æ Vú�?à÷ã9 æ gú�mãã9~æ ÷(?æ µ�m²?æ É�æ ÷(?æ
%<Sj<æ ý?Ìæ ©m²?�æ ú�à�?m�?Væ m²mú�æ �÷m�÷ú�²æ ��ÉÃæ {à÷ÉÌ?�æ �++p æ S�æ m�æ ?îmÃ©ã?~æ ÷(?æ
%<Sj<æ ý?Ìæ ©m²?�æ ý?�?æ �ú�ú÷?Væ mÌÉµ÷æ p++æ ÷úÃ?�æ ��ÉÃæ mÌÉµ÷æ +æ µ�ú µ?æ � ú�ú÷É��æ ú�æ
6É�?ÃÌ?�æ�++p~æVÉý�ãÉmVú�²æm�æm©©�ÉîúÃm÷?æmÃÉµ�÷æÉ�æ�++æ"MæÉ�æVm÷m æ<�?�æ ÷(Éµ²(æ
?�©?àúmãã9æ ÷(?æ ú�à�?m�?æ ú�æ ÷(?æ �µÃÌ?�æ É�æ �É� µ�ú µ?æ �ú�ú÷É��æ ým�æ ©m�÷ã9æ àmµ�?Væ Ì9æ ÷(?æ
?�mãµm÷úÉ�æmà÷ú�ú÷ú?�æ ú�æýÉ��æ©mà�m²?æ æ Ý%<Sj<æú�æÉ�?æ�?��úà?æ àÉ��?à÷?Væ ÷ÉæSj�ô ~ææ
ý(úà(æým�æ?�mãµm÷?Væ ú�æ6É�?ÃÌ?�æ�++pæm÷æPjg ~æ{P~æm�VæP�ú�?��ú÷m÷?mæ Sã æ � æ�µdm æ
%ÉÃm�úmæm�æ�?©É�÷?Væ ú�æ p�~æ÷(?æÃmú�æ ú�à�?m�?æàÉµãVæ�É÷æÌ?æm��Éàúm÷?Væýú÷(æmæ�ú�²ã?æ
É�æ �?ýæ ?�?�÷� æS�÷?�æ ÷(?æ mVVú÷úÉ�æ É�æ �?�?�mãæ ã?m��ú�²æ � ?�Éµ�à?�æ ú�æ ÷(?æ ?�Væ É�æ �++p~æ ÷(?æ
²?�?�mãæµ�m²?æÉ�æ%<Sj<æú�à�?m�?Væ�ú²�ú�úàm�÷ã9æm÷æ÷(?æÌ?²ú��ú�²æÉ�æ�++ æýú÷(æ÷(?æµ�µmãæ
V?à�?m�?æ ú�æ ÷(?æ �µÃÃ?� æ À(?æ ©?m�æ ú�æ 6É�?ÃÌ?�æ �++ æ ú�æ m²mú�æ ©m�÷ã9æ àmµ�?Væ Ì9æ ÷(?æ
?�mãµm÷úÉ�æÉ�æ÷(?æ©ãm÷�É�Ã ææ
��æ �++Y~æ ý?æ (mVæ ÷Éæ µ�?æ mæ Vú��?�?�÷æ ãÉ²æ m�mã9dú�²æ ÷ÉÉãæ Ýý?Ìmãúd?��æ Ì?àmµ�?æ É�æ �?�?�mãæ
�?àµ�ú÷9æ �ãmý�æ ú�æ ÷(?æÉãVæ m�mã9d?�æ m�Væm�æ ú��µ��úàú?�÷æ �µ©©É�÷æ �É�æ �úã÷?�ú�²æ �?m�à(æ?�²ú�?æ
÷�m��úàæ m�Væý?Ìæ �©mÃÃ?�� æ×?æ (m�?æ �(Éý�æ ÷(?æ �?�µã÷�æ É�æ ÌÉ÷(æ m�mã9�ú�æ ÷ÉÉã�æ �É�æ �++ æ
�úÃµã÷m�?Éµ�ã9æ �É�æ àÉÃ©m�ú�É�æ �?m�É�� æ S�æmæ �?�µã÷~æ Ýµ�ú µ?�æ�ú�ú÷� æ m�?æ �÷úããæ ú�à�?m�ú�²æ
É�?�mããæm�Væ(m�?æ?îà??V?Væ ÷(?æ +++æ�ú�ú÷�æ©?�æÃÉ�÷(æ�ú�à?æ�µÃÃ?�æ�++Y~æý(úà(æ ú�æmã�Éæ
÷�µ?æ �É�æ ÷(?æ �ú÷?� æÃ?m�µ�?~æý(úà(æÃ?m��æ ÷(m÷æ%<Sj<æµ�?��æ m�?æ àµ��?�÷ã9æ �©�?mVæ É�?�æ
Vú��?�?�÷æ ú��÷ú÷µ÷úÉ�� ægµ�÷(?�ÃÉ�?~æ ÷(?æ àÉ��µÃ?VæÌm�VýúV÷(æ (m�æ ú�à�?m�?Væ �ú²�ú�úàm�÷ã9æ
Ì?àmµ�?æ É�æ %<Sj<æ µ�?��æ màà?��ú�²æ ÷(?æ �úV?Éæ �?àÉ�Vú�²�æ ��ÉÃæ ÷(?æ ��Éýã?V²?×?Ìæ
�µÃÃ?�æ �à(ÉÉã� æ P��É�÷µ�m÷?ã9~æ ÷(?æ �?ýæ ý?Ìæ ãÉ²æm�mã9dú�²æ ÷ÉÉãæVÉ?�æÉ�ã9æ©�É�úV?æ ÷(?æ
�É÷úÉ�æÉ�æ µ�ú µ? æ�ú�ú÷�æÝ÷(?æãú²(÷æÌãµ?æàµ��?�æm�VæVÉ?�æ�É÷æmããÉýæ�µV²ú�²æ�?©?m÷?Væ�ú�ú÷�æ
m�9ÃÉ�? æ¬Éý?�?�~æmæÃm�µmãæm�mã9�ú�æ �É�æ÷(?æ?�mãµm÷úÉ�æÉ�æ%<Sj<æú�æ÷(?æ �Éµ��mãæ©m©?�æ
Ý�??æm©©?�Vúî�æ(m�æ�(Éý�æ÷(m÷ æµ�?��æ�?÷µ��æÉ�æm�?�m²?æmÌÉµ÷æ�æ÷úÃ?�æÝÃ?m�µ�?Væ �É�æÌÉ÷(æ
�ú�ú÷É��æ��ÉÃæý?Ìæ�?��úÉ��æm�æý?ããæm�æãÉ² ú��æ��ÉÃæ�?²ú�÷?�?Væµ�?��� æ
"É�?æ V?÷múã�æ m�?æ Vú�àµ��?Væ ú�æ ÷(?æ �ÉããÉýú�²æ �?à÷úÉ��æ mÌÉµ÷æ �?²ú�÷?�?Væ µ�?��æ m�Væ
ú��÷ú÷µ÷úÉ��æm�Væ÷(?æmà÷µmãæmàà?��æ©m÷÷?���æÉ�æ÷(?æã?m��ú�²æÃm÷?�úmã æ
B�æ %?²ú�÷�m÷úÉ��æÉ�æ%<Sj<æ

ÀÉæmàà?��æÃÉ�÷æÉ�æ ÷(?æÃm÷?�úmãæÉ�æ%<Sj<~æµ�?��æ(m�?æ ÷Éæ �?²ú�÷?�æ �ú��÷æm�Væ�©?àú�9æÝ�?�9æ
�?ý�æ ú��É�Ãm÷úÉ�æ mÌÉµ÷æ ÷(?ú�æ (É�÷ú�²æ ú��÷ú÷µ÷úÉ�æ Ýú ? ~æ µ�ú�?��ú÷9æ É�æ àÉÃ©m�9æ m�Væ ÷(?ú�æ
àÉµ�÷�9� æÀ(?æ�ÉããÉýú�²ægú²µ�?æBæV?©úà÷�æ÷(?æ�µÃÌ?�æÉ�æ�?²ú�÷?�?Væµ�?��æ æ ú��÷ú÷µ÷úÉ��æÉ�æ
%<Sj< æ
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gú²µ�?æ �æ%?²ú�÷?�?Væµ�?��æm�Væú��÷ú÷µ÷úÉ��æ
À(?æ �ú��÷æ ©µÌãúàæ m��Éµ�à?Ã?�÷æ É�æ %<Sj<æ ú�æ {à÷ÉÌ?�æ æ 6É�?ÃÌ?�æ �++Bæ ã?Væ ÷Éæ ÷(?æ
�?²ú�÷�m÷úÉ�æ É�æ µ�?��æ m�Væ ú��÷ú÷µ÷úÉ��æ ��ÉÃæ��Éýã?V²?×?ÌæÃmú�ã9 æÀ(?æ �?àÉ�Væ ©?m�æ ú�æ
¯µ�?æ�++pæ ú�æÃmú�ã9æàmµ�?VæÌ9æ ÷(?æ �mà÷æ ÷(m÷æ%<Sj<æým�æµ�?Væ ÷ÉæVú�÷�úÌµ÷?æ ÷(?æ ã?m��ú�²æ
Ãm÷?�úmãæ �É�æ ÷(?æ %<×<%j<æ �µÃÃ?�æ �à(ÉÉãæ m�æ Ã?�÷úÉ�?Væ mÌÉ�? æ À(?æ ú�à�?m�?æ ú�æ
6É�?ÃÌ?�æ�++p~æ(Éý?�?�~æú�æ�É÷æVÉÃú�m÷?VæÌ9æ��Éýã?V²?×?ÌæÉ�æ%<×<%j<æmà÷ú�ú÷ú?�~æ
É�ã9æ�æ��ÉÃæ÷(?æ �æmVVú÷úÉ�mãã9æ�?²ú�÷?�?Væú��÷ú÷µ÷úÉ��æý?�?æmà÷µmãã9æVú�?à÷ã9æ�?ãm÷?Væ÷ÉæÉ�?æ
É�æ ÷(?�?æ6É<� æ ��æ�++ ~æ ÷(?æ ú�à�?m�?æ ú�æ ÷(?æ�µÃÌ?�æÉ�æ �?²ú�÷?�?Væ ú��÷ú÷µ÷úÉ��æ àÉ �÷ú�µ?Væ
ýú÷(æmæ�ãú²(÷æú�à�?m�?æú�æ÷(?æ�m÷?æÉ�æà(m�²? æÀ(?æ�µÃÌ?�æÉ�æ�?²ú�÷?�?Væµ�?��æmã�Éæú�à�?m�?Væ
m�VæVÉµÌã?VæàÉÃ©m�?Væýú÷(æ ÷(?æ?�VæÉ�æ�++p æ¬Éý?�?�~æmÌÉµ÷æp+æmVVú÷úÉ�mãã9æ�?²ú�÷?�?Væ
µ�?��æ m�?æ Vµ?æ ÷Éæ ÷(?æ µ�?�æ �÷µV9æ ú�æ6É�?ÃÌ?�æ �++ æ ��æ �++Y~æ ÷(?æ ú�à�?m�?æ ú�æ �?²ú�÷?�?Væ
µ�?��æm�Væú��÷ú÷µ÷úÉ��æàÉ�÷ú�µ?Væ�µ�÷(?�~æm²mú�æýú÷(æmæ�ãú²(÷ã9æú�à�?m�?Væ�m÷?VæÉ�æà(m�²?æm�æ
àÉÃ©m�?Væ÷Éæ�++ ææ
B+æ Sàà?��æ÷Éæ%<Sj<æ%?�Éµ�à?�æ

%<Sj<æ�?�Éµ�à?�æý?�?æmàà?��?Væm�æ�(Éý�æú�æ÷(?æ�ÉããÉýú�² ægú²µ�?æp�æ
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ægú²µ�?æp�æSàà?��æ÷Éæ%<Sj<æ�?�Éµ�à?�æ
ææ

À(?æ ©?m��æ ú�æ {à÷ÉÌ?�æ m�Væ6É�?ÃÌ?�æ �++Bæý?�?æ àmµ�?Væ Ì9æ mæ �?ýæ µ�?��æ ý(Éæ màà?��?Væ
µú÷?æ mæ ãm�²?æ �?÷æ É�æ ã?m��ú�²æ µ�ú÷�~æ ÉÌ�úÉµ�ã9æ ©ãm9ú�²æ m�Éµ�Væ ýú÷(æ ÷(?æ ©ãm÷�É�Ã æ À(ú�æ
ú�àãµV?Væ©?É©ã?æ ��ÉÃæ��Éýã?V²?×?ÌæÉ�æ%<×<%j<~æÌµ÷æ mã�ÉæÉ�?æ©?��É�æ ��ÉÃæÉµ÷�úV?æ
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ÌÉ÷(æ 6É<� æ À(?æ ©?m�æ ú�æ ¯µã9æ �++pæ àÉµãVæ Ì?æ Ì?àmµ�?æ É�æ ÷(?æ ��Éýã?V²?×?Ìæ m�Væ
%<×<%j<æ�µÃÃ?�æ�à(ÉÉã�~æý(úà(æ÷ÉÉ�æ©ãmà?æm÷æ÷(m÷æ÷úÃ? æÀ(?æ©?m�æú�æ6É�?ÃÌ?�æ�++pæ
ú�æ ©m�÷ã9æ ÝmÌÉµ÷æ B+æ ��ÉÃæ ÷(?æ pæ màà?��?��æ àmµ�?Væ Ì9æ ÷(?æ ?�mãµm÷úÉ�æ mà÷ú�ú÷9æ É�æ×� æ
¬Éý?�?�~æ æ màà?��?�æ ý?�?æ ��ÉÃæ µ�?��æ mããæ É�?�æ ÷( ?æýÉ�ãVæ Ý"mãm9�úm~æ ?�Ãm�9~æ PjS~æ
g�m�à?~æ M�mdúã~æ �m�mVm~æ m�Væ �??à?�~æ ý(Éæ ý?�?æ V?�ú�ú÷?ã9æ �É÷æ ú��Éã�?Væ ú�æ
��Éýã?V²?×?ÌæÉ�æ%<×<%j< æSàà?��?�æàÉ�÷ú�µ?VæÉ�æmæÃµà(æ(ú²(?�æÌm�?æã?�?ãæú�æ�++ æ
ýú÷(æ ÷(?æ µ�µmãæ �µÃÃ?�æ Ì�?m� æ ú�æ ¯µ�? Sµ²µ�÷ æ S�æ ú�æ �++p~æ ÷(?æ ©?m�æ ú�æ 6É�?ÃÌ?�æ ú�æ
©m�÷ã9æmæ�?�µã÷æÉ�æ÷(?æµ�?�æ�÷µV9 æ��æ�++Y~æm²mú�æ÷(?æÉ�?�mããæ�µÃÌ?�æÉ�æmàà?��?�æ÷Éæ%<Sj<æ
(m�æú�à�?m�?Væýú÷(æ÷(?æÝm²mú��æµ�µmãæV?à�?m�?æú�æmàà?��?�æVµ�ú�²æ÷(?æ�µÃÃ?� æ æ
B æ "É�÷æ�É©µãm�æ%?�Éµ�à?�æÉ�æ%<Sj<æ

Mm�?VæÉ�æ÷(?æmàà?��æ©m÷÷?��æÌ9æ%<Sj<æµ�?��~æ ÷(?æ�ÉããÉýú�²æã?m��ú�²æµ�ú÷�æm�?æ÷(?æ +æÃÉ�÷æ
©É©µãm�æÉ�?�æÉ�æ%<Sj<æÝm�æÉ�æ{à÷ÉÌ?�æ �÷æ�++Y��æ

æ j?Ãm�÷úàæ×?ÌæÀµ÷É�úmãææÝP�S%ô�æ
� æ j?Ãm�÷úàæ×?Ìæô?à÷µ�?æ æôÉ²úà�æÝô j�æ
æ {�÷ÉãÉ²úàmãæ<�²ú�??�ú�²æÝP�"�æ

B æ {×ôæ æ×?Ìæ{�÷ÉãÉ²9æôm�²µm²?æÝÀPæ×ú?��æ
p æ gµ�VmÃ?�÷mãæ%?�?m�à(æ�(mãã?�²?�æ²?�?�m÷?VæÌ9æ÷(?æj?Ãm�÷úàæ×?ÌæÝÚP�æ
æ j?Ãm�÷úàæ×?Ìæô?à÷µ�?æ æMm�úàæMµúãVú�²æMãÉà��æÝô j�æ

Y æ j?Ãm�÷úàæ×?Ìæô?à÷µ�?æ æ��÷�ÉVµà÷úÉ�æm�Væ{�?��ú?ýæÝô j�æ
æ j?Ãm�÷úàæ×?ÌæP�?æ�m�?�æÝgPM?�ãú��æ
æ Sæ�(É�÷æ÷µ÷É�úmãæÉ�æ÷(?æj?Ãm�÷úàæ×?ÌæÝP�S%ô�æ
+ æ{�÷ÉãÉ²9æ <�²ú�??�ú�²æ M?�÷æ ��mà÷úà?�æ æ MµúãVú�²æ m�Væ m©©ã9ú�²æ ÷(?æ j×%�æ
É�÷ÉãÉ²9æÝP�S%ô�æ

%?�Éµ�à?�æ æm�Væ + æÉ�æ÷(ú�æãú�÷æm�?æmã�Éæ�µú÷?Væ�É�æú�Vµ�÷�úmãæmµVú?�à?� ææ
æ
×(úã?æ m�mã9dú�²æý(9æ ÷(?æ j?Ãm�÷úàæ×?ÌæÀµ÷É�úmã æÌ?àmÃ?æ ÃÉ�÷æ©É©µãm�æý?æ�É÷?Væ ÷(?æ
�ÉããÉýú�²�æ

�æ �÷æ ú�æ ÷(?æÉ�ã9æ<�²ãú�(æÃm÷?�úmãæÉ�æ%<Sj<æ©�É�úVú�²æm�æ ú�÷�ÉVµà÷úÉ�æ ÷Éæj?Ãm�÷úàæ
×?Ìæ�É�æ©?É©ã?æ��ÉÃæú�Vµ�÷�9æ

�æ �÷æ ú�æ É�æ �m��æ æ É�æ ÉÉ²ã?æ �É�æ ÷(?æ �?m�à(æ j?Ãm�÷úàæ ×?Ìæ Àµ÷É�úmãæ ú�Vµ�÷�9 æ
Ý©�ÉÌmÌã9æ Ì?àmµ�?æ ÷(?æ��Éýã?V²?×?Ìæ©É�÷mãæ ú�æÉ�æ �m��æpæ �É�æ ÷(?æ ÉÉ²ã?æ µ?�9æ
j?Ãm�÷úàæ ×?Ìæ ú�Vµ�÷�9 � æ ÌÉ÷(æ �m���æ �mãúVm÷?Væ É�æ �++p � æ ��æ {à÷ÉÌ?�æ
�++Y~æú÷æým�æ�÷úããæÉ�æ�m��æ �æÉ�æ ÉÉ²ã? ææ

{�æ àÉµ��?~æ Ì?àÉÃú�²æ ÷(?æ ÃÉ�÷æ ©É©µãm�æ �?�Éµ�à?æ ú�æ É�ã9æ ©É��úÌã?æ Ì?àmµ�?æ ÷(?æ mÌ�Éãµ÷? æ
�µÃÌ?�æ É�æ ÌÉÉ�ú�²�æ ú�æ %<Sj<æ ú� æ �÷úããæ �É÷æ �?�9æ (ú²(æ ÝmÌÉµ÷æ Y+æ É�?�mããæ �É�æ ÷(?æ ÃÉ�÷æ
©É©µãm�æ�?�Éµ�à?� æ

æ jµ�÷mú�mÌúãú÷9æ
{�?�mãã~æý?æ(m�?æµ�V?�÷m�?�æ�?�?�mãæÃ?m�µ�?�æ÷Éæ?��µ�?æ÷(?æ�µ�÷mú�mÌúãú÷9æÉ�æ÷(?æýÉ��æ
�?ãm÷?Væ÷Éæ%<Sj<�æ

�æ gÉµ�Vm÷úÉ�æÉ�æ<Sj<æý(úà(æýúããæ(É�÷æ%<Sj<æ�÷m�÷ú�²æ��ÉÃæ�++ æ
�æ �µÌãúàm÷úÉ�æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æú�æ÷(?æÉ�÷ÉýÉ�ãVæýú�ú~æmããÉýú�²æm�9É�?æÌ?ú�²æ

ú�÷?�?�÷?Væú�æ÷(?æV?�?ãÉ©Ã?�÷æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æ÷Éæ©m�÷úàú©m÷? æmã�Éæ
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©µÌãúàm÷úÉ�æÉ�æ÷(?æ(ú�÷É�9æÉ�æ÷(?æ÷É©úàæ(ú?�m�à(9æú�æ÷(?æÉ�÷ÉýÉ�ãVæýú�úæ�É�æmæÌ?÷÷?�æ
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REASE, EASE’s repository for Semantic Web learning units, is a unique repository containing a diverse set of learning resources,
ranging from annotated slides to video recordings and from one-hour tutorials to fully-fledged university courses, for both academic
and industrial audiences. It aims to accommodate the heterogeneous requirements of different users trying to learn about the Semantic
Web. This article provides an introductory description of REASE and describes the lessons learnt while creating and designing the
repository, based on a mixed-method evaluation involving actual REASE users, a clean-room evaluation, and usage statistics gained
from a transaction log analysis.
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1 Introduction

In recent years, Semantic Web technologies (Berners-Lee et al. (2001)) have matured significantly and are
increasingly deployed outside the academic domain in industrial settings (Angele and Gesmann (2006)).
As news spreads about these successful early use cases, more and more companies are becoming inter-
ested in such technologies, moving the technology further from early adopters (Benjamins (2006)). For a
successful adoption in specific business domains, well-founded knowledge is required about both Semantic
Web technologies and specific characteristics of the business domain, since experts in both areas are often
not readily available.

To support educating such people in Semantic Web technologies, we have set up the EASE foun-
dation 1 (Diederich et al. (2006)) and an associated repository for learning units (REASE), available
at http://rease.semanticweb.org, in the context of the European projects KnowledgeWeb 2 and REW-
ERSE 3. The main goal is to provide a collection of high-quality learning resources about topics related
to the Semantic Web, which supports both academic and industrial communities in learning about the
Semantic Web. Specifically, REASE has the following main characteristics:

• Its collection of learning resources is unique; many resources are exclusively available on REASE only.

• REASE serves as a central entry point about the Semantic Web, which is especially helpful for users
who do not know what to search for.

• Without the need for user training, REASE supports different types of user interaction (as recommended
by Fuhr et al. (2007), McKay et al. (2004) for Digital Libraries in general) to access the collection through
the following mechanisms:
• Keyword-based search,

∗Corresponding author. Email: diederich@l3s.de

1http://ease.semanticweb.org
2http://knowledgeweb.semanticweb.org
3http://rewerse.net
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• Browsing the resource collection using a catalogue based on the Semantic Web Topic Hierarchy 4

or based on social navigation (Brusilovsky et al. (2005)) (‘users who accessed this resource also ac-
cessed. . . ’) to support serendipity,

• Flexible filtering of result lists allowing users to browse the set of available resources according to
several facets best suited for their context (Fuhr et al. (2007), Borgman (2002a)),

• Ranking of resources based on popularity in terms of downloads (such information would be scattered
around in different web server log files without a central repository).

The main contribution of this article is two-fold. After a short description of related work in Section 2,
Section 3 presents a brief introduction to REASE, which is based on well-known principles in the area
of pedagogics and accessibility, and describes its user interface. Second, we evaluate REASE, focusing in
particular on the user interface, using a mixed-method approach along three dimensions: (a) using feedback
from actual users gained from a questionnaire; (b) using REASE in a clean-room user study; and finally
(c) evaluating the transaction log files from our web server running REASE. The main findings are:

• REASE, i.e. the resources it provides, appears to be useful for its users in general,

• The user interface of REASE in general has a high usability,

• It is useful to have both keyword-based search and facilities for navigating the set of available resources,
but ease of searching and navigation has to be achieved simultaneously,

• The value of the flexible filtering remains unclear,

• Accidental resource discovery is highly valuable,

• Ranking of resources based on popularity is often used.

2 Related Work

While most of the main features of REASE exist in other repositories already (e.g., browsing is available
in all legacy Digital Libraries such as the ACM Digital Library), it is the combination of these features
which makes REASE unique, especially in the domain of Semantic Web education, where there is no such
central portal yet 1. The following paragraphs present the existing repositories most closely related to
REASE.

The EducaNext portal (EducaNext (2007)) is a repository for learning resources, similar to REASE,
and actually building upon the same technology, the Universal Brokerage Platform (Simon (2004), Simon
et al. (2003)). However, EducaNext collects learning resources from any domain and hence does not enable
learning about a specific domain such as the ‘Semantic Web’ by browsing the collection of available
resources. Furthermore, it has not been designed according to well-known accessibility guidelines, it does
not support an easy search and navigation (as revealed by the evaluation of the first version of REASE,
which was based on the EducaNext design), and it provides no support for filtering resources according to
specific target audiences such as people from industry.

The videolectures.net portal (Videolectures (2007)) provides a large collection of about 2000 video record-
ings from courses, tutorials and interviews mainly from the domain of Knowledge Management, which
includes many topics important for the Semantic Web domain. While it also contains a ‘most popular
resource’ notion similar to REASE, it does not rely on a learning-based metadata schema like LOM (IEEE
LOM (2002)) (on which REASE is based) and, moreover, the existing metadata is very incomplete; it
basically contains only metadata about authors and the resource type (tutorial, course, interview,. . . ).
Hence, this portal does not support filtering for specific user groups such as people from industry, and
does not allow browsing the domain along a domain-specific classification system.

Some educational resources about Semantic Web topics are already available on the web (e.g., on the
homepages of university staff teaching about Semantic Web topics) and can be found using web search
engines such as Google. However, especially for novices in the Semantic Web domain, it is not trivial to

4http://ontoworld.org/wiki/Semantic Web Topic Hierarchy
1The SWEO group within W3C (http://www.w3.org/2001/sw/sweo/) is currently working towards such a portal; the authors are in
close contact with the SWEO group.
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Figure 1. Registered users / institutions on REASE

get to know the relevant sub-topics, such as ontology engineering, logics, or knowledge representation, to
be used as query terms. Also, unless one knows the names of relevant authors in the field, it is not possible
to find interesting papers by random browsing through web pages. The REASE catalogue, which allows
the user to navigate through the available set of resources, is based on the Semantic Web Topic Hierarchy,
a classification system created by an expert group. This hierarchy helps in assessing the Semantic Web
domain while searching for learning resources in REASE, which is not possible with existing web search
engines. Furthermore, REASE contains a large set of resources which are not available elsewhere in the
web. It also associates each learning resource with a specific copyright license which makes it easier to
reuse in commercial scenarios, as the copyright situation remains unclear for most educational resources
being published on university pages.

3 REASE: EASE’s Repository for Learning Units about the Semantic Web

Though REASE is not a fully-fledged Digital Library (in particular, it lacks any organisational component
behind it; it is currently run by a single person only), it can be described using the components ‘content’,
‘users’, and ‘system / technology’ according to the conceptual model for Digital Libraries of Fuhr et al.
(2007).

Content. REASE contains a unique collection of currently more than 150 learning resources, such as slide
sets or videos from lectures, tutorials, and keynote speeches from Semantic Web conferences. Over 60 of
these have also been found useful for education of professionals, according to manual inspection by experts.
In addition, REASE disseminates information about some announcements for events, where participants
can learn about Semantic Web topics.

Users. Users of REASE are intended to be a member of the academic, research, or professional community
interested in Semantic Web topics, which is currently a rather small, but dynamically growing community.
Although access to REASE resources is open to anyone in general, it requires users to register in case they
want to upload resources or access certain resources, which the providers have specified to be accessible
only for registered users (about half of all resources).

Figure 1 depicts the number of registered users and institutions on REASE. As of May 2007, there are
430 users from 200 institutions, with about 150 users and 30 institutions coming from the partners being
involved in setting up REASE (June’04 to June’05) and evaluating it (Nov.’05 + Oct./Nov.’06). Hence,
REASE has increasingly attracted interested users during the course of 2006 and 2007, who invested the
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Figure 2. Web server statistics for REASE

time to register themselves and their institution to be able to access all learning resources on REASE.
This is also shown in Fig. 2 where the gap between the single visits and the total number of visits has
increased significantly, indicating that the same users are making many visits.

System. The web application functionality of REASE is provided by the Universal Brokerage Platform
(Simon et al. (2003)), which stores metadata in a database, the learning resources in a distributed storage
connected with web service technology, and uses Java Server Page technology to access and visualise the
data on the REASE web pages.

Our main contribution to the REASE system was related to two parts:

(i) An adapted metadata scheme to better support different target audiences and to improve the search
functionality;

(ii) A completely renewed user interface design.

Both are described in more detail in the following two sections.

3.1 Metadata

Regarding metadata in REASE, we required all providers of resource to specify at least metadata about:

• The resource language

• The title

• A short description of the content (important for search, as we currently cannot search inside the provided
material, which would be feasible for textual documents but rather difficult for uploaded videos).

• The matching categories in the Semantic Web Topic Hierarchy (needed for browsing / navigating)

• The educational material type (tutorial, recorded lecture, presentation,. . . )

• The target audience.

Resource providers can specify additional metadata such as prerequisite knowledge in order to understand
the learning resource, but many providers are not willing to spend much time in annotating their uploaded
resources. Hence, we restricted ourselves to the above minimal set. All resources in REASE also have a
Digital Object Identifier (DOI) automatically assigned by the system.

3.2 User Interface Design

Designing the user interface of REASE has been an iterative process involving several stages of evaluation,
whose results directly informed the development of the next stage of design (Marchionini et al. (2003),
Borgman (2002b)). This led to a total of three versions, which have been evaluated in two stages:

(i) Starting from the original EducaNext design, we performed only community-specific adaptations to
address the intended user community of REASE (people interested in learning about the Semantic
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Figure 3. The main page of REASE

Web). Hence, we changed only the content of the web pages and the catalogue to the domain ‘Semantic
Web’. This version went online in August 2005 and formed the basis for the questionnaire-based
evaluation performed in October 2006 (described in Section 4.4).

(ii) Using the outcome of the questionnaire, we developed a second prototype, essentially performing evo-
lutionary changes to the organisation of web pages and the web design, and adding functionality such
as a separate filter for industrial resources. This version was evaluated in a clean-room-style user study,
conducted in November 2006 with about 35 participants (cf. Section 4.5).

(iii) Based on the feedback from the user study, we decided on a radical redesign of the main page, to give
it a more search engine-like structure. This version has been online since February 2007 and is shown
in Fig. 3. We will give some insights about changed user behaviour after the last version has been
published using a transaction-log analysis in Section 4.6.

The REASE design exemplifies the ‘middle ground’ between the two extremes of a purely top-down “build
it and they will come” design policy and a purely bottom-up design policy continuously involving users in
the design process (Marchionini et al. (2003)): We have started using an existing design from a different
web site, adapted it to our target user community and refined it based upon the feedback from our users.

In its current design, REASE’s main web page (cf. Fig. 3) comprises a search box for a full-text search in
the metadata of all learning resources in the centre of the screen. The search can be restricted to industrial
resources only as a special option for users from industrial contexts. Above the search box, five further
web pages are linked, leading to the main functions provided by REASE (i.e., search/advanced search,
browsing the catalogue / most popular resources, accessing uploaded resources (for resource providers),
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Table 1. Extracts from Bloom’s taxonomy and their applicability to REASE

Category Example role in REASE

Explanation finding and recalling deposited learning materials based on a range of criteria
Comprehension interpretation, clustering and classification of recalled knowledge into different sub-sets

Application abstraction and re-use of knowledge in different context (e.g., in the web services of associated e-
learning toolkit)

Analysis formation of inference from patterns in the existing repository content (incl. popularity of resources,
user feedback, etc.)

Synthesis not applicable in the current version of REASE
Judgement/evaluation not applicable in the current version of REASE

and a list of those institutions with registered users in REASE). More information about REASE can
be found using the links in the footer section or in the left-hand menu where information about quality
management and licenses is available.

The following two sections describe the underlying guidelines from pedagogics and web design regarding
accessibility, as both were found to be highly important for successfully creating learning repositories.

3.3 Pedagogical Considerations

REASE is designed to support e-learning, and this focus is reflected in its functionality and evaluation. We
evaluated REASE on general usability and user acceptance, but we also investigated its “fitness for pur-
pose”. For this purpose we based a part of the REASE evaluation on a skills-oriented pedagogic framework
of Bloom. His taxonomy (Bloom (1965)), exemplified by Dzbor et al. (2005), is widely used in learning
theory, and includes affective, psychomotoric and cognitive skills, but in REASE we concentrated only on
the cognitive level. Skills relevant to REASE as a repository open to user exploration are summarised in
Table 1 (see also Dzbor et al. (2005)).

The examples in Table 1 reflect the kinds of skills our learners need to acquire. In the prototype which
was the subject of evaluation in this article, we focused on knowledge recall and comprehension. Given
the pedagogic interest of REASE, the following questions are used to discuss its pedagogic benefits for
learners:

• Does REASE help learners in performing tasks that require a particular prior knowledge, which the
learner may not have acquired yet?

• Does REASE facilitate useful (i.e., not only precise but pedagogically helpful) recall of learning mate-
rials?

To answer the first question, REASE provides access and recall for a range of materials. The recall is
executed efficiently and is contextualised within a small number of “context dimensions” (e.g., preferred
audience or format).

With regard to the second question, REASE provides an access to the repository content; thus, it
facilitates effective recall of the stored knowledge. REASE design supports recall on the ‘macro level’, on
the level of materials, rather than smaller chunks of knowledge or indeed solutions to particular research
problems. Here the main feature affecting REASE’s effectiveness is the nature of learning materials. Much
of the REASE content takes the form of lecture notes, presentations or handouts. These are all context-
dependent resources that rely on someone putting the individual slides into a narrative. Since the narrative
is not captured in REASE, the system only supports recall of materials that are semantically relevant to
the learner’s query. In other words, REASE cannot support recall on the pragmatic level, which leads to a
situation where a resource may be semantically close to keywords, but less fitting for a very specific need
the user had in mind.

REASE combines keyword-based search in metadata and search using the classification hierarchy. The
combination helps learners by not only recalling learning material but also comprehending its position in
the repository, its relationship to other materials. REASE does not directly support Bloom’s levels from
Table 1 beyond recall and basic comprehension. This is a deliberate design decision to keep the feature set
of the core REASE search to an optimum size. The advanced skills, however, can be supported by optional
external components, such as those mentioned for the ASPL application (Dzbor and Motta (2007)).
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Thus, the REASE infrastructure contains features that contribute to supporting users in effectively
carrying out (and possibly acquiring) several types of skills. As can be expected, the higher-level pedagogic
skills are computationally expensive, and as such may reduce general user acceptance; e.g., by introducing
time delays. This concern is addressed in REASE by splitting the core functionality of the infrastructure
from the supportive technologies used by optional extensions (such as the aforementioned ASPL). REASE
focuses on the keyword- and phrase-based recall and features such as the classification hierarchy have an
auxiliary role – e.g., to show how the retrieved materials might be generalised or specialised, or how the
community interprets a particular subject.

3.4 Accessibility of REASE

Accessibility is a crucial but often overlooked factor in the design of good websites, portals and software in
general (Maynard (2005)). Accessibility is not about designing specifically for people with disabilities, but
about making them things both easy to use and useful for everyone, regardless of the method in which they
access it. For example, people accessing the Internet or web-enabled software via different modalities such
as PDA or mobile phone are particularly susceptible to the problems caused by inattention to accessibility
of design.

Furthermore, inaccessible websites are rarely future-proof. Accessibility covers many different issues,
for example: design and appearance (fonts, colours, spacing, layout), use of hypertext, navigation ease,
mystery meat navigation, appropriate use of images, sound and colour, aesthetics, formats for interactive
behaviour (form filling, checkboxes, radio buttons, etc.), alternative modes of use, keyboard shortcuts and
other mouse alternatives, ability to modify the setup, speed of familiarity acquisition, compliance with
existing standards and so on.

Not only does a lack of accessibility limit the potential size of the user group, and actively antagonise
those whom it affects, but it also has many legal implications. Aside from these, there are many other
reasons why designers and content providers should take responsibility for providing accessible material.
First, as already mentioned, they cannot know in advance who will be looking at their site, and via what
medium. Second, good websites should be future-proof, and one of the best mechanisms for ensuring this
(as much as is possible) is to conform to established accessibility guidelines and standards. For example,
just because a website works in Internet Explorer does not mean it conforms to standards, because Internet
Explorer itself does not. Third, a site that is discriminatory (for example, against people using “alternative
browsers” or those who require large fonts), is not good publicity. Finally, an inaccessible website is simply
evidence of bad web design. A truly reflection of web design skills is not about filling pages with animated
graphics, Flash, Shockwave or unusual methods of navigation, it is about a website that everyone can use,
but which is still aesthetic.

In the light of this, we ensured that our first version of REASE fulfilled a set of recommendations based
largely on the W3C guidelines for accessibility 1, but also including some additional aspects devised by
accessibility experts. Some of the main features are given below:

• Fonts and Colours:
Colour combinations have to take into account the requirements for a high contrast. The most accessible
colours to use are combinations of light/dark or dark/light for fonts and background, preferably in
complementary shades (e.g., light blue and dark blue are better than light blue and dark red). For
people with vision problems, no amount of increasing the font size can compensate for unreadable
colour combinations.

• Images:
Images have to be properly labelled and the information they contain should also be accessible by other
means; graphics should be easy to interpret and should be resizable.

• Navigation:
One of the standard accessibility rules is that links should be underlined wherever possible / practical

1http://www.w3.org/WAI/
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(not just on mouseover), and that items which are not links (e.g., headings) should not be underlined.
Not only does it make it more obvious what is a link and what is not, without having to mouse over
an item to discover this, it also provides the user with the ability to distinguish previously visited links
from unvisited links. Links which are identified solely by colour do not provide this, and can also be
problematic for people with vision and colour problems.

• Layout:
One of the most important accessibility issues that is often overlooked is the maintenance of a clear
and simple layout that is consistent across the whole site. Cluttered or complicated pages, along with
changes to the layout on different parts of the site make navigation difficult and cause confusion.

4 Evaluation

As REASE already found quite a number of users in autumn 2006 (about 240 registered users from about
110 institutions), we decided to carry out an evaluation to get insights about the users of REASE and also
feedback from them.

We did not employ a fully-fledged formal evaluation (Reeves et al. (2003)) mainly because of the basically
unknown user information needs (Marchionini et al. (2003), Fuhr et al. (2007)), which are hard to get for
dynamically evolving communities such as the Semantic Web community. In fact, one particular objective
of REASE is to help in moving Semantic Web technology from academia to industry, where it is just starting
to achieve a higher attention. Hence, it was expected that only a few professionals will use REASE initially.

The evaluation reported in this section is aligned with known theoretical frameworks on Digital Library
evaluation (Reeves et al. (2003), Marchionini (2000), Fuhr et al. (2007)), which cover aspects such as the
evaluation objectives (“why and what to evaluate”), the evaluation methodology and methods (“how to
evaluate / measure”), and the result analysis.

4.1 Evaluation Objectives

The purposes of evaluation in general are many-fold (Marchionini et al. (2003)) on a continuum ranging
from evaluation research to product/system testing (Marchionini (2000)); evaluation objectives can range
from very high-level, e.g., to measure the overall impact of a Digital Library (Marchionini (2000)) on its
users’ behaviour, to more procedural objectives, such as the usability of the user interface (McKay et al.
(2004)).

Our evaluation was focused on testing the system aspect of REASE, especially when interacting with
users (the usability of the most important user interface design elements, viz. for searching and browsing).
We also tried to cover other aspects such as getting insights about users (are actual users from the intended
user community?) or about the actual usefulness of the provided content (satisfaction of users).

4.2 Evaluation Methodology and Methods

Evaluation research in general recommends an evaluation methodology based on a mixture of qualitative
and quantitative metrics gained from using several different methods of evaluation. The combination of
methods in so-called mixed-method evaluation designs (as known from social sciences, cf. Greene et al.
(1989)) or multifaceted evaluation (Marchionini et al. (2003)) can serve different purposes. For example,
triangulation can enhance the validity of the evaluation results by comparing the results gained from
different methods or even from evaluations of other (similar) systems.

According to Reeves et al. (2003) evaluation methods are also many-fold and can comprise observation
(e.g., transaction logs), interview (including questionnaires and online forms), document analysis, and
learning analysis. They should especially always integrate statistical data (Marchionini (2000)).

For the evaluation of REASE, we adopted a mixed-method approach including three different methods:

(i) As a first step, we sent a short and rather general questionnaire to all registered users of REASE in
October 2006 focusing mainly on web design and the different search functionalities, but also trying to
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Table 2. Overview on the evaluation
Metric Covered by Results

Usefulness: Users & Content
Repeated Visits Questionnaire, transaction logs 2.2 on average
Content Questionnaire, (transaction logs) At least some content valuable overall

Usability of the user interface
. . . in general questionnaire, transaction logs High usability
. . . search & browse questionnaire, user study, transaction logs High usability
. . . filter user study, transaction logs Usability unclear
. . . browse most popular resources transaction logs Increasing use
. . . for accidental resource discovery questionnaire, (user study), transaction logs Usability high

Performance
Retrieval Questionnaire In general fine, sometimes slow

find out about general user background.
(ii) After improving the user interface according to the outcome, we conducted a task-based user study

in November 2006, similar to usability testing with a predetermined protocol as described by Reeves
et al. (2003). It was completed by 35 selected volunteers at four different institutions and focused
on the different information exploration functionalities of REASE (keyword search, advanced search,
browsing). Its main purpose here was to receive immediate feedback from the users while they were
performing a certain set of tasks, as opposed to the questionnaire, where people reported on their
overall experience with REASE.

(iii) Finally, we analysed our log files to derive additional information for the evaluation, especially to
compare with the first two evaluation stages for triangulation of the results. 1

We also compared our results with evaluation results of other Digital Library systems as mentioned in the
following sections. In this way, the evaluation combines aspects of an iterative evaluation and a comparative
evaluation (Borgman (2002b)).

4.3 Result Analysis

To provide a better overview, Table 2 summarises the evaluated metrics and which evaluation method
contributed to the results (if a part is mentioned in parenthesis, some contribution could be derived only).
We group them according to Fuhr et al. (2007) along usefulness, usability and performance, though the
latter was not an objective of our evaluation because of the relatively low number of simultaneous users.
The questionnaire was intended to cover as many aspects as possible, while the user study focused on the
usability of those parts of the user interface dealing with search and browse. The transaction log analysis
finally complemented both the user study (for a restricted set of users and restricted to the period of time
when the study was done) and the questionnaire (restricted to the period of time the first version was
online) as well as giving some insights about the successfulness of the final adaptations of the user interface
for version 3 (though this has not been validated using another evaluation method).

4.4 Questionnaire-based Evaluation of REASE Version 1

We conducted a user-based evaluation of REASE, addressing mainly the issues of usability, accessibility,
as well as the quality of the material in the repository. It consisted of a simple questionnaire sent to all
registered members of REASE, asking them about their general experiences and satisfaction (we achieved
a return rate of about 30%). We highlight below some of the most important aspects of the responses.
Unlike the SUS questionnaire (Brooke (1996)), which uses a score of 1-5 and alternates questions expecting
positive and negative answers, we opted for a non-numerical scale where the questions are always worded
positively, because it is less confusing for users (especially those who are not native English speakers),
and because we can still calculate the scores from the responses, as described below. We also allowed for
free-text comments to combine both qualitative and quantitative feedback.

1Even though the independence of the different methods was not ensured strictly in our evaluation for a theoretically sound triangulation,
the results of the evaluation provided some insights and helped to improve REASE.
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Table 3. Answers by Section

Score 5 4 3 2 1 Total
Usability 85 147 124 28 0 384
Information Finding 53 55 57 19 3 187
Information Providing 14 29 31 11 1 86

Table 3 shows the counts for answers to each section, where a score of 5 is the highest answer (e.g., “very
easy”) and is always the first answer out of the selection provided, ranging down to a score of 1 for the
lowest answer (e.g., “very difficult”) which is always the last answer out of the selection provided.

4.4.1 General Background. We were interested to see what type of people were using REASE, partly
so that we could better analyse the results, and partly because we were just interested to see which kind
of person REASE appeals to or may be useful for. So we asked some general questions about the users.
Most people had visited it only a few times, but as time goes on, we expect the number of repeat visits to
increase: it is encouraging at least that very few people had only visited once.

The majority of people visited REASE to find specific material, while the next highest reason was for
general browsing. Others visited to upload material. Reasons for visiting ranged from searching for specific
material in preparation for a lecture, through general curiosity, to increasing their knowledge of the domain.

The majority of REASE users first heard about it through Knowledge Web or REWERSE. This means
that the results gained from the questionnaire can include a certain bias (i.e., overly positive feedback) as
the initiators of the questionnaire were all well-known within both projects. Other users came across it via
a search engine or via a colleague, while some students had been recommended it by their professor.

4.4.2 Usability and Accessibility Issues. As discussed earlier, usability and accessibility issues are
extremely important for websites, portals and software. Our questionnaire focused on asking the users for
feedback on issues such as those discussed in Section 3.4. All these questions scored reasonable marks, with
aesthetics, layout, general usability and speed rated mainly as “quite good”, while ease of navigation was
rated slightly lower. In fact, some of the highest overall scores in the questionnaire were for this section,
which is encouraging.

The system performance was also primarily rated as “quite good” although slow speeds were sometimes
associated with downloading material, particularly at busy times of the day. One suggestion was to try to
speed up the step between finding and previewing the material, which actually turned out to be a user
interface problem.

Regarding content, we asked the users directly if the format of the material was suitable for their needs,
to which in most cases the answer was “yes”.

4.4.3 Finding Information. An important aspect of REASE is how easy it is to actually find the
information one is looking for, since the quality of the information, and in fact the existence itself of REASE
is irrelevant if the information cannot be found easily. This issue can be divided into two parts: first, layout
and navigation issues, and second, the design of the catalogue topic hierarchy. The search mechanism itself
is reasonably efficient regarding performance since the amount of metadata for 150 resources can easily be
handled by standard server technology. However, it was established that the original topic hierarchy was
inadequate and to some extent misleading.

Most people found it quite easy to find what they were looking for, although there were some problems
associated with having to login to discover that there are some resources only available to registered users.
This has now been modified. The search mechanism, on the other hand, was clearly more of a problem
for many people. For example, some people got errors when performing a search (though it is not clear
whether this was through user error or a problem with the system); other people found the hierarchy very
unintuitive and difficult to use. It was also suggested that a more semantic search was incorporated, such
as making suggestions based on a user’s past history.

While the responses to these questions are not negative overall, they still show that people cannot find



October 22, 2007 9:45 New Review of Hypermedia and Multimedia rease-journal-dm

REASE: Repository for Semantic Web Learning Units 11

things as easily as they might, and that the search mechanisms could definitely be improved (as we did
for version 2).

We also asked the users about “accidental information discovery” as we were interested to know about the
browsing potential of the site, where people find things of interest that they were not originally searching
for. An example of this is Amazon’s “other people who bought X also bought Y” mechanism (and in fact
this was explicitly mentioned in one comment). REASE has a similar mechanism “Users interested in this
learning resource were also interested in the following learning resources:” which appears when a user looks
at the page containing specific information about a certain resource. We found that a high proportion of
users did indeed benefit from this mechanism.

4.4.4 Information Quality. As mentioned earlier, we wanted to know how users perceived the quality
of the information they found on REASE. The majority of answers to this question were positive, and there
were many comments about this topic, ranging from very complimentary to suggestions for improvement.
It is clear, as one person said, that there is quite a wide range of quality in the resources, as there is
only minimal quality control on the material uploaded. Some people liked the fact that there is material
provided by PhD students as well as by more established academics, reflecting a wide coverage of topics.
Another request was for more multimedia resources such as videos.

4.4.5 Providing Resources. Another important aspect of REASE is specific to the provision of re-
sources. If the system is not conducive to users providing material with minimal effort and time, then they
simply will not do so since there is little benefit to themselves apart from the wider dissemination of their
work (and they will therefore find other methods of dissemination). Much of the questionnaire relates to
both uptakers and providers of material, but we devote a small part specifically to the issue of information
provision. It is important to find a balance between ensuring that there is sufficient information about the
material provided (so that the uptakers are suitably informed about what is available and do not waste
time looking at material which is irrelevant to them or not suitable for their needs), and on the other
hand ensuring that for the providers the process of uploading their material is as easy and streamlined an
experience as possible.

The responses showed that while information providers liked the system in general, they found the
process of uploading information quite tedious. The main comments were that the process took too long
and there was too much information to be filled in. Clearly there is a difficult tradeoff here, with information
providers wanting to provide less information about their resources, but information seekers wanting more
information about resources to be available. In fact, six users are responsible for more than 50% of the
uploads, so we clearly need more active users in this respect for a proper evaluation.

4.4.6 Summary of the Questionnaire-based Evaluation. Due to the slightly lower scores from the
questionnaire for usability and the free-text comments, the main result of the questionnaire was a desired
improvement of the user interface with respect to ‘ease of navigation’. We tried to address this in the second
version of the user interface where we especially focused on achieving a less ‘busy-page’ layout (McKay
et al. (2004)) and improved the browsing to guide users more quickly to their preferred pages. For example,
we modified the presentation of the catalogue in several ways, e.g., adding an expand/collapse mechanism
and avoiding that the currently selected topic is always shown on top of the catalogue.

Regarding content, we focused on providing more resources including video recordings; currently there
are 34 resources with video on REASE.

4.5 Evaluation of REASE Version 2 based on the User Study

The user study had several intentions: first, to verify the findings from the questionnaire, which could only
give a rather superficial feedback as such. Second, we wanted to check if version 2 of the user interface
had an improved usability especially regarding ‘ease of navigation’, and third, to gain more insights about
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Figure 4. Result of the query ‘problem solving methods’

particular features such as the filters. The users had to conduct a series of four short and fairly simple
tasks (after a short time to become familiar with REASE):

(i) Finding material about the topic ‘Problem solving methods’ using simple keyword search,
(ii) Using the catalogue to find material about the topic ‘Human language technologies’,
(iii) Using the advanced search facilities to find resources about ‘Description Logics’,
(iv) Finding material about ‘OWL’ with any (favourite) search strategy.

Users were recruited from KnowledgeWeb partners but were not directly involved in the project. The
results of the study are presented in more detail in the upcoming sections using data from transaction log
files to enhance the understanding and assist in the interpretation of the results.

4.5.1 Task 1: Find material about ‘problem solving methods (PSMs)’. For this task, people were
basically intended to type in the term ‘problem solving methods’ (or any other term they considered
useful) into the main keyword search box. We considered the first two results of the query ‘problem
solving methods’ to be highly relevant as also indicated by the relevance score of > 34 from the underlying
Lucene search engine, (cf. Figure 4), because they match on the phrase ‘problem solving methods’, not
only on the single words in the phrase.

While the success rate in total and, hence, the effectiveness of search was very high (91% found these
two resources), the users had many different strategies to get to the final results (which helped us to better
understand how users search). Since we provided space for up to four result resources in the web-based
form, the participants tried several alternative queries most likely to get more than the two required result
resources. Table 4 summarises the issued queries, their percentage compared with all 82 queries, and how
many of the two relevant resources could be found with the query.

The users posed on average 2.4 unique queries, an average also reported by other studies (e.g. 2.43
from Jones et al. (2000)) ranging from one query per user to eight at maximum (some even used the
advanced search feature, which they should have used in task 3 only). 25 users returned the two result
resources only, while two users from the 35 in total finally decided to put three result resources, eight
users provided four resources even though the search engine indicated a low relevance of the resource with
respect to the query.
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Table 4. Query terms for task 1

Query term Percentage Hits

‘problem solving method[s]’ 27% 2 / 2
‘psm[s]’ 22% 0 / 2
‘problem solving methods psm 9% 2 / 2
‘problem solving methods’ (advanced search) 7% 2 / 2
‘”problem solving method[s]”’ 6% 1 / 2
‘problem solving’ 5% 2 / 2

The main outcome of this task is that users try different queries to be able to find additional resources
as they were not sure whether their initial query had a sufficiently high recall. Two main strategies were
using acronyms and trying to relax the query manually (which does not change recall as the underlying
search engine returns also results matching only single terms in the query). This could be due to lack of
explanations on the web page (which we added later), though manuals have been found to be rarely used
anyway (Jones et al. (2000)).

4.5.2 Task 2: Find materials suited for an industrial audience, discussing the role of Human Lan-

guage Technologies (HLT) in the Semantic Web tools and applications. In this task, the participants
were asked to use the catalogue to find material about Human language technologies and tools/applications.
We considered one resource to be very relevant here (being in both catalogue categories ‘human language
technologies’ and ‘Semantic Web applications’ and being suited for industrial education and being tagged
as ‘tutorial’).

As a result, 33 of the 34 users (one had technical problems and dropped out from the study) found
this resource and returned it as first result and all users again provided further resources as results (again
perhaps due to the fact that we provided them with room for additional answers).

However, a closer log file analysis revealed that, while users were able to filter for industrial resources,
only four users (12%) actually went directly to the two catalogue categories ‘human language technology’
or ‘Semantic Web applications’. Instead, seven participants (21%) used the keyword search to finally find
the result resources, the remaining ones just used the ‘browse catalogue’ functionality where they could
also search in the title of all resources. Actually, this way of searching REASE was never intended to be a
major search option.

4.5.3 Task 3: Find materials containing definitions of reasoning techniques; in particular deduction,

in the materials about Description Logic (DL). In this task, the participants were intended to use the
advanced search facilities. From the 91 answers, 65 (71%) were modules from the available Description
Logics resources, that score highest on the query ‘description logics’. Another 11 answers (12%) described
the resulting top two resources of the query ‘reasoning’ / ‘reasoning deduction’, while 5 pointed to a
resource that was returned only if the category ‘knowledge representation and reasoning’ was selected in
the advanced search dialogue. Hence, the results were not as uniform because of the more complex task
description that left room for several different queries.

To get to these results, the participants posed in total 111 queries about ‘reasoning’, ‘deduction’, ‘de-
scription’, ‘logics’, and/or ‘DL’, of which 103 (93%) were using the advanced search facility. Hence, users
were more willing to follow our ‘suggestion’ to use advanced keyword search compared to task 2, where
many did not use the catalogue as suggested. The users did not have a preference for any of the terms, so
the frequency distribution of the used query keywords was rather uniform.

82 (80%) of the advanced queries were using the catalogue category filter to find appropriate results.
From the 267 category filters used (3.3 per query), 137 (51%) were for the catalogue entry ‘Knowledge
Representation and Reasoning’ and its three subentries (“logics”, “logic programming”, and “reasoning”).
A further 39 (15%) were for ‘Semantic Web Rules and Logics’ including its sub-category “reasoning lan-
guages”. Hence, most of the participants actually found those categories relevant for the given task. We
conclude that the advanced search functionality is well-received by the users (at least when asked to use
it) and could be used successfully to fulfil this task.
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4.5.4 Task 4: Find material and the categories associated with the material in the catalogue con-

taining description of species or layers in Web Ontology Language (OWL). This task was intended to
find the favourite search mechanisms users preferred after having tried all of them in the previous tasks.
However, most users did not really understand the formulation of the task and were looking for ‘species’
or ‘layers’ (for which there is nothing available in REASE). We could still find that 86 queries (61%) were
posed using the advanced search dialogue and 47 (33%) of the advanced queries actually used the filter for
catalogue classification, though this extensive usage might be caused by the fact that no resources were
found at all and users gave up searching at some point in time.

Furthermore, only 16 users in total clicked directly on the category ‘Ontology representation / Ontology
Languages / OWL’ in the catalogue, where these resources are listed as mentioned above, but 10 of them
got to the category by clicking on the category mentioned in a summary page of another resource (hence,
they were not browsing the catalogue as we expected but used search first and then navigated using the
connecting links).

4.5.5 Summary. While the user study indicated that users have little difficulty in finding specific
resources, they seem to have a preference for keyword-based search functionality and do not use the
catalogue much, even if they are specifically requested to do so. In our view, this can have two reasons:

(i) In spite of the improvements we made for version 2, it is still too difficult to use the catalogue in general
(which made users try other search facilities)

(ii) Users prefer keyword search technology in this task because the task description already contained
specific keywords for a keyword search.

Another outcome of the user study was a set of very useful free-text comments , which was also reported
by Marchionini (2000), including “Predefined filters such as ‘learning resource type’, ‘target audience’, or
educational material type eased the search a lot.” There were also comments about bugs that had occurred
or how to improve the user interface, for example, regarding the comprehensiveness of some button labels.
There were also still comments about the main page being too busy (similar to the feedback from the
questionnaire). Hence, we finally did a more radical redesign of the main page towards a more search-
engine like structure with a prominent keyword search box in the centre (cf. Fig. 3) which should have
improved the usability of the latest version of REASE.

4.6 Statistics and Usage

In this section, we try to underline and enhance the findings from the questionnaire and the user study with
statistics from our transaction log files based on all REASE users (not only the study participants as in
the previous section). The presented numbers are gathered from the transaction log files of the underlying
web server (some of them being available at http://rease.semanticweb.org/stats) and from the bookings
and access information for REASE resources. In the web logs we have excluded accesses from the main
search engines crawlers and access from within L3S Research Center, which is currently hosting REASE.
We also had a significant problem with referrer-log spamming, which had to be handled semi-manually to
get to a clean set of data for the analysis.

4.6.1 Overall Usage of the REASE User Interface. In general, a badly designed user interface can
still lead to a high usage of any web platform if there is sufficient information for search engines to do
a reasonable indexing of the offered content which then help users to find material using search engines.
Hence, Table 5 shows the origin of users for REASE (as determined from referrer logging on the web
server). As a result, the user interface functionality is in general highly used, most of the accesses to
REASE pages have come from internal pages (> 80%). For a further 13 − 14%, no referrer is known,
meaning that REASE is accessed either directly (e.g., as a bookmark) or referrer logging is disallowed in
the browser. Finally, 1 − 2% of all accesses came from one of Google’s search sites, the highest occurring
external referring site.
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Table 5. Origins of users

Origin Version 1 Version 2 Version 3 Overall
(04/2006-10/2006) (11/2006-01/2007) (02/2007-04/2007) (04/2006-04/2007)

REASE internal 58706/70890 = 83% 79231/92795 = 85% 49986/60839 = 82% 195345/233920 = 84%
Direct access / unknown 10336/70890 = 15% 11851/92795 = 13% 8769/60839 = 14% 32518/233920 = 14%
Google 928/70890 = 1% 1087/92795 = 1% 1107/60839 = 2% 2833/233920 = 1%

Table 6. Usage of search functionality

Search functionality Version 1 Version 2 Version 3
(07-10/2006) (11/2006-01/2007) (02/2007-04/2007)

Keyword search 221 (10%) 895 (17%) 448 (22%)
Advanced search 78 (4%) 631 (12%) 80 (4%)

. . . of which using catalogue filter 11 (14%) 336 (53%) 21 (26%)
Browse 1931 (87%) 3682 (71%) 1500 (74%)

. . . of which ‘Browse most popular resources’ 0 43 (2%) 295 (20%)
Browse with filters 60 (3%) 364 (10%) 111 (7%)

. . . of which using title filter 31 (52%) 317 (87%) 55 (50%)

. . . of which using industrial filter 0 0 66 (60%)
Total 2230 5208 2028

Table 7. Going to the resource details page from. . .

Search functionality Version 1 Version 2 Version 3
(07-10/2006) (11/2006-01/2007) (02/2007-04/2007)

. . . direct access 312 (18%) 698 (20%) 420 (16%)

. . . the catalogue 562 (33%) 908 (26%) 554 (22%)
. . . of which browsing the most popular resources 0 30 (3%) 134 (24%)

. . . keyword search on the main page 194 (11%) 940 (27%) 509 (20%)

. . . another details page (recommendation) 33 (1%) 46 (1%) 107 (4%)

. . . from Google 426 (25%) 782 (23%) 811 (32%)
Overall 1695 3470 2564

Furthermore, about 65% of all visitors started from the main page (decreasing from 74% for version 1
to 49% for version 3) while 18% of all visitors started directly on one of the pages describing the details of
a learning resource. This has increased from 14% for version 1 to 18% for version 2 and 26% for version 3,
which is an indication that users are increasingly arriving from a search engine result page, from bookmarks
or from other pages linking permanently to specific resources on REASE.

4.6.2 Searching and Browsing REASE. Table 6 shows which of the search functionalities (i.e., keyword
search, advanced search, and browsing) is used how often, in relation to the overall number of browse/search
events for each version. It can be seen that REASE users do use the browse functionality (about 75% of
all search functionality) even though the keyword search functionality has gained more attention in the
latest version (from 10% to 20%). The filtering options, however, are used rather rarely (less than 7%, not
considering version 2 here, which included the user study where we explicitly requested people to use the
filter), the filter to show resources for an industrial audience only was used by less than 4% of all users. For
those users who actually do use this special filter to support professional users, however, it seems to be as
valuable as the title filter, which was previously used most often. This is in line with a report from Jones
et al. (2000) about users only rarely changing default values for search options.

Furthermore, about 20% of the keyword queries were posed using advanced search (leaving aside again
the data from version 2). From the advanced queries, 14% used the catalogue filter in the first version and
26% in the third version.

Table 7 shows how many users actually looked at the details of a resource, arriving from different pages
such as direct access, keyword search, browsing, or social navigation, to give an idea about the actual
effectiveness (‘success’) of different search mechanisms. In general, the results from version 2 are highly
biased by the user study and will not be considered further (they, however underline that participants
in the user study seemed to have a particular preference for keyword search). The following analysis will
focus on the evolution from version 1 to version 3.

In version 1 most users (33%) found interesting results to look at more closely from the catalogue (33%),
followed by Google (25%), direct access (18%), and keyword search (11%). In version 3, the ‘success’ of
Google increased to 32%, which in general is good news since it actually means that the popularity of
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REASE in terms of connectivity in the web has increased. More important for the user interface, however,
is the increased percentage of keyword search (20%) now being almost at the same level as the one of
the catalogue (22%). This actually shows the effect of the more prominent position of the search interface
on the main page. One open issue, however, is that the catalogue is based on the Semantic Web Topic
Hierarchy, which was created during the past two years as a community effort to establish a classification
system for the Semantic Web domain. This hierarchy is currently not as well-known and accepted compared
to well-established classification systems in other domains, which might also effect the usability of browsing
REASE and might make users prefer using keyword search.

Compared to the total number of browse/search events as shown in Table 6, the ‘success’ of browsing
has actually increased from version 1 to version 3: in version 1 only 562/1931 = 29% of the browse event
actually led to the user looking into the details of a resource, which increased to 554/1500 = 37%. Hence,
the overall usability of the catalogue seems to have improved from version 1 to version 3 even though the
overall usage of the catalogue has decreased due to the more prominent position of the keyword search box
on the main page. Regarding keyword search, the success rate has increased slightly from 194/221 = 0.9
for version 1 to = 1.1 resource detail views per query for version 3.

Finally, both browsing the ‘most popular resources’ and the social navigation feature, where users clicked
on the ‘recommended related learning resource’ links (based on actual access behaviour of users), are used
increasingly in version 3, accumulating 5% and 4% of all accesses to resource detail pages, respectively. In
particular, browsing the ‘most popular resources’ accounts for 20% of all browse events in version 3.

4.6.3 Most Popular Resources on REASE. Looking at the most popular resources in REASE provides
some useful indicators about preferences of users with regard to the content and the format of the provided
resources. Based on the resource downloads, the following resources are the ten most popular on REASE
as of 16th May 2007:

(i) Semantic Web Lecture - Logics
(ii) Semantic Web Tutorial
(iii) Ontological Engineering
(iv) Semantic Web Lecture - Basic Building Blocks
(v) Fundamental Research Challenges generated by the Semantic Web (lecture recording)
(vi) OWL - Web Ontology Language
(vii) Semantic Web Lecture - Introduction and Overview
(viii) Semantic Web Use Cases
(ix) Web and Semantic Web Query Languages: A Survey
(x) Ontology Engineering Best Practices - Building and Applying the SWRC Ontology

In general, there is a lot of introductory material in this list (7 out of 10), which indicates that many
REASE users are new to the topic. There also seem to be some professional users, to which the second,
eighth and tenth topic were addressed. For the second topic, ‘Semantic Web Tutorial’, we note that it is
the only English introductory resource being suited for professional education (provided in October 2005).
It was highly ranked on Google for the search ‘Semantic Web Tutorial industry’ at the end of 2005 (in
fact, 44 users found this resource coming from Google). However, a high visibility in Google does not
necessarily translate into a high download rate on REASE: the resource ‘Rules and Ontologies in F-logic’
achieved most referrals from Google (120) but is placed on rank 59 when ranking resources according to
user downloads.

4.7 Comparison and Discussion

This section compares and discusses the results of the different evaluation parts to provide some triangu-
lation of the findings across the methods. These are grouped according to finding about users and content
on the one hand, and usability as the main target of the evaluation on the other hand.
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Table 8. Revisits / re-logins per month

Method Version 1 Version 2 Version 3 Overall
(04/2006-10/2006) (11/2006-01/2007) (02/2007-04/2007) (04/2006-04/2007)

Visits per visitor 2.0 2.3 2.0 2.1
Logins per user 2.6 1.8 2.5 2.2

4.7.1 Users & Content. From the questionnaire, we discovered that users were generally revisiting
REASE a few times. This is supported by an analysis based on our web server logs (cf. Table 8) resulting
in an average of 2.1 visits per visitor with non-significant deviation between the versions (defining a visit
as ‘new’ when a visitor (e.g., its IP address) has not been active for more than 30 minutes). With regard
to logging into the platform, registered people logged in about 2.2 times within each month with small
variation between the versions (from 273 persons performing a login during 07/2006-05/2007, 122 (45%)
were logging in more than once).

Under the assumption that users only come back when there is some value on the platform, we can also
deduce that some information on REASE seems to haven proven useful to the users. While REASE can
of course also be used to inform users in general about trends in Semantic Web education (McKay et al.
(2004)), we assume that the resources are the main reason for users to visit the REASE web pages (which
is at least the main objective of users, according to the questionnaire). This seems to be valid at least
for those resources which are most popular overall (as mentioned in Section 4.6.2). This is, therefore, an
indicator that at least part of the resources, i.e. the content, are useful for the REASE users.

4.7.2 Usability of the User Interface in General. From the referrer logging analysis, we found that
most accesses to REASE are from within REASE itself. Furthermore, most users actually start from the
main page (e.g., when referred to by someone as indicated in the questionnaire), and jump directly to the
resource pages only in less than 10% of the cases (e.g., when pointed by a search engine). Together with
the fact that users actually do return to REASE, we can infer that there is at least some general utility in
the user interface.

4.7.3 Usability of Search & Browse. In the questionnaire, users specifically remarked that the usability
of browsing the catalogue can be improved, which is why we focused on finding out more details about
this part of the user interface in the user study. While the user study resulted in a pretty low usage of the
catalogue (12%), the general usage of the catalogue in version 2 and the increase in its ‘success’ (in terms
of a lower number of browse events to finally get to a resource details page) indicate that the improvements
to the catalogue were well-received. We presume that the low usage of browsing in the user study is rather
an artefact of the user study design (where users simply have used the keyword search in a previous task)
and is not due to a low usability of the catalogue.

A contradictory result is related to the filters and the advanced search features; while the user study
showed a high involvement of filters in task 3, this is not the case when looking at the log files in general.
This could again be an artefact of the user study: the task was designed in a way that using advanced
search and the filters would help to find the right results. In reality, users might be able to find relevant
results already without these advanced features, perhaps because there are still too few resources to let
this filter become useful in most cases, or simply because the usability of these filters in not high enough.
The low usage of the special filter for industrial audiences, in particular, could also be caused by too few
users having a professional background (which is somewhat underlined by the fact that the vast majority
of the registered institutions in REASE have an academic background). This remains, however, an open
issue overall.

In general, the log file analysis has revealed that browsing is used more often than searching, which is in
line with results from other studies (McKay et al. (2004), Brusilovsky et al. (2005)). However, the ‘success’
of searching and browsing has become almost balanced in version 3 of the user interface. While we assume
for the moment that this is due to the more prominent position of the search interface, this is subject to
triangulation with other data and, hence, for further studies.

Note that the result of the questionnaire having ‘searching for specific material’ as a more important
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objective for visiting REASE than ‘general browsing’ cannot be compared readily to the actual usage of
keyword search and browsing; users can just arrive with the intention of finding something specific and
then end up browsing, for example, for additional interesting material.

Accidental discovery of resources by means of the social navigation feature of the resource was found
to be beneficial for users in the questionnaire and also in the user study, where 30% of the users used
it to search for material in task 4. The transaction logs also show some usage here, which is, however,
small compared to the ‘success’ of browsing or searching. One reason for this might be that such social
navigation is only available for a subset of the resources, another could be the less prominent position of
this feature at the bottom of a resource description page.

5 Summary and Conclusions

This article has introduced the REASE repository, which comprises a unique collection of educational
material about Semantic Web topics, providing different means to access them including keyword search,
browsing, filtering, and social navigation.

Overall, the evaluation revealed that an accessible web design with a high usability is important for users
of REASE. Furthermore, from the different search facilities on REASE, both keyword search and browsing
the catalogue are used extensively and can lead users to relevant resources. There are indicators that the
popularity of the different search facilities strongly depend on how prominent they are on the main page,
but this is subject of further studies. In particular, because users use the catalogue for finding material,
the efforts of the resource providers to classify each resource according to the categories in the Semantic
Web Topic Hierarchy can be said to be worthwhile. When faced with a specific problem, users prefer using
advanced search over using the catalogue (as shown in the user study) and use filters for catalogue topics.
Other metadata, however, such as whether a resource is suitable for an industrial audience or not, is used
rather rarely for searching. Finally, the evaluation has also demonstrated that browsing along the most
popular resources is used: in the latest version about 20% of all browse actions were looking at the most
popular resources.

We have also learnt that users tend to change their queries in systematic ways using query relaxation
and acronym expansion if they cannot find a sufficiently high number of results they expected. To support
this process in the future, we are planning to add an automatic query relaxation, which is possible due to
the existence of the Semantic Web Topic Hierarchy. We will also continue running REASE and collecting
further relevant resources. To ensure this will be done even after the end of the initiating projects Knowl-
edgeWeb and REWERSE at the beginning of 2008, we have founded the EASE association which will take
over the REASE repository at that point in time. This will also give the chance of doing a longitudinal
evaluation as suggested by Marchionini (2000).
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