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��� fQ�Tdme�]Cz�c7wg�Aw�e�f`� �NfQ��z�f`¡¢w�e£� � ]S_Qdb¡C¡C�-Xm¤tf`��d�¥�¦�fEZ�w�fQe�Xb§���fE_g\kdbz¨]¢wg�7wvdmzkZ � ��]C�7]Ce�]C©NfQwEahª<Xbxvf`©«fQ�>¬
�gfE_nfQzAey��f`w�fEdm�T_g\�w�\¨Xbxyw�e�\kdmeveg\�f8dme�endb]Cz��7f`z�e�Xb§h\�]CcN\ � fQ�o§WX«�g�dmzk_nfJ§WXN�vd®©«db�g]CfQe£�-Xm§ � db�ndb¡C¡CfQ¡kd ��� ¡C]°¯
_Qdme�]CX«z¨w��d>�±�gfE²Ni�]C��f$e�\�f$d>©«db]C¡SdbV�]C¡C]Ce£�-Xm§³©«dm��]SdbzAegwyXb§�fn¦�]Cw�e�]Cz�c � ��]C��]¢eg]C©«fQwJX«�®d«Z�ZA]Ceg]¢XNzkdb¡1¡CXbxJ¯£¡CfQ©«fQ¡
��fE_g\kdbz�]Cwg�7wEa � z�f�d �¨� ��XAd«_g\9egX´wgX«¡C©«f�e�\�]Cw � ��XNV�¡CfQ�µ]Cw-egX´Xm¤tf`�7d�¡C]Cc«\Ae£xJfQ]Cc«\AeE¬¶�gfE_nX«z[¥kc«i��ndbV�¡Cf
dmzkZ�fn¦�e�fQz¨w�]CV�¡Cf±X � fQ�Tdme�]Cz�c�wg�Aw�e�f`�·�NfQ��z¨fQ¡£a7¸�z¹d ��� ¡C]S_Qdbeg]¢XNz´�rd>�_nXNzA¥kcNi���f�]¢e®egXwgi�]Ce�]Ce�w�z¨fQfEZAw>¬
]Czk_n¡CikZ[]¢z¨ceg\�f±w�f`¡¢f>_ne�]CX«z&Xm§ºd �¨� ��X � ��]Sdbegf±¡CXbxJ¯I¡CfQ©NfQ¡ � X«¡C]S_n]CfQwE¬�e�\¨f7_nX«z�wge��gik_ne�]CXNz&Xb§vz�f`x � ��]C�7]Ce�]C©NfQw
XNz&e�X � Xm§�e�\�f�fn¦�]Cw�e�]Cz�c»X«z�fQw�X«�$e�\�f±fn¦�egfQz�w�]CXNz9xy]Ce�\9dNZ�ZA]Ce�]CX«zYdb¡ � ��]C��]¢eg]C©«fQw>a7¼£z&eg\�]Cw � d � fQ�>¬¶xvf
]CzA©«fQwge�]Cc�dme�fr�«f`��z�fQ¡®_nX«z[¥kc«i��ndbV�]C¡C]Ce£�¹dmzkZ2fn¦�e�fQz¨w�]CV�]C¡C]¢e£��§GX«�±d�w � fE_n]°¥t_�_n¡Sdmw�w±Xb§®X � fQ�Tdme�]Cz�c&wg��wge�fQ�
� �g]C�7]Ce�]C©«f`wE½�e�\�XNw�f�i�wgfEZ�§WXN�vendbwg�7X«�yeg\���f>d«Zrwg��zY_�\¨��X«z¨]¢¾>dbe�]CXNzha¶¿&f � ��fQwgfQzAe�dbzr]C� � ¡CfQ�±fQzAendbe�]CXNz-Xm§
�±i�¡Ceg] � ��X�_nfQwgw�X«�À¡¢X�_g�Aw�e�\Ydbev_Qdmz7VYf��gfE_nX«z[¥kc«i��gfEZ±wgeTdme�]S_Qdb¡C¡C�±dbzkZ±ZA�Azkdm�7]S_Qdm¡¢¡C�«aY¼£z7dNZ�ZA]Ce�]CX«z�¬bxvf�Z[fn¯
©NfQ¡CX � d���f � ��fQwgfQzAeTdme�]CX«zr§GX«�Je�\�f®¡CX�_��7dmV�w�eg�TdN_ne�]CX«zrdbzkZ�dbzrdbw�wgX�_n]Sdbe�f>Z7�gfE_nXNzA¥kc«i¨�Tdbeg]CX«zr�7fE_g\kdmz�]Cw��
eg\kdbeJ�d>�$Vkf�i�w�f>Z±§GX«�Je�\�f®ZAfQ©«f`¡¢X � �7f`z�eJXb§hXNe�\�f`��_nX«zA¥Yc«i��ndbV�¡Cf8dmzkZ±fu¦[egfQz�wg]¢V¨¡¢f®X � fQ�ndbeg]¢z¨c-wg��wge�fQ�
dmV�w�eg�Td«_ue�]CX«z�w>a

Á X«¡C¡CfQcNf�Xb§ Á X«� � i�e�]Cz�c
Â fQX«�gc«]Sd�¼£z�w�eg]¢egi�e�f�Xb§�Ã¶fE_g\�z¨X«¡CX«cN�
¸yeg¡SdbzAeTd¨¬ Â fQX«�gc«]SdÅÄNÆ«ÄNÄ«Ç>È�Æ«ÇNÉ«Æ
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Ñ¶dbwge7fn¦ � fQ��]C�7f`z�endbeg]¢XNz�xy]Ce�\ � db�Tdm¡C¡¢f`¡8�rd«_g\�]Cz�fQw�\kdbwrZAfQ��X«z�wge��Tdme�fEZÒe�\Ydbere�\�f&dbegeTdm]¢z¨�7fQzAe±Xb§$\�]Cc«\ � fQ�£§GX«�£¯
�dmzk_nf±Xm§We�fQzÓ�gfE²Ni�]C��fQw±eg\�f�_ni�w�egX«��]¢¾>dbe�]CXNz&Xb§8X � f`�Tdbeg]Cz�c´wg�Aw�e�f`����fE_g\kdbz�]Cwg�7w�egX´fEdN_g\�_u¡Ôdmw�w±Xm§Õd �¨� ¡C]Ô_`dbe�]CXNz
� �gX«c«�ndb��wEa&Ö�XN�-fu¦¨dm� � ¡Cf«¬×§WXN�-�gfEdb¡°¯£e�]C�7f7d ��� ¡C]S_Qdbeg]¢XNz�w�fn¦�fE_ui�e�]Cz�c&XNzØwg\kdb�gfEZ2�7fQ��X«�g���±i�¡Ce�] � �gX[_ufQw�wgX«��w>¬�eg\�f
X«V«ÙufE_ne£¯£Vkdmw�fEZ�X � fQ�ndbeg]¢z¨cwg�Aw�e�f`�µ�«fQ�gz�fQ¡Cw-ZAf`wT_n�g]¢VYfEZÚ]¢zÓÛ Â�Ü ÉNÝ«dN¬ Ü�Â�Þ É«ß`àv�±i¨w�e�Xm¤tf`��w�fQ©NfQ�Tdm¡v�gf � �gfQw�fQzAendbe�]CXNz�w
Xb§yX«V«ÙufE_ne�w±dbzYZ�X«V«ÙnfE_ue-]CzA©«X�_Qdme�]CX«z�w®egX�w�i �¨� XN��e$e�\�frZA]°¤tfQ�gfQzAeáZ[fQc«�gfQfQw±Xb§�_nXNi � ¡C]Cz�ck¬1endbwg�&c«�TdmzAi�¡Sdb��]Ceg]¢f`wE¬hdmzkZ
]CzA©«X�_Qdbeg]CX«z±w�f`�dbzAeg]Ô_uw�fn¦�]Cw�e�]Cz�c$]Cz7�gfEdb¡°¯£e�]C�7f�d ��� ¡C]S_Qdbeg]¢XNz�wEÛ Â�Ü Ý«Ägà�a Ü ik_g\�fn¦ � fQ�g]CfQzk_nfQw®]Cz7eg\�f®��fEdm¡°¯Ieg]¢��fºZ[X«�dm]Cz
db�gf®�7]C���gX«��f>Z±VA�7xJX«�g�7]Cz7�±i�¡Ceg] � ��X�_nfQwgw�X«�ywn_g\�fEZAi�¡C]Cz�cYÛ ÁyÁyâ Ñ�É«ÄA¬ Þvâ�â ÉNÉ`à�e�\Ydbe�ZAfQ��X«z�wge��ndbe�f`wye�\�f�]C� � XN��eTdmzk_nf
Xb§¶i�w�]Cz�c7d ��� ¡C]S_Qdbeg]CX«zA¯�ZAf � fQzkZAf`z�e�]CzA§WX«�g�dme�]CX«z±XN��db¡Cc«XN��]Ce�\���w�xy\�]C¡Cf®�db�A]Cz�c�wn_g\�fEZAi�¡C]Cz�c7ZAf>_n]Cw�]CX«z�w>a Ü ]C�7]C¡Sdb��¡C�A¬
§WXN�vwn_n]CfQzAe�]°¥t_®d ��� ¡¢]S_Qdme�]CX«z¨w�fn¦�fE_ni�eg]Cz�c7XNzZA]Cw�eg��]CV�i�egfEZ��7fQ��X«�g���dN_�\¨]¢z¨fQwE¬Ne�\�f®wgi ��� X«��e�Xb§h�±i�¡Ceg] � ¡¢fywgfQ�dmzAe�]S_nw
Xb§¶eTdmw��_uX«�7�±i¨z�]S_Qdbeg]ãX«z$VA�±¡CXbxJ¯I¡CfQ©NfQ¡1X � fQ�Tdme�]Cz�c$w��Aw�egfQ�*�7f>_�\Ydbz�]Cw���wEÛ Ü�Þ Ý«ÆuàhX«�yVA�7_nXN� � ]C¡CfQ�£¯£c«f`z�fQ�Tdme�fEZr_nXN�±¯
�±i�z�]S_Qdme�]CX«z�¡¢]CV��ndb�g]¢f`wEÛ Ü�Þ ¿�Ý�ägà1\kdbwJVYfQfQzrw�\�Xbxyz�e�X$fQz�\kdmzk_nf�d �¨� ¡C]Ô_`dbe�]CXNz � �gX«cN�Tdb� � fQ�£§GX«���rdbzk_uf�w�]CcNz�]°¥t_QdbzAeg¡¢�Aa
â dmw�eg¡¢�A¬Q�gfE_nfQzAe��gfQw�f>db�T_g\rd«Z�ZA�gfQw�wg]Cz�c®fnå_n]CfQzAe¶�7fQ��X«���y��X�ZAfQ¡CwY§WX«��w�\kdm��fEZ$��fQ�7XN���1Û ÜAæ�Â ÝbÇgàkdbzkZ�§GX«��ZA]Cw�eg��]CV�i�egfEZ
�7f`�7X«�g�1Û ª<¸8ÝNÆ£à¶�dN_�\¨]¢z¨fQwv\Ydbwy�dNZAf�_n¡CfEdm��e�\Ydbeye�\¨f8wgi ��� X«�ge�Xb§¶�±i�¡Ce�] � ¡Cfyw�f`�dbzAeg]Ô_uwvXm§��7f`�7X«�g�á_uX«z�wg]¢wge�fQzY_n�
_Qdmz�gfQw�i¨¡¢ey]Czr]C� � �gXb©«fQ��fQzAe�w¶]Cz � db�ndb¡C¡CfQ¡ � ��X«cN�Tdm� fnå_u]¢f`zk_n�Aa
Ãy\�]Cw � d � f`�hfn¦ � ¡CX«�gfQw¶\�Xbx&dbz�X � fQ�ndbeg]¢z¨cyw��Aw�egfQ�5�NfQ��z�f`¡[_`dbz�wgi ��� X«��e�d ��� ¡C]S_Qdbeg]¢XNz � �gX«cN�Tdb��w1]Cz8eg\�fvdmw�w�f`�±V�¡C�

Xb§ � ��XNc«�ndb�±¯£w � fE_n]°¥t_���fE_g\kdbz�]Cwg�7w�dbzkZ � X«¡C]S_n]CfQwEÛ â�ÁyÁyç ßNè`à�a¶¿&f8d«Z¨ZA��fQwgw®e�\�f�§WXN¡¢¡CXbxy]Cz�c�²Ni�fQwge�]CX«z�w>½
é ª<Xbx5_Qdbz�dbz»X � fQ�Tdme�]Cz�c±w��Awge�fQ�ê�«fQ�gz�fQ¡£ë w8dbV¨w�e��nd«_neg]CX«z�w�Vkf��gf � �gfQw�fQzAegfEZ�w�X�e�\kdme�e�\¨fQ��db��f�w�eTdme�]S_Qdm¡¢¡C�7dmzkZ
ZA�Azkdm�7]S_Qdm¡¢¡C�-_uX«zA¥kcNi��TdmV�¡CfEì
é ¿�\YdbeyVkdmw�]S_��7fE_g\kdmz�]Cw��7wJdb��f®�gfE²Ni�]C��fEZ�§GX«�yZA�Azkdb��]Ô_<�«fQ�gz�fQ¡¶_nX«zA¥Yc«i��ndbe�]CXNzkì
é ¸���f$e�\�f��gi�zAe�]C�7f�_nXNw�egw�]Czk_ni��g��fEZ»VA��ZA�Azkdb��]Ô_<��fE_uX«zA¥kcNi��Tdme�]CX«z$Ùni�w�eg]°¥kfEZrVA�7eg\�f � X«wgw�]CV�¡Cf�c�dm]Cz�wyXb§�w�iY_�\
�gfE_nX«z[¥kc«i��ndbeg]¢XNzkì

¸�¡Ceg\�X«i�cN\r]¢e�]Cw � X«w�wg]CV�¡Cf�e�Xrdbz�wgxvfQ��e�\�f±²Ni�fQwge�]CX«z�w � X«wgfEZ�dbVYXb©«fÕ§WX«�®_nX«� � ¡Cfn¦íd ��� ¡C]S_Qdbeg]¢XNz�w�dbzYZ±§GX«�8d
©«db�g]¢f`e£�
Xb§JX � fQ�Tdme�]Cz�crw��Aw�egfQ�µ_nX«z¨w�e��gik_negwEÛ ÞvÜ Ý�äEdY¬ ÞJÜ Ý¨äQVAà�¬Y]Cz´eg\�]Cw � d � fQ�E¬�xvf±d«Z¨ZA��fQwgw�e�\¨fQw�fr²«i¨fQw�eg]¢XNz�w�§WX«��d�w � fE_n]°¥t_
_nXNzk_ni��g��fQzk_u�¹_nXNzAe���XN¡�_nXNz�w�eg��ik_ue®È7e�\�frî¢;>suM8_nX«z¨w�e��gik_ne®È7i¨w�fEZí§WX«��e�\�f�w��Azk_g\���XNz�]C¾Edbeg]CX«z�Xm§³�±i¨¡¢eg] � ¡Cf � �gX[_ufQw�wgfQw
]Cz´ï�ð�ñr¸(w�\kdm��fEZ»�7f`�7X«�g� � db�ndb¡C¡CfQ¡�d ��� ¡C]S_Qdbeg]CX«z � �gX«cN�Tdb��wEayÃy\¨fá_nXNzA¥kcNi��TdmV�¡Cf-¡CX�_g�í_uX«z�wge���iY_ne-ZAfQwn_n��]CVYfEZ&]Cz
e�\¨]¢w � d � f`� � fQ����]Ce�w¶e�\�fyi¨w�fyXb§1�±i�¡Ce�] � ¡Cf�wge��ndbe�f`c«]CfQw¶§WXN��¡CX�_��$d«_Q_nf`w�wJ�Tdbz¨c«]Cz�c�§W��XN��òóV�i�wg��xydb]Ce�]Cz�cYëEegX±òóV�¡CX�_��A]Cz�cYë¢a
Ã¶�TdNZAfQXb¤1wh]Cz®e�\¨fvi�wgf�Xb§Ye�\�fQwgfvwge��ndbe�f`c«]CfQw�§WX«�hï�ð�ñr¸Ó�rd«_g\�]Cz�fQwhdm��fvZAf`�7X«z¨w�e��ndbegfEZ®xy]Ce�\®�7f>dbw�i¨��fQ��fQzAe�whXNz�d�Ä«Çô¯
z�X�ZAf ÞJÞ ï Þ i�e�egfQ�£õk� Â Ñyä>Æ«Æ«Æ��±i�¡Ceg] � ��X�_nfQwgw�X«�>a Ü X«�7fJXb§1e�\¨f�fn¦ � fQ��]C�7f`z�egwvZAfQwn_n��]CVYfEZ�]Cz Ü fE_neg]¢XNz7Ç�db�gf�wg]¢��]C¡Ôdm�
e�X®eg\�X«wgf � fQ�£§WXN����fEZ�VA�$¸�zkZ[fQ��wgX«zhÛ ¸ â�â ÉNÝ>à�§WXN�¶w��dm¡C¡ã¯£wT_`db¡Cfvð�ñí¸��dN_�\¨]¢z¨fQwE¬bV¨i�e�X«i¨����fQwgi�¡Ce�wydb�gf�ZA]°¤tfQ�gfQzAeºZ[i�f
e�X$e�\¨f-ï�ð�ñr¸5_g\kdb�nd«_negfQ��]Cw�eg]S_nw®Xb§�eg\�f ÞJÞ ï Þ i�ege�fQ�oõk�´dbzYZ±Xb§���X«w�eÀ¡Ôdm��cNfn¯Iwn_Qdb¡Cf � dm�Tdb¡C¡CfQ¡1�rd«_g\�]Cz�fQw>Û ¼�Ö¶ö®÷�ÝNÇnà�a
Ü ]Czk_nf$e�\�f±fu¦ � fQ�g]¢��fQzAe�w®]Cz Ü fE_ue�]CX«z9Ç
w�\�Xbx6e�\kdmeÕZ[]ã¤1fQ�gfQzAe�¡CX[_g��_nXNzA¥kc«i¨�Tdbeg]CX«z�w®��f`w�i�¡Ce�]Cz�wg]¢cNz�]°¥t_Qdmz�e � f`�£¯

§WXN���dmzk_nf7ZA]°¤1fQ��f`zk_nfQw>¬ Ü fE_neg]CX«z�Ä�]CzAe��gX�ZAik_nfQw7d�ZA�Azkdm�7]S_Qdb¡C¡C��_nX«z[¥kc«i��ndbV�¡Cf�UTPnOnsT;mpQø¶ùbLAPTD«ú`î¢Ogj�¡¢X�_g�9_nXNz�w�eg��ik_ne>a
Ü fE_ue�]CX«z±ûYa¢äÀ¡C]¢wge�w�wgX«��fvVkdmw�]S_J�7f>dbw�i¨��fQ��fQzAe�w�ZAfQ��X«z�wge��Tdme�]Cz�c�e�\�f � fQ�o§WX«�g�dmzk_nf � fQzYdb¡Ce�]CfQwvZ[i�f�egX8¡CX�_g�-�gfE_nXNzA¥kcb¯
i��ndbV�]C¡C]Ce£��aYÃy\�fyd ��� ¡¢]S_Qdme�]CX«z�¡¢f`©«fQ¡ � fQ�o§WX«�g�dbzY_nfv]C� � ��Xb©NfQ�7fQzAegw1c�db]Cz�f>Z®§W�gX«�5ZA�Azkdm�7]S_¶¡CX�_g�8�gfE_nXNzA¥kc«i¨�Tdbeg]CX«z7db�gf
� �gfQw�fQzAegfEZr]Cz Ü f>_ne�]CX«z�ûkaóÇ®i�wg]Cz�cád�xJX«���A¡CX�dNZ$c«fQz¨fQ�Tdme�X«�>a Ü f>_ne�]CX«zrè-_uX«� � db��f`wvXNi��vxJX«�g�±xy]Ce�\7�gfQ¡SdbegfEZ±�gfQw�fEdm�T_g\
dbzYZ$¥kzkdm¡C¡¢�A¬ Ü fE_neg]¢XNz�ü±_nX«zk_u¡¢iYZAfQw�eg\�f � d � fQ�®dbzkZ � �gfQw�fQzAegw8wgX«��fy§Wi�egi���f�ZA]C�gfE_ne�]CXNz�w
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Length of Critical Section (in microsec.)

spin lock
blocking lock

Öh]CcNi���f±ä«½ â fQz�cNe�\rXb§v_n�g]¢eg]S_Qdb¡1wgfE_ne�]CXNz�ý�w>a¶¸ ��� ¡C]S_Qdme�]CX«z�fn¦�fE_ni�eg]¢XNz�e�]C��fJ§WX«�yi�z¨]ã§GX«���þdb���g]C©«db¡YXb§�¡CX�_g�7�gfE²Ni�fQw�egw
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Ã¶�TdNZAfQXb¤1w�]Cz � ��XNc«�Tdm� � fQ�o§WX«�g�dmzk_nf±ZAi�f7egXre�\�f�i�w�f�Xb§�db¡Ce�fQ�gzkdbeg]C©«f±w��Azk_g\��gX«z�]C¾Edme�]CX«z&_nXNz�w�eg��ik_negw±\kd>©«f±VYfQfQz
ZAfQ��X«z�wge��ndbe�f>Zy§GX«�1�7XNw�e � dm�Tdm¡¢¡CfQ¡«dm�T_g\�]Ce�f>_ne�i��gfQwE¬N]Czk_n¡CikZA]Cz�cyeg\�f�fn¦ � fQ��]C��fQzAeTdb¡ Á a �7� � Û ¿ â ª�É�ä àkdbzYZ Á ����Û æ�Ü É«Æuà
�±i�¡Ce�] � �gX�_nfQw�wgX«�gwE¬A]CzAe�fQ�n_nX«z�z¨fE_ne�]CXNzA¯Iz¨fQe£xvXN���N¯£VkdbwgfEZr�dN_g\�]Cz�fQwJ¡¢]C�Nf�e�\¨f-ðy¡Ce��nd«_nXN� � i¨e�fQ�>Û Ü _�\YÉ«Æ`à�¬�dbzkZ
V�i�wo¯IVkdmw�fEZ
�dN_g\�]Cz�fQw¶¡C]¢�Nfveg\�f Ü fE²Ni�fQzAe Ü �����7fQeg���1Û ¸ â�â É«ÝTàoa¶Ö¨X«�¶fn¦kdb� � ¡Cf«¬b]Cz Á a �7� � i�w�f`��w � �gfn§WfQ�g��fEZ�e�X�i�w�f�w�]C� � ¡Cf�w � ]Cz
_nXN� � dm��fEZ�e�X®V�¡CX�_g��]Cz�c®¡CX�_g��wÀXb¤1fQ��fEZ
VA��e�\�f�ª<��ZA�Td¨Û ¿ â ª�É¨ägàk�«f`��z�fQ¡hZ[i�fye�X®e�\¨f�¡CXbx9¡SdbegfQzk_n]CfQwJdbw�wgX�_n]Sdbe�f>Z±xy]Ce�\
w � ]¢zr¡CX�_g�i¨w�f«a�ñíX«��f�w � fE_n]°¥t_Qdm¡¢¡C�A¬Yxy\�fQz´_nXNzk_nfQ�gz�fEZ»xy]Ce�\��rd>¦�]C�±]¢¾`]¢z¨c8eg\�f$w � fQfEZAi � Xb§ � dm�Tdm¡¢¡CfQ¡¶d ��� ¡¢]S_Qdme�]CX«z¨wE¬
i�wgfQ��w���fE²Ni�]C��f>Z-dJwg��zY_�\¨��X«z¨]¢¾>dbe�]CXNzÕ_uX«z�wge���iY_ne¶e�\kdmehXb¤1fQ�gfEZ®¡CXbx´¡Sdme�fQzk_u�8Xm§[dN_Q_nfQwgw�e�X�_n�g]Ce�]S_Qdb¡Nw�fE_ue�]CX«z�w�]Cz8�gfQw � X«z¨w�f
e�X±eg\�fQ]C��d>©«db]C¡SdbV�]C¡C]ãe£��UW�gfQc�dm�TZA¡CfQwgw®Xb§ºdmz�����fQwgi�¡Ce�]Cz�c�¡¢XAd«ZAw�]C� � X«w�f>Z7XNz�_nX«z�z¨fE_ne�]CXNz�w®Xb§ � �gX�_nfQw�wgX«�gw�e�X��7fQ��X«���
i�z�]CegwTjQa�¼£z7_nXNz�eg�Tdmw�eE¬N§GX«��V�i¨w£¯£VkdbwgfEZ7ð�ñr¸��dN_g\�]Cz�fQwE¬m¸�zkZAf`��w�XNzrw�\�XbxJfEZ$e�\Ydbe�w � ]Cz±¡¢X�_g�Awv_Qdmz � i�eJd®w�]Cc«z¨]ã¥1_QdbzAe
¡CX�dNZ$X«zre�\�f®wg\kdb�gfEZrV�i�w>¬�wgX-eg\kdbeyfnå_u]¢f`z�eyi¨w�f�Xm§�e�\¨f � db�Tdm¡C¡¢f`¡1�d«_g\�]Cz�fy�gfE²Ni�]C��fQw®d$Vkd«_g�N¯£Xb¤�w�eg�TdbegfQc«��§WXN�vw � ]Cz
¡CX�_��Aw$w�]C�7]C¡Sdb��e�X�e�\�frXNz�f7i�wgfEZ2VA�&¡¢XbxJ¯£¡CfQ©«f`¡��¶eg\�fQ�gz�fQeZ[fQ©A]Ô_ufQwEÛ ¸ â�â ÉNÝ>à�a�¸�¡Ce�fQ�gzkdbeg]C©«fQ¡C�A¬¶xy\�fQzÓ�dô¦[]C�±]°¾Q]Cz�c
� �gX[_ufQw�wgX«�yi�eg]¢¡C]C¾Edme�]CX«z�XN��xy\�fQz��±i�¡Ce�] � ¡Cf�eg\���fEdNZAwJfn¦�]¢wge�X«z±f>d«_g\ � �gX�_nfQw�wgX«�>¬�e�\¨��fEdNZAwºdN_Q_nfQwgw�]Cz�c±_n��]Ceg]Ô_`db¡Yw�fE_neg]CX«z�w
� �gX«e�f>_ne�fEZ�VA�r¡CX�_��Aw�w�\�XNi�¡SZrVkf$V�¡CX�_g�«fEZregX7fQzYdbV�¡Cf$e�\�f$fn¦�fE_ni�eg]CX«z�Xb§�X«eg\�fQ�®e�\��gfEd«Z[w � f`�£§WXN���7]Cz�c±i¨w�fn§Wi¨¡�xJX«�g�1a
Ü ]C�7]C¡Sdb�J_nX«zk_u¡¢i¨w�]CX«z�w�xvf`��f��rd«ZAf®VA�ñrf`¡¢¡CXN�£¯ Á ��i����7fQ�±dbzkZ Ü _nX«ege�]Cz&Ûóñ ÁyÜ Ý�ägà�xy\�]C¡Cf�ZAfQ�g]¢©A]Cz�c±fnå_u]¢f`z�e�w � ]CzA¯
¡CX�_��±]C� � ¡CfQ�7fQzAendbe�]CXNz�w¶e�X±��f>ZAik_nf-_uX«zAe�fQzAeg]¢XNzrX«zre�\�f®wg\kdb�gfEZrV�i�w>a
Ãy\�f±�7f>dbw�i¨��fQ��fQzAe�w®]Cz&e�\�]Cw�wgfE_ne�]CXNz&w�e�iYZA�´eg\�f7eg�TdNZAfQXb¤1w$��fQcAdb�TZ[]¢z¨ceg\�f7i¨w�f±Xb§�w � ]Cz´¡CX�_g�Aw�©AwEa�V�¡CX[_g�A]Cz�c

¡CX�_��Aw�§WX«�7_u��]Ce�]S_Qdm¡yw�fE_neg]CX«z�w�Xb§-ZA]°¤tf`��fQzAe7¡CfQz¨c«e�\¨w7dbzkZÓd«_`_nfQw�wgfEZÒxy]¢eg\ØZA]°¤1fQ��f`z�e
§W��f>²«i¨fQzk_n]CfQw>a�¼£z�_nXNzAe��Tdmw�e±egX
w�XN�7f$Xb§�eg\�f7��fEdbwgi���fQ��fQzAe�w�VA��¸�zkZ[fQ��wgX«zÓX«z9ð�ñr¸ �rd«_g\�]Cz�fQw�Û ¸ âhâ É«Ý`à�¬hxJf7wg\�Xbx�eg\kdbe-ï�ð�ñr¸þ�dN_g\�]Cz�fQw
VYfQ\kd>©«f � ��fEZA]S_nendbV�¡C��xy\¨fQz±w � ]Cz±¡CX�_g��w�dm��fyi�wgfEZ1a¶¸��ge�]°¥t_n]Sdm¡�xvXN���A¡CX�dNZAw¶]¢� � XNw�fEZÕX«z±e�\¨f�ï�ð�ñí¸��±i�¡Ce�] � �gX[_ufQw�wgX«�
ZAfQ��X«z�wge��ndbe�f�e�\�fÕ§WX«¡C¡CXbxy]Cz�c�_�\Ydb�TdN_ne�f`��]Cw�eg]Ô_uwE½
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Length of Critical Section (in microsec.)

spin lock
blocking lock

Ö�]¢cNi���f�Ç¨½ â fQz�cNe�\rXb§v_n�g]Ce�]S_Qdb¡1wgfE_neg]¢XNz�ý�w>a¶¸ ��� ¡¢]S_Qdme�]CX«z�fn¦�fE_ni�eg]CX«z�eg]¢��fJ§WX«�yV¨i���wge£�db�g��]C©«db¡1Xm§�¡CX�_g�7��f>²«i¨fQw�egw

é ¸�w�w�i¨�7]Cz�c-d�w�]Cz�cN¡¢f�e�\��gfEd«Z � fQ� � �gX[_ufQw�wgX«��dbzkZ�d-_uX«z�wgeTdbzAeÀ§W��f>²«i¨fQzk_n�rXb§�d«_Q_ufQw�w�e�X±_n��]Ce�]S_Qdm¡1w�fE_ue�]CX«z�w>¬�eg\�f
fn¦�fE_ui�e�]CX«zÓeg]¢��f-Xm§8dbz9d ��� ¡C]S_Qdbeg]¢XNz � ��X«cN�Tdm�·¡C]Cz�fEdm��¡C��]¢zY_n��fEdmw�fQw±xy]Ceg\&e�\�f�¡¢f`z�c«eg\�w-Xm§8_n��]Ceg]Ô_`db¡Jw�fE_neg]CX«z�w
dN_Q_nfQwgw�fEZÚV�� � �gX«cN�Tdb��ë wveg\���fEdNZAwEa�Ãy\�]Cw�¡C]Cz�fEdm�y]¢zY_n��fEdmw�f±]Cw8Z[i�f-egX7]Czk_n�gfEdbwgfQw�]Cz�eg\�f-d>©«f`�TdbcNf-xydb]Ceyeg]¢��fQw
Xm§³eg\���f>d«ZAw<§WX«�y_n��]Ceg]Ô_`db¡hwgfE_neg]¢XNz�wEa
é ¼£z7ï�ð�ñr¸��dN_�\¨]¢z¨fQwE¬bw � ]Cz±¡CX[_g�Awv_nXNz�w�]Cwge�fQzAe�¡C�$X«i�e � f`�£§WXN���(V�¡CX�_��A]Cz�c®¡CX�_��Aw�xy\¨fQz7eg\�fyzAi��±Vkf`��Xb§ � ��X�_nf`w£¯
wgX«��w®fn¦k_nf`fEZAw®e�\�f�z�i¨�±VkfQ�yXm§�e�\��gfEd«ZAw>ayÃy\�]Cw�]Cw�ZAi¨f�e�X±eg\�f-�gfEZAik_ufEZ�¡Sdme�fQzk_u]¢f`w�Xb§v_n�g]Ce�]S_Qdb¡�w�fE_ue�]CX«z´dN_Q_nfQwgw
§WXN�yw � ]Czr©AwEa¶V�¡CX�_g�A]¢z¨c-¡CX�_g��w>a

Ãy\�fQwgf���fQwgi�¡Ce�w�db�gfvZAfQ��X«z�wge��ndbe�f>Z�]Cz�Ö�]Cc«i��gfQwvä�dmzkZ®ÇÀ§WX«�1VYX«eg\�V�i��gw�e£�$UIÖ�]Cc«i��gf�Ç«jhdmzkZ�i�z�]°§WXN���7¡C�yZA]Cw�eg��]CV�i�egfEZ
UIÖ�]Cc«i¨��fräEj�dN_Q_nfQwgw�fQw±egX_n�g]Ce�]S_Qdb¡¶wgfE_ne�]CXNz�wEa$Ãy\�fQwgf±�7fEdmw�i��gfQ�7f`z�egw�xJfQ��f±�rd«ZAf®xy]Ce�\&d±xJX«�g�A¡¢XAd«Zrwg]C�±i�¡Sdbe�XN�vXNz
d±ü«ÉNÆ«ÇNÆ�Vkdmw�fEZ»Ä«Ç$z�X�ZAf ÞJÞ ï V�i�ege�fQ�oõk���±i�¡Ceg] � ��X�_nfQwgw�X«�>a�Ãy\�f�w�]C�±i�¡SdbegX«��V�]CzkZ[w�X«z¨f8XN����X«��f�e�\��gfEd«Zíe�X7f>d«_g\
� �gX[_ufQw�wgX«��xy\¨]Ô_g\rc«f`z�fQ�Tdme�f�¡CX�_g�A]¢z¨c-�gfE²Ni�fQw�egw�§WX«¡C¡CXbxy]Cz�c�d$i�w�fQ�®ZAfn¥kz¨fEZ � dme�e�f`��zha
ªyXbxJfQ©«f`�E¬bxy\�f`z±�±i�¡Ce�] � ¡Cfheg\���fEdNZAw�XNz�fEd«_g\ � �gX�_nfQw�wgX«�vdm��fy_Qd � dbV�¡CfJXb§k�rdb�A]Cz�c � ��XNc«�gfQw�w>¬«eg\�fvi¨w�fyXb§YV�¡CX[_g�A]Cz�c

]Cwy]CzkZA]S_QdbegfEZrfQ©NfQz»§WX«�<§Idb]C��¡C�±wg�db¡C¡h_n�g]Ce�]S_Qdb¡¶wgfE_ne�]CXNz�wE¬1wg]Czk_nf�w � ]Cz�z�]Cz�c � ��fQ©NfQzAe�w®e�\�f � �gX«c«�gfQw�w®Xm§³XNe�\�f`�8eg\���f>d«ZAw
z�XNeÕ_ui����gfQzAe�¡C�´xydb]Ceg]¢z¨c±X«z&d_u��]Ce�]S_Qdm¡�wgfE_neg]¢XNzha±Ãy\�f±_n�gX«w�wo¯IXb©NfQ� � X«]CzAe®xy\�]C¡¢f�i�w�]Cz�crV�¡CX�_g��]Cz�c�©AwEa$w � ]Cz�z¨]¢z¨c7§GX«�
e�\¨f8db�ge�]°¥t_n]Sdm¡kxJX«�g��¡CXAd«ZAw�i¨w�fEZ
]¢z�X«i��Jfn¦ � fQ��]C�7f`z�endbeg]¢XNz7_nX«�g��fQw � XNzkZAwyegX-eg\�f8dNZ�ZA]Ce�]CX«zYdb¡�Xb©NfQ��\�f>d«ZAwyXm§hV�¡CX[_g�A]Cz�c
X«z�e�\�f ÞvÞ ï Þ i�e�egfQ�£õY�´U£Ö�]¢cNi���f�ÄNjQa
Ãy\�f�fn¦ � fQ��]C��fQzAeTdb¡y�gfQw�i¨¡¢egwrw�\�Xbxyz�dmVkXb©Nf�db��f»z�X«e±wgi�� � �g]Cw�]Cz�cka ª<XbxvfQ©NfQ�E¬<e�\�fQwgf´�gfQw�i¨¡¢egw�ZAX&]C� � ¡C��e�\kdme

dbzA�±¡CX�_g��]Cz�c$�7f>_�\Ydbz�]Cw�� Xb¤1fQ��fEZíV��7dmzrX � fQ�Tdme�]Cz�c±w��Awge�fQ�*�NfQ��z�f`¡hw�\¨X«i�¡SZ � f`���7]CeJe�\�f��7]°¦�fEZ$i�w�f�Xb§�w � ]Cz�z�]Cz�cY¬
VkdN_��NXb¤´w � ]Cz�z�]Cz�cYÛ ¸ âhâ É«Ýuào¬YdbzkZ�V�¡CX�_g�A]¢z¨cádmwyxºdm]¢eg]Cz�c-wge��ndbe�f`c«]CfQwE¬1ZAf � fQzYZA]Cz�c7XNzeg\�f�fn¦ � fE_negfEZ�X«�yfn¦ � fQ��]CfQzY_nfEZ
¡CfQz�cNe�\�w®Xb§y_n��]Ce�]S_Qdm¡�w�f>_ne�]CX«z¨w � ��XNe�fE_ue�fEZÚV��»w�ik_g\&¡CX�_��Aw>a�Ãy\�f7ZAf`w�]Cc«z�Xb§ºd�¡CX�_g��X«V«Ùnf>_ne�Xb¤1fQ�g]¢z¨cwgik_g\´�±i¨¡¢eg] � ¡Cf
xydb]Ce�]Cz�c�wge��ndbe�f`c«]CfQw�]Cw � �gfQw�f`z�egfEZ»]¢z�e�\�f�z�fn¦�eyw�fE_ue�]CX«zha
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Length of Critical Section (in microsec.)

spin lock
blocking lock

Ö�]Cc«i��gf�Ä�½ â fQz�cNe�\�Xb§�_n�g]¢eg]S_Qdb¡�wgfE_neg]¢XNzrý�wEa���¦[f>_ni�e�]CXNz±e�]C�7fJXb§�d ��� ¡C]S_Qdbeg]¢XNz-\Yd>©�]Cz�c®i�wgfn§Wi�¡1eg\���f>d«ZAwJe�\kdmeºdm��f®_Qd � dmV�¡Cf
Xb§¶�dm��]Cz�c � �gX«cN��fQwgw

� � Í Ì���� Ï�����! 	� � Ì Î "#�8��Í Ì$��� Ïr�����% 	� � Í��&���

¸yeydbzA�±w � fE_n]°¥t_®eg]C�7f�d$¡CX�_��7_`dbz7VYf�]Cz7XNz�f�Xm§�eg\���fQf$ZA]°¤tfQ�gfQzAe�wgeTdbegfQwJÈ7¡CX�_��NfEZ1¬Ai�z¨¡¢X�_g�«f>Z1¬�dbzkZ
]SZA¡Cf«a¶¸�¡CX�_g�±]Cw
]Cz7eg\�f�'�¡CX�_��NfEZ)($w�endbe�f®xy\�f`zíd�w � fE_n]°¥t_Õe�\��gfEd«ZrXbxyz¨wveg\�f®¡¢X�_g�±xy\�fQ�gfEdbw�]Cev]Cwy]Cz7eg\�f�'�i�z�¡CX�_g�«fEZ*(-wgeTdbegf�xy\�fQzr]Ce
]Cwy§W�gfQf�xy]Ce�\¨X«i�e®dbzA�rxºdm]¢eg]Cz�c-eg\���f>d«ZAw>a®¸5¡CX�_��rfQzAegfQ��w®e�\¨f�'g]ÔZ[¡¢f+(±w�eTdme�f$xy\�fQz�]Cey]¢w<§W��f`f-V�i¨e8\Ydbw�XNz�f�XN���7XN��f
xydb]Ce�]Cz�c�eg\���f>d«ZAw>avÖ�]Cc«i��gf8û±wg\�Xbxyw�d$e£� � ]S_Qdb¡1wgeTdme�f®e��ndbz�wg]¢eg]CX«z�ZA]SdbcN�Tdb�6§WXN��d��±i¨¡¢eg] � ��X�_nfQwgw�XN�y¡¢X�_g�1a

IDLEIDLEIDLE

UNLOCKEDUNLOCKED

LOCKEDLOCKEDLOCKED

Ö�]Cc«i��gf8ûY½ Ü eTdme�f®Ã¶�Tdmz�w�]Ce�]CXNz-,�]Sdbc«�ndb�(Xb§�d â X�_g�

¸�z&]SZA¡Cf±w�endbegf7]Cz�\�]CV�]Ce�w�dmz9d ��� ¡C]S_Qdme�]CX«zhë w � ��XNc«��f`w�w±VA�¹_uX«z�wgi��7]Cz�c � ��X�_nfQwgw�XN�7_n��_n¡CfQw7dbzkZ/.bX«�®V�¡CX�_g�A]¢z¨cídmz
d �¨� ¡C]Ô_`dbe�]CXNz-eg\���fEdNZ1a�¸�¡CX�_��±VYfE_nXN�7fQwy]SZA¡Cfyxy\�f`zeg\�f®¡Sdbe�f`zk_n�7Xm§h]Ce�wJ¡¢X�_g�7dbzYZ0.bXN�vi�z¨¡¢X�_g�±X � fQ�ndbe�]CXNz�w�db�gf�\�]Cc«\�¬
xy\�fQz�]Ce�fn¦�\�]CV�]Ce�wydbz±fn¦ � fQz�wg]¢©Nf�'�¡CX�_��A]Cz�c-_u�[_u¡¢f+(�UIdmz7i�z¨¡¢X�_g�$X � fQ�Tdme�]CX«z
§WX«¡C¡CXbxvf>Z�VA�±d�¡CX�_g�-X � fQ�ndbeg]¢XNzkjQ¬�dmzkZ0.mX«�
xy\�fQz±eg\�fy¡CX�_���X � fQ�Tdme�]CX«z±]CzAe�fQ�o§WfQ�gfQwvxy]Ceg\-eg\�f�i�z¨¡¢X�_g��X � fQ�ndbeg]¢XNzrUWf«a cYa�d � �g]¢��]Ce�]C©«f¶¡CXbxJ¯I¡CfQ©NfQ¡�¡CX�_g��]Cw�Xb§WegfQz$i�w�fEZ
e�X�fQzA§WXN�T_nf®�±i�egikdb¡Afn¦k_n¡Ci�wg]¢XNz7Xm§�d®\�]Cc«\A¯£¡CfQ©«f`¡k¡CX�_g�áZ�dmeTd®wge��gik_ne�i¨��f«aJ¼£z±w�iY_�\�d®wg]Ce�ikdme�]CX«zh¬NfQ©NfQzdmz±i�z�w�iY_Q_nfQwgw£§Wi�¡

û



¡CX�_��rX � fQ�ndbeg]¢XNz¹_`dbz�w�e�X � d�eg\���fEdNZr§G��X«�*fu¦[f>_ni�e�]Cz�c�dbz�i�z�¡CX�_��rX � fQ�ndbeg]¢XNzkjQa�¸(w � ]Cz�¡¢X�_g��wgi ��� X«��egw�¡CX�_���dmzkZ
i�z�¡CX�_g�±X � fQ�Tdme�]CX«z¨w�xy]Ce�\��7]Cz�]C�-i¨�5¡SdbegfQzk_n�
§WX«�y¡CX�_g��]Cz�c±_n��_n¡Cf�xy\�f`��fEdmw8d$V�¡CX�_g��]Cz�c$¡CX�_��±i¨w�ikdm¡¢¡C�±\kdmw�d$\�]Cc«\�f`�
¡CX�_��A]Cz�c&_n��_n¡Cfr¡Ôdme�fQzY_n��a�ªyfQzY_nf«¬�d�w � ]CzØ¡CX�_g�9\kdmw±e�\�f»¡¢f>dbw�e±]SZA¡Cfrw�endbegf«a�ª<XbxvfQ©NfQ�E¬�d�w � ]Cz�¡CX[_g�&�rd>�´�gfQw�i�¡Ce
]Cz´]Czk_u��fEdmw�fEZ�V�i¨w-dbzkZ/.bX«�®��fQ�7XN���_uX«zAe�fQzAeg]¢XNz&xy\�]S_g\´�rd>�íZ[fQc«�nd«ZAf±eg\�f � f`�£§WXN���dmzk_nf$Xb§�d�w�\kdm��fEZÚ�7fQ��X«���
� dm�Tdb¡C¡CfQ¡ � �gX«cN�Tdb��a�Ãy\�f$db]C��Xb§vZA�Azkdm�7]S_y¡CX�_g�r��fE_nXNzA¥kcNi��Tdme�]CX«z�]CwyegX7��f>ZAik_nf$e�\�f�]ÔZ[¡¢f�e�]C�7f�Xb§vd$¡CX[_g�rxy]Ce�\�XNi�e
w�]CcNz�]°¥t_QdbzAeg¡¢�r]Czk_n�gfEdbwg]Cz�crV�i�w�dbzkZ/.bX«�®��fQ�7XN���_uX«zAe�fQzAeg]¢XNz´�gfQw�i¨¡¢eg]Cz�cr]¢z�]C� � �gXb©«fEZrd ��� ¡C]S_Qdbeg]¢XNz � fQ�£§WXN���rdbzk_nfNa
Ü ik_g\$��fE_uX«zA¥kcNi��Tdme�]CX«z$]Cw�d ��� ¡C]S_Qdme�]CX«z®w � fE_n]°¥t_�dbzkZÕ¡¢X�_g���gfE_nX«z[¥kc«i��ndbeg]¢XNz � X«¡C]S_n�®xy]C¡C¡�ZAf � fQzkZ
X«z�eg\�f�d �¨� ¡C]Ô_`dbe�]CXNz
¡CX�_��A]Cz�c � dbe�egfQ��z�a

13254 687:9<;�=?>A@�BDC0EGFIHJ7LKM;390N3OQPSR�TD7VUW;3XD7:H+2
¸�zA��¡CX�_g�-_nXNz�w�eg��ik_neJ\kdmw�e£xvX®��fE_g\kdbz�]Cwg�7w�dmzkZ$dbw�wgX�_n]Sdbe�f>Z � XN¡¢]S_n]CfQwJZAfQe�f`���7]Cz�]Cz�c�]Ce�w¶Vkf`\kd>©A]¢XN�E½ÀUTä>jh]CegwyBEsn?�OT=mLAîZY
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X«V«ÙufE_neyw�endbegfÕZ[fQwT_n�g]CV�]Cz�c±]Ce�w-;bHÀpkOQPuBT?A@Z`$V���]Cz�©NX«�NfQ��w>a Ü iY_�\rXbxyz�f`��w�\¨] � �rd>�-VYf�d«_Q²Ni�]C��f>Z7]C� � ¡C]Ô_u]¢eg¡C�Õdmw � db�geyXb§
e�\¨fv]CzA©«X�_Qdme�]CX«z�Xm§kw�XN�7f�XNV«ÙnfE_neÀ�7fQeg\�X�Z®X«�¶fn¦ � ¡C]S_n]Ce�¡C�®VA��fn¦�fE_ni�eg]CX«z$Xb§hd®ò � XNw�wgfQw�w>ë«��fQe�\�X�Z�dmw�wgX[_u]Ôdme�fEZ$xy]Ceg\-eg\�f
X«V«ÙufE_neEa�Ö¨X«�yfu¦¨dm� � ¡Cf«¬mXbxyz�fQ��wg\�] � Xb§�eg\�f�XNV«ÙnfE_ne�dme�e��g]CV�i�e�fM»�¸<¼�Ç/À�Å¿¼�Æ<¾8XN��ÉºÁ)Â/Ã	ÄºÀ�Å¿¼�ÆÈ¾®]CwºdN_Q²Ni�]C��fEZ�]C� � ¡¢]S_n]Ceg¡¢�
VA�7d$e�\��gfEd«Z�xy\�f`z�]CeºdN_Q²Ni�]C��fQw�e�\�f�¡CX�_g�1ah¸�¡¢wgXk¬Ydbz7fu¦[egfQ��zYdb¡�dbcNfQzAe®UWe£� � ]S_Qdb¡C¡C�A¬«d$e�\��gfEd«Zí�7X«z¨]¢egX«�g]¢z¨c8eg\�f®w�endbe�f
Xb§¶e�\�f�¡¢X�_g��jJ�d>�±�gfE²Ni�fQw�e®Xbxyz�f`��w�\¨] � Xb§³dmz�dbe�eg��]CV�i�egf�e�X±�gfE_nXNzA¥kc«i¨��f$e�\�f�¡CX�_g�7egXd±ZAfQwg]C��fEZ�_uX«zA¥kcNi��Tdme�]CX«z�dmw
w�\¨XbxyzVA�±eg\�f®§WXN¡¢¡CXbxy]Cz�c�_nX�ZAf�wgfQc«��fQzAeEa

¸º¹/»)»m¼y½¿¾iÀ)ÁmÂ/Ã�Ä3Êq¸/Â/»)»)¾)»i»VËa¹)À)¹�ÅmÅ)Ì¿¼�É)Í*Å¿¾ºÎ
¸º¹/»)»m¼y½¿¾iÀ)ÁmÂ/Ã�Ä3Ê\Ã|Â|Ç0Ï¿¼yÐyÍ0Ì¿¾VËa¹)Àm¹�Å)Å)Ì¿¼	É)Í0Å¿¾:ÑMÇ<¾yÒ*À/ÃiÂ|Ç0Ïº¼yÐ:Î

ß



w � ]CzA¯£e�]C�7f ZAfQ¡Sd>�N¯Ieg]¢��f wg¡¢f`f � ¯£e�]C�7f eg]C�7fQXNi�e �gfQw�i�¡Ceg]¢z¨c±¡¢X�_g�
z Æ Æ Æ � i��gf�w � ]¢z
z z Æ Æ w � ]Cz�UWVkdN_g�«Xb¤vj
Æ Æ z Æ � i¨��f�wg¡¢f`f �
¦ ¦ ¦ z _uX«zkZA]Ceg]¢XNzkdb¡1wg¡CfQf � .mw � ]Cz
z z z ¦ �7]°¦�fEZ$w�¡CfQf � .bw � ]Cz

Ã�dbV�¡Cf-äN½ â X�_g�Ñ¶db�ndb��fQe�fQ�gw®U_ÇÔÓ5dbz�dm��V�]Ce��ndb�g�±z�i¨�±VkfQ�>¬)Õ-ÓÖ'TZAX$z�X«e�_`db��f+(�j

132Ø× 687:9<;�=?>A@�BDC0EGFIHJ7LHJ;39/N3OQPÚÙ)ÛÝÜIH57:ÛÞ7:=fß0E�ß*à5;�=b2
¸�w®wgeTdbegfEZ�dbVYXb©«f«¬Y¡CX�_��Aw®�d>�±VYf±��f>_nX«zA¥Yc«i��gfEZ&dbwg��zY_�\¨��X«z¨X«i�wg¡¢�rVA��]CzA©«X�_Qdme�]CX«zrXb§yd±��f>_nX«zA¥Yc«i��ndbe�]CXNz´��fQe�\�X�Z
X«�ywg�Azk_g\���XNz�X«i�wg¡C�]Cz�_nXNzEÙni�zk_ue�]CX«zrxy]Ce�\r¡CX�_���X«�yi�z¨¡¢X�_g�r��fE²Ni�f`w�e�w>a�Ö¨X«�y��f>_nX«zA¥Yc«i��ndbV�¡Cf�¡CX�_g��w>¬�xJf�\kd>©NfÕ_g\�XNw�fQz
e�X�]C� � ¡CfQ�±fQzAeydbwg��zY_�\¨��X«z¨X«i�w®¡CX�_�����fE_uX«zA¥kcNi��Tdme�]CX«z�¬1]CzXN�TZAf`�8egXd>©NX«]SZ
§WX«�n_n]Cz�c7db¡C¡heg\���f>d«ZAw®e�\Ydbe�i¨w�f$¡¢X�_g�Aw�egX
_nXNz�endb]Cz®�Az�Xbxy¡CfEZAc«fydbVYX«i¨eh¡CX�_��®i�wndbcNf«¬b¡CX�_�� � fQ�£§GX«���rdbzk_uf«¬>X«��d ��� ¡C]S_Qdbeg]CX«z � ��XNc«�ndb� � fQ�£§WXN���rdbzk_nfNahÃy\�fJw � fE_n]°¥t_
��f>_nX«zA¥Yc«i��ndbV�¡Cf$¡¢X�_g� � ��f`w�fQzAe�f>Z�]¢z»e�\�]Cw®w�fE_ue�]CX«z�]Cw�]C� � ¡CfQ��fQzAe�fEZ
w�ik_g\�e�\kdme�db¡C¡h¡CX�_g��gfE²Ni�fQwge�w-dm��f$��fE²Ni�]C��f>Z�egX
_Qdm������dbz´dNZ�ZA]Ce�]CX«zYdb¡ � dm�Tdb��fQe�f`��Vkdmw�fEZ»X«z�xy\¨]Ô_g\�f>d«_g\´�gfE²Ni�fQwge�]Cw8ZA]C��f>_ne�fEZ�egX7eg\�fád ��� �gX � �g]Ôdme�f$�7fQeg\�X�ZAwy§GX«�
¡CX�_��®xydb]Ce�]Cz�c®dbzkZ�wT_g\�f>ZAi�¡C]Cz�cka¶¿&fy_Qdb¡C¡Aw�iY_�\7dNZ�ZA]Ce�]CXNzkdb¡ � dm�Tdb��fQe�f`��w�D>FGFIP`@WúQLNF�OnB1wg]¢zY_nfye�\�f`�ádm��fyz�XNe��gfE²Ni�]C��fEZ$VA�
e�\¨fv��fQe�\�X�ZAw¶]C� � ¡¢f`�7fQzAe�]Cz�cJe�\¨fyX«V«ÙnfE_ueEë w�Vkdmw�]S_¶§Gi�zk_neg]¢XNzkdb¡C]Ce£�AakÃy\¨f�dbe�eg��]CV�i�egfyi�w�f>Z$V���e�\�fJ��fE_uX«zA¥kcNi��TdmV�¡Cf�¡CX�_g�
]Cwye�\�f���fE²Ni�fQwge�]Cz�c�e�\��gfEd«Z1ë w�]ÔZ[fQzAe�]°¥kfQ��U�òóe�\��gfEd«Z�¯I]SZ1ëójQaÀÃy\�]Cwy]SZAfQzAe�]°¥kfQ��]Cw � ��X�_nfQwgw�fEZ�VA��e�\�f�¡CX�_g�7XNV«ÙnfE_ne>ë wD`[;mîã@Ws`�
i � X«z�¡¢X�_g�7]CzA©«X�_Qdme�]CX«z7dmw � db�geyXb§¶e�\�f7PnOoùô@CBnF£PTDôFI@W;mpb`¨?[D>BEO<Xb§¶¡¢X�_g�±wT_g\�f>ZAi�¡C]Cz�cka¶Ãy\�f � XN¡¢]S_n�±z¨fn¦�e � fQ�o§WX«�g�7w®î¢;>snM
D«s\[`LA@CBQ@CFI@G;bp�¬Yxy\�]S_g\�]C� � ¡CfQ��fQzAe�wyd±�rd ��� ]Cz�c±Xm§yò eg\���f>d«Z»]ÔZ×ëkegX7eg\�fád ��� �gX � �g]Ôdme�f���fQe�\¨X[Z[wy§WXN��xydb]Ce�]Cz�c±XNz´eg\�f
¡CX�_��1¬«dmzkZ±]Cevdm¡Cw�X®w�fQ¡CfE_ue�wye�\¨f8d �¨� ��X � ��]Sdbegf�¡CX�_g�-wn_�\¨fEZAi�¡C]Cz�c���fQe�\�X�Z�§WXN�vZAfQ¡Sd>�A]Cz�c®¡CX[_g�±d«_Q_ufQw�w>a Þ X«e�\��d ��� ]Cz�c«w
�d>�®VYf8_g\kdmz�c«fEZ$VA�±�gfE_nX«z[¥kc«i��ndbeg]¢XNz±X � fQ�Tdme�]CX«z¨w � fQ�£§GX«����fEZ$X«z±eg\�f�¡CX�_g��X«V«ÙufE_neyZAfQwT_u��]CVkf>Zr¡Sdbe�f`�Ea�¸�wyd®��fQwgi�¡CeE¬
d���fE_nXNzA¥kcNi��TdmV�¡Cf�¡CX[_g�1ë wv]CzAe�f`��zkdm¡h��f � ��fQwgfQzAeTdme�]CX«z´_uX«zAeTdm]¢z¨wye�\�f®§GX«¡C¡CXbxy]¢z¨cÕdNZ�ZA]Ce�]CXNzkdb¡Y]CzA§WX«�g�dme�]CX«z�UIÖ�]Cc«i��gf�è«jQ½
é XNV«ÙnfE_ne�w�eTdme�f±UGf«a ckaC¬�_ni��g��fQzAe�¡¢X�_g�±w�endbegf«¬1_ni����gfQzAe�¡CX�_g�±Xbxyz�fQ�E¬¨��fQcN]Cw�e��ndbeg]¢XNzr]¢z[§WX«�g�dbeg]CX«zh¬bf`eT_baój
é _nXNzA¥kcNi��Tdme�]CX«z�w�endbe�frUGf«a ckaC¬1eg]¢��fQX«i¨e�dbzkZ»w � ]CzA¯£e�]C��f � db�ndb��fQe�fQ�gwE¬1¡C]Cw�e®Xm§vxºdm]Ce8��fQe�\¨X[Z[wE¬YfQeT_ma j`¬hxy\¨]Ô_g\�]Cw
wg\�Xbxyz´]Cz´Z[fQeTdm]¢¡¶]Cz�Ã³dmV�¡Cf7ä«a®Ãy\¨]¢w�Ã�dbV�¡Cf�¡C]Cw�egwÕdá§WfQx6w�ik_g\ � dm�Tdb��fQe�f`��wE¬Yeg\�f � XNw�wg]¢V¨¡¢f$©«db¡Ci�f`wy§WXN��e�\¨X«w�f
� dm�Tdm�7fQegfQ��w-dmzkZ�e�\¨f7��f`w�i�¡Ce�]Cz�c»¡¢X�_g�AwEa�Ãy\�fQwgf � dm�Tdb��fQe�f`��w�]C� � ¡¢f`�7fQzAe8d�w � fE_ue���i¨��Xm§º¡CX�_g��w$dbw�wg\�Xbxyz
]Cz�Ö�]¢cNi���f�ü¨a Á XNzA¥kc«i¨�Tdbeg]CX«z7wgeTdme�f�z�XNevwg\�Xbxyzr]Czeg\�f®Ã�dbV�¡Cf�]Czk_u¡¢iYZAfQw�db�n_g\�]Ce�fE_negi���fu¯Iw � fE_u]ã¥1_$]¢z[§WX«�g�dbeg]CX«z
¡C]C�«f�¡¢X�_g�7¡CX�_Qdme�]CX«zh¬NX«V«ÙufE_ne�]C� � ¡CfQ�7fQzAendbe�]CXNz±UIZA]Cwge���]CV�i¨e�fEZrXN��_nfQzAe��ndb¡C]C¾QfEZrXNV«ÙnfE_negwTj<fQeT_ba

Â ]C©«f`z7e�\¨f8¡CX�_g�7]C� � ¡¢f`�7fQzAeTdme�]°X«z$X«i�eg¡¢]Cz�f>ZdmVkXb©Nf«¬AfEdN_�\r¡CX�_g�d«_`_nfQw�w���fE²Ni�f`w�e®]Cz�©NX«¡C©«f`wveg\�f�§WX«¡C¡CXbxy]Cz�c®w�e�f � wE½

áfâ:ã�äGå·¸ ¡CX�_g��]Cz�c$X � fQ�ndbe�]CXNzí_uX«z�wg]¢wge�w�Xb§�eg\�f®§WXN¡C¡¢Xbxy]Cz�c®wge�f � w>½
ä«aJ¸(��f>²«i¨fQw�eg]¢z¨ceg\���f>d«Z���f`c«]Cw�egfQ��w�]Cegw�fQ¡°§vxy]Ce�\»e�\�f$¡CX[_g�rX«V«ÙufE_neEa�¸ye®e�\�]Cw�eg]C�7f«¬Ydbe�eg��]CV�i�egf-]CzA§GX«���rdbeg]¢XNz7¡C]C�«f
eg\���fEdNZN¯£]ÔZ×¬ � ��]CX«�g]¢eg]CfQwE¬ÀXbxyz�fQ��wg\�] � ¬8OuF�saæÓ]Cw � ��X�_nfQwgw�fEZÒVA�&e�\�fr¡CX�_g�të w � XN¡C]Ô_u��a&Ãy\¨fXb©NfQ��\¨fEd«Z2Xb§ � XN¡C]Ô_u�
fn¦�fE_ui�e�]CX«z�ZAf � fQzYZAw7XNz&e�\�frzAi��±VYfQ��Xb§8dme�eg��]CV�i�egfQw � ��X�_nf`w�w�f>Z�dbzkZÚe�\�fr_nX«� � ¡Cfn¦�]Ce£��Xb§®e�\�f � ��X�_nfQwgw�]Cz�c
VYfQ]Cz�c � fQ�o§WX«�g�7fEZ»UWfNa cYaC¬�d$w�X«��fQxy\kdmeº_nXN� � ¡Cfn¦7¡CX�_g�7wn_�\¨fEZAi�¡C]Cz�cdm¡Cc«X«�g]Ce�\��(]Cw8ZAf`wT_n�g]¢VYfEZ»]Cz¹ÛZ] Ü�Â Ý«Ç`àh§GX«�
�gfEdb¡°¯£e�]C�7f®¡CX�_��AwnjQaJÃy\�f��gfQc«]Cw�eg�Tdme�]CX«z�Xb©NfQ��\¨fEd«Zr]Czre�\¨f-_nX«z[¥kc«i��ndbV�¡Cf�¡CX�_g�7]C� � ¡¢f`�7fQzAeTdme�]CX«z±]Cwyeg\�f-_nXNw�e®Xb§
XNz�f�xy��]Cegf8X � f`�Tdbeg]CX«zrX«z � �g]¢�rdb�g�±�7fQ��X«���0ç`a�¸�w�w�\�Xbxyzr]Cz Ü fE_neg]CX«zrûkaóÇ�¬�d ��� ¡C]S_Qdbeg]CX«z � fQ�o§WX«�g�dbzY_nf®c�db]Cz
ZAi¨f�e�X7ZA�Azkdm�7]S_J¡CX�_��±�gfE_nXNzA¥kc«i¨�Tdbeg]CX«zrfEdbwg]C¡¢�r_nX«� � f`z�wTdme�fQwJ§WXN�yw�ik_g\r��f`c«]Cw�eg�Tdbeg]CX«z�_nX«wge�w>a
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Mixed Pure SpinPure Sleep

spin-time

Ö�]Cc«i¨��f�ü�½¶¸ ÜA� fE_neg��i��*Xm§³ñri¨¡¢eg] � ��X�_nfQwgw�XN� â X�_g�Aw

Ç�aJ¼G§®¡¢X�_g��w�eTdme�i�w±]CzkZ[]Ô_`dbe�f`w-eg\kdbe$e�\�f�e�\��gfEd«Z2�±i�wge®xºdm]¢eÕ§WX«�$e�\�f�¡CX[_g�1¬¶e�\¨fQzÓe�\�f�xºdm]¢eg]Cz�cr�7fQeg\�X�Z�]¢w±ZAfn¯
egfQ����]¢z¨fEZ�VA�´eg\�fdN_Q²Ni�]Cw�]Ce�]CX«z��7X�ZAi¨¡¢f$Xb§ye�\¨f7¡CX�_���X«V«ÙufE_neEa Á i����gfQzAe-]C� � ¡CfQ�7fQzAendbe�]°X«zrXb§8_uX«zA¥kcNi��TdmV�¡Cf
¡CX�_g���d � w��gfE²Ni�fQw�egw�e�Xr��fQe�\�X�ZAw�§WXN��w � ]Cz�z�]Cz�ck¬×V�¡CX[_g�A]Cz�ck¬YVkdN_g�«Xb¤&w � ]¢z¨z�]Cz�ck¬h_uX«zkZA]Ceg]¢XNzkdb¡�¡CX[_g�A]Cz�ck¬1dmzkZ
dNZA©A]¢wgX«�g�7¡CX�_��A]Cz�cYa

÷$øGù¡â:ã�äGå ¸�zri�z�¡CX�_���X � fQ�Tdme�]CX«z�_nXNz�w�]Cwge�wyXb§�eg\�f�§WX«¡C¡CXbxy]Cz�c®w�e�f � wE½
ä«aJÃy\�f®¡Sdbwge � db�gevXm§�eg\�f®¡¢X�_g�7XNV«ÙnfE_negwEë w � X«¡C]S_n�±]Cwveg\�f���f`¡¢f>dbw�f®��X[Z[i�¡Cf«¬«xy\¨]Ô_g\�w�fQ¡CfE_negw®e�\�f®z�fn¦�eyeg\���fEdNZ�e�\kdme
]Cwyc«�ndbzAe�f>ZdN_Q_nfQwgw®e�X±e�\¨f8¡CX�_g�1a

Ç�aJÃy\�f���fQ¡CfEdmw�f��7X�ZAi�¡Cf«ë w�wgfQ¡CfE_neg]¢XNzÓUWwn_�\¨fEZAi�¡C]Cz�c�j � X«¡C]S_n���d>��_nXNz�w�]Cwge�Xb§�drw�]C� � ¡Cf-d«_Q_ufQw�w±egX´d�e�\��gfEd«ZN¯£]SZ
z�XNe�]Cz�c�e�\�f�z¨fn¦�e8eg\���f>d«ZregX7VYf-fn¦�fE_ui�e�fEZ2U£dbw�]¢z»\kdbzkZ[Xb¤´wn_�\¨fEZAi�¡C]Cz�ckÛ Þ ¡Sd«Ý«ÆNd`àWjyX«��]Cey�d>�±fn¦�fE_ni¨e�f±�7XN��f
_nXN� � ¡Cfn¦7wn_g\�fEZAi�¡C]Cz�c±wge��Tdme�fQcN]CfQwEa

Ãy\�f$��fE_nXNzA¥kcNi��TdmV�¡Cf-¡CX�_g�XNV«ÙnfE_ne$db¡Cw�Xr_nX«zAeTdm]Cz�w8d
�7X«z¨]¢egX«�y��X[Z[i�¡Cf8xy\¨]Ô_g\�wgfQz�wgfQw-XN� � �gX«VYfQw�i�wgfQ�£¯�ZAfn¥Yz�fEZ
� dm�Tdb��fQe�f`��wEa.Ãy\�]Cw7�7X�ZAi¨¡¢fr]C� � ¡¢f`�±fQzAe�w±d&i�wgfQ�£¯�_nX«zAeg��X«¡C¡CfEZÒ¡C]¢cN\Ae£xvfQ]CcN\�e$e�\¨��fEdNZ���X«z�]Ce�XN��]Cz�c�wg�Aw�e�f`�´a6Ãy\�f
]CzA§WXN���dme�]CX«zrcAdbe�\¨fQ��fEZÚ§W�gX«��e�\¨f7�7XNz�]Ce�XN�Õ_`dbz9VYf7i¨w�fEZÚV��&eg\�f7]CzAe�f`��zkdm¡v�gfE_nX«z[¥kc«i��ndbeg]¢XNz � X«¡C]S_n�&dbzkZ0.mX«�-dmz
fn¦�e�f`��zkdm¡³dmc«fQzAe$U � X«wgw�]CV�¡C��dbz�XNe�\�f`�8d �¨� ¡C]Ô_`dbe�]CXNzeg\���f>d«Z�j�e�X�ZAf`e�fQ�g�7]Cz�f�eg\�f-wgeTdme�f$Xb§veg\�f�¡CX�_��rxy\�]S_g\h¬Y]Cz�e�i¨��zh¬
]Cw-i¨w�fEZ2e�X&ZAfE_u]ÔZ[fXNzØd�z�f`x�¡CX[_g�9_nXNzA¥kcNi��Tdme�]CX«zhaÚÃy\�fr��fQwg]ÔZ[fQzAe � XN¡¢]S_n�&xy\¨]Ô_g\2]¢w$��f`w � X«z�wg]¢V¨¡¢fí§WX«�$e�\�fr¡CX�_g�
��f>_nX«zA¥Yc«i��ndbe�]CXNz�]CwÕ_`db¡C¡CfEZ�dbw®eg\�f-¡CX�_g��d«Z�d � eTdme�]CX«z � X«¡C]S_n��a Ü ik_g\&d«Z�d � eTdme�]CX«z � XN¡¢]S_n��ZAf � fQzYZAw�X«z»e�\�f$¡CX[_g�A]Cz�c
� dme�e�f`��zhaJ¼£� � ¡¢f`�7fQzAeTdme�]CX«z¨w�Xb§�e�\¨��fEdNZr�7XNz�]Ce�X«�g]Cz�c�w��Awge�fQ��Û Â�Ü Ý«Çuà³dmzkZrd«Z�d � eTdmV�¡Cf8¡CX�_g�AwEÛóñ Ü ÝNÄ>à³dm��f�ZAfQwn_n��]CVYfEZ
fQ¡Cw�f`xy\�fQ��fNa

ú û �®��üNÍ-��ý�� Ì �I�ÿþ����M bÏ�®�JÐEÍ Ì

�3254 �3;�C0ÛÝEGH���TIEGC0EG9¿ß07:C0à��<E�ß*à5;�=
â f`e	��
�VYf±d7wgeTdme�f7©«dm��]SdbV¨¡¢f�xy]¢eg\´©«dm¡Ci�f	�
y]Cz¹Z[X«�dm]Cz���
�U��
�����
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e�\¨fáZAi¨�Tdbeg]CX«z�Xm§ve�\�f%'�]SZA¡Cf�wgeTdme�fa(rXb§Je�\�f$¡CX[_g�1a�Ã³dmV�¡Cf�û7¡C]Cw�egw®e�\�f±_nX«wge�w®Xb§Je�\�f$¡CX[_g�A]Cz�c_u�[_u¡¢f�§WXN��w�XN�7f�wgeTdme�]S_
]C� � ¡CfQ�±f`z�endbeg]¢XNz�w�Xm§³¡CX�_g�AwEay¸ B�`Y@Sp)Y�H�@ÔFW?�YTúTDNsnM«;��Ó¡CX�_g�7\kdmw8dmzfu¦ � fQz�wg]C©«f$¡¢X�_g�A]Cz�c7_n��_n¡Cf-ZAi�f$e�X±eg\�f%'�VkdN_��NXb¤�(
_nXNw�e�xy\¨fQ��fEdmw�e�\¨f�'gV�¡CX[_g�A]Cz�ci(±_nXNw�e�d«Z�Z[w8egX7eg\�f�¡CX�_��A]Cz�c7_n��_n¡Cf$Xb§ºd � i��gf-V�¡CX�_g�A]¢z¨c±¡¢X�_g�1ay¸�w®wg\�Xbxyz�]Cz�Ã�dbV�¡Cf
è�¬Yd7_nXNzA¥kcNi��TdmV�¡Cf�¡CX[_g��\kdbw®e�\¨f�¡CfEdbwge�fn¦ � fQz�w�]C©Nf-¡CX�_g��]Cz�c7_u�[_u¡¢f$xy\�fQz&_nXNzA¥kc«i¨��fEZ�dmw8d
w � ]Cz�¡CX�_g�ídmzkZ�\kdbw®eg\�f
�7XNw�e®fn¦ � fQz�w�]C©Nf�¡CX[_g�A]Cz�c�_n��_n¡Cfrxy\�fQz�_nX«z[¥kc«i��gfEZÓdbw±drV�¡CX�_g��]Cz�c»¡¢X�_g�1a�Ãy\�f�_nX«wge-Xm§8e�\¨f7¡CX�_��A]Cz�c´_u�[_u¡¢frXm§8d
_nXNzA¥kc«i¨�TdbV¨¡¢f®¡CX�_g�t¬�_uX«zA¥kcNi���f>Zdmw�d±_nX«�±V¨]¢zYdbe�]CXNz-Xm§³w � ]CzdmzkZ�V�¡CX[_g�1¬A¡C]CfQwyVkf`e£xvfQf`z�e�\�f`w�f$fn¦�e���f`�7fQw>a

,���zYdb�7]S_�_nX«zA¥Yc«i��ndbe�]CXNz&UIdm¡¢wgX7�Az�Xbxyz´dmw��gfE_nX«z[¥kc«i��ndbeg]¢XNzkj�X�_Q_ni��gw-dbe���i�z�eg]C�7f«ayÃy\¨f-Xbxyz�f`�8Xm§vd±¡CX�_��rXN�
dbzrfn¦�egfQ��zkdm¡�dbc«f`z�e � XNw�wgfQw�wg]¢z¨cídmz�dbe�eg��]CV�i�egf�Xb§�eg\�f-XNV«ÙnfE_ne��d>�7_g\�XAX«wgf�e�Xrdb¡Ce�f`��]Ce�w�_nXNzA¥kcNi��Tdme�]CX«zha3,��Azkdb��]S_
_nXNzA¥kc«i¨�Tdbeg]CX«z_g\kdmz�c«f`w � X«w�f�d�§Wf`x � �gX«V�¡CfQ��wvxy\¨]Ô_g\�db�gf®VkfQwge�wgeTdbegfEZrVA�±e�\¨f®§WX«¡C¡CXbxy]Cz�c�²Ni�fQw�eg]CX«zh½

â X�_g�7e£� � f ¡CX[_`db¡1¡CX�_�� ��f`�7X«egf®¡¢X�_g�
UG�7]S_n��X$w�f>_nX«zkZ[wTj UW��]Ô_u��X$w�fE_nXNzkZAwnj

ÜA� ]Cz ûAè�aCäEÄ û�ß¨a ÉNÝ
ÜA� ]¢z[¯Ixy]Ce�\[¯IVkdN_g�«Xb¤ Ä«ÇNÆ�aóÄ«ü ÄNè«ü¨a ÝNè
Þ ¡CX�_g��]Cz�cm¯I¡CX�_g� è�ä>Æ�aóè«è èNü«Ä¨a ßNÝ

Ã�dbV¨¡¢f®ûY½ Á XNw�eyXb§�wgik_Q_nfQwgw�]C©«f±ðyz¨¡¢X�_g�7dbzYZ â X�_���X � fQ�Tdme�]CX«zrXNzídmzdm¡¢�gfEd«Z[� '�¡CX�_g�«fEZ*(-¡CX�_g�
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Á XNzA¥kcNi���fEZrdmw ¡¢X�_Qdm¡1¡CX[_g� ��fQ��X«egf8¡CX�_g�
UW��]S_n��X$w�fE_uX«zkZAwnj UW�7]S_n�gX-wgfE_nXNzkZAwTj

ÜA� ]Cz Ý«Æ¨aóÇ�ä ä>Æ�ä«aóÄNÉ
Þ ¡CX�_g�A]¢z¨c è«ü«è¨aCäEü üNÇ«è�aóüNÄ

Ã�dbV�¡Cf8è¨½ Á X«wgeyXb§�wgik_Q_nf`w�w�]C©Nfáð<z�¡CX[_g�rdbzkZ â X�_g�7X � f`�Tdbeg]CX«z7XNz�dbz�db¡C��f>d«ZA� 'g¡¢X�_g�«f>Z)(7_nX«z[¥kc«i��ndbV�¡Cf®¡CX�_��

��� f`�Tdbeg]CX«z ¡¢X�_Qdm¡1¡CX[_g� �gfQ�7XNe�f�¡CX�_g�
UG�7]S_n�gX�w�fE_uX«zkZAwnj UW��]S_n��X�wgfE_nXNzkZAwTj

� X«w�wgfQw�w ÄNÆ�aóß«è Ä«Ä¨aóÝ«Ç
_nXNzA¥kc«i¨��fbUGxºdm]¢eg]Cz�c � X«¡C]S_n��j Ý¨aóÉ«ß äQûYa û�è
_nXNzA¥kc«i¨��fbUGwT_g\�fEZAi¨¡¢f`�Tj ä>Ç�aóè�ä Ç«Æ¨aóÉ«Ä

Ã�dbV¨¡¢f®ü�½ Á XNw�eyXb§ â X�_g� Á XNzA¥kc«i¨�Tdbeg]CX«z ��� fQ�Tdme�]CX«z¨w

� zk_nfre�\�f�_nXNzA¥kcNi��Tdme�]CX«zÓ_�\Ydbz�cNfQwE¬Jxy\kdme-\kd ��� fQz�w7egX´eg\�f�db¡C��f>d«ZA�&�gfQc«]Cw�egfQ��f>ZÓe�\��gfEd«Z[wTìêÃy\�fQ�gf´db�gfe£xJX
w�XN¡Ci�e�]CX«z¨whe�X®eg\�]Cw � ��X«V¨¡¢f`�´a1¼G§1e�\�fyxydb]Ceg]¢z¨c � XN¡¢]S_n�$_�\Ydbz�cNfQwE¬Ne�\�fÀ¥k�gw�e�wgX«¡Ci�e�]CXNz-eg�Td>©«f`��w�f`w�e�\�fy�gfQc«]Cwge��Tdme�]CX«z±²Ni�fQi�f
dbzYZ�db¡Ce�f`��w®e�\�f±xydb]Ceg]¢z¨c � XN¡¢]S_n]CfQw�Xb§ºdm¡C¡�eg\�f$��fQcN]¢wge�fQ�gfEZ&eg\���f>d«ZAw>a�¼G§ye�\�f$wT_g\�fEZ[i�¡C]¢z¨c � X«¡C]S_n��_g\kdbz¨c«fQw>¬1]Ce��7Xb©NfQw
db¡C¡1eg\�f���f`c«]Cw�egfQ��fEZ»e�\¨��fEdNZAw�§W��XN� eg\�f�X«¡SZr²Ni�fQi�f�e�X±e�\¨f-z�f`x�XNz�f«ayÃy\�f�w�fE_nXNzkZrwgX«¡Ci�e�]CXNzíZ[X�f`w�z�XNe8_g\kdbz¨c«f�eg\�f
_nXNzA¥kc«i¨�Tdbeg]CX«z±Xb§heg\�f®¡CX[_g�±i�zAeg]¢¡1db¡C¡�eg\�f � ��fu¯I�gfQc«]Cw�egfQ��f>Zre�\��gfEd«Z[w�db��f�w�fQ�g©«fEZ×a�Ãy\�f�¥k�gw�eyw�XN¡Ci�e�]CX«z±]Cw�z¨X«eJwT_Qdm¡ÔdmV�¡Cf
VYfE_Qdbi¨w�f®e�\�f®¡CfQz�cNe�\�Xb§�eg\�f��gfQc«]Cwge��Tdme�]CX«z�²Ni�fQi¨fÕZ[X�f`wvz�XNev\Yd>©«f8dmz7i �¨� fQ�yVYX«i¨zkZ1a�ªyf`zk_nf«¬YX«i¨�v]C� � ¡¢f`�±fQzAeTdbeg]CX«z
]Czk_nXN� � X«�Tdme�fQw$e�\¨f7w�f>_nX«zkZ2wgX«¡Ci�e�]CXNzharÃy\�f_uX«zA¥kcNi��Tdme�]CX«z9dN_ne�]CXNz9ZAXAfQw-z¨X«e$eTdb�Nf±fn¤1fE_ne7]C���±fEZA]SdbegfQ¡C��a Ü ik_g\9d
ZAfQ¡Sd>�r]Cw���fu§WfQ���gfEZ&egX�dbw-dr_nXNzA¥kc«i¨�Tdbeg]CX«z&ZAfQ¡Sd>��a�Ãy\�f±fn¤1fE_ne$Xb§yw�ik_g\9ZAf`¡Ôd>�»X«z���fE_nXNzA¥kcNi��Tdme�]CX«z&X � fQ�ndbeg]¢XNz�w®]Cw
� dm��eyXb§¶X«i��J§Gi�e�i��gf®xvXN���dmzkZ�]Cwvz�XNe�ZA]CwT_ni¨w�w�f>Z�]Cz7eg\�]Cw � d � fQ�
Ã�dbV�¡Cf�ü&¡C]Cw�egw7e�\¨f¹_nXNw�egwXm§-e�\¨f´Vkdmw�]S_�ZA�Azkdm�7]S_r_nX«z[¥kc«i��ndbeg]¢XNzÓX � fQ�Tdme�]CX«z�w>a5¸�wrfn¦ � ¡Sdb]Cz�fEZÓf>db��¡C]CfQ�>¬�eg\�f

' � X«wgw�fQwgwJ(&X � fQ�ndbeg]¢XNz&]Cw-i�wgfEZ&VA�9dmz&fn¦�e�fQ�gzkdb¡�dmc«fQzAe " egX´d«_Q²Ni�]C�gf7fn¦k_n¡Ci�wg]¢©Nf7Xbxyz�f`��w�\¨] � Xb§8d»¡CX[_g�&dbege���]CV�i¨e�f«a
Ãy\�]Cw�X � fQ�ndbeg]¢XNz±]Cwv�ndb��f`¡¢�$i�wgfEZ�w�]Czk_nf���fE_nXNzA¥kcNi��Tdme�]CX«zh¬N]Cz±�7XNw�ev_Qdmw�fQw>¬A]CwºZAXNz�fyVA�±e�\�f�¡CX[_g�$Xbxyz�fQ�>a¶Ãy\�f8_nXNw�eJXb§
e�\¨]¢w¶X � fQ�ndbeg]¢XNz�]Cw�_nX«� � db�ndbV�¡Cf�egX8d � ��]C��]¢eg]C©«fJFoOuBnF¡YTDmpk=�Y£BEOuF�X � f`�Tdbeg]CX«zha�¸�w�wg\�Xbxyzh¬bwn_g\�fEZAi�¡CfQ�À��fE_nXNzA¥kcNi��Tdme�]CX«z$]Cw
�7XN��fJfn¦ � f`z�w�]C©«f®eg\kdbz�xºdm]¢eg]Cz�c � X«¡C]S_n�-�gfE_nXNzA¥kc«i¨�Tdbeg]CX«zha Ü ]C� � ¡CfºZA�Azkdm�7]S_J_nX«zA¥Yc«i��ndbe�]CXNz7Xb§heg\�f�xydb]Ceg]¢z¨c � XN¡C]Ô_u�
��f>²«i¨]¢�gfQwJX«z�¡C��XNz�fy�7fQ��X«�g����f>d«Z±dbzYZ$X«z�fy��fQ�7XN����xy�g]Ce�f�xy\¨fQ��fEdmwE¬�dm¡¢egfQ�Tdme�]CX«z$Xb§1e�\¨fywT_g\�fEZAi¨¡¢f`�y��fE²Ni�]C��f`wveg\���fQf
�7f`�7X«�g�±xy��]Ce�f`w®§WX«�®eg\���fQf±wgi�V���X[Z[i�¡CfQwE¬1XNz�f$�7fQ��X«����xy��]Ce�f±egXrw�fQe-d
õtdmc�UGe�Xr]C� � ¡CfQ��fQzAeye�\�f7_nXNzA¥kcNi��Tdme�]CX«z
ZAfQ¡Sd>��jQ¬YdbzkZrdmz�X«eg\�fQ����fQ�7XN���$xy��]Ce�f�e�X±��f`w�fQe�eg\�f®õtdmcrUWxy\�f`z´db¡C¡1e�\¨f � �gfn¯£��fQcN]¢wge�fQ�gfEZ»e�\��gfEd«ZAw�dm��f�wgfQ��©NfEZ1¬1eg\�f
X«¡SZÚwT_g\�fEZAi¨¡¢f`�7]Cw7ZA]CwT_Qdm�TZAf>Z�jQa�ªyXbxJfQ©«fQ�>¬ye�\¨fí_uX«zA¥kcNi��Tdme�]CX«z�_nXNw�egw7¡C]Cw�e�f>Z9]Cz2Ã³dmV�¡Cf�ü´ZAX&z¨X«e7_Qd � e�i��gf�e�XNeTdm¡
_nXNzA¥kc«i¨�Tdbeg]CX«zZ[fQ¡Sd>��a

�32q1 �X�IÜb7:C0à5ÛÝ7:=fß0O<� àoß0T�E 687:9<;f=3>A@fBIC0EGFIH57�� Fp�)7:9¿ß
¼£z7eg\�]CwvwgfE_neg]¢XNzh¬AxJf�¡C]Cw�eJe�\�f���fQwgi�¡Ce�wyXb§1¥Y©«f®fn¦ � f`��]C�7fQzAegw � fQ�£§GX«����fEZ$xy]Ce�\���fE_nXNzA¥kcNi��TdmV�¡Cf8¡CX�_g�AwEa�Ãy\�f � ��fQ©A]CX«i¨w
w�f>_ne�]CX«z�w�\¨Xbxyw�e�\kdme�d±��f>_nX«zA¥Yc«i��ndbV�¡Cf±¡CX�_��»fn¦�\�]CV�]Ce�w�d±\�]CcN\�fQ�®¡CX[_g�A]Cz�c_u�[_u¡¢f±¡Sdme�fQzk_u�´_nX«� � db�gfEZ»e�X � ��]C�7]Ce�]C©Nf
w � ]¢zÓ¡CX�_g��w>a�Ãy\�f»fn¦ � fQ�g]C�7fQzAe�w�]Cz9e�\¨]¢w�w�fE_ue�]CX«z�Z[fQ�7XNz�w�eg�Tdbegfre�\kdmed �¨� ¡C]Ô_`dbe�]CXNz � fQ�o§WX«�g�dmzk_nf�cAdb]Cz�w±ZAi�f�egX
���ÔîïôyéoêJðaõ3ñ\é:ðp�yéoñ�JêJíqí#�¿ôyì��qôIìsí¿òiñaî<îïôiê9�V�yé¡éoêoòyîºñ,�¿òiêØé:ñ\ó0î_ôiê4�sñ�o�
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ZA�Azkdm�7]S_J��fE_uX«zA¥kcNi��Tdme�]CX«zrXNi�e£xvf`]¢cN\7wgik_g\ � f`�£§WXN���dmzk_nf � fQzkdb¡Ceg]¢f`wEa
Ãy\�fÀ¥k��wge�fn¦ � f`��]C�7fQzAe>¬bxy\�]S_g\á_nXN� � dm��fQw¶eg\�f � f`�£§WXN���dmzk_nfJXb§1e�\��gfQfy¡CX�_��Aw¶X«V¨eTdb]Cz�f>Z�VA�-_g\kdmz�c«]Cz�c�e�\�fywn_�\¨fEZN¯

i�¡CfQ��_nXNzA¥kcNi��Tdme�]CX«zh¬�Z[fQ�7XNz�w�eg�TdbegfQw�eg\�f�i�wgf�Xb§�d ��� ¡¢]S_Qdme�]CX«z�w � fE_n]°¥t_�¡CX[_g��wT_g\�fEZAi¨¡¢f`��wEaJÃy\�f�w�fE_nXNzkZrfn¦ � fQ��]C��fQzAe
_g\kdbz¨c«fQw®w�XN�7f-dme�eg��]CV�i�egfQw�Xb§J��fE_nXNzA¥kcNi��TdmV�¡Cf±¡¢X�_g�Aw�egXfu¤tfE_ue-ZA]°¤tf`��fQzAe�xydb]Ce�]Cz�c � XN¡C]Ô_u]¢f`wEa®¼£z�e�\�]Cw®fn¦ � f`��]C�7fQzAe>¬
xJf8wg\�Xbx e�\Ydbe�eg\�f�X � e�]C�dm¡kxydb]Ceg]¢z¨c � X«¡C]S_n�±§GX«��d$¡CX�_��rZAf � fQzkZAw�X«zre�\�f$d ��� ¡C]S_Qdme�]CX«zhë wJ¡CX[_g�A]Cz�c � dme�e�f`��zha Ü ]¢zY_nf
w�iY_�\ � dbe�egfQ��z¨wºdm��fJz�X«e�cNfQz�fQ�ndb¡C¡C���Az�Xbxyzh¬b¡CX�_g� � X«¡C]S_n]CfQw�_Qdbz7_n¡CfEdm��¡C��VYf�]C� � ��Xb©«f>Z�VA�±ZA�Azkdb��]S_h�gfE_nXNzA¥kc«i¨�Tdbeg]CX«zha
Ãy\�fyeg\�]C�TZ$fn¦ � fQ��]C�7f`z�eyZAfQ��X«z�wge��ndbe�f`w�e�\�f®d ��� ¡¢]S_Qdme�]CX«z$Xb§hd�_nXNzA¥kcNi��TdmV�¡Cf�¡CX�_���UI_`db¡C¡CfEZ$w � fE_ni�¡Sdme�]C©«fyXN�ºdNZA©A]¢wgX«�g�
¡CX�_���j³§WX«�y©«dm��]SdbV¨¡¢f�¡CfQz�c«eg\_n�g]Ce�]S_Qdb¡�w�fE_ue�]CX«z�w>a
Ãy\�f�§WX«i��ge�\9dmzkZ�eg\�f�¥�§We�\�fn¦ � fQ��]C�7f`z�egw-ZAfQ��X«z�wge��ndbe�f$e�\¨f±i�e�]C¡C]Ce£�7Xb§y]C� � ¡CfQ��fQzAeTdme�]CXbzrw � fE_n]°¥t_±_nXNzA¥kc«i¨�Td>¯

e�]CXNz�wEarÃy\�f$§GX«i��ge�\9fu¦ � fQ�g]¢��fQzAe-_nXN� � dm��fQw-d ��� ¡C]S_Qdbeg]CX«z � fQ�o§WX«�g�dmzk_nf±i�wg]¢z¨c´_nfQzAe��ndb¡C]C¾QfEZÚw � ]Cz9¡CX�_g�Aw�©AwEa�ZA]Cw£¯
e��g]CV�i�e�f>Z�w � ]Cz&¡CX�_��Aw�xy\¨fQ��fEdmw-eg\�f$¥kzkdm¡�fn¦ � fQ��]C�7f`z�e$_nX«� � db�gfQw-d �¨� ¡C]Ô_`dbe�]CXNz � f`�£§WXN���dmzk_nf±i�wg]Cz�c � dbwgw�]C©«f7dmzkZ
d«_ue�]C©«f®¡CX�_��Aw���fQw � fE_ue�]C©«fQ¡C�Aa�¸�¡C¡hfn¦ � fQ��]C�7f`z�egw8dm��f � fQ�o§WX«�g�7fEZ�xy]Ce�\�d$xvXN���A¡CX�d«Z�cNfQz�fQ�ndbe�XN�®X«z�d7ÄNÇ$z�X�ZAf ÞJÞ ï
V�i�ege�fQ�oõk�r�±i�¡Ce�] � �gX[_ufQw�wgX«�Ji�w�]Cz�c7d��±i�¡Ce�] � �gX[_ufQw�wgX«�y©«f`��w�]CXNzXm§ Á eg\���fEdNZAw8dmwye�\�f®Vkdmw�]CwEa

�4� � �v� � ã�:���4�Gùo�^�
�Aâ¿ø4 2¡#�:�C¢5£¤¡â¿ø
¸�w®��fQzAe�]CX«z�f>Z�fEdm��¡C]CfQ�E¬¶d�¡CX[_g��wn_g\�fEZAi�¡CfQ�$wT_g\�f>ZAi�¡CfQw$e�\�f±]Czk_nXN�7]Cz�c±�gfE²Ni�fQw�egw±e�X�dr_n��]Ceg]Ô_`db¡�wgfE_ne�]CXNzha±Ãy\�f$¥k�gw�e
]CzAe�fQ�gfQw�eg]¢z¨c���fQwgi�¡Ce-d �¨� fEdm��]Cz�c�]Cz�e�\�]Cw�wgfE_neg]¢XNzØ_nXN� � dm��fQw®eg\�f � f`�£§WXN���dmzk_nf±Xm§ºeg\�f±§WXN¡C¡¢Xbxy]Cz�c±eg\���f`f7¡CX�_���_nX«zA¯
¥kcNi��Tdme�]CX«z�wJi�wg]¢z¨cád$_nX«���7XNzá_n¡Sdmw�wJXb§��±i¨¡¢eg] � ��X�_nfQwgw�XN�ºd ��� ¡C]S_Qdbeg]¢XNz�wE¬Ad �¨� ¡C]Ô_`dbe�]CXNz�wvwge��gik_ne�i¨��fEZ�dmw�_n¡C]CfQzAe£¯£w�fQ�g©«fQ�
� �gX«c«�ndb��wEa�Ãy\�f7fn¦ � fQ��]C��fQzAeáZAf`�7X«z¨w�e��ndbegfQw-]C� � ��Xb©NfEZ�d �¨� ¡C]Ô_`dbe�]CXNz � fQ�o§WX«�g�dmzk_nf±xy\�fQz � ��]CXN��]Ce£�´XN��\kdmzkZAXb¤
¡CX�_��Awydb�gf�i�w�f>Zr]Cz � ¡Sd«_uf8Xm§³Ö Á Ö Ü ¡CX�_g��w>a

¥<��¥ � ¢0øN�§¦��C¤¡â#�C¤j£+¨�ù¡â:ã�äGå�¿�\�]C¡CfºÖ Á Ö Ü ¡CX�_g��wT_g\�fEZ[i�¡C]¢z¨c8]Cw¶�7XNw�e¶_nX«���7X«z®]Cz$�±i�¡Ce�] � ��X�_nf`w�w�XN�h¡CX�_g��]C� � ¡Cfn¯
�7f`z�endbeg]¢XNz�wE¬`z�X«z[¯ � �gfQfQ� � e�]C©«fu¯ � �g]CX«��]Ce£��¡¢X�_g�Aw�_Qdbz�VYfyi�wgfEZ�]Cz-d ��� ¡C]S_Qdbeg]CX«z�w�fn¦�\�]CV�]Ce�]Cz�cyw � fE_n]°¥t_J¡CX�_g�A]¢z¨c � dme�e�f`��z�w
§WXN�y]¢� � ��Xb©NfEZrd ��� ¡¢]S_Qdme�]CX«z � f`�£§WXN���dmzk_nf«a�ðyw�f$Xb§ � ��]CX«�g]Ce£�7¡CX�_��Aw�\kdbw�VkfQf`z´xy]SZAfQ¡C��ZA]CwT_ui�w�wgfEZ�]Cz�eg\�f$��fEdm¡ã¯£e�]C��f
ZAXN�db]CzhÛóñ�dm�TÝ¨äSà�a Ü iY_�\�¡CX�_��Aw�_Qdmz¹dm¡¢wgX7VYf-i¨w�fn§Wi¨¡�]Cz´_n¡C]CfQzAe£¯£w�fQ�g©«fQ����X�ZAfQ¡Cw�Xm§º_nX«� � i�endbe�]CXNzha ÜA� fE_n]Sdb¡C¡C�A¬kxy\¨fQz
d�w�fQ�g©«fQ�±]Cw®õYX�X�ZAf>Z�xy]¢eg\&��fE²Ni�f`w�e�w$§G��X«���rdbzA��_n¡C]¢f`z�egwE¬¶eg\�f � ��]CXN��]Ce£�´Xm§º]Cegw�e�\��gfEd«Z[w±�d>�rVkf±�ndb]Cw�f>Z&w�X»e�\kdme
d±wgfQ��©NfQ�$e�\��gfEd«Z&_Qdmz9d«_Q²Ni�]C�gf-eg\�f±¡CX[_g�Aw�§WX«�®eg\�f7_n��]Ceg]Ô_`db¡�wgfE_ne�]CXNz�wE¬�]Ce8wg\kdb�gfQw�xy]Ce�\�e�\¨f7_n¡C]¢f`z�egw$UuO+æCù æª©��7fQwgwTdbcNf
V�iA¤1fQ�gwTj<§Idbwge�fQ�>¬Ye�\�fQ�gfQVA����f`w�i�¡Ce�]Cz�c�]Cz7§£dbw�egfQ��wgfQ��©A]S_nf«a®Ö Á Ö Ü ¡CX�_g�Aw8db�gf®§Idm]¢�yV¨i�e � �g]CX«��]Ce£��¡¢X�_g�Aw8dm��f�]Cz�\�f`��fQzAe�¡C�
i�zA§£db]C�

«X¢0øN��â5¬Þù¡â:ã�äGå�¸�\kdmzkZAXb¤Ó¡CX[_g��wn_g\�fEZAi�¡CfQ�$eTdm�«fQw�\�]Cz�egw�e�XrwgfQ¡CfE_ne$e�\�f�z�fn¦�e�e�\¨��fEdNZ�e�X�VYf7dbwgw�]Cc«z�f>Z�e�X�eg\�f
_n�g]¢eg]S_Qdb¡Nw�fE_neg]CX«zha¶Ãy\�fÀ��fQ¡CfEdmw�]Cz�c�eg\���f>d«Z�\kdbzkZ[w�Xm¤áeg\�fv_n�g]Ce�]S_Qdb¡AwgfE_ne�]CXNzáZA]C�gfE_ne�¡C�®e�X�e�\�fJw�f`¡¢f>_ne�fEZ$eg\���f>d«Z1a¶ª�dmzkZAXb¤
¡CX�_��Aw>¬h¡C]C�«f � ��]CXN��]Ce£��¡CX�_��Aw>¬�dm��f±i�wgfn§Wi�¡J]Cz¹d�_u¡¢]CfQzAeo¯IwgfQ��©NfQ�-��X�ZAfQ¡¶Xb§8_nXN� � i¨eTdbeg]CX«zha$¸�\kdmzkZAXm¤9¡¢X�_g�&ZAXAfQw�z�XNe
c«iYdb�TdmzAe�fQf�§Idm]¢�gz�fQwgw�dbzkZ�]Cwye£� � ]S_Qdb¡C¡C�ád ��� ¡C]S_Qdbeg]CX«z7w � f>_n]°¥t_ " a
¼£z�e�\¨]¢w�fn¦ � f`��]C�7fQzAe>¬EXNz�fJe�\��gfEd«Z$UGfn¦�fE_ni�eg]Cz�c®X«z-d�ZAfEZA]S_Qdme�fEZ � ��X�_nf`w�w�XN�Tj¶]Cw¶ZAfQw�]CcNzkdbegfEZ�egXyVkfydywgfQ��©NfQ�¶e�\��gfEd«Z

w�f`��©A]Cz�c®�dbzA��_n¡C]CfQzAe¶e�\��gfEd«ZAw>a Á X«���±i�z�]¢_`dbe�]CXNz�VYfQe£xvf`fQz7wgfQ��©NfQ�ºdmzkZ$_n¡C]¢f`z�egw�]Cw � fQ�o§WX«�g�7fEZ�©A]Sdyw�\Ydb��f>Z$�7fQwgwTdbcNf
V�iA¤1fQ�gwEa�¸þ_n¡C]¢f`z�e$e�\¨��fEdNZ&fQzk²Ni�f`i�fQw7dr�gfE²Ni�fQw�e$e�X�e�\¨f±w�fQ�g©«fQ�±eg\���fEdNZ9dmzkZ�xºdm]Ce�w®§WXN�-dr�gf � ¡C�´XNz&e�\�f�w�\kdm��fEZ
���<�iíqêoé#�p�ií¡î)ôið,�aê�ð>�V�sêJð\é0�yòiõyêoéoí¡îqð\òiõ�ìZòië<ñ\ó0îïôiê:ð,�C�C�Zì��5ðaî_ìsñªò^ í3�mêØôið,�aìsñ\é,®\êJív�mêT�Øìsð,���söGî_ôiêA�sñ%�o��ìZòië4�iðaîqî¡êØé¡òií�®�îqñ:�iíqê:ðfôið\òiõyñ,¯��sñ�o�
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Ö Á Ö Ü ¡CX�_�� Ñ³��]CX«�g]¢e£��¡CX[_g� ª�dmzkZAXm¤´¡CX[_g� Ñ�fQ�o§WX«�g�dmzk_nf Â db]Cz
UW�7]S_n�gX-wgfE_nXNzkZAwTj UG�7]S_n��X$w�f>_nX«zkZ[wTj UW��]Ô_u��X$w�fE_nXNzkZAwnj
ûAü«Ä«ÝNÄ«ß¨a è ¯ ûAÆ«ÄNß«Ä«è¨aóü«Ý ä>Ä!²
ûAü«Ä«ÝNÄ«ß¨a è ûkä>Ý«É«ßNÝ�a û�Ý ¯ Ý�aóè!²

Ã�dbV�¡Cf�ß�½¶Ñ�fQ�£§WXN���rdbzk_nf®Xm§ â X�_g� Ü _�\¨fEZAi�¡CfQ�gw

V�iA¤1fQ�>a���d«_g\±Xb§heg\�f8dmVkXb©Nfv¡CX�_g�á_uX«zA¥kcNi��Tdme�]CX«z¨wvdb�gf�i�wgfEZ±]Cz$e�\�f�fn¦ � fQ�g]C�7fQzAe�egX�]C� � ¡CfQ�±fQzAe�e�\�f�w�\kdm��fEZ
V�iA¤1fQ�Ea
Ã�dbV�¡Cfyß�_nXN� � dm��fQw¶e�\¨f���f`w�i�¡Ce�]Cz�c � ��XNc«�Tdm� � fQ�o§WX«�g�dmzk_nf«a�Ãy\�f � ��]CX«�g]¢e£�$dbzkZ$eg\�fy\kdbzYZAXb¤r¡¢X�_g�Aw � fQ�£§WXN����VYfQege�fQ�
e�\Ydbz�e�\�f±Ö Á Ö Ü ¡CX�_��rVYfE_Qdmi�w�f�e�\�fQ�&db¡C¡CXbx�e�\�f±wgfQ��©NfQ�-egXr�db�Nf � ��XNc«��f`w�w$]¢z � ��fn§GfQ��fQzY_nfre�X�_n¡C]CfQzAe�wE¬�e�\¨fQ��fn§GX«��f
w�f`��©A]Cz�c±e�\�f$_n¡C]¢f`z�egw�dbe®d®§Idmw�egfQ���ndbe�fNavÃy\¨f � ��]CX«�g]¢e£��¡CX[_g� � fQ�o§WX«�g�7wJVkf`e�e�f`�8eg\kdbzreg\�f�\kdmzkZAXb¤�¡¢X�_g�7]Czre�\¨]¢w�_`dbw�f
ZAi�f®egX±e�\�f®fn¦�e��nd±Xb©NfQ��\�f>d«Z���fE²Ni�]C�gfEZrVA�±e�\�f�¡Ôdme�egfQ�ye�X7dN_Q_nf � e�i�w�f`��\�]CzAe�w>a
Ñ¶��]CXN��]Ce£�±¡CX[_g�Aw�_QdmzVYf�]C� � ¡¢f`�7fQzAe�f>Z$]¢z��7XN��f�eg\kdbzrXNz�f®xºd>�AahÃyxJX±w�eg�Tdm]¢cN\Ae£§WXN��xydb�TZ
]C� � ¡CfQ��fQzAeTdbeg]CXbz�wvdb�gf

w�endbegfEZ�VkfQ¡CXbx�½
ä«aJÃy\�f<¥k��wgey]C� � ¡CfQ�±fQzAendbe�]CXNz�]C� � ¡CfQ�±fQzAegw³d � ��]CX«�g]Ce£�á²Ni�fQi¨fy§WXN��e�\�f�xºdm]Ce�]Cz�c®e�\��gfEd«Z[wEa�Ãy\¨f���f`¡¢f>dbw�f®��X[Z[i�¡Cf
Xm§³eg\�f®¡CX[_g��wT_g\�fEZAi¨¡¢f`�8db¡Cxyd>�AwvwgfQ¡CfE_ne�w�e�\�f�e�\��gfEd«Z�xy]Ce�\re�\¨f��dô¦[]C�$i�� � �g]¢XN��]Ce£�Aa

Ç�aJÃy\�f±wgfE_nXNzkZ&]C� � ¡¢f`�7fQzAeTdme�]CXbz�dbwgw�]Cc«z�w�d � ��]CX«�g]¢e£�regX�e�\�f±¡CX�_g��X«V«ÙufE_ne�xy\�]S_g\�]¢w�i�w�fEZ&dmw-d�e�\��gfQw�\¨X«¡SZ�Xb§
� �g]CX«��]Ceg]¢f`w®§WX«�®eg\�f7�gfE²Ni�fQw�eg]Cz�c�e�\¨��fEdNZAwEa � z�¡C��e�\��gfEd«ZAw�xy]¢eg\&\�]Cc«\�f`� � ��]CXN��]Ce�]CfQw®e�\Ydbz&e�\¨f±e�\��gfQw�\�XN¡SZ9db�gf
fQ¡C]Cc«]CV�¡Cf<§WX«�yeg\�f®¡¢X�_g�1a¶Ãy\�f®¡CX[_g�±]Cw�dbwgw�]Cc«z¨fEZ�]¢z�dmzíÖ Á Ö Ü §Idmw�\�]CX«z�dm�7X«z¨cÕdm¡C¡1fQ¡C]¢cN]CV�¡Cf�e�\¨��fEdNZAwEa

Ãy\�]Cw¶fn¦ � f`��]C�7fQzAe¶i�wgfQwveg\�fyw�f>_nX«zkZ$]C� � ¡CfQ�7fQzAendbe�]CXNz�Xb§ � �g]¢XN��]Ce£��¡CX�_g��w>ah¿Ò\�fQz�fQ©NfQ��eg\�fyw�fQ�g©«fQ�Je�\¨��fEdNZ$]¢w³õkXAX[Z[fEZ
xy]Ce�\r�dmzA�±��fE²Ni�fQwge�w>¬1e�\�f�¡¢X�_g� � ��]CX«�g]¢e£��]Cw�ZA�Azkdb��]Ô_`db¡C¡C�ádm¡¢egfQ��f>Zre�X�e�fQ� � XN�Tdb�g]C¡¢�±�ndb]Cw�f�e�\�f�eg\���f`w�\�XN¡ÔZ � ��]CX«�g]Ce£�
dbVYXb©«f®_n¡C]CfQzAe � ��]CX«�g]Ce£�±e�\�fQ�gfQVA�r�db�A]Cz�c-_u¡¢]CfQzAegwy]¢z¨fQ¡C]¢cN]CV�¡CfJ§WX«�yeg\�f®¡¢X�_g�AwEa
Ãy\�]Cw¶fn¦ � fQ�g]C�7fQzAe�_n¡CfEdb�g¡C�áZAf`�7X«z¨w�e��ndbegfQw¶e�\�fyi�eg]C¡¢]Ce£�®Xb§hd �¨� ¡C]Ô_`dbe�]CXNz�w � fE_n]°¥t_<¡¢X�_g��wn_�\¨fEZAi�¡CfQ�gwEavÖ¨X«�¶]C� � ��Xb©«f>Z

� fQ�£§WXN���rdbzk_nf®dbz�d �¨� ¡C]Ô_`dbe�]CXNz±��fE²Ni�]C��f`w�¡CX�_���wT_g\�fEZ[i�¡CfQ��w®�7XNw�evd ��� �gX � �g]Ôdme�f�§WXN�y]¢egwv�gfE²Ni�]C��fQ��fQzAe�w�UW¡CX�_��A]Cz�c � dbe£¯
e�f`��z�w�fn¦�\�]CV�]Ce�fEZ2VA�&e�\�freg\���fEdNZAw7Xm§8eg\�f´d �¨� ¡C]Ô_`dbe�]CXNzkjQa9ï<X«egfeg\kdbe±xJf�db�gf�z�X«e±d>xydb��frXm§ÕdbzA�9_ni¨����f`z�er¡CX�_g�
]C� � ¡CfQ�±f`z�endbeg]¢XNz�wyU � ��Xb©A]SZAfEZ�VA�7X � fQ�ndbeg]¢z¨c±w��Aw�egfQ�*X«�y¡C]CV��Tdm��]CfQwnjJxy\�]S_�\�dm¡¢¡CXbxywJi�w�f`��w�egX7db¡Ce�f`��¡CX�_��±wn_g\�fEZAi�¡CfQ�gw
UIdmwyw�i �¨� XN��e�f>ZrVA�7��f>_nX«zA¥Yc«i��ndbV�¡Cf®¡CX[_g�AwTjJegX±w�i�]Ceyeg\�fQ]C�y��fE²Ni�]C�gfQ�7fQzAegwEa

�4� � �s³ ´ ¢5¤o£%¤qø:¡§¦Dâºùo¤oãC¨2�Aâ¿ø4 2¡#�:�C¢5£¤¡â¿ø
¸�wÀfn¦ � ¡Sdb]Cz�fEZ$fEdm��¡C]CfQ�E¬Ne�\¨f�]CzAe�fQ�gzkdb¡�wgeTdme�f�Xm§�d®¡CX�_���X«V«ÙnfE_ueº_nXNzAeTdb]Cz�wJdbe�eg��]CV�i�egfQwJe�\kdmevZAfE_n]SZAf�xy\�fQeg\�fQ��d®xydb]Ce�]Cz�c
e�\¨��fEdNZ�w � ]Cz�w>¬¶w�¡CfQf � w$X«�$ZAXAfQw-VYX«eg\ha Á \kdmz�c«]Cz�cre�\¨fQw�f � db�ndb�7f`e�fQ�gwE¬¶w�endbeg]Ô_`db¡C¡C��X«�-Z[��zYdb�7]S_Qdm¡C¡¢�N¬t_g\kdmz�c«f`w-eg\�f
xydb]Ce�]Cz�c � X«¡C]S_n�±Xb§�d���fE²Ni�f`w�e�]Cz�c±eg\���f>d«Z1a¶¸Ò§WfQx�wndb� � ¡Cfy¡¢X�_g�7_nXNzA¥kc«i¨�Tdbeg]CX«z�wJX«V�endb]Cz�fEZ
VA�-©«dm���A]Cz�c�e�\¨f � db�Tdm�±¯
fQegfQ��w®Xb§�]Ce�wy]CzAe�f`��zkdm¡hw�endbegf-db�gf�w � ]Czh¬¨V�¡CX�_��A]Cz�cY¬�dbzkZ�_uX«�±V�]Cz�fEZ
¡CX[_g�AwEaJÃy\�f�w�fE_nXNzkZrfn¦ � fQ��]C��fQzAe�_nX«� � db�gfQw�eg\�f
� fQ�£§WXN���rdbzk_nf�Xb§�e�\¨fQw�f�eg\���f`f-_nX«z[¥kc«i��ndbeg]¢XNz�wyi�wg]¢z¨c7d�i�z¨]ã§GX«��� ¡¢X�_g�A]Cz�c � dbe�egfQ��z�a

�)µ ¤¡ø%ù¡â:ã�äGå�¼G§�eg\�f�wg¡CfQf � eg]C�7fy]Cw�¾QfQ�gXrUWXN��e�\�f®w � ]Cz±e�]C�7fy]Cw�]CzA¥kz¨]¢egfEjJdbzkZ$eg\�f�w � ]Cz7e�]C��fv]CwJz�X«z�¾`fQ��XY¬�d®e�\��gfEd«Z
w � ]¢z¨wyxy\�]C¡¢f�xºdm]Ce�]Cz�c�§WX«�Je�\�f�¡¢X�_g�1a
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Length of Critical Section (in microsec.)

lock with no. of spin = 1
lock with no. of spin = 10

spin lock
blocking lock

Ö�]¢cNi���f�ß¨½ â fQz�c«eg\�Xb§�_n��]Ceg]Ô_`db¡1w�f>_ne�]CX«z»ý�wEa¶¸ ��� ¡C]S_Qdbeg]CX«z7fu¦[f>_ni�e�]CXNz�e�]C�7f

¶kù¡â:ã�ä)¤qø:¡�ùqâ:ã�äGå·¼G§Je�\�f�w � ]Cz�e�]C��f8]Cwy¾Qf`��X�dbzkZíe�\�f�wg¡CfQf � e�]C�7f®]Cwyz�X«z¨¾QfQ��XY¬hd$xydb]Ce�]Cz�c±eg\���fEdNZ´Z[]¢�gfE_neg¡¢�rcNX�f`w
e�X�w�¡CfQf � i�zAe�]C¡kd>xydb�«f`z�fEZ$VA�ádÕe�\��gfEd«ZíU � X«w�wg]CV�¡C�ád®�gfQ¡CfEdbwg]Cz�c�e�\¨��fEdNZ�j�XN�vd®eg]¢��fQX«i¨e�wg]Cc«zkdm¡Ia×Ãy\�f�¡CX�_g�-wn_�\¨fEZAi�¡CfQ�
xydb�«f`wyi � d�w � fE_u]ã¥1_�eg\���fEdNZ�X«��db¡C¡1eg\�f®w�¡CfQf � ]Cz�c±eg\���f>d«ZAw®ZAf � fQzkZA]Cz�c�X«z7eg\�f��gfQ¡CfEdbwgf � XN¡C]Ô_u��a

�¢â7·i¸:¤¡ø:�5� ùqâ:ã�äGå·¸5_uX«�±V�]Cz�fEZ
¡CX[_g����fQwgi�¡Ce�w®xy\�fQz�VYX«eg\rw � ]Czre�]C�7f®dbzkZíw�¡CfQf � eg]C�7f8dm��f�wgfQe�egX±z�X«z¨¾QfQ��XYaJ¸
e�\¨��fEdNZ±w � ]¢z¨w�dbwJxvfQ¡C¡1dbwJw�¡CfQf � wyxy\�]C¡¢fyxydb]Ceg]¢z¨cka�Ãy\�f��gfQw�i�¡Ceg]¢z¨c-xydb]Ce�]Cz�c � XN¡¢]S_n�$]CwºZ[fE_n]SZAfEZ�VA�-eg\�f�d«_negikdb¡Y©«db¡Ci�f`w
Xb§¶e�\�f � db�ndb�7f`e�fQ�gwEa�¼£z�d$e£� � ]Ô_`db¡1xydb]Ce�]Cz�c � XN¡C]Ô_u��¬�d$eg\���fEdNZr]Cz�]Ce�]Sdb¡C¡C�$w � ]Cz�wJ§WXN��d±_nfQ�geTdb]Cz�eg]C�7f8dmzkZ�]°§³eg\�f�¡CX�_g�
]Cwvwge�]C¡C¡1V�i�wg��¬AcNX�f`wye�X$w�¡CfQf � i¨z�¡CfQw�w�d>xydb�NfQz�fEZ�VA�±w�XN�7fQXNz�f«a¶¼£zdmz�X«eg\�fQ�yxydb]Ce�]Cz�c � X«¡C]S_n�$§WX«�y_nXN�±V�]Cz�fEZ$¡CX�_��Aw>¬�d
e�\¨��fEdNZ7w � ]Cz�w�dbzYZ7wg¡CfQf � w�]¢zregi���zri�zAe�]C¡1]Ceyd«_Q²Ni�]C��f`w�e�\¨f�¡CX[_g�1a
Ãy\�fyw�f>_nX«zkZ
fn¦ � f`��]C�7fQzAe¶��f � fEdme�wyeg\�fyfn¦ � f`��]C�7fQzAevZ[X«z�fy]Cz Ü fE_neg]¢XNz7Ç®X«z � fQ�£§WXN���rdbzk_nfyXm§tw � ]Cz±©AwEa�V�¡CX[_g�A]Cz�c

xy\�fQz±�±i¨¡¢eg] � ¡Cf�eg\���f>d«ZAwJX«z±fEdN_g\ � ��X�_nfQwgw�XN�ºdm��f8_`d � dmV�¡CfvXm§t�rdb�A]Cz�c � �gX«cN��fQwgw�U£Öh]CcNi���f�ÄNjhi¨w�]Cz�c-_nXN�±V�]Cz�fEZ®¡CX�_g�Aw
xy]Ce�\re�\¨f-¡Sdbege�fQ�®xydb]Ce�]Cz�c � X«¡C]S_n��a�Öh]CcNi���f-ß
w�\�Xbxyw®eg\�f-�gfQw�i¨¡¢egw®Xb§�e�\�f$fn¦ � fQ��]C�7f`z�e>¬1dbzkZ�_uX«� � db��f`w�e�\¨f � fQ�£§GX«�£¯
�dmzk_nf�Xm§º_nXN�±V�]Cz�fEZ�¡CX[_g�Aw®xy]Ce�\�w � ]Cz¹dmzkZrV�¡CX�_g��]Cz�c�¡CX[_g�AwEaM,�i�f-egX7eg\�f-¡CXbx ¡SdbegfQzk_n�A¬1w � ]Cz�¡CX[_g�Aw®X«i�e � f`�£§WXN���
X«eg\�fQ�gwvxy\�f`zeg\�f8_u��]Ce�]S_Qdm¡1w�fE_neg]CX«z7]CwJw��rdb¡C¡£ahªyXbxJfQ©«f`�E¬N§WXN��¡Sdb��cNfQ�y_n��]Ce�]S_Qdm¡kwgfE_neg]¢XNz�wE¬¨e�\�f�¥kcNi���f�w�\�Xbxywyd$ZA]Cw�e�]Czk_ue
� fQ�£§WXN���rdbzk_nf®d«ZA©«dmzAeTdbcNf�]Cz�§Id>©«XN�vXm§³_nXN�±V�]Cz�fEZ
¡¢X�_g�AwEa
Ãy\�f�¥kc«i��gf±w�\�Xbxyw®eg\�f � f`�£§WXN���dmzk_nf$Xb§ve£xJX�_nX«�±V¨]¢z¨fEZr¡CX�_��Aw�È�X«z�f$e�\Ydbe®w � ]Cz�w±ä>Æ7eg]C�7fQw�]¢z¨]¢eg]Sdb¡C¡C�±Vkfn§GX«��f

V�¡CX�_g��]Cz�cY¬�dmz�X«eg\�fQ�yeg\kdbeJw � ]Cz�wyXNzk_nf®VYfn§WX«�gf�V�¡CX�_g��]Cz�cYah¼£z�e�\�]Cwyfn¦ � fQ��]C��fQzAeveg\�f�§WX«�g�7fQ�JX«i�e � f`�£§WXN���7wJe�\¨f8¡Sdme�e�f`�
§WXN�8¡Sdm��c«f`�-_n��]Ceg]Ô_`db¡Jw�fE_neg]CX«z�w>¬vªyXbxJfQ©NfQ��]Cz&c«fQz¨fQ�Tdm¡I¬¶eg\�f7X � e�]C�rdb¡hzAi��±VYfQ��Xm§º]Cz�]Ceg]Ôdm¡¶w � ]Cz�w$Xb§�_nX«�±V¨]¢z¨fEZ�¡CX�_g�Aw
xy]C¡C¡hZAf � fQzkZ»X«zr©«db�g]¢XNi�w�d �¨� ¡C]Ô_`dbe�]CXNz_g\kdb�nd«_negfQ��]Cwge�]S_nw®w�ik_g\&dbwy]Ce�w�¡CX[_g�A]Cz�c � dbege�fQ�gzh¬Y¡¢f`z�c«eg\�Xb§v_n�g]¢eg]S_Qdb¡�w�fE_neg]CX«z�w
OuFos+æ&Ö�i��ge�\�f`���7XN��f«¬¶eg\�f7X � e�]C�rdb¡¶xºdm]Ce�]Cz�c � XN¡C]Ô_u��§WXN�ádí¡¢X�_g��xy]¢¡C¡JVkfrZA]°¤tf`��fQzAe7ZAi��g]Cz�c´ZA]°¤1fQ��fQzAe � \Ydbw�f`w-Xm§8d
_nXN� � i�endbeg]¢XNzr§W�gX«��xy\�]S_g\&xvf±\A� � XNe�\�f`w�]C¾Qfre�\kdme-drxydb]Ce�]Cz�c � X«¡C]S_n��Vkdmw�fEZÚX«z9ZA�Azkdm�7]S_Õ§WfQfEZAVYd«_g�ÓUW�gf � XN��eg]¢z¨c
e�\¨f´wgeTdbegf´Xm§ád&¡CX�_g��j±]Cw7fQwgw�fQzAeg]Ôdm¡®§WXN�7VYfQe�egfQ�´d �¨� ¡C]Ô_`dbe�]CXNz � fQ�o§WX«�g�dbzY_nf«a6Ãy\�]CwegX � ]S_r]Cwrd«Z�ZA�gfQw�wgfEZ�]Cz�X«i¨�

äEü



600

700

800

900

1000

1100

1200

1300

50 100 150 200 250 300 350

E
x
e
c
u
t
i
o
n
 
T
i
m
e
 
(
i
n
 
m
i
c
r
o
s
e
c
.
)

Length of Critical Section (in microsec.)

advisory lock
spin lock

blocking lock

Ö�]¢cNi���f�É¨½ â fQz�c«eg\�Xb§�_n��]Ceg]Ô_`db¡1w�f>_ne�]CX«z»ý�wEa¶¸ ��� ¡C]S_Qdbeg]CX«z7fu¦[f>_ni�e�]CXNz�e�]C�7f

§Wi�egi���f���fQwgfEdb�n_�\�¬kxy\¨fQ��f$xvf®i�wgf-¡CX�_g�±�7XNz�]Ce�X«�J]CzA§WXN���dme�]CX«z$e�X±]SZAf`z�eg]°§W�7eg\�f-_ni��g��fQzAe®¡CX�_��±wgeTdme�f±dbzkZ�©«db�g�7¡CX�_g�
_nXNzA¥kc«i¨�Tdbeg]CX«z�w>¬Ae�\�fQ�gfQVA�r��fQwgi�¡Ce�]Cz�c±]Cz7w � fE_ui�¡Sdbe�]C©Nf-ZA�Azkdb��]S_Qdb¡C¡C����f>_nX«zA¥Yc«i��ndbV�¡Cf�¡CX�_g��w>a
Ãy\�f�eg\�]C�TZ$fn¦ � fQ��]C��fQzAe�w�egikZA]CfQwye�\¨f � fQ�£§WXN���rdbzk_nfyXm§�dbz�XNe�\�f`�v¡CX�_g�á_nXNzA¥kcNi��Tdme�]CX«z7_Qdm¡C¡¢f>Z±d«ZA©A]Cw�XN���$¡¢X�_g�AwEa�¼£z

e�\¨]¢w1fu¦ � fQ�g]¢��fQzAeE¬>xJf�w�egikZA�®e�\�fÀfn¤tf>_ne¶Xb§k_g\kdbz�cN]Cz�cye�\�fÀxºdm]¢eg]Cz�c � XN¡C]Ô_u��]Cz�ZA]°¤tfQ�gfQzAe � \Ydbw�f`w�Xm§kdy_nX«� � i�eTdme�]CX«z�UIdmw
w�i¨c«c«f`w�e�f>Z±VA��e�\¨fy��fQwgi�¡Ce�Xb§1e�\�f�¡Sdbw�e¶fn¦ � fQ��]C��fQzAeTjQa�Ãy\�]Cw�fn¦ � fQ��]C��fQzAe³Z[fQ�7XNz�w�eg�TdbegfQwv_nXNz�w�]SZAf`�TdbV¨¡¢f � fQ�o§WX«�g�dbzY_nf
]C� � �gXb©«fQ�±f`z�eJZAi�f®e�X±wgik_g\´_g\kdbz�cNfQwyXb©«f`��d$z�X«zA¯�_nXNzA¥kc«i¨�TdbV¨¡¢f�w � ]CzrX«�yV¨¡¢X�_g�A]Cz�c-¡CX�_g�AwEa

¹º�4»)¤�¼aâ#�C¨¶� �½µ �*ãd�Gùr¢5£¤r»7�¢ùqâ:ã�äGå·¸�w¶e�\�fyzkdm�7f�wgi�c«cNfQw�egwE¬Ne�\�fyXbxyz¨fQ�¶Xb§kwgik_g\7d�¡CX�_g��d«ZA©A]Cw�fQwÀX«e�\¨fQ�¶��fE²Ni�fQwge�]Cz�c
e�\¨��fEdNZAwyxy\�fQeg\�fQ��egX-w � ]CzrX«�Jw�¡CfQf � xy\¨]¢¡Cf�xºdm]¢eg]Cz�c�VA�rUIZA�Azkdm�7]S_Qdm¡¢¡C��j¶_g\kdbz�cN]Cz�c-eg\�f � db�ndb��fQe�fQ�gwvXm§�]Ce�wy]CzAe�f`��zkdm¡
w�endbegf«a$¸8ZA©A]Cw�XN���r¡CX[_g�Aw�db�gf7d±��f`w�i�¡Ce�Xm§ºZA]C��fE_ue-d ��� ¡¢]S_Qdme�]CX«z»Xb§º_nXNzA¥kcNi��TdmV�¡Cf-¡CX�_g��w>a�¼£z�c«fQz¨fQ�Tdm¡I¬×e�\�f±¡CfQz�cNe�\�Xb§
fEdN_�\�w��Azk_g\��gX«z�]C¾Edme�]CX«z�¡¢X�_g�±e�f`z�i¨��f��rd>��©«db�g�-wg]¢cNz�]°¥t_Qdmz�eg¡C�-]CzZ[]ã¤1fQ�gfQzAe � \kdbwgfQwyXb§�_nX«� � i�endbe�]CXNzha1Ãy\�f�_ni��g��fQzAe
¡CX�_��±Xbxyz¨fQ�y]Cwye�\�f�VYfQwge�w�XNi��T_uf�Xb§¶]¢z[§WX«�g�dbeg]CX«z�§WX«�yeg\�f�¡CfQz�cNe�\7Xm§�¡¢X�_g�±Xbxyz�fQ�gw�\�] � aJªyfQzY_nf«¬Ye�\�f�_ni¨����f`z�e®Xbxyz�f`�
Xb§�d�w��Azk_g\��gX«z�]C¾Edme�]CX«z&¡CX�_g�´d«ZA©A]Cw�f`w-XN�Õ_uX«zA¥kcNi���f`w-eg\�f7¡CX�_g�r§WX«�$d7�gfE²Ni�fQwge�]Cz�c�e�\��gfEd«Z1arÃy\¨f±Xbxyz�fQ�-dm¡¢wgXr�d>�
_g\�XAX«wgf7e�X�_�\Ydbz�cNf7e�\¨fd«Z[©�]S_nf7dme-ZA]°¤1fQ��fQzAe±wgeTdbcNfQw$]¢z&eg\�f_u��]Ce�]S_Qdm¡vwgfE_ne�]CXNzha�ÃyxJX�w�iY_�\2w�]Ce�iYdbe�]CXNz�w-db�gf7¡C]Cw�egfEZ
VYfQ¡CXbx�½
é ¸5_n�g]Ce�]S_Qdb¡�w�fE_ue�]CX«zr�d>�$\kd>©Nf8�±i¨¡¢eg] � ¡Cf�_nX«zkZ[]¢eg]CX«zkdm¡ � dme�\�wyXm§�©«dm���A]Cz�c-¡CfQz¨c«e�\¨wEa¶Ãy\�f�Xbxyz¨fQ�y�d>�±_g\kdbz�cNf
eg\�f-¡CX�_g�7egX7VYf-d±wg¡¢f`f � ]Cz�c7¡CX�_g�7]°§�]Ce�eTdm�«fQw®d±¡CX«z¨c � dbeg\]Cz�wg]SZAf�e�\¨fá_n�g]Ce�]S_Qdb¡�w�fE_ue�]CX«z�X«�y�rd>�7_�\Ydbz�cNf-eg\�f
¡CX�_g�7e�X±w � ]Cz7]°§�]Ceyendb�«f`w�d$w�\�XN��e � dme�\ha
é ¼G§vd$_n��]Ce�]S_Qdm¡1w�fE_ue�]CX«z�]CwJ¡CX«z�cY¬«eg\�f�Xbxyz�fQ�y]Cz�]Ceg]Ôdm¡C¡¢��w�fQegw�e�\¨f8¡CX�_g�±e�X±VYf�d�wg¡¢f`f � ]Cz�c±¡CX�_��1a�¿�\�fQzr]Cey��f>d«_g\�fQw
eg\�f�fQzkZ�Xm§³eg\�f�_n��]Ceg]Ô_`db¡hwgfE_neg]¢XNzh¬�]Cey_g\kdbz�cNfQw�eg\�f®¡CX[_g��e�X$w � ]Czha

Ãy\�]Cw�fn¦ � fQ��]C��fQzAe�i�w�f`wádmz9d ��� ¡C]S_Qdme�]CX«z � fQ�o§WX«�g�7]Cz�c�_n��]Ceg]Ô_`db¡Jw�fE_neg]CX«z�w$Xb§y©«db�g��]Cz�cr¡CfQz�cNe�\�w>ar¸�w$e�\�f�¡CfQz�c«eg\&Xb§
e�\¨f-_n��]Ceg]Ô_`db¡hwgfE_neg]¢XNz�w�]Czk_u��fEdmw�fQw>¬1e�\�f�Xbxyz�fQ��eg\���f>d«Z�dm¡¢egfQ��w�e�\�f$_nX«zA¥Yc«i��ndbe�]CXNzXm§�e�\�f�¡CX�_g�1avÖ�]Cc«i��gfÕÉ�_nX«� � db�gfQw
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Length of Critical Section (in microsec.)

centralized spin locks
distributed spin locks

Öh]CcNi���f�Ý�½ â f`z�c«eg\�Xb§¶e�\�f�_n�g]¢eg]S_Qdb¡�w�fE_neg]CX«zrý�w>a�¸ �¨� ¡C]Ô_`dbe�]CXNz7e�]C��f

e�\¨f � fQ�o§WX«�g�dbzY_nf�Xm§�w�iY_�\�d�¡CX[_g�±xy]Ce�\rwg]¢� � ¡Cfyw � ]CzrdbzkZ
V�¡CX[_g�A]Cz�c$¡¢X�_g�AwEa¶¸�wye�\�f�¥kcNi���f®w�\¨XbxywE¬�d«Z[©�]CwgX«���±¡CX�_g�Aw
X«i¨e � fQ�£§WXN���µXN�TZA]Czkdm���&w � ]CzØXN�-V¨¡¢X�_g�A]Cz�c´¡CX�_g�Aw�§WXN�-©«dm��]SdbV¨¡¢f�¡CfQz�c«eg\Ø_n�g]Ce�]S_Qdb¡ywgfE_neg]¢XNz�wEa Ü ]¢zY_nfre�\�fr��f`�db]Cz�]Cz�c
¡CfQz�cNe�\9Xm§Õd�_n��]Ceg]Ô_`db¡yw�f>_ne�]CX«zÓXbxyz�f>Z&VA�9d�eg\���f>d«ZÓZAfE_n�gfEdbwgfQwrxy]Ce�\9eg]C�7f«¬¶eg\�f�¥kc«i��gf�db¡Cw�X�w�i�cNc«fQwge�w±eg\kdbe±eg\�f
d«Z[©�]S_nf�Vkf-_g\kdmz�c«f>Z´dmey��fQcNi�¡Sdb��]CzAe�f`��©«db¡Cw®ZA�Azkdb��]Ô_`db¡C¡C�-VA�re�\�f�Xbxyz�fQ��egX7�gfnõkfE_ne�e�\�f��gfQ�dm]Cz�]Cz�c-¡CfQz¨c«e�\»Xb§veg\�f
e�f`z�i¨��f®§WXN�v]C� � ��Xb©NfEZ � f`�£§WXN���dmzk_nf«a

�4� � � � |&· µ ùo�^·¾�)ø4£%¢5£¤_â¿ø �)µ �0ãC¤v fã��¢â¿ø9 N¡#�:�C¢5£%¤qâ¿ø
Ãy\�fy]C� � ¡¢f`�7fQzAeTdme�]CXbz®Xb§�d�¡CX�_��$�d>�®VYf�db¡Ce�f`��fEZ
i�w�]Cz�c-dm�T_g\�]Ce�f>_ne�i��ndb¡Y\�]CzAe�wEa¶Ãy\¨fJ§WX«i��ge�\±fn¦ � fQ��]C��fQzAev_nX«� � db�gfQw
d �¨� ¡C]Ô_`dbe�]CXNz � fQ�£§WXN���rdbzk_nfri�wg]Cz�c9_nfQzAe��ndb¡C]C¾QfEZÒw � ]CzÓ¡CX�_��Aw�©�w>a ZA]Cw�e��g]CV�i�e�f>ZÓw � ]Cz�¡CX�_g�AwEa�Ãy\�f��gfQw�i�¡Cegw7Xb§�eg\�]Cw
fn¦ � fQ��]C�7f`z�e�]Cw7z�XNe7e�XAX2w�i�� � ��]Cw�]Cz�cYa ª<Xbxvf`©«fQ�>¬ye�\�f`��ZAX9wgi ��� X«�geeg\�f&_nX«zk_u¡¢i¨w�]CX«z�w��dNZAfrV��Ó¸�zkZAfQ�gw�X«z f`e
db¡£aCÛ ¸ â�â É«ÝTàÕeg\kdberZA]Cw�eg��]CV�i�egfEZ�]C� � ¡CfQ�7fQzAendbe�]CXNz&Xb§-¡CX�_g��w>¬yfQw � fE_u]Ôdm¡C¡¢�Ó]Cz�ï�ð�ñr¸��dN_g\�]Cz�fQwE¬JXm§We�fQz�]C� � �gXb©«fQw
d �¨� ¡C]Ô_`dbe�]CXNz � fQ�o§WX«�g�dmzk_nf®e�X7d$_nfQ�geTdb]Cz�fu¦[egfQzAeE¬¨\�Xbxvf`©«fQ�ywg�db¡C¡Y]Cev�rd>�-VYf«a

�¿�mø4£%�C¢/ùj¤oÀ!�5�iÁL¼ �	Â ¤Ã¼+£�C¤j¸:�9£�5�%â7� � ��·¾¤oÄ�ãyâ¿øN¼&¤�¼+£%�)ø)£¢ù¡â:ã�ä9¼|å�¸ Á fQzAe��Tdm¡C]¢¾`fEZr]C� � ¡CfQ��fQzAeTdme�]ãXNzáZ[X�f`w�z�XNe
��f � ¡C]Ô_`dbe�f�dÕ¡¢X�_g�$]¢z7Z[]ã¤1fQ�gfQzAe � �gX�_nfQw�wgX«�gwEaJ¿9db]Ce�]Cz�c<§WX«�J_nfQzAe��ndb¡C]C¾QfEZ±¡CX�_g�Aw��d>�®��f>²«i¨]¢�gf8_nXNz�w�]SZAf`�TdbV¨¡¢f�zAi��±Vkf`��Xb§
��f`�7X«egf¶�7fQ��X«����dN_Q_nfQwgw�fQwJxy\�]S_g\-db�gf�fn¦ � fQz�w�]C©NfºdmzkZ®�d>�®_Qdbi¨w�fJw�xy]CeT_g\º.mV�i�w�_uX«zAe�fQzAeg]¢XNzha � z$e�\¨f�X«eg\�fQ�¶\kdbzYZ1¬bd
ZA]Cw�eg��]CV�i�egfEZ$]C� � ¡CfQ��fQzAeTdme�]CXbz®Xb§hd®¡CX[_g���gf � ¡C]S_QdbegfQwJe�\�fy¡CX�_g��]Cz-��X«��fJe�\Ydbz±X«z¨f � ��X�_nfQwgw�XN��wE¬¨e�\�f`��fQVA�±�7]Cz�]C�±]°¾Q]Cz�c
��f`�7X«egf±�7fQ��X«�g�´d«_Q_ufQw�wgfQwEaÒÃy\�f7�gf � ¡C]S_Qdbw±z�f`fEZ2z�X«e$Vkf�_nXNz�w�]Cwge�fQzAe7db¡Cxyd>�Aw-dbw$¡CX«z�c&dbw$e�\�fr]C� � ¡¢f`�±fQzAeTdbeg]CX«z
c«iYdb�TdmzAe�fQfQw�d�§£db]C�v�±i¨e�ikdm¡kfn¦k_n¡Ci�wg]CX«zha
Ãy\�f$��fQwgi�¡Ce8Xm§ve�\¨f-fn¦ � fQ��]C��fQzAe � fQ�£§WXN����fEZ�i¨w�]Cz�c7eg\���f`f � ��X�_nfQwgw�XN��w�]Cw®w�\�Xbxyz»]¢z�Öh]CcNi���f±Ý�a®¸�¡¢eg\�X«i¨c«\�eg\�f

¥kcNi���f7ZAf`�7X«z¨w�e��ndbegfQw-drwg�db¡C¡ � fQ�£§WXN���rdbzk_nf±d«Z[©«dbzAeTdmc«f$]¢z�§£d>©«X«�®Xm§<ZA]Cwge���]CV�i¨e�fEZÚ¡¢X�_g�AwE¬�xvf±\A� � X«e�\¨fQw�]C¾Qf�e�\kdme
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Length of Critical Section (in microsec.)

passive spin locks
active spin locks

Ö�]Cc«i��gf±äEÆ�½ â fQz�cNe�\rXb§¶e�\�f-_u��]Ce�]S_Qdm¡1w�fE_neg]CX«z�ý�wEa¶¸ �¨� ¡C]Ô_`dbe�]CXNz7e�]C��f

]C� � �gXb©«fQ�±f`z�eJxy]C¡C¡hVYf-��X«��f®xy\�f`z´eg\�f�zAi��±VYfQ��Xm§ � ��X�_nf`w�w�XN��w-dm��f$¡Sdb��cNf«a Ü ]C��]¢¡Sdm�v�gfQw�i�¡Cegw8\Yd>©«f-dm¡¢�gfEd«Z[�VYfQfQz
w�\¨XbxyzVA�±XNe�\�fQ�gwEÛ ¸ â�â ÉNÝ>à�¬A\�fQzk_uf�e�\�f`�ídm��f®z�XNey]¢zY_n¡CikZAfEZ�]Cz7eg\�]Cw � d � fQ�Ea
Ãy\�f�¥kzkdm¡1fn¦ � fQ�g]C�7fQzAe�_nXN� � dm��fQwye£xJXádm¡Ce�fQ�gzkdbeg]¢©Nf®¡¢X�_g�±]C� � ¡CfQ��fQzAeTdme�]CX«z�w�È � dmw�wg]¢©Nf�dbzkZ�d«_neg]¢©Nf®¡¢X�_g�AwEa

¦-¢7¼¼&¤o»7�XÁL¼ � ¹$ãC£¤j»#��ù¡â:ã�ä9¼|å�¼G§³d$¡CX�_��±XNV«ÙnfE_ne�\kdbw�d � fQ�g�dbz¨fQzAeveg\���fEdNZrVYX«i�zkZ�egX-]CeE¬AxJf®��fn§GfQ��egX±]¢eydbw�dmz
d«_ue�]C©«fy¡CX�_g�ta�Ãy\�f�e�\��gfEd«Z
]¢wÀVkXNi�zkZ±egX�e�\¨f�¡CX�_��±dbeJe�\¨f�¡CX�_��±_n�gfEdbeg]¢XNz±e�]C�7f�dmzkZ$]Ce���f`�db]Cz�w¶VYX«i�zYZ±e�\¨��X«i¨c«\±X«i¨e
]Ce�w�¡¢]°§Wf`e�]C�7f«ayÖ�]Cc«i��gfä>Æ7_nXN� � dm��fQw�e�\�f � fQ�£§WXN���rdbzk_nf�Xb§ºdmz´d ��� ¡¢]S_Qdme�]CX«zri�wg]Cz�cdN_ne�]C©«f$©AwEa � dmw�wg]¢©Nf�w � ]¢z�¡CX�_��Aw>a
Ãy\�f$fn¦ � f`��]C�7fQzAe®ZAfQ�7XNz�w�eg�Tdme�fQw®e�\Ydbe�d«_neg]C©«f$¡¢X�_g�Aw8dm��f$¡¢]Cege�¡Cf-_g\�fEd � fQ�$VYfE_Qdbi¨w�f±]Ce�endb�«f`w8eg\�f±��f`w � X«z�wg]¢V¨]¢¡C]Ce£�rXb§
fn¦�fE_ni¨e�]Cz�c�eg\�fy��fQ¡CfEdmw�f��7X�ZAi�¡Cf¶§W�gX«�6e�\�fyXbxyz�f`� � ��X�_nf`w�w�XN�E¬¨e�\Ai�w � �gXb©A]ÔZ[]¢z¨c�e�\¨f���f`¡¢f>dbw�]Cz�c � �gX�_nfQw�wgX«�y��X«��fJe�]C��f
e�X±fu¦[f>_ni�e�f$i�wgfn§Wi�¡�d �¨� ¡C]Ô_`dbe�]CXNzA¯Iw � f>_n]°¥t_®_nX�ZAf«ayªyXbxJfQ©«f`�E¬1d ��� ¡¢]S_Qdme�]CX«z¨wvi�wg]Cz�c7d«_neg]C©«f�¡CX�_g��wyz¨fQfEZr��X«��f®zAi��±VYfQ�
Xb§ � ��X�_nf`w�w�XN��w®e�X±fu¦[f>_ni�e�fNa
¿&f-\Yd>©«f-dm¡¢wgXr]¢� � ¡CfQ�7f`z�egfEZrd
§WfQx _uX«�7��X«z�¡¢X�_g�´_nXNzA¥kcNi��Tdme�]CX«z�w®egXíZ[fQ�7XNz�w�eg�Tdbegf-eg\�f$c«fQz�f`�Tdb¡C]Ce£��Xm§ºeg\�f

w�eg��ik_ue�i��gf�Xb§h�gfE_nX«z[¥kc«i��ndbV�¡Cf®¡CX�_��$X«V«ÙufE_ne�w>a�Ãy\�f���fQ�rdb]Cz�]Cz�c � X«��eg]CX«z7Xm§he�\�]CwJw�fE_ue�]CX«zr¡C]Cw�e�wÀe�\�fQwgf�¡CX�_��±_nXNzA¥kc«i¨�Td>¯
e�]CXNz�wvXNV�eTdm]Cz�fEZ�i�w�]Cz�c±�gfE_nXNzA¥kc«i¨�TdbV¨¡¢f®¡CX�_g�7X«V«ÙufE_ne�w>a
¸�PnOTDN=�Y�H�P`@CFoOt¡¢X�_g�®]Cwh]C� � ¡CfQ��fQzAe�fEZ<i�w�]Cz�c®d�wT_g\�fEZAi¨¡¢f`��eg\kdbe�dm¡¢¡CXbxyw1�±i�¡Ceg] � ¡¢f���fEdNZAfQ��eg\���f>d«ZAw¶]Cz�w�]SZAfJd8_u��]Ce�]S_Qdm¡

w�f>_ne�]CX«z�a Ü ik_g\7d�¡¢X�_g�$wT_g\�fEZAi¨¡¢f`�v]C� � ¡¢f`�7fQzAe�whdmz7db¡Cc«XN��]Ce�\¨� w�]C�7]C¡Sdb�1egX-d®�±i�¡Ce�] � �gX�_nfQw�wgX«�¶wT_g\�f>ZAi�¡C]Cz�c-db¡CcNX«��]Ceg\��
xy]Ce�\�wgX«��fÕ_uX«z�wge��Tdm]Cz�egwEa®¸(��f>d«ZN¯£xy��]Ce�f$wT_g\�f>ZAi�¡CfQ�-_Qdmz�VYfá_nXN�±V�]Cz�fEZ�xy]Ce�\´d � ��]CXN��]Ce£�rX«�8d
\kdbzYZAXb¤9wn_�\¨fEZAi�¡CfQ�
e�X±_n�gfEdbegf-©«dm��]SdbzAe�wJxy\�fQ�gf���f>d«ZAfQ�gw�\kd>©Nf � ��]CX«�g]Ce£�±Xb©«fQ�yxy�g]¢egfQ��w�X«�y©A]S_nf®©«fQ�gwTd¨a
ÅºOnsQLAPnBQ@_cbO�î¢;>snM>B " dm��f�]C� � ¡CfQ�±fQzAe�fEZ$VA���db]CzAeTdm]Cz�]Cz�c®e�\�f®¡CX�_��N¯£Xbxyz�fQ�gw�\�] � ]CzA§WX«�g�dme�]CX«z$]Czeg\�f®��fQcN]Cw�e��ndbeg]¢XNz

�7X�ZAi¨¡¢fNa�¸�zÓdbege�fQ� � e�e�X���fu¯odN_Q²Ni�]C��fre�\�frwndb�7f±¡CX�_g�&]Cw-fEdmw�]C¡C�¹Z[fQe�fE_ue�fEZÓVYfE_Qdmi�w�f�d�¡CX�_g�&X«V«ÙnfE_ue±��z¨Xbxyw-eg\�f
]SZAfQzAe�]Ce£�$Xb§h]Ce�wJXbxyz�fQ�>a�÷yfE_ui���wg]¢©Nf�¡CX�_g��wydb�gf���X«��fyfu¦ � fQz�wg]C©«f®e�\kdmz7eg\�f�z�XN���rdb¡�¡CX�_g��wÀVkfE_`dbi�wgf�fEd«_g\���fE²Ni�fQwge�]Cz�c
�ØéoêT�V�yé�íïì��aê#�sñ�o� í<ð\éoê�ì����C�sê��IêØò î_ê5õGìZò�Æ¿�9Ç#ÈÊÉ �#�sð&Ë+Ì,�&Í��	êoéqòiê��iîqñ�ê��Zì��3ìZòiðaîqê<î_ôiêA�sñ%�o�Î±é�ê5êoòyî_éoð\òC�Jö4�yéoñ,�C�sê���Ï

äEÝ



e�\¨��fEdNZ � fQ�o§WX«�g�7w�dbz�fn¦�e��nd±�7f`�7X«�g��xy��]CegfÕdmey��fQcN]Cw�e��ndbeg]¢XNzre�]C�7f«a
Ü ]C� � ¡Cf-sn;bpY=b@CF£@W;bpYDbî¶î¢;>snM>Bv�gfQw�i¨¡¢e�xy\�fQzre�\¨f�e�]C�7f`X«i�e � db�ndb��fQe�fQ�y]CwywgfQe8dN_Q_nX«�nZA]Cz�c«¡C�Aa¶¸ e�\��gfEd«Zíxºdm]¢eg]Cz�c�§GX«�

w�iY_�\�d$¡CX�_g�±��fQegi���z�w®i�z¨w�ik_Q_ufQw�wo§Wi�¡C¡C�]°§¶]¢e�_`dbz�z�XNe�d«_Q²Ni�]C�gf8eg\�f®¡CX[_g��]¢zrd$w � fE_n]°¥kfEZíe�]C�7f«a

Ð "#�k E�®���®Î "#�®�G�8����� �

Ü XN�7fyXb§¶e�\�f®z�XNe�]CX«z¨wv]CzAe��gX[Z[ik_nfEZr]CzrÑ�÷I� Ü Ã � Û ÞJâhâ ¿�É«ÉA¬ ÞJâhâ É«É>à�¬ Á ª � ¼ Á � Ü Û ÁJæ ÷�ÉNß`à�dbzkZ Á ª<¸ �8Ü Û Â�Ü É«ÝNdA¬
Â�Ü ÝNÄA¬ Â�Ü ÉNÝbV1¬ Ü�Â ]1Ý«ÆbV1¬ Ü¨Â ]1Ý«ÆNd>àºdm��f$w�X«��fQxy\kdme8wg]C�7]C¡Sdb�ye�Xreg\�]Cw�xvXN���1a±Ñ�÷I� Ü Ã � wgi ��� X«�ge�w�e£xJXr��]CzkZ[w�Xb§
w��Azk_g\��gX«z�]C¾Edme�]CX«z � ��]C�7]Ce�]C©NfQwE½®w � ]Cz�¡CX[_g�Aw±dbzkZ�wg��zY_�\¨��X«z¨]¢¾>dbe�]CXNz9X«V«ÙufE_ne�w>a�¸�w��Azk_g\��gX«z�]C¾Edme�]CX«z2X«V«ÙnfE_ue-]Cw��rd«ZAf
Xb§�d�w � ]Cz�¡CX�_g�9UGw � ]Cz�¡CX�_g�´]C� � ¡CfQ�±fQzAe�w�e�\�f��±i�e�ikdm¡hfn¦k_n¡Ci�wg]CX«zkj`¬�d²Ni�f`i�f�UGe�\��gfEd«ZAw$V�¡CX�_g�´]Cz�e�\�]Cw-²Ni�fQi¨fEjQ¬�dmzkZ
d
§WfQx(X«V«ÙufE_ne�w���fE²Ni�]C��f>Z&e�Xr]C� � ¡¢f`�7fQzAey]Ce�w�wgfQ�dmzAe�]S_nwEa Ü eg��ik_ue�i��ndb¡C¡C��¬¶Ñ�÷I� Ü Ã � ë w®wg��zY_�\¨��X«z¨]¢¾>dbe�]CXNz&X«V«ÙnfE_ue�]Cw
w�XN�7fQxy\Ydbe�wg]¢��]C¡Ôdm�¶e�X±��f>_nX«zA¥Yc«i��ndbV�¡Cf®¡CX[_g�AwEa�ª<Xbxvf`©«fQ�>¬kd�w��Azk_g\���XNz�]C¾Edbeg]CX«z7XNV«ÙnfE_ne®ZAXAfQwyz�XNevwgi ��� X«��e®ZA�Azkdb��]S_
dbege��g]¢V¨i�e�fr��f>_nX«zA¥Yc«i��ndbe�]CXNz�dbzkZ2XNV«ÙnfE_ne�w�eTdme�f���X«z�]CegX«��]Cz�cYa Á ª � ¼ Á � Ü ]¢w7dmzÓfn¦kdb� � ¡¢f�Xb§-dbzÓXNV«ÙnfE_ne�VkdbwgfEZ
��f>_nX«zA¥Yc«i��ndbV�¡Cf$X � fQ�Tdme�]Cz�c7wg�Aw�e�f`�·xy\¨]Ô_g\´_`dbz�Vkf$eTdm]¢¡CXN��fEZ�§GX«�8d � db�ge�]S_ni�¡Sdm�8\Ydb�TZ[xºdm��f±_nX«zA¥Yc«i��ndbe�]CXNz�X«�<§WX«�®d
� dm��e�]S_ni¨¡Ôdm��d ��� ¡¢]S_Qdme�]CX«z�ahÃy\�fÕ§WX�_ni�wyXb§ Á ª � ¼ Á � Ü ]Cwye�X±w�eg��ik_ue�i��gf-eg\�f�X � fQ�ndbe�]Cz�c±wg�Aw�e�f`�*�«fQ�gz�fQ¡¶]CzdbzrXNV«ÙnfE_ne
X«�g]CfQzAe�fEZ
xºd>�$xy\�fQ�gfEdbw>¬�e�\¨fy§WX�_ni�wyXm§hX«i��J��f`w�fEdm�T_g\r]¢wJe�X$V�i�]C¡SZ±d�_nXNzA¥kcNi��TdmV�¡Cf�X � fQ�ndbe�]Cz�c$w��Awge�fQ�þ�«fQ�gz�fQ¡hdmeveg\�f
e�\¨��fEdNZ�¡¢f`©«fQ¡£a��¶©«f`z´eg\�X«i�cN\´xJf±i�wgf±e�\�f±XNV«ÙnfE_ne���X�ZAfQ¡�dbe®e�\¨f7d ��� ¡C]S_Qdme�]CX«z�¡CfQ©NfQ¡£¬1xJfáZAXrz�XNe�i�wgf±X«V«ÙnfE_ue�w�egX
V�i�]C¡SZ�e�\�f���i�zA¯£e�]C��fvwg��wge�fQ��a Á ª<¸ �®Ü çy]Cwvd�§£db�7]C¡C��Xm§tXNV«ÙnfE_neo¯IVYdbw�f>Z7�gfEdb¡°¯£e�]C�7fJX � fQ�ndbe�]Cz�c�w��Aw�egfQ�(�«fQ�gz�fQ¡CwEaÀÃy\�f
§Idm�7]C¡C�7]Cws`L«BnF�;y^$@sÑED«ú`î¢OÕ]¢z&xy\¨]Ô_g\&fn¦�]Cw�eg]Cz�c��«f`��z�fQ¡ydbV¨w�e��nd«_neg]CX«z�w±dbzkZ»§Gi�zk_neg]¢XNz�w±_Qdbz&VYf7��X[Z[]ã¥YfEZ�f>dbw�]C¡C�Aa7¸�w
X �¨� XNw�fEZ»e�X Á ªy¸ �®Ü XNV«ÙnfE_negwE¬¶d±�gfE_nX«z[¥kc«i��ndbV�¡Cf±¡CX�_g�í_uX«zAeTdm]¢z¨w8]Cegw�Xbxyz��±i�endbV�¡Cf�dbege��g]¢V¨i�e�fQw$dbzkZ�dmz´]CzAe�f`��zkdm¡
_nXNzA¥kc«i¨�Tdbeg]CX«z � X«¡C]S_n�±egX±c«i�]SZAf�dbzA�±�gfE_nX«z[¥kc«i��ndbeg]¢XNzrX � fQ�Tdme�]CX«zha
Ãy\�fQ�gfv\kdmw¶VkfQf`zád<¡¢XNehXm§kxvXN���®X«z��±i�¡Ce�] � ��X�_nf`w�w�XN�hwg��zY_�\¨��X«z¨]¢¾>dbe�]CXNzhah¼£z�Û ¸ âhâ É«Ý`à�¬>¸�zkZAf`��w�XNz±fQe�db¡£ah_nXN� � dm��f

e�\¨f � fQ�£§WXN���rdbzk_nf±Xm§8drzAi��±VYfQ�®Xb§�w�Xm§We£xydb��f±w � ]CzA¯£xºdm]¢eg]Cz�c�db¡Cc«XN��]Ce�\���wEa±Ãy\¨fQ� � ��X � XNw�frd�§WfQx�fuå_n]CfQzAe�w � ]CzA¯
xydb]Ce�]Cz�c-dm¡Cc«X«�g]Ce�\���w�wgik_g\´dbw-Ò�FG?[O`PQpkOuFvBnF£�bî¢O�únDNsnM«;���dm¡¢cNX«�g]¢eg\��þUW]CzAe��gX[Z[ik_n]Cz�c7ZAfQ¡Sd>�±VYfQe£xJfQfQz�wgik_Q_nfQwgw�]C©«f$w � ]¢z¨w
dbzYdb¡CX«cNX«i�wJe�X��¶eg\�fQ�gz�fQeEë w®VkdN_��NXb¤&X«�y¸�¡¢XN\kd«j`¬1BE;o·uFIHvDmPTOb[`L�OQL�O`@SpAù�Xm§³w � ]Cz�z�]Cz�c � �gX�_nfQw�wgX«�gw8f`eT_bay¿&f�\kd>©«f®V�i�]C¡Ce
w�]C��]¢¡Sdm�8VYd«_g�«Xm¤�w � ]CzÓ¡¢X�_g�Awádmw7ZA]°¤tf`��fQzAe_uX«zA¥kcNi��Tdme�]CX«z¨w-Xm§8e�\¨f���fE_uX«zA¥kcNi��TdmV�¡Cfr¡¢X�_g�1a9¼£z Ûóñ ÁyÜ Ý¨ägà�¬vñrfQ¡C¡CX«�o¯
Á ��i¨�7�7f`�-fQe�dm¡£a � �gX � X«w�f$d$z�fQx wT_`db¡SdbV�¡Cf�db¡CcNX«��]Ceg\��þUId$¡C]Cw�e£¯£Vkdmw�fEZ�²Ni�f`i�]Cz�c±¡CX[_g�1¬�db¡CwgX±��z¨Xbxyzídmw®K¾Ó¶qá¡CX�_g��j
xy\�]S_g\´cNfQz�fQ�ndbegfQw � UTä>j®��fQ��X«egf���fn§GfQ��fQzY_nfQw � fQ��¡CX�_���d«_Q²Ni�]Cw�]Ceg]¢XNzh¬Y]CzkZAf � fQzkZAf`z�e$Xb§Je�\�f±zAi��±VYfQ��Xm§ � ��X�_nfQwgw�X«�gw
dbege�fQ� � e�]Cz�c&egXØdN_Q²Ni�]C��f�e�\�f�¡CX[_g�1a(¿&f�\kd>©Nf´V¨i�]C¡¢e7d2wg]¢��]C¡Ôdm�-¡CX�_g��UIZA]Cw�eg��]CV�i�egfEZÒ¡¢X�_g��jrdbwdÓ_nXNzA¥kcNi��Tdme�]CX«z
UW]C� � ¡CfQ�±fQzAeTdme�]CX«z±ZAf � fQzkZAf`z�e�_nXNzA¥kcNi��Tdme�]CX«zkjÀXb§�eg\�f®��fE_nXNzA¥kcNi��TdmV�¡Cf�¡CX[_g�1a

Ô � Í Ì �¢ bÏr��ÐEÍ Ì � Ì Î ÕrÏ7�JÏ���×Ö Í$���

Ãy\�f-_uX«zAe��g]¢V¨i�e�]CX«zrXm§³XNi���xJX«�g�7]Cwye£xJXb§WXN¡ÔZ×½vÖ�]C��w�e>¬�xJf«¬ � ��X � XNw�f-d
w�eg��ik_negi���f�§WXN��¡CX�_���X«V«Ùnf>_ne�w®w�iY_�\»e�\kdme�e�\¨fQ]C�
xydb]Ce�]Cz�cydbzkZÕwT_g\�fEZAi¨¡¢]Cz�c�Vkf`\kd>©A]¢XN��w¶db��fÀfEdbwg]¢¡C��_g\kdbz¨c«fEZ$UGw�endbe�]S_Qdm¡C¡¢��X«�¶ZA�Azkdb��]Ô_`db¡C¡C�[j`¬QdbzkZ�eg\�fQz$xvfvZ[fQ�7XNz�w�eg�Tdbegf
e�\¨f8i¨w�fn§Wi¨¡¢z¨fQw�w�Xb§vZA�Azkdb��]S_J��fE_nXNzA¥kcNi��Tdme�]CX«zrXb§¶w�ik_g\�¡CX�_g�±X«V«Ùnf>_ne�w>a
Ãy\�fyfn¦ � fQ��]C�7f`z�egwv]Cz Ü f>_ne�]CX«z7ÇÕ]¢� � ¡C�®e�\kdmevdbz±X � fQ�ndbeg]¢z¨c�w��Aw�egfQ���NfQ��z�f`¡kwg\�X«i�¡SZ � �gXb©A]ÔZ[f�d®¡CX[_g�A]Cz�c®�7fE_g\kdô¯
è �§Øfñ\ò!�V�yé¡éoêoòyîT®&Ù?ìsêoéoð\é��qôyì��Jð,�r®TÚDõyð,�iîqð,�C�sê9Ûp�)êoéoðaî_ìZòiëNÜ)ö�íqî¡êV� ír�C�C�)ñ\é�îïìZòië9Ýyîqñ,�3ì��+®%ÞJê5ð,��Î_î_ì��Iê)ß+ñ,���C�iî¡ð+î_ìsñ\òyí�Ï

Ç«Æ



z�]Cw��(eg\kdbe � fQ�g�7]Ce�e�\¨f8i¨w�f�Xm§�ZA]°¤tf`��fQzAeyxydb]Ce�]Cz�c�dbzYZ±��f>²«i¨fQw�ey\kdmzkZA¡C]Cz�c®w�eg�TdbegfQc«]CfQw�Z[f � f`zkZA]Cz�c$X«z7eg\�f�fu¦ � fE_negfEZ
X«�Àfn¦ � fQ�g]CfQzk_nfEZ�¡CfQz�cNe�\�wÀXb§h_n��]Ce�]S_Qdm¡kwgfE_neg]¢XNz�wEa��³©«fQz�e�\�XNi�c«\±eg\�f � ��f`w�fQzAe�f>Z7�gfE_nXNzA¥kc«i¨�TdbV¨¡¢f�¡CX[_g�$�7X�ZAfQ¡Afn¦�\�]CV�]Cegw
w�XN�7f � fQ�£§WXN���rdbzk_nf � fQzYdb¡Ce�]CfQw�_nXN� � dm��fEZ�e�X � �g]C�7]Ce�]C©«f�¡CX[_g�Aw�U£dbw�w�\�Xbxyz�]Cz Ü fE_ne�]CXNz´ûYa¢ä>jQ¬¨e�\�f$fn¦ � f`��]C�7fQzAegw8]Cz
Ü fE_ue�]CX«z&ûYa Ç�wg\�Xbxyw�e�\Ydbe�]Cz&�7XNw�e®_QdbwgfQwE¬Àe�\�fQwgf � fQzkdm¡¢eg]CfQwádm��f±XNi�e£xvf`]¢cN\�fEZ�VA��e�\�f � fQ�£§GX«���rdbzk_uf±c�db]Cz&ZAi�f±egX
��f>_nX«zA¥Yc«i��ndbV�]C¡C]Ce£��a
¼£z´eg\�]Cw � d � f`�E¬�xvf$w�\�Xbx6e�\kdme�]Ce®]Cw�fQwgw�fQzAe�]Sdm¡vegX7\kd>©Nfád ��� ¡C]S_Qdbeg]¢XNzrw � fE_n]°¥t_$¡CX�_��»wT_g\�fEZAi¨¡¢f`��w®§WXN�®]¢zY_n��fEdmw�fEZ

� fQ�£§WXN���rdbzk_nf»UIdmw � �g]CX«��]Ce£��wT_g\�fEZ[i�¡CfQ��wrdbzkZÚ\kdbzkZ[Xb¤�wT_g\�fEZ[i�¡CfQ��wrdb��fri�wgfEZ2]Cz&w�X«��f_n¡Sdmw�w�f`w±Xb§Õd ��� ¡C]S_Qdbeg]CX«z�wnjQa
¿&f�db¡Cw�X&wg\�Xbx*e�\Ydbe7eg\�f´ZA�Azkdm�7]S_7_g\kdmz�c«f»Xb§�xºdm]Ce�]Cz�c � X«¡C]S_n�Ødme�e��g]CV�i�e�f`w7��f`w�i�¡Ce�wr]Cz�]C� � ��Xb©«f>Z9d �¨� ¡C]Ô_`dbe�]CXNz
� fQ�£§WXN���rdbzk_nfNa
Ü fE_neg]CX«z�ûYa Ç$ZAfQ��X«z�wge��ndbe�f`w�e�\Ydbeye�\¨f-X � e�]C�dm¡�xydb]Ce�]Cz�c � XN¡C]Ô_u�7Xb§vd$¡CX�_g�7]Cw8d�§Wi¨zk_ne�]CXNzXm§�z�i¨�±VkfQ�JXb§�w � ]Cz�wE¬

V�¡CX�_g��w>¬�dmzkZ0.mX«�¶e�]C�7f`X«i�egwEa�Ãy\�]Cw¶§Wi�zk_ue�]CX«z7ZAf � fQzYZAwvXNz±©«db�g]¢XNi�wvd ��� ¡C]S_Qdbeg]¢XNz-_g\kdb�nd«_negfQ��]Cwge�]S_nwyw�iY_�\rdbw�]Cegw�¡CX[_g�A]Cz�c
� dme�e�f`��zh¬�¡CfQz�c«eg\&Xb§y]Ce�w-_n�g]Ce�]S_Qdb¡Àw�fE_neg]CX«z�w�OnF�s+æ � i¨�®§Wi�egi���f���fQwgfEdb�n_�\Ú§WX�_ni�wgfQw-]Cz � dm��e�XNz�¥YzkZA]Cz�cre�\�f�X � eg]C�db¡
xydb]Ce�]Cz�c � X«¡C]S_n��§GX«�±dbz9d �¨� ¡C]Ô_`dbe�]CXNz&w � fE_n]°¥t_�¡CX[_g�&VA��w � fE_ni�¡Sdbeg]C©«f�ZA�Azkdb��]S_��gfE_nX«z[¥kc«i��ndbeg]¢XNzha9ï<fn¦�eE¬�xJf7xy]C¡C¡
fn¦�e�f`zkZ$e�\�]Cw¶]SZAfEd®egX®V�i�]C¡SZ®w�fQ¡°§S¯�d«Z¨d � endbV�¡CfJX«V«ÙnfE_ue�wEa Ü ik_g\7dbz$X«V«ÙnfE_uevi�wgfQwvd�V�i�]C¡Ce�]Cz���X«z�]CegX«��dmzkZ$dbz±d«Z�d � eTdme�]CX«z
db¡CcNX«��]Ceg\��*e�X�]C� � ¡CfQ�7fQzAe®d�§WfQfEZ[Vkd«_g�&¡CXAX � e�X´_nXNzA¥kcNi���f�]¢egw�Xbxyz9dbege��g]¢V¨i�e�fQw>a�¿&f±xy]C¡C¡�i�wgf7e�\¨f_nXNzk_nf � egw±Xb§
��f>_nX«zA¥Yc«i��ndbe�]CXNz�dmzkZÓd«Z�d � eTdme�]CX«z&]CzÓX«eg\�fQ�±X � fQ�ndbeg]¢z¨c&w��Aw�egfQ� _nX«� � XNz�fQzAe�w±dbw±xJfQ¡C¡ye�X&V¨i�]C¡ÔZ2d�¡C]¢cN\Ae£xvfQ]CcN\�e
��f>_nX«zA¥Yc«i��ndbV�¡Cf®X � fQ�Tdme�]Cz�c±wg��wge�fQ�*�NfQ��z¨fQ¡£a

"#�¢üi�®��� Ì �I�®�
Û ¸ â�â É«Ýôà Ãy\�X«�rdbw3�yaA¸�zkZ[fQ��wgX«zh¬<��ZAxydb�nZ�,-a â db¾QXbxywg�«d�¬�dmzkZrªyfQz��g�ñ&a â fQ©A�Aa¶Ãy\�f � f`�£§WXN���dmzk_nf®]C� � ¡C]S_Qdô¯

e�]CX«z�w®Xm§ºeg\���fEdNZ��rdbzkdmc«fQ��fQzAe�db¡Ce�f`��zkdme�]C©«fQw�§WXN�®w�\kdm��fEZN¯£�7f`�7X«�g�7�±i�¡Ceg] � ��X�_nfQwgw�X«�gwEa@à,Ò�ÒNÒâáYPTDbp[B�Y
D«suFI@W;mpAB-;bpnÓv;y^D`kLNF�OQPnBQ¬�ÄNÉAUTä>Ç«j`½¢ä>ü«Ä¨änÈtä>übûNûk¬y,�fE_nfQ�±VYfQ��äEÝNÉ«Ý¨a

Û Þ ¡SdNÝ«Æ«dôà ,-a Þ ¡Sd«_g�1a Ü _g\�fEZ[i�¡C]¢z¨c8wgi ��� X«�ge�§WXN��_nXNzk_ni��g��fQzY_n�dmzkZ � db�Tdm¡C¡¢f`¡¢]Cwg� ]¢z�e�\�fy�rd«_g\�X � fQ�ndbe�]Cz�c®wg��wge�fQ��wEa
à,ÒNÒNÒBÓv;y^D`kLNF�OQP�K´D>ù«DÑQ@SpYOQ¬YÇ«ÄAU£è«j`½ ÄNè>ÈAû�Ä�¬Añ�d>��ä>Ý«Ý«Æ¨a

Û Þ ¡SdNÝ«ÆbV[à ,8d>©A]SZ1a â a Þ ¡ÔdN_g�ta�qtsu?[On=mL�î°@SpAùáDmpk=�ÅºOuBE;bLAPTsnO<K´DbpkDôùmO+^áO`pAF�á1OTsu?�p¨@¡[QL�OuB ·E;mPJK�L�î FI@ `kPT;>snOnBnBE;bPuBuaYÑ¶\º,
e�\�fQwg]CwE¬ Ü _g\�XAX«¡AXb§ Á XN� � i¨e�fQ� Ü _n]CfQzk_nfN¬ Á db��z¨fQc«]CfyñrfQ¡C¡CX«z-ð<z�]C©«fQ�gw�]Ce£��¬ æ i�¡C�áä>Ý«ÝNÆ�aNÃ�f>_�\¨��f � X«�ge Á ñ�ðJ¯
ÁyÜ ¯oÝNÆ>¯QäEèNÇ�a

Û Þvâ�â ÉNÉ>à Þ a Þ f`��w�\Yd«Z1¬G�ya â db¾QXbxywg�«d�¬hdmzkZ&ª�a â fQ©A��a±Ñ¶�gfQw�egXk½�¸ wg�Aw�e�f`��§WX«�®XNV«ÙnfE_neo¯IXN��]CfQzAe�fEZ � db�Tdm¡C¡¢f`¡ � ��Xb¯
c«�Tdm�7��]¢z¨cka1q1;o·nF£HvDbPnO&ã-ävPnD«suFI@GsTO�Dbpk=�ÒNå\`[O`PQ@WO`pksnO`¬1äEÉAU£É«j`½ ß¨äEÄôÈ[ß«ÄNÇ�¬b¸�i�c«i¨w�e�äEÝNÉ«É¨a

Û Þvâ�â ¿�ÉNÉ>à Þ a Þ fQ�gw�\kdNZ1¬A�<a â db¾QXbxywg�«d�¬�ª�a â fQ©A�A¬8dmzkZ ,$a�¿9dmc«z�fQ�>a5¸�z�X � f`z�fQzA©A]¢�gX«z���fQzAe±§WXN�7V�i¨]¢¡SZA]Cz�c
� db�ndb¡C¡CfQ¡ � ��XNc«�ndb�7��]ãz�crwg��wge�fQ��wEa2¼£z�qk�y^I`�;>BQ@SL)^ ;bp�äyDbPTDmîSî¢O`î�ävPT;uùôPnDy^M^-@ pAù/ãiÒ�å�`�OQP`@WOQpYsTO»H�@CFG?
æ `i`Yîã@WsnDôFI@W;mpAB,©NçhDbpAùbL�D>ù«OnBáDmpk=$qY�>BTF�O+^�BQ¬ � dbc«f`w�änÈ[Ý¨¬ æ i�¡C��äEÝ«ÉNÉ�a

Û ÞvÜ Ý�äEdôà Ã�a Þ ]C\kdm��]hdbzYZö$a Ü _g\AxydbzhaG,���zYdb�7]S_ydNZ�d � endbeg]¢XNz±Xb§¶��fEdm¡ã¯£e�]C��f�w�Xm§We£xydb��fNa æ Ó¶K×ákPnDbpABEDNsnF£@W;bp[B�;mp
Óv;y^D`kLNFoO`P®qk�>BnF�Oa^�BQ¬�ÝAU£Ç«jQ½Cä`û�Ä>È1äEßmûk¬«ñ�d>��äEÝNÝ�ä«a

Û ÞvÜ Ý�äQV[à Ã�a Þ ]C\kdm��]kdmzkZ±ö$a Ü _g\Axºdmzhaº,��Azkdm�7]S_¶d«Z�d � eTdme�]CX«z$Xb§1��fEdm¡°¯Ieg]¢��f�w�Xm§We£xydb��fJ§GX«�¶��fQ¡C]SdbV¨¡¢f � fQ�£§WXN���rdbzk_nfNa
æ Ó¶KèáYPnDbpABED«suF£@W;bpAB�;bpnÓv;y^D`kLNF�OQP�qk�>BnF�Oa^�BQ¬kñ�d>��äEÝ«Ý¨ä«a

Û ÁyÁyâ Ñ�ÉNÄ>à Â a Á X>¦h¬�ñ&a Á X«�gxy]¢z�¬�ö$a â db]£¬ydbzkZÒÖvaJÑ�X«¡C¡Sd«_g�1a�¼£zAegfQ� � �gX�_nfQw�w&_nXN�7�±i�z�]S_Qdme�]CXbzØdmzkZ � ��X�_nf`w�w�XN�
ZA]Cw � dmeT_g\�]Cz�c�XNz-eg\�f�]CzAe�fQ¡¨û�Ä«Ç¨a æ Ó¶KéáYPTDbp[B`DNsnF£@W;mpAB8;bp8Óv;y^D`kLNFoO`PyqY�>BTF�O+^�BQ¬YäbUTä>jQ½ û�èôÈ[üNü�¬bÖ�f`V���ikdm���
äEÝ«ÉNÄ�a

Ç�ä



Û ÁJæ ÷�É«ß>à ÷�a Á dm� � VYfQ¡C¡£¬ Â a æ XN\�z�w�egX«zh¬�dbzkZÓý$av÷<i�w�wgXka Á \�XN]S_nfQw�UI_n¡Sdmw�w7\¨]¢f`�Tdb�n_g\�]S_Qdb¡®X � fQz�]CzAe�f`�£§IdN_nf�§GX«�
_ni�w�egX«�þfQ�±VYfEZ�ZAfEZ�wg��wge�fQ��wTj`a�êG`[O`PTDôFI@ pAù�qk�>BnF�Oa^�B¿ÅºOac>@WO`H�¬�Ç�ämUIÄNjQ½óÝ>È1äEß�¬ æ i¨¡¢��äEÝNÉ«ß�a

Û Â�Ü ÉNÝ«d>à ¸�\���fEZ Â \�fQ]Ce�\�dmzkZrö8dm��wge�fQz Ü _�\Axydbzha Á \kdbXNwTdm��eE½À¸ � ��f>ZA]S_neTdmV�¡Cf���fEdm¡°¯Ieg]¢��f��NfQ��z�f`¡IaJ¼£z�:yL«FGF�OQPrëJ�
ì1BEOQPuB§íyPT;mL	`ÒK´OTOuF£@SpAù©�:v:pî æ =ycbDbpYsTOn=ïÓv;y^D`kLNFoO`PnB@à,îÕs+æs©�Åy;Esu?[OuBnFoO`P,©�îXð�¬¶¸ � ��]C¡�äEÝNÉ«Ý�a2Ã�db¡C�
dbV�wge��TdN_ne�w®ZAX±z�XNe�d ��� fEdb�y]Cz � �gX[_ufQfEZA]Cz�cNwEa

Û Â�Ü ÉNÝbVAà Ñ¶�TdmV�\kd Â X � ]Czkdbeg\9dbzkZ2ö8dm��wge�fQz Ü _�\Axydbzha Á \kdbXNwE½�¿�\A�&X«z�f�_Qdmz�z�X«e$\kd>©NfXNz�¡C�¹dmz9X � fQ�ndbeg]¢z¨c
w��Aw�egfQ�þ§WX«�J��f>db¡°¯Ieg]C�7f8d ��� ¡C]S_Qdbeg]CX«z�w>a�q^àdí¿ê>äÀqlîÕ;ôFI@WsnOuBQ¬ � dbcNfQw-ä>Æ«ü>È1äEÇNè�¬ æ i�¡C�´äEÝNÉ«Ý¨a

Û Â�Ü ÝNÇ>à ¿&fQ]C�7]Cz�c Â i¹dmzkZ�ö8dm��wge�fQz Ü _g\Axydbzha$¸(�7XNz�]Ce�X«�g]Cz�cádmzkZ»©�]Cwgikdb¡C]C¾Edbeg]CX«z�wg��wge�fQ�ê§WXN� � dm�Tdm¡¢¡CfQ¡�dmzkZ
ZA]Cw�e��g]CV�i�e�f>ZÓw��Aw�egfQ�7w>aÓÃ¶fE_g\�z�]S_Qdb¡�÷<f � X«��e�,��nd>§We>¬ Á X«¡C¡CfQcNfXm§ Á XN� � i�eg]Cz�ck¬ Â fQXN��c«]Sd»¼£z�w�eg]Ce�i�egf�Xb§
Ã�f>_�\¨z�X«¡CX«cN��¬YäEÝNÝ«Ç¨a

Û Â�Ü ÝNÄ>à ¸�\���fEZ Â \�fQ]Ce�\7dmzkZ±ö®db��wge�fQz Ü _g\Axºdmzha Á \kdmX«wo¯odm�T_ÀÈ-�NfQ��z�f`¡kwgi ��� X«��e³§WX«���±i¨¡¢eg]°¯IxJfQ]Cc«\Ae1X«V«ÙufE_ne�w>¬A]CzA¯
©«X�_Qdbeg]CX«z�w>¬«dbzkZ$dbegX«��]Ô_u]¢e£��]Cz-�gfEdb¡°¯£e�]C�7fvd ��� ¡C]S_Qdbeg]CX«z�w>a æ Ó¶KéáYPTDbp[B`DNsnF£@W;mpAB<;mplÓv;|^I`YL«F�O`PJqk�>BnFoO+^�BQ¬
ä«äbUnäEj`½ ÄNÄ>È�ß«Ç�¬m¸ � �g]¢¡JäEÝNÝ«Ä�a

Ûóªy¸®Ý«Æ>à Ñ¶\�]C¡�¿5ahª<i�e�egX´dbzYZ´ñri¨w�eTdN²Ni�f7¸�\kdb�rd«Z1a Ü ¡CXbx �7f`�7X«�g�1½�¿&fEdm�«fQz¨]¢z¨c_nXNz�w�]Cw�egfQzk_n�&egX�fQz�\Ydbzk_nf
_nX«zk_ui����gfQzk_n��]Cz´ZA]Cw�eg��V�i�egfEZ»w�\kdm��fEZ»�7fQ��X«�g]¢f`wEa�¼£z;ävPT;>snOTOn=m@SpAù>Bá;o·�FW?�O¿àQpAF�O`PQpkD>F£@W;mpkDbîpÓv;bp+·EOQPnOQpYsTO
;bp8ñ8@CBnF£PQ@Wú`L«F�On=XÓv;y^D`kLNF£@SpAù$qk�>BnFoO+^�BQ¬ � dbcNfQw�Ä«ÆNÇ>È[Ä¨ä«äN¬kä>Ý«Ý«Æ¨a

Û ¼�Ö¶ö8÷�Ý«Çôà ª�a Þ i¨���A\kdb�nZAe�¼g¼�¼Q¬ Ü abÖ��ndbz��1¬ Þ aôö�z�XNVkfN¬�dmzkZ æ ab÷<X«e�\¨z�]Cf«a � ©NfQ��©A]CfQx9Xm§ke�\¨fv�Aw��>äy_nX«� � i�e�f`�hw��Awge�fQ��a
Ã�f>_�\¨z�]S_Qdb¡¶÷yf � X«�ge�ö Ü ÷J¯£Ã�÷J¯�Ý«Ç«ÆNÇ«ÆNÆ�ä«¬Nö�f`zkZ�db¡C¡ Ü ²Nikdm��f-÷<fQw�f>db�T_g\h¬ Þ XNw�egX«zh¬YÖ�fQV¨��ikdm���´ä>Ý«ÝNÇ�a

Û æ XNzkß«Ýôà ¸-aóö$a æ X«z¨fQwEa&Ãy\¨f7X«V«ÙufE_ne±�7X�ZAf`¡I½�¸ _uX«zk_nf � e�ikdm¡�egX�XN¡�§GX«�$w�e��gik_negi���]Cz�c&wgXb§We£xydb�gf«a�¼£z`êG`[O`PTDôFI@ pAù
qk�>BnFoO+^�BMY æ p æ =ycbDbpYsTOn=;Óv;bLAPnBEO`¬ � dbc«f`w-ß>È1äEü�a ÜA� �g]¢z¨c«fQ�®ý�fQ�g¡Sdbck¬1ï<fQxóòvX«�g�t¬<��Z[]¢egX«�gwÕ÷�a Þ d>�NfQ�E¬
÷�aóñ&a Â �ndb\kdm� dbzkZ Â a Ü fQf`c«�±i�fQ¡C¡CfQ�>¬1äEÝ«ßNÝ�a

Û æ�Ü ÉNÆ>à ¸�z�]CeTd�ö$a æ X«z�f`w³dmzkZ�Ñ�fQegfQ� Ü _g\Axºdm��¾«a)��¦ � fQ��]CfQzk_ufyi�w�]Cz�c��±i�¡Ce�] � ��X�_nf`w�w�XN�hwg��wge�fQ��wE½1¸ÓwgeTdbegi�w¶��f � X«�geEa
qkLAPacôO`�>Bá;Ø·�FG?[O æ BnBE;>saæ�Óv;|^I`YLNF�æ¶K´DNsn?)æS¬1äEÇ[UIÇ«j`½CäEÇ�äuÈtä>ü«ü�¬ æ i�z�f�äEÝ«ÉNÆ�a

Û âhÁyÁyç ß«èôà´÷�a â fQ©A]Czh¬º�ya Á XN\�fQzh¬Y¿5a Á X«��xy]Czh¬YÖJakÑ�X«¡C¡Sd«_g�1¬kdmzkZ�¿5a�¿&i�¡°§TaJÑ�X«¡C]S_n�0.b�7f>_�\Ydbz�]Cw�� w�f � dm�Tdme�]CX«z�]Cz
\���ZA�nd�a�¼£ziävPT;>snOTOn=m@SpAù>BÕ;o·�FG?[O�ôbFG?±qk�y^D`[;ôBu@ Lm^*;bp;ê `�O`PTD>F£@SpAù�qk�>BnFoO+^õäJPQ@Spks`@Z`kîCOnB,© æ LNBnFI@Sp�©öá1O°åmDôBQa
¸�w�wgX�_ba Á X«� � i�eEaAñ�d«_g\haC¬ Ü ]Cc ��� wE¬�ïyXb©1a1ä>Ý«ß«è¨a

Ûóñ�db�nÝ�äuà �yahÑ¶a1ñ�db�g�«dbegX«wEa�ñíi�¡Ce�] � ��X�_nf`w�w�XN�®w��Azk_g\���XNz�]C¾Edbeg]CX«z � ��]C�7]Ceg]¢©NfQwyxy]Ce�\ � ��]CX«�g]¢eg]CfQwEa®¼£znÒv@Cù>?«FG?Là,Ò�ÒNÒ
÷;bPuMEBn?[;ª`9;bp<ÅºOnDmîZY%á¶@_^±O@êG`�OQPnD>F£@SpAù�qY�>BTF�O+^�B-DbpY=±q1;o·nF£HvDbPnOQ¬ � dmc«fQw$änÈ[ß¨¬�ñ»d>�´äEÝNÝ�äNa

Ûóñ ÁyÜ Ý¨änà æ a«ñrf`¡¢¡CXN�£¯ Á ��i����7fQ�ydbzkZ$ñ&a Ü _nXNe�e>aA¸�¡Cc«XN��]Ce�\���w�§GX«�¶wT_Qdm¡SdbV�¡Cf�wg��zY_�\¨��X«z¨]¢¾>dbe�]CXNz-XNz�w�\kdm��fEZ�¯I��fQ�7XN���
�±i�¡Ce�] � ��X�_nf`w�w�XN��w>a æ Ó¶KèáYPnDbpABED«suF£@W;bpAB�;bpnÓv;y^D`kLNF�OQP�qk�>BnF�Oa^�BQ¬kÝ�¬1ä>Ý«Ý¨ä«a

Ûóñ Ü ÝNÄ>à Þ X�ZA\�]Cwndbe�e£xyd�ñri¨��\¨fQ�¢Ùnf`fÕdmzkZ7ö®dm��w�egfQz Ü _�\Axydbzha×¼£� � �gXb©�]Cz�c � f`�£§WXN���dmzk_nfyVA�±i�wgf�Xb§�dNZ�d � e�]C©«fyXNVA¯
ÙnfE_negwE½&��¦ � fQ�g]¢��fQzAeTdme�]CX«z$xy]Ce�\d�_nX«zA¥Yc«i��ndbV�¡Cf��±i¨¡¢eg] � ��X�_nfQwgw�XN��e�\��gfEd«Z � d«_g�«dmc«f«a1Ã¶fE_g\�z¨]Ô_`db¡1÷yf � X«�ge
Â ¼£ÃJ¯ ÁyÁ ¯�Ý«Ä�.�ä>ß�¬ Á X«¡C¡CfQc«f�Xb§ Á XN� � i¨e�]Cz�ck¬ Â fQX«�gc«]Sd�¼£z�w�eg]¢egi�e�f�Xb§�Ã¶fE_g\�z¨X«¡CX«cN��¬YäEÝNÝ«Ä�a

Ûóñri���Ý�äuà Þ X�ZA\�]Cwndbe�e£xydrñri��A\�fQ�CÙnfQf«a$¸ � XN��eTdmV�¡CfádmzkZ»��fE_nXNzA¥kcNi��TdmV�¡Cf-eg\���fEdNZAw � dN_g�«dbc«fNa®¼£zÊävPn;EsnOnOn=b@Sp[ùEBá;Ø·
qkLApmì×B`O`PeíyPT;bL�`�átOnsu?�p�@GsTDmîNÓv;mpa·EO`PTO`pksnOQ¬ � dmc«fQw�ä>Æ�äuÈtä«ä>Ç�¬ æ i�z¨f7äEÝNÝ�ä«a

Û Ü�Þ Ý«Æ>à ö8dm��wge�fQz Ü _g\Axºdmz9dbzkZ�¿Ò]¢z Þ XkarÃ¶X � XN¡¢XNc«]CfQw�È¹ZA]Cwge���]CV�i¨e�fEZÚX«V«ÙnfE_ue�w$X«z&�±i�¡Ce�]S_nXN� � i¨e�fQ�gwEa æ Ó¶K
ákPnDbpABEDNsnF£@W;bp[B�;mp¾Óv;y^D`kLNF�OQPÕqk�>BnFoO+^�BQ¬YÉAUIÇNjQ½Cä«äNänÈ1äEè«ß¨¬«ñ�d>��ä>Ý«Ý«Æ¨a

Û Ü�Þ ¿�Ý�äuà æ a Ü db¡Ceg¾«¬kª�a Þ fQ�g���A�dmzh¬kdmzkZ æ a¨¿&ihay÷yi�zAeg]¢��f8_nXN� � ]C¡Sdbeg]CX«z$§WXN���±i�¡Ce�] � �gX�_nfQw�wgX«�gwEaeÓv;bpks`LAPQPTO`pks`�Cã
ävPTDNsnF£@WsnO-Dmpk=eÒ�å�`�OQP`@WOQpYsTO`¬kÄ[UIüNjQ¬1äEÝNÝ�äNa

Û Ü _g\kÉ«Æôà æ a Ã�a Ü _�\Axydb�g¾«a1ðy¡Ce��nd«_nXN� � i�egfQ��w>a æ Ó¶KøákPnDbpABEDNsnF£@W;bp[B8;bpXävPT;uùbPTDy^M^$@SpAù�çhDbp[ùôL�D>ù«OuBÕDbpY=�qk�>BnFoO+^�BQ¬
ÇAUWûAjQ½ û�ÉmûbÈ�èbû�Ä¨¬ � _neEa�äEÝNÉ«Æ�a

Ç«Ç



Û Ü Ö Â�ç Ý�äuà�ö8dm��wge�fQz Ü _g\Axºdmzh¬«ª�dm��XN¡ÔZ®Ö¨X«�gVkfQw>¬b¸�\¨�7fEZ Â \�f`]¢eg\h¬ Þ X�ZA\¨]¢wndbege£xºd�ñri��A\�fQ�CÙnfQf«¬AdbzkZöò®]Ôdmz�z�]Cw Ü db�7]CXm¯
eTdb�A]CwEa�¸ _neg\���f>d«Z2¡C]¢V¨�Tdb�g�r§WXN���±i�¡Ce�] � �gX[_ufQw�wgX«��w>a7Ã¶fE_g\�z¨]Ô_`db¡y÷yf � X«�ge Â ¼£ÃJ¯£¼ ÁyÜ ¯oÝ¨ä	.NÆ«Ç�¬ Á XN¡¢¡CfQcNf±Xb§
Á X«� � i�e�]Cz�cY¬ Â f`X«��cN]Sd®¼£z�w�eg]Ce�i�egf�Xb§¶Ã�f>_�\¨z�X«¡CX«cN��¬YäEÝNÝ�äNa

Û Ü�Â�Þ É«ßôà ö8dm��wge�fQz Ü _g\Axºdmzh¬kÑ¶�ndbV�\Yd Â X � ]Czkdbeg\h¬�dbzkZí¿�]Cz Þ Xka Á \kdmX«wJÈr�«fQ�gz�fQ¡¶w�i �¨� XN��ey§GX«��XNV«ÙnfE_negw�]Cz�eg\�f
��fEdm¡ã¯£e�]C��f8ZAXN�db]Czha)à°ÒNÒNÒõákPnDbpABEDNsnF£@W;bp[BÕ;bpnÓv;y^D`kLNF�OQPuBu¬ Á ¯�Ä«ü[UIÉNjQ½óÝ«ÆmûbÈ[Ý¨äEü¨¬ æ i�¡C�´ä>Ý«É«ß¨a

Û Ü�Â ]1ÝNÆ«d>à*ö-a Ü _g\Axydbzh¬>¸-a Â \¨fQ]Ce�\h¬bdbzYZ�ª�a�]Y\�X«iha Á \kdmX«w£¯�db�n_b½�¸9�«f`��z�fQ¡N§WXN� � �gfEZA]S_nendbV�¡Cf � ��XNc«�Tdm�7wY]Cz-ZA�Azkdb��]S_
��fEdm¡ã¯£e�]C��fhw��Awge�fQ��wEab¼£z$qtO+côO`pAFG?zà,Ò�ÒNÒù÷r;bPnM>Bn?[;ª`;bp�ÅºOnDbî Y%á¶@_^áOöêG`[O`PTDôFI@ pAùyqk�>BnFoO+^�BºDbpk=<qt;Ø·nF£HvDbPnO,©
ìhp�@_c�æv;Ø·lúh@SPoùô@ p�@WD©pÓ¶?[DmPQî¢;ôFWF�OnBac>@SîSîCOQ¬ � dbcNfQw�ä«äuÈtä>Ý�¬Añ�d>�´ä>Ý«Ý«Æ¨a

Û Ü�Â ]1ÝNÆbVAà�ö8dm��wge�fQz Ü _g\Axºdmzh¬A¸�\���fEZ Â \�fQ]Ce�\h¬YdbzkZrª<X«z�cN��]:]Y\¨X«ihaJÖ��gX«� _g\kdmX«w£¯£�7]Cz±egX7_�\YdbX«wo¯odm�T_b½À¸�§Idb��]C¡¢�
Xb§8�gfEdb¡°¯£e�]C�7f$�±i�¡Ce�] � �gX�_nfQw�wgX«�$�«fQ�gz�fQ¡CwEa�¼£zûävPT;>snOTOn=m@SpAù>Bí;o·
FW?�OXÅºOnDbî Y%á¶@_^±O±qY�>BTF�O+^�B�qk�y^I`�;>BQ@SL)^�©
êºP`î¢DbpY=«;©�ü³îC;bPQ@G=«Db¬ � dbc«f`w�É«Ç>È�Ý«Ç¨a«¼J���f�y¬º,�fE_ba�äEÝNÝ«Æ�a

Û ÜAæ�Â Ý«Ç>à Ñ¶a Ü egfQz�wge���XN�´¬AÃ�a æ XAf«¬�dmzkZ±¸$a Â i � end�a Á XN� � dm�Tdbeg]C©«f � fQ�£§GX«���rdbzk_uf�fQ©«dm¡¢iYdbe�]CXNz±Xb§�_QdN_�\¨fn¯o_uX«\�fQ�gfQzAe
z�i¨�d±dbzYZ�_nX«�rd±db�n_�\¨]¢egfE_negi���fQw>a±¼£z¾ävPn;EsnOnOn=b@Sp[ùEBá;Ø·$FW?�O$���ôFW? æ p¨p�L�Dbî9à`pAFoO`PQpkDôFI@G;bpkDmî¶qk�y^D`[;ôBu@ Lm^
;bpnÓv;y^D`kLNFoO`P æ PTsu?�@CF�OnsnF£LAPTO`¬ � dbc«f`w�É«Æ>È�Ý�äN¬�ñ�d>��äEÝô¯oÇ¨ä-ä>Ý«Ý«Ç¨a

Û Ü ÷1ý � ÉNÉ>à9ö8dm��wge�fQz Ü _g\Axydbzh¬«÷�dQÙn]C©8÷�db��zkdbeg\h¬ Ü ��]SZA\Ydb�¶ývdbwgikZAfQ©«dmzh¬bdbzkZM,®d>©«f � cN¡¢fNa«¸2¡Ôdmz�c«iYdbc«fJdbzkZ®wg�Aw�e�f`�
§WX«� � db�Tdm¡C¡¢f`¡ � ��XNc«�ndb�7��]Cz�cka�à,ÒNÒ�Ò áYPnDbpABED«suF£@W;bpAB8;mp�qt;o·nF£HvDmPTOöÒvpAùb@SpkOnO`PQ@SpAùb¬kä`û�UGû�jQ½ ûAè«è>ÈAû�ß¨ä«¬>¸ � �g]C¡
äEÝ«ÉNÉ�a

Û ¿ â ª�É�äuà ¿�]C¡¢¡C]Sdb�*¸$a¶¿&i�¡°§T¬¶÷yXb� â fQ©A]Czh¬vdmzkZ Ü db�±i�fQ¡J÷�a¶ª�db�gV�]Cw�XNzhaný8�«=bPnD,þ4Ó�æ_^ ^D`7ã æ p;ÒNå\`[O`PQ@_^±OQp[FoDmî
Óv;y^D`kLNFoO`P®qk�>BnF�Oa^$a�ñ�_ Â �Td>xJ¯�ªy]C¡C¡k¸®ZA©«dbzk_ufEZ Á X«� � i�egfQ� Ü _n]CfQzk_nf Ü fQ��]CfQw>¬�ä>Ý«É¨ä«a

ÛZ] Ü�Â ÝNÇ>à ªyX«z¨c«�A]&]Y\�XNih¬hö®db�gw�e�f`z Ü _g\Axºdmzh¬hdmzkZ�¸�\���fEZ Â \¨fQ]Ce�\ha�,��Azkdb��]Ô_Õw��Azk_g\���XNz�]C¾Edbeg]CX«z�Xb§y��fEdm¡ã¯£e�]C��f
e�\��gfEd«ZAwÀ§WXN�h�±i�¡Ce�] � �gX�_nfQw�wgX«�¶w��Awge�fQ��wEa�¼£zXävPn;EsnOnOn=b@SpAù>B8;o·JFG?[O��NPT=�qk�y^D`�;>BQ@SL)^�;bp@Ò�å�`�OQP`@WOQpYsTOuB�H�@CFG?
ñ8@CBnF£PQ@Wú`L«F�On=7Dmpk=$K�LAîóF£@Z`kPn;EsnOuBnB`;mP�qk�>BnFoO+^�BQ¬Yñ�db�n_�\&ä>Ý«Ý«Ç¨a
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