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` Q lXg h _ Z `d_aç j MPS _ab j QT¯ _ Ø _ QTS _ Ô�S j n O l h `c] j ] j _W¨«lWn i!j M _ O ` h j gk`�lWn�\^l hoMPp ` j O9q b Q j gPb j ¥

¤ U



� w�� î ý2ò u î s�t

½ l�ûN_WgP°<\^] jGj�� û�� Q gP°�� S _WgP° �<Þ Q `R] S l ØXj ¥

¤ ´



ü ý��¡t s! õ4w�� ø w!" w t�uFy

½ ]e_Wg�ç ¯ _ S lW`.n�l O?Ô j Q gP° h Z ¯ÃpPM j O Ø QT¯ l O _Wg�¨ÏgPlW`Ð° Q ØXj g p�MÏO j _a¨ Q gP°�#abGl OÃO j b�` Q gP°$#Õ` O Z Q g�°
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½ ]e_WgPç ¯ _ S lW`Î`Rl Á ] QTS � n�l O À LKÍ i�� `c]e_a` QT¯ Þ ] j O j § ¯ `c_ O ` j ¨ ¥
½ ]e_WgPç ¯ _ S lW`�`Rl _ STS lan L ±¿¾NÀ Ð½ðM j l MPS j n�l O `c] j ¯ j h l O j `c]e_agÿ` Þ l ZWj _ OÃ¯ lWn
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§ g+_!bGl h�MPp ` j O.¯ Z ¯ ` j h `R] j MPO l¸b j ¯R¯ l OÐ¯RM j g�¨ ¯ _!bGlXg ¯RQ ¨ j O _ ÔPS j _ h l p g<`.lWn�` QTh j h l Ø Q g�°
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` O _Wg ¯ n j O _ ¯ÃQ gP° S j ¨e_a` pPh � _ MPO l¸b j ¯R¯ l O ]e_ ¯ `clÚn j `Rbd] Q g ¯ ` ORp b©` Q lWg ¯ n O l h h j h l O Z�� ¨ j bGl�¨ j
_WgP¨ j ® j b p ` j `c] j ¯ j Q g ¯ ` ORp b©` Q lXg ¯ _WgP¨ M j O n�l ORh `R] j ` O _ag ¯ n j O ¥ Lö¯ÃQ-hoMPS j ¨P_a`d_+` O _ag ¯ n j O
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b³_ag ÔPpPO ¨ j g6`c] j M�O l�b j ¯Ã¯ l O«Q g¿n j `Rbd] Q gP° � ¨ j b�l¸¨ Q gP° _Wg�¨ j ® j b p ` Q g�° Q g ¯ ` ORp b©` Q lXg ¯!h l ¯ `
lWn9`c] j ` Q-h j Q g ¯ ` j _W¨Ólan M j O n�l ORhoQ gP°�`c] j _Wb©` p _ S ¨P_a`d_ä` O _Wg ¯ n j O ¥
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Q-¯ _ ¯RQTh�MPSTQTÝ j ¨ MPO l�b j ¯R¯ l O Þ ] Q bd]8bG_Wg=lXg S Z M j O n�l OÃh `c] j n p g�b�` Q lXg=lWn!¨e_�`d_ ` O _ag ¯ n j O
Ô j ` Þ[jGj g�¨ j�Ø Q b j ¯ ¥�§ `+g jGj ¨=gPlW` Ô j _ ÔPS j `cl M j O n�l OÃh _Wg Z lW`R] j O n p gPb�` Q lXg ¯ � ¯Ãp bd]ÿ_ ¯
O j _W¨ Q gP° _WgP¨ Q gk` j ORMPO j ` Q gP° Q g ¯ ` ORp b©` Q lWg ¯ � ¯ l Q `Ëb³_Wg Þ l O çÓn�_ ¯ ` j O _WgP¨ h l O jÏjCA b Q j g<` S Z
`c]P_Wg�`c] j b j g<` O _ S�M�O l�b j ¯Ã¯ l O ¥

L i«± L b�lXgk` O l S-S j O � _�n�` j O»Ô j Q gP° M�O lX° O _ hoh j ¨ � b³_Wg M j O n�l ORh ¨e_a`c_«` O _Wg ¯ n j OÃ¯ Þ Q `c] Ñ
l p ` MPO l¸b j ¯Ã¯ l OÊQ gk` j O ØWj gk` Q lXg ¥ ½ ] j MPO l¸b j ¯R¯ l OÊQ-¯ `c] j g�n O jGj `cl M j O n�l OÃh lW`R] j O n p gPb©` Q lXg ¯ ¥
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L i«± L bGlXgk` O l S-S j O b³_ag Q gPb O j _ ¯ j ¯ Z ¯ ` j h¡M j O n�l ORh _WgPb j _WgP¨ O j ¨ p b j M l Þ^j O bGlXg Ñ
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ORQTM ] j O _ S ¨ j©Ø Q b j _WgP¨ h j h l O Z�� _ S `R]Pl p °W] h j h l O Z `cl h j h l O Z _Wg�¨ M j OÃQ-M ] j O _ S `Rl
M j ORQTM ] j O _ S ` O _Wg ¯ n j OÃ¯ _ O j M l ¯R¯ÃQ-ÔPS j ¥

i _a`d_ª` O _ag ¯ n j OÚÔ j ` Þ^j�j gÙ¨ j�Ø Q b j ¯mQ-¯^pP¯Rp _ S-S Z ¨PlWg j!Ø Q _Ï_ ÔPpP¯ ¥ ½ ] Q-¯ _ S-S l Þ ¯ _ä¨ j�Ø Q b j
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Q-hoM l ¯ j _Ë] Q °X] Þ Q-OÃQ gP°Ëb�l ¯ ` Þ ] j go`R] j g p�häÔ j O lWn ¨ j�Ø Q b j ¯ÊQ-¯ÐS _ O ° j ¥ ½ ] j ÔPpP¯»¯ÃQ-hoMPS-Q¦Ý j ¯
bGlWgPg j b©` Q lXg Ô j ` Þ[jGj g¿¨ j©Ø Q b j ¯NQ g�`c] j bGl h�MPp ` j OÚ¯ Z ¯ ` j h ¥

i!j�Ø Q b j ¯ b³_Wg Ô j ¨ Q Ø Q ¨ j ¨ Ô Z Ô j ]e_ Ø Q l pPOÊQ gk`Rl Q g Q ` Q _a`Rl O ¨ j�Ø Q b j ¯ _WgP¨�`c_ O ° j `[¨ j�Ø Q b j ¯ ¥
L g Q g Q ` Q _a`Rl O ¨ j�Ø Q b j Q-¯ _F¨ j�Ø Q b j `c]e_�`�b³_Wg Q g Q ` Q _a` j _ O jGì p j ¯ `�`cl O j _W¨b# Þ ORQ ` j ¨e_a`c_
n O l h #�`RlF_Wg�lW`c] j O ¨ j©Ø Q b j%�Nj ¥ ° ¥ `R] j MPO l¸b j ¯R¯ l O l O `R] j i«± L bGlXgk` O l S-S j O ¥ L `d_ O ° j `
¨ j©Ø Q b j Q-¯ lXg j `R]e_a` ¯ j gP¨ ¯ l OoO j b j Q ØXj ¯ ¨e_a`c_ Þ ] j g Q ` O j b j Q ØXj ¯|O j _W¨b# Þ OÃQ ` j O j�ì p j ¯ ` ¯
n O l h _WgPla`c] j O ¨ j�Ø Q b j&� ¯Rp bd] _ ¯mh j h l O Z l OÚM j ORQTM ] j O _ S ¨ j©Ø Q b j ¥

i«± L b�lXgk` O l S-S j OR¯ _ O j Ô la`c] ÔPp�¯^Q g Q ` Q _a`cl O _WgP¨|`d_ O ° j `^¨ j©Ø Q b j ¯ ¥?c ] j g _ MPO l�b j ¯R¯ l O
MPO lX° O _ h�¯ _ i«± L bGlWg<` O l STS j O � `c] j bGlXgk` O l STS j O�O j b j Q ØXj ¯ Ø _ STp j ¯ _ ¯ _@`c_ O ° j `�¨ j©Ø Q b j _
Þ ] j g Q ` M j O n�l OÃh�¯ _ p `clXgPl h l p�¯ i«± L ` O _ag ¯ n j OR¯mQ ` Ô j ]e_ ØWj ¯ _ ¯ _Wg Q g Q ` Q _�`cl O ¥

½ _ O ° j `+¨ j�Ø Q b j ¯ b³_Wg Ô j ¨ Q Ø Q ¨ j ¨ Ô Z ¯RM jGj ¨�lWn O j ¯RM lXg ¯ j Q g<`Rled n�_ ¯ `�fI_WgP¨�d ¯ÃS l Þ f
¨ j©Ø Q b j ¯ ¥ L n�_ ¯ `�¨ j©Ø Q b j%�Õj ¥ ° ¥ _ h j h l O Z ¨ j�Ø Q b j&� O j ¯RM lXgP¨ ¯|Q-hoh j ¨ Q _�` j S Z@Þ ] j g Q `
O j b j Q ØXj ¯ _ O j�ì p j ¯ `Ðn O l h `c] j Q g Q ` Q _a`cl O ¨ j�Ø Q b j ¥ ½ ] QT¯ ç Q g�¨ÏlWne¨ j©Ø Q b j ¯ `cl O j ¯ ¨e_�`d_ S l¸bG_ S-S Z
_WgP¨ pP¯Ãp _ S-S Z QT¯ lWg j ÔPpPQ-S `Ðn O l h j S j b�` O lXg Q bmbGl hoM lXg j gk` ¯ÊQ g ¯ ` j _W¨olWn j S j b�` O l Ñ h j bd]e_Wg Q b³_ S
bGl h�M lXg j g<` ¯ ¥

q¸S l Þ ¨ j�Ø Q b j ¯mhoQ °X]k` Ô j ÔPp�Q-S `^n O l h j S j b�` O l Ñ h j bd]e_Wg Q b³_ S bGl hoM lXg j gk` ¯ �ej ¥ ° ¥ _Ï]e_ O ¨
¨ QT¯ ç � l O g�lW`^]P_ ØWj ¨e_�`d_ S l¸bG_ S-S Z��Xj ¥ ° ¥ bGl hohäp g Q b³_�` Q lWgo¨ j�Ø Q b j ¯ ¥ ½ l O j _W¨on O l h l O Þ OÃQ ` j
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`cl _ ¯ÃS l Þ `d_ O ° j `Ë¨ j�Ø Q b j `R] j Q g Q ` Q _a`cl OÕhÆpP¯ ` Þ _ Q ` p gk` Q-S4Q ` QT¯!O j _W¨ Z `cl|` O _Wg ¯ n j O ¨e_a`c_
l OÚpP¯ j ¯ l h j h j bd]e_Wg QT¯Rhþ¯Ãp bd] _ ¯mM l S-STQ gP°�l OÚQ gk` j OROÃpPM ` ¯ `Rl M j O n�l ORh `c] j ` O _Wg ¯ n j O ¥
c _ Q ` Q gP°+n�l O `R] j ` O _Wg ¯ n j ONQ-¯ÕQ g jCA b Q j g<` Ô j b³_ p�¯ j `c] Q-¯ Þ Q-S-S l�bGb pPM Z `R] j ÔPp�¯ n�l O _Wg

Q g�¨ j Ý g Q ` j M j ORQ l¸¨ � ÔPOÃQ gP° Q gP°ªlW`c] j OÊ¯ Z ¯ ` j h _ab�` Q Ø Q ` Z `clä_�]e_ S ` ¥?§ g�`c] j M l STS-Q gP° ¯ bd] j h j%�
`c] j Q g Q ` Q _a`Rl O ¨ j©Ø Q b j bd] j bdç ¯ `c] j ¯ `c_a` pP¯ lWn[`c] j `d_ O ° j `�¨ j�Ø Q b j M j OÃQ l�¨ Q bG_ S-S Z p gk` Q-S `c] j
`d_ O ° j `|¨ j©Ø Q b j QT¯�O j _W¨ Z Ô j n�l O j Q g Q ` Q _�` Q g�°6`R] j ¨e_�`d_@` O _Wg ¯ n j O ¥gc Q `c]�`c] j Q gk` j OÃORpPM `
¯ bd] j h j `c] j `d_ O ° j `!¨ j©Ø Q b j ¯ j g�¨ ¯ _�g�lW` Q¦Ý b³_a` Q lXg ¯RQ °Xge_ S `Rl�`c] j Q g Q ` Q _a`Rl O ¨ j�Ø Q b j�Þ ] j g
Q ` Q-¯mO j _W¨ Z `Rl M j O n�l ORh _Ï` O _Wg ¯ n j O ¥

§ gÏ`c] QT¯ _ MPMPO lk_Wbd]Ï`c] j gPlW` Q¦Ý b³_�` Q lWg ¯RQ °Xge_ S n O l h `c] j `d_ O ° j `Ð¨ j�Ø Q b j b³_Wg Ô j O j °X_ O ¨ j ¨
_ ¯ _N` O _Wg ¯ n j O.O jGì p j ¯ ` � ÔPp ` Q ` Q-¯9pPM `clÕ`c] j Q g Q ` Q _�`cl O `Rl Q g Q ` Q _a` j O j _W¨äl O Þ OÃQ ` j ` O _Wg ¯ n j OR¯ _
_ S ` j O ge_a` Q ØXj S Z `c] j Q g Q ` Q _a`Rl O bG_Wg Q °XgPl O j `c] Q-¯ÚO j�ì p j ¯ ` ¥

½ l M j O n�l ORh _ i«± L ` O _Wg ¯ n j O `R] j+i«± L b�lXgk` O l S-S-S j ONhäpP¯ ` ÝeOR¯ ` Ô j MPO lX° O _ h�h j ¨
Þ Q `R] g j b j ¯R¯ _ O Z Q g�n�l OÃh _a` Q lXg Ô Z `c] j MPO l¸b j ¯Ã¯ l O ¥ ½ ] jªi«± L b�lXgk` O l S-S j O bG_Wg�`c] j g M j OÒÑ
n�l OÃh `c] j�i«± L ` O _Wg ¯ n j O _ p `clXgPl h l p�¯RS Z ¥

½ l M j O n�l OÃh j _Wbd] Q gP¨ Q Ø Q ¨ p _ S ` O _Wg ¯ n j O `c] jÎi«± L bGlXgk` O l S-S j O9häpP¯ ` Þ _ Q ` p gk` Q-S ` O _Wg ¯ÒÑ
n j O b�lXgP¨ Q ` Q lXg ¯ _ O j O j _Wbd] j ¨ ¥ ½ ] j ¯ j b�lXgP¨ Q ` Q lXg ¯ _ O j&h

i ½ ] jªi«± L b�lXgk` O l S-S j O Þ _ ¯NM�O lX° O _ hoh j ¨ _WgP¨ j ge_ ÔPS j ¨ Ô Z `R] j MPO l�b j ¯R¯ l O

i Y la`c] ¯ l p�O b j _WgP¨Ù¨ j ¯ ` Q ge_a` Q lXg�¨ j©Ø Q b j ¯ _ O j O j _W¨ Z n�l O ` O _Wg ¯ n j O ¨e_�`d_

c ] j g Ô lW`R] ¯ l pPO b j _WgP¨Æ¨ j ¯ ` Q gP_a` Q lXg�¨ j�Ø Q b j ¯ _ O j O j _W¨ Z `R] jÎi«± L b�lXgk` O l S-S j O�O j _a¨ ¯
¨e_a`c_Kn O l h `c] j ¯ l pPO b j ¨ j�Ø Q b j&�kÞ OÃQ ` j ¯ÐQ `4`clË`c] j ¨ j ¯ ` Q ge_�` Q lWgÏ¨ j�Ø Q b j&� pPM ¨e_a` j ¯ÐQ ` ¯?M l Q gk` Ñ
j OÃ¯ _WgP¨ b�l p gk` j O � _WgP¨ bd] j bdç ¯ n�l O bGlWgP¨ Q ` Q lXg ¯ `cl ¯ `cl M `R] j ` O _Wg ¯ n j O ¥ ½ ] j+i«± L bGlXg Ñ
` O l S-S j O Þ QTS-S gPl OÃh _ S-S Z O j M j _a`N`R] Q-¯ÕMPO l¸b j ¯R¯Np gk` QTS _+` j ORhoQ ge_a` Q lXg�b�lXgP¨ Q ` Q lXg QT¯NO j _Wbd] j ¨
_WgP¨ Þ Q-STS gPla` Q n Z `c] j MPO l¸b j ¯Ã¯ l OmQ n O j�ì pPQ-O j ¨ ¥

½ l j ® bd]P_WgP° j ¨e_a`c_ Þ Q `c]A_ ¯ÃS l Þ M j OÃQ-M ] j O _ S ¨ j©Ø Q b j _Wg Q gk` j OROÃpPM ` h j bd]P_Wg Q-¯Ãh¡Q-¯
pP¯ j ¨ `clÏgPlW` Q n Z `c] j!i«± L bGlXgk` O l STS j O Þ ] j gÙ¨ j©Ø Q b j ¯ _ O j O j _W¨ Z `cl O j b j Q ØXj l O ` O _Wg ¯RhoQ `
¨e_a`c_ ¥ ½ ] j O j�ì p j ¯ ` ¯ÃQ °XgP_ S n O l h _Ï¨ j©Ø Q b j `clä`R] j«i«± L b�lXgk` O l S-S j OÎQ-¯^pP¯Rp _ S-S Z b³_ STS j ¨�_
'Äi«± LÈO jGì p j ¯ ` ( ¥
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i«± L bGlXgk` O l S-S j OÃ¯ ]e_ ØWj Ô j�j g pP¯ j ¨ Q g)bGl hoMPp ` j OÆ¯ Z ¯ ` j h�¯ n�l OÆh _Wg Z6ZXj _ OR¯ ¥ × g j lWn
`c] j ¯ j ¨ j ¯ÃQ °Xg ¯ \ ´ ] ]e_ ¯!Ô j�j g p�¯ j ¨ Q g ¯ j©ØXj O _ S ° j g j O _a` Q lXg ¯ lWnÐb�l hoMPp ` j OR¯ Þ Q `c]Pl p `!_ag Z
¯RQ °Xg Q¦Ý b³_Wgk`^bd]e_WgP° j Q g Q ` ¯[¯RM j b Q¦Ý b³_�` Q lWg ¯ �¸j ® b j M ` ¯ l h j ¯ÃM j�j ¨ j g�]e_WgPb j h j gk`Î`cl h _a`Rbd]
n�_ ¯ ` j Om¯ Z ¯ ` j h ÔPpP¯Õ¯RM jGj ¨ ¯ ¥

q l h j lWn»`c] j ¯ j ¨ j ¯RQ °Xg ¯ ( ¯RM j b Q¦Ý b³_�` Q lWg ¯ ]e_ ØXj Q g�â p j gPb j ¨I`R] j ¨ j ¯RQ °WgIlanÊ`R] j _ ¯ Z g Ñ
bd] O lXgPl pP¯ i«± L b�lXgk` O l S-S j O ¨ QT¯ b pP¯R¯ j ¨ Q gä`c] QT¯ `c] j ¯RQT¯ ¥ ½ Þ l j ® _ h�M�S j ¯ _ O j ° Q ØXj g Ô j S l Þ ¥

zN{}|~{�z ��|������$�����o���� � �����������������2�
½ ] j § gk` j S ² Ua´kµ i«± L bGlXgk` O l S-S j O Þ _ ¯ ¨ j ¯ÃQ °Xg j ¨Ó`Rl Ô j pP¯ j ¨ Þ Q `c] § g<` j S ² V�® ² ÖÏhoQ b O l Ñ
MPO l¸b j ¯R¯ l O n�_ hoQ-S Z&� _ ¯»pP¯ j ¨ Q gä`c] j § YÎ± Á \8_Wg�¨ob�l hoM _a` QTÔPS j bGl hoMPp ` j OR¯ ¥ ½ ] j l OÃQ ° Q ge_ S
² UW´Xµ ¨ j ¯ÃQ °Xg Þ _ ¯ ¨ j ¯RQ °Xg j ¨Ïn�l O _Wg ² Ñ ÔPQ `.¨e_a`d_ ÔPpP¯ _ _!g j©Þ^j O lXg j _ ST¯ l ¯ÃpPMPM l O ` ¯ _ ¤ Ö�Ñ ÔPQ `
¨e_a`c_ ÔPpP¯ ¥ L g ² UW´kµ ]e_ ¯ n�l pPOmQ gP¨ j M j gP¨ j g<` i«± L bd]e_Wg�g j ST¯ Þ ] Q bd] _ O j b³_ ¯ b³_W¨P_ ÔPS j _ _
bd]e_Wg�g j Seh _ Z Ô j pP¯ j ¨�`clËb�lXgPg j b�`»`clª_Wg�lW`c] j O ² UW´kµ _agP¨ j ®¸M _WgP¨o`c] j g pPhÆÔ j O lan i«± L
bd]e_Wg�g j ST¯ËQ g `c] j ¯ Z ¯ ` j h ¥ ½ ] j g pPhäÔ j O lWnÊbd]e_Wg�g j ST¯ Þ ] Q bd]6b³_Wg Ô j Q-hoMPS j h j gk` j ¨ Ô Z
b³_ ¯ b³_a¨ Q gP° `R] j ¯ jÓi«± L bGlXgk` O l S-S j OÃ¯ `clX° j `c] j OÏQ-¯ Ø Q-O ` p _ S-S Z p g S-Q-hoQ ` j ¨ ¥ LK¯Ï¯ ]Pl Þ g Q g
Ý ° p�O j ¤X¥¦¤X¥

½ ] Q-¯ i«± L bGlXgk` O l STS j O«QT¯ ¨ j ¯RQ °Xg j ¨ ¯RM j b QTÝ bG_ S-S Z `clÙ` O _Wg ¯ n j O ¨P_a`d_ Ô j ` Þ^j�j gA_ M j Ñ
ORQTM ] j O _ S ¨ j©Ø Q b j _WgP¨'_ h j h l O Z ¨ j�Ø Q b j ¥ ½4O _Wg ¯ n j OR¯�Ô j ` Þ^j�j g h j h l O Z ¨ j©Ø Q b j ¯ _ O j
_ ST¯ l ¯ÃpPMPM l O ` j ¨ � Ô�p `Ú` Þ lÏbd]P_WgPg j S-¯ÚhäpP¯ ` Ô j pP¯ j ¨ `RlX° j `c] j O n�l O `R] Q-¯ ` Z M j lWn�` O _Wg ¯ n j O ¥
Á j ORQTM ] j O _ S `Rl M j ORQTM ] j O _ S ` O _ag ¯ n j OÆQ-¯ gPlW` ¯ÃpPMPM l O ` j ¨ ¥ § nm`R] j�i«± L bGlXgk` O l S-S j OÃ¯ _ O j
b³_ ¯ b³_a¨ j ¨+lXg j lWn�bd]e_WgPg j S�QT¯.pP¯ j ¨Ïn�l O b³_ ¯ b³_W¨ Q gP°Ë_Wg�¨Ïb³_Wg ( ` Ô j pP¯ j ¨än�l O i«± L ` O _Wg ¯ n j O ¥

½ ] Q-¯ i«± L bGlXgk` O l S-S j O b�lXgk`d_ Q g ¯ ` Þ l ¯ j `ÕlWn O j ° Q-¯ ` j OÃ¯ Þ ] Q bd]Ó_ O j pP¯ j ¨ Ô Z `R] j MPO l Ñ
b j ¯R¯ l O `Rl MPO lX° O _ h `c] j�i«± L ` O _ag ¯ n j O bd]e_ O _Wb©` j OÃQ-¯ ` Q b ¯ ¥4c ] QTS j _Óbd]P_WgPg j S[QT¯�Q g pP¯ j
`c] j MPOÃQ-h _ O Z ¯ j `^lWn O j ° QT¯ ` j O[QT¯[p�¯ j ¨ _ Þ ] j g�`c] j ` O _ag ¯ n j O[¯ jGì p j g�b j Ý g QT¯ ] j ¯ � _WgP¨ Q n `c] j
¯ j bGlXg�¨e_ O Z ¯ j `ÕlWn O j ° QT¯ ` j O Þ _ ¯NMPO lX° O _ h�h j ¨ Ô Z `c] j M�O l�b j ¯Ã¯ l O � `R] jªi«± L bGlXgk` O l STS j O
bGl MPQ j ¯ÊQ ` ¯ÐO j ° QT¯ ` j O Ø _ S-p j ¯ n O l h `c] j ¯ j bGlXg�¨e_ O Z ¯ j `»`clË`c] j M�ORQ-h _ O Z ¯ j `[_WgP¨obGlXgk` Q g p j ¯ ¥
½ ] QT¯ _ S-S l Þ ¯ `c] j MPO l�b j ¯R¯ l O `cl MPO lX° O _ h _ i«± L bd]e_WgPg j S n�l O _ ¯ÃpPÔP¯ jGì p j gk`�` O _ag ¯ n j O
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HRQ

HLDA

HLDA

HRQ

DACKDACK

DREQ

DREQ

DACK

HRQ

8237

8237

8237

CPU

2nd Slave

1st Slave

2nd Level

Master

1st Level

� Q ° pPO j ¤X¥¦¤ h ² UW´kµÆQ gÙbG_ ¯ bG_W¨ j h l�¨ j

j�ØWj gÙ`c]Pl p °X]Ù`R]e_a`mbd]e_agPg j S�QT¯Ú¯ ` QTS-S1Q g pP¯ j ¥
 _Wbd] M j OÃQ-M ] j O _ SÐO jGì p j ¯ ` ¯ÃQ °XgP_ SÐQ-¯«M j ORh _Wg j gk` S Z Ý�® j ¨@`Rl¿_ M _ O ` Q b pPS _ O bd]e_WgPg j S ¥

½ ] j Q ¨ j gk` Q ` Z � g pPhäÔ j O�� lWnª_ M j ORQTM ] j O _ S ¨ j�Ø Q b j ¯ÃpPMPM l O ` j ¨ Q g8`R] j i«± L ` O _ag ¯ n j O
Q-¯ ]e_ O ¨ Ñ Þ Q-O j ¨F`Rl6_ ¯RM j b Q¦Ý b�bd]e_Wg�g j S ¥  _Wbd]Abd]e_WgPg j S ]e_ ¯ _ ¤ Ö�ÑæÔPQ `Æb�l p gk` j O � ¯ l `c] j
h _ ®¸Q-häpPh _ h l p g<`^lWn9¨e_a`c_ Q `^b³_Wg|` O _Wg ¯ n j OÎQT¯ÚU$���mQ ` j ho¯ ¥ i _a`d_«` O _ag ¯ n j O b³_Wg Ô j ¨PlXg j
lXg S Z `R] O l p °X]Ï`c] j ÔPpP¯ _Wg�¨�l�bGb pPMPQ j ¯ ` Þ lªb Z b S j ¯ _ ¨e_�`d_ Q-¯ÐO j _W¨+n O l h `c] j ¯ l pPO b j ¨ j�Ø Q b j
`clm`c] jÎi«± L bGlWg<` O l STS j O ¨ pPORQ gP°Õ`R] j O j _a¨ Ñ b Z b S j _WgP¨ Þ ORQ `Ã` j g�n O l h `c] j^i«± L bGlXgk` O l STS j O
`clÏ`R] j ¨ j ¯ ` Q gP_a` Q lXg ¨ j�Ø Q b j ¨ pPORQ gP°Ï`c] jËÞ OÃQ ` j Ñ b Z b S j ¥

½ ] j O j _ O j ¯ j�ØWj O _ S Ø _ ORQ _Wgk` ¯ lWn ² UW´kµ i«± L bGlWg<` O l STS j OR¯ Þ Q `c]F¨ Q�� j O j gk` j gP]P_WgPb j Ñ
h j gk` ¯ ¥!§ g h l ¯ ` O j b j gk` Á \ ¯ Þ ] Q bd] pP¯ j _Wg ² V�® ² Ö�MPO l¸b j ¯R¯ l O l O lXg j lWn Q ` ¯ Ø _ ORQ _Wgk` ¯ �
`c] j ² UW´kµ i«± L bGlWg<` O l STS j OÎQ-¯ÚM _ O `ÕlWn9`c] j bd] QTMP¯ j `NlWgÙ`R] j h _ Q g Ô lk_ O ¨ \ ¼ ]¢¥

zN{}|~{}| �����������B���¡ v�o¢£�������B¤U¥B�¦�§�N�¨�! B��|N|���©W��� � �����������������2�
½ ] j ¶!q�´kUWUW´XV � ¶ _�` Q lWge_ SÊq j h�Q bGlXgP¨ p b�`Rl O i«± L b�lXgk` O l S-S j O � QT¯ ¨ j ¯RQ °Xg j ¨@`cl Ô j pP¯ j ¨
Þ Q `R]�`c] j ¶!q¸´kUWVXVXVÏMPO l¸b j ¯Ã¯ l O n�_ hoQ-S Z ¥
� j _a` pPO j ¯ lan4`R] j ¶!q�´kUWUW´XV i«± L bGlXgk` O l STS j O h
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i LNÔPS j `Rlo` O _Wg ¯ n j O ¨e_a`c_ Ô j ` Þ^j�j g h j h l O Z ¨ j�Ø Q b j ¯ _WgP¨ Ô j ` Þ[jGj g M j ORQTM ] j O _ S ¨ j Ñ
Ø Q b j ¯äQ gF`c] j ¯ _ h j�Þ _ Z _ ¯ ' bGlXg ØWj gk` Q lXge_ S ( ` O _Wg ¯ n j OR¯ÏÔ j ` Þ[jGj g h j h l O Z _agP¨A_
M j OÃQ-M ] j O _ S ¨ j�Ø Q b j ¥

i ² # ¤ Ö�ÑæÔ�Q `^` O _Wg ¯ n j O
½ ] j[i«± L bGlWg<` O l STS j O b³_Wg Ô j pP¯ j ¨ Þ Q `c]�_Wg ² Ñ l O ¤ Ö�ÑæÔPQ ` ¯ Z ¯ ` j hãÔPpP¯ ¥ ½ ] j ` O _Wg ¯ÒÑ
n j O `Rl$#�n O l h ² Ñ ÔPQ ` M j OÃQ-M ] j O _ S ¨ j�Ø Q b j ¯ _ S-¯ l ¯ÃpPMPM l O ` ¯ _ ¯Ã¯ j häÔPS Z #a¨ Q-¯ _ ¯R¯ j häÔPS Z lWn
¨e_�`d_ Þ l O ¨ ¯ � Q ¥ j ¥A² Ñ ÔPQ `.ª ¤ Ö�ÑæÔPQ ` ¥ ½ Þ l ² Ñ ÔPQ `ä¨e_a`d_ O j _W¨ ¯ n O l h `c] j M j OÃQ-M ] Ñ
j O _ S ¨ j�Ø Q b j b³_ag Ô j b�l häÔPQ g j ¨ Q gk`cl ¤ Ö�ÑæÔPQ `K¨e_�`d_�n�l O _ ¯RQ gP° S jªÞ ORQ ` j `Rl�_ ¤ Ö�Ñ ÔPQ `
h j h l O Z l OmM j ORQTM ] j O _ S ¨ j�Ø Q b j ¥

i Í j h lW` j # S l�b³_ S b�lXg Ý ° p�O _a` Q lXg
§ g Q ` ¯ ' O j h lW` j%( bGlXg Ý ° pPO _�` Q lWg�`c] j!i«± L bGlXgk` O l S-S j O _WgP¨�¨ j�Ø Q b j ¯ _ O j bGlXgPg j b�` j ¨
`Rl�_o¨ j ¨ Q b³_a` j ¨ Ô�pP¯ lWg Þ ] Q bd] ¨e_a`c_o` O _Wg ¯ n j OÕQ-¯mM j O n�l OÃh j ¨ ¥Ú§ g ' S l�b³_ S ( b�lXg Ý ° p�Ñ
O _a` Q lXgÏ`c] jÕi«± L bGlWg<` O l STS j O _WgP¨o¨ j�Ø Q b j ¯[¯ ]e_ O j `R] j ÔPpP¯ Þ Q `R]o`R] j M�O l�b j ¯Ã¯ l O ¥Ð§ g
O j h lW` j b�lXg Ý ° pPO _a` Q lXgÓ`c] j MPO l¸b j ¯Ã¯ l O bG_Wg M j O n�l OÃh lW`R] j O n p gPb�` Q lXg ¯ Þ ] Q bd] pP¯ j
`R] j ÔPpP¯ Þ ] Q-S j `c] j�i«± L ` O _ag ¯ n j OËQ-¯ËQ g MPO lX° O j ¯R¯ lXg Q ` ¯ ¨ j ¨ Q bG_a` j ¨ Ô�pP¯ ¥ ½ ] QT¯
g j�j ¨ ¯ _ä` Þ l ÔPpP¯Õ¯ Z ¯ ` j h ¥

i � S Z ÑæM _ ¯ `m_WgP¨ ¯ `Rl O j Ñ _Wg�¨ Ñ n�l O Þ _ O ¨�` O _Wg ¯ n j OR¯
§ g�`c] j ¯ `cl O j Ñ _WgP¨ Ñ n�l O Þ _ O ¨ ¨e_�`d_ä` O _Wg ¯ n j O `c] j l M j O _a` Q lXg Q-¯Ú¯ j M _ O _a` j ¨ Q gk`cl O j _W¨
_Wg�¨ Þ ORQ ` j l M j O _a` Q lXg ¯ h `c] j+i«± L bGlWg<` O l STS j OKM j O n�l ORho¯ ` Þ l ¯ j M _ O _a` j ` O _Wg ¯ _Wb Ñ
` Q lXg ¯ lXg `c] j ÔPp�¯ � _ O j _W¨Ùn�l S-S l Þ[j ¨ Ô Z _ Þ OÃQ ` j ¥^§ gÙâ Z ÑæM _ ¯ `Õ` O _ag ¯ n j O `R] jÆi«± L
b�lXgk` O l S-S j O�Q g Q ` Q _a` j ¯oÔ la`c] O j _W¨ _WgP¨ Þ OÃQ ` j O j�ì p j ¯ ` ¯ ¯RQThäpPS `c_Wg j l pP¯RS Z _WgP¨ÿ`c] j
¨e_�`d_ Q-¯ ` O _Wg ¯ n j OÃO j ¨@¨ Q-O j b©` S Z n O l hv¯ l p�O b j ¨ j©Ø Q b j `cl ¨ j ¯ ` Q ge_a` Q lXg6¨ j©Ø Q b j ¥ ½ ] j
â Z Ñ M _ ¯ ` h j bd]e_Wg QT¯Rh Q-¯ n�_ ¯ ` j O _a`[` O _Wg ¯ n j OROÃQ gP°�¨e_a`d_ � ÔPp ` O j�ì p�Q-O j ¯ j ® ` O _ä¨ j bGl�¨ j
S lX° Q b¿_WgP¨ b³_agPgPlW` Ô j pP¯ j ¨2n�l O�h j h l O Z `Rl h j h l O Z ` O _Wg ¯ n j OÃ¯ Q g'`c] j ¯ _ h j
h j h l O Z ¨ j©Ø Q b j ¥ ½ ] QT¯ i«± L bGlXgk` O l STS j O b³_Wg ¯RpPM�M l O ` j Q `R] j O lan.`c] j ¯ j h l¸¨ j ¯ ¥

i \^l hoh _WgP¨�bd]e_ Q g Q g�°
L i«± L bd]e_WgPg j S b³_ag Ô j bd]e_ Q g j ¨ÿ`clF`c] j g j ® ` bd]e_Wg�g j S ¥«c ] j g2_)` O _ag ¯ n j O
¯ jGì p j g�b j Q-¯ bGl hoMPS j ` j lXgF`c] j ÝeOR¯ `Ïbd]e_WgPg j SÎO j ° QT¯ ` j O Ø _ S-p j ¯ n O l h `c] j ¯ j b�lXgP¨
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bd]e_agPg j S Þ Q-STSÕÔ j b�l MPQ j ¨8`Rl)`c] j ÝeOR¯ ` _WgP¨�`c] j¿i«± L b�lXgk` O l S-S j O bG_Wg O j ¯Rp�h j%�
_ STS l Þ Q g�°äbGlXgk` Q g pPQ ` Z Q g�` O _Wg ¯ n j O n�l O _ ¯RM j b Q¦Ý b«¨ j�Ø Q b j ¥

i q j _ O bd]Ùb³_ M _ ÔPQTS-Q ` Z
L ¨P¨ Q ` Q lXgP_ S ¨e_a`c_o` O _Wg ¯ n j O n p gPb©` Q lWge_ S-Q ` Z¬ ¯Rp bd] _ ¯ d lXg Ñ `R] j Ñ â Z f�b�l h�M _ ORQT¯ lXg ¯
¬ bG_Wg Ô j _W¨P¨ j ¨ Þ Q `c]Ù_ S-Q `R` S jKj ® ` O _ O j ¯ l pPO b j ¥

,.-� ®9:;¯ ¯ °±56²

L i«± L bGlXgk` O l STS j O bG_Wg Ô j _ pP¯ j n pPS j gP]e_agPb j h j g<`Ù`cl�_ h�Q b O l MPO l�b j ¯R¯ l O�¯ Z ¯ ` j h �
O j S-Q j�Ø Q gP°Î`R] j \ Á ¾ lWn�bGlXg ¯RQ ¨ j O _ ÔPS j S lk_W¨ª_WgP¨ h l Ø Q g�°Õ¨P_a`d_În�_ ¯ ` j O _Wg�¨ h l O j»jCA b Q j g<` S Z
`c]P_Wg�`R] j \ Á ¾ b�l pPS ¨�_ S lWg j ¥ ½ ] Q-¯ ]e_ ¯^Ô jGj g j ®¸MPS l Q ` j ¨�bGl hoh j O b Q _ STS Z n�l O _ S lXgP°«` QTh j
_WgP¨ ¯ l h j ¯ `d_WgP¨P_ O ¨Ùbd]e_ O _Wb�` j ORQT¯ ` Q b ¯ lWn i«± L b�lXgk` O l S-S j OR¯ ]e_ ØWj�j h j O ° j ¨ ¥

½ ] j bGl hoh lWg|n j _a` pPO j ¯ÕQ g�`c] j ¯ j�i«± L bGlXgk` O l STS j OÃ¯ _ O j%h

i ½9O _Wg ¯ n j OÃ¯!Ô j ` Þ[jGj g@_ M j OÃQ-M ] j O _ S _WgP¨ h j h l O Z _WgP¨ Ô j ` Þ[jGj g h j h l O Z ¨ j©Ø Q b j ¯
� j�ØXj gÓ`R]Pl p °X]�`R] Q-¯ g j�j ¨ ¯ ` Þ lobd]e_Wg�g j ST¯NQ g _Wg ² UW´kµ�� ¥

i ± p�S ` QTMPS j Ñ bd]e_agPg j ST¯

i q j©ØXj O _ S ¨e_a`c_ ¯RQ-è j ¯ `cl ¯ÃpPMPM l O `Õ¨ Q³� j O j gk`Õ¨e_a`c_ Þ Q ¨�`R]Ó¨ j©Ø Q b j ¯ ¥

i § gk` j OROÃpPM ` O j�ì p j ¯ `N`clÏ`c] j M�O l�b j ¯Ã¯ l O Þ ] j gÓ` O _Wg ¯ n j OmQ-¯ÎÝ g Q-¯ ] j ¨ ¥

½ ] j ¯ j ° j g j O _ S-QT¯ j ¨Ùn p gPb©` Q lWg ¯ lan i«± L bGlXgk` O l STS j OÃ¯ _ O j pP¯ j ¨ _ ¯ ° pPQ ¨ j S-Q g j ¯mQ gÓ`c] j
¨ j ¯RQ °WgÙlan.`c] j _ ¯ Z gPbd] O lXgPl pP¯ i«± L bGlWg<` O l STS j OÎQ g�`c] Q-¯ `c] j ¯RQT¯ ¥
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§ g@`R] j Ý j S ¨@lWnÎ¨ Q ° Q `d_ S b Q-O b pPQ `a# S lX° Q bÆ¨ j ¯ÃQ °Xg � ` Þ lÓ¨ Q�� j O j gk`ä¨ j ¯RQ °Xg ¯ ` Z S j ¯ ]e_ ØXj Ô j�j g
¨ j©ØXj S l M j ¨ ¥ ½ ] j ¯ j ¨ j ¯RQ °Wg ¯ ` Z S j ¯ � ¯ Z gPbd] O lWgPl pP¯ _WgP¨�_ ¯ Z gPbd] O lXgPl pP¯ �<Þ^j O j pP¯ j ¨|_ S-h l ¯ `
jGì p _ S-S Z _a`Ú`c] j Ô j ° Q gPg Q gP°ÏlWn9¨ Q ° Q `c_ S S lX° Q bN¨ j ¯ÃQ °Xg j O _ � ÔPp ` ¯ Z gPbd] O lWgPl pP¯NS lX° Q bK¨ j ¯RQ °Xg
]e_ ¯+Ô jGj g h l O j n�_ Ø l pPO j ¨ Q gA`R] j S _ ¯ `Ïn j�Þ ¨ j bG_W¨ j ¯ _WgP¨=]e_ ¯+Ô j b�l h j `R] j _WbGb j M ` j ¨
¨ j ¯RQ °Wg ¯ ` Z S j n�l O bGl hoMPS j ® b Q-O b pPQ ` ¯ ¥

½ ] j ¯ j ` Þ lÆ¨ j ¯ÃQ °Xg ¯ ` Z S j ¯ ¨ Q�� j O n O l h j _Wbd]|lW`R] j O[Q g�`R] j ` Q-hoQ gP°ª_ ¯Ã¯RpPhoM ` Q lXg ¯ `c]e_�`
_ O j h _W¨ j ¥ q Z gPbd] O lWgPl pP¯9S lX° Q b?_ ¯R¯Rp�h j ¯ `R]e_a`�` Q-h j Q-¯ ¨ Q-¯ b O j ` j _ j _Wbd] M _ O `�lWn�`c] j ¯ Z ¯ ` j h
]e_ ¯ `Rl ¯ `d_ O `^_agP¨ Ý g Q-¯ ] Q ` ¯ `d_ ¯ ç ¯[Q gÏ`c] j ¯ _ h j M j ORQ l¸¨+lWn%` QTh j%�XÞ ] j O j _ ¯ _ ¯ Z g�bd] O lXg�l pP¯
S lW° Q bo¨Pl j ¯ gPlW` h _Wç j _Wg Z _ ¯Ã¯RpPhoM ` Q lXg ¯ _ Ô l p `ä` QTh�Q gP°Ó_WgP¨ j _Wbd] M _ O ` ¯ `d_ O ` ¯ # ¯ `cl MP¯
Þ l O ç Q g�°olWg Q ` ¯ l Þ g ¥

§ g8`c] j ¯ Z gPbd] O lXgPl pP¯�S lX° Q b ¨ j ¯ÃQ °Xg ¯ ` Z S j%� _)b S l¸bdç � _ M j OÃQ l�¨ Q b ¯ ì p _ O j¿Þ _ ØXj ¯ÃQ ° Ñ
ge_ S � QT¯KpP¯ j ¨ n�l O ° S l Ô _ S�¯ Z gPbd] O lXg QTè _a` Q lXg¿`Rl ¯RM j b Q n ZÙÞ ] j g `Rl ¯ `c_ O `!_WgP¨ Ý g Q-¯ ] `c_ ¯ ç ¯ ¥
\^l hohäp g Q b³_a` Q lXg Ô j ` Þ[jGj g M _ O ` ¯ lWn^`R] j ¯ Z ¯ ` j h häpP¯ ` Ô j ¨�lXg j Ô j n�l O j `c] j�j gP¨)lWnÎ_
b S l¸bdç M j OÃQ l�¨ Þ ] j g)`R] j+Þ ]Pl S j ¯ Z ¯ ` j h QT¯ª¯ Z gPbd] O lWg Q-è j ¨ ¥ q Z gPbd] O lXgPl p�¯ÆS lW° Q bÏ¨ j ¯RQ °Xg
]e_ ¯KÔ j�j g n�_ Ø l pPO j ¨ Ô Z `c] j bd] Q-M ¨ j ¯RQ °Xg bGl hohäp g Q ` Z n�l O!¯ j�ØXj O _ S ¨ j b³_a¨ j ¯ n�l ON¯ j�ØWj O _ S
O j _ ¯ lWg ¯ \ ¤;·^] h

i § `ml � j OÃ¯ _ ¯ÃQ-hoMPS jKÞ _ Z `clo¨ j ¯RQ °WgÓ_agP¨Ù` j ¯ `Nb�l hoMPp ` Q gP° jGì pPQTMPh j gk`
UXU
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i § ` QT¯ Þ Q ¨ j S Z `c_ p °X]k`Õ_WgP¨ p gP¨ j OR¯ `cl�l¸¨

i Á _ O ` ¯ `R]e_a`ml M j O _a` jËÞ Q `c] b S l¸bdç ¯ _ O jËÞ Q ¨ j S Z _ Ø _ Q-S _ ÔPS j

i q Z ¯ ` j h g�l Q-¯ j ¯Ãp bd]�_ ¯»¯ Þ Q `cbd] Q gP° ¯RpPO ° j ¯ l O ° STQ `cbd] j ¯ ]e_ ¯ ¨ Q j ¨�_ Þ _ Z Ô Z `c] j ` QTh j
_Ïb S l¸bdç j�ØXj gk`Kl�bGb pPOR¯

q¸Q-hoMPSTQ b Q ` Z Q g�` Q-hoQ gP° h l�¨ j S-¯^h _Wç j ¯Î¯ Z g�bd] O lXg�l pP¯ÕS lX° Q bN¨ j ¯RQ °Xg j _ ¯ÃQ j O ��j ¯RM j b Q _ STS Z
Þ ] j g�`c] j b Q-O b pPQ ` ¯ _ O j gPlW` ØXj O Z bGl h�MPS j ® l O gPlIlW`c] j O bGlXg ¯ ` O _ Q gk` ¯o¯Ãp bd]ÿ_ ¯oM l Þ^j O
bGlWg ¯RpPhoM ` Q lXg � M j O n�l ORh _WgPb j l O j S j b�` O l Ñæh _W°Xg j ` Q b Q gk` j O n j O j gPb j g jGj ¨ `Rl Ô j bGlXg ¯RQ ¨ Ñ
j O j ¨ ¥ Y[j b³_ pP¯ j lWnª`c] QT¯�¯RQ-hoMPSTQ b Q ` Z ¨ j�ØWj S l MPh j gk` Q g'b QTO b p�Q `�¨ j ¯RQ °Xg ]P_ ¯�S lXg�° Ô j�j g
bGlWgPb j g<` O _a` j ¨ÓlXgÙ`R] j ¯ Z gPbd] O lXgPl pP¯ ¨ j ¯ÃQ °Xg ¯ ` Z S j _agP¨¿_ ¯ Z gPbd] O lXgPl pP¯ ¨ j ¯ÃQ °Xg ¯ ` Z S j ]e_ ¯
Ô jGj g Ø Q-O ` p _ STS Z Q °Xg�l O j ¨ ¥

§ gÓb�lXgk` O _ ¯ `m`cl ¯ Z gPbd] O lXgPl pP¯NS lX° Q b!¨ j ¯ÃQ °Xg � _ ¯ Z gPbd] O lXgPl p�¯NS lX° Q b Q-¯ h

i ûN_ O ¨ j O `cl+¨ j ¯ÃQ °Xg

i ¶ lW`mbGl hoh lXg S Z `d_ p °X]k`Õl OÚp gP¨ j OR¯ `cl�l¸¨

i À _Wbdç Q g�°ob�l hoM lXg j gk` ¯mQ g ¯ `d_WgP¨P_ O ¨ S-QTÔPO _ OÃQ j ¯

i q ]�l O `mlWn4¨ j©ØXj S l MPh j gk`Õ`cl�l S-¯

i û Q °X] j OÚQ g l ØXj O ] j _W¨ ¯±� n�l OÚ¯ÃQ-hoMPS j b Q-O b pPQ ` ¯��

c ] Q-S j ¯ Z g�bd] O lXg�l pP¯ÊS lX° Q b p�¯ j ¯ _!° S l Ô _ S¸¯ÃQ °Xge_ S n�l O.¯ Z gPbd] O lXg Q-è _a` Q lXg+_ ¯ Z g�bd] O lXg�l pP¯
S lW° Q bÚ_ S-S l Þ ¯ b Q-O b pPQ ` ¯ `c]P_a`Êg jGj ¨�`cl«b�l h�hÆp g Q bG_a` j `Rl M j O n�l OÃh _ S l�b³_ SP¯ Z gPbd] O lWg Q-è _a` Q lXg
Ô j ` Þ[jGj gÓ`c] j h�¯ j S ØWj ¯ ¥

LK¯ b QTO b pPQ ` ¯ ° O l Þ ÔPQ °X° j O _Wg�¨ Ô j b�l h j h l O j bGl hoMPS j ® Ô j bG_ pP¯ j lanN`R] j g jGj ¨�n�l O
] Q °X] j OÚM j O n�l ORh _WgPb j _WgP¨ n p gPb�` Q lXgP_ S-Q ` Z�� ¯ j�ØWj O _ S4MPO l ÔPS j ho¯ b³_ pP¯ j ¨ Ô Z `R] j ` QTh�Q gP°Ï_ ¯ÒÑ
¯Rp�h�M ` Q lXg Q g ¯ Z gPbd] O lXgPl pP¯ S lX° Q b¿¨ j ¯RQ °Xg Ô j bGl h j h l O j l Ô Ø Q l pP¯ ¥ ½ ] j ¯ j MPO l ÔPS j h�¯
_ O j&h

i \ S l¸bdç ¯ ç j©Þ
LN¯ `R] j bd] Q-MI¯RQTè j Q gPb O j _ ¯ j ¯ � _agP¨@] Q °X] j O b S l�bdç ¯ÃM j�j ¨ QT¯ g jGj ¨ j ¨In�l O j hoMPS l ZXj ¨
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] Q °X] j O�M j O n�l ORh _WgPb j%� `c] j M ]P_ ¯ j ¨ Q³� j O j gPb j Ô j ` Þ[jGj g b S l�bdç ¯�Q g j _Wbd] M _ O `�lWn
b Q-O b pPQ ` Ô j bGl h j ¯ ° O j _a` j g�l p °X] `cl+b³_ pP¯ j MPO l ÔPS j h�¯ ¥

i û Q °X] M l Þ^j O b�lXg ¯Rp�h�M ` Q lXg
c Q `c] ° S l Ô _ S[¯ Z gPbd] O lXg Q-è _a` Q lXg M _ O ` ¯ lWnÕ`c] j b QTO b pPQ `ä`R]e_a`o_ O j gPlW` M j O n�l ORhoQ gP°
_Wg Z n p g�b�` Q lXg@_a`�`R]e_a`«` QTh j hÆpP¯ ` Ô j _Wb©` Q Ø _a` j ¨@_WgP¨@bGlXg ¯ÃpPh j M l Þ^j O Þ Q `c]Pl p `
_Wg Z p�¯ j n p�SËO j ¯ÃpPS ` ¥ ½ ] Q-¯ Þ l OR¯ j g ¯ `c] j M l Þ^j O ¨ Q-¯Ã¯RQ-M _a` Q lXg MPO l ÔPS j h Q g ¯ l h j
_ M�MPS-Q b³_a` Q lXg ¯ ¥

i c l OR¯ `mb³_ ¯ j M j O n�l ORh _WgPb j
q¸Q gPb j ¯Rp�Ô¸Ñ b Q-O b pPQ ` ¯ Þ ] Q bd]FbG_Wg Þ l O ç@_�`�] Q °X] ¯RM jGj ¨ häpP¯ ` Ô j ¯ÃS l Þ^j ¨F¨Pl Þ g@`Rl
Þ l O ç Þ Q `c]Ï`c] j ¯ÃS l Þ^j ¯ `[lXg j%� `R] j b Z b S j ` Q-h j lWn `R] j l ØXj O _ S-S b Q-O b pPQ ` QT¯ `c]e_�`[lan `c] j
¯ÃS l Þ^j ¯ `Õb QTO b pPQ ` Q g ¯ ` j _W¨ lWn4`c] j _ ØXj O _W° j bG_ ¯ j ¥

i i!j ¯RQ °Wg ` O _Wg ¯ n j O `Rlog j�Þ ` j bd]Pg�l S lX° Z
§ gÓ_o¨ j ¯RQ °Xg Þ Q `c] ° S l Ô _ S ¯ Z gPbd] O lXg Q-è _a` Q lXgÓ_+b Q-O b pPQ `m¨ j ¯ÃQ °Xg n�l O lXg j ` j bd]PgPl S lX° Z
b�l pPS ¨ gPla` Ô j pP¯ j ¨ Þ Q `c]Ù_Ï¨ Q�� j O j gk`m` j bd]PgPl S lX° Z|Þ Q `c]Pl p ` h _ � l O _W¨e_ M `d_a` Q lXg ¥

i ¶ lXg Ñæh l�¨ pPS _ O ¨ j ¯RQ °Wg
L b�l hoMPS j ® b Q-O b pPQ `K¨ j ¯ÃQ °Xg j ¨ n�l O _ ¯ÃM j b Q¦Ý bÏb S l¸bdç ¯RM jGj ¨ h _ Z gPla` Ô j O j pP¯ _ ÔPS j
Þ Q `c]�_«¨ Q�� j O j gk`^b S l�bdç ¯RM jGj ¨ _ O j ¨ j ¯RQ °Wg�l O»h _ � l O _W¨P_ M `d_�` Q lWg h _ Z Ô j O jGì pPQTO j ¨ ¥

× g j ¯ l STp ` Q lXg)`Rl `c] j ¯ j MPO l ÔPS j h�¯�Q-¯ `Rl ° Q ØWj pPM `c] QT¯ ` QTh�Q gP° _ ¯R¯Rp�h�M ` Q lXg ¥ q j©Ø Ñ
j O _ SÐO j ¯ j _ O bd]F° O l pPM�¯ ]P_ ØWj Ô jGj g ¯Ãp bGb j ¯R¯ n pPS^Q g pP¯RQ gP°¿_ ¯ Z gPbd] O lXgPl pP¯�S lX° Q bä¨ j ¯RQ °XgI`Rl
Q-hoMPS j h j gk`Ú_ ¯ Z gPbd] O lWgPl pP¯ b Q-O b pPQ ` ¯ _�`m¨ Q�� j O j gk` S j�ØWj ST¯ lWn.¨ j ¯RQ °Xg bGl hoMPS j ®¸Q ` Z ¥ q j�ØWj O _ S
b QTO b pPQ ` ¯ _ ¯ b�l h�M�S j ® _ ¯ _ hoQ b O l MPO l¸b j ¯Ã¯ l O ]P_ ØWj Ô j�j g ¯Rp b�b j ¯R¯ n p�S-S Z Q-hoMPS j h j gk` j ¨ pP¯RQ gP°
¨ Q³� j O j gk` ¯ ` Z S j ¯ lWn._ ¯ Z gPbd] O lXgPl p�¯KS lW° Q b!¨ j ¯RQ °Xg \ ¤ Ö � ¤�¬ � UaV ]¢¥

j¶-aj u½mL²¡1;<�¾;5�71q7:;m¿wy7.p>n< 8qx�m6>@p�1

½ ] j ¨ j ¯ÃQ °Xg h j `c]Pl�¨Pl S lX° Q j ¯ n�l O _ ¯ Z gPbd] O lXgPl pP¯ÆS lX° Q bäbGl pPS ¨ Ô j b³_�` j °Wl ORQTè j ¨ Q gk`Rl ` Þ l
h l¸¨ j S-¯ h Ô l p g�¨ j ¨@¨ j S _ Z _WgP¨ p g Ô l p g�¨ j ¨F¨ j S _ Z h l�¨ j ST¯ ¥ L Ô l p g�¨ j ¨@¨ j S _ Z h l�¨ j S
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_ ¯Ã¯RpPh j ¯ `R]e_a`�¨ j S _ Z lanÕ_Ób QTO b pPQ ` j S j h j gk`äl O Þ Q-O j QT¯ ç<gPl Þ g Þ Q `R] Q g@b j O `d_ Q g STQ-hoQ ` ¯ _
`c] j l MPM l ¯RQ ` j Q-¯ _ ¯Ã¯RpPh j ¨ Q g�`R] j p g Ô l p gP¨ j ¨Ó¨ j S _ Z h l�¨ j S ¥

½ ] j b Q-O b pPQ ` ¯ÚQTh�MPS j h j gk` j ¨ Ô Z pP¯RQ gP°+`c] j ¯ j ¨ j S _ Z h l�¨ j S-¯ b³_ag Ô j b S _ ¯R¯ÃQTÝ j ¨ Q g<`Rl h

i ½ÚQTh j ¨Ùb Q-O b pPQ ` ¯
\^l OÃO j b�`Ël M j O _a` Q lXgÙlWn»b QTO b p�Q ` ¯ lWnÐ`R] Q-¯ b S _ ¯R¯Kh _ Z Ô j ¨ j M j gP¨ j gk`«lXg¿`R] j ¨ j S _ Z ¯
Q gÙb Q-O b pPQ ` ¯ j S j h j gk` ¯ _agP¨ Þ QTO j ¯ ¥

i i!j S _ Z ÑæQ g ¯ j g ¯RQ ` Q ØWj b QTO b p�Q ` ¯
\^l OÃO j b�`Úl M j O _a` Q lXg�lan#`c] j b Q-O b pPQ ` QT¯^Q gP¨ j M j g�¨ j gk`ÚlWn�`R] j ¨ j S _ Z ¯ÎQ g Ô la`c]|b Q-O b pPQ `
j S j h j gk` ¯ _agP¨ Þ Q-O j ¯ ¥

i q¸M jGj ¨ ÑæQ gP¨ j M j gP¨ j gk`Nb QTO b p�Q ` ¯
\^l OÃO j b�`Îl M j O _a` Q lXg�lWn�`c] j b QTO b p�Q ` Q-¯ÊQ gP¨ j M j gP¨ j g<`mlan�¨ j S _ Z ¯^Q g�b Q-O b pPQ ` j S j h j gk` ¯
_Wg�¨ Þ QTO j ¨ j S _ Z ¯ _ O j _ ¯R¯ÃpPh j ¨ `cl Ô j è j O l ¥

i¨À p _ ¯ÃQ¦Ñ ¨ j S _ Z Ñ Q g ¯ j g ¯ÃQ ` Q ØXj b Q-O b pPQ ` ¯
½ ] QT¯ b QTO b p�Q ` Q-¯ ¨ j S _ Z ÑæQ g ¯ j g ¯RQ ` Q ØXj!Þ Q `R]¿_ag ' Q-¯ l¸bd] O lXg Q b!n�l O ç ¯ ( _ ¯R¯ÃpPh�M ` Q lWg ¥
§ ¯ l¸bd] O lXg Q bNn�l O ç ¯ _ O j ¯ j ` ¯ lan Q gk` j O b�lXgPg j b�` Q gP° Þ QTO j ¯ Þ ] j O j `c] j ¨ j S _ Z ¨ Q�� j O j gPb j
Ô j ` Þ[jGj g `c] j ÔPO _agPbd] j ¯NQ-¯mè j O l�l O g j ° STQ ° QTÔPS j b�l hoM _ O j ¨Ù`Rlo`R] j b Q-O b pPQ ` j S j h j gk`
¨ j S _ Z ¯ ¥

i _a`d_ M _ ¯Ã¯RQ g�° Ô j ` Þ^j�j g ` Þ l�b Q-O b pPQ `Kb�l h�M lXg j gk` ¯!Q g _ ¯ Z gPbd] O lXgPl pP¯Ë¯ Z ¯ ` j h bGl pPS ¨
Ô j�j g�bGl�¨ j ¨ Q gF_ ¯RQ g�° S j l O _ M _ Q-O lWn Þ Q-O j ¯ � ç<gPl Þ g O j ¯RM j b�` Q ØWj S Z _ ¯ª¯RQ gP° S j ÑæO _ Q-S _agP¨
¨ p _ S¦ÑæO _ Q-S j gPbGl�¨ Q g�° ¥ § g ¯RQ gP° S j ÑæO _ Q-S j g�bGl�¨ Q gP° lWg j Þ Q-O j Q-¯ g j�j ¨ j ¨2n�l O j _Wbd] ÔPQ `�lWn
Q g¸n�l ORh _a` Q lXg ¥ § g=`c] j ¨ p _ S ÑæO _ Q-S j gPb�l¸¨ Q gP°@` Þ l Þ QTO j ¯ _ O j O jGì pPQTO j ¨�n�l O j�ØWj O Z ÔPQ `+lWn
Q g¸n�l ORh _a` Q lXg h lXg jËÞ Q-O j Q-¯ÚpP¯ j ¨Ó`Rl O j MPO j ¯ j gk` S lX° Q b ' ¤ (�� _Wg�lW`c] j OmQ-¯ÚpP¯ j ¨Ón�l OÚO j M�O j ¯ j gk`
S lW° Q b ' V ( ¥ LÂ¯ÃQ °XgP_ S ` O _Wg ¯ÃQ ` Q lXg|l OÎMPO j ¯RM j b QTÝ j ¨ S j�ØWj S lXg�lWg j lWn�`c] QT¯ÎM _ QTO lWn Þ QTO j ¯^O j M�Ñ
O j ¯ j g<` ¯ `c] j ¨e_�`d_ ÔPQ ` Ø _ S-p j n�l O j _Wbd]+bGl hohäp g Q b³_a` Q lXg ¥ ¶ lW` j `c]e_a`.`c] j _Wb©` Q ØXj b�lXgP¨ Q ` Q lWg
häpP¯ `!gPla`!l�bGb p�OKQ g Ô la`c] Þ QTO j ¯�� n O l h _ M _ QTO��ÚQ gÙ`c] j ¯ _ h j b�l h�hÆp g Q bG_a` Q lXg Ô j b³_ pP¯ j
Q ` Þ l pPS ¨ O j MPO j ¯ j gk` Ô lW`R] S lX° Q b ' V ( _WgP¨ ' ¤ ( n�l O lXg j ¨P_a`d_ ÔPQ `Ú_a`[`c] j ¯ _ h j ` QTh j%��Þ ] Q bd]
Q-¯ÚQ g Ø _ S-Q ¨ ¥
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� Q ° p�O j U ¥¦¤ h q¸Q °Xge_ STS-Q g�° MPO lW`cl�bGl ST¯

c ] j g pP¯ÃQ gP°+¨ p _ S¦ÑæO _ Q-S j gPbGl�¨ Q g�° Q ` Q-¯^M l ¯Ã¯RQTÔPS j n�l O `c] j O j b j Q ØWj O `cl+¨ j ` j OÃh�Q g j `c] j
Ø _ S-Q ¨ Q ` Z lWn?`R] j ¨e_�`d_ ¯ j gk`Kn O l h `c] j ¯ j g�¨ j O.� j gk` QTO j ¨e_a`c_ Þ l O ¨ QT¯N¯ j gk` �mÔ Z ¨ j ` j b©` Q gP°
` O _Wg ¯ÃQ ` Q lXg ¯#Q g«lXg j lWn�`c] jÐÞ QTO j ¯ lan j _Wbd] Þ QTO j ÑæM _ QTO ¥ ½ ] O jGj lWn�`c] j n�l pPO�M l ¯Ã¯RQ-Ô�S j ¯ `d_a` j ¯ lWn
_ Þ QTO j Ñ M _ QTO _ O j S j °k_ S h Q gÆ_ S j©ØXj S¸¯ j g ¯RQ ` Q ØWj Q-hoMPS j h j gk`d_a` Q lXg ' VXV ( Q gP¨ Q b³_�` j ¯ `c]e_�`.`c] j ÔPQ `
Q-¯[Q ¨ S j&�b' V ¤ ( _agP¨ ' ¤ V ( Q gP¨ Q b³_a` j ¨e_a`c_ è j O l+_Wg�¨�lXg j O j ¯RM j b©` Q ØXj S Z _agP¨ ' ¤W¤ ( QT¯ _Wg Q g Ø _ S-Q ¨
¯ `c_a` jÊÞ ] Q bd] QT¯ g j�ØXj O?¯ j�j g ¥ YÊZ ×ËÍmQ gP°Õ`clX° j `c] j O `R] j ` Þ l ¯ÃQ °Xge_ S-¯9Q `4b³_Wg Ô j ¨ j ` j ORhoQ g j ¨
Þ ] j `c] j O l O gPlW`K_�¨e_�`d_ Ô�Q ` Q-¯ÕÔ j Q gP° ¯ j gk` ¥ Y[Z L!¶ i Q gP° � l O � h l O j b�l hoh lXg S Z�� pP¯RQ gP°
_�\ Ñ j S j h j gk`Ê` O j�j � j _Wbd]�lWn `R] j ¯ j ×ËÍ j ¨ ÔPQ ` ¯ _Wb O l ¯Ã¯ _ ÔPp gP¨ S j _ ¯RQ gP° S j O jGì p j ¯ ` ¯ÃQ °Xge_ S �
Þ ] Q bd] Q gP¨ Q b³_a` j ¯ `c] jäØ _ STQ ¨ Q ` Z lWn»`c] j ¨e_a`d_|lWg¿`c] j�Þ ]Pl S j ÔPp gP¨ S j&� bG_Wg Ô j ° j g j O _�` j ¨ ¥
½ lä_Wbdç<gPl Þ S j ¨P° j _�b�l h�hÆp g Q bG_a` Q lXg+_ ¯RQ g�° S j _Wbdç<gPl Þ S j ¨P° jÕÞ Q-O j QT¯Êp�¯ j ¨�n�l O `c] jmÞ ]Pl S j
ÔPp g�¨ S j ¥
c Q `R] ¯RQ gP° S j ÑæO _ Q-S j gPbGl�¨ Q gP° ��j ®¸MPS-Q b Q `Ê` QTh�Q gP° Q g�n�l ORh _a` Q lXg Q-¯^O jGì pPQTO j ¨|n�l O `c] j ¨e_a`c_

` O _Wg ¯ n j O ¥ i _�`d_ Þ l O ¨ Q-¯ d ÔPp gP¨ S j ¨§f Þ Q `c] ' O j�ì p j ¯ ` ( _WgP¨ ' _Wbdç<gPl Þ S j ¨�° j&( ¯ÃQ °Xge_ S-¯ Þ ] Q bd]
_ O j pP¯ j ¨Æ_ ¯ ` Q-hoQ g�° Q g�n�l ORh _a` Q lXgÕn�l O `c] j ¨P_a`d_ÚbGl h�häp g Q bG_a` Q lXg ¥ i _a`c_Îb³_Wg Ô j d MPpP¯ ] j ¨§f
n O l h `R] j ¯ j gP¨ j O `cl�`R] j O j b j Q ØWj OËÔ Z `c] j ¯ j gP¨ j OË¯ j `R` Q gP° p�M `c] j ¨e_a`d_�_WgP¨ Q g Q ` Q _a` Q gP°
_ ' O jGì p j ¯ ` ( `cl¿`R] j O j b j Q ØXj O _ `R] j ¯ j gP¨ j OÏhäpP¯ `äç jGj M `R] j ¨e_�`d_ Ø _ S-p j ¯ `c_ ÔPS j p gk` QTS^Q `
O j b j Q ØXj ¯ _ag ' _Wbdç<gPl Þ S j ¨P° j&( ¯ÃQ °Xge_ S n O l h `c] j O j b j Q ØXj O Þ ] Q bd] h j _Wg ¯ ¨e_a`c_6]P_ ¯+Ô j�j g
O j b j Q ØXj ¨ ¥ LKS ` j O ge_a` Q ØWj S Z ¨e_a`d_ h _ Z Ô j d MPpPSTS j ¨§f+n O l h `R] j ¯ j gP¨ j O `Rlo`R] j O j b j Q ØWj ONÔ Z
`c] j O j b j Q ØXj OÎQ g Q ` Q _a` Q gP°ª_ ' O j�ì p j ¯ ` ( _ `R] j ¯ j gP¨ j OÎ¯ j ` ¯Îp�M `c] j ¨e_a`d_Æ_WgP¨ ' _Wbdç<gPl Þ S j ¨P° j&( ¯
Þ ] j gÓ`c] j ¨P_a`d_ Q-¯ÚO j _W¨ Z ¥

q¸Q °Wge_ S ` O _Wg ¯RQ ` Q lXg ¯^Q g|`R] j ¨e_a`c_äl O `c] j O jGì p j ¯ `�#W_Wbdç<gPl Þ S j ¨P° j ¯RQ °Wge_ S M _ Q-O lan Þ QTO j ¯
h _ Z Ô j ` Þ l ÑæM ]e_ ¯ j l O n�l p�O ÑæM ]e_ ¯ j ¥ LK¯m¯ ]Pl Þ g Q g Ý ° pPO j U ¥T¤W¥

§ gä_m` Þ l Ñ M ]e_ ¯ j ¯ÃQ °Xge_ S-S-Q gP° MPO lW`cl�bGl S _NbGlWgP¨ Q ` Q lXg QT¯9¯ÃQ °XgP_ S-S j ¨ Ô Z _ ¯RQ gP° S j ` O _Wg ¯RQ ` Q lXg
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PIPELINE
STAGE

PIPELINE
STAGE

REQ

ACK

REQ

ACK

DATA DATADATA

REQ

ACK

� Q ° pPO j U ¥ U h q ` ORp b©` pPO j lWn?_ ¯RQTh�M�S j hoQ b O l MPQTM j S-Q g j ¯

lWn ¯RQ °Xge_ S _ ¯Ï¯ ]Pl Þ g Q g Ý ° pPO j U ¥¦¤ _ ¥ ½ ] j ¯ j gP¨ j OÏQ g Q ` Q _a` j ¯ `c] j b�l hohäp g Q b³_a` Q lXg Ô Z
h _Wç Q gP°�_ ¯ÃQ gP° S j ` O _Wg ¯RQ ` Q lXgÙlXgÙ`c] j O jGì p j ¯ ` Þ QTO j _ `c] j O j b j Q ØXj OKO j ¯RM lXgP¨ ¯!Ô Z h _Wç Q g�°
_ ¯ÃQ gP° S j ` O _ag ¯RQ ` Q lWg�lXg=`c] j _Wbdç<gPl Þ S j ¨P° j¿Þ QTO j b�l hoMPS j ` Q g�°6`R] j ` Þ l M ]P_ ¯ j ¯ lWnË`c] j
bGl h�häp g Q bG_a` Q lXg ¥ ÍÕQT¯RQ g�°6_WgP¨An�_ S-STQ gP°Ù` O _ag ¯RQ ` Q lWg ¯ _ O j�jGì pPQ Ø _ S j gk` Q g `R] j ` Þ l Ñ M ]e_ ¯ j
MPO lW`cl�bGl S ¥

§ g _Æn�l pPOÒÑæM ]e_ ¯ j ¯ÃQ °Xge_ S-S-Q gP° MPO la`cl�bGl S _ÆbGlXg�¨ Q ` Q lXg QT¯^¯ÃQ °Xge_ S-S j ¨ Ô Z _ S j�ØWj S���Q ¥ j ¥ ` Þ l
` O _Wg ¯ÃQ ` Q lXg ¯�� ¥ ½ ] j ¯ j gP¨ j OÐQ g Q ` Q _�` j ¯ `c] j bGl hohäp g Q b³_�` Q lWg Ô Z h _Wç Q g�°!_N` O _Wg ¯ÃQ ` Q lXgªn O l h
S l Þ `clo] Q °W]ÙlWgÙ`R] j O jGì p j ¯ ` Þ Q-O j _ `c] j O j b j Q ØWj OKO j ¯ÃM lXg�¨ ¯NÔ Z `R] j ¯ _ h j ` O _ag ¯RQ ` Q lWg�lXg
`c] j _Wbdç<gPl Þ S j ¨P° jÎÞ Q-O j ¥ ½ ] j ¯ j bGlXg�¨ ' O j ` pPO gÏ`cl è j O l ( M _ QTO lWne` O _Wg ¯RQ ` Q lXg�lXg Ô lW`c] Þ QTO j ¯
bGlWg<`c_ Q g ¯ gPl Q-hoM l O `d_Wgk` h j _Wg Q g�° Q g+bGl h�häp g Q bG_a` Q lXg ÔPp ` Q-¯ ` O j _a` j ¨o_ ¯ÐO j bGl ØWj O Z ¯ `d_a` j
`c]P_a` Q-¯ÚpP¯ j ¨Ù`cl ¯ j `N`R] j ¯RQ °Wge_ S `Rl+`R] j QTOÚQ ¨ S j ¯ `c_a` j ¯ � _ ¯Ú¯ ]Pl Þ g Q g Ý ° pPO j U ¥¦¤ Ô ¥

q j�ØWj O _ S _ ¯ Z gPbd] O lXgPl p�¯�S lX° Q b�¨ j ¯ÃQ °Xg ¯ ` Z S j ¯ ]e_ ØXj Ô j�j g=¨ j�ØWj S l M j ¨8_agP¨ pP¯ j ¨ ¥ L
g pPhäÔ j O lWn�`R] j ¯ j ¯ ` Z S j ¯ ]P_ ØWj Ô j�j g pP¯ j ¨�`clÏ¨ j ¯RQ °WgÓ_agP¨ Q-hoMPS j h j gk`ÎbGl h�MPS j ® b QTO b p�Q ` ¯
\ ¤X¤y]¢¥

j¶-� s >n<v5�7Á;>nÁÂx�wn>n1qx�m

½ ] jI± Q b O l MPQ-M j STQ g j ` j bd]Pg Q ì p j \ ¤;·Ã] �mÞ Q `R] ¯ l h j h l�¨ QTÝ bG_a` Q lXg ¯oQ g8` Q-hoQ gP°@_WgP¨ ¯ÃQ ° Ñ
ge_ STS-Q gP° MPO la`cl�bGl ST¯ � Q-¯opP¯ j ¨ Q gA`c] j ¨ j ¯RQ °Wg�lWnK`c] j L ±¿¾NÀ »½ M�O l�b j ¯Ã¯ l OÃ¯ ¥ ½ ] j ± Q¦Ñ
b O l MPQTM j S-Q g j ¨ j ¯RQ °Wg ¯ ` Z S j%� MPO l M l ¯ j ¨ Ô Z § Ø _Wg  ¥ q¸p `R] j OÃS _WgP¨ � bGl pPS ¨ Ô j ¨ j ¯ b ORQTÔ j ¨@_ ¯
j�ØWj gk` Ñ ¨ ORQ ØXj g ��j S _ ¯ ` Q b M�Q-M j S-Q g Q g�° ��Q ¥ j ¥ _ M�Q-M j S-Q g j Q g Þ ] Q bd] `c] j _ h l p gk`!lWnÊ¨e_�`d_�bG_Wg
Ø _ O Z � ¥4§ `9]e_ ¯�Ô jGj g pP¯ j ¨ä_agP¨ M�O l ØXj ¨�`cl Ô j ¯Rp b�b j ¯Ã¯ n pPS _ ¯ n O _ h j�Þ l O çKn�l O _ ¯ Z g�bd] O lXg�l pP¯
S lW° Q bä¨ j ¯RQ °XgI_WgP¨Ib³_Wg Ô j b S _ ¯Ã¯RQ¦Ý j ¨@_ ¯«Ô l p gP¨ j ¨ Ñ ¨ j S _ Z�� ÔPp gP¨ S j ¨@¨P_a`d_�n�l O `c] j ¨P_a`d_ Ñ
M _a`R] Þ Q `c]Ù¨ j S _ Z Q g ¯ j g ¯ÃQ ` Q ØXj bGlXgk` O l S \ ¤ Ö ]¢¥ ½ ] j ¯ ` ORp b©` pPO j lWn?_ ¯ÃQ-hoMPS j hoQ b O l M�Q-M j S-Q g j
Q-¯Ú¯ ]Pl Þ g Q g Ý ° pPO j U ¥ U ¥
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L ± Q b O l MPQTM j S-Q g j pP¯ j ¯ _ ¯ÃQ-hoMPS j ¨P_a`d_ ÔPp gP¨ S j `Rlo` O _Wg ¯ n j O ¨e_a`c_ Ô j ` Þ[jGj g MPQ-M j STQ g j
¯ `c_W° j ¯ ¥  _Wbd] ¯ `c_W° j Q-¯ b�l hoM l ¯ j ¨ lWn ¯ `cl O _W° j _WgP¨ MPO l¸b j ¯Ã¯RQ g�° p g Q ` ¯ _ bGl hohäp g Q b³_a` Q lXg
Ô j ` Þ[jGj g ¯ `d_W° j ¯ÙpP¯ j ¯ _ O jGì p j ¯ `6_agP¨Â_Wbdç<gPl Þ S j ¨P° j ¯RQ °Xge_ SËM _ Q-O ¥ i _a`c_ Ø _ STQ ¨ Q ` Z Q-¯
Q g�¨ Q bG_a` j ¨ Ô Z `R] j ]e_WgP¨ ¯ ]e_Wç j ¯ÃQ °Xge_ S-¯ \ ¤;·%]¢¥

j¶-ÅÄ Æ�¾qx uts ÇtÈSkÉÆ Ê!5?79<vxBm6m�75�m

½ ] j L ±¿¾KÀ Ð½ ° O l pPM O j ¯ j _ O bd] Q gk` j O j ¯ ` QT¯!Q g S l Þ M l Þ^j O b QTO b p�Q `!¨ j ¯RQ °Xg ¥ q¸Q g�b j `c] j
_ ¯ Z g�bd] O lXg�l pP¯ÊS lX° Q b^¨ j ¯RQ °Xg�]P_ ¯ÐM la` j gk` Q _ S n�l O?S l Þ M l Þ[j OG� _ h lXgP°Ëla`c] j O `c] Q gP° ¯�� Þ ] j g
bGl h�M _ O j ¨ Þ Q `c] ¯ Z gPbd] O lXgPl pP¯ÏS lX° Q b � Q `�]e_ ¯äÔ jGj g pP¯ j ¨ Ô Z `c] j L ±¿¾NÀ »½ ° O l pPM `Rl
¨ j ¯RQ °Wg `R] j L ±¿¾NÀ »½ MPO l�b j ¯R¯ l OR¯ ¥

½ ] j L ±¿¾KÀ Ð½m´WQ9Q-¯ _Wg¿_ ¯ Z gPbd] O lXgPl p�¯!h�Q b O l MPO l�b j ¯R¯ l Om¯RpPÔP¯ Z ¯ ` j h ¨ j�ØXj S l M j ¨ Ô Z
`c] j L ±¿¾KÀ Ð½ ° O l pPM _a`�`c] j[¾ g Q ØXj OR¯RQ ` Z lWn ± _WgPbd] j ¯ ` j O \ ² � ¤ V � ¤ ´ ]¢¥ ÁÐO j©Ø Q l pP¯�O j ¯ j _ O bd]
Ô Z `R] Q-¯ ° O l pPM _ S-¯ l Q gPb S-p ¨ j ¨F` Þ lI_ ¯ Z gPbd] O lWgPl pP¯oMPO l�b j ¯R¯ l OR¯ � `R] j L ±Ó¾KÀ Ð½ ¤ � _agP¨
L ±Ó¾KÀ Ð½ÕU j \ · � ¤ Ö ] ¥

L ±¿¾NÀ »½ ¤ � `c] j ÝeOÃ¯ `«_ ¯ Z gPbd] O lWgPl pP¯!M�O l�b j ¯Ã¯ l O ¨ j�ØWj S l M j ¨ Ô Z `R] Q-¯ ° O l pPM ��Þ _ ¯ _
n j _ ¯RQ-Ô�Q-S-Q ` Z ¯ ` p ¨ Z Q g pP¯ÃQ gP°Æ_ ¯ Z gPbd] O lXgPl pP¯ÎS lW° Q bÎ`Rl ÔPp�Q-S ¨�_ ØWj O Z b�l hoMPS j ® b Q-O b pPQ ` ¥ ½ ] j
bGl h�h j O b Q _ S � ´kU�Ñ ÔPQ ` � L!Í ± Í § q \ _ O bd] Q ` j b©` pPO j \ ¤ U ] Þ _ ¯ bd]Pl ¯ j g h _ Q g S Z Ô j b³_ p�¯ j Q ` Q-¯
¯Rh _ STS � ¯ÃQ-hoMPS j%� _agP¨ª_ S l Þ M l Þ[j O ¨ j ¯RQ °Wg _ Q g�_a¨P¨ Q ` Q lXg ¯ l h j L ±¿¾KÀ Ð½ ° O l pPM«h j häÔ j OÃ¯
]e_W¨In�_ hoQ-S-Q _ ORQ ` Z Þ Q `c]I`c] QT¯«MPO l�b j ¯R¯ l O _ O bd] Q ` j b�` pPO j _WgP¨ ¯ÃpPMPM l O `ªn�l O ¨ j�ØWj S l MPQ g�°Ó`c] j
MPO l¸b j ¯R¯ l O Þ _ ¯ _ Ø _ Q-S _ ÔPS j \ µ ] ¥

L ±¿¾NÀ »½ ¤ Þ _ ¯ b�l h�M _ O _ Ô�S j Q gËn p g�b�` Q lXge_ STQ ` Z `clÚ`c] j ¯ Z g�bd] O lXg�l pP¯.LKÍ ± ÖÕMPO l¸b j ¯ÒÑ
¯ l O Þ ] Q bd] Þ _ ¯»ÔPpPQ-S `ÐlXgÏ`c] j ¯ _ h j MPO l�b j ¯R¯ ` j bd]PgPl S lX° Z ¥  ØXj g+`c]�l p °X]Ï`c] j L ±¿¾KÀ Ð½ ¤
Þ _ ¯ gPl Ô j `R` j O�Q g Ô lW`c] M j O n�l ORh _WgPb j l O#M l Þ^j O Ñ jCA b Q j gPb ZËÞ ] j gªbGl hoM _ O j ¨ Þ Q `R] L!Í ± Ö
Q ` h j ` Q ` ¯KMPORQTh _ O Z °Wlk_ S � `cl ¯ ]�l Þ `c] j n j _ ¯RQTÔPQ-STQ ` Z lWnÊ¨ j ¯ÃQ °Xg Q gP° ØWj O Z b�l hoMPS j ® _ ¯ Z g Ñ
bd] O lXgPl pP¯ b QTO b pPQ ` ¯ \ µ � · � ¤ Ö ]¢¥
c Q `R] ¯Rp bGb j ¯R¯ n pPS�O j ¯Rp�S ` ¯ n O l h `c] j ¨ j ¯ÃQ °Xg�lWn�`R] j L ±¿¾KÀ Ð½ ¤ `c] j L ±¿¾KÀ Ð½ ° O l pPM

bGlWg<` Q g p j ¨ Þ l O ç Q gP°|lWg¿`c] j ¯ j bGlXgP¨I_ ¯ Z gPbd] O lWgPl pP¯ËMPO l¸b j ¯Ã¯ l O � `c] j L ±¿¾NÀ »½ÕU j ¥ Y^j Ñ
b³_ pP¯ j lWn j ®¸M j ORQ j gPb j ¯ lWn Q gk` j O n�_Wb Q gP° MPO l ÔPS j h�¯�Ô j ` Þ^j�j gA`c] j L ±¿¾KÀ Ð½ ¤ MPO l�b j ¯R¯ l O
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_WgP¨ la`c] j O bd] Q-MP¯ _�` Ô lX_ O ¨ S j�ØXj S � `Rl °k_ Q g M j O n�l OÃh _Wg�b j _Wg�¨F`cl O j ¨ p b j M l Þ^j O bGlXg Ñ
¯Rp�h�M ` Q lXg � `c] j L ±¿¾NÀ Ð½ÕU jÚÞ _ ¯ ¨ j ¯RQ °Wg j ¨Ï`cl Ô j _Wg+_ ¯ Z gPbd] O lXgPl pP¯ j hÆÔ j ¨P¨ j ¨ hoQ b O l Ñ
bGlWg<` O l STS j O ¥Æ§ ` Q gPbGl OÃM l O _a` j ¨ `c] j L ±¿¾KÀ Ð½ÕU�MPO l�b j ¯R¯ l O b�l O j%� lWg Ñ bd] QTM6h j h l O Z _agP¨
_Wg j ® ` j O ge_ S[h j h l O Z Q g<` j O n�_Wb j ¥ ½ ] QT¯�h j h l O Z Q gk` j O n�_Wb j bG_Wg Ô j pP¯ j ¨ Þ Q `R] ÍÚ× ±Â�
ÍmL ±Â� l OÚM j OÃQ-M ] j O _ S bd] Q-M�¯ ¥

q j�ØWj O _ S g j�Þ n j _a` pPO j ¯ Þ[j O j Q gk` O l¸¨ p b j ¨I`Rl `R] j L ±¿¾NÀ Ð½ÕU MPO l�b j ¯R¯ l O b�l O j%�4j ¥ ° ¥
O j ° Q-¯ ` j O n�l O Þ _ O ¨ Q gP° � _ ÔPO _agPbd]ä`d_ O ° j `4b³_abd] j&� ÔPp `.`c] j h l ¯ ` pP¯ j n pPS�QT¯ `R] jG' ]e_ S ` ( n j _�` pPO j
Þ ] Q bd] h _W¨ j `c] j M l Þ^j O b�lXg ¯ÃpPh�M ` Q lWgª¨ O l M `clmg j _ O�è j O l Þ ] j g�`R] j MPO l�b j ¯R¯ l O Þ _ ¯9ORp g Ñ
g Q gP° Q g _Wg Q ¨ S j S l�l M ¥ Y lW`R] M j O n�l ORh _WgPb j _Wg�¨ M l Þ[j OÒÑ j@A b Q j g�b Z lWn?`c] j L ±Ó¾KÀ Ð½ÕU j
Þ[j O j bGl hoM j ` Q ` Q ØWj�Þ Q `c] L!Í ± µ ¤ V _WgP¨ L!Í ± ²�¤ V � `c] j bGlXgk` j hoM l O _ O Z ¯ Z g�bd] O lXg�l pP¯
MPO l¸b j ¯R¯ l OR¯ ¥ ½ ] j L ±¿¾NÀ »½ÕU j�Þ _ ¯ _Ó] Q °X] S Z pP¯ _ ÔPS j _ ¯ Z gPbd] O lXgPl p�¯ j häÔ j ¨P¨ j ¨ ¯ Z ¯ÒÑ
` j h bd] QTM \ ·%]¢¥

½ ] j L ±¿¾NÀ Ð½m´WQ9Q-¯ `R] j S _a` j ¯ `Õ¨ j ¯RQ °Xg ¥Ê§ ` QT¯Ú¯RpPQ `d_ ÔPS j n�l O bGl hoh j O b Q _ S j häÔ j ¨P¨ j ¨
_ MPM�S-Q bG_a` Q lXg ¯ ¥ ½ lÙ°k_ Q g M j O n�l ORh _WgPb j%� O j ¨ p b j M l Þ[j O b�lXg ¯ÃpPh�M ` Q lWg@_agP¨ h _Wç j _ ¯ Z g Ñ
bd] O lXgPl pP¯«S lX° Q b h l O j pP¯ j n pPSÐQ g6_ ¯ Z ¯ ` j h `R] j L ±¿¾NÀ »½m´aQÐ¯RpPÔP¯ Z ¯ ` j h Q gPb�l ORM l O _�` j ¯
`c] j L ±¿¾KÀ Ð½m´�MPO l¸b j ¯Ã¯ l O bGl O j&� lXg Ñ bd] Q-M�ÍÕL ±Â� ÍÚ× ±Â� _Wg�_ ¯ Z gPbd] O lXgPl p�¯^ÔPpP¯ �¸j ® ` j OÒÑ
ge_ S9h j h l O Z Q g<` j O n�_Wb j%� ¯ Z gPbd] O lXgPl pP¯«ÔPORQ ¨P° j&� ` j ¯ ` Q gk` j O n�_Wb j _WgP¨ _ i«± L b�lXgk` O l S-S j O ¥
½ ] j L ±Ó¾KÀ Ð½m´WQ�¯RpPÔP¯ Z ¯ ` j h Þ Q-S-S1Ô j ¨ Q-¯ b pP¯R¯ j ¨ Q g h l O j ¨ j `d_ QTS Q g�`R] j g j ® `Õbd]e_ M ` j O ¥

j¶-aË ®9:;¯ ¯ °±56²

LK¯ Z gPbd] O lWgPl pP¯ªS lX° Q bª¨ j ¯ÃQ °Xg6]e_ ¯KÔ j�j g pP¯ j ¨6`Rl ¯ l S ØXj MPO l ÔPS j ho¯ `c]e_�` j ®¸Q-¯ ` Q g _ ØWj O Z
bGl h�MPS j ® b QTO b p�Q ` ¯Ãp bd]�_ ¯ _ MPO l�b j ¯R¯ l OÏ¯RpPÔ�¯ Z ¯ ` j h ¥ ± Q b O l MPQTM j S-Q g j ¯ � lXg j lan ¯ÃM j b Q¦Ý b
_ ¯ Z g�bd] O lXg�l pP¯ ¨ j ¯RQ °Xg ¯ ` Z S j%� ]e_ ØWj Ô jGj g|_W¨e_ M ` j ¨�`cl Ô j _ ¯Rp bGb j ¯R¯ n pPS h j `R]Pl¸¨ Q g Þ ] Q bd]
`cl Q-hoMPS j h j gk`�`c] O jGj L ±¿¾NÀ Ð½ MPO l¸b j ¯Ã¯ l OÃ¯ ¥ ½ ] j L ±¿¾NÀ Ð½m´WQªMPO l¸b j ¯R¯ l O¿¯ ]Pl pPS ¨
_Wbd] Q j�ØWj b�l hoh j O b Q _ S Ø Q _ ÔPQTS-Q ` Z _ `R] j i«± L b�lXgk` O l S-S j OäQ-¯ lXg j QTh�M l O `c_Wgk`äb�l h�M lXg j gk`
Q g `c] Q-¯m¯RpPÔ�¯ Z ¯ ` j h Þ ] Q bd] Þ QTS-S#QTh�MPO l ØXj `c] j ¯ Z ¯ ` j hðQ gÙ]e_WgP¨ S-Q g�°o¨P_a`d_+` O _ag ¯ n j ONh l O j
j � j b©` Q ØXj S Z ¥
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½ ] j L ±¿¾KÀ Ð½m´WQ � _Wg _ ¯ Z gPbd] O lWgPl pP¯ÏMPO l¸b j ¯Ã¯ l Oä¯ÃpPÔP¯ Z ¯ ` j h � Q-¯ _ ¯ j `älWn h _Wb O l Ñ b j STS-¯
Þ ] Q bd] Q-¯ bGl hoM l ¯ j ¨ lWnä`R] j L ±¿¾NÀ Ð½m´ÿMPO l¸b j ¯Ã¯ l O bGl O j _WgP¨ ¯ j©ØXj O _ S la`c] j O _ ¯ Z g Ñ
bd] O lXgPl pP¯ bGl hoM lWg j gk` ¯ ¥»§ ` Q-¯ ¨ j ¯ÃQ °Xg j ¨ _ ¯ _ M _ O `ÎlWn S _ O ° j O bd] Q-M Þ ] Q bd] Q-¯[Q gk` j gP¨ j ¨|`Rl
Ô j p�¯ j ¨Ó_ ¯ _ Ô _ ¯ j p g Q ` Q g�`R] j S l Þ M l Þ^j O _ MPMPSTQ b³_�` Q lWg ¯ ¥

½ ] j h _ Q g�bGl hoM lXg j gk` ¯ÕQ g|`c] j L ±¿¾KÀ Ð½m´WQ�¯RpPÔ�¯ Z ¯ ` j hÐ��Ý ° p�O j ´ ¥¦¤ �^Q gPb S-p ¨ jÑh

i ÁÐO l�b j ¯R¯ l O Ñ ±Ój h l O Z q¸pPÔP¯ Z ¯ ` j h �eÞ ] Q bd] Q g�b S-p ¨ jÑh

Ò L ±¿¾KÀ Ð½m´�ÁÐO l¸b j ¯R¯ l O \^l O j

Ò À l�b³_ S�ÍmL ±

Ò ÁÐO l¸b j ¯R¯ l O À l�b³_ S Y pP¯

i ÍÚ× ±

i ± LKÍ Y^À  Y pP¯���¯ jGj ¯ j b©` Q lXg ´ ¥ U��

i i«± L \^lWg<` O l STS j O

i Á j ORQTM ] j O _ S i!j©Ø Q b j ¯

i .® ` j O ge_ S ±Ùj h l O Z § gk` j O n�_ab j
´XV
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MARBLE BUS
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DMA CONTROLLER
PERIPHERALPERIPHERAL

DEVICE 1 DEVICE 2

DMAreq1 DMAreq2

DMAack1 DMAack2
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TEST INTERFACE

� Q ° pPO j ´ ¥¦¤ h ½ ] j L ±¿¾NÀ »½m´aQ.q�pPÔP¯ Z ¯ ` j h

i ½ j ¯ ` § gk` j O n�_ab j \^lXgk` O l S-S j O

9-aj Æ�¾qx s uÐÖØ×ÙÈSk ×*:;m

½ ] jK± L!Í YÎÀ FÔPpP¯ \ ¤@] Q-¯ _Wg�_ ¯ Z g�bd] O lXg�l pP¯ lWg Ñ bd] QTM�Ô�pP¯ n�l O b�lXgPg j b�` Q gP° h _ab O l Ñ b j S-ST¯ ¥
§ ` ¯Rp�MPM l O ` ¯ ] Q °X] ¯RM jGj ¨¿¨e_a`c_ä` O _ag ¯ n j O � _a`Rl h�Q bK` O _Wg ¯ _Wb�` Q lXg ¯ _agP¨ hÆpPS ` Q-MPS j Q g Q ` Q _a`cl OR¯
Þ Q `R] b j gk` O _ S _ OÃÔPQ ` O _a` Q lXg�_agP¨Ù_W¨P¨ O j ¯R¯ ¨ j bGl�¨ Q gP° ¥

± l ¯ `ÏbGl hohäp g Q b³_�` Q lWg Ô j ` Þ[jGj g=¨ j�Ø Q b j ¯äQ g)`c] j L ±¿¾NÀ »½m´aQ^¯Rp�ÔP¯ Z ¯ ` j h bG_Wg Ô j
M j O n�l ORh j ¨ _Wb O l ¯Ã¯ `c] j�± L!Í YÎÀ öÔPp�¯ ¥ ��½ ] j O j _ O j ¯ l h j�j ® b j M ` Q lXg ¯Ï¯Rp bd]8_ ¯ÆMPO l Ñ
b j ¯R¯ l O�Q g<` j OÃORpPM ` � § Í À � l O+M j ORQTM ] j O _ SmO j�ì p j ¯ ` � i Í À � Þ ] Q bd]ÿ_ O j M _ ¯Ã¯ j ¨'¨ Q-O j b�` S Z
Ô j ` Þ[jGj gÙ¨ j©Ø Q b j ¯�� ¥ L ¨P_a`d_Æ` O _Wg ¯ n j O n O l h _älXg j ¨ j©Ø Q b j `Rl+_WgPlW`R] j O ¨ j�Ø Q b j Q-¯ ¨PlXg j Q g
lXg j b Z b S jËØ Q _ä`c] jÆ± L!Í YÎÀ  ¨ j�Ø Q b j Q gk` j O n�_Wb j ¯ ¥

½ ] j�± L!Í YÎÀ ÈÔ�pP¯ ]e_ ¯ ` Þ l¿` Z M j ¯ lWn Q gk` j O n�_Wb jVh _Wg Q g Q ` Q _�`cl O!Q gk` j O n�_Wb j _WgP¨)_
`d_ O ° j ` Q gk` j O n�_ab j ¥  _abd] Q gk` j O n�_Wb j MPO j ¯ j g<` ¯ lXg j _a¨P¨ O j ¯R¯ÏÔPp gP¨ S j _WgP¨)` Þ l p g Q ¨ Q-O j b Ñ
` Q lXge_ S ¨e_a`c_ ÔPp gP¨ S j ¯ `Rl Q ` ¯K¯RpPÔP¯ Z ¯ ` j h ¥ L ¯RQ g�° S j ¨P_a`d_ ÔPp gP¨ S j n O l h `c] jo± LKÍ Y^À 
ÔPpP¯�Q-¯ n�l O ç j ¨)`Rl Q g MPp `�#al p ` MPp `�¨e_a`d_ ÔPp gP¨ S j ¯ lXg)`R] j ¨ j�Ø Q b j Q gk` j O n�_Wb j ¯ ¥ ½ ] j ¨e_a`c_
ÔPp g�¨ S j bGlXg ¯RQ-¯ `!lWnÐ_ ´kU�Ñ ÔPQ ` Þ Q ¨ j ¨P_a`d_ ÔPpP¯ _agP¨ _ O jGì p j ¯ `a#a_Wbdç<gPl Þ S j ¨�° j ¯RQ °Xge_ S�M _ QTO ¥
½ ] j _W¨P¨ O j ¯Ã¯�ÔPp gP¨ S j b�lXg ¯RQT¯ `ªlWn[`c] j ´kU�Ñ ÔPQ ` Þ Q ¨ j _W¨P¨ O j ¯Ã¯�Ô�pP¯ _agP¨@la`c] j O b�l hoh _Wg�¨
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REQ
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A[31:0]

SIZE[1:0]

ADDRESS BUNDLE DATA BUNDLE
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ADDRESS DATA

� Q ° pPO j ´ ¥ U h ½ ] jÆ± L!Í YÎÀ 8Q gk` j O n�_ab j ¯

ÔPpP¯ j ¯Ë¯Ãp bd])_ ¯ ¨e_a`c_ ¯RQ-è j _WgP¨ ¨ Q-O j b�` Q lXg ��O j _W¨b# Þ OÃQ ` j � lWnÊ¨e_�`d_�` O _Wg ¯ n j O � _ ¯Ë¯ ]�l Þ g Q g
Ý ° p�O j ´ ¥ U ¥

�={}|~{�z �$���}���������N�Ú�$�~�§�2��Ûa�?���
½ ] j Q g Q ` Q _�`cl OÎQ gk` j O n�_Wb j Q-¯ÕpP¯ j ¨ Ô Z `R] j Q g Q ` Q _a`Rl O ¨ j©Ø Q b j `cl O j _a¨ l O Þ ORQ ` j ¨P_a`d_+n O l h
l O `cl6`c] j `c_ O ° j `�¨ j�Ø Q b j _Wb O l ¯Ã¯ `R] j Ô�pP¯ ¥ ½ ] j Q g Q ` Q _a`cl O ¨ j©Ø Q b j ¯ j ` pPM `d_ O ° j `o¨ j Ñ
Ø Q b j&( ¯ _a¨P¨ O j ¯R¯ � ¯ÃQ-è j lWn.¨P_a`d_ � ` Z M j lWn9`c] j l M j O _a` Q lXg ��O j _W¨Ùl O Þ OÃQ ` j � lXg `c] j Q g Q ` Q _a`Rl O
Q gk` j O n�_ab j _WgP¨ ¯ j gP¨ ¯ `c] j h `cl ± LKÍ Y^À Âp�¯RQ g�° O jGì p j ¯ `a#a_Wbdç<gPl Þ S j ¨�° j ¯ÃQ °Xge_ S-¯ ¥ ½ ] j
± LKÍ YÎÀ  ÔPpP¯ËO j b j Q ØWj ¯ _W¨P¨ O j ¯Ã¯ #ab�l h�h _WgP¨6_agP¨ M _ ¯Ã¯ j ¯ËQ `K`Rl|`c] j `c_ O ° j `Ë¨ j©Ø Q b jäØ Q _
`d_ O ° j ` Q gk` j O n�_Wb j ��¯ j�j g j ® ` ¯ j b©` Q lWg � lWn4`R]e_a`m¨ j©Ø Q b j ¥

§ g)_ Þ OÃQ ` j l M j O _a` Q lXg ¨e_a`c_ Q-¯«¯ j g<`�_Wb O l ¯Ã¯ `R] j ÔPpP¯ n O l h `c] j Q g Q ` Q _a`Rl O ¨ j�Ø Q b j `Rl
`c] j `d_ O ° j `Ë¨ j�Ø Q b j ¥ ½ ] j ¨P_a`d_ Q ` j hðQ-¯Ë¯ j gk` Q g�¨ j M j gP¨ j gk` S Z n O l h `c] j _W¨P¨ O j ¯R¯ ¥ i _a`c_
b³_ag Ô j ¯ j gk` Ô j n�l O j%� _�n�` j O � l O»¯RQ-hÆpPS `c_Wg j l pP¯RS ZÆÞ Q `R]o`R] j _W¨P¨ O j ¯R¯ `cl«`c] j ÔPp�¯ ¥ ûNl Þ[j�ØWj O
`c] j bGl ORO j ¯RM lXgP¨ Q gP° _W¨�¨ O j ¯R¯ _Wg�¨ÿ¨e_a`c_)lWn!`R] j ¯ _ h j ` O _Wg ¯ n j O|häpP¯ ` Ô j ¯ j gk` Ô j n�l O j
g j ® `ª` O _Wg ¯ n j O«h _ Z Ô j ¯ `c_ O ` j ¨ � ¨e_a`c_Ù_agP¨)_a¨P¨ O j ¯R¯ lWnÎ¨ Q�� j O j gk`ª` O _Wg ¯ n j O bG_WgPgPlW`ªgPla`
l ØXj ORS _ MPM j ¨ Q g ¯ j g�¨ Q gP°�# O j b j Q Ø Q gP° ¥
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SEND DATA SEND ADDRESS

WAIT FOR DATA

READ DATA

SEND ADDRESS

SET UP ADDRESS SET UP DATA SET UP ADDRESS

READ OPERATION

WRITE OPERATION

� Q ° p�O j ´ ¥ ´ h § g Q ` Q _�`cl O[Q gk` j O n�_Wb j ¨P_a`d_ä` O _Wg ¯ n j O l M j O _�` Q lWg ¯

§ g6_ O j _W¨ l M j O _a` Q lXg � _�¨e_a`c_ Q ` j h Q-¯ ` O _Wg ¯ n j ORO j ¨ n O l h `R] j `c_ O ° j `!¨ j©Ø Q b j `Rl�`c] j
Q g Q ` Q _a`cl O ¨ j�Ø Q b j _Wb O l ¯R¯ `c] j ÔPpP¯ ¥ ½ ] j Q g Q ` Q _a`cl O ¨ j©Ø Q b j ¯ j g�¨ _W¨P¨ O j ¯Ã¯ `clÙ`c] j `d_ O ° j `
¨ j©Ø Q b j ¥ ¾ M lXg O j b j Q ØWj ¯ `c] j _W¨P¨ O j ¯Ã¯ `c] j `d_ O ° j `�¨ j�Ø Q b j bG_WgF`c] j g ¨ j ` j OÃh�Q g joÞ ] Q bd]
¨e_a`c_ ¯ ]Pl p�S ¨ Ô j ¯ j gP¨ Ô _Wbdç|`clÏ`R] j Q g Q ` Q _�`cl O ¨ j�Ø Q b j ¥

L ¨ Q _a° O _ h lWn4¨e_a`c_ O j _a¨b# Þ ORQ ` j l M j O _a` Q lXg ¯ÎM j O n�l ORh j ¨ Ô Z `R] j Q g Q ` Q _a`cl O ¨ j©Ø Q b j Q-¯
¯ ]�l Þ g Q g Ý ° p�O j ´ ¥ ´ ¥

�={}|~{}| Ü��?��ÝN�Þ�¨�$���§�o��Ûa�?���
½ ] j `d_ O ° j ` Q gk` j O n�_Wb j Q-¯ªpP¯ j ¨ Ô Z `c] j `d_ O ° j `Æ¨ j�Ø Q b j `Rl O j b j Q ØXj _W¨P¨ O j ¯R¯ j ¯ _Wg�¨ O j _W¨
l O Þ ORQ ` j ¨e_a`c_ `Rl¿l O n O l h `c] j Q g Q ` Q _a`cl O ¨ j�Ø Q b j _ab O l ¯R¯ `c] j ÔPpP¯ ¥ ½ ] j `c_ O ° j `ª¨ j�Ø Q b j
¨ j ` j OÃh�Q g j ¯ `R] j l M j O _a` Q lXg ��O j _a¨ l O Þ OÃQ ` j � n O l h _W¨P¨ O j ¯Ã¯ #ab�l h�h _WgP¨ ¯ j gk` Ô Z `c] j
Q g Q ` Q _a`cl O ¨ j©Ø Q b j Ô j n�l O j M j O n�l OÃh�Q gP°ä`c] j b�l ORO j ¯RM lXgP¨ Q gP°+l M j O _a` Q lXg ¥

§ g8_ Þ OÃQ ` j l M j O _a` Q lXg)`R] j `d_ O ° j `+¨ j�Ø Q b j Þ _ Q ` ¯ n�l O ¨e_�`d_¿n O l h `c] j Q g Q ` Q _a`Rl O _ Q g
_ O j _W¨6l M j O _�` Q lWg _�¨e_a`d_ Q ` j hvQT¯!O j ` pPO g j ¨6n O l h `c] j `d_ O ° j `«¨ j©Ø Q b j `Rl|`c] j Q g Q ` Q _a`Rl O
¨ j©Ø Q b j ¥

L ¨ Q _W° O _ h lWn�¨e_a`c_ O j _W¨�# Þ ORQ ` j l M j O _a` Q lXg ¯�M j O n�l ORh j ¨ Ô Z _Î`d_ O ° j `�¨ j©Ø Q b j QT¯�¯ ]Pl Þ g
Q g Ý ° pPO j ´ ¥ ¼ ¥
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WAIT FOR ADDRESS

RECEIVE ADDRESS

SEND DATA

WAIT FOR DATA

OPERATION

RECEIVE DATA

SET UP DATA

WRITE READ

� Q ° pPO j ´ ¥ ¼ h ½ _ O ° j ` Q g<` j O n�_Wb j ¨e_a`c_ä` O _ag ¯ n j O l M j O _a` Q lXg ¯

�={}|~{ß� ÜµàGá±����Û9¤����§�â�������Bã¼ÛC�2�
½ ] j ÔPpP¯o¯RpPM�M l O ` ¯ ¨e_a`d_ ` O _Wg ¯ n j OR¯oÔ j ` Þ[jGj g _ag Q g Q ` Q _a`Rl O _Wg�¨ÿ_ `d_ O ° j `o¨ j©Ø Q b j ¥ÿ§ g
i«± L � ` O _Wg ¯ n j OÃ¯�Ô j ` Þ[jGj gÿ` Þ l@`d_ O ° j `o¨ j©Ø Q b j ¯�häpP¯ ` Ô j _Wbd] Q j©ØXj ¨ ¥ ½ ] j O j _ O j ` Þ l
° j g j O _ S�h j `c]Pl�¨ ¯ lWn._ MPM�O lk_Wbd] Q gP°+`c] QT¯ h

i q `Rl O j Ñ _Wg�¨ Ñ � l O Þ _ O ¨
i _a`c_�` O _Wg ¯ n j OËÔ j ` Þ^j�j gI` Þ lÙ¨ Q�� j O j gk`Ë`d_ O ° j `«¨ j�Ø Q b j ¯«Q-¯ bGlXgk` O l S-S j ¨ Ô Z _Wg Q g Q¦Ñ
` Q _a`Rl O ¨ j�Ø Q b j ¥ ½ ] j ` O _Wg ¯ n j OÕQ-¯ ¨PlXg j Q gÙ` Þ l|b Z b S j ¯ h _ O j _W¨ Ñ b Z b S j n�l STS l Þ[j ¨ Ô Z
_ Þ OÃQ ` j Ñ b Z b S j ¥ § gF`c] j O j _a¨ Ñ b Z b S j%� `c] j Q g Q ` Q _a`Rl O«O j _W¨ ¯ ¨e_�`d_Ón O l h `R] j ¯ l pPO b j
¨ j©Ø Q b j _ Q g�`c] j!Þ ORQ ` j Ñ b Z b S j&� `c] j ¨e_a`d_ QT¯ Þ ORQ `Ã` j g n O l h `R] j Q g Q ` Q _a`cl O `clÏ`R] j ¨ j ¯ÒÑ
` Q ge_a` Q lXg�¨ j�Ø Q b j ¥

i � S Z ÑæM _ ¯ `
i _a`c_^` O _Wg ¯ n j O�Ô j ` Þ^j�j g�` Þ lÕ¨ Q�� j O j gk`�`d_ O ° j `�¨ j©Ø Q b j ¯4QT¯ ` O _Wg ¯ n j ORO j ¨ Q g«lXg j b Z b S j ¥
§ g `c] QT¯ ` Z M j lWn9` O _Wg ¯ n j O `c] j O j _W¨ O j�ì p j ¯ `Õ`clÏ`R] j ¯ l pPO b j ¨ j�Ø Q b j _WgP¨�`c] j«Þ OÃQ ` j
O jGì p j ¯ `�`RlI`R] j ¨ j ¯ ` Q ge_�` Q lWg=¨ j�Ø Q b j _ O j Q g Q ` Q _a` j ¨ ¯ÃQ-häpPS `d_Wg j l pP¯ÃS Z ¥ ½ ] j ¨e_a`c_
Q ` j h QT¯ ` O _ag ¯ n j ORO j ¨|¨ QTO j b©` S Z n O l h `R] j ¯ l pPO b j ¨ j©Ø Q b j `cl«`c] j ¨ j ¯ ` Q ge_a` Q lXgo¨ j�Ø Q b j
Q gÙlWg j b Z b S j ¥
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� S Z Ñ M _ ¯ `[` O _Wg ¯ n j OÚQ-¯Îh l O jKj@A b Q j gk`Ú`R]e_Wg ¯ `Rl O j Ñ _WgP¨ Ñ n�l O Þ _ O ¨|` O _Wg ¯ n j O � ]Pl Þ^j©ØXj OÕQ `
b³_agPgPlW` Ô j pP¯ j ¨)n�l O ` O _Wg ¯ n j OROÃQ gP°Ù¨e_a`c_ Ô j ` Þ[jGj gF` Þ l ¨ Q³� j O j g<` O j ° Q lWg ¯�Q g@`R] j ¯ _ h j
¨ j©Ø Q b j _ j ¥ ° ¥ h j h l O Z `cl h j h l O Z ` O _Wg ¯ n j O lXg `R] j ¯ _ h j h j h l O Z ¨ j�Ø Q b j bGl pPS ¨ gPla`
¨PlXg j Ô Z `R] Q-¯Ðh j `R]Pl¸¨ ¥ ½ ] j b pPOÃO j g<` Q-hoMPS j h j gk`d_a` Q lXg�lWn%`c] jN± LKÍ YÎÀ FÔPp�¯Ê¯ÃpPMPM l O ` ¯
lXg S Z ¯ `cl O j Ñ _agP¨ Ñ n�l O Þ _ O ¨ ¨e_a`c_+` O _Wg ¯ n j OÃ¯ ¥

9-� Ê!5?79<�x�m6m�75�ä¦s x�¯ 75?² ®9:;å;mL²¡mo36x�¯

¾ g S-Q ç j `c] j lW`c] j O bGl hoM lXg j gk` ¯ lWn L ±¿¾NÀ Ð½m´WQ Þ ] Q bd]I_ O j S-Q g�ç j ¨ Ô Z `c] jo± LKÍ Y^À 
ÔPpP¯ � `c] j MPO l¸b j ¯Ã¯ l O _Wg�¨ S l¸bG_ S4ÍÕL ± n�l ORh _ b S l ¯ j Ñ bGl pPM�S j ¨ ° O l pPM Þ Q `c] S l�b³_ S4ÔPp�¯ j ¯ ¥
q j M _ O _�` Q g�°@`c] j MPO l¸b j ¯R¯ l O b�l O j _WgP¨ S l¸bG_ SÕÍÕL ± n O l h lW`c] j O�M _ O ` ¯ lWn!`R] j ¯ Z ¯ ` j h
_ STS l Þ ¯ `R] j M�O l�b j ¯Ã¯ l O `cl _abGb j ¯R¯|S l¸bG_ SÕÍÕL ± h l O jÙj � j b©` Q ØWj S Z�� ¯RQ gPb j Q `�_ Ø l Q ¨ ¯ `c] j
Q-hoM j ¨ QTh j g<`NlWnÐ`R] j n pPSTS � häpPS ` Q¦Ñ h _ ¯ ` j OÕÔ�pP¯ bGlXgk` O l S ¥ ½ ] j ¯ j S l�b³_ S�ÔPpP¯ j ¯ _ ST¯ l O j ¨ p b j
` O _ A b»lXg ± L!Í YÎÀ  ¯RQ gPb j Q g ¯ ` OÃp b�` Q lXg ¯ _WgP¨ª¨e_a`d_ Þ ] Q bd]�`R] j MPO l�b j ¯R¯ l O9p�¯ j n O jGì p j gk` S Z
b³_ag Ô j ¯ `Rl O j ¨ Q g S l¸bG_ S�ÍmL ±Â� S j _ Ø Q gP° ± L!Í YÎÀ  n O jGj `Rl Ô j pP¯ j ¨ Ô Z lW`R] j O ¨ j�Ø Q b j ¯ ¥

½ ] j O j Q-¯Ð¯ l h j M j ge_ S ` ZÆÞ ] j g+`c] j MPO l¸b j ¯R¯ l O g jGj ¨ ¯ `clª_Wb�b j ¯Ã¯ la`c] j OÐM _ O ` ¯ lWn h j h+Ñ
l O Z l p ` ¯ÃQ ¨ j `c] j S l¸bG_ S�ÍmL ± l O lW`c] j O ¨ j�Ø Q b j ¯ lXg ± L!Í YÎÀ  � ]Pl Þ^j©ØXj OË¯ l h j lWn.`c] QT¯
M j ge_ S ` Z b³_Wg Ô j l ØWj O bGl h j Ô Z p�¯RQ g�°�`c] j!i«± L bGlXgk` O l S-S j O `clª` O _Wg ¯ n j O ¨e_�`d_�n O l h `c]e_�`
M _ O `mlWn h j h l O Z `Rl S l¸bG_ S�ÍmL ± ¥

½ ] j MPO l�b j ¯R¯ l O Ñ h j h l O Z ¯ÃpPÔP¯ Z ¯ ` j h b�lXgPg j b�` ¯ `cl ± LKÍ Y^À  _ ¯ _ ¯RQ g�° S j b�l hoM l Ñ
g j g<` Þ Q `c]+` Þ l Q g Q ` Q _a`cl O4Q gk` j O n�_Wb j ¯G� lWg j n�l O `c] j Q g ¯ ` ORp b©` Q lWg Ô�pP¯ _WgP¨�_WgPlW`R] j O lXg j n�l O
`c] j ¨e_a`d_ ÔPp�¯�� _WgP¨ lXg j `c_ O ° j ` Q g<` j O n�_Wb j ¥ ½ ] j Q g Q ` Q _a`Rl O»Q gk` j O n�_Wb j ¯ _ STS l Þ `c] j MPO l¸b j ¯ÒÑ
¯ l O _WbGb j ¯R¯ `cl Q g ¯ ` ORp b©` Q lWg ¯ #a¨P_a`d_Æn O l h lW`R] j O ¨ j�Ø Q b j ¯ lXg ± L!Í YÎÀ  Þ ] QTS j `R] j `d_ O ° j `
Q gk` j O n�_ab j _ S-S l Þ ¯ lW`c] j OmQ g Q ` Q _a`cl O ¨ j©Ø Q b j ¯ _Wb�b j ¯R¯ `cl+¨e_a`c_ Q g|`c] j S l�b³_ S�ÍÕL ± ¥

�={ß�={�z ÜçæB�É�Ú� è�é.êµÜë��ìí�������2ã§ã§�N��îï�����
½ ] j L ±Ó¾KÀ Ð½m´ÓMPO l¸b j ¯R¯ l O bGl O j Q-¯ËQTh�MPS j h j gk` j ¨ pP¯RQ gP° L!Í ± _ O bd] Q ` j b©` pPO jäØXj OR¯RQ lXg
¼X½ \ ²%]¢¥^§ ` QT¯ n p gPb�` Q lXge_ S-S Z bGl h�M _�` Q-Ô�S jKÞ Q `c] `c] j L!Í ± ² MPO l�b j ¯R¯ l O ¥ LNS `c]�l p °X]�`clo° j `
`c] j Ô j ¯ ` M j O n�l OÃh _agPb j `R] j ÔPQ ge_ O Z bGl�¨ j bGl pPS ¨ Ô j b�l h�M�Q-S j ¨Ë_WgP¨ªl M ` Q-hoQ-è j ¨ ¯ÃM j b QTÝ b³_ STS Z
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n�l OÚL ±¿¾KÀ Ð½m´ ¥
× g j n j _a` pPO j lWnK`c] j LKÍ ± _ O bd] Q ` j b�` p�O jÓÞ ] Q bd]ÿ¨Pl j ¯ gPlW` j ®¸Q-¯ ` Q g h _ag Z Í § q \

MPO l¸b j ¯R¯ l OR¯ _ O j Q g ¯ ` ORp b�` Q lXg ¯ `cl S lk_W¨b# ¯ `cl O j häpPS ` Q-MPS j O j ° Q-¯ ` j O Ø _ S-p j ¯ `Rl$#�n O l h h j h l O Z ¥
½ ] j ¯ j Q g ¯ ` OÃp b�` Q lXg ¯ _ S-S l Þ `c] j MPO l¸b j ¯Ã¯ l O `RlF` O _ag ¯ n j O�¯ j�ØWj O _ S ¨e_a`c_ Q ` j h�¯�Ô j ` Þ^j�j g
¨ j©Ø Q b j _WgP¨ O j ° QT¯ ` j OR¯ Þ Q `c]+] Q °W] j OÐM j O n�l ORh _WgPb j `c]e_ag ¯ÃQ-hoMPS j S lk_W¨�# ¯ `Rl O j Q g ¯ ` ORp b©` Q lXg ¯ ¥
ûNl Þ[j�ØWj O � `c] j ¯ j Q g ¯ ` ORp b�` Q lXg ¯ _ O j ¯ ` Q-STS gPlW`[_ M�MPS-Q b³_ ÔPS j n�l O ` O _Wg ¯ n j OROÃQ gP° S _ O ° j _ h l p gk` ¯
lWn.¨e_a`d_ Ô j ` Þ^j�j g ¨ j©Ø Q b j ¯ �%Þ ] Q bd] QT¯ _on p gPb©` Q lXge_ S�M j O n�l ORh j ¨ h l O j«j@A b Q j gk` S Z Ô Z `c] j
i«± L b�lXgk` O l S-S j O ¥

�={ß�={}| é.�v�����.ðÚ�Ú�
½ ] j S l�b³_ SmÍmL ± lXg L ±¿¾NÀ Ð½m´WQÕ¯Rp�ÔP¯ Z ¯ ` j h Q-¯ _Wg ² � Y ¯ `d_a` Q b h j h l O Z)Þ ] Q bd] Q-¯
¨ Q Ø Q ¨ j ¨ Q gk`cl ¯Rh _ STS j O+h j h l O Z ÔPS l�bdç ¯ ¥ ½ ] j n O _W° h j gk` Q gP°IlWn!`c] j S l¸bG_ SmÍÕL ± Q gk`Rl
Q gk` j ORS j _ ØXj ¨ ÔPS l�bdç ¯Úh j _Wg ¯ `c]e_a`Î¨ Q�� j O j gk` ÔPS l¸bdç ¯ bG_Wg Ô j _WbGb j ¯R¯ j ¨ ¯RQ-hÆpPS `c_Wg j l pP¯RS Z lXg
`c] j ` Þ l S l�b³_ S1ÔPpP¯ j ¯ Þ Q `c]Pl p `Ú`c] j«j ®¸M j g ¯ j lan?¨ p _ S¦ÑæM l O ` ÍmL ± ¥

§ g `c] j l O Z `R] j S l�b³_ S?ÍmL ± bGl p�S ¨ Ô j h _W¨ j `cl Þ l O ç _ ¯ _ bG_Wbd] j%� Ô�p ` Ô j b³_ p�¯ j lWn
S-QTh�Q ` j ¨�¨ j�ØWj S l MPh j gk`N` Q-h j `c] QT¯ n j _a` pPO j QT¯ gPlW` O j _ S-QTè j ¨ Q g `c] j ÝeOÃ¯ ` Q-hoMPS j h j gk`d_a` Q lXg
lWn L ±¿¾NÀ »½m´ Þ ] Q bd]Ù]e_ ¯m¯ÃQ-hoMPS Z _Ï¨ Q-O j b�` S Z h j h l O Z h _ MPM j ¨ S l�b³_ S#ÍmL ± ¥

�={ß�={ß� ÜçæB��ìí���v���2ã¼ã§�N�ñé�������.ò�¥Bã§�2ã
½ ] j MPO l¸b j ¯R¯ l OÕS l�b³_ S1ÔPpP¯ j ¯N¯ j M _ O _a` j Q g ¯ ` ORp b©` Q lXgÙ_WgP¨Ù¨e_a`d_ä` O _ A b Q gk`Rl+` Þ l ¯ j M _ O _a` j
ÔPpP¯ j ¯ ¥ ½ ] j S l�b³_ S�ÔPp�¯ j ¯ _ S-S l Þ ] Q °X] Ô _WgP¨ Þ Q ¨�`c] h j h l O Z _WbGb j ¯R¯ j ¯ _WgP¨ ¯ÃQ-hoMPS-Q n Z `c] j
h j h l O Z Ñ _a¨P¨ O j ¯R¯ÚQ g<` j O n�_Wb j ¥ ½ ] j Q g ¯ ` ORp b�` Q lXg ÔPpP¯mQT¯ bGlXgPg j b�` j ¨ `cl ± LKÍ YÎÀ  Ø Q _Ï_Wg
Q g Q ` Q _a`cl O�Q gk` j O n�_Wb j^Þ ] Q bd] QT¯?pP¯ j ¨ Ô Z `R] j MPO l¸b j ¯R¯ l O Þ ] j g Q `.n j `cbd] j ¯ÐQ g ¯ ` ORp b�` Q lXg ¯ n O l h
_Wg j ® ` j O ge_ S%h j h l O Z ¨ j©Ø Q b j ¥ ½ ] j S l¸bG_ S ¨e_�`d_ ÔPpP¯ � ]Pl Þ[j�ØWj O � Q-¯Ðh l O j bGl h�MPS j ® _ Q `»bG_Wg
Ô j pP¯ j ¨ Ô Z `c] j MPO l�b j ¯R¯ l O `Rl _Wb�b j ¯Ã¯ ¨e_a`c_ÓlXg@lW`c] j O ¨ j�Ø Q b j ¯ lWg ± L!Í YÎÀ  _WgP¨ Ô Z
`c] j Q g Q ` Q _a`Rl O ¨ j©Ø Q b j ¯ lXg ± L!Í YÎÀ  `clä_abGb j ¯R¯ ¨P_a`d_«lXg�`R] j S l¸bG_ SeÍmL ± ¥ ½ ] j O j n�l O `c] j
S l�b³_ S ¨e_a`c_ ÔPp�¯ÕQT¯ bGlXgPg j b�` j ¨¿`Rl ± L!Í YÎÀ ÿÔ Z Ô lW`R] Q g Q ` Q _a`Rl O _agP¨Ó`c_ O ° j ` Q gk` j O n�_Wb j ¯ ¥
½ ] j+i«± L b�lXgk` O l S-S j O bG_Wg6_Wb�b j ¯Ã¯ ¨P_a`d_ Q g¿`c] j S l¸bG_ S4ÍÕL ±¡Ø Q _�`c] QT¯ `d_ O ° j ` Q gk` j O n�_Wb j
lXg�`c] j S l¸bG_ S ¨e_�`d_ ÔPpP¯ ¥
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�={�öG{�z ÷Ô�vø%�ùæ��Åá�ð¨÷S�
½ ] j L ±¿¾NÀ »½m´aQ1ÍÎ× ± Q-¯ _ag ¤ Ö � Y lXg Ñ bd] Q-MoÍÚ× ± bGlXg�g j b©` j ¨�`clË`c] jK± LKÍ YÎÀ )Ô�pP¯
Ø Q _N_N`d_ O ° j ` Q gk` j O n�_Wb j ¥4§ ` MPO l Ø Q ¨ j ¯ _ M�MPS-Q b³_a` Q lXg ¯ lan�` Þ _ O j _WgP¨ O l p ` Q g j ¯ n�l O ` j ¯ ` Q gP°K`c] j
L ±Ó¾KÀ Ð½m´WQ#¯Rp�ÔP¯ Z ¯ ` j h ¥ Í l p ` Q g j ¯ n�l O ` j ¯ ` Q gP°Ï_Wg�¨ Q g Q ` Q _ S-Q-è�Q gP°!`R] jËi«± L bGlXgk` O l STS j O
bGl pPS ¨ Ô j ¯ `cl O j ¨ÙlXg�`c] QT¯ÕÍÚ× ± _Wg�¨ Ô j«j ® j b p ` j ¨ _an�` j OÚ¯ Z ¯ ` j h M l Þ^j OÕp�M ¥

�={�öG{}| ê¡ú��§�o�b�B���� �o¢P����à��$�����2��Ûa�?���
½ ] jÚj ® ` j O ge_ Seh j h l O Z Q gk` j O n�_ab j _ STS l Þ ¯ `R] j L ±¿¾NÀ »½m´aQe¯RpPÔP¯ Z ¯ ` j h `clËb�lXgPg j b�` Þ Q `R]
l ��Ñ bd] QTM ¨ j�Ø Q b j ¯ � ¯ lÆbGlWg ØWj gk` Q lXge_ S�¯ Z g�bd] O lXg�l pP¯ ¨ j�Ø Q b j ¯ bGl pPS ¨ Ô j pP¯ j ¨ Ø Q _!`R] Q-¯»Q gk` j O Ñ
n�_Wb j ¥ ½ ] j Q gk` j O n�_Wb j ¯ÃpPMPM l O ` ¯ ¨ Q-O j b©`»bGlXgPg j b�` Q lXg+lWn j ® ` j O ge_ Seh j h l O Z _WgP¨ M j OÃQ-M ] j O _ S
¨ j©Ø Q b j ¯ Þ Q `c] ² # ¤ Ö|Ô�Q ` ¯ ¨P_a`d_ Þ Q ¨¸`c] ¥ ½ ] j ` Q-hoQ gP°|lan[`R] j _WbGb j ¯R¯ j ¯ `cl�`c] j ¯ j l ��Ñ bd] QTM
¨ j©Ø Q b j ¯ÆQ-¯ ¨ j Ý g j ¨ Ô Z _Ù` QTh�Q gP° O j n j O j gPb j ¨ j S _ Z���Þ ] Q bd] Q-¯ lXg S Z _Wb©` Q Ø _a` j ¨ Þ ] j gF_Wg
l ��Ñ bd] QTM _abGb j ¯R¯�Q-¯+O j�ì p�Q-O j ¨ ¥ ½ ] j ` QTh�Q gP° bd]e_ O _Wb�` j ORQT¯ ` Q b ¯ _WgP¨ ÔPpP¯ Þ Q ¨�`R]8_ O j MPO l Ñ
° O _ h�h _ ÔPS j ¯ j M _ O _a` j S Z n�l O ¨ Q³� j O j g<` h j h l O Z O j ° Q lXg ¯ ¥ ½ ] joi«± L bGlXgk` O l S-S j O bGl pPS ¨
Ô j pP¯ j ¨�`cl M j O n�l ORh i«± L ` O _Wg ¯ n j OÃ¯ Þ Q `R]�`c] j ¯ j ¨ j©Ø Q b j ¯ � ]Pl Þ[j�ØWj OmM j ORQTM ] j O _ S ¨ j�Ø Q b j
bGlWgPg j b©` j ¨ Ø Q _|`R] Q-¯!Q gk` j O n�_Wb j b�l pPS ¨ lXg S Z Ô j ` O j _a` j ¨@_ ¯Ëh j h l O Z ¨ j�Ø Q b j&� Ô j b³_ p�¯ j _
M j ORQTM ] j O _ S#O jGì p j ¯ ` ¯ÃQ °XgP_ S?� i Í À �^Q-¯ gPlW` ¯ÃpPMPM l O ` j ¨ Ô Z `R] Q-¯ÚQ gk` j O n�_Wb j ¥

�={�öG{ß� ÜçæB�É�Úã¼àG�B�ûæB�����B��¥BãSìV�2�b��á�æB�2�������ü��ýI�����2ã
L `«`c] j ` Q-h j `c]e_�`Ë`c] QT¯ `R] j ¯ÃQ-¯«Q-¯ Þ OÃQ `Ã` j g � g�l O j _ S _ ¯ Z gPbd] O lXgPl pP¯ªM j ORQTM ] j O _ S ¨ j©Ø Q b j ¯
_ O j MPS _Wg�g j ¨ n�l OÎQ gPb STpP¯RQ lXg Q g�`c] j L ±¿¾KÀ Ð½m´WQ�¯ÃpPÔP¯ Z ¯ ` j h ¥ ûNl Þ^j©ØXj O � `c] j Ô j ]e_ Ø Q l p�O
_WgP¨ Q g<` j O n�_Wb j lWn4_Wg Z ¯Ãp bd]Ù¨ j�Ø Q b j ¯mhäpP¯ `mbGlXg¸n�l ORh `clÏ`c] j n�l S-S l Þ Q gP° ¯RM j b QTÝ bG_a` Q lXg ¯ `Rl
Þ l O ç Þ Q `c] `c] j ¯ Z ¯ ` j h _WgP¨ `c] jªi«± L b�lXgk` O l S-S j OÚMPO l M j ORS Z ¥

i § gk` j O n�_Wb j `cl ± L!Í YÎÀ  Ø Q _ä`d_ O ° j ` Q gk` j O n�_Wb j

i × g j l OÚh l O j Ý¸® j ¨ _W¨�¨ O j ¯R¯mQ g h j h l O Z _W¨P¨ O j ¯R¯Õ¯RM _Wb j
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i i _a`c_Æ` O _Wg ¯ n j Om¯RQ-è j b³_Wg Ô j ² # ¤ Ö # ´kUÆÔ�Q ` ¯

i § g Q ` Q _a` j ¨e_�`d_Ë` O _ag ¯ n j O[Ô Z�i Í À ¯ÃQ °Xge_ S Þ ] j g Q ` Q-¯ÊO j _W¨ Z `cl«` O _Wg ¯Ãh�Q `[l OÊO j b j Q ØWj
¨e_�`d_

½ ] j ¨ j©Ø Q b j _W¨P¨ O j ¯Ã¯äQ-¯«Ý�® j ¨ _agP¨ MPO j ¨ j Ý g j ¨ �Ðj _Wbd]F¨ j�Ø Q b j ]e_ ¯ _ ¯ÃM j b QTÝ b i Í À
¯RQ °Xge_ S M _ Q-O ¥

�={�öG{�ö Ü��2ã��Ô�$�����2��Ûa�?����îç���������������2�
½ ] j ` j ¯ ` Q gk` j O n�_ab j bGlWg<` O l STS j OäMPO l Ø Q ¨ j ¯ _Wg j ® ` j O ge_ SÚQ gk` j O n�_Wb j `clI_ ± L!Í YÎÀ  Q g Q¦Ñ
` Q _a`cl O ¥ ½ ] Q-¯ _ S-S l Þ ¯ j ® ` j O ge_ S _WbGb j ¯Ã¯ `Rl _ STS ± L!Í YÎÀ  `c_ O ° j ` ¯ n�l O ` j ¯ `�l O ¨ j ÔPp °
MPpPOÃM l ¯ j ¯ ¥ ½ ] j Q gk` j O n�_ab j QT¯ ¨ j ¯ÃQ °Xg j ¨ `cl ¯Rp�Q `+bGlWg ØWj gk` Q lXge_ S�þ À q § MPO l�¨ p b©` Q lWgF` j ¯ `
jGì pPQTMPh j gk`N_WgP¨ Q `Ú`R] j O j n�l O j p�¯ j ¯ _+b S l�bdç j ¨ M�O lW`Rl¸b�l S ¥

9-aË Æ�¾qx rts u ÿW71¶365?7�wywyx�5

½ ] j^i«± L b�lXgk` O l S-S j O�Q-¯ _WgPlW`R] j O ¨ j�Ø Q b j lWg�`c] jÚ± LKÍ YÎÀ  ÔPpP¯ � Q ` QT¯4Ô lW`c]Æ_Wg Q g Q ` Q _a`Rl O
¨ j©Ø Q b j _Wg�¨|`d_ O ° j `^¨ j�Ø Q b j _a`^`R] j ¯ _ h j ` Q-h j ¥ i!j ¯RQ °Xg|lWn�`R] jËi«± L b�lXgk` O l S-S j O Þ Q-S-S%Ô j
¨ QT¯ b p�¯R¯ j ¨ Q g `R] j g j ® `Nbd]e_ M ` j O ¥
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½ ] j L ±¿¾NÀ Ð½m´WQ i«± L bGlXgk` O l S-S j OÕQ-¯ ¨ j ¯ÃQ °Xg j ¨¿n�l O _�° j g j O _ S ± L!Í YÎÀ 'Ô _ ¯ j ¨ ¯ Z ¯ÒÑ
` j h ¥ ½ ] j n O _ h j�Þ l O çÓlWn»`c] j ¨ j ¯RQ °XgI_ O j h l ¯ ` S Z `c_Wç j g6n O l h `c] j O jGì pPQ-O j h j gk` ¯ _agP¨
Q ` ¯ j g Ø Q-O lWg h j gk` ¯ ¥ q l h j _ O j Q g�â p j gPb j ¨ Ô Z `R] j ¨ j ¯RQ °XgolWn j ®�QT¯ ` Q gP° i«± L bGlXgk` O l STS j OÃ¯ ¥
½ ] QT¯ bd]P_ M ` j O ¨ Q-¯ b pP¯Ã¯ j ¯ `c] j `Rl M S j�ØWj S ¨ j ¯RQ °XgÓlan4`R] jªi«± L bGlXgk` O l S-S j O ¥

Äq-aj ®9ÁÂx�<G>��í<v°�3?>y71;m

½ ] jªi«± L bGlWg<` O l STS j OÎ¯RM j b QTÝ bG_a` Q lXg ¯ _ O j%h
i � l pPOÚQ gP¨ j M j gP¨ j gk` MPO lX° O _ h�h _ ÔPS j bd]e_Wg�g j ST¯
½ ] j g pPhäÔ j O lanNbd]P_WgPg j S-¯+Q-¯ _ ORÔPQ ` O _ ORQ-S Z bd]Pl ¯ j g � ÔPp ` Q-¯ j ®¸M _WgP¨e_ ÔPS j|Þ Q `c]Pl p `
¯ÃQ °Xg Q¦Ý b³_ag<`Nbd]e_Wg�° j Q gÙ`c] j ¯ ` OÃp b�` pPO j lWnÐ¨ j ¯RQ °Wg ¥ LNS-¯ l�n�l pPO i«± L bd]e_agPg j ST¯ _ O j
pP¯ j ¨ Q g|`R] j ¨ j ¯RQ °Wg�lWn h _Wg Z�j ®¸Q-¯ ` Q g�° i«± L bGlWg<` O l STS j OR¯ �¸j ¥ ° ¥Ð§ gk` j S ² UW´kµ i«± L
b�lXgk` O l S-S j O _WgP¨ ¶ _�` Q lWge_ S�q j hoQ bGlWgP¨ p b©`cl Om¶Kq�´kUXUW´WV ¥

i ² # ¤ Ö # ´kUÆÔ�Q `Î` O _Wg ¯ n j Om¯RQTè j ¯
LN¯[O jGì pPQ-O j ¨ Ô Z ¨ j©Ø Q b j ¯ lXgo`c] j ¯RpPÔP¯ Z ¯ ` j h � `c] j ¯ j ` O _Wg ¯ n j OÊ¯RQTè j ¯ _ O j ¯ÃpPMPM l O ` j ¨
Ô Z `R] jä± L!Í YÎÀ 8ÔPpP¯ _WgP¨Ó_ S-S l Þ i«± L ` O _ag ¯ n j OR¯ Þ Q `c]Ó_ MPM�O l MPOÃQ _a` j ¨e_a`c_ ¯ÃQ-è j
n�l OÚ¯ÃM j b Q¦Ý b«¨ j�Ø Q b j ¯ ¥

´ ·
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i i _a`c_Æ` O _Wg ¯ n j O b³_Wg Ô j M j O n�l ORh j ¨ Ô j ` Þ[jGj g h

Ò Á j OÃQ-M ] j O _ ST¯ _WgP¨ h j h l O Z

Ò ±Ùj h l O Z _agP¨ h j h l O Z

Ò Á j OÃQ-M ] j O _ ST¯ _WgP¨ÙlW`c] j OR¯mM j ORQTM ] j O _ ST¯

i q `Rl O j Ñ _Wg�¨ Ñ n�l O Þ _ O ¨�` O _Wg ¯ n j O
½ ] QT¯Ëh j `c]Pl�¨6lWn[¨e_a`d_|` O _Wg ¯ n j O«Q-¯ `R] j lXg S Z lXg j ¯ÃpPMPM l O ` j ¨ Ô Z `c] jo± LKÍ Y^À 
ÔPp�¯ _ â Z ÑæM _ ¯ `m` O _Wg ¯ n j OR¯ _ O j gPla` ¯RpPMPM l O ` j ¨ ¥ ½ ] j ¯ j ` Þ lo` Z M j ¯ lWn9` O _Wg ¯ n j O Þ[j O j
¨ j ¯ b ORQ-Ô j ¨ Q g bd]e_ M ` j OK´ ¥

i § gk` j OROÃpPM ` j ge_ ÔPS j%� bGlXg Ý ° pPO _ ÔPS j n�l O j _Wbd]¿bd]P_WgPg j S
½ ] j § Í À ¯ÃQ °XgP_ S b³_ag Ô j p�¯ j ¨Ù`clogPlW` Q n Z `R] j MPO l�b j ¯R¯ l O Þ ] j g¿¨e_�`d_Ï` O _ag ¯ n j O n�l O
_ ¯RM j b QTÝ b«bd]e_agPg j S�QT¯ÎÝ g Q-¯ ] j ¨ ¥

i Á j ORQTM ] j O _ S�¯ Z g�bd] O lXg Q-è _�` Q lWg Þ Q `c] i Í À ¯ÃQ °XgP_ S
½ ] j M j ORQTM ] j O _ S ¨ j©Ø Q b j Q g Q ` Q _a` j ¯ ¨e_a`d_ ` O _Wg ¯ n j O Þ ] j g Q ` Q-¯ÙO j _W¨ Z `clA` O _Wg ¯ÒÑ
hoQ `�# O j b j Q ØXj ¨e_a`c_ Ô Z pP¯ÃQ gP° i Í À ¯ÃQ °Xge_ S ¥ i!j�Ø Q b j ¯ªh _ Z Ô j h _ MPM j ¨IlXgk`cl¿_ O Ñ
ÔPQ ` O _ O Z bd]e_Wg�g j ST¯ � ¯ l h l O j `R]e_WgFn�l pPO ¨ j�Ø Q b j ¯ bG_Wg pP¯ j�i«± L � ÔPp `ÆlXg S Z n�l p�O
¨ j©Ø Q b j ¯ bG_Wg Ô j _Wb©` Q ØXj _a`Õ_+° Q ØWj g�` QTh j ¥

Äq-� Æëx�5�¯ m�rôx	�í1;>@3?>@7�1

i i«± L \^]P_WgPg j S
½ ] j^i«± L bGlXgk` O l STS j O�QT¯ ¨ j ¯RQ °Xg j ¨Æ`cl ¯RpPM�M l O `?b�lXgPb p�ORO j gk`.` O _Wg ¯ n j O lWn h l O j `c]P_Wg
lXg j M _ QTO lWn»¨ j�Ø Q b j ¯ ¥ i _a`c_o` O _Wg ¯ n j O!Ô j ` Þ[jGj g)_ M _ Q-O lWn»¨ j Q Ø b j ¯«QT¯ _ ¯Ã¯RQ °Wg j ¨¿`Rl
_ i«± L bd]e_Wg�g j S ¥ L n�` j O^Ô j Q g�°äbGlXg Ý ° pPO j ¨|`c]P_a` i«± L bd]e_WgPg j S Þ Q-STS ]e_WgP¨ S j `c] j
` O _Wg ¯ n j O lWn._Ï° Q ØWj gÙ¨ j�Ø Q b j M _ Q-OÚp g<` Q-S Ý g Q-¯ ] j ¨ ¥
 ØXj g�`c]�l p °X]�lXg S Z _ ¯ÃQ gP° S j ¨e_a`d_ Q ` j h bG_Wg Ô j ` O _Wg ¯ n j O j ¨�_a`[_ª` QTh j ¯ÃQ gPb j `R] j O j
QT¯ lXg j ¨e_a`c_ ÔPp�¯ � Ô�p `!_�¨e_a` p�h lWn»_ i«± L bd]e_Wg�g j S b³_Wg Q gk` j OÃS j _ ØWj�Þ Q `c]¿la`c] j O
i«± L bd]P_WgPg j S9¯ l�b�lXgPb pPORO j gk`N` O _Wg ¯ n j O bG_Wg Ô j M j O n�l OÃh j ¨ ¥
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i \^]e_agPg j S9Í j ° QT¯ ` j OR¯
½ l ¯ÃpPMPM l O ` häpPS ` QTMPS jÚi«± L bd]e_agPg j S � _ ¯ j `^lan O j ° Q-¯ ` j OR¯ n�l O j _Wbd] i«± L bd]P_WgPg j S
QT¯ÏO jGì pPQTO j ¨�`cl ¯ `Rl O j ¯ `d_a` j lWnN¨e_a`c_6` O _Wg ¯ n j O ¥ ½ ] QT¯+¯ j `�lWn O j ° Q-¯ ` j OÃ¯�QT¯ b³_ STS j ¨
\^]e_agPg j S9Í j ° QT¯ ` j OR¯ ¥

i i!j©Ø Q b j ¯ hÊ±Ùj h l O Z _agP¨ Á j OÃQ-M ] j O _ S
½ ] jªi«± L b�lXgk` O l S-S j OÎ¯ÃpPMPM l O ` ¯ ` Þ lo` Z M j ¯ lWn4¨ j�Ø Q b j&h _ h j h l O Z ¨ j�Ø Q b j _WgP¨Ù_
M j OÃQ-M ] j O _ S ¨ j©Ø Q b j ¥ ±Ój h l O Z ¨ j©Ø Q b j QT¯ _ ¯ `cl O _W° j ¨ j�Ø Q b j _ _ag�_W¨P¨ O j ¯Ã¯ÚQ-¯^p�¯ j ¨|`Rl
¯ `cl O j _ Ý¸® j ¨ ¯RQTè j ¨e_a`d_ Ø _ S-p j%� ¯ Z gPbd] O lXg Q-è _a` Q lXg QT¯ g�lW` O jGì pPQTO j ¨�`clä_abGb j ¯R¯ ¨P_a`d_ ¥
Á j ORQTM ] j O _ S ¨ j�Ø Q b j QT¯ _Ïbd]e_WgPg j S `cl+_Wg j ® ` j O ge_ S ¨ j©Ø Q b j _ _WgÙ_W¨P¨ O j ¯R¯mQT¯ _ ¯R¯ÃQ °Xg j ¨
_ ¯ _ M l O `Ú`Rlob�l hohäp g Q b³_a` j!Þ Q `c]�`R]e_a`Õ¨ j�Ø Q b j&� ¯ Z gPbd] O lWg Q-è _a` Q lXgÙ`Rlo_WbGb j ¯R¯ ¨e_a`c_
h _ Z Ô j O j�ì pPQ-O j ¨ ¥

i Á j ORQTM ] j O _ S�Í jGì p j ¯ ` q¸Q °XgP_ S�� i Í À �
i Í À � i _a`d_+` O _ag ¯ n j OËÍ j À p j ¯ ` ¯RQ °Xge_ S)�mQT¯ _ ¯ÃQ °Xge_ S4pP¯ j ¨ Ô Zï' ¯ l h j%( M j OÃQ-M ] j O _ S
¨ j©Ø Q b j n�l OÚ¯ Z gPbd] O lWg Q-è jªÞ Q `c] `c] jªi«± L b�lXgk` O l S-S j O n�l O ` O _Wg ¯ n j O _+¨e_a`d_ Q ` j h ¥

i \^]e_agPg j S9Í jGì p j ¯ ` ± _ MPMPQ gP° Y S l�bdç
½ lÏ_ STS l Þ `c] j!i«± L b�lXgk` O l S-S j O `cl j ®¸M _WgP¨e_ ÔPS j Q g|g pPhäÔ j O lWn M j ORQTM ] j O _ S ¨ j�Ø Q b j
`R]e_a`Nb³_Wg Ô j pP¯ j ¨ n�l O i«± L ` O _ag ¯ n j O ¥ L g M j ORQ-M ] j O _ S ¨ j�Ø Q b j QT¯ g�lW` Ý¸® j ¨ `cl�_
i«± L bd]e_WgPg j S ¥  _abd] i«± L bd]e_WgPg j S b³_ag Ô j MPO lX° O _ h�h j ¨¿`Rl M j O n�l OÃh i«± L
` O _Wg ¯ n j O Þ Q `c]6_Wg Z ¨ j�Ø Q b j ¥ ½ ] j \^]e_WgPg j SÐÍ jGì p j ¯ ` ± _ MPM�Q gP° ÔPS l¸bdç Q-¯KpP¯ j ¨6`Rl
MPO l Ø Q ¨ j `R] Q-¯ n j _a` pPO j `cl�`R] jÏi«± L b�lXgk` O l S-S j O ¥N§ ` h _ MP¯ _ i Í À ¯RQ °Xge_ S `cl�_ag Z
i«± L bd]P_WgPg j S _ ¯ b�lXg Ý ° pPO j ¨ Ô Z `c] j bd]P_WgPg j S9O j ° QT¯ ` j OR¯ ¥

i \^]e_agPg j S�½9O _Wg ¯ n j OÕÍ jGì p j ¯ ` q¸Q °XgP_ S�� \Îû L!¶NÍN À �
\Îû L!¶KÍÕ À QT¯ _Wg Q gk` j O gP_ S ¯ÃQ °Xge_ S lWn�`R] jËi«± L b�lXgk` O l S-S j O[p�¯ j ¯mÔ Z `R] j bGlWg<` O l S
p g Q ` Q g j _Wbd]+bd]e_agPg j S `cl ¯ j gP¨ O j�ì p j ¯ `»`Rl!`c] j ` O _Wg ¯ n j O j gP° Q g j ¥ q¸Q gPb j `c] j Q-¯ lXg S Z
lXg j ` O _Wg ¯ n j O j gP° Q g j `Rl ¯ j O Ø Q b j _ S-S i«± L bd]e_WgPg j S `R] j \Îû L!¶KÍÕ À QT¯Np�¯ j ¨ `Rl
Q gP¨ Q bG_a` j `c]e_a`m`R] j ¨ j�Ø Q b j ¯mM _ QTOÚQ-¯ÚO j _W¨ Z n�l O ` O _Wg ¯ n j O _o¨e_�`d_ Q ` j h ¥
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Äq-ÅÄ rÐs u 7Áïx�5?°�36>y71 7Uõ�xB5?õ¡>@x	


c ] j g6_ i«± L bd]P_WgPg j S?Q-¯ j ge_ ÔPS j ¨ � b�lXgP¨ Q ` Q lWg ¯ lWn?¨ j�Ø Q b j ¯ _ O j pP¯ j ¨ `Rl�_Wb�` Q Ø _a` j `c] j
i«± L bGlWg<` O l STS j O `Rl M j O n�l ORh ¨e_a`d_�` O _Wg ¯ n j O ¥ Y lW`c]I¨ j©Ø Q b j ¯ÆhäpP¯ ` Ô j9' O j _W¨ Zû( Ô j n�l O j
¨e_a`c_Õ` O _Wg ¯ n j O b³_Wg Ô j M j O n�l ORh j ¨ ¥�� l O `c] j h j h l O Z ¨ j©Ø Q b j Q ` Q-¯ _ ¯R¯ÃpPh j ¨Æ`Rl Ô j _ S Þ _ Z ¯
O j _W¨ Z _ n�l O�¯ l h j M j ORQTM ] j O _ S ¨ j�Ø Q b j `R] j O j _W¨ Z ¯ `d_a` j Q-¯�Q gP¨ Q bG_a` j ¨ Ô Z M j ORQTM ] j O _ SWO jGì p j ¯ `
¯RQ °Xge_ S?� i Í À � Þ ] Q bd] ¯ j gk`Nn O l h ¨ j�Ø Q b j `Rl i«± L bGlXgk` O l S-S j O ¥

½ ] j�i«± L bGlXgk` O l STS j O«pP¯ j ¯ä¯ÃQ gP° S j ¨e_a` p�h ` O _Wg ¯ n j O�Ô _ ¯ÃQ-¯ ¥ L n�` j O _¿¨e_a`c_ Q ` j h Q-¯
` O _Wg ¯ n j O j ¨o`R] j ¨ j�Ø Q b j ¯ lWn%`c]e_�` i«± L bd]e_WgPg j S g jGj ¨o`Rl O j Ñ _ ¯R¯ j O ` ' O j _W¨ Zû( ¯ `d_�` j n�l O `c] j
g j ® `�¨e_a`c_ Q ` j h `cl Ô j ` O _Wg ¯ n j O j ¨ ¥ i _a`c_ ` O _Wg ¯ n j O lWnÚ_ bd]e_Wg�g j S b³_Wg Ô j Q g<` j OÃS j _ ØWj ¨
Þ Q `R] lW`c] j O bd]e_WgPg j S ¥

i!j `c_ Q-ST¯ lWn9`c] jªi«± L ` O _Wg ¯ n j O l M j O _�` Q lWg _ O j ¨ QT¯ b pP¯R¯ j ¨ Q g `R] j g j ® `Õbd]e_ M ` j O ¥

Äq-aË Æ�¾qx rts u <�71¶365?7�wywyx�5
>n143�x�5�1q°�wÔmo3?5�:;<�36:;5?x

§ gÆ`R] j^i«± L bGlWg<` O l STS j O � `c] j Q gk` j O ge_ S�¯ ` OÃp b�` pPO j bG_Wg Ô j ¨ Q Ø Q ¨ j ¨ Q g<`RlN` Þ l h _ � l O�p g Q ` ¯ h
`c] j O j ° QT¯ ` j OÚp g Q `Õ_WgP¨ `c] j ` O _Wg ¯ n j O j g�° Q g j p g Q ` � _ ¯m¯ ]Pl Þ g Q g Ý ° pPO j ¼ ¥T¤W¥

 _Wbd] p g Q `»]e_ ¯»Q ` ¯ l Þ g Q g<` j O n�_Wb j `Rl ± LKÍ Y^À  ¥ ½ ] j O j ° Q-¯ ` j OÊp g Q `»b�lXgk`d_ Q g ¯ _«`c_ O Ñ
° j ` Q gk` j O n�_Wb j«Þ ] Q bd]Ó_ S-S l Þ ¯ `c] jªi«± L b�lXgk` O l S-S j O `cl Ô j MPO lX° O _ hoh j ¨ Ô Z `c] j MPO l¸b j ¯ÒÑ
¯ l O ¥ ½ ] j ` O _Wg ¯ n j O j gP° Q g j p g Q ` pP¯ j ¯ _Wg Q g Q ` Q _a`cl OÊQ gk` j O n�_ab j `clÏ` O _Wg ¯ n j O ¨e_�`d_ Ô j ` Þ^j�j g
¯ l pPO b j _agP¨Ó¨ j ¯ ` Q ge_�` Q lWgÙ¨ j�Ø Q b j ¯ ¥

½ ] j ` O _Wg ¯ n j O j gP° Q g j O j _W¨ ¯ # Þ ORQ ` j ¯ ¨e_a`d_Õn O l h #�`clÕ`c] j O j ° Q-¯ ` j O4p g Q ` Ø Q _!_Wg Q gk` j O ge_ S
ÔPpP¯ ¥ ½ ] j O j ° QT¯ ` j O�p g Q `�gPlW`�lXg S Z b�lXgk`d_ Q g ¯ i«± L O j ° Q-¯ ` j OR¯ _WgP¨ª]e_Wg�¨ S j ¯�O j ° Q-¯ ` j O _Wb�b j ¯R¯
n O l h `c] j ` O _ag ¯ n j O j g�° Q g j _WgP¨ MPO l�b j ¯R¯ l O?ÔPp `._ S-¯ lK]e_agP¨ S j ¯ `R] j Q g<` j OÃORpPM ` ¯RQ °Xge_ Sù� § Í À �
_WgP¨ Q g Q ` Q _a` j ¯ËO jGì p j ¯ ` ¯ n�l O ¨P_a`d_�` O _Wg ¯ n j O `RlÓ`c] j ` O _Wg ¯ n j O j gP° Q g j+Þ Q `c]F\Îû LK¶KÍÕ À
¯RQ °Xge_ ST¯ Þ ] j g _ i«± L ¨ j�Ø Q b j Q-¯ÚO j _W¨ Z ¥
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IRQ

DRQ

ADDR

DATA TRANSFER

ENGINE
REGISTER UNIT

MARBLE BUS

D
A

T
A

D
A

T
A

A
D

D
R

A
D

D
R

CHANREQ

TARGET INTERFACE INITIATOR INTERFACE

� Q ° pPO j ¼ ¥T¤ h»Y S l�bdç�¨ Q _W° O _ h lan.`c] j�i«± L bGlXgk` O l S-S j O

Äq-�� Æ�¾qx Ö xBp>nmL36xB5ôÇ 1;>@3

½ ] j O j ° Q-¯ ` j OÕp g Q `ÕbGlXgk`d_ Q g ¯ `c] jäi«± LÈO j ° Q-¯ ` j OR¯ _WgP¨¿la`c] j O b�lXgk` O l S b Q-O b pPQ ` ¯ n�l O ]e_Wg Ñ
¨ STQ gP° O j ° Q-¯ ` j O _Wb�b j ¯R¯ � § Í À �4i Í À _WgP¨ \Îû L!¶NÍN À ¯RQ °Xge_ ST¯ ¥ ½ ] j O j ° Q-¯ ` j OR¯ _ O j ¨ Q¦Ñ
Ø Q ¨ j ¨ Q gk`cl!` Þ l�° O l pPM�¯ h ° S l Ô _ S�O j ° Q-¯ ` j OR¯ _WgP¨+bd]e_agPg j SeO j ° QT¯ ` j OR¯ ¥ ½ ] j ° S l Ô _ S¸O j ° Q-¯ ` j OÃ¯
_ O j pP¯ j ¨ `cl|b�lXgk` O l S `c] j Q gk` j ORORp�M ` O j�ì p j ¯ ` ¯RQ °Wge_ S�� § Í À � _ `c] j bd]P_WgPg j S?O j ° Q-¯ ` j OÃ¯ _ O j
pP¯ j ¨8`Rl@ç jGj M `c] j ¯ `c_a` j ¯ lWnN`c] j ` O _Wg ¯ n j O l M j O _a` Q lXg n�l O j _abd]ÿbd]e_WgPg j S ¥ ½ ] j O j _ O j
`c] O jGj ° O l pPMP¯ lWn4bGlXgk` O l S b Q-O b pPQ ` ¯ÚQ g `c] j O j ° QT¯ ` j Omp g Q ` h lXg j Q-¯mpP¯ j ¨Ù`cl+bGlXgk` O l S _Wb�b j ¯R¯
O j�ì p j ¯ ` ¯ n O l h `c] j MPO l¸b j ¯Ã¯ l OG� Ø Q _Ë`R] j ÔPpP¯»Q g<` j O n�_Wb j � _WgP¨Ï`c] j ` O _Wg ¯ n j O j gP° Q g j&� lXg j `Rl
bGlWg<` O l S `c] j § Í À ¯RQ °Xge_ S _Wg�¨|lXg j `cl h _ M `R] j M j OÃQ-M ] j O _ S1O jGì p j ¯ ` ¯RQ °Xge_ ST¯B� i Í À � _agP¨
j gP_ ÔPS j ¯ `d_a` j ��¯ j ` Q g�`R] j b�lXgk` O l S�O j ° Q-¯ ` j OÃ¯�� lXgk`clobd]e_WgPg j S9O jGì p j ¯ ` ¯Ñ� \Îû L!¶NÍN À � `Rl
`c] j ` O _Wg ¯ n j O j gP° Q g j ¥ L ¨ Q _a° O _ h lWn9`c] j O j ° QT¯ ` j Omp g Q ` QT¯Ú¯ ]Pl Þ g Q g Ý ° p�O j ¼ ¥ U ¥
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GLOBAL REGISTERS

ADDRESS
DECODER

A
D

D
R

E
SS

D
E

C
O

D
E

R

A
D

D
R

TARGET INTERFACE

ADDR

DATA

DATACHANNEL REGISTERSDATA

DRQ

TRANSFER ENGINE

R
E

G
IS

T
E

R
S 

SE
L

E
C

T

C
H

A
N

N
E

L
 S

E
L

E
C

T

IRQ
D

A
T

A

CHANREQ

CONTROL/DRQ

MAPPING

� Q ° pPO j ¼ ¥ U h Í j ° Q-¯ ` j O ¾ g Q `
öG{�={�z ÜçæB�����Å���B����ðñ�2Ý��Åã$���2�eèg���ß�
½ ] j ° S l Ô _ S#O j ° QT¯ ` j OR¯ b�l hoMPORQT¯ j&h

i \^]e_ag q `d_�` pP¯

i § Í À ± _ ¯ ç

i § Í À Í jGì p j ¯ `

O j ° Q-¯ ` j OÃ¯ ¥ L bGb j ¯R¯ n O l h `R] j MPO l�b j ¯R¯ l O `cl�lXg j lanÊ`R] j ¯ j O j ° Q-¯ ` j OÃ¯ªQT¯!Q g�¨ j M j gP¨ j gk`
n O l h _Wg Z _Wb�b j ¯R¯ `Rl!bd]e_WgPg j S�O j ° QT¯ ` j OR¯ ¥ ½ ] j ¯ j O j ° QT¯ ` j OR¯ _ O j pP¯ j ¨än�l O4Q gk` j OÃORpPM `?bGlWg<` O l S
_WgP¨ ° j g j O _a` j `R] j Q gk` j ORORp�M ` O j�ì p j ¯ ` � § Í À �Î¯ÃQ °Xge_ S `clÏ`R] j MPO l�b j ¯R¯ l O ¥ ½ ] j § Í À ± _ ¯ ç
O j ° Q-¯ ` j O�QT¯ÆO j _W¨b# Þ OÃQ `c_ ÔPS j Ô Z `c] j MPO l�b j ¯R¯ l OäÔPp `�`c] j lW`c] j O ` Þ l O j ° Q-¯ ` j OR¯ _ O j O j _W¨ Ñ
lXg S Z ¥  _Wbd] ÔPQ ` Q g `c] j § Í À ± _ ¯ ç O j ° Q-¯ ` j O bGl ORO j ¯RM lXgP¨ ¯ `cl�_ i«± L bd]e_agPg j S Þ ] Q bd] Q-¯
pP¯ j ¨F`cl ¯RM j b Q n Z6Þ ] j `R] j O �»Þ ] j gF`c] j ¨e_a`c_Ù` O _Wg ¯ n j Oä¯ jGì p j g�b j n�l O `c]e_a`Æbd]e_WgPg j S ]e_ ¯
Ý g QT¯ ] j ¨ � `c] j�i«± L bGlXgk` O l STS j O g jGj ¨ ¯ `Rl Q g<` j OÃORpPM `«`R] j M�O l�b j ¯Ã¯ l O l O gPlW` ¥  _Wbd] ÔPQ `
Q g6`c] j \^]P_Wg q `c_a` pP¯�O j ° Q-¯ ` j O _ ST¯ lÙbGl OÃO j ¯RM lXgP¨ ¯ `clÓ_ i«± L bd]e_agPg j S Þ ] Q bd] Q-¯«¯ j ` Ô Z
`c] j bd]e_agPg j SÊO j ° Q-¯ ` j OR¯ Þ ] j g)`R] j ` O _ag ¯ n j O n�l O `R]e_a`�bd]e_WgPg j S[QT¯ËÝ g Q-¯ ] j ¨ ¥ LKSTSÐÔPQ ` ¯�Q g
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MUTEX DECODER

IRQ

IRQ REQUEST

IRQ MASK

CHAN STATUS

DODI

C C C C

CHANNEL REGISTERS

REQ
ADDR

ADDR

� Q ° pPO j ¼ ¥ ´ hÊß S l Ô _ S#Í j ° Q-¯ ` j OÃ¯

\^]e_Wg q `d_a` pP¯ _ O j O j ¯ j ` Þ ] j gÙ`R] j MPO l�b j ¯R¯ l OÚM j O n�l OÃh�¯ _Ï¨e_�`d_ O j _W¨�n O l h \^]e_Wg q `d_a` pP¯
l O § Í À Í j�ì p j ¯ ` O j ° QT¯ ` j O ¥ ½ ] j § Í À Í j�ì p j ¯ ` O j ° Q-¯ ` j O[Q-¯ g�lW`Ú_Wg|_Wb�` p _ S O j ° QT¯ ` j O^Ô�p ` Q-¯
_Wg L!¶ i l M j O _�` Q lWg Ô j ` Þ[jGj g `c] j \^]e_Wg q `d_a` pP¯ _Wg�¨ § Í À ± _ ¯ ç O j ° Q-¯ ` j O � `R] Q-¯mO j ° Q-¯ ` j O
MPO l Ø Q ¨ j ¯ _ËbGlWg ØWj g Q j gk` h j bd]e_Wg QT¯Rh n�l O `c] j MPO l�b j ¯R¯ l O `RlË¨ j ` j OÃh�Q g j^Þ ] Q bd]obd]P_WgPg j S}��¯��
b³_ pP¯ j ¨Ó`c] j Q gk` j OÃORpPM ` O jGì p j ¯ ` ¥

½ ] j Q gk` j ORORp�M ` bGlXgk` O l S b Q-O b pPQ ` ° j g j O _a` j ¯ `c] j Q g<` j OÃORpPM ` O jGì p j ¯ ` ¯ÃQ °XgP_ S `clA`c] j
MPO l¸b j ¯R¯ l O Þ ] j g `c] j L!¶ i l M j O _a` Q lXg Ô j ` Þ[jGj g § Í À ± _ ¯ ç|_WgP¨Ó\^]e_Wg q `d_a` pP¯mO j ° Q-¯ ` j OÃ¯
]e_ ¯ _ gPlWg Ñæè j O l Ø _ STp j ¥ ½ ] j § Í À ¯ÃQ °Xge_ S!h _ Z bd]e_WgP° j6Þ ] j g j Q `R] j O § Í À ± _ ¯ çÿl O
\^]e_Wg q `d_a` pP¯ÕO j ° Q-¯ ` j O Ø _ STp j Q-¯ bd]e_Wg�° j ¨ _ Q n9`R] j L!¶ i l M j O _a` Q lXg O j ` pPO g ¯ _ è j O l Ø _ S-p j
`c] j g `c] j § Í À ¯ÃQ °XgP_ S#Q-¯ ¨ j _ ¯Ã¯ j ` j ¨ ¥

L ¨ Q _W° O _ h lWn9`c] j ° S l Ô _ S#O j ° QT¯ ` j OR¯ÚQT¯Ú¯ ]Pl Þ g Q g Ý ° pPO j ¼ ¥ ´ ¥
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CONTROL

COUNT

DSTADDR

SRCADDR

DECODER

DATA IN DATA OUT

[31..0]

[31..0]

[31..0]

[107..0]

[3
1.

.0
]

[3
1.

.0
]

[97..0]

TARGET INTERFACE

ADDR

[31..0]

[31..0]

[31..0]

[10..0]

E
N

A
B

L
E

SR
C

D
R

Q

D
ST

D
R

Q

SR
C

ID

D
ST

ID
DATA OUT

DATA IN

ADDR REQ

TE ADDR REQ

T
R

A
N

SF
E

R
 E

N
G

IN
E

DRQ/CHANREQ MAPPING BLOCK

[11..0]

A
R

B
C

A
L

L

� Q ° pPO j ¼ ¥ ¼ h \^]P_WgPg j S4Í j ° Q-¯ ` j OÃ¯
öG{�={}| ÜçæB�!îçæB�����B�L�ðñ�2Ý���ã��§�2��ã
 _Wbd]=bd]e_WgPg j SmO j ° Q-¯ ` j O+Q-¯ÏQ gP¨ j M j gP¨ j gk`on O l h `c] j lW`R] j O bd]e_agPg j SmO j ° QT¯ ` j OR¯ _WgP¨A`c] j
° S l Ô _ SÐO j ° QT¯ ` j OR¯ ¥ ½ ] j M�O l�b j ¯Ã¯ l O _WgP¨)`R] j ` O _Wg ¯ n j O j gP° Q g j bG_Wg _Wb�b j ¯Ã¯äO j ° Q-¯ ` j OR¯ n�l O
¨ Q³� j O j gk`Õbd]e_Wg�g j ST¯Õ¯ÃQ-häp�S `d_ag j l p�¯RS Z ¥

 _Wbd] ¯ j `ÕlWn4bd]e_WgPg j S�O j ° Q-¯ ` j OÃ¯ b�l hoMPORQT¯ j ¯ h
i q¸O b L ¨P¨ O

i i ¯ ` L ¨�¨ O

i \^l p g<`

i \^lXgk` O l S
O j ° Q-¯ ` j OÃ¯ _ ¯m¯ ]Pl Þ g Q g Ý ° pPO j ¼ ¥ ¼ ¥
 ØXj O Z O j ° Q-¯ ` j OÎQ-¯[O j _a¨b# Þ ORQ `d_ Ô�S j Ô Z `c] j M�O l�b j ¯Ã¯ l O _agP¨|`c] j ` O _ag ¯ n j O j gP° Q g j ¥ ½ ] j

MPO l¸b j ¯R¯ l O bG_Wg6_WbGb j ¯Ã¯ lXg j O j ° QT¯ ` j O _�`Ë_�` Q-h j&�eØ Q _�`R] j ÔPpP¯KQ gk` j O n�_Wb j _ `R] Q-¯NQ-¯NS-Q-hoQ ` j ¨
Ô Z `R] j ¯RQTè j lanÕ`R] j ÔPp�¯ ¥ ½ ] j ` O _Wg ¯ n j O j g�° Q g j pP¯ j ¯ _ Þ Q ¨ j OäÔPpP¯ n�l O _Wb�b j ¯Ã¯ `cl `c] j
bd]e_Wg�g j S1O j ° Q-¯ ` j OÃ¯ _ STS l Þ Q g�°«`R] j ` O _Wg ¯ n j O j g�° Q g j `clÆ_WbGb j ¯Ã¯ _ S-S lWn#_�bd]e_agPg j S ( ¯^O j ° Q-¯ ` j OÃ¯
_a`mlXg�b j ¥

½ ] j q�O b L ¨P¨ O _WgP¨ i ¯ ` L ¨�¨ O _ O j ´XU�ÑæÔPQ `Ê_W¨P¨ O j ¯Ã¯ÎO j ° Q-¯ ` j OÃ¯ n�l O ç jGj M�Q gP° ¯ l pPO b j _agP¨
¨ j ¯ ` Q ge_a` Q lXg8_W¨P¨ O j ¯R¯ j ¯ O j ¯RM j b©` Q ØWj S Z _ `R] Q-¯ _ S-S l Þ ¯ `c] j i«± L b�lXgk` O l S-S j O `cl M j O n�l ORh
¨e_a`c_�` O _Wg ¯ n j OR¯ _Wb O l ¯R¯ `R] j n pPSTS�O _WgP° j lWn?`R] j _W¨P¨ O j ¯Ã¯Ë¯RM _ab j ¥ ½ ] j bGl p g<` j O!QT¯ _ ST¯ l ´XU
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ÔPQ ` ¯ Þ Q ¨ j ¯ l|`c] jÏi«± L bGlWg<` O l STS j O bG_Wg ` O _Wg ¯ n j O!pPM `Rl U���� ¨e_a`c_ Q ` j ho¯NQ g lXg jÏi«± L
` O _Wg ¯ n j Om¯ j�ì p j gPb j ¥

½ ] j bGlXgk` O l SËO j ° Q-¯ ` j O�Q-¯�pP¯ j ¨ `RlAbGlXgk` O l S `c] j@i«± L ` O _ag ¯ n j O l M j O _a` Q lXg ¥ ½ ] j
bGlWg<` O l S n p gPb�` Q lXg ¯ÚQ g�`c] j `c] j b�lXgk` O l S�O j ° Q-¯ ` j OÚQ gPb STp ¨ j%h

i  ge_ Ô�S j # i Q-¯ _ ÔPS j

i q l pPO b j L ¨P¨ O j ¯R¯ÕQ g�b O j h j gk`

i i!j ¯ ` Q ge_a` Q lXg L ¨P¨ O j ¯R¯ÕQ gPb O j h j g<`

i \^l p g<` j O ¨ j b O j h j gk`

i q l pPO b j ¨ j�Ø Q b j p�¯ j ¯ i Í À
i i!j ¯ ` Q ge_a` Q lXg�¨ j©Ø Q b j pP¯ j ¯ i Í À
i q l pPO b j ¨ j�Ø Q b j § i

i i!j ¯ ` Q ge_a` Q lXg�¨ j©Ø Q b j § i

i i _a`c_ ¯RQTè j

½ ] j�' ¨ j�Ø Q b j pP¯ j ¯ i Í À ( _WgP¨ ' ¨ j�Ø Q b j § i�( ÔPQ ` ¯^Q g�`c] j bGlXgk` O l S%O j ° Q-¯ ` j O _ O j p�¯ j ¨|`Rl
h _ M `R] j M j ORQTM ] j O _ S9O j�ì p j ¯ ` ¯Ë¯RQ °Xge_ S n�l O ° j g j O _a` Q gP°�` O _ag ¯ n j O!O j�ì p j ¯ ` ¯ `cl�_o` O _ag ¯ n j O
j g�° Q g j bd]P_WgPg j S ¥ LÈh j h l O Z ¨ j©Ø Q b j � Þ ] Q bd] Q-¯ _ S Þ _ Z ¯mO j _W¨ Z � ¨Pl j ¯ gPlW` pP¯ jªi Í À ¥

½ ] j b�lXgk` O l SÊÔ�Q `�bGlXg Ý ° pPO _�` Q lWg ¯�Q gI`R] j b�lXgk` O l S[O j ° QT¯ ` j OªQ-¯ª¯ ]Pl Þ g Q g Ý ° pPO j ¼ ¥å¬¸¥
½ ] j bd]P_WgPg j S�O j�ì p j ¯ ` h _ M�MPQ gP° p g Q `?_Wg�¨äbd]e_WgPg j SPh _ MPMPQ gP° ÔPS l�bdçª_ O j ¯ ]Pl Þ g Q g Ý ° pPO j
¼ ¥ Ö _WgP¨ ¼ ¥ µ ¥

Äq-�� Æ�¾qx ÆS5?°�1;m���xB5ôkg1qp�>y1qx Ç 1;>C3

½ ] j ` O _Wg ¯ n j O j gP° Q g j p g Q ` QT¯ bGl h�M l ¯ j ¨�lWn�`R] j bd]P_WgPg j S _ OÃÔPQ ` j OÊp g Q `^_WgP¨�`c] j ` O _ag ¯ n j O
bGlWg<` O l S.p g Q ` ¥ ½ ] j ` O _Wg ¯ n j O j gP° Q g j p g Q ` � Þ ] j g Q ¨ S j%� Þ _ Q ` ¯ n�l O!O j�ì p j ¯ ` ¯ `Rl�` O _ag ¯ n j O
n O l h i«± L bd]e_WgPg j S-¯ÐQ gÆ`c] j O j ° QT¯ ` j O?p g Q `»_Wg�¨ M j O n�l OÃh�¯ ¨P_a`d_N` O _Wg ¯ n j OÃ¯ n�l O _ ¯ j S j b�` j ¨
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ENABLE

SRCINC

DSTINC

COUNTDEC

SRCDRQ

011

SIZE DSTID SRCID

DSTDRQ

��� °������ ¼ ¥å¬ h! #"�$&% � "(' Í ��° � ¯ % �)�

C
O

N
T

R
O

L
 R

E
G

IS
T

E
R

S CHANNEL REQUEST MAPPING BLOCK

CHANNEL REQUEST MAPPING UNIT

C
H

A
N

R
E

Q
 

CHANNEL REQUEST MAPPING BLOCK

CHANNEL REQUEST MAPPING BLOCK

CHANNEL REQUEST MAPPING BLOCK

DRQ

���+* ���,�.-�/10 h! #243�$�$ � '65 �)78���:9 %<;=3(>�> � $ *@? $ � %

MUX MUX

DRQ

ENABLE

SRCDRQ

DSTDRQ

SRCID

DSTID

CHANREQC

���A* �����.-�/CB hED�$8% �)� $43(' 9 % �,��F % ����� "�GE #243�$�$ � '65 �)78���:9 %<;=3(>�> � $ *@H '+" F�I
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INITIATOR INTERFACE

CHANNEL ARBITER

DRQTRANSFER CONTROL

CHANREQ3

CHANREQ2

CHANREQ1

TFRCHAN

CHANNEL

CHANREQ0

DATA IN

DATA OUT

REGISTER UNIT

TRANSFER ENGINE UNIT

���A* �����.-�/LK hEM � 3($ 9 G �:�ON $ *�� $ � ? $ � %

F 243($P$ � '�Q&R � $ � % � 3S% � $ * 3<T43�%�3O% � 3�$ 9 G �:� %U"	%,2 � Q �P9)/EV 3�%U3 � % �)W@9 3 ��� % � 3($ 9 G �)���,� T 9 � $ * 'XR /
N 3 F 2YT43�%U3 � % �)W % � 3�$ 9 G �:�[Z � %,2\%U2 � > �)� � >�2 �)� 3�'#T ��] � F)�^W 3_R`$ �)� T 9@9 Ra$ F 2 � "($ �+b 3�% � "�$
Z 2 � F 2 Z � '+'cQ � T�"�$ � Q&R ��9 � $ * V 5 À 9d�,�:78���)9 % # 3 F�I $�" Z ' � T * �e9 �A* $43(' 9 >43 � �)/ c 2 � $f3
% � 3($ 9 G �)� � 9#g $ � 9 2 � Th%U2 � % � 3($ 9 G �)�i� $ *�� $ � Q �)F " W@�)9 � T�' � 3 * 3 � $h3($�T Z 3 � % 9 Gj" � %U2 � $ ��k %
�,�:78���)9 % /

l T � 3 * � 3 W "(G � $&% �:� $43(' 9 % ����F % ���,� "(G6%U2 � % � 3($ 9 G �)�i� $ *(� $ � � 9m9 2�" Z $ � $ g * �����n-P/LKP/

öG{}�~{�z ÜçæB�!îçæB�����B�L���e�o���ß�§�o�ñè����}�
D�% � 9 >p" 9,9 � Q�' � %U243�% W " �,� %,243($q"�$ �rV ; l % � 3�$ 9 G �:� � 9.�,�)78���:9 % � TY3�%�%U2 �@9 3 W@� % � W@�(/
Mm2 �sF 243�$�$ � '<3 � Q � % �:�t� $ � %^3 � Q � % � 3�% �)9 %U2 � % � 3($ 9 G �)�u���)78���:9 % 9 �A* $43(' 9t9�� $&%^G � " W %U2 �
F 243($P$ � ' �,� *�� 9 % �)��9 � $v%U2 �O�,� *�� 9 % �)�c� $ � % / D�% 9�� $�T 9 %U2 �w9�� ' �:F % � T F 2�3($�$ � 'x$ ��W Q �)� %U"�%U2 �
% � 3($ 9 G �)�iF "�$&% � "�' � $ � %m%U"v> �)� Gj" �,W 3@T43S%�3d% � 3($ 9 G �:�)/

Mm2 �tF 2�3($�$ � 'y3 � Q � % �)����9,�:9 3e% �,�:� "(Gm3 � Q � % �:�{z�F 3('+' � ' �:Wr� $&% 9 %," F 2�"a" 9�� 3 F 2�3($�$ � '
G � " W|W[� 'A% � >�' �EF 243($�$ � ' �,�:78���)9 % 9)/ M Z "<%�Ra> �:9 "(Gp3 � Q � % �)� % ���)�yF 3($dQ �#��9�� TÞh�3	Q43('+3($ F)� T
% ���)��} " � 3($ � $8Q43('~3�$ F)� T=% ���)�(/OV<� %�3 � ' 9 "(G�%,2 � 3 � Q � % �:�wF 3('+' � ' �)W@� $&% 9 3($�T=3 � Q � % �:� % �,�:�
Z � 'A'�Q � T � 9�F)��9�9,� T � $h$ ��k % F 243(>�% �)�:/
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TRANSFER CONTROL UNIT

A
R

B
IT

E
R

A
R

B
IT

E
R

A
R

B
IT

E
R

CHANREQ3

CHANREQ2

CHANREQ1

CHANREQ0

TFRCHAN

� �+* ���,�<-P/LJP�  #2�3($�$ � ' l � Q � % �:� ? $ � %

l T � 3 * � 3 W "(G6%U2 ��F 243($P$ � '63 � Q � % �)� � 9m9 2�" Z $ � $ g * ���,��-�/1JP/

öG{}�~{}| ÜçæB�ÉÜ������Bã¼Ûa�o��îï���~�§������èg���ß�
Mm2 � % � 3($ 9 G �)�vF "�$&% � "�' � $ � % F "($8% � "�' 9 %U2 � 3 F % � 3�'mT43�%�3�% � 3($ 9 G �)� Q � % Z��)� $f%U2 �h9 " ���,F:�
T ��] � F)� 3($�Th%U2 � T �)9 % � $43S% � "($^T �:] � F:�(/ D�%i$ �)� T 9 %,"v> �:� Gj" ��W Gj" ���m9�� >43 � 3�% � G � $ F % � "�$ 9.�

� /w� Ra$ F 2 � "�$ �Ab 3�% � "�$ Z � %U2<%U2 � > �)� � >�2 �)� 3�'�T �:] � F)�c��9 � $ * %U2 �cV 5 À 9 �A* $43('(3 9��,�:7a� � �,� T
� F "�$&% � "�'+' � T^Q&Rs� ? 9,�)V 5 Àd� 3($�T�� V<��] � F)� D V � Q � % 9 � $^%,2 ��F "�$&% � "�' �,� *�� 9 % �:����/

� / 5 � 3(T4� Zi� � % �.�,� *�� 9 % �:�,9 G � " W �S%,"d%U2 ���,� *�� 9 % �:�m� $ � % /
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Ú > Ü Ù Ú�Û Ù 9 > Ý,ß G ß)Ý�Ý,ß T Ý 3 Ü 2 ß)ÝiÜ 243 Û¸Ü 2 ß»ß�k > ß:Û�9,ß � Ù Û¸9 Ù Þ Ù F:Ú�Û 3 Ý,ß 3 �iÚ G!3 Þ 3 Ý * ß T à 3 Þ z > Ú�Ý�Ü



���w�	�	���!�òñ8�¢.�!£�¤�¥O¦�¤{£P£�ó��!£ �(�

Ý,ß * Ù 9{ÜUß:Ý Q43 Û�Io/!V<ß:Ü 3(Ù ÞA9yÚ G Ü 2 ß 3 Ý Q�Ù Ü,Ý 3 Ü Ù Ú�Û > ß)Ý G Ú�Ý,W@ß T Z Ù Þ+Þ Q ß T�Ù 9�F)à�9�9,ß T Þ 3 Ü,ß)Ý:/

Ï^¯)( äæå ç *,+Îé.µE´»Ô�Ø)Õ@Ó

-/. ß�0	13254)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý76'8:9 ÜUß)Ý�;xß Ù Û=<?>�Ý,Ú@<(ÝA8CB%Brß7DE8(Û'D^ß)Û8C;PÞ+ßFDG;IHrÜ . ß�>�Ý,Ú�4)ß7JKJ,Ú(ÝF6=4F8(Û
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CONTROL REGISTER READ

SRCADDR READ

SRCADDR UPDATE &

WRITEBACK

DSTADDR READ

DSTADDR UPDATE &

WRITEBACK

COUNTER READ

COUNTER UPDATE &

WRITEBACK

DATA READ

MARBLE BUS

DATA WRITE

INTERNAL BUS

��Ù <�àPÝ,ß#fTS�±'� h ßF< Ù J�ÜUß:Ý/4)Ú@B%Bdà�Û Ù 4Q8SÜ Ù Ú(ÛGM Ù Ü . Û=8(Ý,Ý�Ú¥MW;�à=J
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Ü . ß�Ü,ÝA8(Û'JL9jß)Ýiß:Û=< Ù ÛPßC�¦JOÝ�ßF< Ù J�Ü,ß)Ýmà=>{D8�Ü,ßFJFS
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PROCESSOR

TRANSFER
ENGINE

1 2

4 5
3

MARBLE ARBITER

REGISTERS

DRQ

CHANREQ

DMA CONTROLLER

��Ù <�à�Ý,ß#f�SÍÔ'���IHTJ{ÜUß7Bî0<ßQ8CD�ÞAÚT4)ctîEÝ,Ú@;�ÞAßFB

ð Ú�ÝLBG8�Þ+ÞrH^Ü .�Ù JgM#Ú(à�ÞsDsÛ�Ú�Ü . 8C>'>xß:Û�6�;�àPÜ�$ 9jÚ�Ý	ß³�'8CB|>PÞ+ß	$ Ü . ßx>PÝ,Ú�4)ßFJLJ,Ú�Ý�4)Ú�à�ÞrD
MiÝ Ù ÜUßnÜUÚED Ù JA8C;PÞ+ß^8G4 . 8(Û�ÛPß)Þy8(Û'D=Ü . ß:Û�;xß7< Ù Û¸ÜUÚtÝ�ßF>�Ý�Ú@<�ÝK8CB Ü . 8�Ü�4 . 8(Û�Û�ß:Þ�;pß79jÚ�Ý�ß[Ü . ß
0	1_2 Ý�ßQ8CD�j�MiÝ Ù ÜUß¸Ú@>xß:ÝA8�Ü Ù Ú�ÛY4)Ú@B%>�Þ+ß�ÜUß7JFS q Û¡Ü .�Ù JE4Q8RJ,ß�Ü . ß�ÜUÝA8�Û=JL9jß:Ýuß)Û=< Ù Û�ß}M�Ú�à�ÞrD
Ú�O�ß:ÝLMiÝ Ù ÜUß.Ü . ßnÛPß7MiÞrHE>�Ý,Ú@<(ÝA8CB%Brß7DEOR8(Þ+à�ßRS
æ .�Ù ÞrJ�Ü�>PÝA8C4�Ü Ù 4F8(Þ+Þ§H Ù B%>�Ý,Ú@;=8C;�Þ+ß Ù Ü Ù J	Ü . ß)Ú�Ý�ß:Ü Ù 4Q8�Þ+ÞrH_>pÚ@JKJ Ù ;�ÞAß?9jÚ�Ý	Ü .�Ù J	Ü,ÚhÚT474)à�Ý Ù Û

8(Û�8RJLHaÛ=4 . Ý�Ú�Û�Ú�à=J�JLH�J�Ü,ßFB¶M . ß)Ý,ß?47H�4)ÞAßFJ2��354��76 . 8C>'>xß:Û Ù Ûm8�ÛIHeÚ�ÝLD�ß)Ý�8(Û=DmJ Ù BdàPÞ~8�Ü Ù Ú�Û
��J�ß)ßN4 . 8C>PÜUß:Ý��°¡ . 8CJ�Ý,ß7O(ßQ8(ÞAßFDtÜ .�Ù J�&�8QM	S q Ü Ù J!Ü . ß)Ý�ß79jÚ�Ý�ß<Û�ß74)ßFJLJA8(ÝpHtÜ,Ú[ß)Û'J,à�Ý�ß	Ü . 8SÜ#Ü . ß
OR8(Þ+àPßFJ�MiÝ Ù Ü,ÜUß:Û�;°HsÜ . ßv>�Ý,Ú�4)ß7JKJ,Ú(Ý?8(Ý�ßvJA8R9jßb9jÝ,ÚCB�;xß Ù Û=<hÚ�O�ß:ÝLMiÝ Ù Ü,Ü,ß)Û�;IHsÜ . ßvÜUÝA8�Û=JL9jß:Ý
ß)Û'< Ù Û�ß Ù 9�Ü .�Ù J . 8C>=>pß)Û=JgD�à�Ý Ù Û=<§Ü . ß^0	132�Ý,ßQ8RDTj�MiÝ Ù ÜUß.ÚC>xß:ÝA8�Ü Ù Ú�Û�S
- Úw8�O(ß)Ý{ÜuÜ .�Ù JG>�Ý�Ú@;�ÞAßFB Ü . ß¸ÜUÝA8�Û=JL9jß:Ýtß)Û'< Ù Û�ß Ù J|>�Ý,ßPO�ß)Û&Ü,ßFD�9jÝ,Ú@B MiÝ Ù Ü Ù Û=< Ù 9<Ü . ß

>�Ý�ÚT4:ßFJKJ�Ú�Ý . 8CJy;pßF<�àPÛ@Ü,Ú#B@Ú�D Ù 9eH^8�4 . 8(Û�ÛPß)Þz�¦JcÝ,ß7< Ù J{ÜUß)ÝLJFS q Ü Ù J�Ü . à=JcÛ�ß74)ßFJLJA8(ÝpH§ÜUÚ	D�ß�ÜUßF4�Ü
Ü .PÙ J�4 Ù ÝL4)à=B%J�ÜA8(Û=4)ßRS -/.�Ù J Ù JND�Ú(Û�ßx;°H}J�ß:Ü�Ü Ù Û'<`8|&�8C<^ßF8C4 . Ü Ù Brß�Ü . ßb>PÝ,Ú�4)ßFJLJ,Ú�Ý�8yÚ�9eØlÙ�:
ÜUÚ§Ü . ß	4 . 8(Û�Û�ß:Þzô4Ü . ß	&8C< Ù J�4)ÞAßQ8(Ý�ßFD�M . ß)ÛeÜ . ß.Ü,ÝA8(Û=Jp9jß)ÝOß)Û=< Ù Û�ß.Ý�ßQ8CD=JiÜ . ßFJ,ßnÝ,ß7< Ù J{ÜUß:ÝKJFS
¯ ß74Q8(à=J�ßdÜ . ßnÜUÝK8(Û=JL9jß:Ý<ß)Û'< Ù Û�ß?8(ÞrM�8QH�JN8(ÞXÜUß)Ý�Û8�Ü,ßFJ�;pß:ÜlM�ß)ß:Û�Ý,ßQ8RD=J�8(Û=D_MiÝ Ù Ü,ßFJ	Ü . ß^&8C<
J . Ú�à�ÞsD`8�ÞrM�8�H�J�;pßN4)ÞAßQ8(Ý�M . ß)Û Ù Ü�8�Ü�ÜUß7B|>PÜKJ/8xMiÝ Ù ÜUß<Ú@>pß)ÝK8�Ü Ù Ú�Û�ô Ù 9¨Ü .PÙ J Ù JmÛ�Ú(ÜyÜ . ß�4Q8CJ�ß
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Ü . ß#>PÝ,Ú�4)ßFJLJ,Ú�Ý . 8RJ Ù Û&ÜUß)ÝpO�ß:Û�ßFD�8�Û=D^Ü . ß�MiÝ Ù ÜUß�Ú@>pß)ÝK8�Ü Ù Ú�Û�4Q8(Û3;pß�J,à=>=>PÝ,ßFJLJ,ß7D�S

Ï�ç�; é=<eÓs×�ê�íEÕrÓsØ?>�ùnÔEØ)Õ@Ó

��HaÛ=4 . Ý�Ú�Û Ùr� 8�Ü Ù Ú�Û Ù J�8�Û Ù B%>xÚ(Ý�Ü)8�Û8Ü�9jà�Û'4:Ü Ù Ú�Û Ù Ûm8G4:Ú@B%>�àPÜUß:Ý�JpH�J�ÜUß7BêÜ . 8�ÜNB|8Cc�ßFJwÜlM�Ú
D Ù§� ß:Ý,ß)Û&Ü.àPÛ Ù ÜKJ Ù Û¸Ü . ßxJpH�J�ÜUß7B�8C;PÞ+ß»Ü,ÚGM�Ú�ÝKceÜUÚ@<�ß�Ü . ß:ÝFSN2�JLHaÛ=4 . Ý�Ú�Û�Ú�à'J#JpH�J�ÜUß7B|J�JpHaÛTj
4 . Ý�Ú�Û Ùs� ß�à=J Ù Û=< . 8(Û=D=J . 8Cc(ß^J Ù <�Û8(ÞrJ#��8CJ�D�ß7JK4)Ý Ù ;pßFD Ù Û34 . 8C>PÜ,ß)Ý�²@¡³S���HaÛ=4 . Ý,Ú�Û Ùr� 8�Ü Ù Ú�Û Ù J
8(ÞrJ,Útà'J,ßFD Ù Û}JpH�Û'4 . Ý,Ú�ÛPÚ�à=J�JLH�J{ÜUßFB%J�M . ß:Û�8(Û Ù Û'9jÝ,ß7aaàPß)Û&ÜQ6xÛ�Ú�ÛTj�>xß:Ý Ù Ú�D Ù 4#4:Ú@B%Bdà�Û Ù 4Q8:j
Ü Ù Ú�Û�;pß:ÜlM�ß)ß)Û¸ÜlM#Ú Ù Û=DPßF>pß)Û=D�ß:Û&Ü�J�à=;=JLH�J{ÜUßFB%J Ù JmÛ�ß)ß7D�ßFD©S
- M#ÚtÚC9�Ü . ßFJ�ß?JLHaÛ=4 . Ý,Ú�Û Ùr� 8�Ü Ù Ú�Û'J�8(Ý�ß^4:Ú�Û=4:ß)Ý,ÛPßFD Ù ÛeÜ . ß^DPßFJ Ù <�ÛeÚC9�Ü .�Ù J�0	1_2Õ4)Ú�Û�j

ÜUÝ�Ú�Þ+ÞAß)Ý7� Ü . ß d ÝLJ�Ü Ù J�Ü . ß�0 h/ä J Ù <�Û8(Þ�>8 Ù Ý�9jÚ�ÝtJpHaÛ=4 . Ý,Ú(Û Ùs�:Ù Û=<�M Ù Ü . 8N>xß:Ý Ù > . ß)ÝK8(Þ=D�àPÝ Ù Û'<
Ü . ß�D8SÜ)8<ÜUÝK8(Û=JL9jß:Ý�ÚC>xß:ÝA8�Ü Ù Ú�Û�6�Ü . ßgJ,ßF4:Ú�Û=D Ù JEÜ . ß Ù Û&Ü,ß)Ý,Ý�à=>PÜ!Ý,ß7a8à�ßFJ{Üyà=J�ßFDG;°H§Ü . ß�0	132
4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý#ÜUÚvÛ�Ú(Ü Ù 9eHrÜ . ß	>�Ý�ÚT4:ßFJKJ�Ú�Ý�M . ß)ÛhÜ . ß#0	1_2�Ü,ÝA8(Û=Jp9jß)Ý Ù J d Û Ù J . ßFD�S
¯ Ú(Ü . JpH�Û'4 . Ý,Ú�Û Ùs� 8SÜ Ù Ú(Û=J . 8QO�ßvÜ . ßvJK8CBrßb>Pà�ÝK>pÚ@J,ßR66Ü . ßE��4)Þ Ù ß)Û&ÜQ��à=J,ß7JnÜ . ßvJLHaÛ=4 . Ý�ÚRj

Û Ùr� 8�Ü Ù Ú�ÛEJ Ù <�Û=8(Þ�ÜUÚ§Ý�ßFa8à�ß7J�ÜOÜ . ßx��J,ß:ÝLO�ß:ÝF�4ÜUÚv>pß)Ýp9jÚ�ÝKB J,Ú@B@ß�9jà�Û=4�Ü Ù Ú�Û�M . ß)Û Ù Ü Ù JyÝ,ßF8CD'HCS
-/. ß�JpH�Û'4 . Ý,Ú�Û Ùs� 8SÜ Ù Ú(Û Ù J?>pß)Ýp9jÚ�ÝKB@ßFD�D Ù Ý�ßF4:Ü,ÞrHu;pß:ÜlM�ß)ß)ÛYÜ . ßm�Í4:Þ Ù ß:Û&ÜQ��8(Û=D\Ü . ß}�ÍJ�ß)ÝpO�ß)Ý7�
;�àPÜiÜ . ß�9jà�Û=4:Ü Ù Ú�Û Ù JmÛ�Ú(ÜQS
q ÛáÜ . ß d ÝKJ�Üx4Q8CJ�ßC6�JLHaÛ=4 . Ý�Ú�Û Ùr� 8�Ü Ù Ú�ÛÓ;pß:ÜlM�ß)ß)Û\>pß)Ý Ù > . ß:ÝA8(Þ�D�ß7O Ù 4)ßFJ%8(Û'D\Ü . ß�0	132

4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:ÝF6�Ü . ß�J�ß)ÝLO(ß)Ý Ù Jt8N0	1_2Y4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý�8(Û=D[Ü . ß�4:Þ Ù ß:Û&Ü Ù J�8N>xß:Ý Ù > . ß)ÝK8(Þ�D�ß7O Ù 4:ßCô&Ü . ß
9jà�Û=4�Ü Ù Ú�Û=Ý�ßFa8à�ßFJ{ÜUß7Du;°HeÜ . ß^4)Þ Ù ß)Û&Ü Ù JiÜUÚtÜ,ÝA8(Û=Jp9jß)Ý�D8�Ü)8vM .�Ù 4 .sÙ J Ù Û&ÜUß)ÝK8C4:Ü Ù Ú�Û_;xß�ÜlM#ß:ß)Û
;�à=JG8(Û=D�0	132¶4:Ú�Û&ÜUÝ,Ú(Þ+Þ+ß:Ý%8(Û=Dn;pß:ÜlM�ß)ß:Û�;�à=JE8�Û=Dn>pß)Ý Ù > . ß:ÝA8(Þ�D�ßPO Ù 4)ßR6mÛ�Ú(ÜED Ù Ý,ß74:Ü,ÞrH
;pß:ÜlM�ß)ß)Û}>xß:Ý Ù > . ß)ÝK8(Þ�D�ßPO Ù 4)ß#8(Û=DhÜ . ß^0	132Î4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý7S
q ÛeÜ . ß	J,ß74)Ú�Û=D_4Q8CJ�ßC6JpH�Û'4 . Ý,Ú�Û Ùs� 8SÜ Ù Ú(Û_;pß:ÜlM�ß)ß:Û�0	1_2Î4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý/8(Û=DhÜ . ß	>�Ý�ÚT4:ßFJkj

J,Ú(ÝF6�Ü . ßbJ,ß:ÝLO�ß:Ý Ù JN8E>PÝ,Ú�4)ßFJLJ,Ú�Ý#8(Û'D�Ü . ßx4:Þ Ù ß)Û&Ü Ù JwÜ . ßb0	132Ý4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý7S�2	ÞrJ,Ú Ù Û¸Ü .�Ù J
4Q8RJ,ß�9jà�Û=4�Ü Ù Ú(ÛeÚR9tD8�ÜA8dÜUÝA8�Û=JL9jß:Ý Ù J/>xß:ÝL9jÚ�ÝLBrß7D^Ü . Ý�Ú�à=< . ;�à=J7S
-/. ß#>xß:Ý Ù > . ß)ÝK8(Þ�D�ßPO Ù 4)ß	J,ß:Û=D=J�8@Ý�ßFa8à�ß7J�Ü�J Ù <(Û8(Þ�Ü,ÚvÜ . ß#0	1_2Î4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:ÝyÜUÚvÛ�Ú(Ü Ù 9eH

Ù Ü»Ü . 8SÜ Ù Ü Ù J[Ý�ßQ8CDTHÎÜUÚ�Ü,ÝA8(Û'JKB Ù Ü»Ú�ÝdÝ,ß74)ß Ù O�ß�D=8�Ü)8'S -/. ß`0	1_2Ä4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý?J,ß:Û=D=J§Ü . ß
q h/ä J Ù <�Û=8(Þ	ÜUÚ Ù Û&Ü,ß)Ý,Ý�à=>PÜhÜ . ßu>PÝ,Ú�4)ßFJLJ,Ú�Ý`M . ß:Û Ü . ß�Ü,ÝA8(Û'JL9jß)Ý`J�ßFa8à�ß)Û'4)ß Ù J d Û Ù J . ßFD©ô
Ü . ß?>�Ý�ÚT4:ßFJKJ�Ú�Ý	Ý�ßQ8CD'JwÜ . ß q h/äðh ßFa8à�ßFJ{Ü.Ý,ß7< Ù J{ÜUß:Ý�8C4:Ý,Ú@JLJwÜ . ß?;�à'J	ÜUÚG8C4)c8Û�Ú�MiÞ+ßFD'<�ß[Ü . ß
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request

acknowledge

��Ù <�à�Ý�ß#fTS§��ã'�cî�ß:Ý Ù > . ß)ÝK8(Þ h ßFa8à�ßFJ{ÜN��8(Û=D=J . 8Cc�ß

Ù Û&Ü,ß)Ý,Ý�à=>PÜiÝ�ßFa8à�ßFJ{ÜQS

ôyõA@yõ�÷ �=þ�ù��p���<þ6ù4ú ��� òwû � �<ù � û��CB¨ú��� � û
2ÕJLHaÛ=4 . Ý�Ú�Û Ùr�)Ù Û'<GJ Ù <�Û8(Þ¿9jÝ,Ú@BÀÜ . ß#>xß:Ý Ù > . ß)ÝK8(Þ!D�ß7O Ù 4)ß�ÜUÚvÜ . ß^0	1_2Õ4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý Ù JiÛ�Ú�Ýpj
B|8(Þ+Þ§H\à=J�ßFD Ù Ûn0	1_2 ÜUÝK8(Û=JL9jß:ÝFS -/. ß_D�ß7O Ù 4:ß=à=J�ßFJtÜ .�Ù J%J Ù <�Û8(ÞmÜ,ÚÎÛ�Ú(Ü Ù 9eH\Ü . ßm0	132
4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý�M . ß)Û Ù Ü Ù J.Ý,ßF8CD'HsÜUÚhÝ�ßF4)ß Ù O(ß�¨SÜ,ÝA8(Û=JLB Ù Ü	D8�ÜA8'S -/. ß|0	1_2ð4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý�DPÚ�ß7J
Û�Ú(ÜN;xß7< Ù Û�Ü . ßv0	1_2òÜUÝK8(Û=Jp9jß)Ý.Ú@>pß)ÝK8�Ü Ù Ú�Û�à�Û&Ü Ù Þ Ù Ü�c8Û�Ú�M�J�Ü . 8�Ü Ù Ü�4Q8�Ûu;pßx4:Ú@B|>PÞ+ß:Ü,ßFD�S
ð Ú�ÜUß.Ü . 8SÜQ6 Ù ÛhÜ . ß	4F8CJ,ß»ÚC9t>pß)Ý Ù > . ß:ÝA8(Þ Ü,Ú|>pß)Ý Ù > . ß)ÝA8�Þ ÜUÝA8�Û=JL9jß:ÝF6�;xÚ�Ü . DPß7O Ù 4:ßFJgBdà=J�Ü�;pß
Ý,ßF8CD'H{ô�Ü . ß^0	132Î4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý�B[à=J�ÜOÝ,ß74)ß Ù O�ß#8§Ý,ß7a8à�ßFJ{Ü�9jÝ�Ú@B ;pÚ(Ü . D�ßPO Ù 4)ß7J�;pß79jÚ(Ý,ß�D8�ÜA8
ÜUÝK8(Û=Jp9jß)Ý�4Q8(Û3;pßF< Ù Û�S
q Ûb8�JLHaÛ=4 . Ý�Ú�Û�Ú�à=JyJpH�J�ÜUß7B_6C8C4)c8Û�Ú�MiÞ+ß7D=<�ßFB@ß)Û&ÜEÚR9PÜ . ß#Ý,ß7a8à�ßFJ{ÜtJ Ù <�Û8(ÞI4:Ú�à�ÞsD#;pß�D�Ú�ÛPß

;°HvÜ . ß�0	1_2�4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)ÝEÝ�ßQ8CD Ù Û=<I¨:MiÝ Ù Ü Ù Û=<	D8�ÜA8	9jÝ�Ú@BG¨SÜUÚ�Ü . 8SÜ�>pß)Ý Ù > . ß)ÝA8�Þz6IJ,ÚnÜ . 8�Ü!Ü . ß
Ý,ß7a8à�ßFJ{Ü?J Ù <�Û8�Þ Ù J Ù Û8C4:Ü Ù O(ßFD�;xßP9jÚ�Ý,ßdÜ . ßv47H�4)ÞAß Ù J�4)ÚCB|>�ÞAß:Ü,ßFD�S -/. ßv>pß)Ý Ù > . ß:ÝA8(Þ�D�ß7O Ù 4:ß
4Q8�ÛYJ,ß:Û=D¡Ü . ß=Û�ß³��ÜtÝ,ß7aaàPßFJ�ÜEJ Ù <(Û8(Þ Ù B%Brß7D Ù 8SÜUß)Þ§Hw8:9 ÜUß)ÝvÜ . ßm0	1_2 ÜUÝK8(Û=JL9jß:ÝF6 Ù 9 Ù Ü Ù J
Ý,ßF8CD'HE9jÚ(ÝyÜ . ß�Û�ß³��ÜOÜUÝK8(Û=Jp9jß)ÝFS
-/. ßbJLHaÛ=4 . Ý,Ú�Û Ùr� 8�Ü Ù Ú�Û�J Ù <�Û=8(Þ Ù J	à=J�à8(ÞAÞrH_8tÞ+ßPO�ß:Þ§jlJ�ß)Û=J Ù Ü Ù O�ß?J Ù <(Û8(Þ�M . ß)Ý�ßv8(Û�8C4:Ü Ù O(ß

J�ÜA8�ÜUß^8C4�Ü Ù OR8�Ü,ßFJ�8G0	1_2 ÜUÝK8(Û=Jp9jß)ÝFS -/. ß?J Ù <�Û8(Þ!B[à=J�ÜOÜ . ß:Ý,ßP9jÚ�Ý,ß»Ý,ß:Ü,à�Ý,ÛeÜUÚ Ù ÜAJ Ù Û8C4:Ü Ù O(ß
J�ÜA8�ÜUß�M . ß)Û§Ü . ß#ÜUÝK8(Û=JL9jß:Ý�Ú�4F4)àPÝKJ�Ü,Ú�>�Ý,ßPO�ß)Û&Ü�8C474 Ù D�ß)Û&Ü)8�Þ+ÞrHnÝ�ßF>pßQ8�Ü,ßFD§Ú@>pß)ÝK8�Ü Ù Ú�Û=JFS -/. ß)Ý�ß
Ù J�Ü . ß)Ý,ßP9jÚ�Ý,ß�8�9jÚ�ÝLB�ÚC9 . 8(Û'D=J . 8Rc(ß/>�Ý�Ú(ÜUÚ�4)Ú�Þ°M .�Ù 4 .dÙ Û&Ü,ß)Ý,ÞAßQ8QO�ß7J�Ü . ß#Ý,ß7a8à�ßFJ{ÜyJ Ù <�Û8(Þ°M Ù Ü .
8(Û38C4)c8Û�Ú�MiÞ+ß7D=<�ß#J Ù <�Û8(Þ�6=8CJ�J . Ú¥MiÛ Ù Û d <�àPÝ,ß^fTS§��ã'S
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ôyõA@yõ�ö �`ù ��� þ�üPü � ù � òwû � �<ù � û��DB¨ú��=� � û
-/. ß�>�Ý,Ú�4)ß7JKJ,Ú(Ý Ù Û&ÜUß:Ý,Ý�à=>PÜ¸Ý,ßFa8à�ß7J�Ü Ù J}8\JLHaÛ=4 . Ý�Ú�Û Ùr� 8�Ü Ù Ú�Û¤Brß74 . 8(Û Ù JKB ;xß�ÜlM#ß:ß)Û�Ü . ß
0	1_2 4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý`8(Û=D�Ü . ß�>�Ý�ÚT4:ßFJKJ�Ú�ÝFS -/. ß�0	1_2 4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)ÝuÛPÚ(Ü Ù d ßFJ^Ü . ß�>�Ý�ÚT4:ßFJkj
J,Ú(Ý?M . ß)ÛáÜ . ßED8�ÜA8¸ÜUÝK8(Û=Jp9jß)Ý Ù J d Û Ù J . ß7DÓ8(Û=D\Ü . ßE>�Ý,Ú�4)ß7JKJ�Ú�Ý§Ý,ßF8CD=JdÜ . ßhí . 8(Û��8Ü)8�Ü,à=J
Ý,ß7< Ù J{ÜUß:ÝyÜUÚvD�ß:Ü,ß)ÝLB Ù Û�ß�M .�Ù 4 . 0	1_2Î4 . 8(ÛPÛ�ß)Þ�4Q8�à=J,ß7D¸Ü . ß Ù Û&ÜUß)Ý�Ý,à=>�ÜQS
� Û�Þ Ù c�ßOÜ . ß�>pß)Ý Ù > . ß)ÝA8�ÞJLHaÛ=4 . Ý�Ú�Û Ùs� 8�Ü Ù Ú�Û . 8(Û=D=J . 8Cc(ßwÜ . ß:Ý,ß Ù J!Û�Ú»ß³�T>�Þ Ù 4 Ù Ü�8C4)c8Û�Ú�MiÞój

ßFD'<�ßFB@ß)Û&Ü	Ü . 8�ÜwÜ . ß Ù Û&ÜUß)Ý�Ý,à=>�Ü . 8RJN;xß:ß)ÛmJ�ß)ÝpO Ù 4)ß7D�S -/. ß Ù Û&ÜUß)Ý�Ý,à=>�Ü<Ý,ß7a8à�ßFJ{Ü Ù Jg4)Þ+ßF8(Ý,ß7D
Ù Û�J�ÚC9 ÜlM�8(Ý,ß%;°H�Ü . ßb>PÝ,Ú�4)ßFJLJ,Ú�Ý^8(Û=DsÜ . ß Ù Û&ÜUß:Ý,Ý,à'>PÜ	J,ß:ÝLO Ù 4:ß@Ý�Ú�àPÜ Ù Û�ß Ù J.Ý,ßFJL>xÚ(Û=J Ù ;�Þ+ßx9jÚ�Ý
ß)Û'J,à�Ý Ù Û=<dÜ . ß q h/ä Ù J Ù Û8C4�Ü Ù OC8SÜUßFDG;xßP9jÚ�Ý,ß Ù Ü Ù JyÝ,ß³j�ß:Û8C;�ÞAßFD�S -/.PÙ J Ù JyÞ+ß7JKJ���4)ÞAßQ8(Û��8Ü . 8(Û`8
. 8(Û'D=J . 8Rc(ßx>�Ý�Ú(ÜUÚ�4)Ú(Þz6;�àPÜ Ù JiÜ . ß?JA8RBrß	B@ÚTD�ß:Þ�8CJ�8%JLHaÛ=4 . Ý�Ú�Û�Ú�à'J�2 h 1÷JLH�J{ÜUßFBZ��8�Û=D
. 8C>'>xß:Û=Jg8�ÜgJ,ÚC9 ÜlM�8(Ý,ß	JL>xß:ßFD=JA¡PS

Ï�ç�E é`ëF. . ù?í�<

-/. ß:Ý,ßg8(Ý,ß�J,ß7O(ß)ÝK8(Þ�D�ßFJ Ù <�Û Ù JKJ,àPßFJ�8(Û=Db>�Ý�Ú@;�ÞAßFB%J Ù ÛdÜ . ß/D�ßFJ Ù <�ÛvÚC9oÜ . ß�0	1_2n4:Ú�Û&ÜUÝ,Ú(Þ+Þ+ß:ÝFS
� J Ù Û=<u8(Û\8(ÝL; Ù Ü,ß)ÝdÜ,ÚuJ�Ú�ÞrO(ß`J Ù B[à�ÞAÜA8(Û�ß)Ú(à=Jb8C474)ßFJLJ|>PÝ,Ú@;�ÞAßFB%JdÜUÚsÜ . ßeÝ�ßF< Ù J�Ü,ß)ÝKJb4F8(à=J�ßFJ
J,ßPO�ß:ÝA8(Þ6Ú(Ü . ß)Ýg4)Ú�Û=J�ßFa8à�ß:Û8ÜN>�Ý,Ú@;PÞ+ßFB%JFS��wÚ�M�ß7O�ß:Ý	Ü . ßFJ,ß^>�Ý,ÚC;�Þ+ß7B|J�4Q8�Û};pß^J�Ú�ÞrO(ßFD�6oß7O(ß)Û
Ü . Ú�à=< . Ü . ßFJ,ß#B|8Cc(ß.Ü . ß#DPßFJ Ù <�ÛeÚC9�Ü . ß#0	1_2Î4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý . 8(ÝKDPß)ÝFS



¼ ½ ¾À¿ Á`Â|Ã G

H Â�½ ¾JI È�KËÍ Ãá¾ML KON ÂPL�Æ

,`çÑÐ Ò�ÓuÔtícÕhÖ�ës×mÔEØ:ÕrÓ

- Úb>�Ý,Ú�O�ß.Ü . 8�ÜmÜ . ß�D�ßFJ Ù <�Û^ÚC9�8x4:Ú@B|>PÞ+ßP�EJLH�J�Ü,ßFB Ù J�M�Ú�ÝKc Ù Û'<%4:Ú�Ý,Ý�ßF4�ÜUÞrH%M Ù Ü . Ú�àPÜyà=J Ù Û=<
9jÚ�ÝLBG8(ÞB@ß:Ü . Ú�D=JF6°M .�Ù 4 .uÙ J!Û�Ú(Ü�>�ÝA8R4:Ü Ù 4Q8(Þ=9jÚ(Ý�8	O�ß)ÝpH%4)Ú@B%>�Þ+ß³�%JLH�J�Ü,ßFB¬J,à=4 . 8CJ�8RQ ý � q
D�ß7J Ù <(Û�6 Ú�ÝN;Pà Ù ÞrD Ù Û=<rÜ . ßb8R4:ÜUà=8(ÞtJLH�J{ÜUßFB�8EJLH�J�Ü,ßFBB@ÚTD�ß:Þ�8�Û=D�Brß�Ü . Ú�D=J	Ü,ÚuÜUßFJ{Ü.Ü . 8SÜ
B@ÚTD�ß:Þ!8(Ý�ß.Û�ßF4:ßFJKJK8(ÝLHCS
��H�J�Ü,ßFB B@Ú�D�ß)ÞAÞ Ù Û'<�4Q8(Ûn;pß}DPÚ�Û�ßm8SÜEB|8(Û°HYÞ+ß7O(ß)ÞrJtÚC9�4:Ú@B%>�Þ+ß³� Ù ÜlH@S�2	Û�8R;=J�Ü,ÝA8C4�Ü

B@ÚTD�ß:Þ¿J . Ú�M�JmÜ . ß�D�ß d Û Ù Ü Ù Ú(Û�8(Û=D�>�àPÝK>pÚ@J,ß.ÚC9�Ü . ß�JLH�J�Ü,ßFB3S � Ú(Ý#ßP�'8CB%>�ÞAß	Ü . ß	8R;=J�Ü,ÝA8C4�Ü
B@ÚTD�ß:Þ ÚC96Ü . ß#0	1_2Î4:Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý/4Q8�Û_;pß�D�ßFJL4)Ý Ù ;pßFDm8RJF�

SUT�V�T
W�XY
Z�[
\ ]
^�Y`_�a
Z ]

b
c Xed+f Z�g*\ih�a�Y�[
gUj+k
Z
YUl X�S b T ]
-/. ß hgi 2N0 Ú@>xß:ÝA8�Ü Ù Ú�ÛfÝ,ßF8CD=J%D8�ÜA8�9jÝ�Ú@B Ü . ß3J,Ú(à�ÝK4:ß}D�ßPO Ù 4)ßR6/8(Û=DfÜ . ß`æ h ql- i

Ú@>pß)ÝK8�Ü Ù Ú�Û3MiÝ Ù Ü,ßFJ�D=8�Ü)8vÜUÚrÜ . ß#D�ßFJ{Ü Ù Û=8�Ü Ù Ú�Û}D�ßPO Ù 4)ßRS -/. ß[Ú@>pß)ÝK8�Ü Ù Ú�Û_J{Ü)8(Ý{ÜAJ�;IH hgi 2N0
9jÚ�ÞAÞ+Ú�M#ß7DEJ,ß7a8à�ß)Û&Ü Ù 8(Þ+Þ§HG;°HEæ h ql- i 8�Û=D^Ý,ß7>xßF8�ÜAJmà�Û&Ü Ù ÞxÜ . ß icð 0 - h 2 ð � � i�h 4)Ú(Û=D Ù j
Ü Ù Ú�Û Ù JyÜ,Ý,à�ßRS
-/.�Ù J�8R;=J�Ü,ÝA8C4�Ü�B@Ú�D�ß)ÞxÚC9�Ü . ß	0	1_2Î4:Ú�Û&ÜUÝ,Ú(Þ+Þ+ß:Ý�4)Ú(à�ÞsD`;pß�BrÚ�D�ß)ÞAÞ+ß7D�8(Û=D`J Ù Bdà�Þs8�ÜUß7D

;°Hm8�ÛIH}<�ß)ÛPß)ÝA8�Þ�>�Ý�Ú@<�ÝA8RB|B Ù Û=<vÞs8(Û=<�à8R<�ß^M Ù Ü . Ú�à�ÜND Ù â|4:à�ÞAÜlHC6©J Ù Û=4:ß[Ü . ß:Ý,ß Ù J	Û�ÚE<(Ý,ßQ8SÜ
4)ÚCB|>�ÞAßP� Ù ÜlH Ù Û^Ü . ß#B@Ú�D�ß)Þ�S

£C�



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�svó�Ê�Æutwvws/Þ�É t�ß £C£

-/. ß�;pß . 8QO Ù Ú�àPÝA8(Þ�BrÚ�D�ß)Þ Ù J^BrÚ(Ý,ßE4:Ú@B|>PÞ Ù 4F8�ÜUß7D�ô Ù Ü?BrÚ�D�ß:ÞsJ . Ú¥M Ü . ßEJLH�J{ÜUßFBZ;xß³j
. 8QO�ß7J�8(Û=D Ù Û&ÜUß:ÝA8C4�ÜAJ�M Ù Ü .¸Ù ÜAJOß)Û°O Ù Ý�Ú�Û=B@ß)Û&ÜQS���à'4 . 8|B@ÚTD�ß:Þ�4)Ú�Û&Ü)8 Ù Û=J�BrÚ�Ý�ß#8C4F4:à�ÝA8�Ü,ß
D�ß�Ü)8 Ù ÞsJ�ÚC9PÜ . ß�JpH�J�ÜUß7B|Ü . 8(ÛnÜ . ß�8C;=J�Ü,ÝA8C4�Ü�B@Ú�D�ß)Þ�S q Ü�4)Ú(à�ÞsD^D�ßFJL4)Ý Ù ;xßQ¨RJ . Ú¥M Ù Û8Ü,ß)ÝK8C4:Ü Ù Ú�Û=J
;pß:ÜlM�ß)ß)Û\Ü . ßGB@Ú�D�ß)Þ�8(Û'D Ù ÜKJnß:Û°O Ù Ý,Ú�Û'Brß:Û8Ü?;xß�Ü,Ü,ß)Ý»Ü . 8(ÛqÜ . ßG8C;=J�Ü,ÝA8C4�Ü?B@Ú�D�ß)Þ�6�M .PÙ 4 .
Ù J/B@Ú�Ý�ßnà'J,ß79jàPÞ Ù Û d Û=D Ù Û=<|>PÝ,Ú@;�ÞAßFB%J Ù Û^Ü . ß#DPßFJ Ù <�Û�S��wÚ�M�ß7O�ß:ÝwÜ . ß^B@Ú�Ý�ß�4)Ú@B%>�Þ+ß³�^Ü . ß
B@ÚTD�ß:Þ�;pßF4)ÚCBrß7JiÜ . ß	BrÚ(Ý,ß<Ü Ù Brß Ù JmÛ�ß:ßFD�ß7D_9jÚ�Ý/B@ÚTDPß)Þ+Þ Ù Û=<?8(Û=DhÜUß7J�Ü Ù Û=<=S
¯ ß . 8�O Ù Ú�à�ÝA8�Þ/BrÚ�D�ß)ÞrJdÚC9�8uJpH�J�ÜUß7B à=J,à=8(Þ+Þ§H\ßP�T>pÚ@J,ßhÜ . ß3DPßFJ Ù <�Û\>�Ý,Ú@;PÞ+ßFB%Jb;pß79jÚ�Ý�ß

Ü . ß	8C4:Ü,à8(Þ©JpH�J�ÜUß7B Ù J�;�à Ù ÞXÜ�J�ÚdÜ . ß�D�ß7J Ù <�Û�4Q8(Û`;pßN4 . 8(Û'<�ßFD_8(Û=DuÜ . ß�>�Ý,ÚC;�Þ+ß7B|J�4Q8(Û`;pß
Ý,ß74:Ü Ù d ß7D�S q Ü�4F8(Û�8(ÞsJ�ÚG;pßdà=J�ßFDsÜUÚE>PÝ,ßFD Ù 4:Ü�>xß:ÝL9jÚ�ÝLBG8�Û=4)ßR6�ß:â%4 Ù ß)Û'47H�Ú(Ý	Ú(Ü . ß)Ý�8RJK>pßF4:ÜKJ
ÚC9�Ü . ß^JLH�J�Ü,ßFB Ü . 8�Ü�8(Ý�ß Ù Û8Ü,ß)Ý�ßFJ�Ü Ù Û=<G8(Û=D¸Û�ß)ß7Dm4)ÞAÚ@J,ß Ù Û=JL>xß74:Ü Ù Ú�Û3J,Ú@Ü . ß^D�ßFJ Ù <�Û¸ÚC9�Ü . ß
JLH�J{ÜUßFBï4F8(Û3;xß Ù B%>�Ý�Ú¥O(ßFD�S

,`ç�ã å ÕhÖ�é�ìQì_Ø)Ó�ë Ô�Õ^Õ%ì_ì

1¸Ú�D�ß)ÞAÞ Ù Û=<#8^4)ÚCB|>�ÞAßP�%4 Ù ÝK4:à Ù Ü�J,à'4 . 8CJ�8#>�Ý,Ú�4)ß7JKJ�Ú�Ý�4Q8�ÛG;pß�D�Ú�ÛPß�;°H@à=J Ù Û=<�Q���0 ý þó�¥£x�z6
Qcß)Ý Ù ÞAÚ@<�þ¦²T���iÚ(Ý@Ú�Ü . ß:Ý . 8(ÝKD'M�8(Ý�ß_D�ß7JK4:Ý Ù >�Ü Ù Ú(ÛÞs8(Û=<�à8R<�ßFJ7SY�OÚ¥M�ß7O(ß)Ý@Ü . ß7J,ß=Þs8(Û=<�à=8C<�ßFJ
M�ß)Ý,ßbDPßFJ Ù <�Û�ß7Dm9jÚ�ÝNJLHaÛ=4 . Ý,Ú�Û�Ú(à=J�Þ+Ú@< Ù 4^4 Ù ÝL4)à Ù ÜAJN8�Û=D�8(Ý,ß»Û�Ú(Ü	8R>=>�Ý,ÚC>�Ý Ù 8�ÜUß#M . ß)Û�à=J�ßFD
M Ù Ü . 8CJLHaÛ=4 . Ý�Ú�Û�Ú�à'J#Þ+ÚC< Ù 4�DPßFJ Ù <�Û�S � Ú�Ý .�Ù < . ÞAß7O�ß:Þ�BrÚ�D�ß)ÞAÞ Ù Û=<=6¥M . ß)Ý�ß�JpH�Û'4 . Ý,Ú�ÛPÚ�à=J�8�Û=D
8CJpH�Û'4 . Ý,Ú�ÛPÚ�à=JgJLH�J�Ü,ßFBïD�Ú@Û�Ú(Ü�D Ù§� ß:ÝF6PÜ . ßFJ�ß�Þ~8(Û=<(à8C<�ß7J/4Q8(Û`;pßnà'J,ßFD©S��OÚ�M#ßPO�ß)Ý�8�ÜmÜ . ß
Ù B%>�ÞAßFB@ß)Û&Ü)8�Ü Ù Ú�ÛrÞ+ßPO�ß)Þ!D Ùr� ß)Ý,ß:Û=4)ß7J�;pß:ÜlM�ß)ß:ÛmJLHaÛ=4 . Ý,Ú�Û�Ú(à=J�8�Û=D}8RJLHaÛ=4 . Ý�Ú�Û�Ú�à=J�4 Ù ÝK4)à Ù ÜAJ
8(Ý�ßNM#ß:Þ+Þ�D Ù J�Ü Ù Û=<�à Ù J . ßFD38(Û=D^Ü . ßFJ,ß�Þs8(Û=<�à8R<�ßFJ�8(Ý�ß.Û�Ú(Üg8C>'>�Ý,Ú@>PÝ Ù 8SÜUß�9jÚ�Ý/B@Ú�D�ß)ÞAÞ Ù Û'<»Ü . ß
8CJpH�Û'4 . Ý,Ú�ÛPÚ�à=J�JpH�J�ÜUß7B_S
ý 2 h 0vþ¦��� Ù J�8 . 8(ÝKD'M�8(Ý�ß�D�ß7JK4:Ý Ù >�Ü Ù Ú(Û@Þs8(Û=<�à=8C<�ßC6°;=8CJ,ß7DtÚ�Ûtí/�Pî�j�Þ Ù c(ß�4 . 8�Û�Û�ß)Þ�4:Ú@Bvj

Bdà�Û Ù 4Q8SÜ Ù Ú(Û�6RM .�Ù 4 .|. 8CJy;xß:ß)ÛvD�ßPO�ß)ÞAÚ@>pßFDv9jÚ�Ýy;xß . 8QO Ù Ú�à�ÝK8(Þ'B@Ú�D�ß)ÞAÞ Ù Û'<	ÚC9¿8CJpH�Û'4 . Ý,Ú�ÛPÚ�à=J
Q ý � q JLH�J{ÜUßFB%JFS í . 8(Û�Û�ß:Þ�;8CJ,ß7D¤4:Ú@B%Bdà�Û Ù 4Q8�Ü Ù Ú�Û Ù Û ý 2 h 0÷8�Þ+Þ+Ú�M�JußF8C4 . BrÚ�D�à�ÞAßC6
M .�Ù 4 . Ý,ß7>�Ý,ß7J,ß)Û&ÜKJ	8|4)ÚCB|>pÚ�Û�ß:Û8Ü Ù ÛeÜ . ß^JLH�J�Ü,ßFB36xÜ,ÚG4)ÚCB|BdàPÛ Ù 4F8�ÜUß�M Ù Ü . Ú(Ü . ß)ÝLJN8CJpH�Û�j
4 . Ý�Ú�Û�Ú�à=J�ÞrHCS -/.�Ù J	4:Ú@B|B[à�Û Ù 4F8�Ü Ù Ú�Û�D�ÚaßFJnÛ�Ú(ÜnÛ�ß:ßFDÎÜ,Ú_JL>xß74 Ù 9eHsÜ . ß@ßP�'8C4:Ü . 8(Û'D=J . 8Rc(ß
>�Ý�Ú(ÜUÚ�4)Ú�Þ�;�à�ÜuÞ+ßF8QO�ßFJ Ù Ü@ÜUÚw;pß}4 . ÚCJ,ß)Û�DPà�Ý Ù Û=< Ù B|>�ÞAßFB@ß)Û&Ü)8SÜ Ù Ú(Û�ôyÜ .�Ù JGJ Ù B%>�Þ Ù d ßFJ§Ü . ß
B@ÚTD�ß:ÞsJ/8�Û=D¸Ý�ßFD�à'4)ßFJiÜ . ß�Ü Ù B@ß.Û�ß)ß7D�ßFDeÜUÚvD�ßPO�ß)ÞAÚ@>_8(Û=D3BG8 Ù Û&Ü)8 Ù ÛtÜ . ß7B_S



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�svó�Ê�Æutwvws/Þ�É t�ß £RÌ

-/. ß�B@ÚTD�ß:Þ�D�ß7O(ß)Þ+ÚC>xß7D Ù Û ý 2 h 054Q8�Û�;xß�J Ù B[à�Þ~8�Ü,ßFD�8�Û=DtÜUß7J�Ü,ßFDhà=J Ù Û=<[Ü . ß ý 2 h 0
ÜUÚaÚ�Þrc Ù ÜQS -/. ß.ßP��ß74)àPÜ Ù Ú�Û^ß:ÛIO Ù Ý,Ú�Û=B@ß)Û&Ü#ÚC9¨Ü . ß ý 2 h 0 Ü,Ú�Ú(Þsc Ù Ü Ù Û'4)Þ+à'D�ßFJ�8(Û Ù Û&Ü,ß)ÝK>PÝ,ß:Ü,ß)Ý76
Þ Ù ;�ÝA8�ÝLH^8(Û=DvÝ,àPÛ8Ü Ù B@ß�B@ÚTD�àPÞ+ßFJ�M .�Ù 4 . 8(ÞAÞ+Ú�MYÜ . ß/D�ß7J Ù <�Û�ß)Ý�Ü,Ú�D�ßF;Pà=<^;pß . 8�O Ù Ú�à�ÝA8�Þ=BrÚ�DTj
ß)ÞrJ�8SÜ�J�Ú�à�ÝL4)ß#ÞAß7O(ß)Þz6¥M�8�ÜA4 . 9jÚ(Ý�8C4�Ü Ù O Ù ÜlH.Ú�Û»ßQ8C4 . 4)Ú@B%Bdà�Û Ù 4Q8�Ü Ù Ú�Û	4 . 8�Û�Û�ß)Þ�6C4:Ú�Û&ÜUÝ,Ú(ÞaßF8C4 .
OR8(Ý Ù 8C;�ÞAßND�à�Ý Ù Û=<vÝ,àPÛ8Ü Ù B@ß Ù 9�Û�ß74)ßFJLJA8(ÝpH@6¿8(Û=D`J,Ú@Ú�Û�S
1¸Ú@J{Ü�4:Ú@B|>pÚ�Û�ß:Û&ÜAJ Ù ÛvÜ . ßg2�1 � ý�i - ± Ù J�à=;=JLH�J{ÜUßFB�M�ß)Ý,ß�D�ßFJ Ù <�ÛPßFDE8RJ�;pß . 8QO Ù Ú(à�ÝA8(Þ

B@ÚTD�ß:ÞsJyà'J Ù Û'< ý 2 h 0x6PÜ .�Ù J�8(ÞrJ,Ú Ù Û=4)ÞAà=D�ßFJmÜ . ß#0	1_2Î4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý7S

,`ç)( éhØ�. +�ì_Ø?y�é.Ö . ÕhÖ�éNì_ì

-/. ß�0	1_2Ó4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý�M�8CJ d ÝKJ{Ü�D�ß7J Ù <�Û�ßFD^;°H Ù B%>�Þ+ß7Brß:Û8Ü Ù Û=< ý 2 h 0\BrÚ�D�à�ÞAßFJ¨ÚC9=8g;=8CJ Ù 4
0	1_2Ý4:Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý<à�Û Ù ÜQS��	Ü . ß:Ý�J Ù B|>�Þ Ù d ß7D}B@ÚTDPà�Þ+ß7J�9jÚ�Ý	Ü . ßb>�Ý,Ú�4)ß7JKJ�Ú�ÝF6!;�à'JF6�Brß7BrÚ(ÝLH
8(Û=D|>xß:Ý Ù > . ß)ÝK8(ÞD�ßPO Ù 4)ß7J�M�ß)Ý,ß Ù B%>�ÞAßFB@ß)Û&ÜUß7D@Ü,Ú^B|8Cc(ßmÜ . ß�4:Ú@B%>�Þ+ß�ÜUß�JLH�J�Ü,ßFB Û�ßF4:ßFJLJA8(ÝpH
9jÚ�Ý!ÜUßFJ{Ü Ù Û=<dÜ . ßN0	1_2 ÜUÝK8(Û=Jp9jß)ÝyÚ@>pß)ÝK8�Ü Ù Ú�ÛE8�Û=DE9jà�Û=4�Ü Ù Ú(Û8(Þ Ù ÜlHvÚC9¨Ü . ß	0	1_2W4:Ú�Û&ÜUÝ,Ú(Þ+Þ+ß:ÝFS
-/. ßbJ Ù B%>�Þ Ù d ßFDmB@Ú�D�ß)ÞrJb��;pÚ(Ü . Ü . ßv0	1_2Ý4:Ú�Û&ÜUÝ�Ú�Þ+ÞAß)ÝN8�Û=D Ù ÜAJ	ß)Û°O Ù Ý,Ú(Û=Brß:Û&Ü	BrÚ�D�à�ÞAßFJ)¡
8(ÞAÞ+Ú�M#ß7DtÜ . ß	0	1_2�Ú@>pß)ÝK8�Ü Ù Ú�Û�8(Û=DE9jàPÛ=4:Ü Ù Ú�ÛuÜ,Úb;xß	Ü,ßFJ{ÜUßFDeÝ,ß7>xßF8�ÜUß7D�ÞrH%M Ù Ü . Ú�àPÜ#Ü)8Cc Ù Û'<
ÜUÚaÚvBdà=4 . J Ù Bdà�Þ~8SÜ Ù Ú(ÛrÜ Ù BrßN9jÚ(ÝyÜ .�Ù J/J Ù B%>�ÞAß<Ú@>pß)ÝA8SÜ Ù Ú(Û�S
-/.�Ù J�J Ù B%>�Þ Ù d ßFDEB@Ú�D�ß)ÞrJmÚC9�Ü . ß#0	1_2Õ4)Ú�Û&Ü,Ý,Ú�ÞAÞ+ß)Ý�4)Ú@B%>�Ý Ù J,ßR�

ï îEÝ,Ú�4)ß7JKJ�Ú�Ý
-/. ßyJ Ù B%>�Þ Ù d ßFD�>�Ý,Ú�4)ß7JKJ,Ú(Ý�B@Ú�D�ß)Þ:M .�Ù 4 .	. 8CJ¨ß:Û�Ú�à=< . 9jàPÛ=4:Ü Ù Ú�Û8�Þ Ù ÜlHiÜ,ÚOÝ�ßQ8CD¨:MiÝ Ù ÜUß
Ü . ß#0	1_2�Ý,ß7< Ù J{ÜUß)ÝLJmÜUÚv>�Ý,ÚC<�ÝA8CBÄ8%0	132Î4 . 8(Û�Û�ß:Þ¨ÜUÚ%>xß:ÝL9jÚ�ÝLB D8�ÜA8dÜUÝA8�Û=JL9jß:ÝFS

ïY¯ à'J
-/. ß�;�à'J�B@Ú�D�à�Þ+ß�9jà�Û=4:Ü Ù Ú�Û'J�8CJ�8	B Ù D'D�Þ+ß³jlB|8(Û»Ü,Únß³�T4 . 8(Û=<�ßgD8�ÜA8�;xß�ÜlM#ß:ß)ÛtÚ�Ü . ß:Ý
D�ßPO Ù 4)ß7J�4)Ú�ÛPÛ�ßF4�ÜUßFDsÜ,Ú Ù ÜFS -/. ßx;�à'J.Ý,ßF4:ß Ù O�ßFJ.Ý�ßFa8à�ß7J�ÜAJ�9jÝ�Ú@B Ü . ßx>PÝ,Ú�4)ßFJLJ,Ú�Ý	8�Û=D
Ü . ßv0	1_2òÜUÝK8(Û=Jp9jß)Ý.ß)Û'< Ù Û�ßv8�Û=D�>xß:ÝL9jÚ�ÝLB|J.Ý�ßQ8CD�¨¥MiÝ Ù Ü,ßxD8�ÜA8EM Ù Ü . Ü . ßbBrß7BrÚ(ÝLH
D�ßPO Ù 4)ß7JF6�>pß)Ý Ù > . ß:ÝA8(Þ�DPß7O Ù 4:ßFJOÚ�ÝyÜ . ß#0	1_2 Ý�ßF< Ù J�ÜUß:ÝKJ7S

ï 1¸ß7BrÚ(ÝLH
-/. ß�Brß7BrÚ(ÝLH Ù J�8nÝ,ßQ8RD�¨:MiÝ Ù Ü)8C;PÞ+ßgJ�ÜUÚ(ÝA8C<�ßgD�ßPO Ù 4)ßgM .�Ù 4 . Ý�ßF4:ß Ù O(ßFJyÝ�ßFa8à�ß7J�ÜAJ�9jÝ,Ú@B



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�svó�Ê�Æutwvws/Þ�É t�ß £RÔ

Ü . ß	;�à=JFS

ï î6ß)Ý Ù > . ß:ÝA8(Þ!D�ßPO Ù 4)ß7J
-/. ß�>xß:Ý Ù > . ß)ÝK8(Þ�D�ß7O Ù 4)ß�B@Ú�D�ß)Þ Ù J�8nÝ,ßQ8RD�¨:MiÝ Ù Ü)8C;PÞ+ß�J�Ü,Ú�ÝA8C<(ß�D�ßPO Ù 4)ß�4)Ú�ÛPÛ�ßF4�ÜUßFDuÜ,Ú
Ü . ß�;�à=J�M .�Ù 4 . 4Q8(Û�JpH�Û'4 . Ý,Ú�Û Ùs� ß�M Ù Ü . Ü . ß	0	1_254)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý#à=J Ù Û=<v8x>pß)Ý Ù > . ß:ÝA8(Þ
Ý�ßFa8à�ßFJ{Ü�J Ù <�Û=8(Þ©M . ß:Û¸ÜUÝK8(Û=JLB Ù Ü,Ü Ù Û=<I¨�Ý�ßF4:ß Ù O Ù Û=<?D8SÜ)8'S

-/. ß�0	1_2 4)Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý Ù ÜAJ,ß:Þr9 Ù JyB@ÚTDPß)Þ+ÞAßFD%8CJ�J Ù Û=<�ÞAß/BrÚ�D�à�ÞAß�M Ù Ü . ÜlM�Ú?4:Ú�Û=4)àPÝ,Ý,ß:Û&ÜUÞrH
Ý,àPÛ�Û Ù Û'<�J,à=;Tj�BrÚ�D�à�ÞAßFJ7�tÝ,ß7JK>pßF4�Ü Ù O(ß)Þ§HÎÜ . ß^Ý,ßF< Ù J�Ü,ß)ÝLJv8(Û=D\Ü . ßuÜUÝA8�Û=JL9jß:Ý§ß)Û=< Ù Û�ßCS i 8C4 .
B@ÚTD�àPÞ+ß . 8CJ Ù ÜAJ!Ú�MiÛ Ù Û&ÜUß:ÝL9�8C4:ßOÜ,Ú[Ü . ß�;�à=J76=8(ÞAÞ+Ú�M Ù Û'<#J�ßF>8�ÝA8�Ü,ßN4)Ú@B%Bdà�Û Ù 4Q8SÜ Ù Ú(Û�S��OÚ�M�j
ß7O(ß)Ý�0	1_2�Ý,ß7< Ù J{ÜUß)Ý�8R4F4)ß7JKJ�;IH[Ü . ßmÜUÝK8(Û=Jp9jß)Ýcß)Û=< Ù Û�ßg8(Û=DvÜ . ßg;Pà=J Ù Û&ÜUß:ÝL9�8C4:ß?�eM Ù Ü .�Ù Û§Ü . ß
Ý,ß7< Ù J{ÜUß:Ý#à�Û Ù Ü³¡ Ù J�DPÚ�Û�ß<à=J Ù Û=<»Ü . ß<Ý�ßF< Ù J�Ü,ß)Ý#ÞAÚT4)c Ù Û=<?B@ßF4 . 8�Û Ù JLB J Ù Û=4:ßwÜ . ß<Ý,ß7< Ù J{ÜUß)ÝLJ/8(Ý�ß
D�ß d Û�ßFD}8CJ Ù Û&ÜUß:Ý,Û8�Þ©OR8(Ý Ù 8C;�Þ+ß7J�M .�Ù 4 . 4F8(Û_;pß#8C4F4:ßFJLJ,ßFD};IHE;xÚ(Ü . B@Ú�D�à�Þ+ß7JFS
-/. ß?J Ù B%>�Þ Ù d ßFD`B@ÚTDPß)Þ�ÚC9�Ü . ß?0	132�4)Ú(Û8Ü,Ý,Ú�ÞAÞ+ß:Ý Ù JgBG8CDPßnÜ,Útß)Û'J,à�Ý�ß»Ü . 8�Ü Ù ÜAJ�9jà�Û=4³j

Ü Ù Ú�Û8(Þ Ù ÜlH_8(Û=D Ù Û&Ü,ß)ÝA8R4:Ü Ù Ú�Û=JNM Ù Ü .�Ù ÜKJ.ß)Û°O Ù Ý,Ú(Û=Brß:Û&Üx8(Ý�ßb4)Ú�Ý�Ý,ß74:ÜQS -/. ßv;pß . 8QO Ù Ú�àPÝ^8�Û=D
9jà�Û=4�Ü Ù Ú�ÛhÚC9 Ù ÜAJ Ù Û8Ü,ß)Ý�Û8(Þ�4:Ú@B|>pÚ�Û�ß:Û&ÜAJ�8(Ý,ß.Û�Ú�Ü�4:Ú�Û=J Ù D�ß:Ý,ßFD_8�ÜmÜ .�Ù J/>pÚ Ù Û&ÜFS

,`çpè çæå zO{p|�} (dØ¡ä å ç ~ Õ@ÓuÔyíEÕ%ìQì)é�í å ÕhÖ�é�ì

2�9 Ü,ß)Ý�Ü . ß/9jà�Û=4:Ü Ù Ú�Û=8(Þ Ù ÜlH»ÚR9xÜ . ß�J Ù B%>�Þ Ù d ß7DxBrÚ�D�ß:Þ . 8CJy;pß)ß:Û@Ü,ßFJ�Ü,ßFDG8(Û=Dv>�Ý,Ú�O(ß)ÛE8�B@Ú�Ý,ß
4)ÚCB|>�Þ Ù 4F8�ÜUß7DEBrÚ�D�ß:ÞxÜ . 8�ÜiÝ,ßP&4ßF4�ÜAJmÜ . ß	D�ß7J Ù <�Û^ÚC96Ü . ß	0	1_2Î4:Ú�Û&ÜUÝ�Ú�Þ+ÞAß)Ý�M�8CJ�>�Ý�ÚTD�à'4)ßFD©S
-/. ß Ù Û&ÜUß:Ý,Û8(Þ©BrÚ�D�à�ÞAßFJmÚC96Ü .�Ù J/BrÚ�D�ß:Þ�4)Ú@B%>�Ý Ù J,ßR�

ïYh ßF< Ù J�Ü,ß)ÝKJ

� - 8(ÝL<�ß:Ü Ù Û&Ü,ß)ÝL9�8R4)ß#8(Û=D - ÝA8(Û=Jp9jß)Ý i Û=< Ù ÛPß�D�ßF4:ÚTD�ß:ÝKJ
� �.Þ+ÚC;8(Þ h ßF< Ù J�Ü,ß)ÝLJ
� í . 8(Û�Û�ß:Þ h ßF< Ù J�Ü,ß)ÝLJ
� í . 8(Û�Û�ß:Þ h ßFa8à�ß7J�ÜN1}8C>=> Ù Û=<

ï - ÝA8(Û'JL9jß)Ý i Û=< Ù Û�ß



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�svó�Ê�Æutwvws/Þ�É t�ß ÌCã

T
ra

ns
fe

r 
E

ng
in

e
D

ec
od

er

Target Interface
Decoder

Initiator Interface

Transfer Control

Channel Arbiter-Call

Target Interface

G
lo

ba
l R

eg
is

te
rs

IRQ

A
dd

r

D
I

D
O

T
IA

T
ID

I

T
ID

O

TEDI

TEA

TEDO

ChanReq

ChanReq

ChanReq

ChanReq

II
A

CSBit

CSBit

CSBit

CSBit

Channel Registers

DRQsl

Channel
T

IA
dd

r
T

ID
I

T
ID

O

TEAddr
TEDI
TEDO

Registers Transfer Engine

��� <+�i�����'S§�@� qA�*� �?� � 8���1��TD��i���FJ��C9 �A. �^0	132|í�� �*� ���������?�

� - �A8 � JL9��?�<í�� �*� ���+�
� í . 8 ��� �?��2��K; �7� �?�

qA�$�A. ��;`� . 8�O � �+���A8��'B��TD��?� �K. �FJ���8���� ��� D��F>`� � D�� �*� B��TD��i���FJ ��� ý 2 h 0x65�Q8C4 . B2��DTj
�����#4?�@B%B�� ��� 4Q8 ����� <?M �7�A.��A. ��� �K. ���/O � 8b4 . 8 �i� ���rJ�8 � D}J � < � 8��rJ/8CJ ��� Di�F>`� � D�� �*� 4?�@Bvj
>`� � � �*� J �����A. �#4 � �K4?� ��� J�4?�@B|B�� ��� 4F8 � ��O � 8%8CJpH � 4 . ��� � �+�=J�D8 � 8|;�� � D����7J�8 � Dm4�� �
� ���+�
J � < � 8��rJFS

,`ç�� � ������ìp��� �yê�� ¡¢�u£�¤¦¥�����í§¥

-/. �(���F< � J � �?�KJ �����A. �/0	1_2n4?� �*� ���������?��J � �+��� �A. ��OR8������FJ � ���7D��FDb9��+� �A. ��0	1_2 � �A8 � JL9��?�
�@>`���K8 �¨� � � S -/. �FJ��_OR8����i�FJ%8���� �K. �}8RD=D����7JKJ��FJ=�C9 �A. �`D��PO � 4��7JF6 �K. � � �=B?;e�?���R9ND8 � 8
��� �FB%J � � � �K8 � JL9��?�b8 � D©� �A. �?�x4�� �
� ���+� ��� 9����KB|8 �¨� � �F�A. 8 � 4�� �*� ���+�rJ �A. �GD8 � 8 � �A8 � JL9��?�
�@>`���K8 �¨� � � S�1ª�@J � 0	1_2«���7< � J � ���LJG4F8 � ;`�}B��TD��?�����FDÓM ���A. J � B|>�����OC8�� � 8R;����7JvM .i� 4 .
���7>����7J�� �
�¬�A. �7J��^OR8������FJ7S -/. �����7< � J � ���LJ�� �����r��� 4����'D��FJ �A. �7J��#OC8�� � 8R;����7J�8 � D ���*� ���p9�8C4��7J
� � �K. �#8C4 � �8�����7< � J � �?�KJ/9��+�(� �K. ���/B��TDi�����7J � �%8C4F4?�FJLJFS
�U�7O����K8��¿Di�F4���D��?�KJ���� � ��9��+� �A. � � 8��L<+� � ���
� ���p9�8C4��R6U� � �g9��+� �K. � � �A8 � JL9���� � � < ��� �R6'8 � D

�Q8R4 . <����+�=>��C9®���F< � J � �?�KJ/8��sJ��b4?� �*� 8 ������� <b8 �����*� �?� � 8��©D��74���D����A¡�8 � D38��K; ��� �?�KJ	��� � �N9��+�



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�s�¯�Ê�Æutwvws/Þ�É t�ß ÌT�

<+���@;8��U���F< � J � ���LJF6I8 � D�� � ��9������Q8C4 . J�� � �C9{4 . 8 ��� �?�����F< � J � ���LJ)¡t8�����8��sJ�� ��� 4?�+�K>`�+�A8 � �FD � �
�A. �����F< � J � �?�KJ�� ����� S -/. ��D��74���D���� � J � ���7D��FD � ��J������F4 � 8g>=8�� ��� 4��i�~8��°���7< � J � �?�Fô �K. ��8��K; �7� ���
9��+�L4��FJ � M��/�+�tB��+����� ���7� J �K. 8 � 4?�+���sDx8 ��� �FB%> ��� �	8R4F4��7JKJ �K. �(���7< � J � ���LJtJ � B���� � 8 � �?�+�=J��rH
� � � 8Cc�� �A. � � � � ��� � S

0(±A²�±�³ ´¶µD·�öu¸§µ�¹"º°»�¼D½
¾�º°¿�½
-/. ��<+���@;8��r���7< � J � �?�KJ . 8 � D��������Q8CD¨:M�� �7� �F���7a
���FJ � J�9����@B �A. � � 8��L<+� �À���*� ���p9�8C4���8 � D
J�� � ¨����FJ�� �Á�K. �ÃÂ . 8 � � � 8 � �'JG; �7� 9����@B �K. �_4 . 8 ��� �?�����F< � J � �?�KJ7ô �K. �7Ho8��rJ��u4�� �*� ���+� �A. �
���*� �������=> � ���7a
���FJ ��� � �K. ��>�����4��7JKJ����FS i 8C4 . ; ��� �C9 �A. ��Â . 8 � � � 8 � �=J ���7< � J � ����4F8 � ;`� ��� j
D��7>e� � D�� �*� �rH^J�� � ¨����7J�� � St2��sJ�� � M���; ��� J®�C9`Â . 8 � � � 8 � �=J�4Q8 � ;`��4?� � 4?������� �*� �§H^J�� � ¨����7J�� � S
2¬����Â . 8 � � � 8 � �'J?; �7� J�� � ¨5���FJ�� � ���Fa
���7J � Jv8����À� h �FD � �@<+� �A. �?�?8CJÄ� � �2���Fa
���7J ��� � �A. �
<+���@;8��e���F< � J � ����8��L; ��� ���7S

0(±A²�±AÅ Æ��u¸§Ç/Çuº®µ�¹"º°»�¼C½�¾iº°¿�½
-/. �^4 . 8 ��� �?�����F< � J � ���KJ�8���� ��� D��F>`� � D�� �*� 9����@BM�Q8R4 . � �A. ���Fô �A. �7H34Q8 � ;e�^8C474��FJLJ��7D�;IH
�A. � � �A8 � JL9����(� � < ��� �#8 � D �A. � � 8��K<+� �����*� �?�L9�8C4?�CS i 8C4 . 4 . 8 ��� �?� . 8CJ ��� J(��M � 8��L; ��� ��� � �
<+�K8 �*� 8C4F4?�FJKJ � � �A. �FJ�� � M��2� �i��� J7S
qA�=�A. � � 8��L<+� �����*� �?�L9�8C4?�u� � �§HG8^J ��� <+���r���7< � J � ����4Q8 � ;`�u���Q8CD�¨¥M�� ����� � � 8 � 8 ��� B��CS�2

È�8C<'6 �K. �3�¦M�� �7� � >���� � �F4 � È�8C<=�§6 � J	J�� ��� �3>����7O+� �*���A. �`�É�A8C4?�|4?� � D �7�¨� � � ����D � JK4?�=JKJ��FD ���
�A. ��>����PO � �+�=J�4 . 8C> � ���A¡�M . � � 8xOC8������ � J�B��TD � d �FD�;°H �K. �	>�����4��7JKJ��+� ���=�A. 8 � 4 . 8 ��� ���zS
æÊ� ������� <E8�OR8������ � � �A. �v4�� �
� ���+�����F< � J � ����;°H �K. �b>�����4��7JKJ��+�#8��sJ���4Q8��=J��FJ �A. �%4 . 8 ��� �?�
���7< � J � �?� � �/J�� � D^8����Fa
���7J �°� ��4����Q8�� �A. ��4��������7JK>`� � D ��� <�; ���Ë���u�A. � Â . 8 � � � 8 � �'J®���F< � J � ���FS
æ . � � �=J ��� < �K. � � �K8 � JL9��?�°� � < ��� � ���
� ���p9�8C4��Ì�PO+���pHR���7< � J � ��� ��� 8/4 . 8 ��� ��� � J � ���Q8CD�¨¥M�� ����� � �

8 � � � 4?�CS qA�ª�A. �Ä���Q8RDÃ�@>`���K8 �¨� � � �PO+���pHÃ���F< � J � ��� � J����Q8CDm8 � D �K. �|�¦M�� �7� � >i��� � �F4 � È�8C<=�
; �7��� J�4����Q8����FD�6I8�������M ��� < �K. �(���7< � J � ���LJ � ��;e��M�� ����� � �������A. ��M�� ��� �Pj�47H�4������C9 �A. � � �A8 � JL9��?�
4�� �
� ���+��S
qA�p�K. �3M�� ��� ���C>e�?�A8 ��� � � 6 �A. ���¦M�� �7� � >���� � �F4 � È�8C<=� � Jv4 . �F4)c��FD�;`�79��+���3OR8������FJ%8����

M�� �7��� � �w� � �K. �=���F< � J � �?�KJ7ô � 9 �K. �ÁÈ�8R< � JxJ�� �$�A. �E>�����4��7JKJ��+� . 8CJ ���
� ���pO+� � �FD\8 � D �A. �
� � �7M	�!OR8����i�FJNM � ���t;`� � < � �+���FD�S q 9 �A. �bM�� ��� �$�C>e�?�A8 ��� � � ���7J�� � J �A. ��� � 8C;����v; �7�R���F�A. �



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�s�¯�Ê�Æutwvws/Þ�É t�ß Ì@²

4�� �
� ���+�/���F< � J � ���F6	8Í���7a
���FJ � M � ���N;`�uJ�� �*�Ã� � �A. �©Â . 8 � � � 8 � �=JÃ���F< � J � �?� � �\J�� ���A. �
4��������7JK>`� � D ��� <v; ��� S

,`ç�, � ������ìp��� �yê�� }oíyù�ÎF¥�����íÏ|JÎ�£2¤�Î��

-/. � � �K8 � Jp9����§� � < ��� � � Jt4��@B%>`�@J��7D2�C9 � M��^B|8�Ð��+��� ����� JF� �A. � � �A8 � Jp9�����4�� �
� ���+�i� ����� 8 � D
4 . 8 �i� ����8��L; ��� ���(� ���7� 68RJ/J . ��M �Ã��� d <+�����#å'SÍÌ'S
-/. �ÃÂ . 8 ��� �?�/2¬�L; ��� ���$� ���7� ���74�� � O+�7J2���Fa
���FJ � Jv9����@BO�Q8C4 . 4�� �*� ���+�(���F< � J � �?�v8 � D�6

� 9 �A. �?��� � J%B2�+��� �A. 8 � � � �����Fa
���7J � 6gB|8Cc��FJE8 � 8��L; ��� �A8 � �FD\D��F4 � J � � �Ñ��� 4 . �U�@J ��� <�8
4 . 8 �i� ��� � �b;e��J����pO � 4��7J/;°H �A. � � �K8 � JL9��?��� � < ��� �RS�� � B%>���� � M�� ��� >i� � 8��L;¿4F8����rJ�8����u�=J��FD
��� 8 � ����� � �v4?���Q8 � �^8 ��� j ��� >�� � 8��L; ��� ���7S

0(±10(±�³ Ò2¿�¸§Çu½UÓ�º°¿ÔÆ©·�Ç�¾i¿�·�µGV · ®RÕ µCº
-/. � � �A8 � Jp9����b4?� �*� ������B��TD��i���G>`���p9��+�KB%JxD8 � 8 � �K8 � Jp9����KJxM �7�A. 1_2 h�¯�ý�i �=J ��� < �A. �
4 . 8 �i� ��� � �=Bx;`����J��=>=>�� � �7D�;°H �K. ��4 . 8 �i� ���	8��L; ��� ���7ô ��� 8��rJ��Ö���Q8CD=JA¨:M�� �7� �7J34 . 8 ��� �?�
���7< � J � �?�KJ|9����@B �A. �Ã���F< � J � ���2� �����2� �w�'>¿D8 � � �K. � � �A8 � Jp9����EJ � 8 � �FJ7S -/. ��1_2 h�¯�ý�i
���F8CD�¨:M�� ��� ���@>`���K8 �¨� � � Jt8�����>`���p9��+�KB��FDx4?� � 4?������� �*� �§H?M ���K.��A. �����7< � J � �����=>¿D=8 � �Q¨:M�� �7� �Pj
;8C4)c¬�@>e�?�A8 ��� � � J � � ��� 4����Q8CJ���0	1_2�>e�?�L9��+�LBG8 � 4��RS - �/>����PO+� �
�®�A. �y>�����4��7JKJ���� ���*� �������=> �
���7a
���FJ � ;e� ��� <wJ�� �*� ;`�79��+��� �A. �mD8 � 8 � �K8 � JL9��?� � J d ��� J . �7Dú�Ò9��+� �A. ���s8CJ � D8 � 8 ��� �FB
� �K8 � Jp9��������FD�¡=���F< � J � �?��M�� ��� ��;8C4)c � J�Di���~8QH��FD¶� �
��� � �K. ��1_2 hg¯�ý�i �@>`���K8 �¨� � � J`8����
d ��� J . �7D�S

0(±10(±AÅ Æ��u¸§Ç/Çuº®µ�× ¿�ö/¼1¾iº®¿
2 � 8��K; �7� �?� � J�8 � � � jlD�� � �?�KB ����� J �¨� 4	4��@B%>e� � � �*�/���ª�A. �����F8���4 � �L4�� �7�¬� B|>����FB�� �*� 8 �¨� � � S
Ø ��M��7O�����M . � � B2��D������ ��� <�;°H	J��R9 � M�8����^� � � � j�D�� � ���LB ����� J �¨� 47 �9�� � 4 �¨� � � J�D��F>`� � DÄ� �R�A. �
�É�A8 � Di�@B_�T9�� � 4 ��� � � �C9 �A. �#4?�@B%>�� � �?��JLH�J � �FB �A. 8 ��� J���� ������� < �K. �	J��C9 � M�8����C6=M .�� 4 .Ã� J
�=J��8����§H � � �¬� � � jlD�� � �?�KB ����� J �¨� 4CS -/.�� J �K. �����79��+���^Di�U�7J � � � ���?È��74 �r�A. �����F8��!;`� . 8QO � �+�i�
�C9 �K. �/4 � �K4�� ��� S Ø ��M��7O�����8CJy8 � H?4 . � � 4?� � Jt8��K; �7� �K8��LH �7��� J�;e�?� � �PO+�7D �A. 8 ���A. ��J � B��i�~8 ��� � �
4���O���� � J�8CD��7a
�8 � �RS



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�s�¯�Ê�Æutwvws/Þ�É t�ß ÌC±

,`ç�; é�¤�. ë�ì7ùÄ�Ì¤?�2Î é�Ù�ê��/. �/¥

- ��4 . �74)c �K. 8 �°�A. ��;`� . 8�O � �+���®�C9 �K. ��0	1_2Ó4�� �*� ���+�������!B��TDi��� � J!4?�+�����F4 � �rH	Di�FJ � < � �7D �A. �
B��TD��?� . 8CJ�;`��� �Á� �7J � �FDEM ���K.2�K. ��J � B%>�� � d �FD%B2��D��?�`�R9!>�����4��7JKJ��+��8 � D=� �A. ����B���D������7JFS
i O+� � �K. �+�=< .Ú�K. �FJ���B2��D������FJED�� � � � ;`� . 8QO+� � D�� �*�¨� 4Q8����rH � � �K. �����Q8��N2N1 � ý�i - ±
B��TD��i���FJ �A. �PH38����#8C474����K8 � �R� � �+�=< .�� � � �7J ���A. �^0	132ú4?� �*� ���+��������;`� . 8QO � �����FS
- �7J ����� <%M ���A.��A. �Ä���Q8��y�É� � O � ��� � B2� �*� �M�8RJN8��rJ��vD�� � �Ä�=J ��� < �A. �#2�1 � ý�i - ±|>����Rj

4��7JKJ��+��4?�+���R6=132 hg¯�ý�i ;��=J76TB��FB��+�LHb8 � D �A. ��J � B|>i� � d �FDb>`��� � > . �?�A8��D��PO � 4��gB��TD��i���FJ
9��+��M .�� 4 .��K. �R���F8��!B2��D������FJ�Di� � � � H�� � �P� � J � S
- �7J � J�� � 8����&�C9 � H�>e�7J��C9�D8 � 8 � �A8 � JL9����76 � SÛ�CS§�

ÜÑÝ ��� � > . �?�A8�� � �G1��FB��+�LH

Ü 1ª�7B2���LH � � Ý ��� � > . �?�A8��

Ü 1ª�7B2���LH � �G1��FB��+�LH

ÜÑÝ ��� � > . �?�A8�� � � Ý ��� � > . �?�A8��

. 8QO+��;`��� � Di� � �mM ���K. �7O����pH 0	1_2�4 . 8 ��� ���/�'J ��� <w;e� �A.Ú�A. ����9������F��� � ��8 � D 8
D�� d ����� � � �'Bx;e�?���C9�D=8 � 8 ��� �FB%J � �K8 � JL9��?�^� � SÛ�CS�J����§9~j � ���KB ��� 8 �¨��� <I¡PS�0u��� ��� < �A. �v� � �?�KB � j
� 8 ����� <'� � �FJ ���K. ���C>e�?�A8 ��� � � M�8RJ�8��rJ�� ���*� �?�����'> � �7DE8 � D �A. ��4 . 8 ��� ���`���F>i���@<+�K8CB%B2�7D ���
8 � 8 ��� �7B|> ��� � d � D�D��F8CD�����4)cIJ��+��� �A. �?��>����@;����7B|J7S h � ������� <xB���� �¨� >�����4 . 8 �i� ���rJ�4�� � j
4��i����� �*� �rHbM�8CJ�8��sJ�� � �FJ � �FDGM �7�A. ;e� �A.2�K. �gJA8CB���8 � DGD �§� �?��� �
� � H�>e�7J��C9©D8 � 8 � �K8 � Jp9����FS

,`ç�E é�¤�. ë�ì7ùÄ�Ì¤?�2Î ¡¢�/¥të�ì?��¥

-/. ��J � B����s8 �¨� � � ���FJ���� � JbJ . ��M �A. 8 �����*� ���K8C4 ��� � � ;e� � M��?� �Í�A. �`0	1_2ï4?� �*� ���+�������x8 � D
� �K. ���^B2��D������FJ ���Ê�K. �G>i����4��FJLJ��+�?J��=;=JpH�J � �7BZM��+�KcIJb8CJÄ�P�T>`�F4 � �FD�S Ø ��M��PO+�?� � �FJ �¨��� <
���PO+�F8����7D3J��@B��N>����C;����7B|J�M ���A.2�A. � ��������� 8��D��7J � < � 6=;`� �A. 8xD��Q8CDi����4)cG8 � D3B��+����J��'; � ���
>����@;����7B|J	J��=4 . 8CJ^8ª�K8C4��%4�� � D ����� � � 8 � D �A. ���Q8����rH ���*� �������=> � ���Fa
���7J � S -/. �7J��GM������
J��';=J��7a��i� �*� �§H_4?�+�����F4 � �FD}8 � D`O+�?� � d �FD�S



¢tÅ�Æ�Ç�È�É�Ênm°Ëpo�É�Å�Ærq�à�s�¯�Ê�Æutwvws/Þ�É t�ß ÌRå

MARBLE TE

R
ea

d
REGISTERS TE TE

U
pd

at
e

W
ri

te

R
ea

d
P

PP

TE

P

Processor

wait for processor release bus

wait for transfer engine release registers

DEADLOCK

Transfer Engine
31 2

TIME +

����Þ �����ußià ²��§áu�¦â�ã����Uä�å2ä¦â��iæ���ç
èÀâ � �+é � ä¬��� Þ�� æ � ���râ�ä?ä���æ�æ�ç*è � �¨â � æ�ê������ ��Þ+��� �

0(±1ë(±�³ ì¶º°¸ ® µC·rí õ
î(ï ��ã��¦â�ã�����ä�åwð����+ç����?é � æ�â � �+ç*ñ � ����æ2� � �Àò ï � � ä��+é�ð�â�����ãÍò ���¨ï � ��ï ����ð����+ç����?é2æ
���p�¨ï �ªã���æ ��Þ+� à¶ó¬æ=æ ï �xò � ���Ñô�Þ �i���FßiàÍ²Tô �¨ï � � �¨â � æ�ê����Á� ��Þ+��� ��â�ä�ä��?æ�æ���æ�â©��� Þ+� æ � �?�
ÖCØA35õ$9ö�KÖ��÷�ùø�ú ��� ò ï�� ä ï ú°ò ï � � â�ä�ä?��æ�æ � æ Þ �¨â �*� ��ã � � �¨ï � � �¨â � æ�ê��?�/� ��Þ+��� ��ú ��ï �$��� Þ+� æ � �?�
� æ � � � �������¦â�æ���ãû� �*�¨� �§��� Þ+� æ � �?�/ò�� ��� ��ç�â�ä�å � æ ô��i� æ ï ��ãËà î(ï�� æRä¦â���æ��?æ�ã���â�ã�����ä�å � ê �¨ï �
ð����Uä?��æ�æ��+� � � � ��æ � �2â�ä�ä��?æ�æ �¨ï �Ræ�â�é2�R��� Þ+� æ � �?��à

î(ï�� æ ð����+ç����?éüä�������ã�ç`����â�æ � ��è�æ��+��ñ���ã2ç
è � � � â�������ò ����Þu�¨ï � � �¨â � æDê����§� �iÞ+��� � � �Ä��æ��
â � �+é � äÁâ�ä�ä��?æ�æ � � �¨ï �Á��� Þ�� æ � ���Ä� ����� úÌâ�æ�æ ï �xò �Í���©ô�Þ �����ÀßUàÍ±ià î(ï � � ��â � æDê������ ��Þ+��� �
���?ý
����æ � æuâ�ä�ä��?æ�æræ��?ð�â��¨â � ���7è=ê��+�(��â�ä ï ��ðe�?�¨â ��� � ����� ðe�?��ê��+��é2æ�ò �7�¨ïÀ�¨ï �R��� Þ+� æ � �?��æ?à

0(±1ë(±AÅ ÛÃ¸Ì¿�µlòÿþ
Ç�¾iº°¿�¿ Õ�� ¾Ú¹"º�� Õ º°½�¾��rº®Ç��R¼DÇu»
î(ï�� æ�ð�����ç����?é ò�â�æ�ê���� � ã=ò ï � � â$á	�ªó¶ä ï â ��� ���eò�â�æ�ð���� Þ �¨â�é�é2�?ã � � � �¨â � æ�ê��?��ã�â � â
ç`� � ò���� ��� ò��/ðe�?� � ð ï ����â��Uãi�?ñ � ä?��æ�àtæ ï � ���¨ï ��ð�����ä��?æ�æ��+�Ì���?ä�� � ñ+�?æ§â �$���*� �?������ð � ����ý
���?æ �
ê�����é �¨ï �Áá	�ªó ä?� �*� ���������?� �7� ���¦â�ã�æ �¨ï ��
� ä ����ý
����æ � ��� Þ+� æ � �?� � �ªã�� � ����é ��� ��ò ïi� ä ï
á	�ªó ä ï â ��� �?�(ä¦â���æ���ã �¨ï � ���*� ��������ð � à î(ï ��ði����ä���æ�æ��+�$ä?�+����ãÖ����ä?� � ñ+� �¨ï � ���*� ��������ð �
ç`�?ê��+��� ��ï �Rã�â � â � �¨â � æ�ê����(ò�â�æ ô���� æ ï �?ãËú�â�æ�æ ï �xò �ª���Àô�Þ ������ßià�åià

� ñ+� ����ï �+� Þ�ï ú ��� ði�¨â�ä �¨� ä?��ú �¨ï�� æ � æ � � � â����¦â��
ð����+ç����?éJç`��ä¦â���æ�� �¨ï � � ��â � æ�ê��?��æ ï �+����ã



�������������nm��po������rq ��s�¯��!�utwvws#"�� t%$ &('

MARBLE TE

R
ea

d
REGISTERS TE

U
pd

at
e

W
ri

te

R
ea

d
P

PP

Processor

Transfer Engine
31 2

TE

R
ea

d

P

P

TEP

TIME +

W
ri

te

TE TE

W
ri

te

U
pd

at
e

)���Þ �����RßUà+*-,�.r� �0/ â � �+é � ä���� Þ+� æ � ���râ�ä?ä��?æ�æræ��+�7ñ+� �¨ï �Rã���â�ã����Uä�å=ði���+ç�����é

ç`� ô���� æ ï �?ãÀçe��ê��+��� �¨ï �uði����ä���æ�æ��+�(� �*� ����æ ��� æ ���
� ��������ð � æ����Dñ � ä��¬���+� ����� ��ú ���2�¨ï ���+�Dè �¨ï �
ð����Uä?��æ�æ��+�Àä�������ã ï âxñ��Fçe� Þ � �"� �©����ði��� Þ ��â�é �¨ï �Fá	��ó ä�� �*� ���+�������2çe��ê��+��� �¨ï �F��â�æ �
� ��â � æDê���� ï â�ã � â�å�� � ði� â�ä?��à î ��� � æ��i����æ �¨ï â � â�ð����+ç�����éüä�â ��� � � ç`�rä�â���æ���ãÁ� ����ï ����â�æ �
ã�â � â � �¨â � æDê���� �¨ï ����� Þ�� æ � ���§ò�� �7� �rç�â�ä�å��+ðe�?�¨â ��� � ��� æ ã��?� â¦è+�?ã=� �*�¨� �`ã�â � â � �¨â � æ�ê����§ò ����ï
�ªó���1�2 �Ñ� æ ô���� æ ï �?ãËú`â�æ(æ ï �xò �ª���Àô�Þ ������ßià3'�à

4(±1ë(±65 ¹"¸Ìíº Æ©·�Ç��R¼A¾�¼D·�Ç

 �Ã� �+��é2â��ä � ��ä?��é2æ � â � ä���æ �¨ï �Ä��â�ä���ä�� � ã ����� � � ã���æ�ä�� � ç`��ã ��� ði���?ñ � �+��ærä ï â�ð � ����ò��+����ã
ç`�2�87 � ���?é2�?��è � � � � å�����è�à î(ï�� æ�ð����+ç�����éÿò�â�æÄê���� � ãÊò ï � �©��ï �2æ��+��� �¨� � � ê��+�R��â����7è ���0/
� �?������ð � ���?ý
����æ � ò�â�æ ���*� ���Uãi��ä��?ãÊâ � ã ��ï �$æ � é�����â �¨� � � ò�â�æRã�� � �$ò �7�¨ï ðe�?� � ð ï ����â�� � �
ð`��� � ð ï �?�¨â��Ëã�â � â � ��â � æDê�����à§ó�æræ ï �xò �Ã����ô�Þ ������ßiàÉßià

î(ï�� æ(ði���+ç�����é ò�â�æ(æ��+�7ñ+��ã�ç*èÀâ�ã�ã ���iÞ â�È�â Þ ò ï�� ä ï ð�����ñ+� �*� æ ��ï � � ��â � æDê����(ä�� �
� ���+�
�xñ+�?��ò�� �7�¨����Þ ��� Þ+� æ � �?��ñ�â������?æ � ê �¨ï �uði����ä���æ�æ��+� ï â�æ�ò�� �7��� � � æ��+é2��ñ�â������ � � ��ï �u��� Þ+� æ � �?�
� ���7�:9 â � ã�æ�� � È�â Þ ç*èÀã�� ����Þ$�¨ï â �8; ú�â�æ�æ ï �xò �Ã���Àô�Þ �����ÄßUà3<Uà



�������������>=��@?������BA �DC�¯��!��EGFGC#"���E%$ &�ß

TETE

TE TE

U
pd

at
e

R
ea

d

W
ri

te
R

ea
d

W
ri

te

TETE

TE

P

PPTE

processor read IRQRequest
before data transfer is finished

last data item transfer
cause interrupt

MARBLE

REGISTERS

U
pd

at
e

R
ea

d

W
ri

te
R

ea
d

W
ri

te

IRQ

TIME +

) H�Þ(I-JLK ßiàNMO, � â JQP è HSR�TUKVJQJLI ð T æ KVR ã HWR�Þ

TETE

TE TE

U
pd

at
e

R
ea

d

W
ri

te
R

ea
d

W
ri

te

TE

TE TE

TE P

PP

TIME +

for last data item tranfser
register write back is delayed
until data transfer is finished

MARBLE

REGISTERS

U
pd

at
e

R
ea

d

R
ea

d

W
ri

te

W
ri

te

IRQ

) H�Þ(IOJLK ßUà3'0,§á KXP â¦è JQK�Þ(H æ TLKVJ æ(ò JQHSTUK ç�â�ä�åÁêZY J!P â�æ T ã�â T â TUJ â R æ�ê KXJ



�������������>=��@?������BA �DC�¯��!��EGFGC#"���E%$ &(<

SrcAddr, DstAddr,
Count, Control SentWrite Control

(stop transfer)

SrcAddr, DstAddr,
Count, Control Updated

SrcAddr value is overwritten
by transfer engine’s writeback

DMA transfer started with
incorrect register value

Send ChanReq

Control Updated

ReadRegisters

SrcAddr Updated
Write SrcAddr

Write DstAddr

UpdateRegisters

WriteRegisters

DstAddr Updated

Write Count
Count Updated

Control Updated
Write Control

Send ChanReq

MARBLE INTERNAL
BUS BUS

Processor Registers Transfer Engine
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SrcAddr, DstAddr,
Count, Control SentWrite Control

(stop transfer)

Set flag

Send ChanReq

Control Updated

ReadRegisters

SrcAddr Updated
Write SrcAddr

Write DstAddr

UpdateRegisters

WriteRegisters

DstAddr Updated

Write Count
Count Updated

Control Updated
Write Control

Send ChanReq

MARBLE INTERNAL
BUS BUS

Processor Registers Transfer Engine

Flag is set
no update
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TU�-Kcd-K i HS[(R�]

� Y JQKBd-KXT _ HWPWKXd i HW��IOP _ TLH Y R `�_ R � KBd Y ROK#T Y K i TUHS� _ TLK�TU�OK ð�Yxò KXJ `XY R i IO� ð TUH Y R _ ROd
ð KVJ �ZY JL� _ R ` K Ya� TU�-K��	��� `XY R�TUJ Y PWPSKVJ � � Yxò K ñ KXJ�TU�OH i�ò _ai R Y T�d Y ROK � K `V_ I i K Ya� TUHS�¡K
`VY R i TLJ _ HSR¢T i HWR ò JLHeTUHWR-[�TU�OH i TU�OK i H iX£ TU�OH i H i PSK � T �ZY J � I-TLIOJLK ò^Y JL¤k]
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º#�OK�d-K i HS[(R Y»��_ R _ai �¼R ` �OJ Y R Y I i �	��� `VY R�TLJ Y PSPWKVJ!H i�ð�Y(iLi H � PSKa]Bº#�OH i TU�OK i H i¬ð JQK i KXR�T i
_Áð�Y(iLi H � PSK:d-K i HS[(R �ZY J i I ` � _ �	��� `XY R�TUJ Y PWPWKXJ�HSR ò �OH ` � ð J Ya� PWKX� iBYa��_ai �0R ` �OJ Y R Y I i
HW� ð PSKV��KVR�T _ TLH Y R _ JLK _ dOd-JLK iQi KXd _ ROd½TU�OK ð J _a` TLH `�_ P � K _ TLIOJLK i¡Ya� K 7 H i TUHSRO[ � dOK ð P Y �(KVd �
�	��� `VY R�TUJ Y PWPSKVJ i�_ JQK ð J Yxñ HWd-KVd�]¿¾ ñ KXRÀTU� Y I-[(�GTU�OKXJLK _ JLK i K ñ KXJ _ P ð J Y(� PWKV� i HSRÁTU�-K
dOK i HW[aR|TL� _ T#d Y R Y T#K 7 H i T!HWR i �¼R ` �OJ Y R Y I i dOK i HW[(R iV�Oi K ñ KXJ _ PÂTLK ` �OROHSÃ¢IOK i K 7 H i T#T YgiQY P ñ K
TU�-K ð J Y(� PWKV� i ]Äº#�OH i TL�OK i H i d Y K i R Y T ð JLK i KVR�T _ R�HW� ð PWKX�¡KXR�T _ TLH Y R �ZY J�TU�OK¿�	�Å�
`VY R¢TLJ Y PSPWKXJ�dOK iQ` JQH � KVd � I-T _ dOK i HW[(Rg� _»i¶� KXKVR ð J Y dOI ` KVd �¢iLY»� T ò�_ JQK!� Y dOKVPSPWHSRO[�� _»i¶� KXKVR
d Y R-K �(_ ROdcTL�OK i HW��IOP _ TLH Y R�� _ai%� KXKVR:TLK i TUKVd _ ROd ñ KVJQHSÆÇKXd ò HeTU�	TU�OK ð J Y0` K iLiQY J _ ROd Y TU�OKXJ
� Y dOI-PWK i Y RÅTL�OK ð J Y¼` K iLiQY J i I �Oi � i TUKX��]
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º#�OK��	�Å� `VY R¢TLJ Y PSPWKXJ ò �OH ` ��� _ai�� KVKXR�dOK i HW[(R-KVd�H i�_ ��I-PSTUHà/ ` � _ ROROKVP��	��� `VY R�TLJ Y PSPWKVJ
ò �OH ` � `VY IOPWd � KÅI i KXd�HWR _ [aKVROKXJ _ P�����l 1�2 ¾ _�ð�ð PWH `V_ TUH Y R�]âá6T `V_ R@TLJ _ R iQ� KVJ�d _ T _
� KXT ò KVKVR _ R�� `VY � � HWR _ TUH Y R Ya� ��KV� Y Jã� _ ROd ð KVJLH ð �OKXJ _ P¶dOK ñ H ` K i ]¡¾ ñ KVR¬TU� Y I-[(��TU�OH i
dOK i HW[aRä� _»i|�ZY IOJ ` � _ ROR-KVP i�_ ROd i I ð�ð�Y JQT i|�ZY IOJ ð KVJQH ð �-KVJ _ P i HST `XY IOPSd � K¿K 7UðÇ_ R-dOKVd
ò HSTL� Y I-T ` � _ RO[(K�T Y TU�-K `XY R ` K ð TLI _ PÂdOK i HW[aR�]

º#�OK�d-K i HS[(R�� _»i^� KVKXR�� Y dOKXPWPWKXd _ ROd¡TLK i TLKVd�I i HWRO[ 2 ��lB� � TU�OK�� _ JLd ò�_ JQK�dOK iL` JLH ð /
TUH Y RÅP _ RO[aI _ [(K �ZY J _ai �¼R ` �OJ Y R Y I i P Y [(H ` dOK i HW[(R�]��0HS��IOP _ TUH Y R _ ROdåTLK i T�� _ai�� KXKVR�d Y R-K

y(æ
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ò HSTL� ��Y TU� _¬i HW� ð PSHSÆÇKXdë� Y dOKXP Ya� TU�OK ð J Y¼` K iLiLY J i � i TLKV� _ ROd _a` TUI _ P���� h�2 ¾�º * H
ð J Y0` K iLiQY J i � i TLKV� irò �-H ` �å� _xñ K � KXKVRåI i KVdÅHWR|dOK i HS[(R Y»� TL�OK i HWPSH `XY R�]

È {8ì ÚÜÛ�Ý�í�ßV��î�ØVÛ�Ý�î

á6T�H i�� K _»i H � PWK:T Y dOK i HW[aR _ ROd�I i K _ R _ai �0R ` �OJ Y R Y I i �	��� `XY R�TUJ Y PWPWKXJ ò HeTU�åTL�OK _ai �0R¼/
` �OJ Y R Y I i�ð J Y0` K iQiLY J i I �Oi � i TLKV�Å] º#�OKXJLK i K ñ KXJ _ P ðÇ_ JãTUH ` IOP _ J�H iQi IOK i HWR�TU�-Kcd-K i HS[(R�TU� _ T
� _ ¤aK�TU�-K _»i �¼R ` �OJ Y R Y I i �	��� `VY R�TLJ Y PSPWKVJ dOHSï�KVJQKVR�T�ð _ ROd|� Y JQK	dOHSñ ` I-PST#T Y dOK i HS[(R
ðòTL� _ R�HeT i�i �0R ` �OJ Y R Y I i�`VY I-R¢TLKVJ ðÇ_ JQTV]¶) Y J K 7-_ � ð PWK � TU�OK ð J Y(� PSKV� `VY R�TLJ Y PSPWHWR-[ _a`X` K iLi
T Ygi � _ JLKXdåJQK iLY IOJ ` K i ��I i T � K _ dOdOJQK iQi KVdó]

��J � HSTLJ _ TLH Y R	H i I i KVd�HWR i K ñ KXJ _ P ð P _a` K i HWRcTU�OH i �	��� `VY R¢TLJ Y PSPWKXJV]%¾ ñ KVR�TL� Y IO[a��R Y R¼/
dOKDTUKVJQ�¡HSROH i �ôH i I-ROdOK i HWJ _a� PWK � K `�_ I i K�HST�� _ ¤»K i TL�OK�IOROHeT�õ i�� KV� _¦ñ H Y IOJ�IOR ð JLKVd-H ` T _a� PSK
_ ROdgTU�¢I i � _ JQdOKVJ¶T Y � Y d-KVP _ R-d�TLK i T � HeT�H i � Y JLK _�ð�ð J Y�ð JLH _ TUK�TL� _ R Y TU�OKXJ��¡K ` � _ ROH i � i
�ZY J i � _ JQHWRO[�JQK iLY IOJ ` K ic� K `�_ I i KgHST�JQKVÃ¢IOHWJQK i PWK iLi � _ JLd ò _ JLK _ ROd¿HW� ð�Y(i K i	_ ROKX[(PWHS[(H � PWK
ð KVJ �ZY JL� _ R ` K ð KVR _ PSTö�a]

áöR _ R _ai �¼R ` �OJ Y R Y I i#i � i TLKV� `VY ����IOROH `�_ TLH Y R i¶`�_ R�� _�ð�ð KVR�HSR _ R _ J � HeTUJ _ JQ� Y JLdOKXJ
9÷I-ROPWHS¤aK i �0R ` �OJ Y R Y I igi � i TLKV� ò �OKXJLK `XY �¡��IOROH `V_ TUH Y R i�_ JLK i HW��I-PST _ ROK Y I i ; £ TU�-H i�`V_ R
`�_ I i K�TU�-K i � i TUKX�èT Y � _¦ñ K	� Y JLK�JQK _a` � _»� PWK i T _ TUK iB_ ROdÅ� Y JQK ð�Y(iLi H � HSPWHSTLHWK i^�ZY J#KXJLJ Y J i ]
º#�OH i H i � _ dOK ò^Y J i K � � _ J � HeTUJ _ TUH Y R ò HSTU�øHST i R Y R0/öd-KXTUKXJL��HWROH i � _ ROd `V_ RÁHSR¢TLJ Y dOI ` K
ð J Y(� PWKX� i HSR�T Y TU�OK	dOK i HS[(R �Oi I ` � _ai dOK _ dOP Y0` ¤ _ ROd|J _a` K `XY ROdOHeTUH Y R�]

1 KV� _xñ H Y IOJ _ P�� Y dOKXP i `V_ R i � Yxò I ð � _ R¢� ð�Y TUKXR¢TLH _ P �÷_ IOPeT i HSR ` PSIOdOHWR-[ iLY �¡K ò �-H ` �
ò^Y IOPWdøR Y Tc� _ ROH � K i TcHSR _ JLK _ P i � i TLKV� � K `�_ I i K Ya� TLHW��HWRO[ `XY R i TUJ _ HWR�T iRò �OH ` �¬H ic_ d0/
ù I i T _a� PSK�HWR	TU�OK�� Y dOKXP i ] hBi HWR-[ � KV� _¦ñ H Y IOJ _ P�� Y dOKVPSPWHWR-[ TU�OK ð J Y(� PWKX� i�`V_ R � K�dOKXTLK ` TLKVd
_ ROd iLY P ñ KXd�]

� ð�ð PWH `V_ TUH Y R Ya� TU�OK _ J � HSTLJ _ TLH Y R�TLJLKXK �*ò �OH ` ��H i�� I-HWPST � J Y �®T ò Y HWR ð I0T _ J � HeTUKXJ iV� � _»i
� KVKVRgHSR ñ K i TUHW[ _ TUKXd�]���IOPeTUHà/ ò _ � _ J � HSTLKVJ i Y J _ J � HSTLJ _ TLH Y RcTUJLKXK i¶`V_ R � K � IOHWPeT�HWR�d-HSï�KVJLKXR�T
ò _ � i T Y � _ ¤»K�TL�OKV�ú[aH ñ K�dOHeïóKXJLKVR�T �Ç_ ROd ò HWd-TL�¬T Y TU�-K¡JQKVÃ¢IOK i T i ]�º#�OH i	� K _ TLIOJLK ò _ai
R Y T�I-TUHSPWHWûXKVdÎHSRÎTU�OH i dOK i HW[aR Ya� �	��� `VY R�TLJ Y PSPWKVJ � K `�_ I i KgJLKXÃ¼I-K i T ic�ZY J�d _ T _ TUJ _ R iQ� KXJ
J _ JLKVPe� iU_ TLIOJ _ TLK TU�-K TUJ _ R iQ� KXJ�KVR-[(HWROK ò HSTL� Y I-T iU_ TLIOJ _ TLHWRO[�TU�OK � I i ÆÇJ i T�] ü Yxò K ñ KXJ ��Y TL�
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¤¢HWROd iBY»��_ J � HSTLJ _ TLH Y R¡TUJLKXK	�¡HS[(��T � K	I i K � IOP�KXP i K ò �OKVJQKa]
º#�OK���K ` � _ ROH i ��T Y TUJ _ R iã� KVJ d _ T _�Y R|����l 1�2 ¾ÀH i PWHW��HSTLKVd�T Y:i T Y JLK8/ _ ROd¼/ �ZY J ò�_ JQd

� K `�_ I i KøTU�OH i HS� ð PWKV��KVR�T _ TUH Y R Ya� ����l 1�2 ¾þd Y K i R Y T i I ð�ð�Y JãT j ��/ ðÇ_ai TÅTUJ _ R iã� KVJV]
ü Yxò K ñ KVJ�HeTcH i/ð P _ ROROKXd¬T YÅi I ð�ð�Y JQT	TU�OH i HWR¿TU�OK � I-TLIOJLK ñ KXJ i H Y R Y»� ����l 1�2 ¾#]Âÿ�HSTL�
i I ð�ð�Y JQT � J Y �èTU�OK � I iV�ój �¢/ ðÇ_ai T�TUJ _ R iQ� KXJ `VY IOPWdÎHSR ` JQK _ai K�TU�-K��	���ÄTLJ _ R iã� KVJ ð KVJ �ZY Jã/
� _ R ` K¶HSR iLY ��K i HeTUI _ TLH Y R iV£ HSTÂd Y K i R Y T�JQKVÃ¢IOHSJLK¶� _ ù Y J ` � _ R-[(K i HWR�TL�OK��	��� `VY R�TLJ Y PSPWKVJ
T Y�i I ð�ð�Y JãT�TU�OH i�� IOR ` TUH Y R ��Y ROPS� _ÁðO_ JQT Ya� TU�OK:TUJ _ R iQ� KXJ `VY R�TLJ Y P�ROKVKXd � K�JQKVdOK i HS[(ROKVdó]
º#�OH iBi � Y IOPSd � K	HWR ñ K i TLHW[ _ TUKVdÅHWR�TL�OK � I-TUI-JLK ò Y JL¤k]

�Ü�	��� � K _ TLIOJLK�TL� _ T ð J Y�ñ HSdOKVd � � ��Y TU�¿áöR�TUKVP�õ icx�ý»*�<�_ ROd .�_ TUH Y R _ P õ i�. � *�ý(ýaæa*
� I-T!R Y T#HWR ñ K i TLHW[ _ TUKVd|HSR�TU�OH i TU�OK i H i H i � d Y I � PSK � I-ï�KVJQHWRO[���HSR ò �OH ` � _�i KXT Ya� JLKX[(H i TUKXJ
H i I i KXdGT Y�i T Y JQK ð JQKD/ `XY R-ÆÇ[aIOJLKXd ñ»_ PSIOK i:Ya� TU�-K�JLKX[(H i TUKVJ i ]åÿ��-KVRÀTU�OK�d _ T _ TUJ _ R iQ� KXJ
H i ÆOROH i �OKVdâTU�OKÅ�	��� ` � _ R-ROKVP!JLK8/öP Y�_ dGTU�-K i K ñ»_ PWI-K i T Y HST i JLKX[(H i TUKVJ i�_ ROd `VY R�TUHSR¢IOK
TU�-Kåd _ T _ TUJ _ R iã� KVJV]�º#�OH i �¡K ` � _ ROH i � _ PWP Yxò!i �	��� TUJ _ R iQ� KXJ�T YÁ`VY R�TUHSR¢IOK ò HeTU� Y I0T
HWR�TLKVJLJQI ð TLH Y R�]

º#�OH i	� K _ TUIOJQK ò _ai JLK ù K ` TLKVd _ T	TL�OK � KV[aHWROROHSRO[ Ya� TL�OK�dOK i HW[(R � K `�_ I i K�HeT	JLKXÃ¼I-HWJLK i
_ R Y TU�OKXJ i KDT Ya� JLKX[(H i TUKXJ �ZY J^K _a` �Å�	��� ` � _ ROROKXP�9 _ai x�ýa*�< ; Y J^JLKVd-I ` K i TU�OK�R¢IO� � KVJ Ya�
` � _ R-ROKVP i TU� _ T `XY IOPSd � K�I i KVd _ T Y R ` K � ��� _ P � 9 _ai . � *�ý(ý»æ(* ;D]�ü Yxò K ñ KXJ TU�OH i^`XY IOPSd � K
_Äñ KVJQ��I i K � IOP � I-R ` TLH Y R �ZY J i K ñ KXJ _ P _�ð�ð PWH `�_ TLH Y R i^_ ROd i � Y IOPWd _ P iQY�� K�HWR ñ K i TLHW[ _ TLKVd �ZY J
TU�-K � I0TUIOJQK ò^Y JQ¤�]

º#�OJLKXK¡� _ ù Y J�d-K i HS[(R ð J Ya� PWKX� iX, dOK _ d-P Y¼` ¤ � J _a` K `VY ROdOHSTLH Y R ��_ ROdøK _ JQPS�ÎHSR�TUKVJQJLI ð T
JLKXÃ¢IOK i T iV� � _xñ K � KVKVR �ZY IOROd � � _ HSROPS� _ai�_ JQK i IOPST Ya��i HS��IOP _ TUH Y R i#i HSR ` K iQY ��K Ya� TL�OKV�
_ JQK ñ KXJQ� i I � TUPWK»]�) Y JQ� _ P%��KXTL� Y d i�Y J Y TL�OKVJ��¡K ` � _ ROH i � i�`XY IOPWd � K:I i KXdÎT Y�_ R _ PS�¼ûXK
TU�-K i K ð J Y(� PWKV� i ] ü Yxò K ñ KXJ ò HSTL�¡TU�-K�� _ JQd ò _ JLK�dOK iQ` JLH ð TUH Y R�P _ RO[(I _ [(K _ ROd i HW��I-P _ TLH Y R
T Y¼Y P i�ð J Yxñ HWd-KVd � � Y d-KVPWPSHWRO[cTU�OK i � i TUKX� _ ROd i HW��I-P _ TLHWRO[:HST!H i ��I ` ��K _ai HSKVJX]

2 ��lB� � TU�-Kc� _ JLd ò _ JQK�dOK iQ` JLH ð TUH Y R|P _ R-[(I _ [(K �ZY J _ai �0R ` �OJ Y R Y I i P Y [(H ` dOK i HS[(R � � _»i
� KVKVR@I i KXd �ZY J�� Y dOKVPSPWHWR-[åTU�OH i �	��� `VY R�TLJ Y PSPWKVJX]½á6T ð J Yxñ HWdOK i¡i I ð�ð�Y JQT�HWRÀTL�OK|P _ R0/
[(I _ [(K � PSH � J _ JQ� ��_ R-dGT Y¼Y P i	�ZY J i HW��I-P _ TLHWRO[ _ ROdGTLK i TLHWRO[ £ TL�OK � KV� _¦ñ H Y IOJ _ P�� Y dOKXPWPSHWRO[
`VY IOPWd � Kgd Y ROK�� Y JLK�K _ai HWPS��TU� _ RøI i HWR-[ Y TU�OKXJ	P _ RO[aI _ [(K i TU� _ T	d Y R Y T ð J Yxñ HSdOK i I ð /
ð�Y JQT �ZY J _ai �¼R ` �OJ Y R Y I i P Y [(H ` dOK i HW[(Ró]¶º#�OK ` � _ ROROKXP �Ç_ai KVd `VY ����IOROH `�_ TLH Y R�HWR 2 ��lB�
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_a�Oi TUJ _a` T i TU�OK _ai �¼R ` �OJ Y R Y I i d _ T _ TLJ _ R iQ� KVJ _ ROd i HW[(R _ PWPWHSRO[ ð J Y T Y0`XY P ñ KVJã�ÎKDñ ` HWKXR¢TLPS�
ò �OKXR `VY � ðÇ_ JLKVd ò HeTU� Y TU�-KVJ!� _ JQd ò�_ JLK	dOK iQ` JQH ð TLH Y R|P _ RO[(I _ [aK i I ` � _ai�� ü�� 2 ]

º#�OKVJQK _ JQK iQY ��Kc��HWR Y J ð J Ya� PWKX� i(ò �OKXRÎI i HSRO[ 2 ��l��®T Y � Y dOKVP _$ñ KXJQ� `VY � ð PSK 7
i � i TUKV� i I ` � _»i TU�-K���� h�2 ¾�º * H ð J Y0` K iLiQY J i I �Oi � i TUKX��]c�0HS��IOP _ TUH Y R ò Y I-PWd � K ñ KVJQ�
i P Yxò H � dOKXT _ HWPSKVdÀ� Y dOI-PWK i�Ya� K ñ KXJQ�ÀI-ROHST _ JLK�I i KVdGð TU�OK ` IOJLJQKVR�T�HW� ð PWKX�¡KXR�T _ TLH Y R
Ya��2 ��l��®H i HWR�TUKXJ ð JQKXTUKXd _ T�JLIOR¼/6TUHS�¡K _ ROdÎH i TL�OKVJQK �ZY JQK i P Yxò ]�¾¶JQJ Y JBJLK ð�Y JãTUHSRO[ ò �-KVR
`VY � ð HSPWHSRO[ i TUHSPWP _Á� HST ` JQ� ð TLH ` ]�¾ ñ KXR�TU� Y I-[(� �!_ai2ð J Y [aJ _ ���¡HSRO[¿P _ R-[(I _ [(K �#2 ��lB�
i I ð�ð�Y JQT i�ðÇ_ J _ PSPWKVP iL` �OKXdOIOPSHWRO[½TU�OK¿HSR¢TLKVJ ð JLKDTUKVJ|HeT i KXP � H i|_Ài HWRO[(PSKD/ TU�OJQK _ d iL` �-KVdOIOPSKVJ �
TU�-KVJLK �ZY JLK:� Y dOKXPWPWHSRO[ _ R Y R0/öd-KXTUKXJL��HWROH i TLH `�` HSJ ` IOHST `VY � ð�Y ROKXR¢T!ð i I ` � _ai�_ R _ J � HeTUKVJ
ð `�_ ROR Y T � K _»` �OHWK ñ KVd¬JLK _ PWH i TUH `�_ PSPS�a] 2 ��lB�ÜH i HWR�TUKXROdOKXd �ZY J��OHS[(�0/6PWK ñ KVP�� Y dOKVPSPWHWR-[ £
P Yxò /6PWK ñ KVP�� Y dOKVP i#Ya� ` HWJ ` IOHeT `VY � ð�Y ROKVR�T iB`XY IOPSd � K	d Y ROK � I0T�R Y T ñ KXJQ�ÅKXñ ` HSKVR�TUPe�(]

º#�OKVJQK _ JLK i K ñ KVJ _ P � K _ TLIOJLK i	Ya��2 ��l��>TU� _ T `XY IOPSd � K�I i KVdÁHSR�TU�OKgdOK i HW[aR Ya� TU�-K
�	��� `VY R¢TLJ Y PSPWKXJ�T Y HWR ñ K i TLHW[ _ TLK ð KXJ �ZY JQ� _ R ` K _ ROd ð�Y�ò KVJ�KXñ ` HWKVR ` � ò �OKVR@I i KXdëHSR
`VY / i HS��IOP _ TUH Y R ò HeTU� Y TU�OKXJ _�ð�ð PSH `�_ TUH Y R iV�0� I-TBdOIOK�T Y TLHW��K `VY R i TUJ _ HWR�T i TL�OH i H i PSK � T �ZY J
� I-TLIOJLK ò^Y JL¤k]

�þP Y T Ya�(ò^Y JL¤ i TLHWPSP^ROKXKVd i T Y�� K�d Y ROK�T Y HW� ð PSKV��KVR�T:TL�OK _a` TUI _ P _ai �0R ` �OJ Y R Y I i
�	��� `VY R�TUJ Y PWPSKVJX]|¾ ñ KVRÀTU� Y IO[(�¬� Y(i T Ya� d _ T _ / ðÇ_ TL� Ya� TU�OK��	��� `XY R�TUJ Y PWPWKXJ `VY IOPSd
� K�d Y R-K ò HSTL� Y I-T���I ` � ð J Y(� PWKV� �ki K ñ KVJ _ P d-H _ [(J _ � i�_ ROd�ÆÇ[aIOJLK i HWR|TU�OH i TL�OK i H i � _xñ K
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