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ºo¤Áº ¦§Odbg^eb"M_^elNS]bgOk^aiGSÇn�MP`Gi¬¨RM�^îMï^aSeMPOd²Un�isSmlNc1isSaM_^eb-lNOo²�¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ º_È
ºo¤ÉÈ Ê.M_Se³Ni©^mb-Ok^aisSUn�MP`si«¨dM_^îMï^aSeMPOd²Çn�iGSmlNc%iGSaM�^ab-lPOd²x¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ºN­

Èd¤¥V Y]¸-l�`îñ�¨ob"MP³NSeMPfálPn4^ \ i«h¬´¶µÓ`GlNOk^eSelN¸g¸-iGS6¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ÈNº
Èd¤¯® ×Øis³Nb-²Ç^aisSmÌqOdb¥^¡¤«¤«¤«¤«¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ÈPÈ
Èd¤Áº ê¬¸glNßRMP¸ ×Øis³Nb-²Ç^aisSe²Ø¤«¤«¤«¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ Èk­
Èd¤ÉÈ []\ MPOdOoiG¸�×miG³Nbg²U^aisSe²ï¤«¤«¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ÈNà
Èd¤¯­ [ lNOk^aSUlN¸�×Øis³Nb-²Ç^aisSæ¤«¤«¤«¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ Èk»
Èd¤Áà []\ MPOdOoiG¸�×miG÷<QdiG²Ç^Ë´¶MPcdcdbgOd³�ÌØOdbg^í¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ Èk»
Èd¤¯» ¦§Ok^aiGSUORMP¸�²Ç^aSeQo`s^aQoSei«lPn []\ MPOdOdis¸4×miG÷<Qdis²U^!´ÍMPcdcob-Od³jY]¸glr`îñ�¤�¤¬¤«¤�¤«¤�¤ ÈN¹
Èd¤Á¹ Ê4SeMPOd²Çn�iGSØ°ÜOd³Nb-Ooi¬ÌqOdb¥^ ¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ÈNW
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Èd¤ÁW []\ MPOdOoiG¸�µKSUßdbg^eiGSmÌØOdbg^�¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ÈNW

­r¤¥V priG÷<QdisOd`Gi�lPn9^ \ i«h¬´¶µ·lNc%iGSeM_^abglNOz¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ­P­
­r¤¯® ×Øis³Nb-²Ç^aisSæ`GlNfjfïQdOdbg`XM_^eb-lNO�émbg^ \ émbg¨di¬ßdQd² ¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ­_¹
­r¤Áº ×Øis³Nb-²Ç^aisSæ`GlNfjfïQdOdbg`XM_^eb-lNO�émbg^ \ ORM_SeSel;éÚßdQd²)¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àPÃ
­r¤ÉÈ ê¬¸glNßRMP¸ ×Øis³Nb-²Ç^aisSe²æµKSUßdbg^eSaM_^eb-lNOí¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àN­
­r¤¯­ YÂMP¸-MPOd`Gis¨½MPSeßdb¥^aSeM_^abglNO�^aSUiGi½¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àPà
­r¤Áà YÂMP¸-MPOd`Gis¨�^aSeisi¬lNSe¨disSmlPn.³NMPb-OdbgOd³ÛMP`s`Gis²e²�¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àN»
­r¤¯» ÌqO<ßRMP¸-MPOd`siG¨¶MPSeßdb¥^aSeM_^abglNO�^aSUiGi ¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àP¹
­r¤Á¹ ÌqO<ßRMP¸-MPOd`siG¨¶MPSeßdb¥^aSeM_^abglNO�^aSUiGi ¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ àPW
­r¤ÁW p�T�²U^eiGf h!iXM_¨d¸-l�`îñ~ÏÜSelPßd¸-isf ¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ »P®
­r¤¥V;Ã'Ï4isSeb-c \ iGSeMP¸�×Øis÷<QdiG²Ç^�
qMPOd¨d² \ MPñPiÍ¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ »�È

ào¤¥V h!iXMP¨o¸-l�`îñ�`XM_Qd²ei¬ßkT½M_^alPf�bg`!Seis³Nb-²Ç^aiGSmM_`G`Gis²e²ØßkT�^aSaM_Od²Un�isSØisOd³NbgOdi+¤�¤«¤�¤ ¹_È
ào¤¯® ¿qlNO�ÝÞM_^elNf�bg`KSUiG³Nbg²U^aisSmMP`G`siG²U²K²elP¸gãNiË^ \ i¬¨diXMP¨o¸-l�`îñ�cdSUlNßd¸-isf ¤¬¤«¤�¤«¤�¤ ¹N­
ào¤Áº °ÆMPSe¸¥T~b-Ok^eiGSeSUQdco^m²UiGOd¨dbgOd³F¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ¹N­
ào¤ÉÈ h!iG¸-M;T�Seis³Nb-²Ç^aiGSU²ÂémSeb¥^ai¬ßRMP`îñ�n�lPSæ¸"MP²Ç^m¨RM_^îMï^eSaMPOd²Çn�iGS ¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ¹Pà
ào¤¯­ ×qM_`Gi [ lNOd¨obg^abglNO ¤«¤«¤«¤�¤«¤�¤«¤«¤�¤«¤�¤¬¤«¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ¹N»
ào¤Áà Ìq²Ub-Od³jM
��MP³Û^aljcdSUisãNisOk^!×ØMP`Gi [ lNOo¨dbg^eb-lNOþ¤�¤«¤«¤�¤«¤�¤«¤«¤�¤¬¤«¤�¤«¤�¤ ¹P¹
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µKOIMP²ÇT�Od` \ SelPOdlNQd²¼h!b-Seis`s^ÇÝÇ´¶isf�lNSÇTkÝ§µK`s`Gis²e²��¢h¬´½µ��K`GlPO<^eSelN¸g¸-isSKn�lNS¬MPOIMP²ÇTrOo` \ SelNOolNQd²
fjb-`GSUlNcdSUlr`siG²e²UlNS!²UQdßd²UT�²Ç^aiGf \ M_²Ëß1isiGOI¨diG²Ub-³NOdis¨#¤ÛY]i \ MXã�b-lNQdSeMP¸?fjlr¨oiG¸-¸gb-Od³�MPOd¨6²Ub-fïQrÝ
¸"M�^ab-lPOIl_nÂ^ \ i�h¬´¶µö`slNOk^aSUlN¸-¸giGSËéÂM_²ïc1isSUn�lNSUf�is¨)Qd²Ub-Od³ÍÎ�µ!×Øh
�4M \ MPSe¨réÂMPSUi�¨dis²e`sSeb-c�Ý
^abglNOA¸"MPOo³NQRMP³Ni~n�lPS+MP²UT�Od` \ SUlNOdlNQo²�¸-lP³Nb-`~¨oiG²ebg³NO#¤�ÏÜSelNßd¸giGfj²Ûb-O=¨diG²Ub-³NOob-Od³ ^ \ i¶h¬´½µ
`GlPO<^eSelN¸g¸-isS�Qd²Ub-Od³FMPO'MP²ÇTrOo` \ SelNOolNQd² ¸-lN³Pb-` ¨diG²Ub-³NO8f�i©^ \ l�¨dlN¸glN³PT=MPSUiÍ¨dbg²e`GQo²e²eis¨��!M_Od¨
²elP¸-Qo^eb-lNOd²Z^al+^ \ is²ei¬cdSelPßd¸-isf�²mMPSUi¬cdSeis²eiGOk^eiG¨#¤

V;Ã
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¿ql¼c%lNSÇ^ab-lPOjl_n ^ \ iØéZlNSeñ+SUisn�iGSUSeis¨�^al«b-O+^ \ b-²Æ^ \ is²eb-² \ MP²Õß%iGiGO
²eQdßdfjbg^U^ais¨ïb-O«²eQdcoc1lNSÇ^?lPnRMPOÛMPcdco¸-b-`GM_^abglNOËn�lNS4MPOdlP^ \ iGS4¨diG³NSUiGi
lNSï÷<QRMP¸gbgèR`GM_^abglNO)lPnæ^ \ b-²�lNSÛMPOkT@lP^ \ iGSïQdOobgãNisSe²Ubg^§TFlPS¼lP^ \ iGS
b-Od²Ç^abg^eQo^abglNO�lPn4¸-iGMPSeOdbgOd³d¤

VNV
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[ lNckT�Sebg³ \ ^¬b-O ^ai ±�^�l_nÕ^ \ b-²q^ \ is²eb-²¬SUiG²U^e²Ëémbg^ \ ^ \ iÛµKQr^ \ lNSs¤ [ lNcdbgiG²���ß<T MPOkT cdSUlr`siG²e²!�
iGb¥^ \ isS�b-O'n�Qd¸g¸"�ØlNS�lPn�i©±�^aSeMP`s^e²#�!f�MXT'ß1i6f�MP¨di �%�9��� b-O2MP`s`GlNSU¨RMPOd`si émbg^ \ bgOd²U^eSeQd` Ý
^abglNOd²Â³PbgãNisO ß<T�^ \ iËµqQo^ \ lPSmMPOd¨�¸-l�¨d³Nis¨�b-O~^ \ i«LPl \ O½×æTr¸-MPOd¨d²mÌØOdbgãPiGSU²ebg^§T~Î�b-ßdSeMPSUT�lPn
´ÍMPOo` \ iG²Ç^aiGSs¤¬h!is^aMPb-¸g²Øf�MXT½ß1i�lNßo^îM_b-Odis¨¶n�SelPf ^ \ iïÎ�bgßdSaMPSUb"MPO ¤ØÊ \ b-²KcdMP³Ni¼f¼Qd²U^qn�lNSef
cRMPSÇ^mlPn.MPOkT�²eQd` \ `GlPcdb-is²Øf�MP¨di_¤%$RQdSU^ \ iGSæ`slNcdb-is²&��ßkT MPOkT�coSel�`GiG²U²'�ælPn4`GlNcdbgiG²æf�MP¨diËbgO
MP`s`GlNSU¨RMPOd`siïémbg^ \ ²UQd` \ b-Od²Ç^aSUQd`s^eb-lNOd²Kf�MXT¶OdlP^!ß%iÛf�MP¨di�émb¥^ \ lPQo^!^ \ iïc1isSefjb-²U²eb-lPO(��bgO
émSeb¥^abgOd³)�ZlPn9^ \ i«µqQo^ \ lNSG¤

Ê \ i l;émOdiGSU² \ bgc'lPn«MPOkT�b-Ok^ais¸-¸-is`s^eQRMP¸mcdSelPc1isSU^§T�Seb-³ \ ^e²�é \ bg` \ f�MXT�ß1i¶¨diG²U`GSUb-ß%iG¨
b-OÙ^ \ b-²~^ \ iG²Ub-² b-²~ãPiG²Ç^aiG¨ªb-OÙ^ \ iIÌqOdb¥ãNiGSU²eb¥^§T'lPn¼´ÍMPOd` \ iG²U^eiGS*�«²UQdß,+Uis`s^ ^al=MPOkT'cdSUb-lNS
MP³NSUiGisf�isO<^.^alK^ \ iæ`GlNOk^eSaMPSÇT-�kMPOo¨Ûf�MXT�OdlP^Üß%iÂf�MP¨diÂMXã_MPbg¸"MPßd¸giÜn�lNS?Qd²UiÂßkT¼^ \ b-Se¨¼cRMPSU^eb-is²
émbg^ \ lNQo^m^ \ i«émSUbg^U^aiGO¶c1isSefjb-²U²eb-lPO½l_n?^ \ i�ÌqOobgãNisSe²Ubg^§T-��é \ bg` \ émb-¸g¸�cdSeis²e`sSeb-ß%i¬^ \ i¬^aisSefj²
MPOd¨½`GlPOd¨dbg^eb-lNOo²ÂlPn.MPOkT ²eQd` \ MP³NSeisiGfjiGOk^X¤
$RQdSU^ \ iGS!bgOon�lNSUf�M_^eb-lNO lNO¶^ \ iï`slNOd¨db¥^abglNOd²KQoOd¨diGSqé \ b-` \ ¨dbg²e`s¸-lN²UQdSeis²ËMPOd¨ i ±oco¸-lNb¥^îM�Ý

^abglNOËf�M;TØ^îM_ñPiÆcd¸"M_`Gi?bg²�M;ã_MPbg¸"MPßo¸-i�n�SelNf2^ \ i \ iGMP¨¬lPnrh!iGcRM_SU^afjiGOk^�lPn [ lNfjcdQo^eiGS9pr`sb-isOd`Gi_¤

V�®
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Ê9l0
qMPOd³ []\ iGi213
54!b-Od³76Ë¸-MPOd³8�<émbg^ \ ¸gl;ãNiP¤

V;º
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Ê \ MPOoñ�²ÕMK¸glP^.n�lPS?ß1isb-Od³Kf¼T¼²UQdc%iGSUã�bg²elNSÆMPOo¨ÛOdlP^Ü³Nb¥ãNisOjQocÛSeiXM_¨db-Od³7>_`GlNSUSeis`s^abgOd³)>Ø^eSUT�b-Oo³
^alÍQdOd¨disSe²U^aMPOd¨F^ \ lN²ei�SeQdßdßob-² \ ¦!émSelP^ei�b-O)f¼T6^ \ is²eb-²¼MPOd¨F² \ l;éáf�ij^ \ i�b-Ok^aisSeiG²Ç^abgOd³
ßdb¥^a²æb-O�^ \ i«MP²UT�Od` \ SUlNOdlNQo²K¸-lP³Nb-`q¨diG²Ub-³NO��d^ \ MPOdñ�TNlNQ��%LPbgf¶¤

Ê \ MPOdñ<² ß%iGbgOd³�n�SUb-isOd¨d²#�¬`slNSeSUiG`s^eb-Od³�f¼T2°ÜOd³N¸gb-² \ �Ëcd¸"MXT�b-Od³�³kMPfjiG²*�ËlNc1isOdb-Oo³�^ \ i
éZlNSe¸g¨FlPnqMP²UT�Od` \ SelNOdlPQd²Û¸-lN³Pb-`j¨diG²Ub-³NOF^el f�i?�ÆMPOd¨äfjlN²U^¼lPnØMP¸g¸Z³Nb¥ã�b-Od³¶f�ij^ \ i�fjlN²U^
iGO@+Ul�T�²Øf�lPf�isO<^ÂlPn?¸gbgã�b-Od³ \ iGSUiA�Rf¼T�¨oiXMPSæn�SebgiGOd¨o²mMPOd¨½ßdSelP^ \ iGSU²#�RµqOd¨dSei©éÓMPOd¨ÍLPl \ O ¤

Ê \ MPOdñ<²Ân�lNS]MP¨oã�b-²Ub-Od³B�r³Nb¥ã�b-Od³¬^ \ i2C¯²Ç^aQd`©^aQdSUiPÀo^elïf¼T+^ \ is²ebg²#�oSUQdOdOdbgOd³8�rlNSebgiGOk^aisiGSebgOd³8�
^aSeMPb-¸g÷<QdiG²Ç^D�E��QdOrÝ§²UQd`G`siG²U²Un�Qd¸F�mQdOob¥Ý§`©T�`G¸-bgOd³8�oMPOd¨½b-Od²Ucdb-SUiG²æf¼TG+UQd³N³N¸gb-Od³8�oh!lNQd³d¤

Ê \ MPOdñ<²ËM�¸-lP^m^al []\ QdOd³~n�lNSm^ \ lP²ei¼²UisãPiGSaM_¸?b-Ok^aisSeis²U^abgOd³�¨ob-²e`sQd²e²Ub-lNOo²#� i©ãNisO ^ \ lNQo³ \
f�MPOkT~lPn4^ \ isf ¦]¨dlPO#ÀÉ^ØM_³NSeisi¬émb¥^ \ TNlPQ���ßdQo^mbg^mbg²æ²U^eb-¸-¸1b-Ok^aisSeis²U^abgOd³jMPOkT<éÂMXTN¤

Ê \ MPOdñ<²qMj¸glP^Â^el�Ï \ bg¸"�on�lPSmÎ�µK×qh
�r^ \ M_^mbg²Âé \ iGSUi�¦Z²U^aMPSU^eiG¨#¤
Ê \ MPOdñ<² M)¸glP^�^eläMP¸g¸Øl_n¬µË´ÍÌqÎ9°ÜÊþc1islNcd¸gi¶n�lNSj^ \ is²ei fjlNSei½^ \ M_OÙ^§é]lFTPiXMPSU²~lPn

`GlPf�cRM_Odb-lNO ¤

VXÈ
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JLKMJ NEOQPSR%TVUXWXYZPI[*T0O

¦§O«MÂ`GlNfjcdQo^eiGS�²ÇTr²Ç^aisf\��^ \ iÜcoSel�`GiG²U²elNS�²Uc1isOd¨d²�`GlNOo²eb-¨oiGSaM_ßd¸-i?^eb-fji.fjl�ã�bgOd³æ¨RM_^aMæMPSelNQoOd¨��
^ \ lNQd³ \ bg^m¨dl�iG²ØOdlP^qc1isSUn�lNSUfö^ \ b-²mãNiGSÇT½i*]j`GbgiGOk^a¸¥TN¤Â¦§O¶lNSe¨disSæ^al�^eSaMPOo²Un�iGSqM+²eb-Oo³N¸-i¬¨RM�Ý
^aQof\�PMKcdSel�`Gis²e²UlNS \ MP²4^alKn�i©^a` \ b-Oo²U^aSUQd`s^eb-lNOo²4n�SelPfífjiGfjlNSÇT-�P¨oiG`Gl�¨diæM_Od¨ïi©±ris`GQo^eim^ \ iG²Ui
b-Oo²U^aSUQd`s^eb-lNOo²¬MPOd¨6b-O6MP¨o¨dbg^eb-lNO ^el½c%iGSÇn�lNSefjb-Oo³�^ \ iï^eSaMPOo²Un�iGSs¤Ûµë²ebgf�cd¸giï¨RM_^aM~^aSaM_Od²Un�isS
lNc%iGSeM_^abglNOÛ²eQd` \ MP²ÜSeiGMP¨^>�émSUbg^eimM¬ßo¸-l�`îñ¼lPn1¨RM_^aMËn�SUlNf_>�^al¬MËc%iGSebgc \ isSaMP¸d¨oisã�b-`siØ`GMPO+ßdQdSÞÝ
¨disOF^ \ i�cdSel�`Gis²e²elPSïb-OIn�is^a` \ b-Od³8�.¨diG`slr¨dbgOd³ MPOo¨Fi©±riG`sQo^abgOd³ b-Oo²U^aSUQd`s^eb-lNOo²¼fjlN²U^�lPnæ^ \ i
^abgf�iKb-Od²Ç^aiXM_¨¶lPn4c%iGSUn�lPSefjb-Od³ÛM_`s^aQdMP¸�¨RM_^aMÛ^eSaMPOo²Un�iGSs¤

µKO�M_Qo^alNOolNf�lPQd²Æ`GlNfjcdQo^eiGSÕ¨disã�b-`siqé \ bg` \ `GlPQd¸-¨�ß1iØQd²eis¨~^al«Seis¸-b-i©ãNim^ \ iqcdSel�`Gis²e²UlNS
n�SelPf ^ \ bg²Ø^aMP²eñ b-²KM�h!bgSeiG`©^UÝÞ´¶iGfjlNSUTkÝåµK`G`siG²U²`�¢h¬´½µ��æ`GlNOk^aSUlN¸-¸giGSs¤æµzh¬´¶µí`GlNOk^eSelN¸g¸-iGS
b-²jM6²ebgf�cd¸gbgèRis¨äcdSel�`Gis²e²UlNSjé \ b-` \ `GMPO=lNOd¸gTFc1isSUn�lNSUf ^ \ i�n�QdOo`s^abglNO=lPn!¨RM�^îM ^aSaM_Od²Un�isS
ß%is^§éZiGiGO�¨disã�bg`GiG²s¤�¦å^+OoiGiG¨=OdlP^jß%i MPßd¸gi~^al6c1isSUn�lNSUf¡MPOkTAlP^ \ iGSïn�QoOd`s^eb-lNOd²*�Z²UQd` \ M_²
SeiGMP¨dbgOd³ MPOd¨Ib-Ok^aisSecdSUis^eb-Od³�bgOd²U^eSeQd`©^ab-lPOd²#��²Ul¶b¥^Ë`XMPO éZlNSeñ¶n�MP²U^eiGS«MPOd¨6fjlNSeiÛia]�`sb-isO<^e¸gT
^ \ MPO�^ \ i«`GisO<^eSaMP¸�coSel�`GiG²U²elNSs¤

µÚh¬´½µ2`slNOk^aSUlN¸-¸giGS#�<M�n�^aiGSÆß%iGbgOd³�coSelN³NSeMPfjf�is¨��k`XMPOjc%iGSUn�lPSefë¨RM_^aM¬^eSaMPOo²Un�iGSU²Õémb¥^ \ Ý
lNQo^KcdSel�`Gis²e²UlNSKbgO<^eiGSÇãNiGOk^eb-lNO#¤qÊ \ iïcdSUlr`siG²U²elNS!bg²Ø^ \ iGO n�SUiGi?�1é \ bg¸-i�h¬´¶µí^eSaMPOo²Un�iGSU²ËMPSUi
b-O6cdSUlN³NSUiG²e²*�9^el c1isSUn�lNSUf�lP^ \ iGS!n�QdOd`©^abglNOd²G¤+Ê \ ij¨RM_^aM~^aSaM_Od²Un�isS«coSel�`GiG²U²�f�MXT MP¸g²el ß%i
n�MP²Ç^aiGS«MPOo¨)Qd²Ui�¸giG²e²¬c%l;é]isS¼²ebgOd`GiÛ^ \ i�h¬´½µá`slNOk^aSUlN¸-¸giGSËOdisiG¨)OolP^¬n�is^a` \ �.¨dis`Gl�¨di�M_Od¨

V�­
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i©±ris`GQo^ei�bgOd²U^eSeQd`©^ab-lPOd²æ^al+c1isSUn�lNSUf ^ \ iË^aSaM_Od²Un�isSG¤
µ h¬´¶µ `GlNOk^eSelN¸g¸-iGS¬`GMPOF^ \ Qd²�b-Od`sSeiXM_²ei~²ÇTr²Ç^aisf c%iGSUn�lPSef�MPOd`Gi�MPOd¨)SeiG¨oQd`Gi~c%l;é]isS

`GlPOd²eQdfjco^eb-lNOw�¢MP¸¥^ \ lPQd³ \ ^ \ im¸-M_^e^eiGSÜn�MP`s^elNSÜéÂM_²ZOdl_^Zl_n#fïQd` \ `GlNOo`GiGSUO�bgO+^ \ iØ¨diG²Ub-³NOjlPn
i©±rbg²U^abgOd³Øh¬´¶µä`GlPO<^eSelN¸g¸-isSe²'� ¤�µAh¬´¶µA`GlNOk^aSUlN¸-¸giGS éZlNQd¸g¨¬Qd²eQRM_¸-¸gTKß1iÜQo²eiG¨�b-OË²Uf�MP¸g¸P`slNf+Ý
cdQo^eiGS«²UT�²U^eiGfj²#�4iP¤É³¶fjb-`sSel_Ýå`GlNfjcdQo^eiGS#��lPS«isOd³NbgOdiGisSeb-Oo³½éZlNSeñ<²Ç^îM_^eb-lNOyxÉºz�9­|{"}9n�lNS¬¸"MPSU³NiGS
`GlPf�cdQr^aiGS�²ÇTr²Ç^aisf�²*�P²eQo` \ MP²9Mæ²eQdc%iGSÞÝ§`GlPf�cdQr^aiGS*�Pf�MPb-Orn�SaMPfjiA�XlPS9fjb-Oob¥Ý§`slNfjcdQo^aisS#�Xl_^ \ isS
ñ<b-Od¨ lPn9`slNOk^aSelP¸-¸-isSe²ÂlPSÂb-OdcoQo^~>_lPQo^acdQr^æcdSel�`Gis²e²UlNSe²qMPSeiKQd²eis¨½^elj`slNOk^aSUlN¸#¨RM_^aM¼^aSeMPOd²Un�isSe²*�
lNS \ M_Od¨d¸-iËbgOdcdQo^'>_lNQo^ecdQo^�x V;àz�%®z� V;¹B�#V�®@{ ¤

ÊÕT�cdbg`XMP¸g¸gT ^ \ i+h¬´¶µz`GlPO<^eSelN¸g¸-isSqéZlNQd¸-¨Íß1iÛQd²UiG¨ ^al~^eSaMPOo²Un�iGSK¨RM_^îM~ß%is^§éZiGisO)M�c1i Ý
Sebgc \ isSaMP¸%¨disã�bg`GiËMPOo¨~f�isf�lPSUTj¨disã�bg`GiA�dMP¸g^ \ lNQd³ \ f�isf�lPSUTÛ^al¼f�isf�lNSÇT�MPOd¨~c%iGSUb-c \ isSaMP¸
^al+c%iGSUb-c \ isSaMP¸1^aSaM_Od²Un�isSe²qMPSeiËc%lN²e²Ub-ßd¸giP¤

hËM_^îM«^aSaM_Od²Un�isSæß1i©^§é]isiGO½¨disã�b-`siG²mb-²]Qd²eQRM_¸-¸gTj¨dlPOdi!ã�b"MÛMïßdQd²s¤ÆÊ \ b-²æM_¸-¸-l;ém²]Mï¨disã�b-`si
^al ^eSaMPOd²Çn�iGSj¨RM_^aM ^el)>�n�SUlNf lP^ \ iGS+¨di©ã�b-`Gis²jémb¥^ \ lPQo^�M6¨ob-Seis`s^j`GlPOdOdiG`©^abglNO=émb¥^ \ isãPiGSÇT
¨di©ãrbg`Gi½é \ b-` \ éZlNQd¸g¨8bgf�c%lN²ei½M \ b-³ \ émb-SUb-Od³6`GlP²U^�é \ iGOÙ^ \ i¶O<Qdfïß%iGS�lPnË¨di©ã�b-`Gis²~b-²
¸"M_Se³Ni_¤?Ê \ i«ßdQd²m²ebgf�cd¸gbgèRis²Â`GlPOdOdiG`©^abglNO¶ß%is^§éZiGisOÍ¨di©ã�b-`Gis²qlPO½^ \ i¬`GlNfjcdQo^eiGSæ²UT�²Ç^aiGf½¤

h!isã�b-`siG²Z`XMPO~ß%iØ¨dbgã�b-¨oiG¨�ßkT�ß1i \ MXã�b-lNQdSÕb-Ok^el�bgOdbg^eb"M_^elNSÜ¨disã�bg`GiG²]MPOd¨�^aMPSe³Pis^Z¨disã�b-`siG²s¤
µKO'bgOdbg^eb"M_^elNS+¨disã�bg`Gi b-²~MF¨disã�b-`si ^ \ M�^�`XMPO bgOdbg^eb"M_^eiÍMFSUiG÷<QdiG²Ç^�^aläSUiXMP¨^>�émSebg^ei ¨RM_^aM
n�SelPfQ>�^elFMPOolP^ \ isS~¨di©ãrbg`Gi?�qi_¤Á³d¤·^ \ i cdSUlr`siG²e²UlNS�lNS�^ \ i h¬´¶µ�`GlNOk^aSUlN¸-¸giGSs¤Ðµ�^îM_Se³Ni©^
¨di©ãrbg`Gi¶b-²jlNOdi¶^ \ M_^�²eisOd¨d²~lNSjSeis`GisbgãNis²~¨RM_^aMIé \ isO'bg^�Seis`GiGb¥ãNis²~SeiGMP¨^>�émSUbg^ai½Seis÷<QdiG²Ç^a²
n�SelPf MPOdl_^ \ isSØ¨oisã�b-`siA�R²eQo` \ MP²mfjiGfjlNSUT�lNSæc1isSebgc \ iGSeMP¸#¨di©ã�b-`Gi_¤

h¬´¶µ�`slNOk^aSelP¸-¸-isSe²�MPSeiÍß1lP^ \ b-Oobg^ab-M_^alPS+MPOd¨8^aMPSe³Ni©^~¨di©ã�b-`Gis²G¤�� \ isO M)cdSel�`Gis²e²UlNS
cdSUlN³NSaM_f�²�Mmh¬´¶µä`slNOk^aSelP¸-¸-isS#�;^ \ iZh¬´½µä`GlNOk^aSUlN¸-¸giGS#SUiG`siGbgãPiG²�ã_MP¸-Qdis²9MP²9Mæ^aMPSe³Pis^�¨di©ãrbg`Gi?}
é \ isOÍbg^Âc1isSUn�lNSUf�²mMPQr^alNOdlPf�lNQo²mh¬´¶µ·^aSaM_Od²Un�isSe²#�Rb¥^mß1i \ MXãNis²KMP²ØMPO½b-Oobg^ab-M_^alPSG¤

Ê.M_Se³Ni©^+¨disã�b-`siG²j`XMPO=ß%i�¨dbgã�b-¨oiG¨AßkTä²ec%iGis¨�lPnqSeis²ec%lNOd²Ui¶bgO<^el/�Çn�MP²Ç^!�IMPOd¨��U²U¸-l;é5�
¨di©ãrbg`Gis²G¤.µän�MP²Ç^9¨disã�b-`siA�_iP¤É³d¤.fjiGfjlNSUTK¨disã�bg`GiA��Seis²ec%lNOd¨d²4b-fjf�is¨db"M�^aiG¸¥Tæé \ iGO�bg^�SUiG`GisbgãPiG²
M�Seis÷�QoiG²U^�n�SelNfx^ \ i+b-Oobg^ab-M_^alPSK¨di©ãrbg`Gi_¤�Ê \ bg²¬ñ�bgOd¨6lPnÂ¨oisã�b-`sij²Ç^alNSUiG²«¨RM_^aM½¸glr`GMP¸-¸¥TÍM_Od¨
Qd²UQRMP¸-¸¥T'b-² lNOoi@ßdQob-¸g^�n�SUlNf is¸-iG`©^aSUlNOdb-`6`slNf�c%lNOdisOk^a²½b-Od²Ç^aiXM_¨ÚlPn¼iG¸-is`s^eSel_Ýåf�is` \ MPOdbg`XMP¸
`GlPf�c%lNOdisO<^e²G¤

pr¸-l;éª¨disã�bg`GiG²mfjb-³ \ ^]ß1iËßdQob-¸g^]n�SelNfáiG¸giG`s^eSel_Ýåf�is` \ MPOdbg`XMP¸1`GlNfjc%lNOdiGOk^e²#�RiP¤É³d¤ÆM \ MPSU¨
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¨dbg²eñ^��lNS!¨dl Odl_^ \ MXãNi+¨RM_^aM�¸-l�`XMP¸g¸gT-�%iP¤É³d¤�`GlNfjfïQdOdbg`XM_^eb-lNO¶¨disã�bg`GiG²s¤ïÊ9l½SUiXMP¨ n�SUlNfxlPS
émSeb¥^ai�^elÍ^ \ i�²e¸-l;é ^îM_Se³Ni©^Û¨disã�bg`GiA�Ü^ \ i~b-Oobg^ab-M_^alPS«f¼Qd²U^Ûé]MPbg^¼QdOk^abg¸Z^ \ i�^îMPSU³Nis^ï¨disã�b-`si
b-²qSeiGMP¨oT½^al�^eSaMPOd²Çn�iGS!¨dM_^îM�lPSKQd²Uiï²elNfji¼fjiG` \ MPOdb-²Ufx²UQd` \ MP²!c%lN¸-¸gb-Od³+lNSqb-Ok^aisSeSUQdco^K^el
c%iGSUn�lPSef ^ \ iË^aSeMPOd²Un�isSG¤
�FM_bg^abgOd³+n�lNSØ^ \ i¼^eSaMPOd²Çn�iGSqb-²Øb-Odia]�`sb-isO<^Kß1is`XMPQo²eiï^ \ b-²mémb-¸-¸�l�`G`sQdckT¶^ \ i¼ßdQo²Kn�lNSqMPO

b-Oo¨disèROobg^aiØc%iGSebglr¨��rßdSUb-Od³Pb-Od³«lP^ \ iGSÕ²UT�²U^eiGf M_`s^ab¥ã�bg^§TÛ^alïM \ MP¸¥^X¤?¦§O�^ \ iqc1lN¸g¸-bgOd³¬²e` \ isf�i?�
^ \ i�bgOdbg^eb"M_^elNSK¨di©ã�b-`Gij` \ is`îñ�²�^ \ ij²U^aM_^aQd²«lPnZ^ \ iÛ^îM_Se³Ni©^�¨oisã�b-`si�c%iGSUb-l�¨db-`GMP¸-¸¥TÍQdOk^eb-¸?^ \ i
^îM_Se³Ni©^�¨oisã�b-`siÍb-²jSeiGMP¨oTA�Âß1i©n�lNSei½b-Oobg^ab-M_^abgOd³Í^ \ iÍ¨RM�^îM ^aSaM_Od²Un�isSG¤�� bg^ \ ^ \ i¶bgOk^aiGSUSeQdcr^
²e` \ iGfjiA�r^ \ im^îMPSU³Nis^Z¨disã�bg`GiØ²eiGOo¨d²æM¬OdlP^ab¥èR`XM�^ab-lPOj²Ub-³NOdMP¸���Qd²UQRMP¸g¸gTÛ`GMP¸-¸giG¨�MPO\CÁb-Ok^aisSeSUQdco^XÀ
é \ isO�²eisOd¨dbgOd³Ë^al¬^ \ imcdSUlr`siG²e²UlNS'�.^el¬^ \ imb-Odb¥^ab-M_^alNS4¨disã�bg`Giæé \ iGO�bg^Übg²ÆSeiXM_¨oTï^al¬c%iGSÇn�lNSef
Mï^aSeMPOd²Un�isSG¤

¦§Oä^ \ bg²ïMPcdcoSelkMP` \ ^ \ i~OdlP^ebgèR`GM_^abglNOF²Ub-³NORM_¸Õn�SUlNf ^aMPSe³Pis^Û¨di©ã�b-`Gi�`GMPOäß%i�SeiG³NMPSe¨dis¨
MP²ØMÛ^aSaM_Od²Un�isSqSUiG÷<QdiG²Ç^D�%ßdQo^qbg^mbg²ØQoc½^elj^ \ i�bgOdbg^eb"M_^elNS]¨oisã�b-`si«^el�bgOdbg^eb"M_^ei!SeiGMP¨¶lPSmémSUbg^ei
Seis÷<QdiG²Ç^a²�SUiG²Uc1lNOo¨db-Od³ ^el6^ \ i�^îMPSU³Nis^+¨oisã�b-`siA�ÂM_¸g^aisSeORM�^abgãPiG¸¥T@^ \ i b-Odb¥^ab"M�^alNS«`XMPO=b-³POdlNSei
^ \ b-²æSeis÷<QdiG²Ç^qn�SUlNfö^ \ i¬^aMPSe³Pis^m¨di©ãrbg`Gi_¤

Ê4l�c1isSUn�lNSUf M�h¬´¶µí^aSaM_Od²Un�isS#��^ \ i¼h¬´¶µ `slNOk^aSUlN¸-¸giGSmfïQd²Ç^!ß%i¼cdSUlN³NSaM_f�fjiG¨�émbg^ \
M�²elNQoSe`Gi?�?M�¨dis²U^abgORM_^eb-lNO���M_O)MPfjlNQdOk^¬lPnZ¨RM_^aM ^el ß1iÛ^aSeMPOd²Çn�iGSeis¨��4MPOd¨IlP^ \ isSË^aSaM_Od²Un�isS
`GlPO<^eSelN¸Æ²Uc1is`Gbgèd`G²¼²UQd` \ MP²¬é \ i©^ \ isS�^ \ i�h¬´¶µ `slNOk^aSelP¸-¸-isSË² \ lPQd¸-¨@b-Ok^aisSeSeQoco^�^ \ ijcdSel_Ý
`Gis²e²UlNSqlPSØOolP^æé \ iGO½^ \ i¬^aSeMPOd²Çn�iGSmb-²ÂèROob-² \ iG¨���lNSæ^ \ i¬^§T�c%i�l_n.²UlNQdSe`si¼M_Od¨¶¨oiG²U^eb-ORM�^ab-lPO
¨di©ãrbg`Gis²G¤ÜÊ \ iKh¬´¶µª`slNOk^aSUlN¸-¸giGSÆ`XMPOj^ \ isO~c%iGSUn�lPSefz^ \ iKh¬´¶µ ^aSeMPOd²Çn�iGSZMPQo^alPOdlNfjlNQd²e¸¥TN¤

Ê4lKc1isSUn�lNSUf iGMP` \ b-Od¨obgã�b-¨dQdMP¸N^aSeMPOd²Un�isS.^ \ iÂh¬´¶µ�`GlNOk^aSUlN¸-¸giGS9fïQd²Ç^?éÂM_bg^4QdOk^ab-¸<^aSeMPOd²ÞÝ
n�iGSæ`slNOd¨db¥^abglNOd²mMPSUi«f�M_^e` \ iG¨#¤ÆÊ \ is²ei«`GlNOo¨dbg^eb-lNOd²mM_SeiA�

� Ê \ i«h¬´¶µ·é]MP²mcdSelP³NSaMPfjfjiG¨ MPOd¨½iGOdMPßd¸-is¨¶ßkT~^ \ i¬cdSel�`Gis²e²UlNS

� Y]l_^ \ ²elNQoSe`Gi�MPOd¨½¨dis²U^abgORM_^eb-lNO�¨di©ã�b-`Gis²KM_Sei¬SeiGMP¨oT~n�lNSÂ^eSaMPOo²Un�iGSm¨RM�^îM

� \ iGO+ß%lP^ \ ²UlNQdSU`GimMPOd¨Û¨oiG²U^eb-ORM�^ab-lPOï¨disã�bg`GimMPSUiÂSeiGMP¨oT-�N^ \ imh¬´¶µÙ`slNOk^aSUlN¸-¸giGS9SeiXM_¨d²
¨RM_^aMKn�SelNfí^ \ iæ²UlNQdSU`Gim¨disã�bg`GiA�kémSUbg^ais²Übg^4^alË^ \ iæ¨oiG²U^eb-ORM�^ab-lPOÛ¨disã�b-`siA�<Qdc%¨RM_^eiG²Übg^e²?c%lNb-Ok^UÝ
iGSU²¼M_Od¨@`slNQdOk^aisS«MPOd¨I` \ iG`îñ<²¼n�lNSË`slNOd¨db¥^abglNOd²!^al½²U^elNc6^ \ i+^aSeMPOd²Un�isSG¤jÊ \ ijh¬´¶µ `GlNO�Ý
^aSUlN¸-¸giGS.émbg¸-¸dOolNSef�MP¸-¸¥T¼SUiGc%iXM_^Æ^ \ b-²ÆcdSUlr`siG²e²ZQdOk^abg¸RM¬^eiGSUf�bgORM_^abglNOÛ`GlPOd¨dbg^eb-lNO+bg²Õf�M_^e` \ iG¨��
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MPOd¨ émb-¸g¸ Odl_^abgn�T�^ \ i¬cdSUlr`siG²U²elNSmbgn4Seis÷<Qdb-SUiG¨#¤
Ê4lI^aSeMPOd²Un�isS�¨RM�^îMIémb¥^ \ M@²e¸gl;éúc1isSebgc \ iGSeMP¸m¨disã�bg`GiA�mM_O8b-Ok^eiGSeSUQdco^�f�is` \ MPOdbg²ef b-²

Qd²UiG¨ ^alÛOdlP^ebgn�Tj^ \ i!h¬´¶µ·`GlNOk^eSelN¸g¸-iGSÕé \ iGO½¨di©ãrbg`Gis²qM_Sei!SUiXMP¨oT�^al+Seis`GisbgãNiËlPS]^aSeMPOd²efjbg^
¨RM_^aMo¤ÜÊ \ i¬b-Ok^eiGSeSUQdco^Ø²ebg³NORMP¸%n�SelNföMÛ¨disã�b-`si«^elÛ^ \ i¬h¬´¶µÓ`slNOk^aSelP¸-¸-isSÂb-²æQo²eQRMP¸g¸gT�`XMP¸g¸-is¨
C¯h¬´¶µÓSeiG÷<Qdis²U^GÀg¤

JLK~� �/�\[D��PI[DO�� ��� � Y�T�OQPIRIT��D�#��Rk�

h¬´¶µ `GlNOk^aSUlN¸-¸giGSU² \ MXãPi�ß1isiGOäQd²UiG¨äb-O)`GlNfjcdQo^eiGS¼²ÇT�²U^aisf�²�n�lNS¼f�MPOkT6TNiXM_Se²G¤Iâ!Odi�lPn
^ \ iG²ei¼¨diG²Ub-³NOd²`xÉº@{ \ M_²!ß1isiGO Qo²eiG¨ bgO ²ei©ãNisSaMP¸4³NiGOdisSaM_^eb-lNOo²KlPnÜ`slNfjcdQo^aisSe²Kémb¥^ \ lPQo^!M_O<T
²ebg³NOdb¥èR`XMPOk^]` \ MPOd³NiKb-O�b¥^a²Z²ec%iG`Gb¥èR`XM�^ab-lPOd²#�ri©±r`Gisco^m²elNfjiK²Uc1isiG¨ iGO \ MPOd`siGfjiGOk^Â^al¼f�M_^e` \
n�MP²Ç^aiGSm²ÇTr²Ç^aisfúßdQd²Ø²ec%iGiG¨o²G¤

prlNfjiïlPnÆ^ \ iG²ei+¨dis²ebg³NOd²GÀ ²ec%iG`Gb¥èR`XM�^ab-lPOd² \ MXãNi+bgOB�RQdisOd`Gis¨I^ \ iï¨dis²eb-³POIl_nÕ^ \ i+MP²ÇTrO�Ý
` \ SUlNOdlNQd²¼h¬´¶µá`GlNOk^aSUlN¸-¸giGSË^ \ M_^�émbg¸-¸Üß%i�¨dbg²e`sQd²e²UiG¨F^ \ b-²¬^ \ is²eb-²s¤ ÊÂé]l i ±oMPf�co¸-iG²�MPSUi
³Nb¥ãNiGO½ß%iG¸-l;é¬¤

�k������� ���%� �¢¡)£�¤8¥�¦�§�¨ © ª¬« £�¤8­®« ¦�¦¯¥E­
Ê \ iq¦§O<^eiG¸%¹k®PºN»z��h¬´¶µª`slNOk^aSUlN¸-¸giGS#�Né]MP²Õ¨diG²Ub-³NOoiG¨�^el�ß%iqQo²eiG¨�émbg^ \ ¦§Ok^ais¸ ¹NÃ�±d¹Pà«fjb-`sSel_Ý
cdSUlr`siG²e²UlNSÜn�MPfjb-¸gTA�NMP²ÆQd²UiG¨�b-Oï^ \ iØ¦ÞYÂ´þÏ [ MPOo¨j`slNfjcRM_^abgßd¸-i]`GlNfjcdQo^eiGSe²s¤?Ê \ imlNSUb-³NbgORMP¸
¹k®PºN» ¨dis²ebg³NOIé]MP²«n�lNS«MPOF¹�Ýåßdbg^¬¨dM_^îM ßdQd²*}ÆM½Odi©é]isS¼lNOoi�²UQdcdc%lNSU^e²ïM6V;à�Ý§ßobg^¬¨RM_^aM½ßoQd²
^al�ld¤?µqO�¹k®PºN» \ MP²Zn�lNQdSÕb-Od¨disc1isOd¨disO<^Øh¬´½µÚ` \ MPOoOdiG¸g²]é \ b-` \ MPSei!`GMP²e`GMP¨RMPßo¸-iA}oM¼` \ MPO�Ý
Odis¸Ü`GlNQd¸g¨6ß1i+Qd²UiG¨@^el `GlNOdOoiG`s^«^al¶MPOdl_^ \ isS¬¹k®Pºk»�MPOd¨Ii©±rcRM_Od¨@^ \ i+O�Qofïß1isS¬lPnÂh¬´½µ
` \ MPOoOdiG¸g²Âb-O�^ \ iK²ÇT�²U^aisf¶¤ÆÊ \ iKO�Qofïß1isSÂlPn�` \ M_OdOdiG¸g²]é \ bg` \ `XMPO�ß%iKQd²UiG¨ ßkT�`GMP²e`GMP¨dbgOd³
^ \ b-²mh¬´¶µÓ`GlPO<^eSelN¸g¸-isS]^alN³Pis^ \ iGSmb-²Âã�b-SÇ^aQRM_¸-¸gTjQdOo¸-b-fjbg^eiG¨#¤4µK²m² \ l�émO¶b-O�èR³NQoSei+VN¤¥VN¤

Ê \ b-²�h¬´¶µá`GlNOk^eSelN¸g¸-iGS¬bg²«¨oiG²ebg³NOdis¨)²ec%iG`sbgèR`GMP¸-¸¥T ^al½^aSeMPOd²Un�isS�¨dM_^îM½ß1i©^§é]isiGOAM c1i Ý
Sebgc \ isSaMP¸4¨disã�b-`si+MPOd¨IM~fjiGfjlNSUT¶¨disã�bg`GiP¤�Ê4SeMPOd²Çn�iGS¬ß1i©^§é]isiGOIf�isf�lPSUT¶¨disã�b-`siG²¬b-²!MP¸-²Ul
²eQocdc1lPSU^ais¨��KßoQo^ ^§é]lA` \ MPOoOdiG¸g²½f¼Qd²U^ ß%i Qd²eis¨2^elN³Ni©^ \ isS~n�lNS~^ \ bg²�^§T�c1i6lPn«^aSeMPOd²Çn�iGSG¤
Ï4isSebgc \ iGSeMP¸Z^el c%iGSebgc \ isSaMP¸Õ^aSaM_Od²Un�isS¼b-²¼OdlP^ï²UQdcdc%lNSU^eiG¨#¤ ¦ånm^ \ i�h¬´¶µ `GlNOk^aSUlN¸-¸giGSU²ïMPSUi
`XM_²e`XM_¨diG¨+lNOdi]lPn�` \ MPOdOoiG¸obg².Qd²UiG¨Ûn�lNS4`XMP²U`XMP¨dbgOd³ËMPOo¨Û`XMPO#À ^Üß%iÂQd²UiG¨ïn�lNS.h¬´¶µ8^aSeMPOd²Çn�iGSG¤
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Ê \ b-²mh¬´½µ·`GlNOk^aSUlN¸-¸giGSÂ`slNOk^îMPbgOd²Â^§éZl�²Uis^ØlPn9Seis³Nb-²Ç^aiGSU²Âé \ b-` \ MPSUiËQd²eis¨¶ßkT~^ \ i¬cdSel_Ý
`Gis²e²UlNS?^al!coSelN³NSeMPfÐ^ \ iæh¬´¶µ8^eSaMPOd²Çn�iGS4` \ MPSaM_`s^aisSebg²U^abg`G²s¤�� \ b-¸gi]Mq` \ MPOdOdis¸dß%iGb-Oo³q^aSeMPOd²ÞÝ
n�iGSUSeis¨��9^ \ ijcdSebgf�MPSÇTÍ²Uis^�lPnÂSUiG³Nbg²U^eiGS¬b-²ËQd²UiG¨��9é \ iGOI^ \ i+^aSeMPOd²Çn�iGSËèROdbg² \ is²¼MPOo¨)bgnÕ^ \ i
²eis`GlNOo¨RMPSUT½²Uis^ØlPn?SUiG³Nbg²U^eiGSæéÂM_²qcdSUlN³NSeMPf�fjiG¨ ßkT�^ \ i«coSel�`GiG²U²elNS*�%^ \ i«h¬´¶µÓ`GlNOk^eSelN¸g¸-iGS
`GlPc<T@Seis³Nb-²Ç^aisSe²¼ã_MP¸gQdiG²«n�SelNf ^ \ i~²eis`GlNOd¨dMPSUT)²eis^¼^alÍ^ \ i~cdSUb-f�MPSUT6²Uis^+MPOo¨ä`GlNOk^abgO<QdiG²s¤
Ê \ bg²KMP¸g¸-l;ém²æ^ \ i«cdSUlr`siG²e²UlNSq^el�coSelN³NSeMPf Mjh¬´¶µ ` \ MPOdOdis¸.isãPiGOÍ^ \ lNQd³ \ ^ \ M_^K` \ MPOdOdis¸
b-²æß%iGbgOd³+Qd²eis¨#¤

°ÆMP` \ c%iGSUb-c \ isSaMP¸ÜSUiG÷<Qdis²U^ï²Ub-³NOdMP¸Üb-²¬c%iGSef�MPOdisOk^a¸gTÍèo±riG¨@^elÍM cRMPSÇ^abg`GQd¸-MPSË` \ MPOdOoiG¸ ¤
Ê \ iËO<Qdfïß%iGSmlPn4Mïc%iGSUb-c \ isSaMP¸ ¨disã�b-`siË²eQdcoc1lNSÇ^ais¨¶bgO~^ \ i¬h¬´¶µª^aSaM_Od²Un�isSæb-² \ M_Se¨rÝ émb-Seis¨
^al!M!²ec%iG`Gb¥èR`Â` \ M_OdOdiG¸¢¤?°ÆMP` \ ` \ MPOoOdiG¸ \ MP²ÜM¼V;à�Ý§ßdb¥^.`slNQdOk^aisS#�k²el!^ \ iÂf�M�±rb-fïQofíO<Qdf¼ß1isS
lPnZ¨RM_^aM½b¥^Ë`XMPO6^aSeMPOd²Çn�iGS«b-²¬àk­N­_ºNà~bg^eiGfj²G¤jhËM_^îM�^eSaMPOo²Un�iGS«`XM_O@ß%i+¨dlNOdi+lNOd¸¥TÍ^ \ SelNQo³ \
^ \ i«ßoQd²#}�¨RM_^aMÛb-²æSeiGMP¨ n�SelNf ²UlNQdSU`Gi«¨disã�b-`siË^al+^ \ i«h¬´¶µÓ`GlPO<^eSelN¸g¸-isSÂ¨dQdSUb-Od³Û^ \ i«SUiXMP¨�Ý
`sT�`s¸-i MPOd¨äémSUbg^ai�n�SelNf ^ \ i h¬´¶µú`slNOk^aSUlN¸-¸giGS�^el ^ \ i�¨oiG²U^eb-ORM�^ab-lPOä¨disã�b-`si ¨dQdSebgOd³ ^ \ i
émSeb¥^ai Ý§`sT�`s¸-iP¤

Ê \ iGSUiÍM_Sei ²ei©ãNiGSeMP¸mãPM_Seb"M_O<^+l_n!¹k®_ºk» h¬´¶µ `GlNOk^aSUlN¸-¸giGSU²+^ \ M_^jMPSUi ßRMP²eis¨8lNO�¹k®PºN»
émbg^ \ ²elNfjiËiGO \ MPOd`siGfjiGOk^a²s¤Z¦§O fjlN²U^æSUiG`siGOk^qÏ [ ²Âé \ b-` \ Qd²ei¬¹NÃ�±d¹PàïcdSel�`Gis²e²elPSqM_Od¨ bg^a²
ã_MPSeb-MPOk^a²*�o^ \ i«¹k®_ºk»Ûh¬´¶µ·`GlNOk^eSelN¸g¸-iGS]b-²mcRMPSÇ^mlPn4^ \ i¬` \ b-co²eis^ØlNO ^ \ i«f�MPbgO�ß%lkMPSU¨°x È?{ ¤
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�k������� ±�²�¤®³¯« £�²%¦*´¶µ·±<¸����k�%�%¹
Ê \ i�¿!poºk®P®PºNÃB�9¿KM�^ab-lPORMP¸Õprisf�bg`GlNOd¨oQd`s^elNS«h¬´¶µ `slNOk^aSUlN¸-¸giGS#��bg²«¨oiG²ebg³NOdis¨@^al¶ß1ijQd²UiG¨
émbg^ \ ¿!poºk®_ÃNÃNÃÛcdSel�`Gis²e²UlNSæn�MPf�bg¸gTP¤
$RiXM_^eQdSeis²Øl_n4^ \ i«¿!poºk®P®PºNÃ+h¬´¶µÓ`GlNOk^eSelN¸g¸-iGS*�
� Ê9SaMPOo²Un�iGS4¨RM_^aMØß%is^§éZiGisOÛf�isf�lNSÇT¬¨disã�bg`GiG²*�Nß%is^§éZiGiGOÛc%iGSUb-c \ iGSaM_¸�¨oisã�b-`siG²#�NMP²4²eMPfji
MP²�CÉ^aSeMP¨dbg^eb-lNOdMP¸ Àk^aSeMPOd²Çn�iGSm¨RM_^aM+ß%is^§éZiGisO fjiGfjlNSUT�MPOd¨½c1isSebgc \ iGSeMP¸�¨di©ãrbg`Gi_¤

� ¹7>�V;àïßdbg^æ^eSaMPOo²Un�iGS
Y]Qo².émb-¨o^ \ n�lNS.MPcdcd¸gb-`XM�^ab-lPOd²�Qd²eis¨�¿Kpoºk®N®_ºNÃo¤9Ê4SeMPOd²Un�isS.^al7>�n�SelNfÓ¹�Ý§ßdb¥^.c%iGSUb-c \ isSaMP¸
¨di©ã�b-`Gis²¬MP¸-²Ul�²eQdcoc1lNSÇ^¬MP²U²eiGf¼ßd¸gTB>_¨dbg²aMP²U²eisfïßd¸gTÍ¨RM_^aM�¹�Ý§ßdb¥^
º¢»m¼áV;à�Ý§ßobg^X¤ËÊÂéZl
¹�Ýåßdbg^+¨dM_^îM6SeiGMP¨d²+n�SelNf ^ \ i½c1isSeb-c \ iGSeMP¸æ¨disã�bg`Gi½`XMPO�ß1i `GlPfïßdb-OoiG¨=b-Ok^al=V;à�Ýåßdbg^
^eSaMPOd²Çn�iGSæn�lNSæ²Ub-Od³N¸giKémSeb¥^aiË^al V;à�Ý§ßdb¥^æf�isf�lPSUT�lNSæc1isSebgc \ iGSeMP¸�¨di©ãrbg`Gi_¤

� ×miGfjlP^aiD>_¸-l�`XM_¸1`slNOoèR³NQoSaM_^eb-lNO
¦§O¶SeiGfjlP^ei�`slNOoèR³NQoSaM_^eb-lNO��d^ \ iïh¬´½µ `slNOk^aSelP¸-¸-isSmMPOd¨¶¨disã�b-`siG²ËM_Sei«`GlNOdOoiG`s^eiG¨Í^el
M«¨diG¨dbg`XM_^eiG¨�ßdQo²æMPOd¨~¨dM_^îM¬^aSaM_Od²Un�isS]b-²Zc1isSUn�lNSUf�is¨�lNO�^ \ bg²]ßdQd²s¤Ü¦§O�¸-l�`XMP¸R`slNOoèR³�Ý
QdSeM_^abglNO¶^ \ iïh¬´½µz`GlNOk^eSelN¸g¸-iGSØMPOo¨ ¨disã�b-`siG²!² \ MPSUi¼^ \ i¼ßdQd²Kémb¥^ \ ^ \ iïcdSUlr`siG²U²elNSs¤
¦§OISeisf�lP^ei+`GlNOoèd³NQdSaM�^ab-lPO���^ \ ijcdSel�`Gis²e²UlNS�`GMPO)c%iGSÇn�lNSef�lP^ \ isSËn�QdOd`s^eb-lNOo²¬é \ b-` \
Qd²Ui½^ \ i ßdQd²+é \ b-¸gi~^ \ i½h¬´¶µú^eSaMPOd²Çn�iGSjb-²ÛbgO�cdSUlN³NSUiG²e²+lNO=bg^e²+¨diG¨dbg`XM_^eiG¨=ßdQd²s¤

Øl�éZisãPiGSØ^ \ bg²æOdiGis¨d²KMï^§éZl�ßoQd²q²ÇT�²U^aisf¶¤

� $.¸¥TkÝ§cRMP²Ç^mMPOd¨½²U^elNSei ÝÞMPOo¨rÝån�lNSÇéÂM_Se¨�^aSeMPOd²Un�isSe²
¦§O�^ \ iK²Ç^alNSUi©Ý§MPOd¨rÝ n�lNSUé]MPSe¨�¨RM_^aM«^aSeMPOd²Çn�iGS#��^ \ iqlNc%iGSaM�^ab-lPO�bg²Z²UiGcRMPSeM_^ais¨�b-Ok^al�SeiGMP¨
MPOo¨«émSUbg^aiÜlPc1isSaM_^eb-lNOd²*�;^ \ iÕh¬´¶µä`slNOk^aSelP¸-¸-isS�c1isSUn�lNSUf�²#^§éZlØ²eiGcdMPSaM_^eiÕ^eSaMPOo²aMP`©^ab-lPO
lNOÙ^ \ i ßdQo²#}¬MFSeiGMP¨Ùn�lN¸g¸-l;é]is¨ÙßkT'M@émSUbg^eiP¤ÓµKOdl_^ \ isS~f�is` \ MPOdbg²ef b-²��dTkÝ§cRMP²Ç^
^eSaMPOd²Çn�iGSÆb-OÛé \ bg` \ ^ \ iqh¬´¶µ'`GlNOk^eSelN¸g¸-iGSÜbgOdbg^eb"M_^eiG²?ß%lP^ \ SUiXMP¨�MPOd¨+émSeb¥^aimSeis÷<QdiG²Ç^a²
²Ub-fïQd¸¥^îMPOoiGlNQd²U¸gTIMPOo¨)^ \ i�¨RM_^îM¶b-²�^eSaMPOo²Un�iGSUSeis¨=¨ob-Seis`s^e¸gT n�SelPf ²UlNQdSe`si~¨di©ãrbg`Gi�^el
¨dis²U^eb-ORM_^eb-lNOÍ¨disã�b-`siP¤�$.¸gTkÝ§cdMP²U^ËfjiG` \ MPOdb-²Uf�bg²Kn�MP²U^eiGSËM�^Ë^aSaM_Od²Un�isSeSebgOd³�¨RM_^aMB�#ßdQr^
SUiG÷<Qdb-SUiG² i©±�^eSaMä¨diG`slr¨oiI¸glN³Nbg` MPOd¨ `GMPOdOdlP^ ß%i6Qd²eis¨2n�lPS~f�isf�lPSUT=^alAf�isf�lPSUT
^eSaMPOd²Çn�iGS+lNOA^ \ i½²aM_f�i fjiGfjlNSUT)¨disã�b-`siP¤�Ê \ b-²jh¬´¶µ `GlPO<^eSelN¸g¸-isSÛ`XMPO�²eQdcdc%lNSÇ^
isbg^ \ iGSæfjlr¨diËl_n4^ \ iG²UiP¤
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� [ lNfjf�MPOd¨�` \ MPbgOdb-Oo³
µá` \ MPOdOoiG¸Â`GMPO)ß%i�` \ M_b-Odis¨)^alÍ^ \ i�Ooi©±�^ï` \ M_OdOdiG¸½�.é \ isOF^ \ i�¨RM_^îM ^aSeMPOd²Un�isSïb-²
èROob-² \ iG¨jlNOj^ \ imèRSe²Ç^Z` \ MPOdOdis¸"��SeiG³Pb-²U^eiGS?ã_MP¸gQdiG²Ün�SelPf ^ \ im²UiG`GlPOd¨~` \ MPOoOdiG¸Rémb-¸g¸dß%i
`slNcdb-is¨�^el�^ \ iØèRSU²U^]` \ MPOdOdis¸ M_Od¨�^ \ iKh¬´¶µ2`GlPO<^eSelN¸g¸-isSÕ`GMPO�SUiG²UQdf�iØ^aSeMPOd²Un�isSe²ZlNO
^ \ iËèRSe²Ç^q` \ MPOdOdis¸"��MP¸g¸-l;émb-Od³¼`GlNOk^abgO<Qdbg^§T�bgO~^aSeMPOd²Un�isSæn�lNSmMj²Uc1is`Gb¥èR`¬¨disã�b-`siP¤

� priGMPSe` \ `XM_cRMPßdbg¸-bg^§T
hËM_^aM�^aSeMPOd²Un�isSËn�QdOd`s^eb-lNOdMP¸-b¥^§TÍ`GMPO6ß1ijMP¨RM_co^ais¨I^el½ß%i+Qd²eis¨In�lPSËlP^ \ isSËn�QdOd`s^eb-lNOo²
²UQd` \ MP²0�UlPOrÝå^ \ i©Ý"�dT,�j`slNfjcRMPSebg²elNOo²Âémbg^ \ lNQo^ØMP¨d¨ob-Od³+fïQd` \ Seis²elNQoSe`Gi_¤

� ¦§Ok^aisSeSUQdco^mãNis`s^alPSq³NisOdiGSeM_^abglNO
[ lNfjfjlNO�n�iGM_^aQdSUiG²ÂbgO�MïfjiG` \ MPOob-²ef ^al¼OdlP^ab¥n�T+^ \ i!coSel�`GiG²U²elNSÂM_n�^aisS]^ \ iq^aSaM_Od²Un�isS
bg²ÂèROdb-² \ iG¨ ¤

JLK'¾ ¿VWXÀ À Á�RSÂ

h¬´¶µá`GlNOk^eSelN¸g¸-iGSË`GMPO)coSel;ã�b-¨di�M½Qo²eisn�Qo¸ZisO \ MPOd`siGfjiGOk^¼^elÍM½f�bg`GSUlNcdSel�`Gis²e²UlNS¬²UT�²U^eiGfÃ�
Seis¸-bgisã�b-Od³ ^ \ i [ ÏÆÌölPnæ`slNOd²ebg¨diGSeM_^abglNO)¸glkMP¨)MPOd¨Ffjl;ãrbgOd³Í¨dM_^îM¶n�M_²U^aisSïMPOo¨äf�lNSUi�ia]ÛÝ
`GbgiGOk^a¸¥T ^ \ MPO@^ \ i [ ÏÕÌá`GlNQo¸-¨@MP¸-lNOoiP¤jÊ \ b-² \ MP²«ß%iGiGO@i©±rcd¸glNbg^eiG¨I`GlNfjf�isSe`sb"MP¸g¸gT n�lNS«M
¸-lPOd³q^eb-fjiA�_MPOd¨Û²elPf�i
�U²U^aMPOd¨RMPSU¨8�!` \ M_SaMP`©^aiGSUb-²Ç^ab-`s²?lPn�h¬´½µÙ`GlNOk^eSelN¸g¸-iGSU² \ M;ãPiæiGfjiGSU³NiG¨#¤

Ê \ i«`GlNfjf�lPO~n�iXM_^eQdSeis²ØbgO�^ \ is²ei�h¬´¶µ·`GlNOk^eSelN¸g¸-iGSmM_Sei`�
� Ê9SaMPOo²Un�iGSmn�QdOd`©^abglNO¶é \ bg` \ `GMPOÍ^aSeMPOd²Çn�iGSØß1i©^§é]isiGO c%iGSebgc \ isSaMP¸9MPOd¨¶f�isf�lPSUT-��M_Od¨
ß%is^§éZiGisOÚfjiGfjlNSUT�¨disã�bg`GiG²���i©ãNisO2^ \ lNQd³ \ b¥^�OdiGis¨d² ^§é]l=` \ MPOdOoiG¸!^alAc%iGSÇn�lNSef
fjiGfjlNSUTj^aljfjiGfjlNSUTj^aSeMPOd²Un�isSæn�lNSm¹k®Pºk»A�©¤

� ´¶Qo¸g^abgcd¸-i Ý§` \ M_OdOdiG¸g²

� pri©ãNisSaMP¸�¨RM_^aMÛ²eb-òsiG²*�d^alj²eQdcdc%lNSÇ^m¨dbÅÄ1iGSUiGOk^Ø¨RM_^îMïémbg¨o^ \ ¨disã�bg`GiG²s¤

� ¦§Ok^aisSeSUQdco^ØSeis÷�QoiG²U^q^alÛ^ \ i«coSel�`GiG²U²elNSæé \ isO¶^eSaMPOd²Çn�iGSmb-²ÂèdOdb-² \ iG¨#¤
Ê \ iG²Uiïn�QdOd`©^ab-lPOd²KlPnÕh¬´½µ `GlPO<^eSelN¸g¸-isSKMPSUi¼Qd²UiG¨6MP²K³NQdb-¨oiG¸-bgOdiË^al~¨oiG²ebg³NOÍ^ \ iÛMP²ÇTrO�Ý

` \ SUlNOdlNQd²qh¬´¶µ·`slNOk^aSelP¸-¸-isSÂb-O�^ \ b-²Â^ \ iG²Ub-²G¤
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¦§Oï^ \ iÂèRiG¸g¨ÛlPn�¨db-³Pbg^îM_¸�`sb-SU`GQdb¥^~>_¸glN³Nb-`Æ¨dis²ebg³NO��N^§éZlË¨dbÅÄ1iGSUiGOk^Æ¨diG²Ub-³NOÛ²Ç^§T�¸-iG² \ M;ãPiæß1isiGO+¨di Ý
ãNis¸-lNc%iG¨ ¤.Ê \ is²eiæ¨dis²eb-³POï²U^§T�¸-is²#�k²ÇTrOo` \ SelNOolNQd²ÕMPOd¨ÛM_²UT�Od` \ SUlNOdlNQd²*�ké]isSeiæMP¸gf�lP²U^4iG÷<QRMP¸g¸gT
Qd²UiG¨jM_^Ü^ \ iÂß1is³Nb-OoOdb-Od³KlPn%¨db-³Nb¥^îMP¸�¸-lP³Nb-`Õ¨diG²Ub-³NO+isSaMB�kßdQr^Ü²UT�Od` \ SUlNOdlNQo²Z¸glN³Nb-`Õ¨dis²eb-³PO \ MP¨
ß%iGiGO�f�lNSUiæn�M;ãPlNQdSUiG¨~bgOj^ \ iq¸-MP²U^Æn�i©é ¨diG`GMP¨diG²]MPOd¨�ß1is`GlNfjiØ^ \ iqMP`G`siGco^eiG¨�¨dis²eb-³PO�²Ç^§Tr¸gi
n�lNSæ`slNf�co¸-i©±~`GbgSe`GQobg^a²s¤

Ê \ iG²UiÂ^§é]lK¨diG²Ub-³NOï²Ç^§T�¸-iG².¨dbÅÄ1iGSU²4n�SelPf·iXMP` \ lP^ \ iGS4ßkT«^ \ i]^eb-fjb-Od³ØMP²U²eQdfjco^abglNOd²�^ \ M�^
MPSUiÜf�MP¨oiP¤.p�T�Od` \ SelPOdlNQd²9¸-lN³Pb-`?M_²e²eQof�is²�^ \ M_^�^eb-fji.b-²�¨ob-²e`sSei©^aiA}_iXMP` \ cRMPSÇ^�lPn�^ \ iÜ²ÇTr²Ç^aisf
\ MP²4^al!²Ç^îMPSÇ^ÆMPOd¨ïèROob-² \ b¥^a²9^îMP²Uñ�²ÜbgO¼^ \ iÂ²aMPfji]c%iGSUb-l�¨ïlPnR^eb-fjiA�?� \ iGSeiGMP²ÆMP²ÇTrOo` \ SelNOolNQd²
¸-lP³Nb-`4¨dlris²�OdlP^�f�MPñPiÆMPOkT¬M_²e²eQof�co^eb-lNOo²4M_ß1lNQr^#^abgf�bgOd³8};iXM_` \ cRMPSÇ^�²U^aMPSU^e²'>_²Ç^alNcd²�éZlNSeñ<bgOd³
lNO bg^e²æl;émO#¤

¦§O8^ \ iÍ²UT�Od` \ SelNOdlPQd²�¸-lN³Pb-` ¨diG²Ub-³NO8²U^§T�¸-i?�mM)`G¸glr`îñ^�æM)c%iGSUb-l�¨db-` ²U÷�QdMPSeiÍé]MXãNi ²Ub-³_Ý
ORMP¸½�1bg²KQd²UiG¨ n�lNSq³N¸-lPßRMP¸�²UT�Od` \ SUlNOdbgòXM_^eb-lNOÍ^el~²ec%iG`sbgn�T½é \ iGO ^el~²U^aMPSU^!MPOd¨ÍèROob-² \ ^aMP²eñ<²s¤
[ lNfjfïQdOdbg`XM_^eb-lNOÍß1i©^§é]isiGOFM_O<TÍcRMPSÇ^a²¬b-O ^ \ iÛ²UT�²U^eiGf fïQo²U^¬ß%ij¨olNOdiÛß%isn�lNSUiÛiGOd¨IlPnZM
`G¸glr`îñ c%iGSUb-l�¨ é \ iGO)^ \ i+é \ lN¸-i+²ÇTr²Ç^aisf bg²«²ÇT�Od` \ SelPOdb-òsiG¨#¤¶p�T�Od` \ SUlNOdlNQo²¼¸-lP³Nb-`Û¨dis²ebg³NO
\ MP²Kß1isiGO n�MXãNlNQdSUiG¨6ßkTÍ^ \ iï` \ bgc ¨diG²Ub-³NO `slNf�f¼QdOdbg^§T n�lNSK²eisãPiGSeMP¸Ü¨diG`GMP¨dis²Ëß1is`XMPQd²UiÛlPn
²ei©ãNisSaMP¸�SeiGMP²elPOd²
x V�»M{"�

� ¦å^mlAÄ1iGSU²ØMj²Ub-fjcd¸-iKé]MXT~^alj¨dis²eb-³PO¶M_Od¨½^eiG²Ç^q`slNfjcdQo^abgOd³+iG÷<Qdbgcdf�isOk^
®N®
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� ¦å^mbg²Âémb-¨dis¸gT~^aMPQd³ \ ^ØMPOd¨½QdOd¨oiGSe²Ç^al�lr¨

� Ï4MPSU^e²m^ \ M_^mlNc%iGSeM_^ais²æémbg^ \ `G¸glr`îñ<²ØMPSUi!émb-¨dis¸gT�MXã_MPbg¸"MPßd¸gi

� p�T�²Ç^aiGfúOolNb-²Ui \ MP²m¨db-is¨ÍMXé]MXT ß<T�^ \ iË^abgf�i!Mj`s¸-l�`îñ�isãPiGOk^!l�`G`sQdSe²

prb-fjcd¸gb-`Gb¥^§T�b-O½^abgf�bgOd³�fjl�¨diG¸g²Kf�MPñPi�²UT�Od` \ SUlNOdlNQd²¬¸glN³Nb-`¬¨dis²ebg³NO iXMP²Ub-isS#� is²ec%iG`sb"MP¸g¸gT
é \ isOF^ \ i~`sb-SU`GQdb¥^a²ïM_Sei�OolP^¼ãPiGSUT)`GlNfjcd¸gi©±Î�?lNS�Odl lP^ \ iGSï`slNOd²Ç^aSaM_b-Ok^a²ï²UQd` \ MP²¼c%l;é]isS
`GlPOd²eQdfjco^eb-lNO��Æc%iGSÇn�lNSef�MPOd`siA�ÕlNSÛiG¸giG`s^eSel_Ýåf�M_³NOdis^eb-`�b-Ok^aisSUn�iGSUiGOd`si¶OoiGiG¨A^al6ß%i�`GlNOo²eb-¨�Ý
iGSUiG¨#¤
� bg^ \ ^ \ bg²Â²ebgf�cd¸gb-`sbg^§T-�k^ \ iË¨disãPiG¸glNcdfjiGOk^mb-O�`sb-Se`sQdbg^]¨diG²Ub-³NO \ MP²æ¸-lNOo³ïß1isiGO `GlPOd`GisOrÝ

^aSeM_^ais¨ lNOÍ^ \ iï²ÇTrOo` \ SelNOolNQd²¬¨diG²Ub-³NOÍ²U^§T�¸-i?��MPOd¨ M_²UT�Od` \ SUlNOdlNQd²Ë¨oiG²ebg³NO ²U^§T�¸gi \ MP²qß1isiGO
ã�b-SÇ^aQRMP¸g¸gT�b-³NOolNSeis¨#¤

µK²jlNcdc%lN²eis¨=^elI^ \ i½²UT�Od` \ SUlNOdlNQd²�¸-lN³Pb-`~¨dis²ebg³NO�`slNQdOk^aisSecRM_SU^D�Z^ \ i½MP²ÇTrOo` \ SelNOolNQd²
¸-lP³Nb-`q¨diG²Ub-³NO½²U^§T�¸-i¬bg²��

� 
qMPSe¨disSæ^al+¨diG²Ub-³NO

� ¿ØlP^mfïQd` \ ^îMPQo³ \ ^qlPSæQdOd¨disSe²U^elrl�¨½QdOk^ab-¸ SeiG`siGOk^a¸¥T

� Î�MP`îñ<b-Oo³j`slNfjc1lNOoiGOk^a²mb-O ²Ç^îMPOd¨dMPSe¨½¸-bgßdSaMPSUb-is²

� p \ lNSU^mlPn4¨di©ãNiG¸glNcdfjiGOk^Ø^al�lN¸-²

� âKãNisS \ iGMP¨¶n�lPSæ²eb-fjcd¸gi!`GbgSe`GQobg^æbg² \ b-³ \ iGS

� \ b-¸giï^ \ i+²ÇTrOo` \ SelNOolNQd²¼¸glN³Nbg`¼¨dis²eb-³PO@Qd²UiG²�M�³N¸-lNßdMP¸?²ebg³NORMP¸4n�lNSË²UT�Od` \ SUlNOdbgòXM_^eb-lNO��
^ \ i~MP²ÇTrOo` \ SelNOolNQd²ï¸glN³Nb-`+¨dis²ebg³NOF¸-i©^«`Gb-SU`GQdb¥^a²¬^ \ M�^ïOdisiG¨)^elÍ`GlPf�fïQoOdb-`GM_^aijc1isSUn�lNSUføM
¸-l�`XM_¸ ²UT�Od` \ SelNOdbgòXM_^eb-lNO½ß%is^§éZiGiGO¶^ \ isf�²UiG¸gãPiG²s¤

µK²+`GbgSe`sQdbg^e²ï³NSel;éößdb-³N³PiGSÛMPOo¨=ß%iG`slNfji�f�lNSUi�`GlNfjcd¸gi©±äß%iG`GMPQd²Ui½l_nq^ \ i�OdiGis¨�n�lNS
\ bg³ \ iGSæc%iGSÇn�lNSef�MPOd`si«MPOd¨ n�QdOd`s^eb-lNOdMP¸-b¥^§T-�o²UisãPiGSaM_¸4cdSUlNßd¸giGfj²æ`XMPQd²UiG¨¶ß<T�^ \ iË^abgf�bgOd³ÛMP²ÞÝ
²eQof�co^eb-lNO8b-O'²UT�Od` \ SelNOdlPQd² ¸-lN³Nbg`Í¨dis²ebg³NO'ß1is`GlNfji fjlNSeiÍlNßkãrbglNQd²s¤ Ê \ is²ei6cdSUlNßd¸-isf�²
MPSUiA�
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� [ ¸glr`îñ�²eñPi©é
µq²¬^ \ ij` \ b-cI²ebgòGi+b-Od`sSeiGMP²eis²#�?M_Od¨ \ b-³ \ isS¬`G¸-l�`îñ ²Uc1isiG¨)bg²¬OdiGis¨diG¨In�lNS¬iGfjcd¸-l;TNis¨
\ bg³ \ isS�c%iGSUn�lPSef�MPOd`Gi?�æ^ \ i c \ MP²ei ¨dbÏÄ isSeisOd`Gi ß%is^§éZiGisOª`s¸-l�`îñ<²�b-OÙiGMP` \ cRMPSU^�lPn
`sb-Se`sQdbg^Âß1is`GlNfjiG²m³NSUiXM_^ØiGOolNQd³ \ ^al+`XM_Qd²ei¬cdSUlNßd¸-isf�²s¤

� 
Øb-³ \ c%l;é]isSq`slNOd²eQof�co^eb-lNO
� b¥^ \ ³N¸glNßRMP¸Z²UT�Od` \ SUlNOdb-òGM_^abglNO=cRMPSU^e²ÛlPnØ^ \ i `GbgSe`sQdbg^ï^ \ M_^jMPSUi�OdlP^+c%iGSÇn�lNSefjb-Od³
MPOkT n�QdOo`s^abglNO@M_^�^ \ M_^¬^abgf�iÛf¼Qd²U^�ß1i�MP`©^abgã_M_^eiG¨@MPOd¨@`GlNOd²UQdfji�c%l;é]isS«émb¥^ \ lNQr^
MPOkT�Qd²ei©n�Qd¸#SUiG²eQo¸g^X¤ÜÊ \ b-²æMP¸g²el¼éZlNSU²eiGOo²m^ \ i!c%l;é]isSÂ¨db-²U²ebgcRM_^abglNO~cdSUlNßd¸giGf b-O~²UlNfji
MPcocd¸-bg`XM_^eb-lNOd²s¤

� �@lNSe²Ç^m`XMP²Ui�c%iGSÇn�lNSef�MPOd`si
prbgOd`GiË²UQdßrÝå`Gb-SU`GQdb¥^a²Âé \ bg` \ `GMPO�é]lPSeñ�M_^ \ b-³ \ isSÂ²ec%iGis¨ÍfïQo²U^mß%iË²e¸-l;éZiG¨½¨dl;émO½^el
éZlNSeñïémb¥^ \ ^ \ iq²U¸-l;é]is²U^ZlNOdi?�<^ \ iØ`sT�`G¸giØ^eb-fjiÂlPn ^ \ iml;ãNiGSeMP¸-¸�`sb-Se`sQdbg^Æbg²?^ \ M�^Zl_n ^ \ i
²U¸-l;é]is²U^Ø`GbgSe`sQdbg^mbgOd²U^eiXMP¨ lPn4^ \ i«MXãNisSaMP³Ni¬`GMP²ei_¤

� h!is²eb-³PO ^eSaMPOo²Un�iGSæ^eljOoiséÚ^eiG` \ OolN¸-lN³_T
¦§O M¼¨oiG²ebg³NO�émb¥^ \ ³N¸glNßRMP¸�²ÇTrOo` \ SelNOob-òXM�^ab-lPO��dM¼`sb-SU`GQdb¥^Â¨dis²eb-³PO�n�lNS]lPOdiK^ais` \ OdlN¸glN³PT
`slNQd¸-¨ Odl_^mß1i¬Qd²UiG¨¶émb¥^ \ MÛ¨dbÅÄ1iGSUiGOk^m^ais` \ OdlN¸glN³PT~émb¥^ \ lNQr^mf�M@+UlPSæMP¨RMPcr^îM_^eb-lNO#¤

� ¿ØlNOrÝ§fjl�¨dQd¸"M_Sebg^§Tj¨dis²ebg³NO
µ·`slNf�co¸-i©±�`GbgSe`sQdbg^]¨diG²Ub-³NOdis¨½n�lPSæMÛ²ec%iG`Gb¥èR`Ë`G¸glr`îñ�²ec%iGis¨¶`slNQd¸-¨�OolP^mSeisQd²eis²mn�lPSæM
¨dbÏÄ isSeisO<^Ø`s¸-l�`îñ�²ec%iGis¨���Seis¨diG²Ub-³NO½lNSæf�M@+UlNSmMP¨RM_co^îM_^eb-lNO�bg²æSeis÷�Qob-Seis¨#¤

â!Odi�²elN¸gQo^abglNO)^el ^ \ is²ei cdSelPßd¸-isf�²�b-²¼^el ³NbgãPi�QdcF^ \ bg²¼^abgf�bgOd³ M_²e²eQof�co^eb-lNO ¤Fpri©ãkÝ
iGSeMP¸ÜSeis²eiGMPSe` \ ³PSelNQdco² \ M;ãPi�ß%iGisO)²UQd`G`siG²e²Çn�Qd¸]bgO6Qd²ebgOd³ÍM_²UT�Od` \ SUlNOdlNQd²�¸-lN³Pb-`ï¨dis²ebg³NOI^el
b-fjcd¸giGfjiGOk^+MP²ÇTrOo` \ SelNOolNQd²~`sb-Se`sQdbg^e²jM_^j¨dbÅÄ1iGSUiGOk^j¸-isãPiG¸g²�lPnK¨diG²Ub-³NO=`GlPf�cd¸gi©±rbg^§TP¤'pri©ãkÝ
iGSeMP¸ `sb-SU`GQdb¥^a²æMP²æ`slNfjcd¸-i ±�MP²ÂMïcdSel�`Gis²e²elPS \ M;ãPiËß1isiGO½²eQd`s`Gis²e²Un�Qo¸-¸gT�b-fjcd¸-isf�isOk^aiG¨�Qd²ebgOd³
¨dbÏÄ isSeiGOk^Ø²U^§T�¸giG²mlPn.MP²UT�Od` \ SUlNOdlNQo²K¸-lP³Nb-`!¨oiG²ebg³NOÐx VGÈ8��V;º|{¢¤
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�ÇK~� �Ñ��ÂÃOXY ÒXR%T�O�T�WX���#TL��[DY U����S[*�0O

Ê \ i+¨dis²eb-³PO@fjis^ \ lr¨olN¸-lN³Pb-iG²Øn�lNS¬MP²ÇTrOo` \ SelNOolNQd²¼¸glN³Nbg`¼`GlPQd¸-¨6ß%ij`GM_^ais³NlNSUb-òGis¨6ß<T6¨oiG¸"MXT
fjlr¨dis¸-²*�rM�c1isSeb-l�¨jlPn#^abgf�iØOdisiG¨dis¨~n�lNSZ¨ob-³Nb¥^îMP¸R²Ub-³NORM_¸�^eSaMPOo²ebg^eb-lNO+n�SelPfëlNOdiK¸glN³Nbg`m^elÛMPOrÝ
lP^ \ iGSÕb-OÛémb-SUiG²ÕlNSÆ`GbgSe`GQobg^ÕiG¸giGfjiGOk^a²*�<^el�^§éZl¼fjlr¨oiG¸-²*�4ß%lNQdOo¨diG¨~¨oiG¸"MXTA�rM_Od¨�QdO<ß%lNQdOd¨oiG¨
¨dis¸"MXT~fjlr¨oiG¸-²s¤?Ê \ i¬ß%lNQdOd¨dis¨¶¨oiG¸"MXT�fjl�¨diG¸ MP²e²UQdf�is²æ^ \ M_^m¨oiG¸"MXT�l_n.MÛ`sb-Se`sQdbg^ÂiG¸-isf�isOk^
lNSÂémbgSeiËb-²mß%lNQdOd¨oiG¨#¤ÆÊ \ i¬lNcdc%lN²Ubg^aiËbg²mMP²e²UQdfjiG¨ÍbgO�^ \ i¬QdO<ß%lNQdOd¨dis¨Í¨dis¸"MXT~fjl�¨diG¸¢¤

Ê \ i«`Gb-SU`GQdb¥^a²æbgf�cd¸giGfjiGOk^ais¨�ßkT�Qd²ebgOd³+^ \ is²ei¬¨diG¸-MXT�f�l�¨dis¸-²æ`XM_O½ß%i¬`G¸-MP²e²UbgèRis¨½^el8�

� Êæbgf�is¨½`sb-SU`GQdb¥^a²
[ lNSUSeis`s^!lPc1isSaM_^eb-lNO½lPn.^ \ b-²Ø`GbgSe`sQdbg^Øb-²Ø¨disc1isOd¨diGOk^ËlPO¶^ \ i¼¨dis¸"MXT�²Kb-O½`GbgSe`sQdbg^e²qis¸-i©Ý
fjiGOk^a²ØMPOo¨ émbgSeis²G¤

� h!is¸"MXTkÝ§b-Oo²eiGOo²ebg^ebgãPi!`GbgSe`GQobg^a²
[ lNSUSeis`s^ÕlNc%iGSaM�^ab-lPOÛlPn1^ \ im`GbgSe`GQobg^Æb-²ÜbgOd¨disc1isOd¨diGOk^ÕlPn1¨diG¸-MXTr²ÆbgOj`sb-SU`GQdb¥^ÆiG¸-isf�isOk^a²#�
MPOo¨ émbgSei¬¨dis¸"MXT�²qM_Sei«MP²e²UQdfjiG¨ ^al+ß1i¬òsiGSelo¤

� prc%iGis¨rÝ§bgOd¨disc1isOd¨diGOk^q`GbgSe`GQobg^a²
[ lNSUSeis`s^ZlNc1isSaM_^eb-lNO+lPn1^ \ bg²Æ`Gb-SU`GQdb¥^Æb-²Æb-Oo¨diGc%iGOd¨oiGOk^ÂlPn1^ \ im¨dis¸"MXT�²ZbgO�ß%lP^ \ `sb-Se`sQdbg^
is¸-iGfjiGOk^e²qM_Od¨�émb-Seis²G¤

��Ó QRMP²Ub¥Ýå¨diG¸-M;TkÝåb-Od²UiGOd²Ubg^ab¥ãNi!`sb-SU`GQdb¥^a²
Ê \ bg²æ`GbgSe`GQobg^mb-²æ¨oiG¸"MXTkÝ§bgOd²eisOd²eb¥^ab¥ãNi!émbg^ \ CÁb-²Ulr` \ SelNOdbg`Kn�lNSUñ�²sÀ%MP²e²UQdf�cr^ab-lPO#¤
¦§²Ulr` \ SUlNOdbg`qn�lNSUñ�²]MPSeiØ²ei©^a²Âl_n�b-Ok^aisSe`slNOdOdis`s^abgOd³¼émbgSeiG²Õé \ iGSUiK^ \ iK¨dis¸"MXT+¨dbÅÄ1iGSUiGOd`si
ß%is^§éZiGisO ^ \ i«ßdSaM_Od` \ iG²qb-²mòGisSel�lNSqOoiG³N¸gb-³Nbgßd¸-i!`slNfjcRMPSeis¨½^elj^ \ i¼`sb-SU`GQdb¥^miG¸-isf�isOk^
¨dis¸"MXT�²G¤

hËM_^îMÂcdMP²e²Ub-Od³mß%is^§éZiGiGO¬^§éZlq`sb-Se`sQdbg^#`GlNfjc1lPOdiGOk^a²�bgO¬MP²UT�Od` \ SelNOdlPQd²4²ÇT�²U^aisfÐ`GlPQd¸-¨¬ß%i
iGOo`Gl�¨diG¨�b-OjM«²Ub-Od³P¸-iÂlNSÕMËcRMPbgSÜlPn émbgSeis²#}<ñ<Odl;émO�MP²Æ²ebgOd³N¸-i Ý§SeMPb-¸rMPOd¨j¨dQRMP¸ Ý§SeMPb-¸�iGOd`slr¨ob-Od³d¤
¦§O ^ \ i¬²ebgOd³N¸gi©Ý§SeMPb-¸%iGOo`Gl�¨db-Od³+lNOoi!émb-Sei¬bg²æOdiGis¨diG¨½n�lNSæiXMP` \ ßdb¥^mlPn.bgOon�lNSUf�M_^eb-lNO�lNSæ¨RM_^aM
ã_MP¸-Qoi?^alØSeiGcoSeiG²UiGOk^?¸glN³Nbg`�C-VPÀ�MPOd¨LC¾ÃoÀ¥¤9¦§O«^ \ iZ¨oQRMP¸¥ÝåSaMPbg¸_isOd`Gl�¨dbgOd³Ø^§éZlmémb-Seis².M_SeiÆSeis÷�Qob-Seis¨
n�lNS¬isãPiGSÇT@ßobg^«lPnÂbgOon�lNSUf�M_^eb-lNO ¤�â!Odi+émb-SUi+b-²¬Qd²eis¨)^al½SeiscdSeis²eisO<^ï¸-lN³Nbg`QC-VPÀÅ�4MPOdlP^ \ iGS«b-²
Qd²UiG¨Ûn�lNS?SUiGcdSUiG²eisOk^Æ¸-lN³Nbg`eC¯ÃoÀ¥¤Üprbg³NORMP¸<^aSeMPOd²eb¥^abglNO¼bgOïlNOdiælPnR^ \ b-².cRMPb-S4lPnRémb-SUiG²ÜSUiGcdSUiG²eisOk^a²
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Acknowledge

Request

Acknowledge

Request

first communication second communication first communication second communication

a. Two-phase protocol b. Four-phase protocol

$.b-³NQoSei«®r¤¥V-�Õprbg³NORMP¸g¸-b-Oo³¼cdSUlP^al�`GlN¸g²

^ \ iæ¨RM_^îMËßdb¥^?ã_MP¸-QoiÂn�lNS?isãPiGSÇT+`GlNfjfïQdOdbg`XM_^eb-lNO ¤4¿ØlP^aiÂ^ \ M_^Æ²Ub-³NORM_¸r^aSeMPOd²Ubg^abglNOÛ`GlPQd¸-¨ÛOdl_^
l�`G`GQoS�b-OËß%lP^ \ émbgSeiG² ��n�SelNfªMæcRMPb-S!�%bgO!^ \ iÜ²eMPf�iÜ`slNfjfïQdOdbg`XM_^eb-lNO��Gß1is`XMPQd²UiÆbg^�SUiGcdSUiG²eisOk^a²
ß%lP^ \ ¸-lP³Nb-`�C¯ÃoÀRM_Od¨°CgVNÀdbgO�^ \ i¬²aM_f�iË^abgf�iqn�lNSælNOdi¬¨RM_^aMÛßdbg^æé \ bg` \ bg²æb-Okã_MP¸-bg¨#¤
� \ iGO�Qo²eb-Oo³¼¨dQRM_¸¥Ý§SeMPb-¸oiGOd`slr¨dbgOd³8��bg^Zb-²Õc1lP²e²ebgßd¸-imn�lNSÆ^ \ iqSeis`GiGb¥ãNisS]^al�¨dis^eiGSefjb-Ooiq^ \ i

ã_MP¸-bg¨dbg^§T�lPn?^ \ i¼¨RM�^îM�²UiGOk^Kn�SUlNfú^ \ i�²eiGOo¨diGSL��iGOk^abgSei«¨RM_^aM�é]lPSe¨ bg²q²UiGOk^~�mß<T¶¨di©^aiG`©^abgOd³
^aSeMPOd²Ubg^abglNOd²jb-O�lNOdiÍl_n!^ \ i¶émb-Seis²�lPn!iXMP` \ ßdb¥^�émbgSei Ý§cRMPbgSG¤/$RlNQdSjc1lP²e²ebgßd¸-i½²U^aM_^ais²�MPSUi
c%lN²e²Ub-ßd¸giÕlPOïMØémbgSei Ý§cRMPbgS#�SC¯ÃNÃoÀ�b-Oo¨db-`GM_^abgOd³Â^ \ M�^4^ \ M_^4ßdbg^9b-²9b-¨o¸-iA�)C¯ÃoVNÀ�MPOd¨0C-V;ÃrÀ;b-Od¨dbg`XM_^eb-Od³
¨RM_^aMqòsiGSelKMPOd¨�lNOdiÂM_Od¨0CgVNVNÀ;é \ bg` \ b-²9MPO�b-Okã_MP¸-bg¨«²Ç^îM_^eiZé \ bg` \ bg²4Odi©ãNisS?²eisiGO#¤ÜYÕT�â¬×mb-Oo³
^alP³Nis^ \ iGSÕ^ \ iK^§éZlÛßdb¥^a²ZéZi!`GMPO~^ais¸-¸Ré \ is^ \ iGSmM�¨RM_^îM�ßdbg^Zb-²Zß1isb-Od³ï²Ub-³NOdMP¸-¸giG¨jlNS]Odl_^X¤ÆYZT
µ!¿qh!b-Od³���lNSÆf�lPSeiÂ`slNf�fjlNOd¸¥T�^ \ imQd²eiØlPn M [ Ý§iG¸giGfjiGOk^Æ^aSUiGiM�?iGMP` \ lPn%^ \ iG²eiKâË×Øis¨+ßdbg^e²
MP`sSelN²U²ZM¬ßdQdOo¨d¸-imM¬²ebgOd³N¸-i]SeiG÷<Qdis²U^]²eb-³PORMP¸"�_é \ b-` \ b-Od¨ob-`XM�^aiG²?^ \ iæã_MP¸-bg¨dbg^§T�lPn%^ \ im¨RM_^aMËlNO
^ \ iïé \ lN¸-i¼ßdQdOd¨d¸giA��`GMPO6ß1iÛ³NisOdiGSeM_^ais¨#¤ïÊ9l MP`îñ<Odl;ém¸-is¨d³NijM�`GlNfjfïQdOdbg`XM_^eb-lNOÍM~²ebgOd³N¸-i
MP`îñ<Odl;ém¸-is¨d³Ni¬émb-SUiËb-²æQd²UiG¨¶n�lPSÂ^ \ iËé \ lN¸giËßdQdOd¨o¸-iP¤
� bg^ \ ²ebgOd³N¸-i Ý§SeMPb-¸disOd`Gl�¨dbgOd³8�oi ±rcd¸-bg`Gbg^Õ^abgf�bgOd³¬b-Oon�lPSef�M_^abglNO+b-²]SUiG÷<QdbgSeiG¨~n�lPSZ^ \ iK¨RM_^aM

^aSeMPOd²Çn�iGSG¤?hËM_^îM!éZlNSe¨jb-²&�UßoQdOd¨d¸giG¨8�¬émbg^ \ CÁSeis÷<QdiG²Ç^XÀrMPOd¨ÇC¾M_`îñ�Ool�ém¸giG¨d³PiPÀ�²eb-³PORMP¸-²4émbg^ \ b-²
Qd²UiG¨~M_²Õ^eb-fjb-Od³ËbgOon�lNSef�M_^eb-lNO¼n�lPSÆ^ \ im¨RM_^aM«`slNf�f¼QdOdb-`GM_^abglNO#¤4hËM_^îMË`slNQd¸-¨jß%iQ�UcoQd² \ is¨8�
n�SelPfz^ \ iØ²eisOd¨diGSZ^al¬^ \ iqSeiG`siGb¥ãNiGSZßkT�²UiGOd¨oiGS]²Uis^eQdc~¨RM_^aM¼MPOo¨�b-Oobg^ab-M_^ais²�C¯SUiG÷<Qdis²U^XÀr²ebg³NORMP¸
^alq^ \ iZSeiG`siGb¥ãNiGS*�N^ \ i]²eiGOo¨diGSÜfïQo²U^?ñ_iGisc+^ \ iÂ¨RM�^îMqã_MP¸gQdiZQoO<^eb-¸�bg^.SeiG`siGb¥ãNiG² C¾MP`îñ<Odl;ém¸giG¨d³Ni_À
²ebg³NORMP¸æn�SUlNfð^ \ i¶SeiG`siGb¥ãNiGS�é \ b-` \ fjiXMPOo²�¨RM_^aM \ M_²~ß1isiGOÙSUiG`siGbgãPiG¨#¤ÐhËM_^îMI`GlNQd¸g¨Ùß%i
�UcdQo¸-¸-is¨8�¶n�SUlNf ^ \ i�²eiGOo¨diGSï^elÍ^ \ i�SeiG`siGb¥ãNiGS¼ß<T@^ \ i�Seis`GiGb¥ãNisSÛb-Odb¥^ab"M�^aiG²`CÁSeis÷�QoiG²U^GÀÅ�Æ^ \ i
²eisOd¨disSq²Uis^aQoc¶^ \ i«¨dM_^îM+MPOd¨XC¯MP`îñ<Odl;ém¸-is¨d³NiPÀ�é \ isO½^ \ i¬¨RM_^îMÛbg²ØSUiXMP¨rT~^al+²eisOk^X¤

prb-³PORMP¸]^eSaMPOd²Ubg^eb-lNOd²¼b-Oä^ \ i ¨RM�^îM lNSÛ^ \ i SUiG÷<QdiG²Ç^~>PM_`îñ�Ool�ém¸giG¨d³PiÍ²ebg³NORMP¸]cRMPb-SïémbgSeis²
`GlPQd¸-¨ ß%i¬^§éZl_Ýåc \ MP²Ui�lNSÂn�lPQdSÇÝåc \ MP²UiP¤ÜµK²Ø² \ l�émO½b-O�èR³PQdSei�®r¤¥VN¤
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¦§O Mj^§éZl_Ýåc \ MP²Uiï²ebg³NORMP¸g¸-b-Oo³ÛcdSelP^elr`slN¸�^ \ i�b-Oon�lPSef�M_^abglNO b-²m^aSaM_Od²efjbg^U^aiG¨½ßkT Mj²ebgOd³N¸-i
^aSeMPOd²Ubg^abglNOÍl_nÆ²eb-³PORMP¸?M_²!² \ l;émO6b-O¶èR³NQdSUi+®r¤¥VÛMo¤ËÊ \ iÛ²UiGOd¨disSËb-Odb¥^ab-M_^ais²Ø^ \ iï`GlPf�fïQoOdb¥Ý
`XM�^ab-lPO@ßkT6f�MPñ<b-Od³½M¶²Ub-Od³P¸-iï^aSeMPOd²Ubg^abglNO6lNO@^ \ ijSeiG÷<Qdis²U^�émb-Sei?}.^ \ i�SUiG`GisbgãPiGS¼SUiG²Uc1lNOo¨d²
ßkT�f�MPñ<b-Od³jMÛ²ebgOd³N¸-i!^eSaMPOo²ebg^eb-lNO�lPO ^ \ i«MP`îñ<Odl;ém¸-is¨d³Ni¬émb-SeiË`slNfjcd¸-i©^ab-Oo³ï^§é]ljc \ MP²UiG²ØlPn
^ \ iÂ`GlNfjfïQdOob-`XM�^ab-lPO#¤9×Øbg²eb-Oo³ËMPOd¨ïn�MP¸g¸-bgOd³Ø^eSaMPOo²ebg^eb-lNOo²?MPSUiÂiG÷<Qdb¥ãPM_¸-iGOk^ÜbgO¼^ \ iÂ^§é]l_Ýåc \ MP²Ui
cdSUlP^al�`GlN¸¢¤

¦§OjMqn�lNQdSÞÝ§c \ M_²eiÂ²Ub-³NORM_¸-¸-bgOd³ØcdSelP^elr`slN¸<^ \ iæbgOon�lNSef�M_^eb-lNO«b-²9^aSaM_Od²efjbg^U^aiG¨¼ß<T�^§é]lË^eSaMPOrÝ
²eb¥^abglNOd²G¤.Ê \ i!²eisOd¨disSÂb-Odb¥^ab-M_^ais²Õ^ \ iK`slNf�f¼QdOdb-`GM_^abglNOjß<T�f�MPñ<b-Od³¼M�^aSeMPOd²eb¥^abglNOjn�SUlNf ¸-l;é
^al \ bg³ \ lPO½^ \ i�SUiG÷<Qdis²U^KémbgSei?}�^ \ i«SeiG`siGb¥ãNiGSqSeis²ec%lNOd¨d²qß<T�^ \ i«²aMPfjiË^aSaM_Od²eb¥^ab-lPO½lPO¶^ \ i
MP`îñ<Odl;ém¸-is¨d³Ni«émb-Sei_¤]Ê \ i«²eis`GlNOo¨�C¯SUis^eQdSeO½^aljòGiGSUldÀR^aSeMPOd²eb¥^abglNO lNO¶ß%lP^ \ émbgSeiG²Ø`GlPO<^aMPb-Oo²
Odljb-fjc1lPSU^îM_O<^mfjiXM_Odb-Od³+bgO¶`slNf�f¼QdOdb-`GM_^abglNO�ßdQo^qb-²æ^eSeiXM�^aiG¨ÍMP²mSeis`Gl;ãNisSUT¶²U^îM�^ai¬^ \ M_^qb-²
Qd²UiG¨¶^el+²eis^m^ \ i¬²eb-³PORMP¸ ^eljcoSeiG¨oisèROdis¨ ²U^aM_^ais²#��MP²m² \ l;émOÍb-O�èR³PQdSei�®r¤¥V¬ß#¤

prisãPiGSeMP¸?MP²ÇT�Od` \ SelPOdlNQd²!¸glN³Nbg`!¨diG²Ub-³NO¶²U^§T�¸-is² \ M_²Kß%iGiGO¶¨disãPiG¸glNc1is¨ MPOd¨¶Qd²eis¨ ²eljn�MPSG¤
Ê \ iÂn�MXãNlPQdSeb¥^aiæ²U^§T�¸giG²?^ \ M_^ \ MP¨Ûß%iGisO�M_cdcd¸-bgiG¨ï^elËSeiXM_¸d`GbgSe`GQobg^ÜM_Od¨+b-fjcd¸-isf�isO<^9^al¬M!ãPiGSUT
`GlPf�cd¸gi©±j`sb-Se`sQdbg^]MPSUiK¨dbg²e`GQo²e²eis¨ iG¸-²Uiqé \ isSeiLx V;Ã@{ ¤Õâ!OdiqlPn�^ \ is²ei!²Ç^§T�¸-iq^ \ M_^]Qd²eis¨�ß<Tj^ \ i
µË´¶ÌKÎ�°ÜÊÐ³NSelPQdc b-O ¨disãPiG¸glNc¶b¥^a²æcdSUlr`siG²U²elNSU²qbg²Ø´¶b-`sSelNcdbgc1is¸-bgOdiG²Gx V�»|{¢¤

�ÇK'¾ � [DY�R%T�ÔX[DÔÐ���D[DO����

Ê \ i ´½b-`GSUlNcdbgc1is¸-b-Ooiï^aiG` \ Odb-÷<Qdi?�?émbg^ \ ²elNfji�fjl�¨dbgèR`GM_^abglNOd²¬b-OI^abgf�bgOd³½MPOd¨)²Ub-³NOdMP¸-¸gb-Od³
cdSUlP^al�`GlN¸g²#�dbg²mQd²eis¨ b-O�^ \ i�¨dis²ebg³NO¶l_n.^ \ i�µ!´ÍÌKÎ�°ÜÊÐcdSUlr`siG²e²UlNSe²s¤æÊ \ i¼´¶b-`sSelNcdbgc1is¸-bgOdiG²
¨dis²eb-³PO�²U^§T�¸-i?�dcdSelPc1lN²UiG¨ ßkT~¦åã_MPO °æ¤�prQr^ \ isSe¸"M_Od¨��d`slNQd¸-¨�ß1iË¨dis²e`sSeb-ß%iG¨½MP²]isãNisOk^UÝ§¨oSebgãPiGO
iG¸-MP²U^eb-`ïcob-c%iG¸-bgOdiV��M cob-c%iG¸-bgOdiïbgO é \ b-` \ ^ \ ijMPfjlNQdOk^¬lPnZ¨RM_^aM�`XMPO6ã_MPSUTB�©¤Û¦å^ \ MP²¬ß1isiGO
Qd²UiG¨�MPOd¨jcdSel;ãNis¨�^el«ß%im²eQd`s`Gis²e²Un�Qo¸ MP²?n�SeMPfjiÂé]lNSUñïlPn MP²UT�Od` \ SelNOdlPQd²]¸glN³Nb-`Z¨diG²Ub-³NO+²Ç^§Tr¸gi
é \ bg` \ `GMPOAß1i�`s¸"MP²U²eb¥èRiG¨=MP²Ûß%lNQdOd¨oiG¨rÝå¨diG¸-M;T)ßdQdOd¨o¸-iG¨A¨RM�^îM n�lNS¼^ \ i�¨RM_^aM�Ý§cRM�^ \ émbg^ \
¨dis¸"MXT�b-Oo²eiGOo²ebg^ebgãPiË`GlNOk^aSUlN¸�cRM_^ \ x VXÈ|{ ¤

prb-fjcd¸gi!²U^eSeQd`©^aQdSUi�lPn9^ \ i¼´½b-`GSUlNcdbgc1is¸-b-OoiG²Âbg²æ² \ l;émOÍbgO�èR³NQdSUi¼®�¤¾®r¤
µz´½b-`GSUlNcdbgc1is¸-b-OoiËQd²eis²!M�²Ub-fjcd¸-iË¨dM_^îMjßdQdOd¨d¸gi«^elj^eSaMPOo²Un�iGSØ¨RM_^aM�ß%is^§éZiGisO cdb-c%iG¸gb-Odi
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PIPELINE
STAGE

PIPELINE
STAGE

REQ

ACK

REQ

ACK

DATA DATADATA

REQ

ACK

$4b-³NQdSUi¬®r¤¯®z�Õprbgf�cd¸gi!²U^eSeQd`©^aQdSUi�l_nÜ´¶bg`GSUlNcdb-c%iG¸gb-Odis²

²U^aMP³Nis²G¤Æ°ÆMP` \ ²Ç^îMP³Niq`GlNQo¸-¨�ß%iØ`GlNfjc1lP²eiG¨�lPn#²Ç^alNSeMP³Ni!M_Od¨�cdSUlr`siG²U²eb-Oo³ïQdOdb¥^a²#}�`GlPf�fïQoOdb¥Ý
`XM�^ab-lPO¶ß%is^§éZiGisO ²U^aMP³NiG²qQd²eis²!M+Seis÷�QoiG²U^ËMPOd¨ M_`îñ�Ool�ém¸giG¨d³Pi¼²ebg³NORMP¸�cdMPb-Ss¤]hËM_^aM+ã_MP¸gb-¨db¥^§T
b-²Øb-Oo¨db-`GM_^ais¨¶ßkT ^ \ i \ MPOd¨o² \ MPñ_iï²ebg³NORMP¸g²G¤æYZlP^ \ ^§é]l_Ýåc \ MP²UiïMPOo¨Ín�lNQdSÞÝ§c \ M_²ei«cdSelP^elr`slN¸-²
éZiGSei«cdSUiG²eisOk^aiG¨Íb-O~^ \ i¼´½b-`GSUlNcdbgc1is¸-b-OoiG²ÂcRM_c1isS�x V�»|{¢¤

�ÇKÖÕ ×¢Ò�� ��� Ø�Ùp�Ú× Û<RITVY����S��T�R%�

Ê \ iÛµ!´ÍÌKÎ�°ÜÊ ³NSUlNQdc SUiG²eiGMPSe` \ b-Ok^eiGSeis²U^¬bg²!b-O ¸gl;é c%l;é]isSË`GbgSe`GQobg^!¨oiG²ebg³NO#¤¼prb-Oo`Giï^ \ i
MP²ÇTrOo` \ SelNOolNQd²Â¸glN³Nb-`æ¨oiG²ebg³NO \ MP²Zc%lP^eiGOk^ab-MP¸Rn�lNSÆ¸-l;é'c%l�éZiGS*�dMPfjlNOd³¬lP^ \ iGSÆ^ \ b-Od³N²*��é \ iGO
`GlPf�cRM_SeiG¨@émbg^ \ ²UT�Od` \ SUlNOdlNQd²Û¸glN³Nbg`A�9bg^ \ MP²ïß%iGisOäQd²eis¨äß<TI^ \ i~µË´ÍÌqÎ�°ÆÊ ³NSUlNQdc)^el
¨dis²eb-³PO ^ \ i¬µË´ÍÌqÎ�°ÆÊÚcdSel�`Gis²e²elPSe²G¤

Ê \ i�µ!´ÍÌKÎ�°ÜÊmºPbZb-²«MPOäMP²ÇT�Od` \ SelPOdlNQd²ïfjb-`sSelNcoSel�`GiG²U²elNS¬²UQdßd²UT�²Ç^aiGf ß1isb-Od³¶¨disãPiG¸ Ý
lNc%iG¨~ßkTj^ \ iqµË´ÍÌqÎ�°ÆÊ ³NSUlNQdc�M�^]^ \ i!ÌqOobgãNisSe²Ubg^§T�lPn9´ÍMPOo` \ iG²Ç^aiGSs¤]ÏÜSUisã�b-lNQo²]Seis²eiGMPSe` \
ßkT)^ \ b-²ï³PSelNQdcAM_¸-²elÍb-Od`s¸-Qd¨dis¨F^§é]lIMP²ÇT�Od` \ SelPOdlNQd²jcdSel�`Gis²e²UlNSe²*�Õ^ \ i~µË´¶ÌKÎ�°ÜÊËV-�]M_Od¨
µË´¶ÌKÎ�°ÜÊØ®_iQx VXÈ8�dW?{ ¤

µË´ÍÌqÎ�°ÆÊËVA�1^ \ i�èRSU²U^¬MP²ÇT�Od` \ SelPOdlNQd²!coSel�`GiG²U²elNSK¨disãPiG¸-lPc1is¨ ßkT¶^ \ b-²Ø³NSelPQdc���éÂMP²KM
n�iXM_²eb-ßob-¸-b¥^§T!²Ç^aQd¨oT�lPn�Qd²Ub-Od³KMP²UT�Od` \ SelNOdlPQd²Ü¸-lN³Pb-`Æ¨diG²Ub-³NO¼b-O¼ßoQdb-¸g¨db-Od³qMØãPiGSÇTï`GlPf�cd¸gi©±«`sb-SÇÝ
`GQobg^X¤ÜÊ \ i¬ºk®�Ý§ßobg^æ×m¦Çp [ `GlNfjf�isSe`sb"MP¸%cdSel�`Gis²e²UlNS#�RµK×K´ MPSU` \ bg^eiG`s^eQdSei�x VNV#{½�oé]MP²æ` \ lN²UiGO
f�MPb-Od¸¥TÛß%iG`XM_Qd²ei!b¥^]bg²]²Uf�MP¸g¸"�k²Ub-fjcd¸-i?�oMPOo¨�M¼¸-l;é'c%l;é]isSÂ¨dis²eb-³PO�}RMP¸g²el¼µ!´ÍÌKÎ�°ÜÊ ³NSelPQdc
fjiGfïß%iGSU² \ MP¨ n�M_f�bg¸-b"M_Sebg^§Tjémbg^ \ ^ \ b-²!cdSUlr`siG²U²elNSËM_Se` \ b¥^aiG`©^aQdSUiÛMPOd¨ `slNQd¸g¨ ³Nis^!²eQdcdc%lNSÇ^
n�lNSæ¨di©ãNis¸-lNcdbgOd³Û^ \ i¬cdSUlr`siG²U²elNS�xÁ»@{ ¤

µË´ÍÌqÎ�°ÆÊËV�éÂMP²q`GlNfjcRMPSeMPßd¸gi«bgO½n�QoOd`s^eb-lNORM_¸-bg^§T�^al+^ \ i�²UT�Od` \ SUlNOdlNQd²*�#µ!×q´ÍàjcdSel_Ý
`Gis²e²UlNS#��é \ b-` \ é]MP²�ßdQdbg¸g^#lPO¬^ \ iÜ²aM_f�iÜcdSUlr`siG²U²�^eiG` \ OolN¸-lN³_TN¤4°ÜãPiGO¬^ \ lPQd³ \ ^ \ iÜµ!´ÍÌKÎ�°ÜÊËV
é]MP²6Odl ß1i©^e^aisS6b-OÓß1l_^ \ c1isSUn�lNSUf�M_Od`GiälNS c%l;é]isSÇÝåi*]j`GbgiGOd`©T·é \ iGOí`GlNfjcRMPSUiG¨·émbg^ \
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µ!×q´ÍàB�Æb¥^ïfjis^Ûb¥^a²ïcdSUb-f�MPSUTI³NlNMP¸"�.^el ² \ l;éá^ \ i~n�iGMP²ebgßdb-¸gbg^§T6lPnØ¨dis²ebg³NOdb-Oo³ÍãNisSUTä`slNf+Ý
cd¸gi©±½MP²ÇT�Od` \ SelPOdlNQd²Ø`GbgSe`GQobg^a²&xÉ»z��VXÈz��W?{¢¤
� bg^ \ ²UQd`G`siG²U²Un�Qd¸�SeiG²UQd¸g^e²�n�SelNf ^ \ i6¨dis²eb-³POªlPn«^ \ iIµ!´ÍÌKÎ�°ÜÊËV-�!^ \ i6µË´ÍÌqÎ9°ÜÊ

³NSUlNQdcÛ`GlPO<^eb-O<Qdis¨ïé]lNSUñ<b-Od³ËlNOï^ \ iÂ²UiG`GlPOd¨jMP²UT�Od` \ SUlNOdlNQo²ÕcoSel�`GiG²U²elNS*�N^ \ i]µË´ÍÌqÎ9°ÜÊØ®_i_¤
Y]is`XMPQd²Ui�lPn]i©±rc%iGSebgiGOd`siG²�lPnÂbgO<^eiGSÇn�MP`GbgOd³¶coSelNßd¸giGfj²¬ß1i©^§é]isiGO)^ \ i�µ!´ÍÌKÎ�°ÜÊËV~cdSUlr`siG²ÞÝ
²elPS~MPOd¨'l_^ \ isS�` \ bgcd²�M_^�ß1lkM_Se¨Ù¸gisãNis¸"�æ^al)³kMPb-O�c1isSUn�lNSUf�M_Od`GiÍMPOd¨8^elFSeis¨dQd`Gi c%l;é]isS
`GlPOd²eQdfjco^eb-lNO��Æ^ \ i½µ!´ÍÌKÎ�°ÜÊØ®_i éÂM_²�¨dis²ebg³NOdiG¨=^al6ß%i¶M_O8MP²ÇT�Od` \ SelPOdlNQd²�iGfïß%iG¨d¨oiG¨
fjb-`GSUl_Ý§`slNOk^aSUlN¸-¸giGSG¤�¦å^¼b-Od`slNSec%lNSeM_^ais¨@^ \ i~µË´ÍÌqÎ�°ÆÊØ®ÍcoSel�`GiG²U²elNS¼`GlNSUiA�ÜlNOrÝå` \ b-c)f�isf+Ý
lNSÇT-��MPOd¨¶MPO½i©±�^aisSeORM_¸9fjiGfjlNSÇT~b-Ok^eiGSUn�M_`GiP¤ÆÊ \ bg²mf�isf�lNSÇT~bgO<^eiGSÇn�MP`Gi¬`XM_O¶ß%i¬Qd²eis¨¶émbg^ \
×æâ¬´Ð��×mµË´Ð�RlPSæc1isSeb-c \ iGSeMP¸#` \ bgcd²G¤

prisãPiGSeMP¸ZOoisézn�iGM_^aQdSUiG²ËéZiGSei�b-Ok^aSUlr¨oQd`Gis¨I^el ^ \ ijµË´ÍÌqÎ9°ÜÊØ® cdSel�`Gis²e²elPS�`slNSei?�4i_¤Á³d¤
Seis³Nb-²Ç^aisS9n�lNSÇéÂM_Se¨dbgOd³8�NMØßdSaM_Od` \ ^îMPSU³Nis^4`XM_` \ iA�kßdQr^.^ \ i]fjlN²U^4Qd²ei©n�Qd¸obg²9^ \ ieC \ MP¸¥^XÀ;n�iXM�^aQdSUi
é \ bg` \ f�MP¨diÜ^ \ iÕc%l;é]isS4`slNOd²UQdf�cr^ab-lPO«¨oSelNc¬^almOdiGMPS�òGiGSUlØé \ iGO�^ \ iÕcdSel�`Gis²e²elPS�é]MP²9SeQdO�Ý
OdbgOd³�bgO MPO¶b-¨d¸gi¬¸-l�lNc#¤mY]lP^ \ c%iGSÇn�lNSef�MPOd`si¼MPOo¨ c1l;éZiGSÞÝ§i*]j`sb-iGOo`sT¶lPn?^ \ i¼µË´¶ÌKÎ�°ÜÊØ®_i
éZiGSei�`GlNfjc%is^ab¥^ab¥ãNiËémbg^ \ µK×K´ »�V;Ã�M_Od¨ÍµK×K´Í¹rV;ÃB�R^ \ i«²UT�Od` \ SelNOdlPQd²!cdSUlr`siG²e²UlNSe²s¤mÊ \ i
µË´¶ÌKÎ�°ÜÊØ®_i«é]MP²ØM \ b-³ \ ¸gT�Qd²aMPßo¸-i«MP²UT�Od` \ SelNOdlPQd²qisfïß%iG¨d¨dis¨Í²ÇTr²Ç^aisfþ` \ b-cÐxÉW|{ ¤

Ê \ i+µË´ÍÌqÎ�°ÆÊmº_b?b-²!`sQdSeSUiGOk^a¸¥T ß%iGb-Oo³~¨disãPiG¸glNc1is¨@ßkT¶^ \ iÛµ!´ÍÌKÎ�°ÜÊ ³NSUlNQdc#¤«¦å^¬b-²
¨dis²eb-³POdiG¨I^al ß1ij²eQobg^îM_ßd¸-iïn�lNSË`slNfjf�isSe`Gb-MP¸?isfïß1is¨d¨dis¨FMPcdco¸-b-`GM_^abglNOd²s¤ÛÊ4l½³kMPbgOIc%iGSÇn�lNSÇÝ
f�MPOd`Gi?�rSUiG¨dQo`Giq^ \ iØc1l;éZiGS]`slNOd²UQdf�cr^ab-lPO���MPOd¨~f�MPñPiqMP²ÇTrOo` \ SelNOolNQd²Â¸glN³Nb-`æfjlNSUiØQo²eisn�Qo¸
b-O)M¶²ÇTr²Ç^aisf\�?^ \ i�µ!´ÍÌKÎ�°ÜÊmºPb]²UQdßd²ÇTr²Ç^aisf¡b-Od`slNSec%lNSeM_^ais²«^ \ i�µ!´ÍÌKÎ�°ÜÊmº cdSel�`Gis²e²UlNS
`GlPSeiA��lNOrÝå` \ b-c�×mµË´Ð��×æâ¬´Ð��MPO�MP²UT�Od` \ SelNOdlPQd²ÂßdQd²*�ri ±�^aiGSUORMP¸%f�isf�lPSUTÛbgO<^eiGSÇn�MP`Gi?��²ÇT�OrÝ
` \ SUlNOdlNQd²9ßdSUb-¨d³Ni?�;^aiG²Ç^9b-Ok^aisSUn�MP`siZM_Od¨¼Mmh¬´¶µA`slNOk^aSelP¸-¸-isSG¤�Ê \ iÆµË´¶ÌKÎ�°ÜÊmºPb<²eQdßd²ÇT�²U^aisf
émb-¸g¸.ß%i+¨db-²U`GQd²U²eiG¨@b-O fjlNSeiÛ¨ois^îM_b-¸?bgO ^ \ i+Odi ±r^�` \ MPcr^aiGS*}9^ \ ijh¬´¶µ `GlNOk^eSelN¸g¸-iGSKb-²!^ \ i
²eQoß,+UiG`©^KlPn9^ \ b-²Â^ \ iG²ebg²G¤
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�ÇK~Ü ¿VWXÀ À Á�RSÂ

µK²ÇT�Od` \ SelPOdlNQd²«¸-lN³Pb-`«¨diG²Ub-³NO \ MP²Kß1isiGOIQd²eis¨6^el�²elN¸¥ãNiÛcdSUlNßd¸giGfj²K^ \ M�^Ëi©±rb-²Ç^¬b-O M~ãPiGSUT
`GlPf�cd¸gi©± `sb-SU`GQdb¥^D�R²eQo` \ MP²KM+cdSUlr`siG²e²UlNSK²UQdßd²ÇTr²Ç^aisf¶¤mÊ \ iï´¶b-`sSelNcdbgc1is¸-bgOdiG²*�dlNOdi«lPnÜ²Uc1i Ý
`Gb¥èR`jMP²UT�Od` \ SelNOdlPQd²ï¨dis²eb-³PO@²Ç^§Tr¸gi \ MP²�ß%iGisO)cdSUl;ãNiG¨I^al½ß1ij²eQo`G`Gis²e²Çn�Qd¸]fjis^ \ lr¨Ib-O6bgf+Ý
cd¸giGfjiGOk^m^§é]l~µ!´ÍÌKÎ�°ÜÊ·cdSUlr`siG²e²UlNSe²s¤æÊ \ i¼µ!´ÍÌKÎ�°ÜÊmºPb�cdSUlr`siG²e²UlNSqémbg¸-¸#ß%i¬^ \ i�¸"M_^eiG²U^
é \ bg` \ ^aSUb-iG²Æ^alïMP` \ b-i©ãNiq`GlNfjf�isSe`sb"MP¸dã�b"M_ßdb-¸gbg^§TÝ}N^ \ iKh¬´¶µÚ`slNOk^aSUlN¸-¸giGSÆb-²ÕlNOdiqb-fjc1lNSÇ^îMPOk^
`GlPf�c%lNOdisO<^�b-Oä^ \ b-²j²eQdßo²UT�²U^eiGf é \ b-` \ émb-¸-¸æbgf�coSel;ãNi�^ \ i¶²ÇTr²Ç^aisf bgO \ MPOd¨d¸gb-Od³6¨RM_^aM
^aSeMPOd²Çn�iGSmf�lPSeiËi*Ä1iG`©^ab¥ãNiG¸¥TN¤
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¾VKMJ NEOQPSR%TVUXWXYZPI[*T0O

Ê \ i~µ!´ÍÌKÎ�°ÜÊmºPb½�ÜMPOäMP²ÇT�Od` \ SelPOdlNQd²ÛcdSUlr`siG²U²elNSï²UQdßd²ÇTr²Ç^aisf\�Æb-²¼MÍ²ei©^ïlPnmf�MP`sSel_Ýå`GiG¸g¸-²
é \ bg` \ b-²½`GlNfjc%lN²eis¨ÚlPnï^ \ iIµË´ÍÌqÎ9°ÜÊmºÙcdSUlr`siG²U²elNS¶`GlNSUiFMPOd¨ª²ei©ãNiGSeMP¸¼l_^ \ isS MP²ÇTrO�Ý
` \ SUlNOdlNQd²]`GlNfjc1lPOdiGOk^a²s¤Æ¦å^Âb-²Z¨diG²Ub-³NOoiG¨ MP²]M¼cRMPSÇ^ÂlPn�¸-MPSe³NisSZ` \ b-c~é \ bg` \ b-²Zb-Ok^aisOd¨diG¨~^el
ß%i«Qo²eiG¨¶MP²ØMÛßRMP²Ui�QdOobg^mb-O�^ \ i¬¸-l;éÚc%l;é]isSØMPcdcd¸gb-`XM�^ab-lPOd²G¤

Ê \ i«f�MPbgO�`GlNfjc%lNOdiGOk^e²ØbgO~^ \ i¬µ!´ÍÌKÎ�°ÜÊmºPb�²eQdßo²UT�²U^eiGfã��èR³NQoSei«ºo¤¥V@�]b-Od`s¸-Qd¨oi`�

� ÏÜSel�`Gis²e²UlNSÇÝÞ´¶iGfjlNSUT prQdßd²ÇTr²Ç^aisf\�Ré \ bg` \ b-Oo`G¸-Qo¨di`�

ä µ!´ÍÌKÎ�°ÜÊmº�ÏÜSUlr`siG²e²UlNS [ lNSei
ä Î�l�`XMP¸�×mµË´

ä ÏÜSUlr`siG²e²UlNSqÎ�l�`XM_¸�Y]Qd²

� ×æâ¬´

� ´¶µK×qY]Î9°8Y]Qd²2��²UiGi«²eiG`©^abglNOÍºr¤¾®-�

� h¬´¶µ [ lPO<^eSelN¸g¸-isS

� Ï9iGSebgc \ isSaMP¸�h!i©ãrbg`Gis²

� °.±�^aisSeORMP¸9´½iGfjlNSUT�¦§Ok^eiGSUn�M_`Gi
ºoV
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DMA CONTROLLER
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DEVICE 1 DEVICE 2

DMAreq1 DMAreq2

DMAack1 DMAack2
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LOCAL RAM
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TEST INTERFACE

$4b-³NQdSUi¬ºo¤¥V-�ÜÊ \ i¬µË´ÍÌqÎ�°ÆÊmº_b.p�Qdßd²UT�²Ç^aiGf

� Ê9iG²Ç^q¦§Ok^eiGSUn�M_`Gi [ lNOk^aSelP¸-¸-isS

¾VK~� ×¢Ò�� � �ãçéèêÙp� è�WX�

Ê \ iK´¶µ!×ØYÂÎ�°FßdQd²gx V*{%b-²ÆMPO�MP²ÇTrOo` \ SelNOolNQd²]lPOrÝ§` \ bgc�ßoQd²Õn�lPSÕ`slNOdOdis`s^eb-Od³«f�M_`GSel�Ý§`Gis¸-¸g²G¤
¦å^m²eQocdc1lPSU^a² \ bg³ \ ²ec%iGis¨Í¨RM_^aMï^aSaM_Od²Un�isS#��M_^elNf�bg`K^aSeMPOd²eMP`s^eb-lNOd²mM_Od¨¶f¼Qd¸g^eb-cd¸giKb-Oobg^ab-M_^alPSe²
émbg^ \ `GiGOk^eSaMP¸9MPSUßdbg^eSaM_^eb-lNO�M_Od¨½MP¨d¨dSUiG²e²Ø¨dis`Gl�¨db-Od³o¤

´¶lN²Ç^Û`GlNfjfïQdOob-`XM�^ab-lPO@ß%is^§éZiGisO=¨oisã�b-`siG²ïbgO)^ \ i�µË´ÍÌqÎ�°ÆÊmº_b]²eQoßd²UT�²U^eiGf¡`GMPOäß%i
c%iGSUn�lPSefjiG¨äMP`sSelN²U²ï^ \ i�´¶µ!×ØYÂÎ�° ßdQo²G¤p��Ê \ isSei MPSUi~²elPf�i�i©±r`Gisco^abglNOd²Û²eQo` \ MP²¼cdSel_Ý
`Gis²e²UlNS�bgO<^eiGSUSeQdco^���¦Þ× Ó �+lNS+c1isSebgc \ iGSeMP¸mSeis÷�QoiG²U^ë�¢hË× Ó �¼é \ b-` \ MPSei½cRMP²U²eiG¨'¨ob-Seis`s^e¸gT
ß%is^§éZiGiGO½¨di©ãrbg`Gis²'�©¤ÆµÐ¨dM_^îM¼^eSaMPOd²Çn�iGS]n�SUlNf MïlNOdi!¨di©ã�b-`Gi!^el+MPOdlP^ \ iGS]¨disã�b-`siËb-²Z¨dlNOdiËbgO
lNOdi¬`©Tr`s¸-iËã�b"Mï^ \ i¼´½µ!×ØYÂÎ�°8¨disã�bg`Gi¬b-Ok^aisSUn�MP`siG²s¤

Ê \ i�´½µ!×ØYÂÎ�°ÓßoQd² \ M_²�^§éZlÍ^§T�c1is²ïlPnÂbgOk^aiGSÇn�MP`Gi\�ïMPO)b-Odb¥^ab"M�^alNS!bgOk^aiGSÇn�MP`Gi�MPOd¨)M
^îM_Se³Ni©^ïb-Ok^eiGSUn�M_`GiP¤ °ÕM_` \ b-Ok^aisSUn�MP`si~cdSeis²eisO<^e²ÛlNOdi�M_¨d¨dSeis²e²ÛßdQoOd¨d¸-i~MPOd¨)^§éZl QdOdbg¨db-SUiG`©Ý
^abglNORMP¸9¨RM_^aM�ßdQdOd¨d¸giG²!^el�bg^a²K²eQdßd²ÇT�²U^aisf¶¤Ûµ ²eb-Oo³N¸-iï¨dM_^îM~ßdQoOd¨d¸-iïn�SUlNf ^ \ ij´¶µK×qY]Î9°
ßdQd²�b-²¬n�lNSeñ_iG¨)^elÍbgOdcdQo^'>_lNQo^ecdQo^�¨RM_^îM½ßdQdOd¨o¸-iG²�lNO)^ \ i�¨oisã�b-`si~b-Ok^aisSUn�MP`siG²s¤½Ê \ i�¨RM_^aM
ßdQdOo¨d¸-i«`GlNOo²eb-²Ç^!lPnÜM�ºk®�Ýåßdbg^mémbg¨di�¨dM_^îMjßdQd²!M_Od¨ M�SUiG÷<Qdis²U^~>_MP`îñ<Odl;ém¸-iG¨o³NiÛ²ebg³NORMP¸�cRMPbgSG¤
Ê \ i�MP¨d¨dSUiG²U²�ßdQoOd¨d¸-i+`slNOd²ebg²U^«lPnZ^ \ ijºk®�Ýåßdbg^Kémb-¨dijMP¨d¨oSeiG²U²�ßoQd²¼M_Od¨@l_^ \ isS«`slNfjf�MPOo¨
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ADDRESS DATA

$.bg³NQdSUiËºo¤¯®z�ÜÊ \ i¼´¶µ!×ØYÂÎ�°8b-Ok^eiGSUn�M_`GiG²

ßdQd²UiG²Ë²UQd` \ M_²!¨RM_^aM~²eb-òsiÛMPOd¨ ¨ob-Seis`s^eb-lNO(��SeiGMP¨^>�émSUbg^aiD�ØlPnÕ¨RM�^îM�^eSaMPOd²Çn�iGS*��MP²Ë² \ l�émO6bgO
èR³NQoSei«ºo¤¯®r¤

�Z������� ¡)£�³�¤8³¯²�¤8«k­ì¡)£�¤B¥E­®í~²Iª¬¥
Ê \ i�b-Odb¥^ab"M�^alNSÂbgOk^aiGSÇn�MP`Gi�b-²ØQd²eis¨ ßkT½^ \ i¼bgOdbg^eb"M_^elNSÂ¨di©ã�b-`Gi«^al�SeiXM_¨ lNSmémSebg^ei�¨dM_^îM+n�SelNf
lNSÛ^al6^ \ i½^aMPSe³Ni©^�¨oisã�b-`siÍMP`sSelN²U²�^ \ i¶ßoQd²G¤ÙÊ \ iÍb-Oobg^ab-M_^alPS¼¨di©ãrbg`Gi½²ei©^~Qdc=^îMPSU³Nis^j¨di Ý
ã�b-`siPÀÉ²qM_¨d¨dSeis²e²*�%²Ub-òsiËlPn.¨dM_^îMB�r^§Trc%i¬lPn9^ \ iËlNc%iGSeM_^abglNO°��SUiXMP¨½lNSÂémSUbg^aiD�ZlNO ^ \ iËbgOdbg^eb"M_^elNS
b-Ok^eiGSUn�M_`Gi+MPOd¨I²eisOd¨d²¬^ \ isf�^al¶´¶µK×qY]Î9°ÐQo²eb-Oo³½SUiG÷<Qdis²U^~>_MP`îñ<Odl;ém¸-iG¨o³Ni�²Ub-³NORM_¸-²G¤¼Ê \ i
´¶µK×qYÂÎ�° ßdQd²ËSUiG`GisbgãPiG²«MP¨d¨dSUiG²U²'>_`slNf�f�MPOd¨6M_Od¨ cRMP²U²eiG²Ëb¥^K^el~^ \ i¼^aMPSe³Pis^Ë¨di©ã�b-`Giïã�b-M
^îM_Se³Ni©^mb-Ok^aisSUn�MP`si_��²eisi«Ooi©±�^K²UiG`©^ab-lPO^�ÂlPn4^ \ M_^m¨di©ã�b-`Gi_¤

¦§O)M~émSUbg^ai+lNc%iGSeM_^abglNO ¨RM_^aM�b-²¬²eisO<^�MP`sSelN²U²«^ \ i+ßdQd²Ën�SelPf�^ \ i+bgOdbg^eb"M_^elNSq¨oisã�b-`si+^el
^ \ iï^îMPSU³Nis^Ë¨oisã�b-`siP¤ïÊ \ iÛ¨dM_^îM~b¥^aiGfþb-²Ë²UiGOk^¬b-Oo¨diGc%iGOd¨oiGOk^a¸¥T n�SelNf ^ \ i+MP¨d¨dSUiG²e²s¤ÛhËM_^aM
`XM_O�ß%iq²UiGOk^Zß1i©n�lNSei?�rM�n�^aiGS*�<lNSÆ²eb-f¼Qd¸g^aMPOdiGlPQd²e¸¥T¼émbg^ \ ^ \ iqMP¨d¨dSUiG²e²Æ^al¬^ \ iqßdQo²G¤%
ql;éZisãPiGS
^ \ iÍ`GlPSeSeis²ec%lNOd¨dbgOd³äMP¨o¨dSeis²e²�MPOo¨Ù¨RM_^aM)lPn!^ \ i ²aM_f�i ^aSeMPOd²Un�isS~fïQd²Ç^~ß%iÍ²UiGOk^�ß%isn�lNSUi
Odi ±r^«^aSeMPOd²Çn�iGS¬f�MXT ß%i+²U^aMPSU^eiG¨��9¨RM_^aM½M_Od¨)M_¨d¨dSeis²e²«lPnÂ¨obÅÄ1iGSeisOk^«^eSaMPOo²Un�iGS¬`GMPOdOdlP^«Odl_^
l;ãNisSe¸"M_cdc1is¨¶bgO ²eiGOo¨db-Od³7>_Seis`GiGb¥ã�b-Od³d¤
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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

$.b-³NQoSeiËºo¤ÁºB�Æ¦§Odb¥^ab"M�^alNSZb-Ok^aisSUn�MP`si«¨dM_^îMï^aSeMPOd²Çn�iGSmlNc%iGSaM�^ab-lPOd²

¦§O6M�SeiGMP¨ lNc%iGSeM_^abglNO��%M�¨RM_^aM�bg^eiGf b-²Ø^aSeMPOd²Un�isSeSUiG¨ n�SelNfú^ \ i�^aMPSe³Ni©^!¨di©ã�b-`Giï^el�^ \ i
b-Oobg^ab-M_^alPS?¨disã�bg`Gi!M_`GSelP²e²Æ^ \ iqßdQd²G¤ÜÊ \ iq^îM_Se³Ni©^]¨di©ã�b-`Giqb-²ÜèROdbg² \ is²]SUiG`Gisbgã�b-Oo³�^ \ i!MP¨d¨oSeiG²U²
ß%isn�lNSUiKbg^Z`XM_O�¨dis^eiGSefjb-OoiØ^ \ iËMP¨d¨oSeiG²U²mMPOd¨~`slNfjf�MPOo¨~MPOd¨�²eiGOo¨~^ \ i!¨dM_^îM¼ßdMP`îñj^el¼^ \ i
b-Oobg^ab-M_^alPSZ¨di©ã�b-`Gi_¤

µ·¨db"M_³NSaMPfálPn4¨RM_^aMïSeiXM_¨^>�émSeb¥^aiËlNc%iGSeM_^abglNOd²Âc%iGSÇn�lNSefjiG¨ ßkT~^ \ iËb-Odb¥^ab-M_^alNSÕ¨di©ãrbg`Gi¬b-²
² \ l�émO¶b-O�èR³NQoSei«ºo¤Áºo¤

�Z������� î0²I­®ïk¥�¤�¡)£�¤B¥�­®í~²Iª¬¥
Ê \ ij^îMPSU³Nis^¼b-Ok^aisSUn�MP`si�b-²«Qd²UiG¨äßkT6^ \ ij^îMPSU³Nis^¼¨disã�b-`si�^elÍSeis`GisbgãNi~MP¨d¨dSUiG²e²UiG²+MPOo¨FSeiGMP¨
lNSËémSeb¥^aij¨RM_^aM ^elÍlNSËn�SelPf�^ \ i�b-Odb¥^ab-M_^alNSq¨disã�bg`Gi~M_`GSelP²e²¬^ \ ijßdQd²s¤�Ê \ i�^aMPSe³Ni©^«¨disã�b-`si
¨di©^aiGSUf�bgOdiG²�^ \ i6lNc1isSaM_^eb-lNO���SeiXM_¨ªlNS~émSUbg^eiM��n�SelPf MP¨d¨dSUiG²U²'>_`slNf�f�MPOd¨2²eisOk^ÍßkT'^ \ i
b-Oobg^ab-M_^alPSZ¨di©ã�b-`Gi«ß%isn�lNSUiËc1isSUn�lNSUf�bgOd³ï^ \ i¬`slNSeSUiG²ec%lNOd¨ob-Od³+lNc%iGSeM_^abglNO#¤

¦§O8M émSUbg^ai�lPc1isSaM_^eb-lNO)^ \ i�^îMPSU³Nis^+¨oisã�b-`si é]MPb¥^a²ïn�lNSÛ¨RM�^îMÍn�SelPf ^ \ i½bgOdbg^eb"M_^elNS#}ÆbgO
M~SeiGMP¨6lNc%iGSaM�^ab-lPO M�¨RM_^îM~b¥^aisfxbg²!Sei©^aQdSUOdiG¨6n�SelNf ^ \ iï^îMPSU³Nis^¬¨di©ã�b-`Giï^el~^ \ iÛbgOdbg^eb"M_^elNS
¨di©ãrbg`Gi_¤

µA¨db"MP³PSaMPf2lPn�¨RM_^aMmSUiXMP¨®>�émSeb¥^aiÜlNc%iGSeM_^abglNOd²�c%iGSUn�lPSefjiG¨¬ßkT¬MÂ^îMPSU³Nis^�¨di©ã�b-`GiÆbg²�² \ l;émO
b-O�èR³PQdSei«ºo¤ÉÈd¤
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WAIT FOR ADDRESS

RECEIVE ADDRESS

SEND DATA

WAIT FOR DATA

OPERATION

RECEIVE DATA

SET UP DATA

WRITE READ

$.bg³NQdSei!ºo¤ÁÈB�ÕÊ4MPSU³Nis^mbgO<^eiGSÇn�MP`Gi¬¨RM_^aMï^aSaM_Od²Un�isSØlPc1isSaM_^eb-lNOd²
�Z�����ð� îwñeò�¥�« íVó�²�¤B²3¤8­®²%£�µzía¥E­
Ê \ i½ßdQd²j²eQdcoc1lNSÇ^a²�¨RM_^îM ^aSeMPOd²Çn�iGSe²jß%is^§éZiGiGO M_O�bgOdbg^eb"M_^elNSïMPOo¨ÙM ^îMPSU³Nis^j¨di©ãrbg`Gi_¤Ù¦§O
h¬´¶µ2�Æ^eSaMPOo²Un�iGSU²�ß%is^§éZiGisOÙ^§é]l@^îMPSU³Nis^j¨di©ãrbg`Gis²�fïQd²Ç^�ß%i¶MP` \ b-i©ãNis¨#¤ Ê \ iGSUi MPSUi ^§éZl
³NisOdiGSeMP¸�f�i©^ \ l�¨d²ælPn.MPcdcoSelkMP` \ b-Od³+^ \ bg²#�

� p�^elNSei ÝÞMPOo¨rÝ¯$RlNSÇéÂMPSU¨
hËM_^aM�^aSeMPOd²Un�isSËß1i©^§é]isiGOI^§é]l½¨dbÅÄ1iGSUiGOk^Ë^îM_Se³Ni©^¬¨disã�b-`siG²¬b-²K`GlNOk^aSUlN¸-¸giG¨ ßkT6MPO6bgOdb¥Ý
^eb"M_^elNS�¨disã�bg`GiP¤úÊ \ iI^eSaMPOd²Çn�iGS½b-²½¨dlNOdiIb-O ^§éZl8`sT�`s¸-iG²Ð�ÙMASeiGMP¨rÝ§`©T�`G¸-i@MPOd¨ÚM
émSUbg^ai Ý§`©Tr`s¸-i�`GlNOd²UiG÷<QdisO<^e¸gTP¤ ¦§OF^ \ i�SeiXM_¨rÝ§`©Tr`s¸-i?�?^ \ i~bgOdbg^eb"M_^elNSËSeiGMP¨d²�¨RM_^îM½n�SelNf
^ \ i�²UlNQdSU`Gi¼¨oisã�b-`siA} bgO½^ \ i¬émSebg^ei©Ýå`sT�`G¸giA��^ \ i«¨RM_^aM�b-²æémSUbg^e^eiGO½n�SelNf ^ \ i�bgOdbg^eb"M_^elNS
^el+^ \ i¬¨diG²Ç^abgORM_^abglNO ¨disã�bg`GiP¤

� $.¸¥TkÝ§cRMP²Ç^
hËM_^aM]^aSeMPOd²Un�isS�ß1i©^§é]isiGO�^§éZlØ¨dbÅÄ1iGSUiGOk^�^îMPSU³Nis^�¨di©ã�b-`Gis²4bg²#^aSeMPOd²Un�isSeSUiG¨«b-O¬lNOdiÜ`©Tr`s¸-i_¤
¦§O ^ \ bg²Â^§T�c1i¬lPn9^aSeMPOd²Un�isSæ^ \ i¬SeiGMP¨ Seis÷�QoiG²U^Ø^alÛ^ \ i¬²elNQdSU`Gi«¨disã�bg`Gi«MPOd¨�^ \ i¬émSUbg^ei
SUiG÷<QdiG²Ç^�^elI^ \ i¶¨oiG²U^eb-ORM�^ab-lPO=¨oisã�b-`si MPSUi½bgOdbg^eb"M_^eiG¨ä²Ub-fïQd¸¥^îMPOoiGlNQd²U¸gTP¤�Ê \ i½¨RM_^aM
b¥^aiGfëbg²Ü^aSaM_Od²Un�isSeSeis¨~¨dbgSeiG`©^a¸¥TÛn�SelNfz^ \ iq²UlNQdSU`Gi!¨di©ã�b-`GiØ^al¬^ \ iq¨diG²Ç^abgORM_^abglNOj¨disã�b-`si
bgO½lPOdiË`sT�`G¸giP¤
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$.¸gTkÝåcRMP²U^Z^aSeMPOd²Un�isSæb-²ÂfjlNSUiKi*]j`sb-iGOk^æ^ \ MPO ²U^elNSei ÝÞMPOd¨�Ýån�lNSÇéÂMPSU¨~^aSeMPOd²Un�isS#� \ l;é]i©ãNiGSØbg^
`XM_OdOdlP^�ß1i�Qd²eis¨)n�lNS¬^aSeMPOd²Un�isSeSUb-Od³½¨RM_^aM¶ß%is^§éZiGiGOF^§éZl ¨dbÏÄ isSeisO<^�Seis³Nb-lPOd²�bgO@^ \ i�²eMPfji
¨di©ãrbg`Gi?}9i_¤Á³o¤¼fjiGfjlNSUT½^al�fjiGfjlNSUT½^aSeMPOd²Çn�iGSËlNO ^ \ iÛ²aMPfjiÛfjiGfjlNSUT¶¨disã�bg`GiÛ`GlPQd¸-¨ Odl_^
¨dlNOoiØßkTÛ^ \ b-²Üfjis^ \ lr¨ ¤.Ê \ iØ`GQdSUSeisO<^Zb-fjcd¸giGfjiGOk^îM_^eb-lNO�lPn%^ \ iq´¶µK×qYÂÎ�°FßdQo²Õ²UQdcdc%lNSU^e²
lNOd¸¥T~²Ç^alNSUi©ÝÞM_Od¨rÝån�lPSUé]MPSe¨ ¨RM_^aM+^eSaMPOo²Un�iGSU²G¤

¾VK'¾ Û<RITVY5���S��T�R�ô�� ��À T�RIÂ ¿VWXõX��ÂÃ��PS��À

ÌqOo¸-b-ñ_i¼^ \ iÛlP^ \ isSË`GlNfjc%lNOdiGOk^e²ËlPnÕµË´ÍÌqÎ9°ÜÊmºPb4é \ b-` \ MPSUiÛ¸-b-OoñPiG¨ ßkT¶^ \ ij´¶µK×qY]Î9°
ßdQd²*�#^ \ i+cdSUlr`siG²U²elNS¬MPOo¨I¸glr`GMP¸4×Øµ!´¡n�lPSefxM `s¸-lN²Ui©Ýå`GlNQdco¸-iG¨ ³PSelNQdc émb¥^ \ ¸-l�`XM_¸4ßdQo²eiG²s¤
priscRMPSaM�^ab-Oo³@^ \ iÍcdSUlr`siG²e²UlNS�`slNSeiÍMPOd¨Ù¸glr`GMP¸Ø×Øµ!´ n�SelPfðlP^ \ isS�cRM_SU^a²�lPn!^ \ iÍ²ÇTr²Ç^aisf
MP¸g¸-l;ém²j^ \ iÍcoSel�`GiG²U²elNSj^aläM_`G`Gis²e²~¸glr`GMP¸Ø×Øµ!´ fjlNSei½i*Ä1iG`©^abgãPiG¸¥T-�m²ebgOd`Gi¶bg^�MXãNlNbg¨d²�^ \ i
b-fjc%iG¨dbgf�isO<^qlPnÜ^ \ i¼n�Qd¸g¸"�%fïQd¸g^eb¥Ýåf�MP²Ç^aisSØßoQd²Ë`GlNOk^eSelN¸¢¤!Ê \ iG²Ui+¸-l�`XMP¸�ßdQd²UiG²«MP¸g²el~SUiG¨dQd`si
^aSeM?]j`ÆlNO�´¶µ!×ØYÂÎ�° ²ebgOd`GiÆb-Oo²U^aSUQd`s^eb-lNOo²�MPOd¨«¨RM_^îMÂé \ bg` \ ^ \ iÆcdSel�`Gis²e²elPS9Qo²eiÆn�SeiG÷<QdisOk^a¸gT
`XM_O¶ß%iË²U^elNSeis¨Íb-O�¸glr`GMP¸�×mµË´Ð�R¸giXMXã�b-Od³j´½µ!×ØYÂÎ�°8n�SeiGiË^eljß%i¬Qd²eis¨¶ßkT lP^ \ iGSæ¨oisã�b-`siG²G¤

Ê \ iGSUimb-²Ü²elPf�iæc%iGORM_¸g^§T¼é \ iGO+^ \ imcdSUlr`siG²e²UlNSÆOdiGis¨d²Ü^al«MP`s`GiG²U²Zl_^ \ isSÜcRMPSU^e²ÜlPn1f�isf+Ý
lNSÇT¶lPQo^a²Ub-¨di«^ \ iï¸glr`GMP¸�×mµË´ lNSØlP^ \ iGSK¨oisã�b-`siG²ËlNO6´½µ!×ØYÂÎ�°5� \ l;é]i©ãNisSË²elNfji¼lPn.^ \ bg²
c%iGORMP¸¥^§Tj`XMPO~ß%iØl�ãPiGSU`GlNfji!ßkT�Qo²eb-Oo³�^ \ i!h¬´¶µª`GlNOk^aSUlN¸-¸giGSÜ^al«^aSeMPOd²Un�isS]¨RM�^îM�n�SUlNfz^ \ M�^
cRMPSÇ^mlPn4f�isf�lNSÇT�^elj¸glr`GMP¸�×mµË´@¤

Ê \ i+cdSel�`Gis²e²UlNSÇÝåf�isf�lNSÇT ²UQdßd²UT�²Ç^aiGfø`slNOdOdis`s^a²¬^al¶´¶µK×qY]Î9°ÚMP²¬M�²eb-Oo³N¸-iï`slNfjc1l_Ý
OdisO<^Æémb¥^ \ ^§é]l«b-Odb¥^ab-M_^alNS4b-Ok^aisSUn�MP`siG²e��lPOdiæn�lNS?^ \ imbgOd²U^eSeQd`©^ab-lPOjßoQd²ÕMPOd¨�MPOdlP^ \ iGSÆlNOdiæn�lNS
^ \ iË¨RM_^îMÛßdQo²'�æMPOd¨ lNOdi!^aMPSe³Pis^æbgO<^eiGSÇn�MP`Gi_¤ÕÊ \ i«bgOdbg^eb"M_^elNSÆb-Ok^aisSUn�MP`siG²ØMP¸g¸-l;é'^ \ i¬cdSUlr`siG²ÞÝ
²elPSmMP`G`siG²e²m^al+bgOd²U^eSeQd`©^ab-lPOd²'>_¨dM_^îM¼n�SUlNfölP^ \ iGSæ¨oisã�b-`siG²mlNO¶´¶µ!×ØYÂÎ�°�é \ bg¸-iK^ \ i!^îM_Se³Ni©^
b-Ok^eiGSUn�M_`Gi«MP¸-¸gl;ém²ÂlP^ \ iGSmb-Odb¥^ab-M_^alNSÕ¨di©ãrbg`Gis²KMP`s`Gis²e²m^al+¨RM_^aMjbgO~^ \ i¬¸-l�`XM_¸�×Øµ!´@¤

�Z�ð�Z��� î÷ö�¥Ú©ì¨ ø�ùLúwî(�¢û°­®«5ª¬¥EµBµB«k­�ü�« ­®¥
Ê \ i+µË´¶ÌKÎ�°ÜÊmº¶cdSUlr`siG²e²UlNS¬`GlNSUiÛb-²Ëbgf�cd¸giGfjiGOk^ais¨ Qd²ebgOd³ µ!×q´ M_Se` \ b¥^aiG`©^aQdSUiïãNisSe²ebglNO
ÈNÊ3xÉ¹?{¢¤]¦å^Øbg²mn�QoOd`s^eb-lNORM_¸-¸gT�`GlPf�cRM�^ab-ßo¸-iKémb¥^ \ ^ \ i«µ!×q´Í¹+cdSel�`Gis²e²elPSG¤Âµq¸g^ \ lNQd³ \ ^alj³Ni©^
^ \ iÜß1is²U^9c1isSUn�lNSUf�M_Od`Gi?^ \ iÆßdb-ORM_SUTq`Gl�¨diÆ`GlNQd¸g¨Ëß1iÆ`slNf�cob-¸-is¨ËMPOd¨«lNco^eb-fjb-òsiG¨!²Uc1is`Gbgèd`XMP¸g¸gT
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n�lNSæµ!´ÍÌKÎ�°ÜÊmºo¤
â!Odi¶n�iGM_^aQdSUiÍlPnK^ \ i µK×K´ MPSe` \ b¥^ais`s^aQoSei¶é \ b-` \ ¨dl�iG²�OdlP^�i©±rb-²Ç^~b-O�f�M_O<T=×m¦Çp [

cdSUlr`siG²e²UlNSe²?MPSeiZb-Od²Ç^aSeQo`s^abglNOd²9^alK¸glkMP¨^>�²U^alPSeiÕfïQd¸g^eb-cd¸giÜSeis³Nb-²Ç^aiGS9ã_MP¸-Qdis²4^el)>�n�SelPf·f�isf�lNSÇTN¤
Ê \ is²ei6b-Od²Ç^aSUQd`s^eb-lNOd²~MP¸-¸gl�éö^ \ i cdSUlr`siG²U²elNS~^elF^aSaM_Od²Un�isS�²eisãPiGSeMP¸Ë¨RM_^aMFbg^aisf�²�ß1i©^§é]isiGO
¨di©ãrbg`GiØMPOd¨+SUiG³Nbg²U^aisSe²?émb¥^ \+\ b-³ \ iGSÜc%iGSÇn�lNSef�MPOd`si]^ \ M_O�²Ub-fjcd¸-iZ¸-lkMP¨®>_²U^elNSeiÂbgOd²U^eSeQd`©^abglNOd²G¤

ql;éZisãPiGS#�r^ \ is²eiØb-Od²Ç^aSeQo`s^abglNOd²ÕMPSUiq²Ç^ab-¸g¸dOdlP^ZMPcocd¸-bg`XMPßd¸gi]n�lNSÜ^aSeMPOd²Çn�iGSeSUb-Od³«¸"M_Se³NimMPfjlNQdOk^e²
lPn.¨RM_^îMjß1i©^§é]isiGO ¨di©ã�b-`Gis²#�%é \ b-` \ bg²ØMjn�QdOd`©^abglNORMP¸�c%iGSÇn�lNSefjiG¨¶f�lNSUi¬i*]j`GbgiGOk^a¸¥T¶ßkT ^ \ i
h¬´¶µ·`slNOk^aSelP¸-¸-isSG¤

�Z�ð�Z��� ùL«�ª¬²%¦Lýì©ì¨
Ê \ i½¸-l�`XMP¸m×mµË´ lNO=µË´ÍÌqÎ9°ÜÊmºPbØ²eQoßd²UT�²U^eiGf b-²jMPO�¹-6¬Yá²Ç^îM_^eb-`½f�isf�lNSÇT)é \ bg` \ b-²
¨db¥ãrbg¨diG¨�b-Ok^alI²ef�MP¸g¸-iGS+fjiGfjlNSUTFßd¸-l�`îñ<²G¤ Ê \ i¶n�SeMP³NfjiGOk^abgOd³IlPn!^ \ i¶¸glr`GMP¸m×Øµ!´ b-Ok^el
b-Ok^eiGSe¸giXMXãNis¨�ßd¸-l�`îñ<²æf�iGMPOd²Õ^ \ M_^Â¨dbÅÄ1iGSUiGOk^æßd¸glr`îñ<²Â`GMPO�ß1i!MP`G`siG²e²UiG¨¶²eb-f¼Qd¸g^aMPOdiGlPQd²e¸¥T+lNO
^ \ i¬^§éZlj¸-l�`XMP¸1ßdQd²eis²qémb¥^ \ lNQr^æ^ \ i¬i©±rc%iGOd²Ui�l_n?¨dQRM_¸¥Ý§c%lNSÇ^æ×mµË´@¤

¦§O ^ \ islNSUT ^ \ iÛ¸-l�`XM_¸?×mµË´¡`GlNQo¸-¨ ß%iÛf�MP¨oiï^al~éZlNSeñ M_²¬M `GMP` \ i?�9ßoQo^¬ß1is`XMPQo²ei+lPn
¸-bgf�b¥^ais¨�¨disãPiG¸-lPcdf�isOk^q^eb-fji!^ \ bg²Øn�iGM_^aQdSUi�bg²mOdlP^ØSeiGMP¸-bgòGiG¨½b-O ^ \ i«èRSU²U^qb-fjcd¸-isf�isOk^îM_^eb-lNO
lPn4µË´ÍÌqÎ�°ÆÊmº+é \ b-` \½\ MP²m²Ub-fjcd¸gT�MÛ¨db-SUiG`s^e¸gT�f�isf�lNSÇT~f�MPcdc%iG¨ ¸-l�`XM_¸#×mµË´@¤

�Z�ð�Z�ð� î÷ö�¥�û°­®«�ª¬¥EµzµB«k­·ù�«5ª¬²%¦Lþ:ÿ�µB¥Eµ
Ê \ i¬cdSUlr`siG²e²UlNSØ¸-l�`XMP¸1ßdQd²eis²q²UiGcRM_SaM_^ei«bgOd²U^eSeQd`©^abglNO½MPOd¨½¨RM_^îMï^eSaM?]j`Ëb-Ok^el+^§éZlj²eiGcdMPSaM_^ei
ßdQd²UiG²s¤ËÊ \ iÛ¸-l�`XMP¸�ßdQo²eiG²¬M_¸-¸-l;é \ b-³ \ ßRMPOd¨oémbg¨o^ \ fjiGfjlNSÇT½MP`G`siG²e²UiG²«MPOd¨ ²Ub-fjcd¸-b¥n�T~^ \ i
fjiGfjlNSUTkÝÞM_¨d¨dSeis²e²æbgO<^eiGSÇn�MP`Gi_¤ÜÊ \ i¬b-Od²Ç^aSeQo`s^abglNO�ßdQd²mbg²æ`GlNOdOoiG`s^eiG¨ ^al�´¶µK×qYÂÎ�°�ã�b-MÛMPO
b-Oobg^ab-M_^alPS�b-Ok^aisSUn�MP`si]é \ b-` \ bg²?Qd²UiG¨+ßkT�^ \ iÂcdSUlr`siG²e²UlNS?é \ isOjb¥^.n�i©^a` \ is²Üb-Od²Ç^aSeQo`s^abglNOd²9n�SelNf
MPOji©±�^aisSeORM_¸%fjiGfjlNSÇTï¨di©ãrbg`Gi_¤ÜÊ \ iq¸glr`GMP¸d¨RM�^îMËßdQd²*� \ l;éZisãPiGS#�ob-²ÜfjlNSeim`GlPf�cd¸gi©±Î}<bg^Æ`GMPO
ß%i�Qd²UiG¨äßkT6^ \ i�cdSel�`Gis²e²UlNS�^el MP`s`GiG²U²ï¨RM_^aM¶lNO@lP^ \ iGS¼¨oisã�b-`siG²¼lPOA´¶µ!×ØYÂÎ�°ÓMPOd¨@ß<T
^ \ iqbgOdbg^eb"M_^elNS?¨di©ãrbg`Gis²]lNO~´¶µ!×ØYÂÎ�°F^alïM_`G`Gis²e²Â¨dM_^îM¬lNO�^ \ iK¸glr`GMP¸R×mµË´@¤�Ê \ isSeisn�lPSZ^ \ i
¸-l�`XM_¸#¨RM_^aMjßdQo²Øbg²m`GlNOdOoiG`s^eiG¨Í^el~´½µ!×ØYÂÎ�°Ùß<T ß%lP^ \ bgOdbg^eb"M_^elNSÂM_Od¨¶^aMPSe³Ni©^mb-Ok^aisSUn�MP`siG²s¤
Ê \ i+h¬´¶µë`slNOk^aSUlN¸-¸giGSK`GMPO6MP`s`GiG²U²�¨dM_^îM~bgOÍ^ \ iÛ¸glr`GMP¸4×Øµ!´¡ã�b-M�^ \ bg²K^îMPSU³Nis^!b-Ok^aisSUn�MP`si
lNO�^ \ i«¸glr`GMP¸#¨RM�^îMÛßdQd²s¤
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¾VKÖÕ �êPSÒ���R �Ñ���Ã[#Y����

�Z���e��� �y£��?ªÎö�³Öò�ý��p¨
Ê \ iØµË´ÍÌqÎ�°ÆÊmº_b1×Ââ«´úb-²ÆM_O¶V;àA6«YAlNOrÝå` \ b-cj×æâ¬´ú`GlNOoOdiG`©^aiG¨�^alË^ \ iK´¶µK×qYÂÎ�°)ßoQd²
ã�b"MqMq^îMPSU³Nis^.b-Ok^aisSUn�MP`siP¤4¦å^ÜcdSel;ã�b-¨oiG²ÜMPcocd¸-bg`XM_^eb-lNO¬²el_n�^§éÂMPSUimMPOd¨ïSUlNQo^eb-Odis²4n�lNS9^aiG²Ç^abgOd³K^ \ i
µË´¶ÌKÎ�°ÜÊmºPb#²eQoßd²UT�²U^eiGf½¤Õ×ØlNQr^ab-OoiG²]n�lNSÕ^ais²U^abgOd³ÛMPOo¨�b-Odb¥^ab"M_¸-b-òsb-Od³!^ \ iËh¬´¶µª`GlNOk^eSelN¸g¸-iGS
`GlPQd¸-¨ ß%i«²Ç^alNSUiG¨½lNO�^ \ bg²Ø×æâ¬´ MPOo¨½ß%i¬i©±riG`sQo^ais¨ M_n�^eiGSæ²UT�²Ç^aiGf c%l;é]isSØQoc#¤

�Z���e��� ú
	5¤B¥�­^£�²%¦�¨ ¥��m« ­8ñ�¡)£�¤8¥E­®í~²Iª¬¥
Ê \ iæi ±r^eiGSUORMP¸RfjiGfjlNSUT«b-Ok^eiGSUn�M_`GimMP¸g¸-l;ém²4^ \ iæµË´ÍÌqÎ�°ÆÊmº_bR²eQdßd²ÇT�²U^aisfz^alË`slNOdOdis`s^Üémbg^ \
lAÄ�Ý§` \ bgc+¨disã�b-`siG²*�r²Ul¼`GlPO<ãPiGOk^abglNORMP¸�²ÇTrOo` \ SelNOolNQd²]¨oisã�b-`siG²Õ`GlNQd¸g¨�ß%imQd²eis¨�ã�b"M!^ \ b-²Æb-Ok^eiGSÇÝ
n�MP`siP¤?Ê \ iæbgOk^aiGSÇn�MP`Giæ²UQdcdc%lNSU^e²Ü¨db-SUiG`©^Æ`GlNOdOoiG`s^eb-lNO+lPn%i ±r^eiGSUORMP¸RfjiGfjlNSUT�MPOd¨+c%iGSUb-c \ isSaMP¸
¨di©ãrbg`Gis²«émb¥^ \ ¹7>rV;à~ßobg^a²Ë¨dM_^îM~émb-¨r^ \ ¤ÛÊ \ iÛ^eb-fjb-Od³~l_nZ^ \ ijMP`G`siG²e²UiG²«^al�^ \ is²eijlAÄ�Ý§` \ bgc
¨di©ãrbg`Gis²¼b-²¬¨di©èROdis¨FßkTIM½^abgf�bgOd³�Sei©n�iGSUiGOd`si�¨dis¸"MXT-��é \ b-` \ b-²¬lNOd¸¥T6MP`©^abgã_M_^eiG¨6é \ iGOFMPO
lAÄ�Ý§` \ bgc8M_`G`Gis²e²�b-²+Seis÷�Qob-Seis¨#¤ÙÊ \ i½^abgf�bgOd³ ` \ MPSeMP`s^eiGSebg²U^eb-`G²�MPOd¨=ßdQd²jémb-¨o^ \ M_Sei½cdSel_Ý
³NSeMPf�f�MPßd¸gi�²UiGcRM_SaM_^eiG¸gT¶n�lNS!¨dbÏÄ isSeisO<^¬fjiGfjlNSÇT¶SUiG³NbglNOd²s¤�Ê \ ijh¬´¶µ `GlNOk^aSUlN¸-¸giGSq`GlNQd¸g¨
ß%i!Qd²eis¨�^alïc%iGSÇn�lNSef h¬´¶µª^eSaMPOo²Un�iGSU²Âémbg^ \ ^ \ is²eiË¨di©ã�b-`Gis²#� \ l;éZisãPiGSmc1isSebgc \ iGSeMP¸%¨disã�b-`si
`GlPOdOdiG`©^ais¨Iã�b"M~^ \ b-²!bgOk^aiGSÇn�MP`GiÛ`slNQd¸g¨ lNOd¸gTÍß1iï^eSeiGM_^ais¨@M_²Ëf�isf�lNSÇTÍ¨oisã�b-`siA��ß1is`XMPQo²eijM
c%iGSebgc \ isSaMP¸#SUiG÷<Qdis²U^!²Ub-³NOdMP¸I��hË× Ó �]b-²æOdlP^Ø²UQdcdc%lNSU^ØßkT~^ \ b-²æb-Ok^eiGSUn�M_`GiP¤

�Z���e�ð� î÷ö�¥Ú©ìµzñe£�ªÝö�­®«�£�« ÿ�µpû\¥E­^³�ò�ö�¥E­®²%¦0§ ¥�
g³¯ª¬¥Eµ
µÂ^¬^ \ iÛ^eb-fji¼^ \ M�^Ë^ \ bg²¬^ \ iG²Ub-²¬b-²!émSUbg^U^aiGO��9Ool½SUiXMP¸ÆM_²UT�Od` \ SUlNOdlNQd²«c%iGSebgc \ isSaMP¸Ü¨di©ã�b-`Gis²
MPSUiËcd¸"MPOoOdiG¨ n�lNSÂbgOd`G¸gQd²ebglNO�b-O�^ \ i«µ!´ÍÌKÎ�°ÜÊmºPb�²UQdßd²UT�²Ç^aiGf½¤ 
ql;é]i©ãNisS#��^ \ i¬ß%i \ MXã�b-lNQoS
MPOd¨ bgO<^eiGSÇn�MP`GiËlPn4MPOkT�²UQd` \ ¨disã�b-`siG²mfïQd²Ç^m`GlNOrn�lNSefá^alÛ^ \ i!n�lP¸-¸-l;émbgOd³ï²ec%iG`sbgèR`GM_^abglNOd²]^el
éZlNSeñ�émb¥^ \ ^ \ i¬²ÇTr²Ç^aisf MPOd¨ ^ \ i«h¬´¶µ·`slNOk^aSelP¸-¸-isSæcdSelPc1isSe¸gTP¤

� ¦§Ok^aisSUn�MP`siË^al�´¶µ!×ØYÂÎ�°�ã�b"Mï^îM_Se³Ni©^mb-Ok^aisSUn�MP`si

� â!Odi¬lNSæfjlNSei!èr±ois¨ MP¨o¨dSeis²e²mb-O fjiGfjlNSUT~MP¨d¨dSUiG²e²Ø²ecdMP`Gi



bScedgfgh�ikj<å,n�h�cgiyd�q�Ë�uEighIå@Í5v�Ë�æZv�ÊIvEh�ikq ºPW

� hËM_^aM¼^aSeMPOd²Un�isSm²eb-òsi¬`XMPO½ß1i«¹7>�V;à7>Pºk®¼ßobg^a²

� ¦§Odb¥^ab-M_^aiæ¨RM�^îMË^aSaM_Od²Un�isSZßkT�hË× Ó ²Ub-³NORM_¸dé \ iGO~b¥^Æb-²ÕSeiGMP¨oTÛ^al¬^aSeMPOd²Uf�b¥^ZlPSÕSUiG`siGbgãPi
¨RM�^îM

Ê \ i~¨di©ã�b-`Gi�MP¨d¨dSUiG²U²ïb-²¬èo±riG¨äM_Od¨FcdSUiG¨di©èROdiG¨��ÜiXMP` \ ¨oisã�b-`si \ MP²�M¶²Uc1is`Gbgèd`�hË× Ó
²ebg³NORMP¸ cRMPb-Ss¤

�Z���e��� î0¥Eµ,¤y¡)£�¤8¥E­®í~²Iª¬¥¢ü÷« £�¤8­®« ¦�¦¯¥E­
Ê \ i�^ais²U^jb-Ok^eiGSUn�M_`Gi�`GlPO<^eSelN¸g¸-isSïcdSel;ã�b-¨oiG²+MPO=i©±�^aisSeORM_¸æb-Ok^aisSUn�MP`si~^alIM6´¶µ!×ØYÂÎ�° bgOdb¥Ý
^ab-M_^alPSG¤ÚÊ \ b-²~M_¸-¸-l;ém²�i©±�^aisSeORMP¸KMP`G`siG²U² ^eläMP¸g¸K´½µ!×ØYÂÎ�° ^aMPSe³Ni©^a²�n�lPS�^ais²U^�lPS�¨disßdQd³
cdQdSUc1lP²eiG²s¤FÊ \ i b-Ok^eiGSUn�M_`Gi~bg²Û¨diG²Ub-³NOdis¨ä^al ²eQobg^+`GlPO<ãPiGOk^abglNORMP¸��ËÎ9pr¦«cdSel�¨dQd`©^ab-lPOF^aiG²Ç^
iG÷<QdbgcdfjiGOk^qMPOd¨ bg^æ^ \ iGSUisn�lNSUi«Qo²eiG²qM+`G¸-l�`îñPis¨¶coSelP^elr`slN¸ ¤

¾VK~Ü ×¢Ò�� ��� � �rT�OÇPSRIT0�#�#��R

Ê \ i]h¬´¶µ�`slNOk^aSUlN¸-¸giGS�b-²4MPOdlP^ \ iGS4¨disã�bg`Gi]lPO�^ \ iæ´¶µK×qYÂÎ�° ßdQd²*�Nbg^9bg²4ß%lP^ \ MPO¼bgOdbg^eb"M_^elNS
¨di©ãrbg`Gi¬MPOo¨~^îMPSU³Nis^]¨disã�b-`si¬M_^]^ \ iË²aM_f�iØ^ab-fjiP¤?h!iG²ebg³NO~lPn�^ \ iËh¬´¶µÐ`slNOk^aSUlN¸-¸giGSÆémb-¸-¸%ß%i
¨dbg²e`GQo²e²eis¨ÍbgO ^ \ i¬Odi©±�^q` \ MPco^eiGSs¤
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Õ�KMJ NEOQPSR%TVUXWXYZPI[*T0O

Ê \ i�µË´ÍÌqÎ9°ÜÊmºPb.h¬´¶µí`GlNOk^aSUlN¸-¸giGSØb-²Ø¨diG²Ub-³NOoiG¨Ín�lNSqM�³PiGOdisSaMP¸.´¶µ!×ØYÂÎ�°'ßRMP²UiG¨ ²ÇTr²ÞÝ
^aisf¶¤ÜÊ \ iË²ec%iG`Gb¥èR`XM�^ab-lPOd²ælPn�^ \ i¬h¬´½µ·`GlNOk^aSUlN¸-¸giGSÕé \ b-` \ MPSUiËQd²eis¨ÍMP²ÂMÛn�SeMPfjiséZlNSeñjlPn
^ \ iÛ¨diG²Ub-³NOIMPSUiÛf�lN²Ç^a¸¥T½^aMPñPisOIn�SUlNfx^ \ iÛSeis÷<Qdb-SUiGfjiGOk^a²¬MPOo¨Ib¥^a²!isOkãrbgSelNOof�isO<^G¤ïÊ \ lN²Ui
^ \ M_^K¨olris²qOdl_^KbgO½^ \ i�SUiG÷<QdbgSeiGfjiGOk^e²!MPSUi¼MPSUßdbg^eSaMPSUb-¸¥T�` \ lP²eiGO�� ²elPf�i�MPSei«b-Oz�RQdiGOo`GiG¨Íß<T
^ \ i�¨dis²ebg³NOÍlPn.i©±rb-²Ç^abgOd³~h¬´¶µÓ`slNOk^aSelP¸-¸-isSe²s¤ÂÊ \ i¼SUiXMP²UlNOd²Øn�lNSØMPSeßdb¥^aSeMPSebg¸gT�` \ lN²eisO ²ec%iG` Ý
bgèd`XM_^eb-lNOd²Ëémbg¸-¸Üß%i�¨dbg²e`sQd²e²UiG¨äb-OI^ \ ijOdi ±r^¼` \ MPco^eiGSs¤¶Ê \ bg²�` \ MPco^aisS¼¨dbg²e`sQd²e²UiG²ï^ \ ij^elNc
¸-i©ãNis¸�¨diG²Ub-³NO½lPn9^ \ i«h¬´¶µ·`slNOk^aSelP¸-¸-isSG¤

Õ�K~� ¿VÔÐ��Ye[��°Y�Á&PI[#T�OX�

Ê \ i«h¬´¶µÓ`GlPO<^eSelN¸g¸-isSÂ²ec%iG`sbgèR`GM_^abglNOd²ØMPSei`�
� $RlNQdSæbgOd¨disc1isOd¨diGOk^ØcdSUlN³NSaM_f�f�MPßd¸giK` \ MPOoOdiG¸g²
Ê \ bg²¼O<Qdfïß%iGS�lPnæ` \ M_OdOdiG¸g²ïb-²�MPSUßdbg^eSaMPSUb-¸gTÍ` \ lN²UiGO��ÜßdQr^ïb-²«i©±rcRM_Od¨RMPßd¸gi�émb¥^ \ lNQr^
²Ub-³NOdb¥èR`XM_O<^q` \ MPOo³Niïb-O½^ \ i¼²U^aSUQd`s^eQdSei¼lPnÜ¨dis²eb-³PO#¤Kµq¸-²el�n�lNQdSqh¬´¶µ ` \ M_OdOdiG¸g²ËMPSUi
Qd²UiG¨ b-O~^ \ iË¨dis²eb-³PO�lPn9f�MPOkT�i©±rb-²Ç^ab-Oo³+h¬´¶µÐ`GlPO<^eSelN¸g¸-isSe²#�riP¤É³d¤Ü¦§Ok^ais¸�¹k®Pºk»¼h¬´½µ
`slNOk^aSelP¸-¸-isSæMPOd¨¶¿KM�^ab-lPORMP¸�p�iGfjb-`GlPOd¨dQd`©^alNSm¿Kpoºk®N®PºPÃo¤

� ¹7>�V;à7>Pºk®¼ßobg^Â^eSaMPOd²Çn�iGSm²ebgòGis²
ÈkÃ
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µq²ZSUiG÷<Qdb-SUiG¨~ßkTj¨di©ãrbg`Gis²]lNOj^ \ iq²eQdßd²ÇT�²U^aisf\��^ \ is²eiK^eSaMPOo²Un�iGSÕ²ebgòGis²ÂMPSUiq²UQdcdc%lNSU^eiG¨
ßkTj^ \ i¬´½µ!×ØYÂÎ�°=ßdQo²#�dM_Od¨ MP¸-¸gl;é'h¬´¶µÚ^eSaMPOo²Un�iGSU²]émbg^ \ MPcdcoSelNcdSUb"M_^eiq¨dM_^îM¼²Ub-òsi
n�lNSæ²Uc1is`Gb¥èR`¬¨disã�b-`siG²s¤

� hËM_^aM¼^aSeMPOd²Un�isSm`XMPO½ß1i¬c%iGSÇn�lNSefjiG¨ ß%is^§éZiGiGO

ä Ï9iGSUb-c \ isSaMP¸�M_Od¨¶fjiGfjlNSÇT
ä ´½iGfjlNSUT M_Od¨¶fjiGfjlNSÇT
ä Ï9iGSUb-c \ isSaMP¸�M_Od¨¶c%iGSUb-c \ iGSaM_¸

×miG÷<QdbgSeiG¨½ßkT~^ \ i«²UQdßd²ÇTr²Ç^aisfþ^elj²UQdcdc%lNSU^m^ \ Seisi¬^§T�c%iG²ØlPn4¨RM_^îMï^eSaMPOd²Çn�iGSs¤

� p�^elNSei ÝÞMPOo¨rÝån�lNSÇéÂM_Se¨�^aSeMPOd²Un�isS
Ê \ bg².fjis^ \ lr¨¼lPn�¨RM_^aMq^aSeMPOd²Un�isS?b-²4²eQdcoc1lNSÇ^ais¨Ûß<T«^ \ im´¶µ!×ØYÂÎ�°6ßdQd²#�<M_².lNcdc%lN²UiG¨
^el��dTkÝ§cRMP²Ç^Û^aSeMPOd²Un�isSÛf�i©^ \ l�¨��?é \ bg` \ b-²ïOdl_^+²eQdcdc%lNSÇ^aiG¨ ¤)Ê \ is²ei�^§é]l6^§T�c1is²ÛlPn
^eSaMPOd²Çn�iGSæéZiGSei«¨dis²e`GSUb-ß%iG¨½b-O ` \ MPcr^aiGSØºo¤

� ¦§Ok^aisSeSUQdco^ØiGORM_ßd¸-i?�R`GlNOoèd³NQdSaM_ßd¸-i!n�lNSæiGMP` \ ` \ MPOdOdis¸
Ê \ i«¦Þ× Ó ²Ub-³NOdMP¸#`XM_OÍß%i«Qo²eiG¨½^aljOdlP^ebgn�T~^ \ i¬cdSel�`Gis²e²elPSØé \ isOÍ¨RM�^îMÛ^aSaM_Od²Un�isSØn�lNS
MÛ²ec%iG`sbgèR`¬` \ M_OdOdiG¸�bg²ÂèROdb-² \ iG¨ ¤

� Ï9iGSebgc \ isSaMP¸�²ÇTrOo` \ SelNOob-òXM�^ab-lPO½émb¥^ \ hË× Ó ²Ub-³NOdMP¸
Ê \ iIc%iGSebgc \ isSaMP¸¬¨di©ãrbg`GiIb-Odb¥^ab-M_^ais²�¨RM_^îMä^aSeMPOd²Çn�iGS é \ iGOÐb¥^ b-²½SeiGMP¨oT'^alA^aSeMPOd²ÞÝ
fjbg^'>_Seis`GiGb¥ãNi+¨RM_^aM½ßkT6Qd²Ub-Od³ÍhË× Ó ²Ub-³NORM_¸ ¤�h!isã�b-`siG²«f�MXT ß%i�f�MPcdc%iG¨IlNOk^alÍMPSÇÝ
ßdb¥^aSeMPSUTI` \ MPOoOdiG¸g²#�Ü²el fjlNSUij^ \ MPOFn�lNQdS�¨disã�bg`GiG²Û`GMPOäQd²Ui�h¬´¶µ��4ßdQo^¼lNOd¸gT6n�lNQoS
¨di©ã�b-`Gis²KM�^ØMÛ^eb-fjiP¤

Õ�K'¾ ×¢Ò�� ��� � T�Ô���RIÁ&PI[#T�O T�����R��Ã[#���

µKSUSeb¥ãrbgOd³ lPnÂ^ \ i�c%iGSUb-c \ iGSaM_¸ÜSeiG÷<Qdis²U^Û²Ub-³NOdMP¸��¢hË× Ó �~��M_n�^aisS¼M ` \ MPOdOoiG¸Õb-²«iGORMPßo¸-iG¨@MP` Ý
^ab¥ã_M_^ais²¼^ \ i ` \ M_OdOdiG¸æSUiG÷<Qdis²U^�f�MPcocdb-Od³Íßd¸-l�`îñ)bgOF^ \ i�SUiG³Nbg²U^aisSÛQdOdb¥^ï^al6³NisOdiGSeM_^ai�^ \ i
` \ MPOoOdiG¸�^aSeMPOd²Un�isS]SUiG÷<QdiG²Ç^æ²ebg³NORMP¸�� [ 
qµK¿K×Ø° Ó �Ü^al�^ \ iq^eSaMPOo²Un�iGSÕiGOo³Nb-Odi_¤ÜÊ \ i [ 
Øµ!¿æÝ
×Ø° Ó MP`s^ebgã_M_^ais²ï^ \ i ^aSeMPOd²Çn�iGS+iGOd³Pb-Odi�^al6SUiXMP¨A^ \ i½`GlPSeSeis²ec%lNOd¨dbgOd³6` \ MPOdOoiG¸ØSeiG³Pb-²U^eiGSU²
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n�SelPf ^ \ i�Seis³Nb-²Ç^aiGS¼QdOdbg^ÛMPOd¨äc%iGSUn�lPSefj²ï¨RM_^aM SeiXM_¨^>�émSeb¥^ai�émb¥^ \ ´¶µK×qY]Î9°íQd²ebgOd³6MP¨rÝ
¨dSUiG²e²UiG²qMPOd¨�¨RM�^îM¼^aSeMPOd²Çn�iGSæ`GlPOoèR³NQdSeM_^abglNOd²ÂbgO~^ \ iK` \ MPOdOdis¸�Seis³Nb-²Ç^aiGSU²G¤ZprbgfïQd¸g^aMPOdislNQd²e¸¥T
MP`îñ<Odl;ém¸-is¨d³Nisf�isO<^.^alK^ \ iÂhË× Ó ²Ub-³NORM_¸�bg².M_¸-²elqc1isSUn�lNSUf�is¨ïßkT�^ \ iZ^eSaMPOo²Un�iGS4iGOd³Pb-Odi]M_n�^aisS
SeiGMP¨dbgOd³)>�émSUbg^abgOd³¼émb¥^ \ ^ \ i¬c%iGSUb-c \ isSaMP¸�¨oisã�b-`siP¤k$RlNSæf�isf�lPSUT�^el+f�isf�lNSÇT�^eSaMPOd²Çn�iGS*�ROdl
hË× Ó ²ebg³NORMP¸1b-²ZOdiGis¨diG¨��RisORMPßd¸gi!²U^aM_^aiËbgO~`GlPO<^eSelN¸ SeiG³Pb-²U^eiGSU²Âb-²Zf�MPcoc1is¨�¨db-SUiG`s^e¸gT�ßkT�^ \ i
` \ MPOoOdiG¸ÕSeis÷�QoiG²U^ïf�MPcocdb-Od³ ßd¸glr`îñ ^el¶²UiGOk^ [ 
Øµ!¿q×q° Ó ^al ^ \ i+^aSeMPOd²Çn�iGS¼isOd³NbgOdiP¤Ç$RlNS
c%iGSebgc \ isSaMP¸.^el c1isSeb-c \ iGSeMP¸Üh¬´¶µz^eSaMPOd²Çn�iGS*��^§éZl¶hË× Ó ²Ub-³NORM_¸-²Kn�SUlNf�ß%lP^ \ ²elPQdSe`si�M_Od¨
¨dis²U^abgORM_^eb-lNO�¨di©ã�b-`Gis²KM_Sei¬OdiGis¨diG¨ ¤

h!is^aMPb-¸%^ \ i«h¬´¶µ·^aSeMPOd²Çn�iGSmlNc%iGSaM�^ab-lPO�b-²æ¨dbg²e`GQo²e²eis¨ b-O�Ooi©±�^K` \ MPco^aisSG¤

Õ�KÖÕ ×¢Ò�� ��� � Y5T�OÇPSRIT0�#�#��R�[DOQP���R%O�Á
�y��PIR%WXY5PSWXRI�

¦§O ^ \ iï¨diG²Ub-³NO l_nÕh¬´¶µz`GlPO<^eSelN¸g¸-isS#��^ \ iïbgOk^aiGSUORMP¸9²U^eSeQd`©^aQdSUiÛ`XMPO ß%iï¨db¥ãrbg¨diG¨Íb-Ok^al�^§éZl
f�M@+UlNSËQdOdb¥^a²`�¬^ \ i+SUiG³Nbg²U^aisS¬QdOdbg^«M_Od¨I^ \ iÛ^aSeMPOd²Un�isS�isOd³NbgOdiÛQdOdb¥^D�9MP²¬² \ l;émO@b-O6èR³NQdSUi
Èd¤¥VN¤

°ÆMP` \ QdOdbg^ \ MP²~b¥^a²~l;émO'bgO<^eiGSÇn�MP`GiÍ^el=´¶µ!×ØYÂÎ�°Z}Z^ \ i Seis³Nb-²Ç^aiGS�QdOdb¥^~`GlPO<^aMPb-Oo²�M
^îM_Se³Ni©^mb-Ok^aisSUn�MP`si!é \ b-` \ MP¸-¸ MP¸-¸gl;ém²]^ \ i«h¬´¶µ·`slNOk^aSUlN¸-¸giGS]^eljß%iËcdSUlN³NSaM_f�f�MPßd¸giqßkT�^ \ i
cdSUlr`siG²e²UlNSÂã�b"M�^ \ b-²]b-Ok^aisSUn�MP`siA�o^ \ iK^aSeMPOd²Çn�iGSæiGOo³Nb-OdiKQdOdbg^ÂQd²eis²mMPO�b-Odb¥^ab-M_^alNSÆbgO<^eiGSÇn�MP`GiK^el
^aSeMPOd²Çn�iGSm¨RM_^aM+ß%is^§éZiGisO ²elPQdSe`si�M_Od¨¶¨oiG²U^eb-ORM�^ab-lPO½¨oisã�b-`siG²G¤

Ê \ iÂ^aSeMPOd²Çn�iGS.isOd³NbgOdiÂSeiGMP¨d²!>�émSeb¥^aiG².¨RM_^îMØ^al)>�n�SUlNf·^ \ i]SeiG³Pb-²U^eiGS4QdOdbg^4ã�b"M!MPO¼b-Ok^aisSeORMP¸
ßdQd²s¤.Ê \ iÆSUiG³Nbg²U^aisS�QdOdb¥^�OdlP^�lNOd¸¥TK`slNOk^îMPbgOd²9h¬´¶µäSeis³Nb-²Ç^aisSe²�MPOd¨ \ MPOo¨d¸-is²�SeiG³Pb-²U^eiGS�MP`s`Gis²e²
n�SelPf ^ \ i ^aSeMPOd²Çn�iGS+iGOd³Pb-Odi½MPOd¨�cdSel�`Gis²e²UlNS�ßoQo^~M_¸-²el \ M_Od¨d¸-is²Û^ \ i½cdSel�`Gis²e²UlNS�SUiG÷<Qdis²U^
²ebg³NORMP¸e��¦Þ× Ó �«MPOo¨Fb-Odb¥^ab-M_^ais²ËSeiG÷<Qdis²U^ïn�lPS�¨RM�^îM½^eSaMPOo²Un�iGS«^al½^ \ ij^aSaM_Od²Un�isS¼iGOo³Nb-Odi+émbg^ \
[ 
qµK¿K×Ø° Ó ²ebg³NORMP¸g²Âé \ iGO¶M�h¬´½µ·` \ MPOdOdis¸�b-²æSeiGMP¨oTP¤

Õ�K~Ü ×¢Ò�� ç ����[D��PS��R Ø OX[*P

Ê \ i«Seis³Nb-²Ç^aiGSØQdOdb¥^Ø`GlNOk^îM_b-Od²æ^ \ iïh¬´¶µÓSeis³Nb-²Ç^aisSe²qMPOd¨Íl_^ \ isSØ`slNOk^aSUlN¸�`Gb-SU`GQdb¥^a²æn�lNS \ MPO�Ý
¨d¸gb-Od³ Seis³Nb-²Ç^aisS¼MP`s`Gis²e²#�.¦Þ× Ó �4hË× Ó MPOd¨ [ 
Øµ!¿q×q° Ó ²ebg³NORMP¸g²G¤�Ê \ i�Seis³Nb-²Ç^aisSe²�MPSeij¨db¥Ý
ã�b-¨dis¨ïb-Ok^elØ^§éZlË³NSelPQdcd²k�4³N¸glNßRMP¸kSUiG³Nbg²U^eiGSe².MPOd¨�` \ MPOdOdis¸oSUiG³Nbg²U^aisSe²s¤.Ê \ iÂ³P¸-lNßRM_¸kSeiG³Pb-²U^eiGSU²
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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

$.bg³NQdSUiËÈd¤gVA�ÆY]¸-l�`îñ�¨db-MP³NSeMPf l_n.^ \ i�h¬´½µ·`GlNOk^aSUlN¸-¸giGS

MPSUiïQd²eis¨ ^al~`slNOk^aSelP¸4^ \ iÛb-Ok^aisSeSeQoco^ËSeis÷<QdiG²Ç^¬²eb-³PORMP¸���¦Þ× Ó �a�%^ \ iÛ` \ MPOdOdis¸?Seis³Nb-²Ç^aiGSU²ËMPSUi
Qd²UiG¨Û^alËñ_iGiGc+^ \ iæ²U^îM�^aiG²Ül_n%^ \ iÂ^aSeMPOd²Çn�iGSÜlNc%iGSeM_^abglNO¼n�lNS4iXMP` \ ` \ MPOdOoiG¸ ¤4Ê \ iGSUiØMPSei]^ \ Seisi
³NSUlNQdcd²ÕlPn�`slNOk^aSelP¸1`sb-Se`sQdbg^e²Æb-O�^ \ iKSUiG³Nbg²U^eiGSÕQdOdbg^��?lPOdiKQd²UiG¨�^el \ M_Od¨d¸-iqMP`s`GiG²U²ÂSeis÷<QdiG²Ç^a²
n�SelPfá^ \ i!cdSUlr`siG²e²UlNS&��ã�b-M�^ \ iKßdQd²æb-Ok^eiGSUn�M_`GiM�ZMPOd¨~^ \ iK^aSeMPOd²Un�isSæiGOd³Pb-Odi?�olNOdiq^alÛ`GlPO<^eSelN¸
^ \ iK¦Þ× Ó ²ebg³NORMP¸½�<MPOd¨~lPOdiq^el¼f�MPc�^ \ iKc%iGSUb-c \ isSaMP¸�SUiG÷<QdiG²Ç^æ²ebg³NORMP¸g²���hË× Ó �ÜMPOd¨~isORMPßd¸gi
²U^aM_^aiÇ��²ei©^¬b-OÍ^ \ iï`slNOk^aSelP¸.Seis³Nb-²Ç^aisSe²'�m^al�` \ MPOoOdiG¸?SUiG÷<Qdis²U^a²0� [ 
qµ!¿q×q° Ó �K²eisOk^Ë^al~^ \ i
^aSeMPOd²Çn�iGSmiGOd³Pb-Odi_¤Üµí¨ob"MP³NSeMPfálPn4^ \ i¬Seis³Nb-²Ç^aiGSmQdOobg^mb-²æ² \ l;émOÍbgO~èR³NQdSUi«Èo¤¾®r¤

�e������� î÷ö�¥���¦Ö«� �²%¦0ý·¥Eï ³Öµ)¤8¥E­/ø £�³ð¤
Ê \ i¬³N¸glNßRMP¸#SUiG³Nbg²U^eiGSe²æ`slNfjcdSebg²eiA�

� []\ M_O�p�^îM�^aQd²

� ¦Þ× Ó ´ÍM_²eñ

� ¦Þ× Ó ×miG÷<Qdis²U^
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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

$.bg³NQdSUiËÈd¤¾®,�Æ×Øis³Nb-²Ç^aiGSmÌØOdbg^

Seis³Nb-²Ç^aiGSU²G¤ïµq`G`siG²e²Ën�SUlNfx^ \ iÛcdSel�`Gis²e²UlNSË^al�lNOdiÛl_nÕ^ \ iG²Ui+SeiG³Pb-²U^eiGSU²«bg²!b-Oo¨diGc%iGOd¨oiGOk^
n�SelPf¡MP`s`GiG²U²�^elI` \ MPOdOdis¸ØSUiG³Nbg²U^eiGSe²s¤AÊ \ iG²UiÍSeis³Nb-²Ç^aisSe²jMPSei�Qo²eiG¨�b-OAb-Ok^eiGSeSUQdco^j`GlPO<^eSelN¸
MPOd¨ ³NisOdiGSeM_^aiË^ \ i¬b-Ok^aisSeSeQoco^mSeis÷�QoiG²U^
��¦Þ× Ó �Â²Ub-³NORM_¸1^alÛ^ \ i¬cdSel�`Gis²e²elPSG¤ÕÊ \ i¬¦Þ× Ó ´ÍMP²eñ
Seis³Nb-²Ç^aisS�bg²¼SeiGMP¨^>�émSUbg^aMPßd¸-i+ßkTI^ \ i�cdSel�`Gis²e²elPSïßdQo^�^ \ i�lP^ \ isS�^§éZl Seis³Nb-²Ç^aisSe²ÛMPSUi�SUiXMP¨�Ý
lNOd¸¥TN¤Z°ÆMP` \ ßdb¥^mb-O ^ \ i«¦Þ× Ó ´ÍMP²Uñ�SeiG³Pb-²U^eiGSmb-²m`slNSeSUiG²ec%lNOd¨o²q^al�Mjh¬´¶µ ` \ MPOdOdis¸�é \ b-` \
b-²mQd²UiG¨Í^el�²Uc1is`Gb¥n�T�é \ is^ \ iGS*�%é \ isOÍ^ \ i�¨RM�^îMÛ^aSaM_Od²Un�isSØn�lNSæ^ \ M_^Ø` \ MPOdOoiG¸ \ MP²mèROdb-² \ iG¨��
^ \ i h¬´¶µx`GlNOk^aSUlN¸-¸giGS+OdisiG¨d²~^el)b-Ok^eiGSeSUQdco^�^ \ i¶cdSel�`Gis²e²elPS~lNSjOdlP^X¤ª°ÆMP` \ ßdb¥^�bgO�^ \ i
[]\ MPORp�^îM_^eQd²½SeiG³Pb-²U^eiGS¶MP¸-²UlA`GlNSUSeiG²Uc1lPOd¨d²¶^el8M=h¬´¶µø` \ MPOoOdiG¸¬é \ b-` \ b-² ²ei©^ÍßkT ^ \ i
` \ MPOoOdiG¸!SUiG³Nbg²U^eiGSe²jé \ iGOÙ^ \ iÍ^eSaMPOd²Çn�iGS�n�lPS�^ \ M_^~` \ M_OdOdiG¸qb-²jèROdb-² \ iG¨ ¤·°?ãNiGSÇTÙßdb¥^~bgO
[]\ MPORp�^îM_^eQd²]émbg¸-¸RSeis²ei©^Âé \ iGO~^ \ iKcoSel�`GiG²U²elNS]c1isSUn�lNSUf�²ZM¼¨RM_^aM�SUiXMP¨�n�SUlNf []\ MPO�p<^îM_^eQd²
lNSZ¦Þ× Ó ×Øis÷�QoiG²U^mSUiG³Nbg²U^eiGSG¤.Ê \ iË¦Þ× Ó ×Øis÷<QdiG²Ç^mSeiG³Pb-²U^eiGSZb-²]OolP^æMPO~MP`s^eQRMP¸ SUiG³Nbg²U^eiGS]ßoQo^æb-²
MPO¶µ!¿KhílNc%iGSaM�^ab-lPO¶ß%is^§éZiGisO ^ \ i []\ MPO�p<^îM_^eQd²!MPOo¨Í¦Þ× Ó ´ÍMP²Uñ SeiG³Pb-²U^eiGS*�%^ \ b-²mSeis³Nb-²Ç^aisS
cdSUl�ã�bg¨diG²KM�`GlPO<ãPiGOdbgiGOk^ËfjiG` \ M_Odb-²Uf n�lNSØ^ \ i¼coSel�`GiG²U²elNSØ^al�¨dis^eiGSefjb-Ooi¬é \ b-` \ ` \ M_OdOdiG¸g²
`XM_Qd²eis¨¶^ \ i«bgOk^aiGSUSeQdcr^mSeiG÷<Qdis²U^G¤

Ê \ iØb-Ok^aisSeSeQoco^Æ`GlNOk^eSelN¸R`sb-Se`sQdbg^?³NiGOdisSaM_^eiG²Æ^ \ imbgO<^eiGSUSeQdco^ÆSUiG÷<Qdis²U^Â²Ub-³NOdMP¸o^alË^ \ imcdSel_Ý
`Gis²e²UlNS4é \ isO¼^ \ iZµK¿Kh8lNc%iGSeM_^abglNO«ß1i©^§é]isiGOï¦Þ× Ó ´ÍM_²eñ�MPOd¨ []\ MPO�p�^aM_^aQd²4Seis³Nb-²Ç^aiGSU² \ M;ãPi
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MUTEX DECODER

IRQ

IRQ REQUEST

IRQ MASK

CHAN STATUS

DODI

C C C C

CHANNEL REGISTERS

REQ
ADDR

ADDR

$.bg³NQdSeiËÈo¤¯ºB�ÕêË¸-lPßRMP¸#×miG³Pb-²U^eiGSU²

OdlNO�Ý§òGisSel+ã_MP¸-Qdis²G¤ÂÊ \ i�¦Þ× Ó ²Ub-³NOdMP¸#émb-¸g¸#` \ MPOd³Pi«é \ isO iGb¥^ \ isSm¦Þ× Ó ´ÍMP²eñ lNS []\ M_O�p�^îM�Ý
^aQo²æSeiG³Pb-²U^eiGS]ã_MP¸gQdiKbg²Â` \ MPOo³NiG¨��obgn�^ \ iËµ!¿Kh·lNc%iGSeM_^abglNO~SUis^aQoSeOd²mMïòsiGSelïã_MP¸gQdiK^ \ iGO�^ \ i
¦Þ× Ó bg²æSeisf�l;ãNis¨#¤

µÓ¨db"MP³PSaMPfálPn9^ \ i¬³N¸glNßRMP¸#SUiG³Nbg²U^eiGSe²æbg²æ² \ l;émO¶b-O�èR³NQdSUi¬Èd¤¯ºr¤

�e������� î÷ö�¥<ü÷ö�²%£�£�¥�¦�ý·¥Eï�³¯µ,¤B¥E­®µ
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$.bg³NQdSeiËÈo¤ÁÈ8� []\ MPOdOdis¸4×miG³Pb-²U^eiGSU²

� [ lNOk^eSelN¸
Seis³Nb-²Ç^aiGSU²ØMP²m² \ l;émOÍbgO�èR³NQdSUi«Èo¤ÁÈd¤
°?ãNiGSÇT�Seis³Nb-²Ç^aisSÂb-²ZSeiXM_¨^>�émSeb¥^îMPßo¸-iKßkT�^ \ i!coSel�`GiG²U²elNSmM_Od¨~^ \ iq^aSaM_Od²Un�isSÂiGOd³Pb-Odi_¤ÜÊ \ i

cdSUlr`siG²e²UlNS!`GMPO6MP`G`siG²U²ËlNOdi¼SUiG³Nbg²U^eiGS!M�^ËM�^eb-fjiA�Rã�b"M�^ \ iïßdQd²Kb-Ok^aisSUn�MP`siA}1^ \ b-²qb-²q¸-b-fjbg^eiG¨
ßkT�^ \ i!²Ub-òGiqlPn�^ \ iKßdQd²s¤ÆÊ \ iK^aSeMPOd²Çn�iGS]isOd³NbgOdi!Qd²UiG²æM�émbg¨diGSZßdQd²]n�lPSÂMP`s`GiG²U²Â^alï` \ MPOdOdis¸
Seis³Nb-²Ç^aisSe²#�dMP¸-¸gl�émbgOd³¬^ \ i!^eSaMPOd²Çn�iGSæisOd³Nb-OoiK^al+MP`s`Gis²e²ØMP¸-¸%Seis³Nb-²Ç^aisSe²ÂbgO Mï` \ MPOdOdis¸�M_^ælPOd`Gi_¤

Ê \ iËp�Se`Gµq¨d¨dS]MPOd¨�h!²Ç^aµK¨o¨dS]M_Sei!ºN®�Ý§ßdb¥^ÕMP¨d¨dSUiG²U²ÂSeis³Nb-²Ç^aiGSU²Õn�lPSZñ_iGiGcob-Od³ï²UlNQdSU`Gi!M_Od¨
¨dis²U^abgORM_^eb-lNO8MP¨d¨dSUiG²e²UiG² Seis²ec%iG`©^abgãPiG¸¥TÎ}!^ \ b-²�MP¸-¸gl;ém²�^ \ i h¬´¶µ�`slNOk^aSUlN¸-¸giGS+^alFc%iGSÇn�lNSef
¨RM_^aM~^aSaM_Od²Un�isS�M_`GSelP²e²¬^ \ iÛn�Qd¸g¸?SaMPOo³Ni+lPnZ^ \ ijMP¨d¨dSUiG²U²�²UcRMP`Gi_¤�Ê \ i�`slNQdOk^aisS«bg²«MP¸-²Ul¶ºN®
ßdb¥^a²ïémb-¨oiA�Æ^ \ i h¬´¶µ `slNOk^aSelP¸-¸-isS¼`GMPO=^eSaMPOo²Un�iGS+Qdcä^el)®"!�#�¨RM�^îM bg^eiGfj²ïb-OAlNOdi h¬´½µ
^aSeMPOd²Çn�iGSm²eis÷�QoiGOd`siP¤

Ê \ iI`GlNOk^aSUlN¸ËSeis³Nb-²Ç^aisS�b-²�Qd²UiG¨ª^elA`GlNOk^aSUlN¸!^ \ i@h¬´½µ�^aSaM_Od²Un�isS½lPc1isSaM_^eb-lNO#¤ Ê \ i
`GlPO<^eSelN¸#n�QoOd`s^eb-lNOd²æbgO�^ \ iË^ \ i«`slNOk^aSUlN¸�Seis³Nb-²Ç^aiGSæbgOd`G¸gQd¨di`�

� °ÜORMPßo¸-iM>_h!b-²aM_ßd¸-i

� prlPQdSe`si«µq¨d¨dSUiG²e²Øb-Oo`GSeisf�isOk^

� h!is²U^abgORM_^eb-lNO�µq¨d¨dSeis²e²Øb-Od`sSeisf�isO<^

� [ lNQoO<^eiGSm¨dis`GSeisf�isOk^

� prlPQdSe`si«¨oisã�b-`si«Qo²eiG²qhË× Ó
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CHANNEL REQUEST MAPPING BLOCK

CHANNEL REQUEST MAPPING BLOCK

CHANNEL REQUEST MAPPING BLOCK

DRQ

$%$'&)(+*-,/.+021B�436587:9+9+,<;�=>,<?@(+,BADCFEG7)H+H+$I9+&KJL9+$MC

�ON ,BADCP$I987:C-$'QR9TS+,�UV$'W<,�(+AD,<A N = Ó
��X Q)(+*-WB,YSZ,BUV$'WB,Y[ N
�ON ,BADCP$I987:C-$'QR9TS+,�UV$'W<,�[ N
�ON 7:CP7\A-$I]<,

^_5+,
C2S+,BUV$'WB,F(+AD,<A N = Ó\` 7)9+S�C2S+,BUV$IW<,F[ N\`Va $IC-A6$I9bCP5+,�W<QR9cCP*DQR;d*-,<&)$'ADC-,<*67)*-,F(ZA-,<SeC-Q
f 7)HgC-5+,KHh,B*-$'HZ5+,<*-7);i*-,B?V(Z,<ADC-A\A-$I&R987);�jkQ)*Y&),<9+,B*P7:C-,lCP*-7)9+Amjk,<*Y*-,<?@(+,BADCnCPQoC-5+,pCP*P7:9+ADjk,B*
,<9Z&R$'9+,:0

^_5+,eWBQR9cCP*-Q); a $ICnW<QR9Zq+&R(+*P7"CP$'Q)9+An$I9gC-5+,bWBQR9cCP*DQR;�*D,<&R$IADC-,<*Y$'AYA-5+Qsr>9t$'9gq8&R(+*D,l.Z0vuw0
^_5+,xWy5+7)9+9+,B;Z*-,B?@(+,<AmC f 7)HZH+$'9+&L(+9+$MC�7)9ZS\Wy587)9+9Z,<; f 7)H+H+$I9+& a ;'QVWyzY7)*-,�A-5+Qsr>9{$'9nq8&R(+*D,
.+021p7)9+S
.+0v|V0
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$%$I&R(+*D,/.+0v|,�i[�9@C-,<*D987);�ADC-*-(+W�CP(+*D,nQ:ji36587:9+9+,<;�=>,<?@(+,BADCFEG7)H+H+$I9+&K~6;'QVWyz
Õ�Ky� ×¢Ò�� ×pRIÁ
OX�%�-��R � O��0[#O�� Ø OX[aP

^_5+,�C-*P7)9ZADjk,<*�,<9+&)$'9+,�(+9+$MC6$IA6W<Q f HdQRA-,BSbQ)j�C-5+,�Wy5+7)9+9+,B;�7)* a $IC-,<*4(+9+$IC67)9+SlCP5+,�CP*P7:9+ADjk,B*
W<Q)9@C-*-QR;%(+9+$IC<0�^_5+,{C-*P7)9+Amjk,<*/,B9+&R$'9Z,{(+9+$IC<��r>5+,B9�$IS+;',:��rx7:$ICPAFjkQ)*F*-,B?V(Z,<ADC-AYC-QTCP*P7:9+ADjk,B*
jk*-Q f�N Eo�OWy587)9+9+,B;'Ai$I9�CP5+,_*D,<&R$IADC-,<*�(+9Z$IC�7)9ZS{Hh,B*DjkQR* f A�S+7:Cy7LC-*P7)9ZADjk,<*DA�jkQR*i7FAD,<;',BWBC-,<S
Wy587)9Z9+,<; ac� $'9Z$ICP$'7:CP$I9+&�7>S+7:Cy7xCP*-7)9+Amjk,<*�CPQ_CP5Z, a (+A<0 N 7:Cy7>7)*D,�CP*-7)9+ADjk,B*-*D,<SYA-$'9Z&R; � 0E��5Z,<9
7bCP*-7)9+Amjk,<*�$'A�q+9+$'AD5+,<S���C-5+,\CP*-7)9+ADjk,B*/,<9+&)$'9+, a ,<WBQ f ,BA/$'S+;I,{7)&c7:$'9�7)9ZS�r67)$MCPAFjkQR*F9Z,��VC
*-,B?@(+,<AmC�0

��S+$�7)&)*P7 f Q)j�$'9cCP,B*-987);�AmCP*D(+WBC-(+*-,YQ)j�CP5+,/CP*-7)9+Amjk,<*>,<9+&)$'9+,/$IA_A-5+Qsr>9G$I9Tq8&R(+*D,Y.Z0�}Z0
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^_5+,�Wy587:9+9+,<;F7)* a $MCP,B*b(+9+$MCT7)* a $IC-*P7:C-,<AKCP5+,�C-*P7)9+Amjk,<*e*D,<?@(+,BADC�A-$I&R987);IAbAD,<9cCTjk*-Q f CP5Z,
Wy587)9Z9+,<;�*-,B&R$'AmCP,<*DAL$I9oC-5+,n*D,<&R$IADC-,<*�(+9+$IC<0x[�CLA-,<9ZS+ALC-5+,\7)* a $IC-*P7:C-,<S
Wy587)9+9Z,<;�9V( f\a ,B*�C-Q
CP5Z,�C-*P7)9ZADjk,<*>WBQR9cCP*-Q);�(+9+$IC_C-QpHh,B*DjkQR* f 7pS87:Cy7\C-*P7)9+Amjk,<*B0

^_5+,bWy5+7)9+9+,B;x7)* a $IC-,<*�(+A-,BA{7
C-*-,B,lQ)j_7)* a $MCP,B*m��W<7);';%,<;', f ,B9cCPAnC-QGWy5+QVQRAD,e7oWy5+7)9+9+,B;
jk*-Q f�f (+;IC-$'H+;I,_Wy587)9+9Z,<;d*-,<?@(+,BADC-A<04^xr6Q�C � Hd,<A�Q)j�7)* a $IC-,<*iCP*D,<,�W<7)9 a ,L(ZA-,<Sw� a 7);'7)9+W<,BS
CP*D,<,:�ZQR*x(Z9 a 7);�7)9ZW<,<SeC-*-,B,)0 N ,BCP7)$';IA�Q:j�CP5+,/7:* a $MCP,<*�W�7);I;h,B;', f ,B9@C-A_7)9+Se7)* a $MCP,B*�CP*D,<,�r>$I;';
a ,YSZ$'A-WB(+A-AD,<So$'9�9+,��VC�Wy587)HwCP,<*B0

��S+$�7)&)*P7 f Q)j�CP5+,�Wy587)9Z9+,<;�7)* a $IC-,<*_$'A_AD5+Qsr>9G$I9�q+&R(+*-,�.+02�Z0
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^_5+,TCP*-7)9+Amjk,<*pW<QR9cC-*-QR;_(+9Z$ICpW<Q)9@C-*-QR;IA\CP5+,
7)W�CP(87:;_S87:Cy7�C-*P7)9+Amjk,<* a ,BC�r�,<,<9½CP5+,�ADQR(+*-WB,
S+,�Uw$IW<,Y7)9+S�CP5Z,YSZ,<ADC-$'987"CP$'Q)9TS+,BUV$'WB,)04[�C>9+,<,BS+ALC-QpHh,B*DjkQR* f jkQR(+*_AD,<H87:*P7:C-,Yjk(+9ZWBCP$IQR9+A/�

¾ 0 XV� 9+Wy5Z*-QR9+$I]�7:C-$'QR9nr>$ICP5nCP5+,�Hh,B*-$'HZ5+,<*-7);wSZ,BUV$'WB,x(+A-$I9+&�C-5+, N =_¿�AD$'&R987:;w$Mj8*-,B?V(Z$'*-,BS
À W<QR9cCP*DQR;';I,<S ac��Á (+A-,BS+*-? ` 7)9+S Á SZ,BUV$'WB,Y[ N\`Za $IC-A�$I9TCP5+,�W<Q)9@C-*-QR;�*-,<&)$'ADC-,<*PÂ�0

Ã 0�=>,�7)S8Ä"r>*-$MCP,/*-,B&R$'AmCP,B*-A_CPQ@ÄÅjk*-Q f CP5+,�*-,B&R$'AmCP,B*_(+9+$IC<0
Æ 0>[�9+$MCP$'7:CP,FS+7:Cy7{*-,<7)S�Ä"r>*D$IC-,FCP*P7:9+ADjk,B*>r>$MCP5 a (+AB0
.+0>[�9+WB*-, f ,B9@CyÄ:S+,BW<*-, f ,B9cCF7)9ZS
r>*D$ICP, a 7)WyzT*-,B&R$'AmCP,<*DA�0

Ç�5+,<9
$IC>*D,<WB,<$IU),<AL7)9
7)* a $ICP*-7:CP,BSTWy587)9+9Z,<;�9@( f\a ,<*_jk*-Q f CP5+,/Wy5+7)9+9+,B;�7:* a $MCP,<*B�ZCP5Z,
CP*-7)9+Amjk,<*�W<QR9cCP*DQR;�(+9+$ICL*-,<7)S+A>CP5+,nA-,B;',<W�CP,BS�Wy587)9+9Z,<;'AL*-,B&R$'AmCP,<*DALjk*DQ f CP5+,n*-,B&R$'AmCP,<*�(+9+$MC�0
36QR9cCP*DQR;�*D,<&R$IADCP,B* a $IC-A�7)*-,{(ZA-,<S�CPQ�S+,�CP,B* f $'9+,{S87"Cy7TA-$I]<,)��*D,<?@(+$I*-, f ,<9cC-A�jkQ)*/A � 9+Wy5+*DQ:�
9+$I]�7:C-$'QR9�r>$IC-5GHd,<*-$IH+5+,B*P7);�S+,BUV$IW<,\S+(Z*-$'9Z&bS87:CP7KC-*P7)9+Amjk,<*B��A-Q)(+*-WB,{7)9+S�SZ,<ADC-$'987"CP$'Q)9�7)Sw�
S+*D,<A-A�$'9+WB*-, f ,B9@C<�V7)9+SbWBQR(+9cCP,B*�SZ,<W<*D, f ,<9cC�0�^_5+,>CP*-7)9+Amjk,<*4W<QR9cCP*DQR;�(+9+$MCiCP5+,B9eHh,B*DjkQR* f A
S87:CP7l*D,�7)S�ÄÅr>*-$IC-,Yjk*DQ f Ä"CPQ{CP5Z,�S+,�Uw$IW<,BA ac� $'9+$MCP$�7"CP$'9Z&p7)S+S+*D,<A-AL*-,B?V(Z,<ADC�r>$ICP5 a (+AD,<A<0�[�j
Hd,<*-$IH+5+,B*P7);�A � 9+Wy5Z*-QR9+$I]�7:C-$'QR9l$'A�*-,B?@(+$'*D,<S��w$IC4A � 9+Wy5+*DQR9+$I]<,<A�r>$ICP5KCP5+,�S+,�Uw$IW<,�r>$ICP5 N =_¿
A-$I&R987);IA<0 X $ f (+;ICP7)9+,BQR(+A-; � r>$MCP5
S87:CP7K*D,�7)S�ÄÅr>*-$IC-,�QRHh,B*P7:C-$'QR9��ZCP5+,/C-*P7)9+Amjk,<*�W<QR9cC-*-QR;�(+HV�
S87:C-,�*D,<&R$IADCP,B*-A/7:9+SGr>*-$MCP,YCP5+,n(+HhS+7:CP,BS�U)7:;'(+,BA a 7)Wyz�CPQlCP5+,\Wy5+7)9+9+,B;%*-,B&R$'AmCP,B*<0LÇ�5Z,<9
CP5Z,�QRHd,<*-7:CP$IQR9/$'A�q89Z$'A-5Z,<S�$MC�rx7:$ICPA�jkQR*�9+,·�VC�C-*P7)9+Amjk,<*�*-,B?V(Z,<ADC�jk*-Q f CP5+,�Wy587)9Z9+,<;w7)* a $ICP,B*<0
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Ñ8*-Q f C-QRHt;',�UR,<;�S+,<AD$'&R9���CP5+, N E
�ÒW<QR9cC-*-QR;I;',<*Y$'A�S+$IUV$'SZ,<Sª$I9@C-Q�A f 7);I;',<*YH87)*mCPA ac� $ICPA
jk(+9+W�CP$IQR987);I$IC � 0�^_5+,{*-,B&R$'AmCP,<*�(+9+$IC-AFz),B,<H�7);';�*-,B&R$'AmCP,B*-A/7)9ZS�587)9+S+;I,\*-,B?@(+,<AmCYjkQ)*LCP*-7)9+AÓ�
jk,<*D*-$I9+&eS87:CP7ljkQR*L,�7)Wy5 N Eo��Wy587)9+9+,B;i7)9+S�AD,<9+S�*D,<?@(+,BADCPA/C-QbCP5+,nCP*P7:9+ADjk,B*F,<9+&)$'9+,:0/[�C
7);IA-QY587)9+S+;I,<A4$'9cCP,B*-*D(+HZC�*-,<?@(+,BADCxC-QnC-5+,LHZ*-QVW<,<ADA-QR*B0�^_5+,LC-*P7)9+Amjk,<*4,<9+&)$'9+,�Hh,B*DjkQR* f A�CP5Z,
7)W�CP(87);4S87:CP7oCP*-7)9+Amjk,<*nr>5Z,<9t*-,BW<,B$IUR,BAp7G*-,B?@(+,<AmC\jk*-Q f 7 N E
�ÔWy587)9Z9+,<;Õ0G^_5+, N E
�
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QRHd,<*-7:CP$IQR9K7)*-,�Hh,B*DjkQR* f ,BS a@� C-$'&R5cCP; � WBQR(+H+;I,<SbWBQwQ)Hh,B*P7:C-$'QR9 a ,BC�r�,<,<9lCP5+,BA-,LC�r�Q f 7ÅØDQR*
H87)*mCPA>Q)j�CP5+, N Eo�¦WBQR9cCP*DQR;';I,<*<0

^_5+,YS+,<AD$'&R9�$'ADA-(+,BA�7:9+SoHZ*-Q a ;I, f A6r>$';I; a ,/S+$'ADW<(+ADA-,<SG$'9TCP5+,�9+,·�VCLWy5+7)HZCP,B*<0



Ù Ú ÛÔÜ Ý�Þàß á

â Þäã�å�æèç éGãgã¹ê Þäã

ëTÉsì í�îeï�Ï�ð�ñ�Ì�ò_ïióBðlî

^_5+$IA N Eo�ôW<QR9cC-*-QR;I;',<*�$'A�SZ,<A-$I&R9+,BSKjk*DQ f $MCPAiADHh,BW<$Iq+W�7:C-$'QR9+A À A-,B,_A-,<W�CP$IQR9 X Hh,BW<$Mq8W�7:C-$'QR9ZA
$'9pH+*D,BUV$'Q)(+A�Wy5+7)HZCP,B*yÂiCPQ a ,�7 f (+;IC-$M��Wy587)9+9+,B; N Eo�õW<QR9cC-*-QR;I;',<*i$I9{r>5+$'Wy5l,�7)Wy5eWy5+7)9+9+,B;
A-(ZH+HhQ)*DCPA/C-*P7)9+Amjk,<*DA a ,BC�r�,<,B9ª7)9 � WBQ f\a $I987:C-$'QR9�Q:j f , f QR* � 7)9+S�Hd,<*D$'H+5+,B*P7);%S+,BUV$'WB,<AB0
^_5+,B*-,�7)*D,eA-,�UR,<*-7);_$'ADA-(+,BA{W<QR9ZW<,<*D9+,<S½$'9ö7:;';'Qsr>$I9+&
C-5+, N Eo�ÒWBQR9cCP*DQR;';I,<*nC-Q�jk(+9+W�CP$'Q)9
W<Q)*-*-,BWBC-; � 7:9+St,B÷KW<$I,<9cCP; � 7)A{ADHh,BW<$Mq8,<S�0�^_5+$'A{Wy5+7)HZCP,B*pS+$'ADW<(+ADA-,<A{U:7)*D$'QR(+A�$ f HhQR*mCy7)9cC
S+,BA-$'&)9
$IA-AD(+,<AB��C-5+,�H+*-Q a ;', f AB�87)9+S
A-QR;I(ZCP$IQR9+AxWy5ZQRA-,B9GCPQpA-Q);IUR,/C-5+,<AD,nH+*DQ a ;I, f A<0

ëTÉ·ø ùûú ü ýÿþ��Kó���ï%þ/Ï��

Ñ8QR*�H+*-Q)&R*P7 fKf 7 a $';I$IC � �:*D,<&R$IADCP,B*-A67)*-,�(+A-,BS�0�Ñ8QR*�,�7)Wy5 N Eo� Wy5+7)9+9+,B; �@CP5+,BA-,LU:7);I(+,<A�7)*D,
9+,B,<S+,BS¹�

��X Q)(+*-WB,sÄ N ,BADCP$I987:C-$'QR9TS+,�UV$'W<,n7)S+SZ*-,<ADA-,BA

��� ( f\a ,<*_Q)j�S87:CP7K$MCP, f A6C-QKC-*P7)9+Amjk,<*

� ^ � Hh,YQ)j�A-QR(+*DW<,�Ä:S+,<AmCP$I987:CP$IQR9�S+,BUV$IW<,<A À f , f QR* � QR*_Hd,<*D$'H+5+,B*P7);�Â

�ON 7:CP7\A-$I]<,

u Ã
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ÆcÃ a $IC-A_*-,B&R$'AmCP,<*DA�7)*-,�(+AD,<SoC-QpADCPQ)*-,/CP5+,BA-,�U:7);'(+,BAxjkQR*xC�r�Q f 7)$'9e*D,�7)ADQR9+AY�

� ^_5+,{HZ*-QVW<,<ADA-QR*Fr�QR*DSgAD$']B,\$'A ÆRÃ a $IC-A<��7e*D,�7)S�ÄÅr>*-$IC-,\QRHd,<*-7:CP$IQR9Gr>$IC-5�QR9+, N E
�
*D,<&R$IADCP,B*_W�7)9 a ,YHd,<*mjkQR* f ,<S�$I9
Q)9+,�7)W<WB,<ADA<0

� ^_5+, ÆcÃ a $MC�7)S+SZ*-,<ADAo*D,<&R$IADC-,<*�7);I;'Qsr>AbCP5Z, N E
� W<QR9cCP*DQR;';I,<*bC-QöHh,B*DjkQR* f S87:CP7
C-*P7)9+Amjk,<*�r>$ICP5G7)9 � SZ,BUV$'WB,\$'9
CP5+,�7)S+S+*D,<A-A�A-H87)WB,{7)9+SojkQR*�;I,<9+&)C-5+A�Q)jiCP5+,Yr>5+QR;I,
7)SZS+*-,BA-A�A-H87)WB,)0

�x°�±x°�
 �l³8´�µF¶���²�³��¹¸�µxºZ³8¸�»��ª¸�µ������F³8´%º8¼Ó¸6µF¶
^_5+,/WBQR9cCP*-Q);�QRHd,<*-7:CP$IQR9eA-Hd,<WB$Iq8,BA a@� r>5+,BC-5+,<*xC-5+,/S+,�Uw$IW<, ` A�7)S+SZ*-,<ADA_$'Ax*D,<?@(+$I*-,<SeC-Q{$'9w�
W<*D, f ,<9cC�7:j C-,<*�CP5+,6C-*P7)9ZADjk,<*B�@7)9+S�r>5Z,BCP5Z,<*iA � 9+Wy5Z*-QR9+$I]�7:C-$'QR9\r>$MCP5{7LHh,B*-$'HZ5+,<*-7);w*D,<?@(+,BADC
A-$I&R987); À N =_¿�Â�$IAx*-,B?@(+$'*D,<S�04Ñ8QR*_7 f , f QR* � S+,�Uw$IW<,Y7)9�7)SZS+*-,BA-A�$'9+WB*-, f ,<9cC_$IA_*-,B?V(Z$'*-,BS
7)9+Sö9+Q�A � 9+Wy5+*-Q)9+$']<7:CP$IQR9ö$'A\9+,B,<S+,BS��xjkQR*p7�Hd,<*D$'H+5+,B*P7);�S+,BUV$IW<,)��CP5Z,o7:S+S+*-,BA-Ap$'AnqZ�w,<S
7)9+SöA � 9ZWy5+*-QR9Z$']�7"CP$'Q)9t$'A{9+,B,<S+,BS���$I9ªr>5+$'Wy5öW<7)A-,
7�S+,�Uw$IW<,�[ N f (+AmC a ,eAD(+H+H+;I$',BS½ADQ
CP5Z,�CP*-7)9+ADjk,B*6,B9+&R$'9Z,FW�7)9bA � 9+Wy5+*DQR9+$']B,Fr>$IC-5bCP5+,�*-$'&)5@C�S+,�Uw$IW<,:0 X Q Á ADQR(+*DW<,sÄ"S+,<AmCP$'9+7:CP$IQR9
7)S+SZ*-,<ADAn$I9+W<*D, f ,<9cC ` 7)9ZS Á S+,BUV$IW<,K(+A-,BAnA � 9ZWy5+*-QR9Z$']�7"CP$'Q)9 ` 7)*-,p(+AD,<Sª7:AYWBQR9Zq8&)(+*P7:C-$'QR9ZA
$'9ZADCP,<7)S�Q)j%C-5+, Á C � Hd,�Q)j%SZ,BUV$'WB,<A ` 0

^�Qª7);';IQÅrÔ7 N E
�èWy587)9Z9+,<;�CPQ¹Hd,<*mjkQR* f S+7:Cy7�CP*P7:9+ADjk,B*lr>$IC-5�7g9+QR9w��A-Hd,<W<$Mq8W
Hh,·�
*-$IH+5+,B*P7);�S+,�Uw$IW<,:�hCP5Z,�S+,�Uw$IW<,\9@( f�a ,B*�9+,B,<S+A�C-Q a ,�H+*DQR&R*-7 flf 7 a ;I,�7)9+S�$IAL(ZA-,<S�r>5Z,<9
Hd,<*-$IH+5+,B*P7);�A � 9+Wy5+*-Q)9+$']<7:CP$IQR9�$IA/A-Hd,<WB$Iq8,BS�0 Á X QR(+*-WB,sÄ N ,BADC-$'987:C-$'QR9�[ N\` $IA/(+A-,BSgjkQ)*FCP5+$IA
W<Q)9Zq8&R(+*-7:CP$IQR9�0

^_5+,�W<QR(Z9@C-,<*�$'Ax(ZA-,<S
CPQ{WBQR9cCP*-Q);�CP5+,�9@( f\a ,<*_Q)j�S87:CP7{$ICP, f A�CPQ{CP*-7)9+ADjk,B*<� a (ZCL7);'ADQ
CPQ\7);';IQÅrô7 Á jk*D,<,F*D(+9 ` C � Hd,FQ)j�C-*P7)9ZADjk,<*B�Z$I9br>5+$'Wy5eC-5+, N Eo� W<QR9cC-*-QR;I;',<*�Hh,B*DjkQR* f A4S87:CP7
CP*-7)9+Amjk,<*-AbW<QR9cCP$I9@(+QR(+AD; � (+9cCP$I;L$MCb$IAlAmCPQRH+Hd,<S ac� CP5+,oH+*-QVW<,BA-ADQR*<0�� Á WBQR(+9cCP,B*eS+,BW<*-,·�
f ,<9cC·Ä"jk*D,<,L*-(+9 ` W<QR9wq8&R(+*-7:CP$IQR9e$'A�(+A-,BSeCPQ�C-,<;I;dC-5+, N Eo� W<QR9cCP*DQR;';I,<*�CPQ\SZ,<W<*D, f ,<9cC_CP5Z,
W<Q)(+9cCP,<*�7"j CP,<*/,<7)Wy5�S87:CP7bCP*P7:9+ADjk,B*/QR*�ØD(+ADC/C-QT$'&R9ZQR*-,YCP5+,\U:7);I(+,\Q)j4CP5+,{WBQR(+9cCP,B*<0n^_5+,
Á ,<987 a ;',sÄ"S+$'A-7 a ;', `�f ,BWy587)9+$IA f CPQoADCP7)*DC�7)9+SªAmCPQRHgCP5+, N Eo� CP*P7:9+ADjk,B*�$'AY*-,B?@(+$'*D,<S¹jkQR*
CP5Z, Á jk*-,B,�*-(+9 ` C � Hd,�Q)j�C-*P7)9ZADjk,<*B0

^�QoAP7�UR,b*-,<&)$'ADC-,<*DA�7)9ZSª7);I;'Qsr�C-5+,lHZ*-QVW<,<ADA-QR*YCPQoH+*-QR&)*P7 f 7 N Eo� Wy587)9+9+,B; f QR*-,
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W<Q)9@U),<9+$I,<9cCP; � 7);';�C-*P7)9ZADjk,<*
W<Q)9@C-*-QR;/WBQR9Zq8&)(+*P7:C-$'QR9ZAo7:*-,gADCPQ)*-,<S 7)A a $IC-ATq8,<;IS $I9 QR9Z,
*-,B&R$'AmCP,B*<�_W�7:;';',BS½C-5+,GWBQR9cCP*DQR;L*D,<&R$IADC-,<*<0õ^_5+, a $ICKq8,<;IS�W<QR9wq8&R(+*-7:CP$IQR9O$I9 CP5Z,GW<Q)9@C-*-QR;
*-,B&R$'AmCP,B*_$'A_A-5ZQÅr>9o$'9Tq8&R(Z*-,�.+0�uw0

�x°�±x°�± ��³8¸���²�¶Z¶w¸�³! @µ6ºZ²�³8³"�$#Lº��¹¸6µ6ºZ³8¸6»%�ª¸�µ������F³8´%º8¼Ó¸6µ
�Lj C-,<*>CP5+,nS87:CP7KCP*-7)9+Amjk,<*LjkQ)*�7KWy587)9+9+,B;�$IA�q+9+$'AD5+,<S���7 f ,<Wy587:9+$'A f CPQb9ZQ)CP$Mj � CP5+,nH+*-Q:�
W<,BA-ADQR*>$'Ax9+,BW<,BA-AP7:* � 0���9�$'9cC-,<*-*D(+HZC f ,<Wy5+7)9+$'A f $IA_Wy5+QRA-,B9
jkQ)*6CP5+$IA_H+(+*DHhQRAD,)0'&LQsr�,BU),<*
7)9p$'9cC-,<*-*D(+HZC�WBQRADC-A�C-5+,>H+*-QVW<,BA-ADQR*ir>$ICP5p7/WBQR9cCP,��VC�ADr>$MCPWy5pCPQ�7)9p$'9cC-,<*-*D(+HZC4A-,B*DUV$'WB,>*-QR(w�
CP$I9+,)�)A-QY7 f ,BWy587)9+$IA f CPQ�7);I;'QsrtCP5Z,_H+*-QVW<,BA-A-Q)*�CPQ/A-Hd,<WB$Ij � r>5+$'Wy5{Wy587:9+9+,<;IA�A-5+QR(Z;'S{A-,B9+S
7)9l$'9cCP,B*-*-(ZHZC�r>5Z,<9bC-5+,LC-*P7)9+Amjk,<*4$'A�q89+$IA-5+,BSe$'A47);IA-QY9+,<WB,<A-A-7)* � CPQn,<;'$ f $I987:C-,x(+9crx7:9@C-,<S
$'9cC-,<*-*D(+HZC-A<0i^_5+, Á $'9cCP,B*-*D(+HZC>,<9+7 a ;', ` WBQR9Zq8&R(Z*P7:C-$'QR9e$IAx(+AD,<S�0�^_5+$IAxW<QR(Z;'S a ,/7 a $IC�q8,<;IS
ADC-QR*-,BS�$'9eCP5Z,YWBQR9cCP*DQR;�*-,B&R$'AmCP,B*x;'$Iz),FQ)C-5+,<*_WBQR9cCP*DQR;�W<Q)9Zq8&R(+*-7:CP$IQR9��+5ZQÅr�,BU),<*�$Ij�C-5+,�H+*-Q:�
W<,BA-ADQR*>9+,<,BS+A_CPQ{S+$IAP7 a ;I,F7);I;�$I9@C-,<*D*-(+HZC-Axjk*-Q f CP5Z, N Eo��W<Q)9@C-*-QR;I;',B*<�Z$MCx587:AxCPQ\r>*-$MCP,�C-Q
,BU),<* � WBQR9cCP*DQR;8*-,B&R$'AmCP,<*�r>5Z$'Wy5b$IAi9+Q)C4W<Q)9@U),<9+$I,<9cC�0i[�9ZADCP,<7)S��@CP5+, Á $'9cCP,B*-*-(ZHZC4,<987 a ;', `)a $IC-A
jkQR*47);I; N Eo�õWy587)9+9+,B;'A�7)*-,>AmCPQR*D,<SbC-QR&R,BC-5+,<*�$I9lQR9Z,L*D,<&R$IADCP,B*�W�7);I;',<S Á [Ó=_¿¦EG7)ADz ` r>5Z$'Wy5
7);I;'Qsr>A6CP5Z,YHZ*-QVW<,<ADA-QR*>CPQpS+$IAP7 a ;',sÄ",<987 a ;',/,BU),<* � Wy587)9+9+,B;�r>$ICP5�QR9Z,Y*D,<&R$IADC-,<*>7)WBW<,<ADA<0

ëTÉ)( ùûú ü *,+¹þ/ÏiÎnï�ó<ðKî

^_5+, N E
��W<QR9cC-*-QR;I;',<*B�Z7"j CP,<* a ,B$'9+&�H+*-QR&)*P7 fKf ,BSe7)9ZST,<987 a ;',<S a@� CP5+,�H+*-QVW<,BA-A-Q)*<�+W<7)9
ADCP7)*DC6Hh,B*DjkQR* f $I9+&�S+7:Cy7nC-*P7)9ZADjk,<*DA6r>5+,B9eCP5+,FADQR(+*DW<,sÄ"S+,<AmCP$'9+7:CP$IQR9eS+,�Uw$IW<,BA>7)*-,L*-,�7:S � C-Q
CP*-7)9+A f $MC·Ä:*D,<W<,B$IU),/S87:Cy7w0

�x°.-_°�
 /10 2 3�#�²�³8´%º+¼m¸�µ43656²�³75L¼m²98
^_5+, N Eo�àQRHh,B*P7:C-$'QR9�AmCy7)*mCPAL7:C>CP5+,YWy587)9+9Z,<;�*-,B?V(Z,<ADC f 7)HZH+$'9+& a ;'QVWyzT$'9TCP5+,Y*-,B&R$'AmCP,B*
(+9+$MC À q8&R(Z*-,buw0 ¾ Â�0e^_5+$IAnAD,<9+SZA\7oWy5+7)9+9+,B;4C-*P7)9+Amjk,<*Y*-,B?V(Z,<ADC\A-$'&)987); À 3:&�� � =L�4¿�Â/C-Q
CP5Z,/Wy587)9+9+,B;�7)* a $IC-,<*x(+9Z$IC_$I9bCP5+,FC-*P7)9ZADjk,<*_,B9+&R$I9+,�r>5+,B9 a Q)C-5TA-QR(+*DW<,Y7)9+STSZ,<ADC-$'987"CP$'Q)9
S+,�Uw$IW<,BAi7)*-,�*-,<7)S � CPQ�C-*P7)9+Amjk,<*�S+7:Cy7Z0�^_5+,xWy5+7)9+9+,B;87)* a $ICP,B*�C-5+,<9p7:* a $MCP*P7"CP,<A%7)9+S\AD,<;I,<WBC-A
7�Wy587:9+9+,<;;�+$IC6A-,B9+S+AxCP5Z,FWy587)9+9Z,<;�9@( f\a ,<*�CPQ�C-5+,�CP*-7)9+Amjk,<*xWBQR9cCP*-Q);�(+9+$MC�0�^_5Z,FCP*P7:9+ADjk,B*
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1

2

3

5

4 5

CHANNEL REGISTERS

CHANNEL 0

CHANNEL 1

CHANNEL 2

CHANNEL 3

CONTROL REGISTER

CONTROL REGISTER

CONTROL REGISTER

CONTROL REGISTER

MAPPING BLOCK

MAPPING BLOCK

MAPPING BLOCK

MAPPING BLOCK

DRQ

CHANNEL ARBITER

TRANSFER CONTROL

CHANNEL REQUEST MAPPING UNIT

CHANREQ 0

CHANREQ 1

CHANREQ 2

CHANREQ 3

CHANNEL NUMBER

GLOBAL REGISTERS

IRQ

ADDR

6

Ñ=<?>A@7BDCFEHG ¾ �'IHCKJL@7CKMONKCQPSRUTDV7CFW�XZY[PA\]CKB_^`T_<aPbM

NKPbMLTDBDPAcd@OM7<?T9@OeDCKefT_VOC'N)V7^bM7M7CgcHML@7hQijCgBfTDP�BDC�^SkFTDV7C'^b\7\7B�PA\7BD<a^ST_C=N)Vl^bM7M7CgcLBDCK>b<ae�TDCKB�eU^SM7k
\]CKB�RmPbBDhneo^pkl^ST_^pTDB_^bMOe�RmCKB�RmPABqT_V7^ST�N)V7^bM7M7CgcrG:s.Tt@7\]kl^STDCKe�^Scac�NgPABDB�CKeD\]PAM7kO<aM7>uBDCK>b<ae�TDCKB�e
v <?TDVwBDCKe�\jCgNgTtT_PxT_VOCFNgPAMOyl>b@7B_^STD<aPAMOeq<aM%T_V7C�NgPAMdT_BDPbc9BDCK>b<ae�TDCKB�^bMOkZ\]CKBzRmPABDhneqM7CKNgCKe�e_^bBz{
Rm@7M7N|T_<?PAM7eqT_Pne�TDPA\ZTDV7C}k7^ST)^xT_BD^bM7e�RmCgB�PA\jCgB_^STD<aPAMZ^bM7k�M7PbTD<?R~{�TDV7C�\7BDPHNKCgeDe�PAB�<�RUTDV7C}ca^be�T
kl^ST_^x<?T_Cgh�RmPAB:TDVl^STtN)Vl^bMOM7CKcfVl^be�i]CKCgM�TDB_^bM7ezRmCKB�BDCKk�G

�qV7C}W�XZY[PA\]CKB_^`T_<aPbM�NK^bMwijC�k7<��H<ak7Cgk�<?MdT_PxT_V7B�CKC�eD@Oi���PA\]CKBD^ST_<?PAM7e��

��� Vl^SM7M7CKcfe�CKcaCgNgTD<aPAMwPA\]CKBD^ST_<?PAM

� W$^ST_^QT_BD^bM7e�RmCgB�PA\jCgB_^STD<aPAM

� IHTDPA\%T_BD^bM7e�RmCgB�PA\jCgB_^STD<aPAM

�x°.-_°�± ���F´�µ/µF²�»���²�»m²f��º+¼m¸�µ
��^bN)V�N)V7^bM7M7Cgc'B�CKJL@7Cge�T�hu^b\7\O<aM7>wi7c?P�N)� v PAB��HeF<aMOk7CK\]CKM7kOCKMdT_c�{�<?R�^ZW�XZY�N)Vl^SM7M7CKc'<ae
CKM7^bi7caCgk���^bM7kneDPA@7B�NKC�^bM7k�kOCKe�TD<aMl^`T_<aPbMuk7C|�H<aNKCge�RmPAB�TDVl^ST'N)Vl^bM7MOCKcj^bBDCtBDCK^bkO{A��^ � &tY � �
�t��¿�eD<a>bMl^bc v <ac?c�i]C}e�CKMdToRmB�PAh�TDV7C}B�CK>A<?e�TDCKB�@7M7<�TtTDPnTDV7CFN)Vl^bM7M7Cgc=^SBDi7<�T_CKBq@OM7<?Tt<aMwT_VOC
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T_BD^bM7ezRmCKB:CgM7>A<aMOCbG�s.R�eDC|�ACgB_^bc�B�CKJL@7Cge�T_eqPHNKNg@7BK�OPAM7C�hQ@7e�Tqi]C�e�CKc?CKNgTDCKk%RmBDPbh�TDV7CKe�CbG�Y�B�i7<��
T_BD^ST_<?PAM�<ae�@7eDCgk�T_Pu>AB_^bMdToC|��NKc?@7eD<��ACQ^bNKNgCKeDeoT_PuTDV7CFeD<aMO>AcaC�T_BD^bM7e�RmCgBoCgM7>A<?M7CFTDP�Ø�@7ezT�PAMOC
BDCgJL@7CKezT�^STt^xT_<?huCSG

s�M$T_V7C�C��O<?e�TD<aM7>�e�{HM7N)VOBDPAM7Pb@7e=W�X�Y�NKPAMdTDBDPAc?caCKB�eK��i]PbT_V�\7B�<aPAB�<?TD<a KCgk$^bM7k$MOPAM���\OBD<aPbBD<?TD<a gCKk
eDN)VOCKhnCKepN�^bM¡i]C%^b\7\Oca<aCgk�T_P¢e�CKc?CKNgTn^�B�CKJL@7Cge�T_<?M7>�N)Vl^bM7MOCKcrG£&oP v Cg�bCKBpT_V7C%Ml^`T_@7B�C�PbR
^bez{�MON)V7BDPAMOPA@7e$NK<?BDNg@7<?Tt<aeok7<?¤jCKB�CKMdT��jM7P�>bcaPAil^Sc�NgcaPHN)�%<aeo@7eDCgk¥T_PYØ�@Ok7>AC}TDV7CQe�<ah�@Oc?T)^SM7C|�
PA@7eo^bB�BD<?�S^bc�PbR�C|�ACKMdTDeKG�¦oMOca<a�SCF^nez{�MON)V7BDPAMOPA@7e�ez{�ezT_Cgh v VOCKBDCFT_V7CFe�T_^bi7<?ca<?T�{uPbR=eD<a>bMl^bcae
<aeF^be�eD@7B�CKk�i]CgRmPAB�C�^SM�^bN|T_<?�bCuNgcaPHN)��CKk7>ACu^bM�^be�{HM7N)V7B�PAM7PA@Oe�e�{He�TDCKh§N�^bMOM7PbT Á e_^Shu\7c?Cb¨
<aMONKPAhn<aM7>�B�CKJL@7CKezT_e%^SeuT_VOCKBDCZ<aepM7P£e_^SRmC�T_<ahnCw\jCgBD<?P�k6k7@7B�<aM7> v V7<aN)V�^bcac:TDV7C¥<?M7\7@OTDe
BDCgh�^S<aM%e�T_^bi7c?CbG

s�M7e�TDC�^bkn^bM�^bBDi7<�T_BD^ST_<?PAM}TDBDCKC À k7<?eDNK@OeDeDCgkpc©^STDCKB=<?M�eDCgNgTD<aPAMxYoBDi7<�T_B_^`T_<aPbM�Â�N�^bMxi]C:@7e�CKk
T_PQeDCKc?CKN|T�^QN)Vl^bMOM7CKc;�OT_V7<?e�>A<��ACgeq^QRª^b<aB�c?{xe�h�^Scac]NK<aB�NK@7<�T:^SM7kw^bcac?P v e'TDV7C�T_BD^bM7ezRmCKB:CgM7>A<aMOC
T_PpezT)^bBzTtTDV7C�kl^ST_^xTDB_^bMOe�RmCKBt^be�e�P�PAM�^be�\]PAeDe�<ai7c?CbG

�x°.-_°.- / ´%ºZ´«�l³8´�µF¶O�·²�³�3�#�²�³8´%º+¼m¸�µ
�qV7C�T_BD^bM7e�RmCgB�ijC|T v CgCKM�k7C|�H<aNKCge�<?e�\jCgB�RmPAB�huCgknPbMnTDV7C�i7@7eK�LT_VOCoW�X�Y¬NgPAMdT_B�PAcac?CKB�^bN|T_<aMO>
^bet^bMw<aMO<?T_<a^ST_PbB�k7C|�H<aNKCSG�Y[B�C�^bkwRmPAc?caP v CgkwiL{%^ v B�<?T_C$N|{HNKcaC�<?eq\jCgB�RmPAB�huCgk�G
�qV7C�TDB_^bM7ezRmCKB�NKPAMdT_B�PAc]@7M7<?T�e�T_^bB�TDe�T_VOC�kl^ST_^}T_BD^bM7ezRmCKB�Pb\jCgB_^STD<aPAM v V7CKMw^FN)Vl^bM7M7Cgc�<ae

eDCgcaCgNgT_Cgk%id{uTDV7C�N)Vl^SM7M7CKc�^bBDi7<�T_CgB�@7MO<?T�G=�qV7C�PA\]CKBD^ST_<?PAM�ezT)^bBzT_e�id{nT_V7CtT_BD^bM7e�RmCgB:NKPbMLTDBDPAc
BDCK^bk7<?M7>¢T_V7CwN)Vl^bMOM7CKc�BDCg>A<aezT_CgBDe�RmBDPbh4T_V7CwB�CK>A<?e�T_CgBx@7M7<�T�G��qV7CgeDC�BDCK>b<ae�TDCKBx�S^bca@OCKep^bB�C
@7e�CKkZTDPpNKPAMdT_B�PAc�T_VOCFk7^ST)^�T_BD^bM7ezRmCKB�PA\]CKB_^`T_<aPbM�G

�qV7CFkl^ST)^�TDB_^bM7ezRmCKB�PA\]CKBD^ST_<?PAM%N�^bM�i]CFkO<?�H<ak7Cgkw<aMdT_PxT v P�eD@Oi7eDCgJH@OCKM7NgC�PA\]CKB_^`T_<aPbM7e<�
Á BDC�^SkZPA\]CKBD^ST_<?PAM�¨O^bM7k Á v B�<?T_C$Pb\jCgB_^STD<aPAM�¨�G
s�M­TDV7C Á BDCK^bk6PA\jCgB_^STD<aPAM�¨?��T_V7CwT_BD^bM7ezRmCKBpNKPAMdTDBDPAc�<aMO<?T_<a^ST_Cgex^ Á kl^`T)^�BDC�^Sk�¨�T_B_^SM7e�RmCgB

RmBDPbh®T_VOC�e�PA@7B�NKCwk7Cg�H<?NKCbG��qVOC�e�PA@7B�NKC�k7Cg�H<aNgC�^bk7k7B�CKeDep<?e�T)^b�SCKM¡RmBDPAh§T_V7CZI�B�NKY�kOk7B
BDCg>A<aezT_CgB�^bMOk�kl^ST_^QeD<? KC�<?e'T_^b�bCgM�RmBDPAh	TDV7C�NgPAMdT_B�PAcjB�CK>A<?e�TDCKBK�HT_V7CgeDC��S^bc?@7CKe�^bBDCoBDCgJH@O<aBDCgk
T_P�<?M7<?TD<©^STDC�T_V7CqTDB_^bM7ezRmCKBgG�s.R�TDV7C�eDPA@7B�NKCtk7Cg�H<?NKCtM7CKCgk7e�\]CKB�<a\7VOCKB_^Scle�{HM7N)V7B�PAM7<a K^ST_<?PAM��dT_VOC
T_BD^bM7ezRmCKB�NKPAMdTDBDPAcf^bc?eDPp^bN)�LM7P v c?CKk7>ACgeoTDV7C�k7Cg�H<aNgC v V7CKMZkl^ST)^x<?eqBDCKNgCK<��ACKk�G
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YoR~TDCKB$>AC|TDT_<?M7>�T_VOCxkl^ST)^�RmB�PAh°TDV7CxeDPb@7BDNgCxk7Cg�H<aNgCb�9T_VOC�T_B_^SM7e�RmCgB$NKPAMdT_B�PAc�@7MO<?T$\]CKB±�
RmPAB�hue�TDV7C Á v BD<?TDC�PA\]CKBD^ST_<?PAM�¨�e�CKM7kO<aM7>�T_VOC¢kl^ST)^�TDP�T_V7C�k7Cge�TD<aMl^STD<aPAM�k7Cg�H<aNgC�<aM�T_VOC
e_^ShuC%hu^bM7M7CgBn^bep<?Tx\]CKBzRmPABDhne�T_V7C Á BDCK^bk­Pb\jCgB_^STD<aPAM�¨���i7@OTnk7Cge�T_<?Ml^STD<aPAM6^bk7kOBDCKe�e�^SM7k
PbTDV7CKBnk7CKezT_<?Ml^ST_<?PAM6k7Cg�H<aNgCb¨²e�NgPAMOyl>A@OB_^STD<aPAM7eu^bB�CZ@7e�CKk�<?M7e�TDC�^bk­PbR�TDV7C�eDPA@7B�NKCZk7Cg�H<aNgC
NKPbMOyl>A@7BD^ST_<?PAM7eg�7eDP Á k7^ST)^ v BD<�T_CS¨7T_B_^SM7e�RmCgBt<?eq\jCgB�RmPAB�huCgk v <?T_V%TDV7C�k7CKezT_<aM7^ST_<?PAM%k7Cg�H<?NKCbG

W�@7BD<?M7>�T_VOC Á B�C�^bk�Ä v BD<?TDC�PA\]CKBD^ST_<?PAM7eK¨ v V7<aN)V�T_VOC�T_B_^SM7e�RmCgB$NKPAMdT_B�PAc�\]CKBzRmPABDhne v <?TDV
T_VOC�i7@7eg��B�CK>A<?e�TDCKB'@7\jk7^ST_C�^bM7k v B�<?TDCoil^SN)�nPb\jCgB_^STD<aPAMnN�^bM�ijCt\jCgB�RmPAB�huCgk�NgPAM7NK@OBDBDCgMdT_c?{
v <?TDV6TDV7C�BDCK>b<ae�TDCKBn@7M7<�T�G Á I�PA@OBDNKC�ÄSk7Cge�T_<?Ml^STD<aPAM­^bk7k7B�CKe�eDCKe�<aM7NgBDCKhnCKMdTK¨�^SM7k Á³� PA@7MdT_CgB
k7CgNKBDCghuCgMdT�¨HNKPAMOy7>A@7B_^`T_<aPbM7e�<?MnTDV7CtNKPAMdT_B�PAc"BDCg>A<aezT_CKB�^bB�Co@7e�CKk�TDPQk7C|T_CgBDhn<aM7CqT_VOC�M7CgNKCKe±�
eD<�T�{�PbRqe�\jCgNK<?y7NuB�CK>A<?e�T_CgB}@O\jkl^`T_<aMO>7G��qV7Cu^bk7k7<�T_<?PAMl^bc�PA\]CKBD^ST_<?PAM Á N)V7^bM7M7Cgc�k7<?e_^bi7c?Cb¨9<?M
v V7<?N)VwTDV7C�CKMl^Si7caC$i7<�Tq<aM�TDV7C�NKPAMdTDBDPAc�B�CK>A<?e�TDCKBq<aeqB�CKe�CgT�T_PxezT_PA\�kl^ST_^QT_B_^SM7e�RmCgB�RmPbB�T_Vl^`T
N)Vl^bMOM7CKcf<ae�^ScaeDPp\]CKBzRmPABDhnCKkw<?RfTDV7C�NKPA@7MdTDCKB��b^Sca@7C$<?eqk7CKNgBDCKhnCKMdTDCKkZTDPp KCKB�P7G

�x°.-_°ª´ µô²f�6¼Ó¶VºZ²�³¶�¹¸�·«·¸�/µ/¼±��´%º+¼m¸�µ¹0 ¸�º/²�»m¶

� PAhnh�@7M7<?N�^STD<aPAM%i]CgT v CKCgM¥T_VOCFTDB_^bM7ezRmCKB�NKPbMLTDBDPAcf@7MO<?T�<aMwT_VOCFTDB_^bM7ezRmCKB�CKMO>A<aM7CF^bMOkZT_VOC
N)Vl^bMOM7CKc?eUB�CK>A<?e�T_CgBf<aM�T_V7C'BDCg>A<aezT_CKBf@7MO<?T�NKPA@OcakF@7eDC�T v Pok7<?¤jCKB�CKMdTUhuPHk7CKc?e v <?TDV}B�CKeD\]CKN|TUTDP
eD<? KC�PbR�kl^ST)^�i7@7e'NKPbM7M7CKN|T_<?M7>FTDV7CKh�G��qV7<?e�<ae�k7<?¤jCKB�CKMdT�RmBDPAh¸NKPAhnh�@7M7<?N�^STD<aPAMOe�ijC|T v CgCKM
T_VOC�W�X�Y6NgPAMdT_B�PAcac?CKB9^bMOk�XZY��o»�¼�� v V7<aN)V}<ae9BDCge�TDBD<aN|T_Cgk}id{$T_VOC�X�Y��t»:¼f�¥<aMdT_CgB�Rª^bNgCKeg�
PAM7c�{%^xMl^bB�BDP v iO@7eoNK^bMwijC�@7e�CKk�G

½°¾;¿fÀ�ÁxÂ�Ã�Ä}ÅjÆ�ÆÇÂ�È�¾;ÉAÊOË�¾ªÅ]È

�qV7<?e�hnP�k7Cgc�@7eDCge%^ v <?k7C¥i7@OeuRmPABnNKPAhnh�@7MO<aN�^`T_<aPbM���^Scac�BDCg>A<aezT_CKB�e�<?M�^£N)V7^bM7M7Cgc�^bB�C
BDCK^bk�Ä v B�<?T�T_CKM£^STFPAM7NgCbGu�qV7<aeF^bc?caP v e$BDCg>A<aezT_CKB$�S^bc?@7CxT_B_^SM7e�RmCgB}i]CgT v CKCgM�T_V7CgeDCpT v PZ<aM��
T_CgBDMl^Sc=@7M7<�T_e�<?M¥T_VOCpW�XZY	NKPbMLTDBDPAc?caCgB v <�T_V¢V7<?>AV�CB÷nNg<aCKMONg{A�f^Sc?T_VOPA@7>AV�<�T$^bc?eDP�NgPAe�TDe�^
ML@7h�i]CKB�PbR v <aB�CKe:^SM7k�T_VOC�T_BD^bM7e�RmCgB�NgPAMdT_BDPbc�M7CgCKk7e:C��HT_B_^�ezT_PABD^b>ACtT_PQezT_PAB�C�T_VOC�BDCg>A<aezT_CgB
�S^bca@OC$M7CKCgk7CKkZ<aM%T_V7C�ca^ST_CgB:eDCgJH@OCKM7NgC�PbR�T_V7C Á kl^ST)^ v B�<?T_CS¨lPA\]CKB_^`T_<aPbM�G

Y[k7<©^S>AB_^bh�PbR�T_VOC$BDCK>b<ae�TDCKB:NgPAhnh�@7M7<?N�^STD<aPAMu@7eD<?M7> v <ak7C$<?MLTDCKB�Ml^bc�iO@7e�<ae:e�V7P v MZ<?M
yl>A@OBDC}E�G Ã G
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REGISTER UPDATE

REGISTER WRITE
&

REGISTERS READ

DATA READ

DATA WRITE

MARBLE BUSINTERNAL BUS

Ñ=<a>A@OBDCFE�G Ã�Í ��CK>A<?e�T_CgBqNKPAhnh�@7MO<aN�^`T_<aPbM v <?TDV v <?k7C�i7@7e

ÎZÊOÏ`ÏÐÅHÑ¹ÁxÂ�Ã�Ä}Å]Æ�Æ�Â�ÈU¾ªÉAÊOËÐ¾mÅ]È

�qV7<?e¢huPHk7CKcQ@7eDCge�^!Ml^bB�BDP v i7@7e¢RmPAB¢NKPbhuh�@OM7<aNK^ST_<?PAM��FPAM7c?{1PAM7C�B�CK>A<?e�T_CgB¢N�^bM�i]C
BDCK^bk�Ä v B�<?T�T_CKM�^ST�^�T_<ahnCbG��qV7C�TDB_^bMOe�RmCKB=NKPAMdT_B�PAcH@7M7<?T v PA@7cakQe�T)^SB�T=TDV7C:NgPAhuhQ@7M7<aNK^ST_<?PAM7e
id{ÇBDC�^Sk7<aM7>ZNKPAMdTDBDPAc'BDCg>A<aezT_CKB�T_PZk7CgTDCKB�hu<?M7CnTDV7CuTDB_^bMOe�RmCKB}NKPAM�yl>A@7BD^ST_<?PAM7e�ylBDezT�Gws�M7<?TD<��
^STD<aM7>n^pkl^ST)^nBDCK^bk�RmB�PAhÒT_VOC}e�PA@7BDNgC}kOCg�H<aNgCQBDCgJL@7<aB�CKe Á kl^`T)^peD<a gCb¨�� Á eDPb@7BDNgC}k7C|�H<aNKC}@7eDCge
e�{HM7N)VOBDPAM7<? �^STD<aPAM�¨?�l^SM7k Á e�PA@7BDNgC�k7Cg�H<aNgC�s±W�¨ONKPbMOyl>A@7BD^ST_<?PAM7e:RmB�PAh�TDV7C$NKPAMdTDBDPAc�B�CK>A<?e�TDCKBKG
�qV7C$�S^bca@OCKe�PbR�T_V7C�NKPbMLTDBDPAc9B�CK>A<?e�TDCKB�^bB�CFezT_PAB�CKkwRmPABqc©^`T_CKBq@OeDCKk�G

�qV7CwT_B_^SM7e�RmCgBnNgPAMdT_B�PAcqT_V7CgM­B�C�^bk7epT_VOC¥IHBDNKYok7k7BnBDCg>A<aezT_CKBn^bMOk­\]CKBzRmPABDhnen^ Á kl^ST_^
BDCK^bk�¨�Pb\jCgB_^STD<aPAM À v <?TDV6XZY��t»:¼f�4Â|��<�R�^�e�PA@7B�NKC�^bk7k7B�CKe�en<?M7NKB�CKhnCKMdTp^SR~TDCKBQTDV7C%kl^ST_^
T_BD^bM7ezRmCKBF<aeFBDCKJL@7<?BDCgk�T_V7CneDPb@7BDNgC�^bk7kOBDCKe�e v <ac?c�ijCu^bk7kOCKk�TDPZT_VOC Á kl^ST_^ZeD<? KCS¨U^SM7k�T_VOC
M7C v �S^bca@OC�<ae v B�<?T�T_CKM¡il^SN)��T_P¢T_VOC%BDCK>b<ae�TDCKBx@7MO<?T�G£�qV7C Á kl^ST)^¢B�C�^bk�¨=PA\jCgB_^STD<aPAM¡^SM7k
Á eDPA@7B�NKC}^bk7k7B�CKe�eo@7\]kl^STDCsÄ v B�<?TDC|��i7^bN)�"¨lPA\jCgB_^STD<aPAM%NK^bM�ijC�\]CKB�RmPbBDhnCKkwNKPAMONK@7B�BDCKMdTDc?{AG
YoR~TDCKB�T_VOC�kl^ST_^�<ae�B�CKNKCg<?�bCKk�RmBDPAhÓT_V7CQeDPA@7B�NKCpk7C|��<?NKCS��T_V7C Á kl^ST_^ v BD<�T_Cb¨jPA\]CKB_^`T_<aPbM

<ae$\]CKBzRmPABDhnCKkÇ^SR~TDCKB$T_VOCpTDB_^bMOe�RmCKB�NgPAMdT_BDPbc�@7M7<?T�V7^be�BDC�^SkÇTDV7CnW�e�T_Yok7k7B�BDCg>A<aezT_CgB�RmBDPAh
T_VOCZB�CK>A<?e�T_CgBp@7M7<?TKG�W$^ST_^Ç<?e v BD<?T�T_CgM6TDP£T_VOCZk7Cge�TD<aMl^STD<aPAM¡k7C|�H<aNKCZNKPAMONK@7B�BDCKMdTDc?{ v <?TDV
W�e�TDY�k7kOBt@O\jkl^`T_<aMO>p^bM7k v BD<?TDC|�.il^bN)��<?MwTDV7C�e_^bhnC$hu^bM7M7CgB v <?T_VwT_VOCFB�C�^bkwPA\]CKBD^ST_<?PAM�G
s.R�T_V7C Á NKPb@7MdT_CKBQk7CKNgBDCKhnCKMdTK¨�NKPAM�yl>A@7BD^ST_<?PAM�<ae}eDC|T���T_VOC�T_BD^bM7e�RmCgB�NKPbMLTDBDPAc�@7\]kl^ST_Cge

T_VOCxNKPA@7MdTDCKB�BDCg>A<aezT_CKB$id{¢B�C�^bkO<aM7>%T_VOC � PA@7MdTFBDCK>b<ae�TDCKBg�9k7CKNgBDCKhnCKMdTD<aM7>w<?T$^bM7k v BD<?TD<aM7>
T_VOC$M7C v NKPA@OMLTDCKB:�S^bc?@7C�il^bN)�uT_P�T_VOC�BDCg>A<aezT_CKBq@OM7<?TKG�s.RfT_V7C$M7C v NgPA@7MdT_CgB:�b^Sca@7C�<?e: KCgBDP7�
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T_VOCFN)V7^bM7M7Cgc�kO<ae_^Si7caC$<?e�^bcae�Px\jCgB�RmPAB�huCgk v VOCKMZTDV7C�NKPA@OMLTDCKBtBDCg>A<aezT_CKBq<?e v BD<�TDT_CgMZi7^bN)�"G
Y�k7<a^b>ABD^bhÖPbRlk7^ST)^�T_B_^SM7e�RmCgB=PA\]CKBD^ST_<?PAM}@OeD<aMO>�Ml^bB�BDP v <aMdTDCKBDM7^bcLi7@7e v <?kOT_VQ<ae�eDV7P v M

<aM%yl>b@7BDC}E�G Æ G
»�{£NKPAhn\l^bB�<aM7>�yl>A@7B�CKenE�G Ã ^bM7k�E�G Æ <?T�NK^bM�i]C�eDCgCKM�T_V7^ST�T_VOC�NKPAMdTDBDPAc'PA\]CKB_^`T_<aPbM

v V7CgM£@7e�<aM7>Z^ v <ak7CxiO@7e}<?e$h�@7N)VÇeD<?hu\7c?CKBtT_Vl^bM v V7CgM�@7e�<aM7>�^%Ml^bB�BDP v i7@OeKGps�M¢T_V7<?e
k7CgeD<a>bMwTDV7C v <ak7C�i7@Oet<?e�N)V7PAeDCgM�G

�qV7C�<aM7k7Cg\jCgM7k7CgM7NKC�PbRtT_V7CZXZY��o»:¼f�	i7@OenB�C�^bk8Ä v BD<�T_CwPA\]CKB_^`T_<aPbM7ex^bM7k6BDCg>A<aezT_CgB
BDCK^bk�Ä v B�<?TDC}PA\]CKBD^ST_<?PAM7e�NKPb@7cakZcaC�^SkZT_P�^u\7B�PAi7c?CKh v V7CgM¥T_V7C}c©^bezT�k7^ST)^n<?T_CghÒ<ae�T_BD^bM7e±�
RmCKB�BDCgk�G�s.R�^�N)V7^bM7M7Cgcq<aexeDC|TpT_P¢<aMdTDCKBDB�@7\OTxTDV7Cw\7BDPHNKCgeDeDPbB À k7CK\]CKMOk7<aM7>�PAM�TDV7C%NKPAB�BDC��
eD\]PAM7kO<aM7>}i7<?T'PbR9s±�x¿[X¥^beD�nBDCg>A<aezT_CgByÂ�T_V7Co\7BDPHNKCgeDeDPbB�NKPb@7cakuijCt<aMdT_CgBDB�@7\OT_Cgk�i]CgRmPAB�CoT_VOC
kl^ST_^ÇTDB_^bM7ezRmCKBn<aepylM7<?eDV7Cgk��:eD<?M7NKC�T_V7C�PA\]CKBD^ST_<?PAM­\]CKBzRmPABDhnCKk v <?TDV7<aM¡T_V7CZW�XZY,NKPAMH�
T_B�PAcac?CKB À v BD<�T_<aMO>¢M7C v BDCK>b<ae�TDCKBx�S^bca@OC�T_P¢T_V7CwB�CK>A<?e�T_CgBp@7M7<?TyÂ v <ac?c�i]CwRª^Se�T_CgBxT_Vl^bM¡T_VOC
kl^ST_^�T_B_^SM7e�RmCgB�\jCgB�RmPAB�huCgk v <�T_VxT_VOCqi7@7e À B�C�^bkxRmBDPbh¸eDPb@7BDNgCtkOCg�H<aNgC�TDPFW�XZY!NKPAMdTDBDPAc?caCKB
^bM7k v BD<?TDCtRmB�PAh«W�XZY¬NKPAMdT_B�PAcac?CKB�T_P}k7CKezT_<aM7^ST_<?PAM�k7C|�H<aNKC�Â|G���P�eDPbc?�ACtT_V7<?e�\OBDPAi7c?CKh×T_VOC
BDCg>A<aezT_CgB�@7\jk7^ST_<?M7>@Ä v B�<?T_<?M7>�PA\]CKBD^ST_<?PAM�RmPAB�TDV7C�c©^bezT�T_B_^SM7e�RmCgB�h�@7e�T�T_^b�bC�\7ca^bNKC�^SR~TDCKB�T_VOC
T_BD^bM7ezRmCKB�PA\]CKB_^`T_<aPbM%<aeqNKPbhu\7c?CgTDCKk�G

�x°.-_°�� �_º+¸�#¹�l³8´�µF¶��·²�³¬3�#n²�³8´%º+¼Ó¸6µ
�qV7CxezT_PA\�TDB_^bM7ezRmCKB�Pb\jCgB_^STD<aPAM�<?e�\]CKB�RmPbBDhnCKk¢^SR~TDCKB�TDV7C�ca^be�T�kl^ST)^�<�T_Cgh°PbR'^%W�X�Y	eDC��
JL@7CKMONKC�<?e�T_BD^bM7e�RmCgBDB�CKk�G'I�<?M7NKCqTDV7C�CKMl^biOcaC�NKPAM�yl>A@7BD^ST_<?PAMp<aMxT_V7CoW�XZY!N)Vl^SM7M7CKc]NKPbMLTDBDPAc
BDCg>A<aezT_CgBF<?e$@7eDCgk£RmPAB�e�CKM7k7<?M7>wT_V7CpBDCgJL@7CKezTQRmPAB$kl^`T)^%T_B_^SM7e�RmCgB�TDP%T_V7CpT_BD^bM7e�RmCgB�CKM7>A<?M7Cb�
T_VO<ae'NKPAMOy7>A@7B_^`T_<aPbMuh�@Oe�T�ijCtN)Vl^bM7>bCKk�i]CgRmPAB�CtTDV7C�W�X�Y�PA\]CKBD^ST_<?PAMn<ae�NKPAhn\7c?CgT_Cgk��HPbT_V��
CKB v <ae�CFTDV7CFTDB_^bMOe�RmCKBtCKMO>A<aM7C�hu^�{wBDCKNgCK<��AC�T_V7CFM7C|�HT�BDCKJL@7Cge�ToRmPABqT_B_^SM7e�RmCgBoC|�ACKMZT_V7PA@O>AV
^bc?c�kl^ST_^n<�T_Cghue:V7^��bC}i]CKCgM�TDB_^bMOe�RmCKB�BDCgk�G
�qV7C�ezT_PA\ÇT_BD^bM7e�RmCgB}Pb\jCgB_^STD<aPAM�<aeF\]CKB�RmPbBDhnCKk v V7CKM�TDV7Cp�b^Sca@7Cge}PbR�NKPA@OMLTDCKB}CKJL@l^bc?e

 KCgBDP�^SR~TDCKB�@7\]kl^STD<aM7>OG$�qV7CxT_B_^SM7e�RmCgB�NKPAMdTDBDPAc�@OM7<?T v B�<?TDCKe$^�k7<?e_^biOcaC�N)Vl^SM7M7CKc��S^bc?@7C}TDP
T_VOCuNgPAMdT_BDPbc�B�CK>A<?e�T_CgBKG�I�<?M7NKCpT_VOCuPAMOc?{�NKPbMOyl>A@7BD^ST_<?PAMÇi7<?T�T_V7^STQMOCKCKkOeQT_PZijCnN)Vl^bM7>bCKk
<ae�T_V7C$CgMl^bi7c?C$i7<?TK� v BD<�T_<?M7>QT_P�TDV7C$NKPbMLTDBDPAc�BDCK>b<ae�TDCKB v <?cac�^b@OT_Pbh�^STD<aNK^bcac�{xeDC|TqT_V7C$CgMl^bi7c?C
i7<�TqT_Pp<?TDe Á k7<?e_^biOcaCb¨��b^Sca@7CSG
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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 BUSINTERNAL BUS

DATA WRITE

Ñ=<a>A@OBDCFE�G ÆOÍ ��CK>A<?e�T_CgBqNKPAhnh�@7MO<aN�^`T_<aPbM v <?TDV�M7^bBDB�P v i7@7e
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YoR~TDCKB�T_VOCnCgMl^bi7c?Cxe�T_^ST_Cx<?M£^%N)Vl^SM7M7CKc;¨ße�NgPAMdT_BDPbc�BDCg>A<aezT_CKB$<?e$N)Vl^bM7>bCKk�T_P Á kO<ae_^Si7caCS¨?�
T_VOC�NKPbBDBDCgeD\]PAM7k7<?M7>¥iO<?T}<aM£TDV7C Á³� Vl^bMlIHT)^STD@7eK¨UBDCg>A<aezT_CKB}<aeFeDC|T�id{�^�BDCgJH@OCKe�TQRmBDPAh¹T_VOC
N)Vl^bMOM7CKc;¨ße$NgPAMdT_BDPbc=BDCg>A<aezT_CgBKG$�qV7C�>bcaPAil^ScUB�CK>A<?e�T_CgB�@7MO<?T v V7<?N)V¢NKPAMdT_^b<aM7e Áà� Vl^SM"IHT)^`T_@7eg¨
^bM7k Á s±�_¿�X¥^beD�"¨�BDCg>A<aezT_CgBDen^bM7k6Vl^bM7kOcaCKepT_VOC�<?MdT_CKB�BD@7\�TuB�CKJL@7Cge�TueD<a>bMl^bcq\]CKB�RmPbBDhnep^bM
Y � W�PA\]CKBD^ST_<?PAMpijC|T v CgCKM�TDV7CKe�CoT v PQBDCg>A<aezT_CgB'�S^bc?@7CKe'^bM7kuB_^b<?eDCge'TDV7Cos±�x¿�eD<?>AMl^bcl<�R�T_VOC
BDCgeD@7c�T�PbR�Y � W¸Pb\jCgB_^STD<aPAMZ<ae�MOPbT� gCKBDPOG�Y¸kO<©^b>ABD^bháPbR�TDV7CQ>Ac?PAil^bcfB�CK>A<?e�T_CgBDe�^bM7k�V7P v
T_VOCg{%B�CKc©^`T_C�T_PpT_VOCFs±�x¿�eD<?>AMl^bc�<aeqeDVOP v MZ<aM%yl>A@OBDC�â7G Æ G

�qV7<aephnCKN)Vl^SM7<ae�hãeD<ahn\7c?<?ylCgeQT_V7CwPA\]CKBD^ST_<?PAM¡PbR�V7^bM7k7c?<aM7>�TDV7CZs±�x¿°eD<?>AMl^bc;� v VOCKM
T_VOCu\7B�P�NgCKe�eDPAB}BDC�^Sk7e}RmB�PAh � Vl^bM"ILT)^STD@7eQPAB�s±�_¿$��CKJL@7Cge�TxB�CK>A<?e�T_CgBDeg��T_V7C � Vl^bM"ILT)^STD@7e
BDCg>A<aezT_CgBF�S^bc?@7C v <acac�i]CnBDCKe�CgT�^bM7k£TDV7C�s±�x¿�eD<a>bMl^bc v <ac?c�ijCnk7B�PA\7\]CKk�G%�qV7Cu\7BDPHNKCgeDe�PAB
v BD<�T_<?M7>QT_P}T_V7C$NgPAMdT_BDPbc�BDCg>A<aezT_CKB v V7CKMw\7B�PA>AB_^Shuhn<aM7>}^xW�XZY[N)Vl^SM7M7CKc v <acac]N�^S@7eDC$T_VOC
NKPbBDBDCgeD\]PAM7k7<?M7>pi7<?T�<?M%T_V7C � Vl^bMlIHT)^STD@7etBDCK>b<ae�TDCKB:TDPnB�CKe�CgT�G

ëTÉmÈ Ëwä�Î�Ïiþ/ñ Ïiþ$��ðlÌ�Ï�ò>þ$� ó�î ï�ä�þ ù ú ü ò�ðKîeïiÏiðnå�å<þFÏ

��P�\jCgB�RmPAB�h4W�X�Y�T_BD^bM7ezRmCKBQRm@7MONgT_<?PAM7eg�=T_V7C�W�XZY�NgPAMdT_BDPbcacaCgB}MOCKCKkOe�T_P¢^bN|Tp^be}ijPbTDV
<aMO<?T_<a^ST_PbBok7C|�H<aNKCn^bMOk�T_^bBD>bCgT�k7C|��<?NKCSGx�qV7C�W�X�Y×N)Vl^bM7M7Cgc�M7CKCgk7e�T_PwijCp\7B�PA>ABD^bhuhnCKk
id{%T_V7CF\7B�P�NgCKeDe�PABtijC|RmPABDC$T_VOCQW�XZY[TDB_^bM7ezRmCKB�PA\]CKBD^ST_<?PAMwN�^bM�e�T_^bB�TKG:W�@7B�<aM7>xT_VO<ae:T_<?huC
T_VOCwW�XZYáNKPAMdTDBDPAc?caCKBQ^bNgTDen^bep^¥T)^bB�>ACgTpkOCg�H<aNgC v V7<aN)V6BDCgNKCK<��ACgenB�C�^bk8Ä v BD<�T_C%BDCgJL@7CKezT_e
RmBDPbh�T_VOC}\7B�P�NgCKe�eDPABgG�ÇæVOCKMZTDV7CFW�XZY¶NKPAMdTDBDPAc?caCKB�\jCgB�RmPAB�hue�^pkl^ST_^xTDB_^bMOe�RmCKBg�l<?T�<?M7<?TD<��
^STDCKetBDC�^Sk�Ä v BD<�T_C�BDCgJL@7CKezT_e�TDPue�PA@7BDNgCsÄSkOCKe�TD<aMl^`T_<aPbM¥k7C|��<?NKCgeoT_PpT_BD^bM7ezRmCKBtkl^ST)^�G�s�MZTDV7CKe�C
PA\]CKBD^ST_<?PAM7e:T_VOC}W�X�Y[NKPAMdT_B�PAcac?CKBq^SNgT_et^bet^bM�<aMO<?T_<a^ST_PbB�k7C|�H<aNKCSG

s�MwijPbTDV�N�^SeDCKeg�7T_V7C�W�X�YÖBDCg>A<aezT_CKB�eq^bB�C$^bNKNgCKe�eDCKkZid{�CK<�T_V7CgB�T_VOC�\7BDPHNKCgeDe�PAB:�H<©^QT_VOC
T)^SBD>AC|Tu<?MdT_CKBzRª^bNKCwPABpid{¡<?TDe�T_BD^bM7e�RmCgBuNgPAMdT_B�PAcq@7M7<�Tx��<a^Ç<�T_exP v M�<?MdT_CKB�Ml^bcqi7@OeKG!IH<aM7NgC
T_VOCKeDC�PA\jCgB_^STD<aPAMOe}PHNKNg@7BQ<?M�^bM�^be�{HM7N)V7B�PAM7PA@Oexe�{He�TDCKh���M7PbTDV7<aM7>ZN�^bM�>A@l^bBD^bMdT_CKCnT_Vl^`T
i]PbT_V�TDV7C�\7B�P�NgCKeDe�PABp^bM7k�TDV7C�TDB_^bM7ezRmCKB�NgPAMdT_B�PAc�@7MO<?T v <?cac�M7PbTxB�CKJL@7Cge�Tn^bNgNKCKe�exT_P�T_VOC
BDCg>A<aezT_CgBDe�eD<?h�@7c?T_^bM7CgPA@7eDc�{AG�Y[hnCKN)V7^bM7<ae�h�T_PnVl^bMOk7ca<?M7>�T_V7CgeDC�BDCgJL@7CKezT_e�<?eqBDCgJH@O<aBDCgk�G

I�PAhnC$huCgN)Vl^bM7<?eDhneqT_Vl^ST�V7^bkZi]CKCgMZ<?Md�ACKezT_<?>d^ST_Cgk¥^SBDC Í

� W�@l^Sc���\]PABzT_CKk�huCghuPABz{
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� ��CK>A<?e�TDCKBqcaPHN)�L<aM7>

� YoBDi7<�T_B_^`T_<aPbM

�x°ª´L°�
 /Ö�F´�»rçS�G¸4³Zº+²fºè0 ²�· ¸�³7é
W�@l^bcê��\]PAB�TDCKk�hnCKhnPABz{�NKPb@7cak¢i]Cp@7eDCgkÇTDP�<?hu\OcaCKhnCKMdToT_V7CnW�XZY×B�CK>A<?e�T_CgBDegGxs.TF^bcac?P v e
T v Pn@OM7<?TDe�T_Px\]CKBzRmPABDh«BDCK^bkwPA\jCgB_^STD<aPAMOe v <?TDV�T_V7C�B�CK>A<?e�TDCKBDeqe�<ah�@Oc?T)^SM7CKPA@OeDc?{bG�&oP v Cg�bCKB
<?RUPAM7CF@7M7<�T�\jCgB�RmPAB�huet^ v BD<�T_C�PA\]CKB_^`T_<aPbMZ^SM7k�TDV7CFPbT_V7CgB�@7M7<?Tt\]CKBzRmPABDhne�CK<?TDV7CKBt^pBDCK^bk
PAB v BD<?TDCQPA\]CKBD^ST_<?PAM��]eDPAhnC�^Sk7k7<?TD<aPAM7^bc9huCgN)Vl^bM7<?eDh,<aete�TD<acacfM7CgCKk7Cgk¢T_P�\7B�Cg�bCKMdTF^�kl^ST_^
NKPbMOël<aN|T�G�Yocae�P�TDV7Cu\OBDPAil^Si7<ac?<?T�{�PSR�T_VOCuB�CK>A<?e�T_CgBDeFijCg<aM7>�BDCgJL@7CKezT_CKk�id{Çi]PbT_VÇ@7M7<�T_eFeD<��
h�@7c�T)^bMOCKPA@7e�c?{Q<ae�caP v �LeDPF<?T�<ae�M7PbT�M7CgNKCgeDe_^SB�{pT_PF\jCgB�RmPAB�h¸T_VOCKeDCtPA\]CKBD^ST_<?PAM7e�<aMp\l^SB_^bc?caCKc;�
PAM7Cq@OM7<?T�NgPA@7c?k v ^b<�T�@7MdT_<?c�TDV7C:ylBDezT'PAM7C�ylMO<aeDVOCKe�ijC|RmPABDCq<�T�>AC|T_e�<�T_e=TD@7BDM v <?TDV7PA@OT�h�@7N)V
Cg¤jCKN|T�PAMZT_V7C}\jCgB�RmPAB�h�^bMONKCFPbR�T_V7CQW�XZY�NKPAMdT_B�PAcac?CKBgGt�qVO<ae�hnCgTDV7PHk�^bc?eDP�MOCKCKkOe�JL@7<?TDC
^xc©^bB�>AC�^bB�C�^xPbRUeD<ac?<aNgPAM�T_Pp<ahn\7c?CKhnCKMdT v V7CgMZNgPAhu\7^bBDCgk v <�T_VwPbT_VOCKB�huC|T_V7PHk7egG

�x°ª´L°�± µô²f�6¼Ó¶VºZ²�³8¶�»m¸��"ì�¼Dµ��
ÇæV7CgMw^�W�XZY1N)V7^bM7M7Cgc�<ae�\7BDPA>bB_^bhnhuCgk�^SM7k%CKMl^Si7caCgk�id{uTDV7C�\7B�P�NgCKeDe�PABK��T_V7C�N)V7^bM7M7Cgc
BDCg>A<aezT_CgBDe�NgPA@7cak¥ijC�c?P�N)�SCKk¢id{¥TDV7CxW�XZYíNKPAMdTDBDPAc?caCKBo@7eD<?M7>%^uël^b> v V7<aN)V¢NK^bM¢i]C�BDCK^bk
id{£TDV7C�\OBDPHNKCKe�eDPABg�=T_VOC�\7B�P�NgCKeDe�PAB�h�@Oe�T�MOPbT�B�C�^bk�PbB v B�<?T_CpT_V7^ST�N)Vl^SM7M7CKc;¨ßeQBDCK>b<ae�TDCKB�e
@7MdT_<?c=T_VO<ae�ë"^b>w<?e$NKcaCK^bBDCgk�G{ÇæV7<ac?e�T�TDV7CnW�XZY�NKPAMdTDBDPAc?caCKB�\jCgB�RmPAB�hue$kl^`T)^�T_BD^bM7e�RmCgBDe�<?T
N�^SM�^bNgNKCKe�e�TDV7<ae'N)Vl^bM7MOCKcr¨²e'BDCK>b<ae�TDCKB�e�eD^SRmCKc�{j� v V7CKMnT_V7Cokl^ST_^�TDB_^bM7ezRmCKB'<ae�ylM7<?eDV7Cgk�<?T v <?cac
NKc?C�^bBxTDV7C%ë"^b>£^bM7k�c?CgTpT_VOC�\OBDPHNKCKe�eDPABuVl^��ACZ^bNKNgCKe�euT_V7^STnN)Vl^bM7M7Cgcr¨²e�B�CK>A<?e�T_CgBDen^b>d^S<aM�G
�qV7<?e�hnCKN)Vl^SM7<ae�h�^ScacaP v e�i]PbT_Vu\7BDPHNKCgeDeDPbBq^bM7knT_V7C�W�XZY�NgPAMdT_B�PAcac?CKBK¨²e�T_B_^SM7e�RmCgB�NKPbMLTDBDPAc
@7M7<�T'e_^SRmCt^bNgNKCKe�eKG'&oP v Cg�bCKB�TDV7<ae�NK^b@7eDCge:^�\7BDPbi7caCgh	<aMpT_Vl^`T'TDV7CoW�XZYæPA\jCgB_^STD<aPAMpNK^bM�¨îT
i]C%<aMdT_CgBDBD@O\OT_Cgk6id{�TDV7C%\7B�P�NgCKeDe�PABK�qPbM7NKC�TDV7CwW�XZYáPA\]CKBD^ST_<?PAM�Vl^bexezT)^bBzT_CKk¡<�Txh�@7ezT
NKPbMLTD<aML@7C�@7MdT_<?c�<?T�<?e:ylM7<?eDV7Cgk�G

�qV7<ae�i]CKVl^��H<aPb@7Bo<?eqM7PbTtk7CgeD<aBD^bi7c?CFe�<aM7NgC�<?RUeDPAhnCgTDV7<aM7>p>APHCKe v B�PAM7>uTDV7CFW�XZY¶NKPAMH�
T_B�PAcac?CKB�NKPA@Ocak�V7Pb>�T_V7C:iO@7e�^bM7k�TDV7C:\7B�P�NgCKeDe�PAB�Vl^be=k7<I÷nNK@Oc?T�{}<aM�B�CKNKP��bCKBD<?M7>$T_V7C�e�{He�TDCKh�G
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�qV7C Á RmBDCgCQB�@7M�¨"T�{�\]C�PbR�kl^ST)^pT_BD^bM7e�RmCgB�NKPb@7cakZM7PbT�i]CQ@OeDCKk¢<�R�B�CK>A<?e�T_CgB�c?P�N)�L<aMO>uhnCKN)Vl^Ð�
M7<?eDh�<ae�@7eDCgk%PAM�T_VO<ae:W�X�Y1NKPbMLTDBDPAc?caCgB�i]CKNK^b@7eDC$<�T�NgPA@7c?k�M7C|�ACKBqi]C�ezT_PA\7\]CKk�G�Y�cae�PQT_VOC
caPHN)�L<aM7>%ë"^S> v V7<?N)V�<?eFB�C�^bk£id{¢T_V7Cn\7BDPHNKCgeDe�PABQ^SM7k v B�<?TDTDCKMÇid{¢T_V7CuW�XZY�NKPAMdTDBDPAc?caCKB
e�TD<ac?c�M7CgCKk7eth�@OTD@l^bcac�{�C���NKca@OeD<?�bCQ^SNKNKCgeDegG

�x°ª´L°.- 2õ³"ï/¼�ºZ³8´%º8¼Ó¸6µ
��PxeDPAc��AC�TDV7<ae:�L<?M7k�PbR�\7B�PAi7caCgh�<aM�TDV7C�^be�{HM7N)VOBDPAM7Pb@7e�caPA>A<?N�k7CKe�<a>AM��7^bBDi7<�T_BD^ST_<?PAMu<?e�T_VOC
Rª^��APA@OBD<?TDC$huCgN)Vl^bM7<?eDh�G�s.T v <acacjijC�k7<?eDNg@7eDe�CKk¥<?MwhuPAB�C$k7CgT_^b<ac�<aMwM7C|�HTteDCgNgTD<aPAM�G

ëTÉ·ë ü Ï�ð�óBïiÏiÎYïió<ðKî

ÇæV7CgM�^%eDVl^SBDCKk£BDCgeDPA@7B�NKCu<ae$BDCgJL@7<aB�CKk�T_P�ijCph�@OTD@l^bc?c?{�C���NKca@OeD<?�bCKc�{�^bNKNgCKe�eDCKk�iL{¢T v P
PAB$hnPABDCQPbT_V7CgB$@7M7<�T_eK��^�hnCKN)Vl^SM7<ae�hñT_PwVl^bMOk7caC�TDV7<ae�<?e$M7CKNgCKe�e_^bBz{AGKÑlPAB$C|�O^bhn\7caCQ<?R�^
BDCgeDPA@OBDNKC � <ae�e�Vl^bBDCgk­id{�Y,^bMOk­»o��<?RtYáeDCgM7k7eu^¢BDCKJL@7Cge�Tni]CgRmPAB�Cw»���YáeDV7Pb@7cak¡i]C
>ABD^bMdT_CKk6^bNgNKCgeDen^bM7k6»	h�@7ezT v ^S<?Tx@7MdTD<ac:Y�y7M7<ae�V7CKep<?TDe�PA\]CKBD^ST_<?PAM v <?TDV�T_V7C%e�Vl^bB�CKk
BDCgeDPA@OBDNKCFi]CgRmPAB�C�»¬>AC|Tt<?T_e:TD@7BDM%TDP�^bNgNKCgeDeKG

s�Mæ^�e�{HM7N)VOBDPAM7Pb@7e%e�{He�TDCKh BDCKJL@7Cge�TDewRmB�PAh Yò^bMOk!»ÒNKPA@Ocak�i]C�NgPAM7eD<?k7CKB�CKk!e�CKMdT
eD<?h�@7c�T)^bM7CgPA@7e�c?{�<�RUTDV7Cg{�^SBDCFBDCKNgCK<��ACKkZ<aMwT_V7CFe_^ShuC�NKc?P�N)��Ng{HNKc?Cb�]^bM7kZ\7BD<?PABD<�T_<a K^ST_<?PAM�PbB
PbTDV7CKB�hnCKN)Vl^bMO<aeDhneK�9e�@7N)V�^SeFB�PA@7M7kH��BDPbi7<aM��9NgPA@7c?kÇi]Cp@7eDCgkÇTDPwk7CgTDCKBDhn<aMOC v VO<aN)VÇ@7M7<?T
eDVOPA@7cakZ>d^b<?M¥^bNgNKCgeDe�ylB�e�TKGo�qV7CgeDC�hnCgTDV7PHk7e�^SBDCQ\]PAe�eD<aiOcaC�PAM¥TDV7C}ez{HM7N)V7BDPbM7PA@7e$ez{�ezT_Cgh
i]CKN�^S@7eDCFPbR�T_V7C�k7<?eDNKB�CgTDC�TD<ahn<aM7>QhuPHk7CKc�@7eDCgk¥id{�T_VOCFez{HM7N)V7BDPbM7PA@7eocaPA>A<?N�k7CgeD<a>bM�G

s�M¬^be�{HM7N)V7B�PAM7PA@OeZc?PA>A<aN�T v P6Cg�bCKMdT_e�M7C|�ACKB�PHNKNK@OB%eD<ahQ@7c?T_^bM7CKPb@7eDc�{A��V7P v C|�ACgBZT_VOC
\7B�PAi7caCgháPbR�k7C|T_CKB�hu<?M7<aMO> v V7<?N)V�BDCgJL@7CKezT�^bBDB�<?�bCKk¥ylB�e�T�^bM7k�V7P v c?PAM7>pT_V7C�B�CKe�PA@7BDNgC�<ae
>ABD^bMdT_CKkZ^bNgNKCKe�eoTDPpTDV7C�ylBDezToB�CKJL@7Cge�ToijC|RmPABDC�<?T�<?e�BDCKc?C�^be�CKk�N�^bM�e�TD<ac?c�ijCF^x\7B�PAi7caCghZ�7^bM
Á ^bBDi7<�T_CgBK¨�<?e$@7eDCgk£T_P�hu^b�bCp^bM£^bB�i7<?TDB_^bBz{�k7CgNK<ae�<aPAM¢TDP�>bB_^bMdTFh�@OTD@l^bc�C��ONgca@7e�<?�bC�^bNgNKCgeDe
T_PxTDV7CKe�C}B�CKJL@7CKezT_egG

s�M�T_VOC Á BDC�^Sc v PAB�cak�¨'^bB�i7<?TDB_^STD<aPAM¡<aenM7PbTuk7CgeD<aBD^bi7c?CZi]CKNK^b@7eDC¥<?TnN�^bM�caC�^Sk6TDP�M7PAMH�
k7C|T_CKB�hu<?M7<aezT_<?NQi]CKVl^��H<aPA@OBK� v <?TDV�NKPAM7e�CKJL@7CgMLTQk7<I÷nNg@7c?TD<aCKe�<aM¢k7CgeD<a>bM��bCKB�<?ylNK^ST_<?PAM���T_Cge�Tz�
<aMO>¡^bM7kæ\jCgB�RmPAB�h�^SM7NKC�\OBDCKkO<aNgTD<aPAM�G¸�qV7C�ML@7h�i]CKB%PbRQ^bB�i7<?TDCKBDe�eDV7PA@Ocak!T_V7CgBDC|RmPABDC�i]C
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hn<aM7<?hu<? KCKk��'VOP v Cg�bCKB�TDV7CKe�C¢^bB�CZ@7M7^��bPA<ak7^bi7caCw<?M�NKCgB�T_^b<aM6NK<?BDNK@OhuezT)^bM7NgCKeg��^bM7k�e�PAhnC
C|�O^bhn\7c?CKe�^bB�CF>b<?�ACgMZi]CKc?P v G

�:ø��:ø�
 0 2æµ!ù¡únû 2æü"ï$ý�þOülÿ=þlý����
�qV7C�XZY��t»:¼f�[i7@7eF<aeF^wh�@7c?TD<��.<aM7<�T_<©^`T_PAB�i7@7eg�UT v P¥PAB�hnPABDCp<?M7<?TD<©^STDPABDe�NK^bM�e�CKM7k£BDC��
JL@7CKezT_e�eD<?h�@7c�T)^bM7CgPA@7e�c?{AGYÑlPAB�C��O^bhu\OcaCb�jT_V7C�\OBDPHNKCKe�eDPAB�NgPA@7cak¢e�CKM7kÇ^%BDCgJL@7CKezTFTDP%BDCK^bk
^¥�S^bca@OC�RmBDPAh®^¢W�XZYÒNgPAMdT_B�PAcac?CKBQB�CK>A<?e�TDCKBK��^SM7k�T_V7CwW�XZY�NKPAMdT_B�PAcac?CKB}eDCKMOk6B�CKJL@7Cge�T
T_PuBDCK^bk¥kl^`T)^nRmB�PAhÒT_VOC}hnCKhnPAB�{bGtI�<aMONKC�T_V7C�XZY��t»:¼f��N�^bM¥eDCKBz�H<aNKC}PAM7c�{wPAM7CFk7Cg�H<aNgC
^STQ^wTD<ahnCb�U^bM�^SBDi7<�T_B_^SB�{¢k7CgNK<?eD<aPbM�^be�T_P v V7<aN)V£k7Cg�H<?NKC�e�V7PA@7c?k�i]Cue�CKBz�ACKk�y7BDe�TQh�@7ezT
i]C�h�^Sk7CbG¢�qV7C�X�Y��t»:¼f�íi7@7eQ@7eDCgeu^ZNKCKMdTDB_^bcq^SBDi7<�T_B_^`T_<aPbM£T_P¥Vl^bM7k7c?C�T_VO<ae��L<aMOk�PbR
eD<�T_@l^`T_<aPbM�G¥�qV7C%\7^bB�TD<aNK@Oc©^bBFhuCgN)Vl^bM7<?eDh§@7eDCgk����	��<aeQM7PbT�PSR�k7<aB�CKNgT�BDCKc?Cg�S^bM7NgC�T_PZT_V7<?e
T_VOCKeD<?e�V7P v C|�ACKBgG

�:ø��:ø�
 /10 2 µ
�f��ý��Lþ��fü��æ2æü"ï$ý�þOülÿ=þ7ý����
Y�e'C|��\7ca^b<aMOCKkn<aMpT_V7Ct\7BDC|�H<aPA@7e'eDCgNgTD<aPAM��LT_VOC�W�XZYæB�CK>A<?e�T_CgBDe'NKPA@OcaknijCo^bNKNgCKe�eDCKk%id{pT_VOC
\7B�P�NgCKeDe�PABo^bM7kwT_V7C�T_BD^bM7e�RmCgB�NKPAMdT_B�PAcf@7M7<�T�G�Y�B�i7<?TDB_^STD<aPAMw<aeqB�CKJL@7<?BDCKk�T_PncaC|T�ijPbTDVZ@OM7<?TDe
^bNgNKCKe�e}TDV7CpBDCK>b<ae�TDCKB�e}eD^SRmCKc�{AGn�qV7C v VOPAcaCnW�XZY«BDCg>A<aezT_CKB�@7MO<?T�NKPb@7cakÇijCxTDBDC�^`T_CKk�^beF^
eD<?M7>Ac?C�@7M7<�Tx<aM v V7<?N)V¡CK<?TDV7CKB�TDV7C%\7B�P�NgCKeDe�PABpPAB�T_BD^bM7ezRmCKBxNKPbMLTDBDPAc�@7M7<?T�Vl^ben^bNKNgCKe�epTDP
^�BDCg>A<aezT_CgBK�9PbTDV7CKB$B�CK>A<?e�T_CgBDe v PA@7c?kÇi]Cx@7Ml^��S^b<?c©^bi7c?CFTDP%T_V7CxPbTDV7CKB$@OM7<?TKG���M¢T_V7CxPST_V7CgB
Vl^bMOk¥C�^SN)V¢W�XZY�BDCK>b<ae�TDCKBtNKPA@Ocak¥i]C�T_BDCK^ST_Cgk¢^beteDCg\l^bB_^`T_CKk¥@7M7<?TK�]^bNKNgCKeDeoT_Pu^uBDCg>A<aezT_CgB
<ae}<aM7kOCK\]CKM7k7CgMdTnTDP�PbTDV7CKB�eKGÇ�qV7CKe�CwT v P�huC|T_V7PHk7ex^SBDC�C���TDBDCghuCgexPbRt^�eDN)V7CghuC v VO<aN)V
k7<���<?k7CKe�T_VOC�BDCg>A<aezT_CgBDeF<aMdT_P¥^bBDi7<�T_BD^bB�{¢B�CK>A<?PAM7egG¥IHCK\l^bBD^ST_<?M7>�C�^bN)V�B�CK>A<?e�TDCKB}^bcac?P v e�T_VOC
\7B�P�NgCKeDe�PAB�^bM7k�TDV7C�TDB_^bM7ezRmCKB:NgPAMdT_B�PAc�@7MO<?TqhnPABDCtRmBDCgC$^bNKNgCKe�eK�li7@OT:BDCKJL@7<?BDCge�^bBDi7<�T_CgBDe�RmPAB
C�^SN)V�BDCg>A<aezT_CgBKG=��BDCK^ST_<?M7>FW�XZYæBDCg>A<aezT_CKB�e'^be'^�e�<aM7>bcaCq@7M7<�T�M7CKCgk7e�PbM7c?{QPAM7Ct^bBDiO<?T_CgBK�di7@�T
BDCg>A<aezT_CgBDet^bNKNgCKe�eoNgPA@7cakwi]C�k7PAM7C�caCgeDeqRmBDCgCKc�{AG

Ä���Ê7ÈUÈfÀ�����À��j¾ªÃgË�ÀLÏ`Ã���Ï��=¾~Ë�ÏÐÊOËÐ¾mÅ]È
s�MQTDV7<ae�k7CKe�<a>AM��AeD<?M7NKC'T_V7C'T_B_^SM7e�RmCgB�NKPAMdTDBDPAcH@7M7<�T=@7e�CKe�^ v <ak7C�<aMdT_CgBDMl^bcLi7@Oe v V7<aN)V�^bcac?P v e
<?TqTDPn^bNKNgCKeDeo^bc?c�BDCg>A<aezT_CKB�e�<aM�^uW�X�Y[N)Vl^bM7M7Cgc�^STtPAM7NKCS�leDP! #"%$'&�&)(+*�i7^beDCgk¥^bB�i7<?TDB_^STD<aPAM
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IRQ REQUEST

IRQ MASK

CHANSTATUS

DATA OUTDATA IN

ARBITER

ADDR REQ

DECODER

ADDR

GLOBAL REGISTERS

CHANNEL REGISTERS

Ñ=<a>b@7BDCFE�G²â Í-, caPAi7^bc���CK>A<?e�TDCKBDe�YoBDi7<�T_B_^`T_<aPbM

<ae�@7eDCgk�G'��^bN)V%N)Vl^bM7MOCKcr¨²e:B�CK>A<?e�T_CgBDe:V7^be�PAMOC$^bBDiO<?T_CgBK��^bNKNgCKe�e:RmBDPAh×T_VOC�T_BD^bM7e�RmCgB:NKPbMLTDBDPAc
@7M7<�ToTDP�T_VOCKeDCxN)V7^bM7M7Cgc=BDCg>A<aezT_CgBDe�PAB�^bNKNgCKe�e�RmBDPAháTDV7C�\7B�P�NgCKeDe�PAB�TDP�PAM7C}BDCK>b<ae�TDCKBtRmBDPAh
T_VO<ae9N)Vl^bMOM7CKcL@7e�CKefT_V7C�e_^ShuC�^bB�i7<?TDCKBf^bMOk}<?e9<aM7k7Cg\jCgM7k7CgMLT�RmBDPbh1PbTDV7CKBfN)Vl^bMOM7CKcLBDCg>A<aezT_CgBDeKG
�qV7<?ete�N)V7CKhnC�ca<?CKeqi]CgT v CKCKMZT_V7C�eDN)VOCKhnCKetPA@OT_c?<aM7Cge�^bi]PÐ�bCbG

. �mÅ/�UÊ�����À��]¾;Ã|Ë�ÀLÏSÃ0��Ï��U¾mË�ÏÐÊOË�¾ªÅ]È
�qV7CoW�XZYæ>AcaPbil^bc7B�CK>A<?e�T_CgBDe'^bB�Co^SeDeD<?>AM7Cgk v <�T_Vu^bBDi7<�T_BD^ST_<?PAMxeDCg\l^bB_^`T_CKknRmBDPAh�T_V7CtN)Vl^bMH�
M7Cgc�B�CK>A<?e�TDCKBDegG��qVOC}>Ac?PAil^bc�BDCK>b<ae�TDCKB�eo^ScacaP v M7Pu^bNKNgCKeDe�RmBDPbh�T_V7C�T_BD^bM7ezRmCKB�NKPAMdTDBDPAcf@7M7<�T��
i7@OT�RmB�PAh�TDV7C�\7BDPHNKCgeDeDPbB�^bMOkwRmB�PAh�TDV7C�N)Vl^bM7M7CgcfBDCK>b<ae�TDCKB�eq@7M7<?TKG

Y�e�eDV7P v M}<aM$yl>A@7B�C:EHGßâ7��TDV7C�\OBDPHNKCKe�eDPAB�N�^SM}B�C�^bk/1 v BD<?TDC�T_V7C�>Ac?PAil^bcAB�CK>A<?e�TDCKBDe9�H<©^qT_VOC
T)^SBD>AC|Tq<aMdT_CgB�Rª^bNgCb�"^bMOk�CK^bN)VweD<?M7>AcaC�i7<?Tq<?M � Vl^bM"ILT)^STD@7e�BDCK>b<ae�TDCKBqNgPA@7cakwi]C$eDC|T21SB�CKeDC|TtiL{
T_VOCFN)V7^bM7M7CgcUB�CK>A<?e�T_CgBDegG��qV7C � Vl^bMlIHT)^STD@7eti7<?T�e�CgT21`BDCKe�CgT�PA\jCgB_^STD<aPAM v <?cac�i]CF\jCgB�RmPAB�huCgk
PAM7CxiO<?T�^ST$^�T_<ahnCb�jeDPwPAM7c�{¥PbM7Cp^bBDiO<?T_BD^ST_<?PAM¥<?e$BDCgJH@O<aBDCgk¢T_Pw^bB�i7<?TDB_^STDCQBDCgJL@7CKezT_e�RmBDPAh
T_VOCF\OBDPHNKCKe�eDPABt^bMOk�TDV7C�N)Vl^bM7M7CgcfBDCK>b<ae�TDCKB�eKG

�:ø��:ø.- ����ÿ3�4�5�76n2¬ü"ï$ý.þOülÿ=þlý��8�
Y!eD<?M7>Ac?C�T_BD^bM7ezRmCKB�NKPbMLTDBDPAcO@7M7<?T�<ae�e�Vl^bBDCgkpiL{x^�MH@Oh�ijCgB�PbRjW�XZY!N)Vl^bMOM7CKc?eKG�I�<?M7NKCqCK^bN)V
W�XZY!N)Vl^SM7M7CKcl<?e�<aMOk7CK\]CKM7kOCKMdT��HeDC|�ACKBD^bc:9ßBDCKJL@7Cge�T'T_P$T_BD^bM7ezRmCKBK¨SRmBDPAh¶T_V7CtW�XZY!N)V7^bM7M7Cgc
NKPb@7cak�^bB�BD<��ACx^ST�T_V7CxeD^bhuC}T_<ahnCQPbB v V7<ac?C}TDV7C�T_BD^bM7e�RmCgB$NKPAMdTDBDPAcU@7M7<?T�<ae�\]CKBzRmPABDhn<aM7>�^
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LEVEL 1 LEVEL 2

req 0

ack 0

req 1

ack 1

req 2

ack 2

req 3

ack 3

ÑU<a>A@7B�C�E�G E Í »:^bca^bM7NgCKkZ^bBDi7<�T_BD^ST_<?PAM�T_B�CKC

kl^ST_^�TDB_^bMOe�RmCKBxRmPABn^bMOPbT_V7CgBnW�XZYÓN)Vl^bM7M7CgcrG­Y�BDiO<?T_BD^ST_<?PAM�<aepM7CgCKk7Cgk�RmPABpeDCgcaCgNgT_<?M7>Ç^
W�XZY[N)Vl^SM7M7CKc9TDPnTDB_^bM7ezRmCKB�kl^ST_^OG

;æ<?TDV�hnPABDCpT_Vl^SM�T v P�W�X�Y�N)Vl^bMOM7CKc?eK�=TDV7C�^bB�i7<?TDB_^STD<aPAMÇM7CgCKk7eQTDP¢^bNgNKCK\�T_e�hnPABDC
T_V7^bMuT v P�BDCgJL@7CKezT_e=<~RmPA@7B�RmPAB'TDV7<ae�k7CgeD<?>AM/>�^bM7k�>ABD^bMdT:^SNKNKCgeDe�TDP}PbM7C�PbRjT_V7CgeDC�B�CKJL@7Cge�T_egG
�qV7CFeD<?hu\7c?C�T v P�<aMO\7@OTt^bB�i7<?TDCKBqN�^SMZi]C�@7eDCgkZT_Pni7@7<?cak�^bM�^bB�i7<?TDB_^STD<aPAM�TDBDCKC v V7<?N)V¥NK^bM
BDCgNKCg<?�ACFBDCgJL@7CKezToRmB�PAh�hnPABDC�TDVl^bMwT v PnNKPbMLTDCKM7kOCKBDegG

� v PnT�{H\jCgeoPbR=^bB�i7<?TDB_^STD<aPAM�TDBDCgCFNgPA@7c?k�i]C�@7eDCgkZTDPne�CKc?CKNgTo^xN)Vl^bMOM7CKc;G

Á�Ê��mÊlÈ�ÉAÀ�¿
?�Ï`ÀLÀ
s.Ro^�ML@7h�i]CKBxPbRtBDCgJL@7CKezTu<?M7\7@OTDex<aex^�\]P v CgBxPbR�T v PO��TDV7C%il^bca^bM7NgCKk¡^bB�i7<?TDB_^STD<aPAMÇT_BDCgC
<my7>A@7BDC�E�G E@>pNgPA@7c?k�i]C¥i7@7<?c?TpRmBDPbh T v P�<?M7\7@OT�^bB�i7<?TDCKBDegGæY:T�T_VOCZylB�e�T�c?Cg�bCKctPbR�T_B�CKCS�
\l^b<?BDe�PSR�e�<a>AMl^Sc�^bBDCxNgPAM7M7CgNgTDCKk£TDP%T_V7Cp^bB�i7<?TDCKBg�9Cg�ACgB�{�\l^S<aB�PbR'ylB�e�T�caC|�ACgc�^bBDi7<�T_CgBDe�^bB�C
NKPbM7M7CKN|T_CgknTDP�T_V7Cqe�CKNKPbM7kuc?Cg�bCKcl^bB�i7<?TDCKBg�d^bM7kpeDP$RmPABzT_Vx@7MdTD<ac�TDV7Cqc©^Se�T�c?Cg�ACgc v V7<?N)Vnc?C�^��ACge
PAM7c�{�PAMOCFPb@OT_\7@�TtTDVl^ST�<?eqNKPAM7MOCKNgTDCKk�T_PxT_V7C�e�Vl^bBDCgk¥B�CKeDPb@7BDNgCbG

s�M�TDV7C�N�^be�C�PbR�^xe�<aM7>Ac?C$^bN|T_<?�bC�BDCKJL@7Cge�TK�"TDVl^ST�B�CKJL@7CKezT v <?cacjeDCKBz�H<aNKCgk�^SR~TDCKB v <?M7M7<aMO>
C�^SN)V�e�T)^S>AC�<aMÇT_V7CuT_BDCgCbG � PbMLTDCKMdT_<?PAM¡^ST�^bMd{�c?Cg�ACgc v <?cac�ijC�BDCKe�PAc?�bCKk¡^bB�i7<?TDB_^bB�<ac�{AGws�M
T_VOCKPABz{$T_V7<?eUNgPA@7cakFhnC�^bMFT_Vl^STK�S<�R7i]PbT_VF<aMO\7@OT_efT_P�^t\7^bB�TD<aNK@Oc©^bBf^bB�i7<?TDCKB v CKBDC�NKPAMdTD<aML@l^bc?c?{
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Ñ=<a>b@7BDCFE�Gß� Í »:^Sc©^bM7NgCKk%T_B�CKCFPABDkOCKBqPbRU>d^b<?M7<aM7>p^SNKNKCgeDe

e�TD<ah�@Oc©^STDCKk��fPAM7CnNKPb@7cak£ijCnC|��NKc?@7k7Cgk�RmBDPAhò^bNKNgCKeDegGZs�M£\7B_^SNgT_<?NKCpT_V7<?e v <acac�MOPbTQPHNKNg@7BK�
k7@7C�TDPw^�\7BDPb\jCgB�T�{�PSR'TDV7Cp^bB�i7<?TDCKB�@OeDCKkBAZ<�R�PbM7C�BDCgJL@7CKezT}<?e$^bN|T_<?�bCp^ST�TDV7CQT_<?huCFT_Vl^`T
T_VOCQPbTDV7CKBoNKPAhn\7caC|T_Cgeo<�ToTDB_^bM7eD^bNgTD<aPAMZ<?T v <ac?c9ijC}>AB_^bMdTDCKk�i]CgRmPAB�C}TDV7C}ylB�e�T�BDCKJL@7Cge�T�NK^bM
i]C�BDCK^beDe�CKB�TDCKk�GÇ�qV7<?exhuCK^bM7eQTDVl^ST��=<?Rt^bc?c'TDV7C%<aM7\O@OT_ex^SBDC�NgPAMdT_<?MH@OPA@7eDc�{�^bN|T_<��ACb��CK^bN)V
v <ac?c"ijCo>A@l^bBD^bMdT_CKCgk%^Qe�Vl^bBDC�PbR�T_VOC�eDV7^bBDCgk%BDCKe�PA@7B�NKCbG��qV7<?e�e�Vl^bBDC v <acac"i]C�CgJH@7^bcj<?M�T_VOC
il^bca^bM7NgCKk%T_B�CKCbG

���ACKM¢TDV7PA@7>AVZT_V7<?e�^bB�i7<?TDB_^STD<aPAMwT_B�CKC�NK^bM¢>A@l^bBD^bMdT_CgC}T_V7^ST�CK^bN)V�BDCKJL@7Cge�T�Vl^Se�CKJL@l^Sc
N)Vl^bMONKC�TDP¢^bNKNgCKe�e�T_V7C�e�Vl^bB�CKk�BDCgeDPA@OBDNKCS��T_V7C�PABDk7CgBQPbR:>d^b<aMO<aM7>Z^bNKNgCKe�exhu<?>AVdTQM7PST�i]C
T_VOC�e_^ShuC v <?T_V�PABDk7CgB�PbRfB�CKJL@7Cge�T�eDCgM7k7<?M7>7G�ÑlPAB'C|�O^bhn\7caCt<?R9Y}� »o� � �ßW[NKPAMdT_CgM7k7CgBDeqeDCgM7k
BDCgJL@7CKezT_en<aM�T_Vl^`TpPABDk7CgBn^bM7k�T_V7C%TD<ahnC�T_P�>AC|TpeDCKBz�H<aNKCgeuPbBx@7eDCwT_V7C%e�Vl^bB�CKk�B�CKe�PA@7BDNgC
T)^S�bCKeocaPAMO>ACKB:TDVl^bMZTDV7C�\7BDPb\l^b>d^STD<aPAMwPbR=BDCgJH@OCKe�ToT_Pn\l^be�eoT_VOBDPA@7>bV�TDV7C}e�CKNgPAM7k¥c?Cg�bCKcfPbR
T_VOCK<aBp^SBDi7<�T_CKBx@OM7<?TK��TDV7CwPABDkOCKBxT_V7Cw@7MO<?T_ep>d^S<aM7ex^SNKNKCgeDe v <acac�ijCwY}� � �ß»��ßW°<aMOe�T_CK^bk¡PbR
YQ�ß»�� � � W�GjI�<?M7NKC�Yí^bM7k � v <ac?c�>AC|T�<?MLTDPnTDV7C�eDCgNKPAM7k¥caCg�bCKcfPbRUT_V7C}^bBDiO<?T_CgBqT_BDCgCb�"i]CgRmPAB�C
»¸^SM7k�W«BDCKe�\jCgNgTD<?�ACgc?{b�=Y v <acac�>A^b<aMÇ^bNgNKCKe�e�i]CgRmPAB�C � � v V7CgM�Y«y7M7<ae�V7CKeQ^bM7k�B�CKc?C�^be�C
T_VOCFB�CKe�PA@7BDNgC � <ae:TDV7C�M7C|�HTt@7M7<�TqT_Pn>d^b<aMw^SNKNKCgeDeg�j^Sete�V7P v M¥<?Mwy7>A@7BDC}E�Gß�OG

CwÈ)��Ê��ªÊ7ÈUÉAÀH¿
?�ÏÐÀLÀ
��Pu>A<��AC}^bcac�NKPAMdT_CgM7k7CgBDeoTDV7CFe_^bhnC�N)Vl^bM7NgC}T_Pu^bNgNKCKe�e�^pBDCgeDPA@7B�NKC}@7eD<?M7>ui7^bc©^bMONKCKkwT_B�CKCS�
ML@7h�i]CKBwPbR}NKPAMdTDCKM7k7CgBDeZh�@7e�T�i]CED'Ft��RmPABw^bMd{æPbTDV7CKB%ML@7hQijCgB¥^bM¬^bB�i7<?TDB_^STD<aPAM­T_BDCgC
N�^SM7M7PbTQijC�iO@7<ac�TFTDP�>A<��ACuTDV7C�eD^bhuCuN)Vl^bM7NgC�T_P¢^SNKNKCgeDe�RmPAB}^bc?c'NgPAMdT_CgM7k7CKB�eKGÇ&oP v Cg�bCKB
T_VO<ae'�H<?M7k�PSRf^bBDiO<?T_BD^ST_<?PAMxT_B�CKCb�O^bM�@OMHi7^bc©^bMONKCKkuT_BDCgCb�HVl^be�eDPAhnC�^SkO�S^bMdT)^b>ACge�TDVl^ST�NKPA@7c?k
i]CF@OeDCKk�<aM�^bMZ^bez{�MON)V7BDPAMOPA@7ete�{He�TDCKh�G

���ACKM�TDV7PA@7>bV¥\7B�<aPAB�<?T_<? �^STD<aPAM%NK^bM7M7PST�^b\O\7c?{%TDP�^bM¥^be�{HM7N)V7B�PAM7PA@Oe�e�{He�TDCKh°ijCgN�^b@7e�C
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ÑU<a>A@7B�C�E�G ¯ Í ¦oMLil^Sc©^bM7NgCKkZ^bBDiO<?T_BD^ST_<?PAM�T_B�CKC

BDCgJL@7CKezT�^bB�BD<?�S^bcSM7Cg�bCKBUP�NgNK@7B�e�e�<ah�@Oc?T)^SM7CKPA@OeDc?{b�Ð<?RO^bcacANgPAMdT_CgM7k7CKB�e�^bB�C'^bc v ^�{�e v ^bMdT_<?M7>tTDP
^bNgNKCKe�eqT_V7C$e�Vl^bBDCgkwBDCKe�PA@7B�NKCb�l<;GßCSG v V7CgM¥^�NgPAMdT_CKMOk7CKB�e�y7M7<ae�V7CKe�^bNgNKCgeDeD<?M7>xT_V7C$B�CKe�PA@7BDNgC
<?T:eDCKMOk7eqT_V7C$M7C��HToB�CKJL@7Cge�To<ahnhuCgk7<©^STDCKc�{A�dT_V7<?e:@7MLil^bca^bM7NgCKk%T_B�CKC v Pb@7cakw>A<��ACKeqkO<?¤jCKBDCgMdT
9ßil^bM7k v <?kOT_V�¨7T_PxT_V7C�NgPAMdT_CKMOk7CKB�e�<my7>A@7BDC}E�G ¯@>�G
� ^bM7k�W�Vl^��bC�CKJL@l^Sc�N)Vl^SM7NKCnT_P¥>A^b<aMÇ^bNgNKCKe�eQT_PwT_VOCK<aBF^bB�i7<?TDB_^STD<aPAM��f»íVl^beFCKJL@l^Sc

N)Vl^bMONKC�T_PG< �IH W=>|��^SM7k¢Y	Vl^be�CKJL@l^bc�N)V7^bM7NKC�TDPG<;» H < �IH W=>J>|G]s.R�^bcac�NKPAMdTDCKM7k7CgBDeF^bB�C
^bc v ^�{HeoiO@7e�{%TDP�^bNgNKCgeDeoTDV7CFBDCKe�PA@7B�NKCb�]Y¶>ACgTDe�ELKNM��]»æ>ACgTDe5DAEOM�� � ^bM7k¥W�>bCgTP��D�G E
M�PbRUil^bMOk v <akOTDV�G��qV7CFeDCgJH@OCKM7NgCQPbRU>d^b<?M7<aM7>p^SNKNKCgeDet<aeqe�V7P v M¥<aM%yl>b@7BDC}E�GßÌOG
s�M�M7PbBDhu^bclW�XZYæPA\]CKBD^ST_<?PAMx<aM v V7<aN)VuW�XZY!T_BD^bM7ezRmCKB'<ae�@7e�CKkuTDPFTDB_^bMOe�RmCKB'kl^ST_^$ijC��

T v CKCKM¥\jCgBD<a\OV7CKBD^bc9k7Cg�H<?NKC}^bM7k¥hnCKhnPABz{�k7C|��<?NKCS�]TDV7C}k7^ST)^xT_BD^bM7e�RmCgBokOP�CgetMOPbT�eD^ST_@OB_^STDC
T_VOCpTDB_^bMOe�RmCKB�CgM7>A<aMOCxCg�ACgM£TDV7PA@7>AVÇhnPABDCQTDVl^bMÇPAM7CpN)Vl^bMOM7CKc�<?e$@7eDCgk�Gu�qVOCKeDCu^bB�i7<?TDB_^`�
T_<?PAM�T_B�CKCge v <?cac�i]CKV7^��bCZhnCKB�CKc�{�^ben^¢N)Vl^bMOM7CKc�CKMONKPHk7CKB v V7<?N)V­CgM7NKPHk7CKepT_VOC�N)V7^bM7M7Cgc
BDCgJL@7CKezTqeD<?>AMl^bclT_P�^}N)Vl^bMOM7CKcjMH@Oh�ijCgBq^bM7kueDCgM7k7eq<?T�TDPQT_V7CtT_BD^bM7e�RmCgB�NgPAMdT_BDPbcj@7MO<?T�G=�qV7C
\]PAeDe�<ai7<?ca<?T�{uT_Vl^`T�T_VOCQ@7MLil^bca^bM7NgCKk¢^bB�i7<?TDB_^STD<aPAM%TDBDCKC}NKPA@Ocak¥i]CQ@OeDCKk�^SeP9ßil^bM7k v <?kOT_V�^bc��
caPHN�^`T_PABg¨�RmPAB�W�XZYáN)Vl^bM7MOCKcaexPHNKNg@7B v V7CgM­hnPABDCuT_Vl^bM¡PAMOC%N)Vl^bM7M7Cgcq<aex\7B�PA>ABD^bhuhnCKk
T_P�\jCgB�RmPAB�h,k7^ST)^uTDB_^bMOe�RmCKBoijC|T v CgCKMÇhuCghuPbB�{wk7C|��<?NKCge�<aM v VO<aN)V¢BDCgJL@7CKezT_e�RmBDPbh°W�X�Y
N)Vl^bMOM7CKc?exNKPA@7c?k�e_^`T_@7BD^ST_C�TDV7C�T_BD^bM7ezRmCKB�CgM7>A<aMOCbG�&oP v Cg�bCKBpT_V7<?eQeD<�T_@l^`T_<aPbM�<aeQ@7M7ca<?�bCgc?{
i]CKN�^S@7eDC�T_V7<?e v <acac�e_^STD@7B_^STDC$T_V7C}XZY��o»:¼f��i7@OeKG's�M¥\7BD^bNgTD<aN�^Sc�<?T�<?ethnPAB�C�^b\7\7B�PA\7BD<a^ST_C
T_P}\7BDPb>AB_^bh	TDV7C�W�X�Y�NgPAMdT_BDPbcacaCgB�T_PQ\]CKBzRmPABDh×hnCKhnPABz{xT_PQhnCKhnPABz{�T_BD^bM7e�RmCgBDe�eDCKJL@7CgM��
T_<a^bcac�{AG



Ô�ØoÙ�Ú�ÛUÜ'Ý	�LÞ­ó$Ü'ô�õ|öt÷ÖõzôOô�
UÜ'ô �bÕ

D

A

D

A

B

C

D

A

B

A

D

B

D

B

A

C

21

3 4

5

C

B

C

C

C

A

6

B

D

C

A

C D

C

A

B

7 8

9 10

A

B

B D

A

D

B

D

C

ÑU<a>A@7B�C�E�GßÌ Í ¦oMLil^Sc©^bM7NgCKkZ^bBDiO<?T_BD^ST_<?PAM�T_B�CKC



Ô�ØoÙ�Ú�ÛUÜ'Ý	�LÞ­ó$Ü'ô�õ|öt÷ÖõzôOô�
UÜ'ô ¯LK

�qV7C$il^bMOk v <akOTDV%^bc?caPHN�^STD<aPAMpNKPb@7cak%i]C�@7e�CgRm@7c v V7CKMwPAM7C�W�XZYÖN)Vl^SM7M7CKc�<ae�@OeDCKk%RmPAB
^�hnCKhnPAB�{wT_P%hnCKhnPABz{�TDB_^bMOe�RmCKB�^SM7k¢PbT_VOCKBDe�^SBDC�@7e�CKk�RmPAB�\]CKB�<a\7VOCKB_^ScUT_P%hnCKhnPABz{ZPbB
\]CKBD<?\7V7CgB_^bc7TDP}\]CKB�<a\7V7CgB_^bc7TDB_^bMOe�RmCKB�e�<?M v V7<aN)Vu<?R]T_V7CtcaP v CKB�il^bM7k v <akOTDV�<ae�\7B�PA>ABD^bhuhnCKk
RmPAB$hnCKhnPAB�{�T_PwhnCKhnPAB�{�T_BD^bM7ezRmCKBK�9TDV7CpPbT_V7CgB$N)Vl^bM7MOCKc v <ac?c=>d^b<?M¢huPbBDC�N)Vl^SM7NKCpT_Pwi]C
T_BD^bM7ezRmCKBDB�CKk£iL{¢TDV7CxT_BD^bM7e�RmCgB�CKM7>A<?M7Cb�UeD<?M7NKCphnCKhnPAB�{ZT_P�huCghuPABz{¥TDB_^bM7ezRmCKB�<ae�@7e�@l^bc?c?{
Rª^bezT_CKBqTDVl^bMw\jCgBD<?\7V7CKBD^bc�T_Pp\]CKB�<a\7V7CgB_^bc�PABq\jCgBD<?\7V7CKBD^bc�T_PphnCKhnPAB�{�kl^ST_^xTDB_^bMOe�RmCKBgG

�:ø��:øª´ 2¬ü"ï$ý.þOülÿ=þ��fºoçL��ÿ36J6
�qV7Cx^SBDi7<�T_B_^`T_<aPbM¥@7M7<�T�k7<?eDNg@7eDe�CKk�<aM¥TDV7C�e�CKNgTD<aPAM�^SijP��ACx<?e�M7PST�T_VOC�e_^bhnCx^bB�i7<?TDCKBo@7M7<?T
k7CgeDNKB�<ai]CKk%id{�I�@OT_VOCKBDca^bM7k�<?M�V7<?eqXZ<?NKB�PA\7<a\OcaCKc?<aM7Cge�\l^b\]CKB4�Q�Ð¯R�;�Hi7@OTq<?e�CgJH@O<?�S^bcaCgMdT�T_P�^bM
9 ^bBDi7<�T_BD^ST_Cgk���NK^bcac;¨?�HT_V7CFNKPAhQi7<aMl^`T_<aPbM�i]CgT v CKCgM�^bBDiO<?T_CgBt^bM7k¥NK^bcac9@OM7<?TKG:Y�etk7CKe�NKB�<ai]CKk�<?M
XZ<?NKBDPb\7<a\]CKc?<aM7Cge:\l^b\]CKB Í

S �qVOC � Y�¼f¼£CgcaCKhnCKMdTqB�CKhnCKh�i]CKB�e v V7<aN)VwPbR�<�T_e:<?M7\7@OTDeqhuPAezTqBDCgNKCgMLTDc?{�BDC|�
NgCK<?�bCKkp^bM}Cg�bCKMdT��H^bM7k}BDC|T_@7B�M7e�^bM�C|�ACgMLT=T_P�TDV7C�hu^ST_N)VO<aM7>oPA@OT_\O@OT=TDCKBDhn<aM7^bc
^SR~TDCKBo^uNK^bcac?CKk�\7BDPHNKCgk7@7BDCQVl^be�ylM7<ae�V7CKk�Go�qV7C}huCghuPbB�{w<aMwT_VOC � Y�¼f¼�CKc?C|�
hnCKMdT�eDCgB��bCKe�T_V7CqB�PAcaC:PSRje�@7i7B�PA@OT_<?M7CqBDC|T_@7B�Mn^bk7k7B�CKeDegG��qV7C � Y�¼f¼ZCgcaCghuCgMLT
PA\]CKBD^ST_Cge:\7B�PA\jCgBDc�{�PAMOc?{u<?RfC�^SN)VZNK^bcac]NKPAhn\7c?CgT_Cge:i]CgRmPAB�C$^�eD@7iOeDCKJL@7CgMdT�N�^Scac
PHNKNg@7BDegG[�qV7C¢Y��t»�s������°k7CgNK<?k7CKe%NgcaC�^SM7c?{6i]CgT v CKCKMæT v P�Cg�ACgMdT_e v V7PAe�C
^bB�BD<��b^ScqeDCKJL@7CgM7NKC¢<?eu@OM7�LM7P v M���\7BDPHk7@7Ng<aM7>�^£>ABD^bMdT�C|�ACKMdT�RmPbBuPAMOc?{¡PAM7C
PbR�TDV7CKh Cg�ACgM�<�R$T_V7C|{!^bB�BD<��AC¢^ST��ACKBz{!M7CK^bBDc�{­TDV7C¢e_^bhnC¥TD<ahnCbG�¼9<a�bC�^
e�CKhu^b\7V7PAB�C�<aM£\7BDPb>AB_^bhnhn<aM7>7��<?T}k7Cgc©^�{He�eD@7iH��eDCgJL@7CKMdTn>AB_^SMLTDe�@7MdT_<?c�^`R~T_CKB
B�CKNKCg<?�H<aMO>x^bM%Cg�bCKMdTtPAM�T_VOC$k7PAM7C v <?BDC�NgPABDB�CKe�\jPAMOk7<aM7>�TDPp^bM%C�^SBDca<?CKB'>AB_^SMLT
e�P�T_Vl^`T�PAM7c�{�PAM7CQ>bB_^bMdT$^`T$^uTD<ahnC}<?e�Cg�bCKB�Pb@OT_ezT)^bM7kO<aM7>7GoY�M�Y��o»�s����'�
NK^bM¥i]C}NgPAM7M7CgNgTDCKk¢k7<?BDCKN|T_c�{%T_Pu^ � Y�¼f¼�CKc?CKhnCKMdT�T_Pu\jCgBDhn<?T�T v PuCKMdT_<?BDCgc?{
<?M7k7CK\]CKMOk7CKMdTo\7BDPHNKCgeDeDCgetTDPpN�^bc?c�PAMZ^pe�<aM7>bcaC$eDV7^bBDCgkZ\7B�P�NgCKk7@OBDCbGUT

s.T�<?e�M7PbT�e�T_^ST_Cgk�C|��\7c?<aNK<�T_c�{w<aMZTDV7CQe�CKN|T_<aPbM7e$^bi]P��AC�i]CKNK^b@7eDC}T_V7<?e�<ae�T_VOC�PAM7c�{%RmPABDh
PbR�T_V7CF^bB�i7<?TDB_^STD<aPAMuT_Vl^STt<?eq@7eDCgkZ<?MwTDV7<aeqkOCKeD<?>AM�PbRUTDV7CFW�XZY¶NKPAMdTDBDPAc?caCKBgG



Ô�ØoÙ�Ú�ÛUÜ'Ý	�LÞ­ó$Ü'ô�õ|öt÷ÖõzôOô�
UÜ'ô ¯��

ëTÉ#V W�Ïiðnð¢å<þ4X �

¦oe�<aM7>£^bB�i7<?TDB_^STD<aPAM�TDP�^ScacaP v T_V7Cw\7B�P�NgCKe�eDPABu^bM7k6T_V7C%T_BD^bM7ezRmCKBnCKM7>A<?M7C%T_P£^bNKNgCKe�euT_VOC
W�XZYáB�CK>A<?e�T_CgBDexeD^SRmCKc�{A��N�^bM¡c?C�^bk�TDP�^�kOC�^bk7c?P�N)�£\7BDPbi7caCghZGÇ�qV7C%k7CK^bk7caPHN)��\OBDPAi7c?CKh
<aexNK^b@7e�CKk�id{�T v P�PbBxhuPAB�C%@7M7<�T_e�T_Bz{H<aM7>¢T_P£^bNgNKCKe�enTDV7Cwe_^bhnC%T v PÇPABxhnPABDC%e�Vl^bB�CKk
BDCgeDPA@OBDNKCge�T_P�NgPAhn\7caC|T_C�TDV7CK<?B=PA\]CKBD^ST_<?PAM7eg� v V7CKMpPAMOC:@7M7<�T�>d^b<?M7eU^bNKNgCKeDe�TDP�PAM7C:B�CKe�PA@7BDNgC
^bM7k�^bM7PbTDV7CKB'@7M7<�T'>d^b<aMu^bNgNKCKe�e�T_P}^bM7PST_V7CgB�B�CKeDPb@7BDNgC�ijPST_Vn@7M7<?TDe v ^b<�T�RmPAB�PbTDV7CKB�T_PFRmBDCgC
T_VOCFB�CKe�PA@7BDNgCFTDV7Cg{�M7CKCgk�^bM7k�i]PbT_VwPbR�T_V7Cgh v <ac?c�e�TD@7N)�%<aMwk7CK^bk7c?P�N)�"G

�:øZYqø�
 /[�fÿ�º=6��t�"ì
Y�MuC|�O^bhn\7caC�PbR�^FkOC�^bk7c?P�N)�xNgPA@7c?kui]CoNK^b@7e�CKk�id{xT_VOCtRmPAc?caP v <aMO>$eD<?TD@l^STD<aPAM Í T_VOCo\7B�P�NgCKe±�
eDPbB�^STDTDCKhn\OT_e�TDP%BDCK^bkÇ^%W�XZY×BDCg>A<aezT_CKB�^ST�T_VOCxe_^bhnCQT_<?huC�^be$^wW�XZY	B�CKJL@7CKezT�RmBDPAh
^Z\]CKB�<a\7VOCKB_^Sc�<?eQ^be�eDCgB�T_Cgk�G¥�qVOC�\7BDPHNKCgeDe�PAB v <?M7e}TDV7C�i7@Oex^bBDiO<?T_BD^ST_<?PAMÇ^bM7k�^Sk7k7BDCgeDe�CKe
T_VOC�W�XZY«NKPbMLTDBDPAc?caCgBK��i7@OT��Uid{ÇTDV7<ae$TD<ahnCpTDV7CuW�XZY�B�CKJL@7Cge�TxVl^Se}NK^b@7eDCgk�T_V7CpT_BD^bM7e±�
RmCKB}CKM7>b<aM7CnT_P v <?M�T_VOC�BDCg>A<aezT_CgB�^bB�i7<?TDCKB}^bM7k�T_^b�bC�NgPAMdT_B�PAc�PSRqT_V7CuN)Vl^bM7M7Cgc:BDCg>A<aezT_CgBDeKG
�qV7Cx\7B�P�NgCKe�eDPAB�h�@7ezT$T_V7CgM v ^b<�T���PHNKNg@7\d{H<aM7>%T_VOCniO@7eKG}s.R�TDV7C�T_BD^bM7e�RmCgB$CKM7>b<aM7C�<?M7eD<?e�TDe
PAM¢PAi�T)^b<?M7<aM7>nT_V7CQi7@7e$i]CgRmPAB�C�BDCgcaC�^SeD<aMO>�T_V7CxB�CK>A<?e�TDCKB$^bB�i7<?TDCKBg��M7Cg<?T_VOCKB�PA\]CKBD^ST_<?PAM�NK^bM
\7B�P�NgCKCKk��"^bM7k%T_V7C�ez{�ezT_Cghá<aeqk7CK^bk7caPHN)�bCgk�G'Y�e:T_VOCF\OBDPHNKCKe�eDPAB�NK^bM7M7PbTti]C$k7CgRmCgBDB�CKkwT_V7<?e
eD<�T_@l^`T_<aPbMQh�@7ezT�ijC:^��bPA<akOCKkpid{QT_VOC�T_BD^bM7e�RmCgB�CKM7>b<aM7C:B�CKc?<aM7JL@7<?eDV7<?M7>oTDV7CqBDCg>A<aezT_CKB�e�i]CgRmPAB�C
BDCgJL@7CKezT_<aMO>wTDV7Cxi7@7egG��qV7Cx\7B�P�NgCKe�eDPAB�hu^�{�T_VOCKMÇNKPAhn\7caC|T_C�<�T_e�N|{HNKcaCS��T_V7CxiO@7e v <acac�i]C
RmBDCgCKk��"^SM7k�TDV7CFW�XZYÖT_BD^bM7ezRmCKB�h�^�{%\OBDPHNKCKCgk�G

Y¶k7<©^b>bB_^bh«PbR�T_V7<?etkOC�^bk7c?P�N)�u\7BDPbi7caCghÒ<aeqe�V7P v M¥<aM�y7>A@7BDC}E�GßÕOG

�AG]\�CKBD<?\7V7CgB_^bcf^be�eDCgB�T_etBDCgJL@7CKezT�G

D�G � Vl^SM7M7CKcfB�CKJL@7CKezT�<?eqh�^S\7\jCgk�^bM7k�eDCKMdTtT_PxT_BD^bM7ezRmCKB�CKM7>b<aM7CSG

^ G���B_^bMOe�RmCKB�NgPAMdT_BDPbc9BDC�^Sk7e�BDCK>b<ae�TDCKBt^bM7k v <?MZB�CK>A<?e�T_CgB�^bBDiO<?T_BD^ST_<?PAM�G

â7G��qV7Cn\7B�P�NgCKeDe�PAB v <aM7eFi7@7e}^bBDiO<?T_BD^ST_<?PAM��9PHNKNg@7\d{�<?M7>ZTDV7Cni7@7eK��i7@OT}<ae�i7c?P�N)�SCKk£iL{
TDV7C�BDCK>b<ae�TDCKB�^bB�i7<?TDCKBgG
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Ñ=<?>A@7BDCFEHG Õ Í IL{�ezT_CghÓW�C�^bk7c?P�N)�_\�BDPAi7c?CKh

E�G���B_^bMOe�RmCKB}NKPAMdTDBDPAc�T_B�<aCKe�T_P¥^bNKNgCKe�exi7@7e v <�T_V7Pb@OTQB�CKc?C�^be�<aM7>wT_V7CuBDCg>A<aezT_CKBQ^bBDiO<?T_CgBK�
i7@�To<?eqi7caPHN)�bCgkZid{%iO@7e�^SBDi7<�T_CKBgG

�:øZYqø�
 µ!ÿ��`�í�`����º�ý.þlý��8�
Y�c�T_V7Pb@7>AVx<?T=<ae�@7MOca<a�SCKc�{A�A<�T�<ae=\jPAe�eD<?i7caC�TDVl^ST�i]PbT_V�TDV7C:T_BD^bM7ezRmCKB�CKMO>A<aM7C�^SM7kxT_V7Cq\7B�P�NgCKe±�
eDPbB�NgPA@7cak�^STDTDCKhn\OT'T_P v B�<?TDCok7<�¤�CgBDCgMLT'�S^bca@OCKe�T_P}TDV7C�eD^bhnCoB�CK>A<?e�T_CgBKG��qVO<ae�NgPA@7c?k�PHNKNK@OB
<?R�T_V7Cn\7B�P�NgCKeDe�PABQ>A^b<aM7e}^bNgNKCKe�e�i]CgT v CKCKM�TDV7CnBDC�^Sk�^bM7k v BD<?TDCu\OVl^beDCgeQPbR�T_V7CnT_B_^SM7e�RmCgB
CKMO>A<aM7CS¨ße=BDCK>b<ae�TDCKBU@7\jk7^ST_CgeKG � PABDhu^bcac�{�T_VO<ae v PA@7c?k�M7PbT=Vl^b\7\]CKM��Ai7@OTba RmPAB=C��O^bhu\OcaC3a
T_VOCF\OBDPHNKCKe�eDPAB�NgPA@7cak v B�<?T_C�TDPxk7<aeD^bi7c?C�^pN)V7^bM7M7Cgcf^bM7kwT_V7CgMZi]CK>A<?M�T_PpBDCg\7BDPb>AB_^bh«T_Vl^`T
N)Vl^bMOM7CKc�ijC|RmPABDCnT_V7C%W�X�Y�PA\]CKBD^ST_<?PAM�NgPAhu\OcaCgTDCKegGZs�M�TDV7<aeFN�^be�C�T_VOC�T_BD^bM7e�RmCgBQCgM7>A<aMOC
NKPb@7cakwP��ACgB v BD<�T_C$T_VOCFMOC v c?{w\OBDPA>ABD^bhnhuCgk��b^Sca@7CSG

;æV7<ac?e�T$\OB_^bN|T_<aNK^bcac�{�<ahn\7BDPAi7^bi7caCF<?T�<ae�TDV7CKPAB�CgTD<aN�^Scac?{Z\]PAeDe�<ai7c?CQRmPAB�TDV7<ae�TDPwP�NgNK@7B$<?M
^bM�^bez{�MON)V7BDPAMOPA@7ete�{He�TDCKh v V7CKB�C�Ng{HNKc?CKe� #cRde*gf$Vl^b\7\]CKMw<?MZ^SML{�PABDk7CgBK�l^SM7kZe�<ah�@Oc©^STD<aPAM
<ªe�CKCoN)Vl^b\OTDCKBq»�CgVl^��H<aPA@7BD^bcjXZPHk7CKc?e#>'V7^be�B�Cg�ACK^bcaCgk�T_VO<ae�ë"^ v G�s.T:<ae�T_VOCKBDC|RmPABDCoM7CKNgCKe�e_^bBz{
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T_PpCgM7eD@7B�CFTDVl^STqTDV7<aet^bN)V7<?Cg�bCKe�T_V7C�k7CgeD<aB�CKk�BDCgeD@7c�T�G
�UP�^��bCKB�TpTDV7<aeFT_V7C�TDB_^bM7ezRmCKBxCgM7>A<aMOC�<ae}\7BDC|�ACKMdTDCKk­RmB�PAh v BD<?TD<aM7>Z<?RqTDV7C%\7BDPHNKCgeDe�PAB

Vl^beni]CK>A@7M6T_P£huPHk7<?R~{�^ÇN)V7^bM7M7Cgcr¨²e�BDCg>A<aezT_CgBDeKG!s.Tu<aexTDVH@Oe�M7CgNKCKe�e_^bBz{­TDP£kOCgT_CgNgTuT_V7<?e
NK<?BDNg@7huezT)^bMONKCbG¥�qV7<ae�<?eQk7PbM7C�id{�e�CgT�T_<aMO>¢^Zë"^b>¢CK^bN)V�T_<?huCpT_VOC�\7BDPHNKCgeDe�PABihkj2lnm�(#o�TDP
T_VOC�N)V7^bM7M7Cgcr��TDV7C%ë"^b>�<aexNgcaC�^SBDCKk v V7CgM­TDV7C�T_BD^bM7e�RmCgBpCKM7>A<?M7C%BDCK^bk7exT_VOCKeDC�BDCg>A<aezT_CgBDeKG
»�CgN�^b@7e�C�T_V7CFT_BD^bM7e�RmCgB�CKMO>A<aM7CQ^bc v ^�{He�^bc�T_CKB�Ml^STDCKe�i]CgT v CKCgM�BDC�^Sk7e$^bM7k v BD<?TDCKe�TDV7C}ël^b>
eDVOPA@7cak¥^bc v ^�{He�i]C}NgcaC�^SB v V7CgM�<?To^ST�T_Cghu\OT�^ v BD<?TDC}Pb\jCgB_^STD<aPAM��"<�R=T_VO<aet<aetM7PbTtT_V7CFN�^be�C
T_VOCF\OBDPHNKCKe�eDPAB�Vl^Set<?MdT_CKBz�ACgM7CKk¢^SM7k%T_V7C v BD<�T_C�PA\]CKBD^ST_<?PAM%N�^bM�i]C$eD@7\7\OBDCKe�eDCgk�G

ëTÉ+p qeÐ
î�ò�ä!riðlî�ótsvuYïió<ðKî

IH{HM7N)V7B�PAM7<? �^STD<aPAM�<?e�^SM�<ahn\jPbB�T)^SMLT�Rm@7MONgT_<?PAM¥<?M�^�NgPAhn\7@OT_CgBoez{He�T_Cgh°TDVl^ST�hu^b�SCKeoT v P
k7<�¤�CgBDCKMdT$@OM7<?TDe�<aMZT_V7C�ez{He�T_Cghò^biOcaC}TDP v PABD��T_PA>AC|T_V7CgBKG�Yoe�{HM7N)V7B�PAM7PA@OeFez{He�T_Cghue$ez{HM��
N)V7B�PAM7<a gC�@OeD<aMO>oVl^SM7k7eDV7^b�bC�eD<a>bMl^bcae�<ª^befk7CKe�NKBD<?ijC'<aMFY�ez{HM7N)V7BDPbM7PA@7e�¼9PA>b<aN�W�CKe�<a>AMFN)Vl^b\H�
T_CgB#>���TDV7<ae}<aeQ^bcae�P¥@7e�CKk�<aM�e�{HM7N)V7B�PAM7PA@7exez{He�T_Cghue v VOCKM¡^bM�<?MORmBDCgJL@7CKMdTxM7PbM���\]CKB�<aPHk7<aN
NKPbhuh�@OM7<aNK^ST_<?PAM�i]CgT v CKCKM­T v P£<aM7k7Cg\jCgM7k7CgMLTueD@Oi7e�{He�TDCKhne�<?enMOCKCKkOCKk�G­� v PÇPbR�TDV7CKe�C
e�{HM7N)VOBDPAM7<? �^STD<aPAMOeQ^bB�CpNKPAM7NgCKB�M7CKk�<?MÇTDV7<ae�k7CgeD<?>AM£PSR�T_VOC�W�XZY�NgPAMdT_BDPbcacaCgBKGp�qV7CnylBDezT
<aeqTDV7CFW$�IwíeD<?>AMl^bc9\7^b<aB:RmPAB�ez{�MON)V7BDPAMO<a K<?M7>nk7@7BD<?M7>pT_V7CFkl^ST_^pTDB_^bM7ezRmCKB�PA\]CKBD^ST_<?PAM��7T_VOC
eDCgNKPAMOkx<aefT_V7C�<aMdT_CgBDBD@O\OT=B�CKJL@7Cge�T�@7e�CKkxid{FT_V7C�W�XZY­NgPAMdT_B�PAcac?CKB9T_PoM7PbT_<�R~{$T_V7C�\7BDPHNKCgeDe�PAB
v V7CgMZT_VOC}W�X�YÖT_B_^SM7e�RmCgBt<?e:ylM7<?eDV7Cgk�G

»�PbTDVQe�{HM7N)VOBDPAM7<? �^STD<aPAMOeUVl^��bC�T_VOC�e_^ShuC�\7@7B�\jPbeDCb�ST_V7Cx9 Ngca<?CKMdT�¨�@7e�CKe�T_V7C'e�{HM7N)V7B�PAM7<? KC
eD<?>AMl^bctT_P�M7PST_<?R~{6T_VOCy9 e�CKB��bCKBg¨�TDP�\jCgB�RmPAB�h e�PAhuC�Rm@OM7NgTD<aPAM v V7CgM�<�T�<?e%BDC�^SkO{AGí�qV7C
e�{HM7N)VOBDPAM7<? �^STD<aPAM6<aex\]CKBzRmPABDhnCKk6k7<?BDCKN|T_c�{�i]CgT v CKCKM­T_V7Cz9 Ngca<?CKMdT�¨�^SM7k6TDV7Cz9 e�CKB��bCKBg¨�i7@�T
T_VOC�Rm@OM7NgTD<aPAMw<aeqMOPbT�G

�qV7CF\jCgBD<a\OV7CKBD^bc�k7C|��<?NKC�eDCgM7k7eo^nB�CKJL@7Cge�ToeD<a>bMl^bc�TDPpTDV7CFW�XZY[NKPbMLTDBDPAc?caCgB:T_PpM7PbTD<?R~{
T_V7^ST�<?TU<ae=BDC�^SkO{}TDP�T_BD^bM7eDhn<?TUPAB�B�CKNgCK<?�bCqkl^ST_^OG=�qV7C�W�X�Y�NKPAMdTDBDPAc?caCKB�eDCgM7k7e�s±�Iw!eD<?>AMl^bc
T_P%<?MdT_CKB�BD@7\�T�T_V7Cx\OBDPHNKCKe�eDPAB v VOCKM¢T_V7C�TDB_^bMOe�RmCKB�<ae�ylMO<aeDVOCKk���TDV7Cx\7BDPHNKCgeDe�PAB$BDCK^bk7e�T_VOC
s±�Iw¸��CKJL@7Cge�ToBDCg>A<aezT_CKB�^SNKBDPbeDeqT_V7C�i7@OetTDPu^SN)�HMOP v c?CKk7>bCFTDV7C�<aMdT_CgBDBD@O\OT�BDCgJH@OCKe�TKG
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request

acknowledge

{U<a>A@7B�CFE�Gg�|K Í \UCgBD<?\7V7CKBD^bcf��CKJL@7CKezT�&o^bM7k7e�Vl^b�SC

�:ø�}:ø�
 �B�fü"ýz#$�5��ülÿ36%��év���j��ü����$ý�~9ÿ=þlý��8�
Y¶e�{HM7N)V7B�PAM7<? K<aMO>�eD<?>AMl^bcjRmBDPAh�TDV7CF\jCgBD<a\OV7CKBD^bc9k7Cg�H<?NKC�T_PpT_V7C}W�XZY¶NKPAMdTDBDPAc?caCKBq<?e�M7PABz�
hu^bcac�{�@7e�CKk�<?M�W�XZYÓT_BD^bM7e�RmCgBKGæ�qV7CZk7Cg�H<aNgC¥@7e�CKe�TDV7<aeneD<?>AMl^bcqTDP�M7PbTD<?R~{�TDV7C�W�X�Y
NKPbMLTDBDPAc?caCgB v V7CKM£<?T$<?e$BDCK^bkO{¢T_PwB�CKNKCg<?�bC|1`TDB_^bM7e�hu<�T�kl^ST_^OGx�qV7CuW�XZY×NKPAMdTDBDPAc?caCKB$kOP�Cge
M7PbT:ijCg>A<aM�TDV7C$W�XZY�T_B_^SM7e�RmCgB:PA\]CKB_^`T_<aPbM�@7MdT_<?c�<�T:�LM7P v e:T_Vl^`T:T_V7C�W�XZY1T_BD^bM7ezRmCKB:NK^bM
i]C�NKPbhu\7c?CgTDCKk�G � PbT_CnT_Vl^`T���<?M�T_V7CuN�^be�C%PbRq\]CKB�<a\7V7CgB_^bc'T_P�\]CKB�<a\7VOCKB_^Sc'TDB_^bM7ezRmCKB}ijPbTDV
k7C|��<?NKCge�h�@7ezT�i]C¥B�C�^bkO{b�:T_V7C¥W�XZY,NKPAMdT_B�PAcac?CKBph�@7ezT�B�CKNKCg<?�bC¢^£B�CKJL@7CKezT�RmBDPbhãijPbTDV
k7C|��<?NKCgeoi]CgRmPAB�C$kl^ST_^pTDB_^bM7ezRmCKBqNgPA@7cak�i]C$e�T)^SB�T_Cgk�G

s�M¬^�e�{HM7N)V7B�PAM7PA@7ewez{�ezT_CghZ��^bN)�LM7P v caCKkO>ACKhnCKMdT�PbR�T_V7C¥BDCKJL@7Cge�T�eD<?>AMl^bcoNKPA@Ocak!i]C
k7PAMOC�id{�TDV7C¥W�X�Y,NgPAMdT_B�PAcac?CKB�B�C�^bk7<?M7>�1 v B�<?TD<aM7>¢kl^`T)^�RmBDPAh_1`TDP�TDVl^STp\]CKB�<a\7V7CgB_^bc;��e�P
T_V7^ST�TDV7C$BDCgJH@OCKe�T�e�<a>AM7^bcj<?e�<?Ml^bNgTD<?�bCKk%i]CgRmPAB�CoT_VOC$Ng{HNKc?C�<ae�NKPAhn\7caC|T_Cgk�G��qV7C�\]CKB�<a\7V7CgB_^bc
k7C|��<?NKCpN�^SMÇe�CKM7kÇT_V7CxMOC|�HTFBDCKJL@7Cge�T}eD<?>AMl^bc�<?huhnCKkO<©^STDCKc?{�^`R~T_CKB�TDV7CpW�XZY	TDB_^bM7ezRmCKBg��<�R
<?T:ijCgNKPAhnCKe�BDCK^bkO{%RmPAB:TDV7C�M7C|�HT�T_BD^bM7ezRmCKBKG

�qV7Cxe�{HM7N)VOBDPAM7<? �^STD<aPAM¢e�<a>AM7^bcU<?e�@7e�@l^bc?c?{Z^�caC|�ACgc���e�CKM7e�<?TD<?�ACQeD<a>bMl^bc v V7CKB�Cp^bM�^bNgTD<?�bC
e�T_^ST_C}^bN|T_<?�S^STDCKeo^�W�XZY¶T_BD^bM7ezRmCKBKGq�qVOCQeD<?>AMl^bc9hQ@7e�TtT_V7CgBDC|RmPABDC}BDCgTD@7BDM�T_Pu<?T_e�<?Ml^bNgTD<?�bC
e�T_^ST_C v V7CgM}TDV7C�T_B_^SM7e�RmCgB9P�NgNK@7B�eK�STDP�\7BDC|�ACKMdT�^bNKNg<ak7CgMLT_^bcac�{�B�CK\]C�^STDCKkFPA\]CKB_^`T_<aPbM7eKG��qV7CKB�C
<aefT_VOCKBDC|RmPABDC�^oRmPAB�h[PbRlVl^bMOk7eDVl^S�bCq\7B�PbT_PHNKPAc v V7<?N)V�<aMdTDCKBDc?C�^��ACge=T_VOC�BDCgJL@7CKezT�eD<?>AMl^bc v <?TDV
^bM�^bN)�LM7P v caCgk7>ACFeD<?>AMl^bc;�7^be�eDVOP v MZ<aM%yl>A@OBDC}E�Gg�|KOG
�qV7<aeqRmPAB�h�PbRUVl^bMOk7eDVl^S�bCQ<?e�^bcae�Pp@7eDCgkZ<?MwTDV7C�e�{HM7N)V7B�PAM7PA@Oe�e�{HezT_CKh�� ^ �;G
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�:ø�}:ø�
 �£ü����`���%�e��ü1��év���]��ü����$ý�~9ÿ=þ7ý����
�qV7C£\7BDPHNKCgeDeDPbB�<aMdT_CgBDB�@7\OTZBDCKJL@7Cge�T¢<?e¥^6e�{HM7N)V7B�PAM7<? �^STD<aPAM�huCgN)Vl^bM7<?eDh ijC|T v CgCKM[T_VOC
W�XZYèNKPbMLTDBDPAc?caCgBw^bM7kæT_V7C�\7B�P�NgCKeDe�PABKG��qV7C£W�XZYèNKPAMdT_B�PAcac?CKB�MOPbT_<�ylCKe%T_VOC£\7B�P�NgCKe±�
eDPbB v V7CKM�T_V7Cxk7^ST)^�T_BD^bM7ezRmCKB$<aeoylM7<ae�V7CKk��fTDV7Cx\7B�P�NgCKeDe�PAB�BDCK^bk7e$T_V7CpW�X�Y×BDCK>b<ae�TDCKB�TDP
k7C|T_CKB�hu<?M7C v V7<?N)V¥W�XZY¶N)Vl^SM7M7CKcfNK^b@7eDCgkZTDV7C�<aMdT_CgBDBD@O\OT�G

¦oM7c?<a�SCtTDV7Co\]CKB�<a\7VOCKB_^Scle�{HM7N)V7B�PAM7<a K^ST_<?PAM�V7^bM7k7e�Vl^b�bCoT_V7CgBDCt<ae'M7P}C���\7ca<?NK<?T�^bN)�LM7P v cê�
CKkO>ACKhnCKMdT�T_Vl^`T$T_V7Cp<aMdTDCKBDB�@7\OT�Vl^SeFi]CKCgM£e�CKBz��<?NKCgk�Gp�qV7Cp<aMdT_CgBDBD@O\OT�<ae$NgcaC�^SBDCKk�id{¢T_VOC
\7B�P�NgCKeDe�PABx^bMOk�T_V7C�<aMdT_CgBDBD@O\OT�e�CKB��H<?NKC%BDPb@OT_<?M7Cu<?eQB�CKeD\]PAM7e�<ai7c?CuRmPAB}CKM7e�@7BD<?M7>¥TDV7C�s±�Iw
<aetNKc?C�^bB�CKk�i]CgRmPbBDCQ<�Tt<aetBDC|�.CKMl^Si7caCgk�Go�qVO<ae�<?eoc?CKe�eP9ßNKcaCK^bM�¨"T_Vl^SM�^�Vl^SM7k7eDV7^b�bC�\OBDPbTDP�NgPAcr�
i7@OTo<ae�T_VOCQe_^ShuCFhuPHk7Cgcf^be�^ne�{HM7N)V7B�PAM7PA@7e�Y��oX®e�{He�TDCKh�<;^bMOk¥Vl^b\O\jCgM7e�^SToeDPSR~T v ^bB�C
eD\]CKCgk7e#>�G

ëTÉ#� q��!X X u�r��

�qV7CgBDCt^bBDC�eDCg�bCKBD^bc"k7CKe�<a>AMx<?eDeD@OCKe'^bM7kx\7B�PAi7c?CKhne�<aM�TDV7Cqk7CKe�<a>AMpPbR"TDV7C�W�XZY�NgPAMdT_BDPbcacaCgBKG
¦oe�<aM7>�^bMæ^bBDiO<?T_CgBuTDP�eDPAc��AC�e�<ah�@7c�T)^bMOCKPA@7e�^bNKNgCKe�e�\OBDPAi7c?CKhneuTDP�T_V7C¢B�CK>A<?e�TDCKB�NK^b@7e�CKe
eDC|�ACgB_^bc�PbT_VOCKBtNKPAM7e�CKJL@7CgMLT�\7BDPAiOcaCKhneKG�&oP v Cg�ACgB�T_VOCKeDC}\7BDPbi7caCghue�N�^SM¥i]C}e�PAc?�bCKk��"Cg�bCKM
T_VOPA@7>AV¡T_V7CgeDCwhu^b�bC%T_VOC�kOCKeD<?>AM6PbRoTDV7C�W�XZYÓNKPAMdTDBDPAc?caCKBQVl^bBDkOCKBKG¡�qV7C�^bB�i7<?TDB_^STD<aPAM
hnCgT_VOP�k�<?e:hnPABDC�C�÷nNK<aCgMdTt^bM7k%eD<?hu\OcaCKB'T_Vl^SM%PbT_V7CgBDeg�7eDPx<�Tq<ae�N)V7PAeDCgMZ<?M�T_VO<ae:k7CgeD<?>AM%PbR
T_VOC}W�X�Y[NKPAMdT_B�PAcac?CKBgG
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��Px\7BDP��AC$TDVl^STqT_VOC$k7CKe�<a>AM%PbRU^�NgPAhu\OcaC|��e�{He�TDCKhÒ<?e v PABD�L<aMO>nNgPABDB�CKN|T_c?{ v <?TDV7PA@OT:@7eD<?M7>
RmPAB�h�^bclhnCgTDV7PHk7eK� v V7<?N)V�<ae'M7PbT�\7B_^SNgT_<?N�^bc7RmPbB�^��ACKBz{nNKPAhn\7caC��ne�{He�TDCKh«eD@7N)V�^be:^=�$¼�I�s
k7CgeD<a>bM��jPbBoi7@O<acakO<aM7>xT_VOC�^bN|T_@l^bcfez{�ezT_CghZ��^ue�{HezT_CKh,hnP�k7Cgc�^bM7k¥hnCgTDV7PHk7etTDPuTDCKe�ToT_Vl^`T
hnP�k7Cgc�<aeqMOCKNKCgeDeD^bB�{bG

IH{He�TDCKh hnPHk7CKc?ca<aMO>¢N�^bM�i]C¥kOPAM7C�^`T�hu^bMd{¡caCg�bCKc?e�PbR$NgPAhn\7caC��O<�T�{AG¬Y�M!^Si7e�TDB_^bN|T
hnP�k7Cgc�e�V7P v e=T_VOC:k7Cgy7M7<?TD<aPAMx^SM7k�\7@7B�\jPbeDCKe=PbRlT_V7C�e�{He�TDCKh�Gk{lPAB=C��7^Shu\7c?Cb�`T_V7Cq^Si7e�TDB_^bN|T
hnP�k7Cgc�PbR�T_V7CFW�XZY[NgPAMdT_B�PAcac?CKBqN�^SMZi]C$k7CKe�NKB�<ai]CKk�^Se Í

�e�L�����'��������-�
���������-�

��  �¢¡@£ ��¤¥�%¦'������¤e§@¨����e© ��� � � �
�qV7C��t��Y�W,PA\jCgB_^STD<aPAM6BDCK^bk7enkl^ST_^�RmB�PAh T_V7C�eDPb@7BDNgC¥k7C|��<?NKCS�q^bM7k6T_V7C�;¬�ts����

PA\]CKBD^ST_<?PAM v B�<?TDCKe�k7^ST)^pT_PuTDV7CFk7CKezT_<aM7^ST_<?PAM¥k7C|�H<aNKCSGo�qVOCQPA\]CKBD^ST_<?PAMZezT)^bBzT_eoiL{Z�t��Y�W
RmPAc?caP v Cgk�eDCgJL@7CKMdT_<a^bcac�{�id{i;¬��s�����^SM7k%BDCg\jCK^ST_eq@7MdTD<acjTDV7C�� � W ����Y � I%{����1NKPbM7k7<��
T_<?PAM%<ae:TDBD@7CSG

�qV7<ae�^Si7e�TDB_^bN|TohnPHk7CKcjPbRUTDV7C�W�XZY[NgPAMdT_BDPbcacaCgB:NKPb@7cakwi]C$huPHk7CKc?caCgk%^bM7kweD<?h�@7ca^ST_Cgk
id{�^SML{¥>ACKMOCKB_^Sc=\7B�PA>AB_^Shuhn<aM7>pca^bM7>A@l^S>AC v <�T_V7PA@�T�k7<M÷uNg@7c?T�{b��e�<aM7NgCQT_V7CgBDCx<?e�M7P�>bBDC�^`T
NKPbhu\7c?C|��<?T�{�<aM%T_VOCFhnPHk7CKc;G

¯b�
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�qV7C�ijCgVl^��H<aPA@7BD^bc�hnP�kOCKc�<?e:hnPABDC�NgPAhn\7ca<?N�^STDCKk���<?T59ßeD\]CKNg<?ylCgeK¨lV7P v T_V7C�e�{HezT_CKh�ijC��
Vl^��ACget^bM7kw<aMdT_CgB_^bN|T_e v <�T_V%<?TDe:CKMd�H<aB�PAM7hnCKMdT�G��qVOC$NKPAhn\7ca<?N�^STDCKk�hnPHk7CKcjNKPAMdT)^S<aM7eqhnPABDC
^bNgNK@7BD^ST_Cxk7C|T)^b<?caeoPbR�T_V7Cxez{�ezT_CghòT_Vl^bM�TDV7Cp^bi7ezT_BD^bNgT�hnP�kOCKcrG�s.T$NgPA@7c?k¢k7CKe�NKBD<?ijC²1SeDVOP v
<aMdTDCKB_^SNgT_<?PAM7e�i]CgT v CKCgM�TDV7C¢huPHk7Cgc�^bM7kæ<�T_e�CgML�H<?BDPAM7hnCKMdT�i]CgTDTDCKB�TDVl^bM�T_VOC£^Si7e�TDB_^bN|T
hnP�k7Cgcr� v V7<?N)V�<ae'hnPABDC�@7e�CgRm@7cj<aMpylM7k7<?M7>Q\7B�PAi7c?CKhne�<?MnTDV7C�k7CgeD<?>AM�G�&tP v Cg�bCKB:TDV7C�hnPABDC
NKPbhu\7c?C|��T_V7C�hnP�k7Cgc�i]CKNKPbhuCgeK�7T_VOCFhnPAB�C�T_<ahnC�<?eqM7CKCgk7CKk�RmPABqhuPHk7Cgcaca<?M7>�^SM7k�TDCKezT_<aMO>7G

»�CKV7^��H<?PA@7B_^Sc7huPHk7Cgcae=PSR�^�ez{He�T_Cgh×@7eD@7^bcac�{}C���\jPAe�CqT_V7Cqk7CgeD<?>AMx\7BDPbi7caCghue�i]CgRmPbBDC:T_VOC
^bN|T_@l^bc�e�{HezT_CKhñ<ae�iO@7<ac�T��"eDP�TDV7C�k7CgeD<a>bM�NKPA@Ocak�i]C�N)Vl^bMO>ACKk�^bMOk�T_V7C}\7BDPAiOcaCKhne�NK^bM¢i]C
BDCgNgTD<?ylCgk�Gqs.T�NK^bM�^bc?eDPnijCF@7e�CKk�T_Pu\7BDCgk7<aN|T�\]CKBzRmPABDhu^bM7NgCb�"CB÷nNg<aCKMONg{A�jPABtPbT_V7CgB�^SeD\]CKNgTDe
PbR�T_V7C$ez{He�T_CghÒT_Vl^`Tt^bBDC$<?MLTDCKB�CKe�TD<aM7>n^bMOk�MOCKCKk�NKc?PAeDC$<?M7eD\]CKN|T_<?PAM��7e�PpTDV7C�k7CKe�<a>AMwPbR�T_VOC
e�{HezT_CKháNK^bM�ijC�<ahn\7B�PÐ�bCKk�G

V�É·ø ú ð�ñ�þ$å�å�ó<î�� ï%ðTðnå��

XZPHk7CKc?ca<?M7>F^}NKPbhu\7c?C|�nNg<aBDNg@7<?T�eD@ON)V%^be:^F\7BDPHNKCgeDe�PAB:N�^SM�i]C�k7PAMOC�id{n@7eD<?M7>��$&oW$¼-���ÐE|�r�
��CKB�<ac?PA>uPbB�PbT_VOCKB�V7^bBDk v ^bB�Cxk7CKe�NKBD<?\OT_<?PAM�ca^bM7>A@l^S>ACKegG$&oP v Cg�ACgB$T_V7CgeDCxc©^SM7>A@l^b>bCKe v CKB�C
k7CgeD<a>bM7CKk¢RmPABoe�{HM7N)V7B�PAM7PA@7e�c?PA>A<aNFNK<?BDNg@7<?TDe$^bM7k�^bB�C�M7PbT$^b\7\7B�PA\7BD<a^ST_C v V7CKM�@7e�CKk v <?TDV
^bez{�MON)V7BDPAMOPA@7e'caPA>A<?N�k7CgeD<?>AM�G�{lPAB=V7<a>AVxc?Cg�bCKclhnP�k7Cgcac?<aM7> v V7CKB�C�e�{HM7N)V7B�PAM7PA@7e�^bM7kn^bez{�MH�
N)V7B�PAM7PA@7eUe�{He�TDCKh¶k7PoM7PbTUk7<?¤jCKBg�`TDV7CKe�C�c©^SM7>A@l^b>bCKefN�^bM}ijC'@7e�CKk}TDP�hnP�kOCKcL^bez{�MON)V7BDPAMOPA@7e
e�{HezT_CKhnex^be v CKcac�^be�T_V7Cg<aBFe�{HM7N)V7B�PAM7PA@OexNKPA@7MdTDCKBD\7^bB�TDeKGZ&oP v C|�ACgBK��^STFT_V7Cu<ahn\7caCghuCgM��
T)^`T_<aPbM¢caCg�bCKc�k7<�¤�CgBDCKMONKCKeFi]CgT v CKCKM�e�{HM7N)V7B�PAM7PA@7eQ^bM7k£^be�{HM7N)VOBDPAM7Pb@7eQNg<aBDNg@7<?TDeF^bBDC v CKcac
k7<?e�T_<?M7>A@7<?eDV7Cgk¡^bM7k¡T_V7CgeDCwc©^SM7>A@l^b>bCKep^bB�C�MOPbTn^b\7\7B�PA\7B�<©^STDC�RmPABxhnP�k7Cgcac?<aM7>�T_V7C�^bez{�MH�
N)V7B�PAM7PA@7ete�{HezT_CKh�G

¼9Y��tW0�²����<ae:^QVl^bB�k v ^SBDC$k7CgeDNKB�<a\OTD<aPAM�c©^bM7>b@l^b>ACoil^beDCgkwPAM � I%\=��c?<a�SC�N)Vl^bM7MOCKc�NgPAhp�
h�@7MO<aN�^`T_<aPbM v V7<?N)V%Vl^be�ijCgCKM%k7C|�ACKc?PA\]CKk�RmPAB'ijCgVl^��H<aPA@7BD^bc]huPHk7CKc?ca<?M7>$PbR�^bez{�MON)V7BDPAMOPA@7e
�$¼�I�sne�{HezT_CKhneKG � V7^bM7M7Cgc$il^beDCgk�NgPAhnh�@7M7<?N�^STD<aPAM­<aM¬¼9Y��tW§^ScacaP v e�CK^bN)VæhuPHk7@7c?Cb�
v V7<?N)V�BDCg\7BDCgeDCKMdTDe�^uNKPbhu\]PAM7CgMLTo<aM�T_V7C}e�{He�TDCKh��jTDP�NKPbhuh�@OM7<aNK^ST_C v <?TDV�PbTDV7CKB�e�^bez{�MH�
N)V7B�PAM7PA@7e�c?{bG��qV7<ae�NgPAhuhQ@7M7<aNK^ST_<?PAM¢k7PHCKeFM7PbTFM7CgCKk�TDPZe�\jCgNK<?R~{¢TDV7CnC|�O^bNgT}Vl^bMOk7eDVl^S�bC
\7B�PbT_PHNKPAc7^bM7kncaC�^��bCKe'<?T�TDPFi]C�N)V7PAe�CKM v V7CgMu<?hu\OcaCKhnCKMdTD<aM7>7�ST_V7<?e�eD<ahn\7c?<?ylCge=T_V7C�hnP�kOCKcae
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^bM7k�BDCgk7@7NgCKe�T_V7C$T_<?huCoT_Ppk7Cg�bCKc?PA\�^bMOk�hu^b<?MLT_^b<aMuT_V7C�hnP�k7CgcaegG
�qV7C$hnP�k7Cgc"k7Cg�bCKcaPb\jCgk�<?M�¼9Y��tWÖN�^SM%ijCoeD<ahQ@7c©^STDCKk%^SM7k�T_Cge�TDCKkw@7eD<?M7>QTDV7C$¼9Y��tW

T_PHPAc?�H<�T�G��qV7C$C|��CgNK@OTD<aPAM%CgML�H<?BDPAM7hnCKMdT�PbR9T_V7C�¼fY��oW1TDP�Pbca�L<?T'<aMONKca@Ok7CKe�^bM�<aMdTDCKBD\OBDCgTDCKBg�
ca<?i7B_^SB�{}^bM7kpBD@OMLTD<ahnC:hnP�k7@OcaCKe v V7<aN)Vn^bc?caP v T_V7Cqk7CgeD<?>AM7CKB�TDP$k7CKiO@7>}i]CKV7^��H<?PA@7B_^Sc7huPHk��
CKc?e=^`TUe�PA@7B�NKC�c?Cg�bCKcr� v ^ST_N)VQRmPbB=^bN|T_<���<�T�{$PAM}C�^bN)V}NKPAhnh�@7M7<?N�^STD<aPAM�N)Vl^SM7M7CKc;�bNgPAMdT_BDPbcHCK^bN)V
�S^bBD<a^bi7c?C�k7@7B�<aM7>pBD@OMLTD<ahnC�<?RUM7CgNKCKe�e_^bBz{A�j^bM7kweDPnPAM�G

XZPAezT�NgPAhu\]PAM7CgMdT_e'<aMpT_V7CtY$X¥¦o¼f��� ^ <je�@7i7e�{HezT_CKh v CKBDCok7CKe�<a>AMOCKk�^Se�i]CKVl^��H<aPb@7B_^bc
hnP�k7Cgcae:id{w@7e�<aM7>n¼9Y��tW��OTDV7<ae�^bc?eDPp<aMONKca@Ok7CKe:TDV7CFW�XZY¶NKPAMdT_B�PAcac?CKBgG

V�É)( q�ó	X +¢å�ót³�þ/ñ X ð�ñ�þ�å��

�qV7C�W�XZY¡NKPAMdTDBDPAc?caCKB v ^be�ylBDezT=k7CgeD<?>AM7CKk}id{�<ahn\7caCghuCgMLTD<aM7>:¼fY��oW6huPHk7@7c?CKe9PbR7^ti7^beD<?N
W�XZY	NgPAMdT_B�PAcac?CKB�@7MO<?T�G���T_V7CgB$eD<?hu\7c?<?ylCgk¥hnP�kO@7caCge�RmPAB�TDV7Cx\7BDPHNKCgeDe�PABK�9i7@OeK�fhuCghuPbB�{
^bM7k�\]CKB�<a\7V7CgB_^bc=k7Cg�H<aNgCKe v CgBDCp<ahn\7c?CKhnCKMdT_Cgk�T_Pwh�^S�bCp^%NKPAhn\7c?CgT_Cxez{He�T_Cgh¹M7CKNgCKe�e_^bBz{
RmPAB'T_CKezT_<?M7>�T_V7C�W�XZY1T_BD^bM7ezRmCKB:PA\]CKBD^ST_<?PAM�^SM7k�Rm@7M7N|T_<aPbMl^bca<�T�{pPbR9T_VOC�W�XZY1NgPAMdT_BDPbcacaCgBKG
�qV7Cxe�<ahn\7ca<�ylCKk�hnPHk7CKc?e�<ªi]PbTDV�TDV7CpW�XZY	NgPAMdT_B�PAcac?CKB�^SM7k�<?T_e�CKMd�H<aBDPbM7huCgMdT�huPHk7@7c?CKe#>
^bc?caP v T_V7C%Pb\jCgB_^STD<aPAM7e�^bM7k�Rm@7M7N|T_<aPbM7e�T_P¢i]C�T_Cge�T_Cgk­B�CK\]C�^STDCKk7c�{ v <?TDV7PA@OTQT)^b�L<aMO>�T_PHP
h�@7N)V�eD<?h�@7ca^ST_<?PAM�T_<?huCoRmPAB:T_V7<?eqeD<?hu\7c?C�PA\]CKBD^ST_<?PAM�G

�qV7<ae�e�<ahn\7ca<�ylCKk�hnPHk7CKc?eqPbRUTDV7CFW�XZY¶NKPAMdTDBDPAc?caCKB�NKPAhn\7BD<?eDC Í

� \�BDPHNKCgeDe�PAB
�qV7C¡e�<ahn\7ca<�ylCKkÖ\OBDPHNKCKe�eDPAB�hnP�kOCKc�NgPA@7cak¶\]CKBzRmPABDh PAM7c?{1CKM7Pb@7>AV¶Rm@7M7NgTD<aPAMÖTDP
B�C�^bk/1 v BD<?TDC�T_VOC$W�XZYÖB�CK>A<?e�T_CgBDe�TDPx\7BDPb>AB_^bh�^�W�XZY1N)Vl^bM7M7Cgc�T_P�\]CKBzRmPABDh«kl^ST_^
TDB_^bM7ezRmCKBgG

� »�@Oe
�qV7C�i7@Oe'hnPHk7@7caC�Rm@7M7NgTD<aPAMOe�^be'^�hn<akOk7caC���hu^bM}TDPFC���N)Vl^bM7>ACtkl^ST_^$ijC|T v CgCKM�PST_V7CgB
k7C|�H<aNKCge$NKPAMOM7CKN|T_CKk¢TDP�<?TKG��qV7C�i7@Oe$BDCKNgCK<��ACKe$B�CKJL@7Cge�T_e$RmB�PAháT_V7C�\OBDPHNKCKe�eDPAB�^SM7k
TDV7CQW�X�YíT_BD^bM7ezRmCKBtCKM7>A<?M7Cb�j^bM7kZ\jCgB�RmPAB�huetBDCK^bk/1 v B�<?TDC}kl^`T)^ v <?T_V�T_V7C}huCghuPbB�{
k7C|�H<aNKCS�l\jCgBD<?\7V7CKBD^bc9k7C|��<?NKCS�lPAB:T_V7CFW�XZY¶B�CK>A<?e�T_CgBDegG
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� XZCghuPbB�{
�qV7CohuCghuPbB�{x<?e�^FBDC�^Sk/1 v BD<�T)^biOcaCte�T_PbB_^b>ACtk7C|��<?NKC v V7<aN)V�B�CKNgCK<?�bCKe:B�CKJL@7Cge�T_e�RmBDPAh
TDV7C�i7@7eKG

� \�CKBD<?\7V7CgB_^bc9k7C|�H<aNKCge
�qV7Co\jCgBD<?\7V7CKBD^bc"k7Cg�H<?NKC�hnPHk7CKc"<ae'^FBDC�^Sk/1 v BD<�T)^biOcaC�e�TDPAB_^b>bCok7C|�H<aNKCoNKPAMOM7CKN|T_CKk�TDP
TDV7C$i7@7e v V7<?N)VwN�^bM%ez{�MON)V7BDPAMO<a KC v <�T_V�T_VOC�W�XZYÖNKPbMLTDBDPAc?caCgB�@7e�<aM7>p^�\]CKB�<a\7V7CgB_^bc
B�CKJL@7CKezT�e�<a>AM7^bc v V7CgMZT_BD^bM7e�hu<�TDT_<?M7>�1SB�CKNgCK<?�H<?M7>Qkl^`T)^OG

�qV7CoW�XZYæNKPAMdT_B�PAcac?CKB�<�T_eDCgc?Rj<ae�hnP�kOCKcac?CKkn^be�eD<?M7>Ac?CqhuPHk7@7c?C v <?TDVnT v PQNgPAM7NK@OBDBDCgMdT_c?{
BD@OM7M7<aMO>}e�@7i���hnPHk7@7caCge Í BDCK>b<ae�TDCKB�^bM7knT_B_^SM7e�RmCgB�CgM7>A<aMOCoB�CKeD\]CKN|T_<��ACKc�{AG���^bN)V�hnPHk7@7caC�Vl^Se
<?TDeQP v M¡<aMdT_CgB�Rª^bNgCuTDP�T_V7C�iO@7eK�'^bc?caP v <aM7>�i7@7exNgPAhnh�@7M7<?N�^STD<aPAMÇeDCg\l^bB_^`T_CKc�{AGÇ&oP v Cg�bCKB
W�XZY,BDCg>A<aezT_CKB�^bNKNgCKe�e�id{6TDV7CZTDB_^bMOe�RmCKBuCKM7>b<aM7CZ^bM7k�TDV7C¥iO@7e�<?MLTDCKBzRª^bNKC´< v <�T_V7<?M­T_VOC
BDCg>A<aezT_CgB'@OM7<?T#>=<ae�k7PAM7C�@7e�<aM7>�T_VOCoB�CK>A<?e�T_CgB�caPHN)�L<aM7>�hnCKN)Vl^bMO<aeDh��LeD<?M7NKCqT_VOCoB�CK>A<?e�T_CgBDe'^bB�C
k7C|ylM7CKk¥^be�<aMdT_CgBDMl^Sc��S^bBD<a^bi7caCge v V7<?N)VZNK^bMZi]CF^bNKNgCKe�eDCKk¥iL{�ijPbTDVZhnPHk7@7caCgeKG

�qV7CQe�<ahn\7ca<�ylCKkwhnP�kOCKcfPbR�TDV7CQW�X�Y¸NKPbMLTDBDPAc?caCgBq<aeth�^bkOCFTDP�CKMOeD@7B�C}T_V7^ST�<�T_e�Rm@7M7N��
T_<?PAMl^bc?<?T�{Z^bM7kÇ<aMdTDCKB_^SNgT_<?PAM7e v <�T_V�<?TDe$CKMd�H<aBDPbM7huCgMdT�^bB�CxNKPAB�BDCgNgT�Gn�qV7Cpi]CKVl^��H<aPA@OB}^SM7k
Rm@7M7N|T_<?PAMwPbR=<�T_eq<?MLTDCKB�Ml^bc�NgPAhu\]PAM7CgMdT_ete�T_<?cacjM7PbT�i]CK<aMO>nNgPAM7NgCKBDMOCKk�^`TqT_V7<?et\]PA<?MLTKG

V�É�µ üûú ¶�·­¸º¹�(�»½¼¿¾ À ÁÃÂOÄiÅkrkÂnå�å	Æ4rÇ¾ Â�ÈÉÆ$å

YoR~TDCKB�T_V7C�Rm@7M7N|T_<?PAMl^bc?<?T�{�PSR=T_VOCQeD<?hu\Oca<?y7CKk%hnP�k7CgcfVl^betijCgCKMZTDCKezT_CKk�^bM7k¥\OBDP��ACgM�G��qV7C
hnPABDCZNKPAhn\7ca<?N�^STDCKk6huPHk7CgctTDVl^ST�B�CgëlCgNgTDCKk!T_V7C¥k7CKe�<a>AM!PbR$TDV7C¢W�XZY°NKPAMdTDBDPAc?caCKB v ^be
hnP�k7Cgcac?CKk�G

�qV7CF<aMdT_CgBDMl^bc�huPHk7@7c?CKeqPbR�T_V7<?eqhuPHk7Cgc�NKPAhn\7B�<aeDC Í

Ê ��CK>A<?e�TDCKBDe

Ë �U^bB�>ACgTt<aMdTDCKB�Rª^SNKCF^bM7kw��B_^bM7ezRmCKBo��M7>A<aMOC$k7CKNgP�k7CgBDe

Ë , caPbil^bc���CK>b<ae�TDCKB�e

Ë � V7^bM7M7CgcU��CK>b<ae�TDCKB�e
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Ë � V7^bM7M7CgcU��CKJL@7Cge�T�X¥^b\7\O<aM7>

Ê ��B_^bMOe�RmCKBt��M7>A<?M7C

Ë ��B_^SM7e�RmCgB � PAMdTDBDPAc
Ë � V7^bM7M7Cgc�YoBDi7<�T_CgB

s�M�T_V7CoRmPABDh�PbRf^}ijCgVl^���<?PA@7BD^bcjhnPHk7CKc;�HTDV7CKe�C�huPHk7@7c?CKe�<aMuTDV7C$W�XZY�NKPAMdTDBDPAc?caCKB�^bB�C
<aMOk7CK\]CKM7kOCKMdT�hnP�kO@7caCge}<?M�¼9Y��tW��9C�^bN)V�hnPHk7@7caCpNgPAhuhQ@7M7<aNK^ST_Cge v <?T_VÇT_V7CuPbT_VOCKB}�H<a^
N)Vl^bMOM7CKc?eq^bM7k�e�<a>AM7^bcae'^be�<aM7k7Cg\jCgM7k7CgMLT:NKPAhn\jPbM7CKMdT_e�<aMuTDV7C�Ng<aB�NK@7<�T_e'NKPAhnh�@7M7<?N�^STDCt�H<a^
^bez{�MON)V7BDPAMOPA@7e�k7^ST)^xi7@7MOk7caCgeo^SM7kZNgPAMdT_B�PAc9eD<?>AMl^bc?eKG

V�É2Í ¾ Â�ÈÉÆ$å­Â0ÎÏÅ�äÉÆ ÐÑÆ5ÒO»²ÓbÅÔÆ4r3Ó

�qV7CqB�CK>A<?e�T_CgBDe�<?MQT_VOCqW�XZY�NgPAMdT_BDPbcacaCgB=ezT_PAB�C�T_V7C:�S^bc?@7CKe=M7CKCgk7CKkxRmPAB�T_V7C�W�XZY­T_B_^SM7e�RmCgB
PA\]CKBD^ST_<?PAM�G6�qV7CKe�CZ�S^bca@OCKen^bBDC%TDV7C¥^Sk7k7BDCgeDe�CKe�PbRoT_V7Cwk7C|�H<aNKCgeK�:TDV7CZML@7hQijCgBnPSR�kl^ST_^
<?TDCKhne�T_P%T_BD^bM7ezRmCKBK�U^bM7kÇPbTDV7CKB�NKPbMLTDBDPAc�<?MORmPABDhu^STD<aPAM�T_Vl^STFNgPAMdT_BDPbcae$T_V7Cpkl^`T)^%T_B_^SM7e�RmCgB
PA\]CKBD^ST_<?PAM�G×¦teD@l^bc?c?{­T_V7CÇW�XZY¹B�CK>A<?e�T_CgBDewN�^SM�i]C�huPHk7CKc?caCgk v <?TDVæ�S^bB�<aPA@Oe�T�{�\]C�PbR
�S^bBD<a^bi7c?CKe v V7<?N)V¥BDCg\7BDCgeDCgMLT�T_V7CgeDC��b^Sca@7CgeKG:�qV7CFBDCg>A<aezT_CgBDet@7M7<?Tt<?M7NKc?@7k7CKeqTDV7CKe�CQBDCg>A<aezT_CgB
�S^bBD<a^bi7c?CKef^bM7k}<aMdT_CgB�Rª^bNgCKe9T_P�T_VOC�^bN|T_@l^ScHB�CK>A<?e�TDCKBDe9RmPABfPbTDV7CKB�hnP�k7@OcaCKe�TDP�^SNKNKCgeDegG'I�Cg�bCKB_^Sc
k7CgNKPHk7CKB�e�<ªPbM7C}RmPABqTDV7C}T_^bBD>AC|Tt<aMdT_CgB�Rª^bNgCb�]PAM7C�RmPABtTDV7C}TDB_^bMOe�RmCKBtCKMO>A<aM7CS�jCK^bN)V�>AB�PA@7\�PbR
BDCg>A<aezT_CgBDe�^ScaeDPuNKPAMdT_^b<aM7e�^bM¥<?MdT_CKB�Ml^bc�k7CKNgP�kOCKB#>t^bM7k¢^SBDi7<�T_CKB�e�<mPAM7C�RmPAB�>Ac?PAil^bc9B�CK>A<?e�TDCKBK�
^bM7k�PbM7C�RmPAB�CK^bN)V¡N)Vl^bM7M7CgcqBDCg>A<aezT_CKB�e#>�^bc?eDP¢^SBDC�<?M7NKPAB�\jPbB_^STDCKk�T_P�TDV7C%BDCg>A<aezT_CgBDex@7M7<�T Í
�qV7C�kOCKNKPHk7CgB�<ae}M7CKCgk7CKk�T_PZeDCgcaCKN|Tp^¥\l^SB�T_<?NK@7ca^bB�BDCg>A<aezT_CKBg�=T_VOC%^bBDiO<?T_CgBQ^ScacaP v e�T v P¢PbB
hnPABDC:@OM7<?TDe�TDVl^ST�NgPA@7cakn^ST�T_Cghu\OT=T_PF^bNKNgCKe�e'TDV7C�BDCK>b<ae�TDCKB�e'e�<ah�@Oc?T)^SM7CKPA@OeDc?{FT_P�T_^b�bC�T_VOCK<aB
T_@OBDMwT_Pn^bNKNgCKe�eKG

Yqø�Õ:øJÖ ×[6���ï�ÿ36nµ
��Ø�ý��Lþ��fü��
�qV7C�>bcaPAil^ScFB�CK>A<?e�TDCKBDe¥Vl^bM7k7c?C�B�C�^bk/1 v BD<?TDC�B�CKJL@7CKezT¢RmBDPAh TDV7C�T)^SBD>AC|T�<aMdTDCKB�Rª^SNKC�^SM7k
eDC|T21SB�CKe�CgT � Vl^SM"IHT)^`T_@7e}i7<?T�RmBDPbhòT_V7CnN)Vl^bM7MOCKc�B�CK>A<?e�TDCKBDeg��^bMOk�^bc?eDP�<aMdT_CgBDBD@O\OTQB�CKJL@7Cge�T
T_PwT_VOCu\7B�P�NgCKe�eDPABgG��qV7CuPA\jCgB_^STD<aPAM�PbR'T_VOC � Vl^SM"IHT)^`T_@7e}i7<?T�e�CgT21`BDCKe�CgT}RmPAB�C�^bN)V£i7<?TF<ae
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<aMOk7CK\]CKM7kOCKMdT���T v P%i7<�T_e�<mPAM7C}iL{�T_VOC�PA\]CKB_^`T_<aPbMZPbR�TDV7CQTDB_^bM7ezRmCKBoNKPAMdT_B�PAc�^SM7k¢^bM7PST_V7CgB
PAM7Coid{nTDV7CoT_^bBD>bCgT:<?MdT_CKBzRª^bNKC²>�NgPA@7c?k�i]C�eDC|T21SB�CKe�CgTqNgPAM7NK@OBDBDCgMdT_c?{b�7eDP}Cg�bCKB�{ � Vl^bM"ILT)^STD@7e
i7<�T$eDC|T21SB�CKeDC|TQB�CKJL@7Cge�T_e}^bB�CO����CKk¢TDPA>ACgTDV7CKB�^Se$PAM7CpBDCgJH@OCKe�T�TDPwTDV7Cn^bBDiO<?T_CgB�PbR'>Ac?PAil^bc
BDCg>A<aezT_CgBKG

Yqø�Õ:ø�
 Ù���ÿ3�4�5�76pµ
��Ø�ý��Hþ%�fü��
�qV7C}N)Vl^bM7M7CgcUB�CK>A<?e�TDCKBDeo^bB�C}<?M7k7CK\]CKMOk7CKMdT�RmB�PAháC�^SN)V�PbT_VOCKB	Ú"T_VOCg{�N�^bMZijC}^bNgNKCKe�eDCgk¢iL{
T_VOC�TDB_^bMOe�RmCKBqCgM7>A<?M7CF^bM7k%T_V7C$T_^bBD>AC|T�<aMdT_CgB�Rª^bNgCbG���^bN)VZN)Vl^bM7M7Cgc9Vl^be�<?TDeqP v M¥^bB�i7<?TDCKB�TDP
>ABD^bMdTt^bNKNgCKeDetT_PxT_VOCKeDC�T v Pu@7MO<?T_egG

;æ<?TDV¥T_V7CFT)^bB�>ACgT�<aMdT_CgB�Rª^bNgCQPAMOc?{wPAM7C}eD<?M7>AcaCFBDCg>A<aezT_CgB�NKPb@7cak�i]CQB�C�^bk�1 v BD<�TDT_CgM¢^ST�^
T_<?huCSG�Y¸ël^b>7�b9 v BD<�T_C \7BDPbTDCKN|T ë"^b>7¨���<?e�e�CgT�TDP%\7BDC|�ACKMdT�9ßB_^bNgC�NKPbM7k7<?TD<aPAM�¨Ô<mk7<ae�NK@7e�eDCgk£<?M
\7B�Cg�H<aPA@Oe�N)Vl^S\OT_CgB#> v VOCKM%^$�S^bca@7C�<?e v B�<?T�T_CKMu<aMdT_P}^�BDCK>b<ae�TDCKB'<aMpT_Vl^`T�N)V7^bM7M7CgcrG�;£BD<?TD<aM7>
^��S^bca@7C�TDP�TDV7CpNKPAMdTDBDPAc�B�CK>A<?e�T_CgB$id{¢T_V7Cp\7B�P�NgCKeDe�PAB}^bcae�P�NK^b@7e�CKe�T_V7CpN)Vl^bMOM7CKc�BDCg>A<aezT_CgB
T_P%e�CKM7kÇ^�B�CKJL@7CKezT�T_P�NgcaC�^SB�T_V7CxNgPABDB�CKe�\jPAMOk7<aM7>%iO<?T�<?M¥T_VOC � Vl^bM"IHT_^ST_@Oe$BDCK>b<ae�TDCKB$^SM7k
T_VOCFN)V7^bM7M7Cgc�B�CKJL@7Cge�Toh�^b\O\7<aM7>xiOcaPHN)��<ae�^bN|T_<��b^`T_CKk�G

;æ<?TDV�T_V7CoT_B_^SM7e�RmCgB:CKM7>b<aM7Co<aMdT_CgB�Rª^bNgCb�OC|�ACgB�{�B�CK>A<?e�TDCKB:<?M�^QN)Vl^SM7M7CKc�<ae�B�C�^bk�1 v BD<�TDT_CgM
^SToPAM7NgCbG�s�MZT_V7C}BDC�^Sk¥PA\]CKBD^ST_<?PAM¥C|�ACKBz{¥B�CK>A<?e�TDCKB�<?eoB�C�^bk�^bM7k¥TDV7CN9 v BD<�T_C \OBDPbTDCKNgT ë"^b>7¨
i7<�Tq<ae:NgcaCK^bBDCgk��l^bc?caP v <aM7>FT_V7C$B�CK>A<?e�TDCKBDe:TDPxijC v B�<?T�T_CKMw<?M�T_V7C v B�<?TDC|��N|{HNKcaC$PSR�TDV7C�T_BD^bM7e±�
RmCKB�NKPbMLTDBDPAc;��<?RQTDV7C�\OBDPHNKCKe�eDPABZVl^beZM7PbTZ<aMdT_CgB��ACgM7CKk�Gñs�M1TDV7C v B�<?T_CÇPA\]CKBD^ST_<?PAM���T_VOC
9 v BD<?TDC \7B�PbT_CgNgT ë"^b>7¨�<aenN)V7CgN)�bCKkæi]CgRmPAB�C��S^bc?@7CKeu^bB�C v B�<?TDTDCKM6T_P�T_V7CZBDCK>b<ae�TDCKB�eK�:<�R�T_VOC
ë"^b>w<?e$eDCgTFT_VOPAeDCx�S^bca@OCKe v <ac?c=i]Cn<?>AM7PAB�CKk�Gxs.R'T_VOC v B�<?TDCnPb\jCgB_^STD<aPAM¢B�CKeDC|T_e�T_V7CpCgMl^bi7c?C
i7<�To<?MZTDV7C}NgPAMdT_B�PAcUB�CK>A<?e�TDCKBK�]BDCgJL@7CKezT v <ac?c9ijCFeDCgMLToT_PnT_V7C � Vl^bM"IHT_^ST_@Oe�BDCg>A<aezT_CgBtTDP�eDC|T
T_VOCFNgPABDB�CKe�\jPAMOk7<aM7>pi7<�T�G

V�É#V ¾ Â�ÈÉÆ$å­Â0ÎÏÅ�äÉÆ ¹­rku�Ä!ÓÔÎ'Æ4rÛ¸�ÄÉÒN»	ÄÉÆ

�qV7CnT_B_^SM7e�RmCgB}CgM7>A<aMOCu<?eFNgPAhn\jPAe�CKk�PSR�T v P�h�^|Ü�PAB�@7M7<?TDe Í T_V7CpT_BD^bM7ezRmCKBFNKPAMdT_B�PAc'@7M7<?T
^bM7k�N)Vl^bMOM7CKc�^bB�i7<?TDCKB:@7MO<?T��7^be�eDV7P v M¥<?M%yl>A@7B�CFâOG ÌOG
�qV7C � Vl^SM7M7CKc�Y�BDiO<?T_CgBu@OM7<?T�BDCKNgCK<��ACKe�BDCKJL@7Cge�TDewRmB�PAh C�^bN)V!NgPAMdT_B�PAcoB�CK>A<?e�TDCKB�^SM7k
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hu^b�bCgeu^SM­^SBDi7<�T_B_^`T_<aPbM�k7CKNg<aeD<?PAM¡N)V7PHPAeD<?M7>Ç^�N)V7^bM7M7Cgc�TDP�ijCweDCgB��bCKk�id{�TDV7C%T_B_^SM7e�RmCgB
CKMO>A<aM7C�<?RfT_V7CgBDC$<?eqhuPAB�C�T_V7^bM%PAM7C$B�CKJL@7CKezT�G�I�<ahn\7c?CoT v Pn<?M7\7@OTt^SBDi7<�T_CKB�eq^bB�C$@7eDCgk�<?Mw^
T_B�CKC$T_PpNgBDC�^`T_CF^bM�M���<?M7\7@OTt^bB�i7<?TDCKBgG

YqøZYqøJÖ Ýuülÿ3�5�eÞ+�fü�Ù´���:þOü���6_ß ��º=à46��
�qV7C¥TDB_^bMOe�RmCKBuNKPAMdTDBDPAcohuPHk7@7c?CZ\]CKBzRmPABDhneuk7^ST)^£TDB_^bMOe�RmCKB v <?TDVæXZY��t»:¼f��@7eD<?M7>�T_VOC
N)Vl^bMOM7CKc:ML@7hQijCgBx>A<?�bCKM�id{�TDV7C%N)Vl^bM7MOCKcq^bB�i7<?TDCKBtÚ�<�T�BDCK^bk7eá1 v BD<�T_CKexN)V7^bM7M7CgcqBDCK>b<ae�TDCKB�e
RmBDPbh«TDV7C�BDCg>A<aezT_CgB:@7M7<�T:T_P�@O\jkl^`T_C�T_BD^bM7ezRmCKB:ezT)^STDCKeKG��qV7CFX�Y��t»:¼f�­BDCK^bk/1 v B�<?TDC�PA\]CKBz�
^STD<aPAM7e=^bBDC�\jCgB�RmPAB�huCgk�NKPbM7NK@7B�BDCgMLTDc?{ v <?T_V}T_V7C:B�CK>A<?e�TDCKB�@7\]kl^STDC|1 v B�<?TDC|��i7^bN)�}Pb\jCgB_^STD<aPAM7e
T_P¥<aM7NgBDC�^SeDC%W�XZY�\jCgB�RmPAB�h�^bMONKCbG¥�UP¢\7B�Cg�bCKMdTpT_V7C�\OBDPHNKCKe�eDPABQ<aMdT_CgBDBD@O\OTxBDCgJL@7CKezTpijC��
<aMO>ue�CKMdT�i]CgRmPAB�CFTDV7CFkl^ST)^pT_BD^bM7e�RmCgBo<?ety7M7<ae�V7CKk��Ô<mRmPbB�TDV7CQca^be�Ttkl^`T)^u<�T_Cgh�T_BD^bM7e�RmCgBDB�CKk/>��
BDCg>A<aezT_CgB v BD<?TDC�il^bN)��<?eqk7CKca^�{bCKkZ@7MdT_<acjT_V7C}XZY��o»:¼f��Pb\jCgB_^STD<aPAM7e�^SBDC$ylM7<?eDV7Cgk�G

YqøZYqø�
 Ù���ÿ3�4�5�76Oâ¬ü"ï$ý.þ%��ü
Y�M�^bBDi7<�T_CgB�<aeo^�M7PbM���k7C|T_CgBDhn<aM7<?e�T_<?N�NKPAhn\jPbM7CKMdT$<?MZT_VOC�BDCK^bcUNg<aB�NK@7<�T�<?hu\7c?CKhnCKMdT)^`T_<aPbM�G
ãoP v Cg�bCKBQ<?MÇTDV7CphuPHk7Cgcaca<?M7>�id{�eDPSR~T v ^bB�C S M7PAM��.k7CgTDCKBDhn<aMO<ae�TD<aNtT�Rm@7M7NgTD<aPAMOeFkOCK\]CKM7k£PAM
T_VOCv9ßB_^bM7kOPAhZ¨�Rm@OM7NgTD<aPAM}PbR7T_VOC�NKPbhu\7@�T_CKB�e�{HezT_CKh�T_Vl^`T=<?eUB�@7M7M7<?M7>tTDV7C�e�PbR~T v ^bBDCS� v V7<aN)V��
<ae�@7eD@l^Scac?{uM7PbT�MOPAM���kOCgT_CgBDhn<aM7<?e�TD<aNbGÔ{lPAB:eD<?h�@7ca^ST_<?PAMnTDV7C$M7PAMH��k7C|T_CKB�hu<?M7<aezT_<?N�i]CKVl^��H<aPA@OB
T_VO<aeqNKPb@7cakwM7PbTtB�CgëlCgNgT�T_V7C�B�C�^bc9i]CKVl^��H<aPb@7B�PbRUTDV7C�NK<?BDNK@O<?T�G

V�É+p q�»	X �¢åtuPÅk»tÂNÄ q�ä�äÉÆ4X Æ4Ó

��P�N)V7CgN)�ZT_V7^SToTDV7CFijCgVl^���<?PA@7BtPbR�TDV7C�W�XZY�NKPbMLTDBDPAc?caCgBthnPHk7CKc9<?eoNgPABDB�CKNgTDc?{wk7CgeD<?>AM7CKk��
T_VOCohnP�kOCKc"Vl^be'ijCgCKM�TDCKezT_CKk v <?T_VnT_V7CteD<?hu\Oca<?y7CKkphuPHk7Cgc]PSR�\7B�P�NgCKeDe�PAB:^SM7k�PbTDV7CKB�huPHk��
@7c?CKeKG����ACgM¥T_V7Pb@7>AVwT_V7CgeDCFhuPHk7@7c?CKeqk7PnM7PbTti]CKVl^��ACQ^beqT_V7CFBDCK^bc9Y$XZ¦�¼f��� ^ hnP�k7@OcaCKe
T_VOCg{w^bB�CF^bNKNg@7B_^STDC�CKM7PA@O>AV�TDPxT_CKezToTDV7CFW�XZY[NKPbMLTDBDPAc?caCgB:ijCgVl^��H<aPA@7BgG

�UCge�TD<aM7> v <?T_VwT_VOC}B�C�^bck9ßCKMd�H<aBDPbM7huCgMdT�¨ v ^Se�^bc?eDPpk7PAM7C}@7eD<?M7>pT_V7CFY$X¥¦o¼f��� ^ \7BDPS�
NKCgeDe�PAB�NKPAB�Cb�HXZY��o»�¼��Çi7@7eg�dhuCghuPABz{A�b^bM7k�T_VOCqeD<ahn\7c?<?ylCgk}\]CKB�<a\7V7CgB_^bc�k7Cg�H<?NKCqhnP�k7@OcaCKe
RmPAB v V7<?N)V�TDV7C�BDCK^bc9huPHk7@7c?CKe:kOPAM�¨îToC���<ae�TKG
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�UCge�TtRmPAB�^bMd{%NgPAh�i7<?Ml^ST_<?PAM%PbR�T�{H\jC�PbRUkl^ST_^xTDB_^bMOe�RmCKB Í

Ê \�CKBD<?\7V7CgB_^bc�TDP�X�CKhnPAB�{

Ê XZCghuPbB�{�TDPN\�CKB�<a\7V7CgB_^bc

Ê XZCghuPbB�{�TDP�X�CKhnPAB�{

Ê \�CKBD<?\7V7CgB_^bc�TDPN\�CKB�<a\7V7CgB_^bc

Vl^beqi]CKCgMZk7PbM7C v <?TDV%Cg�ACgB�{%e�<aM7>bcaC$W�XZY[N)V7^bM7M7Cgc v <?T_V%i]PbTDV�T_V7C�9²RmBDCgCFB�@7M�¨l^SM7kw^
k7C|ylM7<?TDC�ML@7h�i]CKB=PbR"kl^ST_^o<?TDCKhneUTDB_^bM7ezRmCKBgG�W�@7B�<aM7>tT_V7C]9 k7C|ylM7<�T_Cb¨b^bhnPA@7MdT=PSR"kl^ST)^o<?T_Cghue
T_BD^bM7ezRmCKBK�fT_VOCuPA\]CKBD^ST_<?PAM¢<aeF^bc?eDPw<aMdTDCKBDB�@7\OTDCKk�^SM7kÇTDV7CnN)Vl^bM7M7Cgc�<ae�BDCg\7BDPA>bB_^bhnhuCgk�iL{
T_VOCo\7B�P�NgCKe�eDPAB'T_P}y7M7k�k7CK^bk7c?P�N)�xPAB�PbTDV7CKB�\7BDPbi7caCghuegG�XZ@7c�T_<?\7caCqN)Vl^SM7M7CKc?e�NgPAM7NK@OBDBDCgMdT_c?{
^bc?eDPpVl^bkwi]CKCKM�T_Cge�T_Cgk v <�T_Vwe_^ShuCF^bM7k�k7<�¤�CgBDCKMdTqT�{H\]CKetPbR=k7^ST)^xT_BD^bM7e�RmCgBKG

V�É#� q�»	X �¢åtuPÅk»tÂNÄ ÐÑÆ4Ó��¢åtÅ�Ó

�qV7C%e�<ah�@7ca^ST_<?PAM�B�CKe�@7c?TDexeDV7P v T_Vl^STp<?MdT_CKBD^bNgTD<aPAM�ijC|T v CgCKM¡T_V7CwW�XZYáNgPAMdT_B�PAcac?CKB�^SM7k
PbTDV7CKBfhnP�k7@OcaCKe�<aM$T_V7C�\7B�P�NgCKe�eDPAB�eD@7iOe�{He�TDCKh�<ae v PABD�L<aMO>o^Se�C���\jCgNgT_Cgk�GkãtP v Cg�bCKB�T_CKezT_<?M7>
BDC|�ACK^bcaCgk�e�PAhnC$\7BDPAiOcaCKhne v <�T_V%<aMO<?T_<a^bc"k7CKe�<a>AMNA�k7CK^bk7c?P�N)�u^bM7kwhnPABDC�e�@7iOTDcaC$\7B�PAi7caCghue
Í B_^SNKC$NKPbM7k7<?TD<aPAM��7^bM7kwCK^bBDc�{�<aMdTDCKBDB�@7\OT�B�CKJL@7CKezT�G'�qV7CKe�C v CKB�C�eD@7i7e�CKJL@7CgMLTDc?{�NKPbBDBDCgNgTDCKk
^bM7kw�ACgBD<�ylCKk�G

YqøZåqøJÖ æ[�fÿ�º=6��]ç"ì
�qV7C�k7C�^Sk7caPHN)��\7B�PAi7caCgh <aep^SM­PAid�H<aPb@7euPbM7C v V7CKM­NKPAhn\l^bB�CKk v <?T_V6PbTDV7CKBp\7B�PAi7caCghue
<aM�TDV7Cwk7CKe�<a>AM�G�s.TnNKPA@7c?k�ijC%yl>b@7BDCgk6Pb@OTpC�^be�<ac�{�Cg�bCKM v <?T_VOPA@OT�TDV7CweD<ahQ@7c©^STD<aPAM�GÇYoe
eDVOP v MÇ<aMZyl>A@7B�Cp�OGè�'Ú�T_V7C�TDB_^bM7ezRmCKB�CgM7>A<?M7Cp^bNKNgCKe�eDCKe}^�BDCg>A<aezT_CgB0$'m�cRé�lê ë$'*n*Qì`��<?M v V7<aN)V��
v V7CgM¡^bNKNgCKeDeQ<aeQ>bB_^bMdT_Cgk�T_PZT_V7CnT_B_^SM7e�RmCgBQCKMO>A<aM7CS�=T_VOC�BDCg>A<aezT_CgBQ<aeFM7PbTQBDCgcaC�^SeDCKk�@7MdT_<ac
BDCg>A<aezT_CgB v BD<�T_Coil^bN)�n<ae�y7M7<ae�V7CKk�G��qVO<ae:NgPA@7cak�N�^b@7e�C�k7CK^bk7caPHN)�p<?R�TDV7C�\7B�P�NgCKe�eDPAB�TDBD<?CKe�TDP
^bNgNKCKe�etTDV7C�e_^bhnC$BDCg>A<aezT_CgB	Úl<?T:P�NgNK@7\7<?CKeqT_VOCFiO@7e v V7<ac?C v ^b<�T_<?M7>�T_V7C$TDB_^bM7ezRmCKB�CKMO>A<aM7C�TDP
BDCgcaCK^beDCpT_V7CuBDCg>A<aezT_CKBg��TDV7CpT_B_^SM7e�RmCgBQCKMO>A<aM7C v ^b<?TD<aM7>%RmPAB$T_VOC�\7B�P�NgCKeDe�PAB}TDPZB�CKc?C�^be�CuT_VOC
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Processor

wait for processor release bus
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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
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BUS BUS

Processor Registers Transfer Engine

Flag is set
no update
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