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¼ ½ª¾À¿fÁ
hjÂ } vÃh yWz ^_ONJ®O�^_KÄX Y JWe b VÅe�ÆTJWeNV6XTlTOÄdTV bLÇ V6JLKÅO rÈb VNe�ÆfM¬v } ÂÉh�P yWzLzLzAÊ P � zLzLz P } h a [ b KNdDXfegMBV6OBQkË
hjÂ } v�[BJLlÅV�M?JL`ÌJLlT`Å^_KÅKNM?`T^_JWegM Y qÄMmÍjM?[BXfegMiÎ Y M?OÏ[ b lAe�JL^_lT^_l Ç JLO�OgM?K�Ð Y q Y JLl Ç XTJ Ç M b VÉv } ÂÉhÄMmÍjM?[BXfe�JWÐ Y M
Î Y M?OBQ
hjÂ } vÑ^_O0JNOgM Y r � [ b lAe�JL^_lfM?`ÒOgqjOgegM?K rÈb V�V6XTlTlT^_l Ç e�ÆfM?OgMªdTV bLÇ V6JLKÅO
JLlT`¬[ b lAe�JL^_lTOiJN`fMBÐDX ÇLÇ MBViJLlT`
^_lAegMBV r JL[mMªe b J r MB] b d"MBV6JWe�^_l Ç OgqjOgegM?K�OgMBV�pj^_[mM?OBQ

Ó ÆfM
JWV6[6ÆT^kegM?[me�XfV�M bLr e�ÆfM
v } ÂÉh~[ b KNdDXfegMBV6O�^_O¡O�^_KNd Y MÒJLlT`ÔV�M Ç X Y JWV?{i]0ÆT^_[6ÆÕKÅJWÖLM?O×^ke×M?JLOgq~e b
Y M?JWV6l¬JLlT`¬XTlT`fMBV6Oge�JLlT`|Q Ó ÆfM�dTV b [mM?O�O b Vi[ b lAe�JL^_lTO � y Ç M?lfMBV6J Y � dDXfV�d b OgMRV�M Ç ^_OgegMBV6OiJLlT`¡JN]cM Y_Y � `fM?O�^ Ç lfM?`
^_lTOgegV6XT[me�^ b l¡OgMBe�e�ÆTJWe0KÅJWÖLMª^ke0JÄdTV b dD^ke�^ b XTO
e�JWV Ç MBe rÈb V Ç M?lfMBV6JWe�^_l Ç [ b `fMª^_l¡JN[ b KNdD^ Y MBV?Q

Ø b ]cMBpLMBV?{Te�ÆfM b Ð�pj^ b XTOÉÙ�XfM?Oge�^ b l�^_OBÚÛ]0ÆAqÅXTOgMiJ�O�^_KÄX Y JWe b Vc]0ÆfM?lÌKÅJLlAqÄd"M b d Y M\ÆTJ?pLM\] b V�ÖjOge�JWe�^ b lTO
e�ÆTJWe0[ b lAe�JL^_lwJNÆTJWV6`f]ÉJWV�ML{DJLlT`¡ÆfM?lT[mMªO�^ Ç lT^ Î%[BJLlAe Y q r JLOgegMBV?{D^_KNd Y M?KNM?lAe�JWe�^ b l bLr e�ÆT^_O0[ b KNdDXfegMBVmÜwÝ\lfM
V�M?JLO b lw^_O0e�ÆTJWe0e�ÆfM?OgMª] b V�ÖjOge�JWe�^ b lTO\JWV�M�l b e Ç M?lfMBV6J Y_Y q¬J?pWJL^ Y JWÐ Y MLQ\�il b e�ÆfMBV0V�M?JLO b lw^_O0e�ÆTJWe0e�ÆfM?OgM�KÅJ �
[6ÆT^_lfMÅ]0^ Y_Y l b eªd"MBV6O�^_Oge rÈb V�KÅJLlAqÒqLM?JWV6O�Ð"M?[BJLXTOgM bLr e�ÆfMÅV6JWdD^_`®dTV bLÇ V�M?O�O Y M?JL`T^_l Ç e b lfMB]ÞJLlT` r JLOgegMBV
[ b KNdDXfegMBV6OBQ0oil rÈb V�e�XTlTJWegM Y qL{|e�ÆfMªegV�M?lT`w^_Oie b KÅJWÖLM�[ b KNdDXfegMBV6O r JLOgegMBV\Ð�q×MmÍjM?[BXfe�^_l Ç OgMBpLMBV6J Y ^_lTOgegV6XT[ �
e�^ b lTOÄ[ b lT[BXfV�V�M?lAe Y qL{C]0ÆT^_[6Æ�KÅJWÖLM?Oªe�ÆfM?^kV�JWV6[6ÆT^kegM?[me�XfV�M×K b V�MÅ`T^ ßÌ[BX Y eªe b XTlT`fMBV6Oge�JLlT`®JLlT`�dTV bLÇ V6JLK¡Q
Ó ÆfMRv } ÂÉh�JWV6[6ÆT^kegM?[me�XfV�M�KÅJ?qÌÐ"M\e�ÆfMRMBdD^ke b KNM bLr JNO�^_KNd Y ML{f[ Y M?JLlwP } h a KÅJL[6ÆT^_lfMLQ

} lÌJL`T`T^ke�^ b l|{jO�^_KÄX Y JWe b V6Oc[BJLlÌdTV b pj^_`fMiJªÐ"MBegegMBVÉM?lApj^kV b lTKNM?lAe rÈb V Y b ] � Y MBpLM Y dTV bLÇ V6JLKÅKÅ^_l Ç e�ÆTJLlÌJLl
JL[me�XTJ Y KÅJL[6ÆT^_lfM�Ð"M?[BJLXTOgM�e�ÆfMBq¡[BJLl
`fMBegM?[me�K b V�MªMBV�V b V6OiJLlT`¬dTV b pj^_`fMÄK b V�M r M?JWe�XfV�M?Oie�ÆTJLlÒJLlÒJL[me�XTJ Y
[ b KNdDXfegMBV?QCà b V
MmÍfJLKNd Y ML{DhjÂ } váÆTJLOÉJªâ � ]0^_lT` b ]�^_lAegMBV r JL[mM�e�ÆTJWe
^_OcÐ"MBegegMBVÉe�ÆTJLl�K b OgeÉ`fMBÐDX ÇLÇ MBV6O rÈb V
e�ÆfMªJL[me�XTJ Y KÅJL[6ÆT^_lfM?OBQ
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àÛ^_lTJ Y_Y qL{"O�^_KÄX Y JWe b V6O�JWV�M�JLl¡XTOgM r X Y e b�b Y rÈb ViOge�XT`fqj^_l Ç [ b KNdDXfegMBV6O�JLlT`×e�ÆfMRdTV bLÇ V6JLKÅOÉe�ÆTJWe0V6XTl b l
e�ÆfM?K¡Q��cM?[BJLXTOgMie�ÆfMBq�JWV�Mi^_KNd Y M?KNM?lAegM?`N^_lÅO bLr e8]ÉJWV�ML{fl b eÏO�^ Y ^_[ b l|{�e�ÆfMBqN[BJLlNÐ"M�M?JLO�^ Y qNK b `T^ ÎDM?`�e b JL`T`
lfMB] ^_lTOgegV6XT[me�^ b lTOB{fÐDXT^ Y `¡lfMB] OgqjOgegM?KÅO
O�XT[6Æ¡JLO0KÄX Y e�^kdTV b [mM?O�O b V6OB{ b ViO�^_KNd Y qÅe b [ b Y_Y M?[mei`TJWe�JjQ
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Ó ÆfM v } ÂÉh\JWV6[6ÆT^kegM?[me�XfV�ML{ Y ^kÖLMÏe�ÆTJWe bLr K b Oge�P } h a [ b KNdDXfegMBV6OB{,^_O�`T^ ßÌ[BX Y e�e b dTV bLÇ V6JLK `T^kV�M?[me Y q\Ð"M?[BJLXTOgM
bLr ^ke�O�`fM Y J?qLM?`¬ÐTV6JLlT[6ÆfM?OB{f`fM Y J?qLM?` Y b JL`TOB{TJLlT`×V�M?OgegV6^_[megM?`¡JL`T`fV�M?O�O
K b `fM?OBQ Ó ÆT^_O
`T^ ßÌ[BX Y e8q�^_O
e b Y MBV6JWÐ Y M
O�^_lT[mM�e�ÆfM?OgM�[ b KNdDXfegMBV6O0]cMBV�MÄ`fM?O�^ Ç lfM?`we b Ð"M�dTV bLÇ V6JLKÅKNM?`¡^_lÒÆT^ Ç Æ � Y MBpLM YCY JLl Ç XTJ Ç M?O�JLlT`ÒO b dTV�M?OgM?lAe
JLl�^_lAegMBV r JL[mM�`fM?O�^ Ç lfM?` rÈb V�[ b KNdD^ Y MBV6OB{Cl b eªdTV bLÇ V6JLKÅKNMBV6OBQÌ� ÇLb�b `�dDJWV�e bLr e�ÆfMÌ[ b KNd Y MmÍf^ke8q
V�M?O�X Y e�O
r V b K `fM Y J?qLM?`�^_lTOgegV6XT[me�^ b lTOBQ��'&$(*),+.-$(/&10*23+.4�5*6Òe�JWÖLM?ORe8] b [mqj[ Y M?O�e b MmÍjM?[BXfegMLQ } lwe�ÆfMNOgM?[ b lT`
[mqj[ Y ML{
e�ÆfMR^_lTOgegV6XT[me�^ b l¬^_KÅKNM?`T^_JWegM Y q rÈb Y_Y b ]0^_l Ç e�ÆfM�ÐTV6JLlT[6Æ×MmÍjM?[BXfegM?OBQ Ó ÆT^_O
^_lTOgegV6XT[me�^ b l¡[BJLl¡d"MBV rÈb V6K XTOgM r X Y
] b V�Ö�e�ÆTJWe0l b V6KÅJ Y_Y qÅ] b X Y `¬ÆTJ?pLMRÐ"MBM?l¡` b lfM�Ð"M rÈb V�M�e�ÆfMRÐTV6JLlT[6Æ b V0^ke0[BJLl¡Ð"MRJ87:9.;1<ól bNb d"MBV6JWe�^ b l�=6Q
hj^_KÅ^ Y JWV Y qL{�&$(*),+.-$(/&>),?@+�&BAÄe�JWÖLMÄe8] b [mqj[ Y M?O\O b e�ÆfM�^_lTOgegV6XT[me�^ b lÒ^_KÅKNM?`T^_JWegM Y q rÈb Y_Y b ]0^_l Ç J Y b JL`Ò[BJLlTl b e
XTOgM�e�ÆfMRpWJ Y XfM Y b JL`fM?` r V b K�KNM?K b V�qLQ

v } ÂÉh¬]0^_OgM Y qÒ[6Æ b�b OgM�e b ÆT^_`fMÄe�ÆT^_O�[ b KNd Y MmÍf^ke8qwÐ�qw^_KNd Y M?KNM?lAe�^_l Ç JDCFEG2*HJIK+.)�LM+�5*6$EG4N(N]0^ke�ÆÒe�ÆfM?^kV
JLO�OgM?K�Ð Y MBV?Q Ó ÆT^_O
pj^kV�e�XTJ Y [ b KNdDXfegMBV�JWdTd"M?JWV6OÉe b ÆTJ?pLMªl b l � `fM Y J?qLM?`¬ÐTV6JLlT[6ÆfM?O�JLlT` Y b JL`TO0JLlT`¡J�V6^_[6ÆfMBV
^_lTOgegV6XT[me�^ b l®OgMBe�e�ÆTJLl
e�ÆfMNJL[me�XTJ Y ÆTJWV6`f]ÉJWV�MLQ Ó ÆfM�JLO�OgM?K�Ð Y MBVO2/(/?.2QP$+.4KESRF(TA1<ÈV�M?JWV�V6JLl Ç M?OT=\^_lTOgegV6XT[me�^ b lTO
e b Î Y_Y e�ÆfMN`fM Y J?qÒO Y b e�OBQ } eRJ Y O b O�^_KÄX Y JWegM?O�e�ÆfMNJL`T`T^ke�^ b lTJ Y {�UKA@(*IK&�?.EG4VA*HJ2TIK5@HJEQ?.4VAÅÐ�q Ç M?lfMBV6JWe�^_l Ç O�Æ b V�e
OgM?Ù�XfM?lT[mM?O bLr JL[me�XTJ Y ^_lTOgegV6XT[me�^ b lTOBQ

�cq `fM r JLX Y eB{ihjÂ } v O�^_KÄX Y JWegM?OÅe�ÆfM¬V6^_[6ÆfMBV?{
pj^kV�e�XTJ Y KÅJL[6ÆT^_lfMLQ } eÌ[BJLl~J Y O b O�^_KÄX Y JWegM¬e�ÆfMwJL[me�XTJ Y
ÆTJWV6`f]ÉJWV�MLQ s M
]0^ Y_Y `fM?O�[mV6^kÐ"Mwe�ÆfMÒpj^kV�e�XTJ Y KÅJL[6ÆT^_lfM
JLlT` b l Y qÀKNM?lAe�^ b lÕ^_l~dDJLO�O�^_l Ç�r M?JWe�XfV�M?O�e�ÆTJWe
` b l b eªÐ"M Y b l Ç e b e�ÆfMÌJL[me�XTJ Y ÆTJWV6`f]ÉJWV�MLQ } l�` b ^_l Ç O b {Û]cM�JWV�M rÈb Y_Y b ]0^_l Ç e�ÆfMÌ[ b lApLM?lAe�^ b l bLr v } ÂÉh
JLO�OgM?K�Ð Y q Y JLl Ç XTJ Ç MidTV bLÇ V6JLKÅKNMBV6O <óJLlT`Ì[ b KNdD^ Y MBV6OT=6{�]0Æ b V b Xfe�^_lfM Y q�e�JWÖLM�JL`fpWJLlAe�J Ç M bLr e�ÆfM0MmÍjegM?lT`fM?`
KÅJL[6ÆT^_lfMLQ } lTOgegV6XT[me�^ b lTO�KÅJWV�ÖLM?`×]0^ke�Æ¡JN`TJ ÇLÇ MBV8<�W@=cJWV�MRdDOgM?XT` b ^_lTOgegV6XT[me�^ b lTOBQ

���GX ��Y[ZB�\ZB����%K���]��"^%
hjÂ } v dTV b pj^_`fM?O0JÅO�^_KNd Y MRegMBV6KÅ^_lTJ Y JLlT`¬J�â � ]0^_lT` b ]ø^_lAegMBV r JL[mMLQ_� b e�Æ¬dTV b pj^_`fMªM?Ù�XT^kpWJ Y M?lAe r XTlT[me�^ b l �
J Y ^ke8qL{%ÐDXfeÉe�ÆfMRâø^_lAegMBV r JL[mM�^_O Ç M?lfMBV6J Y_Y q�M?JLO�^kMBVie b XTOgMRJLlT`¡K b V�M�^_l rÈb V6KÅJWe�^kpLMLQ

` ;NaFb"{�e�ÆfMÒegMBV6KÅ^_lTJ Y pLMBV6O�^ b l|{\JLlT`dc ` ;NaFb"{�e�ÆfMwâ pLMBV6O�^ b l|{\ÆTJ?pLM
e�ÆfM rÈb Y_Y b ]0^_l Ç [ b KÅKÅJLlT` � Y ^_lfM
b dTe�^ b lTOBÚ
e.f:g�hVihj^_KÄX Y JWegMÌJ¡ÐDJWV�MÅv } ÂÉh®KÅJL[6ÆT^_lfMN]0^ke�Æ b XfeªdDOgM?XT` b ^_lTOgegV6XT[me�^ b lTO b V�e�ÆfMÌJL`T`T^ke�^ b lTJ Y JL`T`fV�M?O�O�^_l Ç

K b `fM?OÉdTV b pj^_`fM?`×Ð�qÌe�ÆfMªJLO�OgM?K�Ð Y MBV?Q } KNd Y ^kM?O e$j�k a i�l Q
emg ` b hj^_KÄX Y JWegMRe�ÆfM�pj^kV�e�XTJ Y v } ÂÉh�KÅJL[6ÆT^_lfM�dTV b pj^_`fM?`×Ð�qÌe�ÆfMªJLO�OgM?K�Ð Y MBV?Q Ó ÆT^_O
^_O�e�ÆfMR`fM r JLX Y eBQ
e 7:9 l^hVg ;n b l b e Y b JL`�e�ÆfMÌOge�JLlT`TJWV6`®egV6JWd�ÆTJLlT` Y MBV?Q Ó ÆT^_ORegV6JWd�ÆTJLlT` Y MBV�ÆTJLOªe8] bwr XTlT[me�^ b lTORe�ÆTJWe�KÄXTOge

Ð"MÌJLO�O�XTKNM?`
Ð�qÒe�ÆfMÌXTOgMBV@n OªdTV bLÇ V6JLK¡Q×àÛ^kV6OgeB{C^ke�ÆTJLlT` Y M?OªegV6JWdDOBQ s ÆfM?l�J¡egV6JWd b [B[BXfV6OB{ hjÂ } v
oHXTKNdDO�e b Y b [BJWe�^ b l z Í �WzLzLzLzLz3�Wz {j]0ÆT^_[6ÆÄO�Æ b X Y `Ä[ b lAe�JL^_lN[ b `fMÉe b OgMBV�pj^_[mM
e�ÆfMcMmÍf[mMBdTe�^ b l|Qch�M?[ b lT`|{
e�ÆT^_O\Î Y M�[ b lAe�JL^_lTOªOge�JWV�e�Xfd®[ b `fMÄe�ÆTJWeR^_lAp b ÖLM?Oªe�ÆfMÄV b Xfe�^_lfM8b g aF7"Q s ^ke�Æ b XfeRe�ÆfMÄegV6JWd�ÆTJLlT` Y MBV?{
MmÍjM?[BXfe�^ b l¬Ð"M Ç ^_lTO�JWe�e�ÆfMR^_lTOgegV6XT[me�^ b l Y JWÐ"M Y M?` ` lKg�h$l Q

e�l^hVg ;S b JL`¡e�ÆfMROge�JLlT`TJWV6`×egV6JWd¬ÆTJLlT` Y MBV?Q Ó ÆT^_O�^_O
e�ÆfMª`fM r JLX Y eBQ
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e 7:9 j�k a i�lÂ V6^_lAe0J�KNM?O�O�J Ç MR]0ÆfM?l×JLl¡MmÍf[mMBdTe�^ b l b [B[BXfV6OBQ Ó ÆT^_O
^_O
e�ÆfMª`fM r JLX Y eBQ
e$j�k a i�ln b l b e�dTV6^_lAe�JNKNM?O�O�J Ç MRJWe0JLl¡MmÍf[mMBdTe�^ b l|Q
e 7:9.b g ;m; i � a�9n\^_O�JWÐ Y Mªe�ÆfMRKNM?K b V�q � KÅJWdTd"M?` } Ý r JL[B^ Y ^ke8q <óOgMBMÄh�M?[me�^ b l � =6Q
e b g ;m; i � a�9

�ÏlTJWÐ Y M�e�ÆfMªKNM?K b V�q � KÅJWdTd"M?` } Ý r JL[B^ Y ^ke8q�<óOgMBM�h�M?[me�^ b l � =6QcÂ V bLÇ V6JLKÅOÉe�ÆTJWe0XTOgMªhjÂ } v OgqjO�[BJ Y_Y O
<óOgMBM�h�M?[me�^ b l x Q � =Ée b V�M?JL` r V b K e�ÆfM�egMBV6KÅ^_lTJ Y O�Æ b X Y `¡l b e�J Y O b XTOgMRKNM?K b V�q � KÅJWdTd"M?` } Ý�Q

e�� a�� iS b JL`¬JLlT`×MmÍjM?[BXfegMRe�ÆfMªJLO�OgM?K�Ð Y q�[ b `fMR^_l×e�ÆfM�Î Y MLQ
emi c i��Fk^lKiS b JL`¬JLlT`×MmÍjM?[BXfegMRe�ÆfMª[ b `fMR^_l¡e�ÆfMRv } ÂÉhÌMmÍjM?[BXfe�JWÐ Y MRÎ Y M[+��G?.IVH�Q
e `�` i�	 ` a�
 i h�MBe�O×e�ÆfM®^_lT^ke�^_J Y O�^
�BM bLr KNM?K b V�qÀOgM Ç KNM?lAe1A@(�P~e b Ð"M ATESRF(®Ð�q�egM?OBQ Ó ÆfM®KNM?K b V�q

OgM Ç KNM?lAe�ONJWV�M¡lTJLKNM?`|Ú lKi c l { � g�lKg { ` lKg���� { �mlKi c l {ÏJLlT` � � g�lKg Q�à b VNMmÍfJLKNd Y ML{Ïe�ÆfM×dDJL^kV bLrJWV Ç XTKNM?lAe�O e ` � g�lKg�������������� Oge�JWV�e�O�e�ÆfMªXTOgMBV�`TJWe�JÅOgM Ç KNM?lAe�JWe y { zLzLz { zLzLz Ð�q�egM?OBQ
e � ` i�	 ` a�
 i h�MBe�O0e�ÆfM Y ^_KÅ^ke b lwÆ b ] Y JWV Ç MÄKNM?K b V�q�OgM Ç KNM?lAe�A@(�P¡[BJLl Ç V b ]øe b Ð"MMATESRF(�Ð�q�egM?OBQ Ó ÆfM

KNM?K b V�qÌOgM Ç KNM?lAe�O
e�ÆTJWe0[BJLl Ç V b ] JWV�MLÚ � g�lKg { ` lKg���� {fJLlT` � � g�lKg Q

��������� ������ "!$#&%('*)+#(,-���-./%�0��
Ó ÆfM�egMBV6KÅ^_lTJ Y ^_lAegMBV r JL[mM < ` ;NaFb:=ÏdTV b pj^_`fM?O
e�ÆfM rÈb Y_Y b ]0^_l Ç [ b KÅKÅJLlT`TOBÚ
i c�a l

�CÍf^ke�e�ÆfMªO�^_KÄX Y JWe b V?Q
hVimg �21 � a�� i 1P�M?JL`43�)S( bLr JLO�OgM?K�Ð Y q Y JLl Ç XTJ Ç M¡[ b KÅKÅJLlT`TOª^_lAe b hjÂ } v�n OÄKNM?K b V�qLQ }*r e�ÆfMÌÎ Y M�ÆTJLOÄJ Y V�M?JL`fq

Ð"MBM?lwV�M?JL`Ò^_lAe b hjÂ } v�{%e�ÆfMÄOgqjOgegM?K�O�Æ b X Y `¬Ð"MÄ[ Y M?JWV�M?`�<óOgMBM hVi aF7Na l a g �^a�
 i {TÐ"M Y b ] = b V Ç Y b ÐDJ YOgqjK�Ð b Y OÉ]0^ Y_Y Ð"MRKÄX Y e�^kd Y qÌ`fMmÎ%lfM?`|Q
�$9 g �21 � a�� i 1h�qjl b lAqjK rÈb V hVimg � Q
i c i��Fk^lKi 1 g*5 9 k^l 1P�M?JL`¡e�ÆfMRv } ÂÉhÌMmÍjM?[BXfe�JWÐ Y MRÎ Y M +��G?.IVHÉ^_lAe b hjÂ } v�n O�KNM?K b V�qLQ
h�k 776 g ��� h�8h�e�JWV�eÄV6XTlTlT^_l Ç JwdTV bLÇ V6JLK¡Q }*r e�ÆfM b dTe�^ b lTJ Y JL`T`fV�M?O�O>+�&�&.2Ò^_OÄdTV b pj^_`fM?`|{ e�ÆfM�dTV bLÇ V6JLK Oge�JWV�e�O

JWeÄe�ÆTJWe�JL`T`fV�M?O�OBQ�Ýie�ÆfMBV�]0^_OgML{ e�ÆfMÌdTV bLÇ V6JLKÑOge�JWV�e�O�JWeÄe�ÆfM Ç Y b ÐDJ Y OgqjK�Ð b Y ` lKg�h$l {Û]0ÆT^_[6Æ�^_O`fMmÎ%lfM?`ÌÐ�qÅe�ÆfM�`fM r JLX Y eÉegV6JWd¡ÆTJLlT` Y MBVÉe b [BJ Y_Y e�ÆfM\V b Xfe�^_lfM�JWeÉe�ÆfM Ç Y b ÐDJ Y OgqjK�Ð b Y b g aF7Å]0^ke�Æ�e�ÆfMXTO�XTJ Y v } ÂÉh�[BJ Y_Y ^_l Ç [ b lApLM?lAe�^ b l|Q
` lKi ;76:9 8h�egMBd¡e�ÆfMRdTV bLÇ V6JLK rÈb V<; <ó`fM r JLX Y eBÚ x =É^_lTOgegV6XT[me�^ b lTOBQÏÂ V6^_lAe�^_lTOgegV6XT[me�^ b lTO�JLO�e�ÆfMBq�MmÍjM?[BXfegMLQ

�



� 9.7 l aF7 k:iacb lAe�^_l�XfMRdTV bLÇ V6JLK MmÍjM?[BXfe�^ b l¬]0^ke�Æ b Xfe�OgegMBdTdD^_l Ç Q
; h aF7 l � 9

Â V6^_lAe�V�M Ç ^_OgegMBV ;
Q
; h aF7 l � � 9Â V6^_lAe�� b JWe�^_l Ç d b ^_lAe
V�M Ç ^_OgegMBV ;
Q
; h aF7 l g ��� hÂ V6^_lAe�e�ÆfMR[ b lAegM?lAe�O bLr KNM?K b V�qÅJWe0JL`T`fV�M?O�O�+�&�&.2�Q
; h aF7 l `�� bÂ V6^_lAeÄe�ÆfM¡[ b lAegM?lAe�O bLr e�ÆfM¡OgqjK�Ð b Y e�JWÐ Y ML{É^óQ MLQ_{ce�ÆfM×JL`T`fV�M?O�OgM?O bLr e�ÆfM Ç Y b ÐDJ Y <ÈÐDXfe�l b e Y b [BJ Y =

OgqjK�Ð b Y OBQ
hVi aF7Na l a g �^a�
 ia Y M?JWV0e�ÆfMªKNM?K b V�qÅJLlT`×V�M Ç ^_OgegMBV6OBQ
fVhVimg:� ;:9VaF7 l�g ��� hh�MBeÉJRÐTV�M?JWÖ�d b ^_lAecJWeÉJL`T`fV�M?O�O +�&�&.2�Q +�&�&.2ª[BJLlÌÐ"M�M?^ke�ÆfMBV
JªKNM?K b V�qÄJL`T`fV�M?O�O b VÉOgqjK�Ð b Y ^_[ Y JWÐ"M Y Q
� i � i�lKi g ��� hniM Y MBegMÄJ Y_Y ÐTV�M?JWÖ�d b ^_lAe�O�JWe0JL`T`fV�M?O�O�+�&�&.2�Q
�^a ` l SU^_Oge0J Y_Y ÐTV�M?JWÖ�d b ^_lAe�OBQ
5 P�M?Oge bLr Y ^_lfMR^_O0JLl¡JLO�OgM?K�Ð Y q�^_lTOgegV6XT[me�^ b l×e�ÆTJWe0^_O0Oge b V�M?`¡^_l¡KNM?K b V�qLQ
6.7(� 8 �ølfMB] Y ^_lfM�V�MBMmÍjM?[BXfegM?O0dTV�MBpj^ b XTO�[ b KÅKÅJLlT`|Q
�

Â V6^_lAe0J�ÆfM Y d¬KNM?O�O�J Ç MLQ
v b OgeÄ[ b KÅKÅJLlT`TO�[BJLl�Ð"MÅJWÐTÐTV�MBpj^_JWegM?`�e b e�ÆfM?^kVÄXTlT^_Ù�XfM�dTV�MmÎTÍ
MLQ Ç Q_{ i c%{ hVi { �j{ h�k { ` {�;"Q×v b V�M`TJLl Ç MBV b XTO�[ b KÅKÅJLlT`TOB{jO�XT[6Æ¡JLO hVi aF7Na l a g �^a�
 i {AV�M?Ù�XT^kV�MRJ Y b l Ç MBV0dTV�MmÎTÍ"Q

��������� ���
	 !$#���
�� )+#(,-���-./%�0��
Ó ÆfM0â�pLMBV6O�^ b l bLr hjÂ } v�{mc ` ;NaFb"{ Y b�b ÖjOÉ`T^ �"MBV�M?lAeB{jÐDXfecO�Æ b X Y ` b d"MBV6JWegM\^_lÌe�ÆfM\O�JLKNMiKÅJLlTlfMBVcJLO ` ;NaFb"Q
Ó ÆfM
âÔ]0^_lT` b ]ÀÆTJLOCÎDpLM�dDJLlfM?O <óOgMBM0àÛ^ Ç XfV�M x =6Q Ó ÆfM
e b dÅdDJLlfM0`T^_Ogd Y J?qjOCe�ÆfM0[ b lAegM?lAe�O bLr e�ÆfM�V�M Ç ^_OgegMBV6OBQ
} e�^_O0[ b lAe�^_l�XTJ Y_Y q¡Xfd|`TJWegM?`|{jMmÍf[mMBdTe0]0ÆT^ Y MRJ�dTV bLÇ V6JLK�^_O
V6XTlTlT^_l Ç Q

Ó ÆfMRlfMmÍje�dDJLlfMR[ b lAe�JL^_lTO�e�ÆfMRÐDXfege b lTO
e�ÆTJWe0[ b lAegV b Y e�ÆfMªO�^_KÄX Y JWe b V?Ú
��� !�,
�CÍf^ke r V b K e�ÆfMRO�^_KÄX Y JWe b V?Q
'�
 %��
P�M?JL`¬JNO b XfV6[mM b V0MmÍjM?[BXfe�JWÐ Y M�Î Y Mª^_lAe b KNM?K b V�qLQ

�



PC    = 00000000  EPC  = 00000000  Cause  = 0000000  BadVaddr = 00000000
Status= 00000000  HI   = 00000000  LO     = 0000000

R0 (r0) = 00000000  R8  (t0) = 00000000  R16 (s0) = 0000000  R24 (t8) = 00000000
R1 (at) = 00000000  R9  (t1) = 00000000  R17 (s1) = 0000000  R25 (s9) = 00000000
R2 (v0) = 00000000  R10 (t2) = 00000000  R18 (s2) = 0000000  R26 (k0) = 00000000
R3 (v1) = 00000000  R11 (t3) = 00000000  R19 (s3) = 0000000  R27 (k1) = 00000000
R4 (a0) = 00000000  R12 (t4) = 00000000  R20 (s4) = 0000000  R28 (gp) = 00000000
R5 (a1) = 00000000  R13 (t5) = 00000000  R21 (s5) = 0000000  R29 (gp) = 00000000
R6 (a2) = 00000000  R14 (t6) = 00000000  R22 (s6) = 0000000  R30 (s8) = 00000000
R7 (a3) = 00000000  R15 (t7) = 00000000  R23 (s7) = 0000000  R31 (ra) = 00000000

FP0     = 0.000000  FP8      = 0.000000  FP16     = 0.00000  FP24     = 0.000000

FP6     = 0.000000  FP14     = 0.000000  FP22     = 0.00000  FP30     = 0.000000
FP4     = 0.000000  FP12     = 0.000000  FP20     = 0.00000  FP28     = 0.000000
FP2     = 0.000000  FP10     = 0.000000  FP18     = 0.00000  FP26     = 0.000000

quit load run step clear set value

print breakpt help terminal mode

SPIM Version 3.2 of January 14, 1990

Text Segments

xspim

Register
Display

Control
Buttons

User and
Kernel
Text
Segments

SPIM
Messages

General Registers

Double Floating Point Registers

Single Floating Point Registers

Data Segments

Data and
Stack
Segments

[0x00400000] 0x8fa40000 lw R4, 0(R29)  []
[0x00400004] 0x27a50004 addiu R5, R29, 4 []
[0x00400008] 0x24a60004 addiu R6, R5, 4 []
[0x0040000c] 0x00041090 sll R2, R4, 2
[0x00400010] 0x00c23021 addu R6, R6, R2
[0x00400014] 0x0c000000 jal 0x00000000 []
[0x00400018] 0x3402000a ori R0, R0, 10 []
[0x0040001c] 0x0000000c syscall

[0x10000000]...[0x10010000] 0x00000000
[0x10010004]  0x74706563  0x206e6f69  0x636f2000
[0x10010010]  0x72727563  0x61206465  0x6920646e  0x726f6e67
[0x10010020]  0x000a6465  0x495b2020  0x7265746e  0x74707572
[0x10010030]  0x0000205d  0x20200000  0x616e555b  0x6e67696c
[0x10010040]  0x61206465  0x65726464  0x69207373  0x6e69206e
[0x10010050]  0x642f7473  0x20617461  0x63746566  0x00205d68
[0x10010060]  0x555b2020  0x696c616e  0x64656e67  0x64646120
[0x10010070]  0x73736572  0x206e6920  0x726f7473  0x00205d65

àÛ^ Ç XfV�M x Ú â � ]0^_lT` b ] ^_lAegMBV r JL[mMªe b hjÂ } v�Q

�



� � #
h�e�JWV�e�e�ÆfM�dTV bLÇ V6JLK�V6XTlTlT^_l Ç Q
� ,-���
hj^_l Ç Y M � OgegMBd¬e�ÆfV b X Ç Æ¡J�dTV bLÇ V6JLK¡Q
0�' ��% �
P�M?^_lT^ke�^_J Y ^
�BM�V�M Ç ^_OgegMBV6O b ViKNM?K b V�qLQ
� ��,���%(' � �
h�MBe�e�ÆfM�pWJ Y XfMª^_l¡J�V�M Ç ^_OgegMBV b ViKNM?K b V�q Y b [BJWe�^ b l|Q
� ��!$#(,
Â V6^_lAe�e�ÆfM�pWJ Y XfMª^_l¡J�V�M Ç ^_OgegMBV b V0KNM?K b V�q Y b [BJWe�^ b l|Q
� �-��%���� 
�!$#(,
h�MBe b V0`fM Y MBegM�J�ÐTV�M?JWÖ�d b ^_lAe b V Y ^_Oge0J Y_Y ÐTV�M?JWÖ�d b ^_lAe�OBQ
	 ��'
�
Â V6^_lAe0J�ÆfM Y d¬KNM?O�O�J Ç MLQ
,-���� "!$#&%('
P0JL^_OgM b ViÆT^_`fM�e�ÆfMR[ b lTO b Y Mª]0^_lT` b ]RQ
 
 � �
h�MBe\hjÂ } v b d"MBV6JWe�^_l Ç K b `fM?OBQ

Ó ÆfMRlfMmÍje
e8] b dDJLlfM?O�`T^_Ogd Y J?qÌe�ÆfMªKNM?K b V�qÅ[ b lAegM?lAe�OBQ Ó ÆfM�e b d b lfMªO�Æ b ]0O�^_lTOgegV6XT[me�^ b lTO r V b K e�ÆfM
XTOgMBV0JLlT`×ÖLMBV6lfM Y egMmÍje0OgM Ç KNM?lAe�OBQ � Ó ÆfM\ÎDV6Oge r MB] ^_lTOgegV6XT[me�^ b lTO0^_l×e�ÆfM�egMmÍjeiOgM Ç KNM?lAe0JWV�MªOge�JWV�e�Xfd¬[ b `fM
< ` lKg�h$l = e�ÆTJWe Y b JL`TO g�h�	 � JLlT` g�h�	
� ^_lAe b V�M Ç ^_OgegMBV6O0JLlT`¡^_lAp b ÖLM?O0e�ÆfM b g aF7�V b Xfe�^_lfMLQÓ ÆfM Y b ]cMBV bLr e�ÆfM?OgMie8] b dDJLlfM?Oc`T^_Ogd Y J?qjOce�ÆfMi`TJWe�J�JLlT`ÌOge�JL[�ÖÌOgM Ç KNM?lAe�OBQ�� b e�ÆÌdDJLlfM?OcJWV�MiXfd|`TJWegM?`
JLO0JÄdTV bLÇ V6JLK�MmÍjM?[BXfegM?OBQ

Ó ÆfM0Ð b ege b KÞdDJLlfMi^_OÉXTOgM?`Åe b `T^_Ogd Y J?qÅKNM?O�O�J Ç M?O r V b K�e�ÆfM\O�^_KÄX Y JWe b V?Q } eÉ` b M?Ocl b eÉ`T^_Ogd Y J?q b XfegdDXfe
r V b K JLl MmÍjM?[BXfe�^_l Ç dTV bLÇ V6JLK¡Q s ÆfM?l J
dTV bLÇ V6JLK V�M?JL`TO b VN]�V6^kegM?OB{
^ke�O } Ý�JWdTd"M?JWV6ON^_l J®OgMBdDJWV6JWegM
]0^_lT` b ]R{T[BJ Y_Y M?`¬e�ÆfM acb lTO b Y ML{T]0ÆT^_[6Æ×d b dDO�Xfd×]0ÆfM?l×lfMBM?`fM?`|Q

����� ��
����
�$���.��������%K����
���%��
� Y e�Æ b X Ç Æ×hjÂ } v r JL^ke�Æ r X Y_Y qNO�^_KÄX Y JWegM?OÏe�ÆfMiv } ÂÉh�[ b KNdDXfegMBV?{�^kec^_OcJªO�^_KÄX Y JWe b VÉJLlT`Å[mMBV�e�JL^_lÌe�ÆT^_l Ç OcJWV�M
l b ei^_`fM?lAe�^_[BJ Y e b e�ÆfM�JL[me�XTJ Y [ b KNdDXfegMBV?Q Ó ÆfMªK b Oge b Ð�pj^ b XTOi`T^ �"MBV�M?lT[mM?OiJWV�M�e�ÆTJWei^_lTOgegV6XT[me�^ b l¬e�^_KÅ^_l Ç
JLlT`×e�ÆfM�KNM?K b V�qÅOgqjOgegM?KÅO�JWV�M�l b e0^_`fM?lAe�^_[BJ Y Q0hjÂ } vÑ` b M?O�l b eiO�^_KÄX Y JWegMª[BJL[6ÆfM?O b ViKNM?K b V�q Y JWegM?lT[mqL{
l b V0` b M?O�^ke0JL[B[BXfV6JWegMªV�M �DM?[me�e�ÆfMR`fM Y J?qjO rÈb V � b JWe�^_l Ç d b ^_lAe b d"MBV6JWe�^ b lTO b V0KÄX Y e�^kd Y ^kM?O0JLlT`×`T^kpj^_`fM?OBQ

�il b e�ÆfMBV�O�XfV�dTV6^_OgM <È]0ÆT^_[6Æ b [B[BXfV6O b lÀe�ÆfMwV�M?J Y KÅJL[6ÆT^_lfMwJLOÅ]cM Y_Y =Å^_OÅe�ÆTJWeÌJ�dDOgM?XT` b ^_lTOgegV6XT[me�^ b l
MmÍjdDJLlT`TON^_lAe b OgMBpLMBV6J Y KÅJL[6ÆT^_lfM¬^_lTOgegV6XT[me�^ b lTOBQ s ÆfM?lÀO�^_l Ç Y M � OgegMBdTdD^_l Ç�b VÅMmÍfJLKÅ^_lT^_l Ç KNM?K b V�qL{ce�ÆfM
^_lTOgegV6XT[me�^ b lTO e�ÆTJWe q b XÅOgMBMiJWV�M0O Y ^ Ç ÆAe Y qN`T^ �"MBV�M?lAe r V b K�e�ÆfM0O b XfV6[mM�dTV bLÇ V6JLK¡Q Ó ÆfM�[ b V�V�M?Ogd b lT`fM?lT[mM
Ð"M �
e8]cMBM?l�e�ÆfMÉe8] b OgMBe�O bLr ^_lTOgegV6XT[me�^ b lTOC^_O r JL^kV Y qªO�^_KNd Y MÉO�^_lT[mM0hjÂ } v�` b M?OÛl b eÛV�M b V Ç JLlT^
�BM
e�ÆfM
^_lTOgegV6XT[me�^ b lTO
e b Î Y_Y `fM Y J?q¡O Y b e�OBQ
��� î,éHòùéÏý ð,òóèùæFëWþ8èFý í�ð,òÛç�æFé æFégç6ì �Ìð,í6ètÿ,òùéHëWô;í��×üiäóû%úiý ð,òóèùæFëWþ8èFý í�ð,ò��Ûú;ûTäùüÔèùæ8ç6ð,òùì ç�èFéHòÛç6òùòùéHï��,ì é*æÛÿ,òùéHëWô;í�ý ð,òóèùæFëWþ8èFý í�ð,ò

èFí&���>�0üiäóû%ú0ý ð,òóèùæFëWþ8èFý í�ð,ò3�Lé*êkí6æFé òóèFí6æFý ð,åÉèFî,éCÿ;æFí�å6æ8ç6ï ý ð\ï
éHï
í6æùñ>���Dç�þFî\òùí�ë;æ8þ*é ý ð,òóèùæFëWþ8èFý í�ð�ç6ÿ,ÿLégç�æFòtç6òUç
þ*í�ï
ï
éHðBè
í�ðièFî,é �,æFòóè�ý ð,òóèùæFëWþ8èFý í�ðièFíc÷�î,ý þFî\ý èUý ò|èùæ8ç6ð,òùì ç�èFégô �

�



����� � � �B%:	�� ��%K�1�����������
acb KÅKNM?lAe�OÏ^_lÌJLO�OgM?K�Ð Y MBVcÎ Y M?OÏÐ"M Ç ^_lÌ]0^ke�ÆÌJÄO�ÆTJWV�d � O�^ Ç lD<
	V=6Q*� pLMBV�q�e�ÆT^_l Ç�r V b K�e�ÆfM\O�ÆTJWV�d � O�^ Ç lÅe b e�ÆfM
M?lT` bLr e�ÆfM Y ^_lfMª^_O�^ Ç l b V�M?`|Q

} `fM?lAe�^ ÎDMBV6OÛJWV�M
J\OgM?Ù�XfM?lT[mM bLr J Y dDÆTJLl�XTKNMBV6^_[Ï[6ÆTJWV6JL[megMBV6OB{�XTlT`fMBV�ÐDJWV6O < =6{3JLlT`Ä` b e�O_< 5 =�e�ÆTJWeC` b l b eÐ"M Ç ^_lN]0^ke�ÆÌJªl�XTK�Ð"MBV?QCÝid|[ b `fM?O rÈb Vc^_lTOgegV6XT[me�^ b lTOcJWV�M0V�M?OgMBV�pLM?`Å] b V6`TO e�ÆTJWeÉJWV�M #�
�, pWJ Y ^_`Ì^_`fM?lAe�^ ÎDMBV6OBQ
SUJWÐ"M Y OÉJWV�M\`fM?[ Y JWV�M?`ÌÐ�qNdDXfege�^_l Ç e�ÆfM?K JWeÉe�ÆfMiÐ"M Ç ^_lTlT^_l ÇªbLr J Y ^_lfM rÈb Y_Y b ]cM?`�Ð�qÅJÄ[ b Y b l|{ rÈb VÉMmÍfJLKNd Y MLÚ

5 � g�lKg
a lKi b�� 5�
 9 h ���

5�lKi c l
5 	 �$9 f � b g aF7 	�� k ` ldf:i�	 �$9 f:g �

b g aF7�� � 
 � l���� a lKi b
h�egV6^_l Ç O
JWV�M�M?lT[ Y b OgM?`¬^_l×` b XfÐ Y M � Ù�X b egM?O�< 1 =6QÉh�d"M?[B^_J Y [6ÆTJWV6JL[megMBV6O0^_l×OgegV6^_l Ç O rÈb Y_Y b ]�e�ÆfM a [ b lApLM?l �

e�^ b l|Ú
7 i�
 �^aF7 i � 7
lKg.f ��l
j�k 9 lKi � 1
hjÂ } v O�XfdTd b V�e�OÉJNO�XfÐDOgMBe bLr e�ÆfMRJLO�OgM?K�Ð Y MBV0`T^kV�M?[me�^kpLM?O0dTV b pj^_`fM?`×Ð�qÌe�ÆfMªv } ÂÉhÌJLO�OgM?K�Ð Y MBV?Ú

53g �^a 	 7 7� Y ^ Ç l�e�ÆfM�lfMmÍjeC`TJWe�XTK b l�J y�� Ð�q�egM
Ð b XTlT`TJWV�qLQtà b V MmÍfJLKNd Y ML{ 53g �^a 	 7 � J Y ^ Ç lTOCe�ÆfM�lfMmÍjeÛpWJ Y XfMb l
J�] b V6`ÒÐ b XTlT`TJWV�qLQ 53g �^a 	 7 � e�XfV6lTO b � JLXfe b KÅJWe�^_[�J Y ^ Ç lTKNM?lAe bLr 5��:g � � { 5�
 9 h � { 5 � �$9 g�l {JLlT` 5 � 9 kmf � i `T^kV�M?[me�^kpLM?OiXTlAe�^ Y e�ÆfMRlfMmÍje 5 � g�lKg b V 5/� � g�lKg `T^kV�M?[me�^kpLMLQ
53g ` � ama ` l^hh�e b V�MRe�ÆfMROgegV6^_l Ç ^_l¡KNM?K b V�qL{jÐDXfe
` b l b e�l�X Y_Y � egMBV6KÅ^_lTJWegMª^keBQ
53g ` � ama�
 ` l^hh�e b V�MRe�ÆfMROgegV6^_l Ç ^_l¡KNM?K b V�qÅJLlT`¡l�X Y_Y � egMBV6KÅ^_lTJWegMª^keBQ
5�f � lKi�f � � 5�5�5�� f 7h�e b V�MRe�ÆfM��
pWJ Y XfM?O0^_l¡O�XT[B[mM?O�O�^kpLMªÐ�q�egM?O bLr KNM?K b V�qLQ
5 � g�lKg 6 g ��� h�8Ó ÆfM rÈb Y_Y b ]0^_l Ç `TJWe�JN^kegM?KÅO0O�Æ b X Y `×Ð"MªOge b V�M?`¬^_l¡e�ÆfMª`TJWe�JÅOgM Ç KNM?lAeBQ }*r e�ÆfM b dTe�^ b lTJ Y JWV Ç XTKNM?lAe

+�&�&.2N^_O�dTV�M?OgM?lAeB{fe�ÆfMª^kegM?KÅO�JWV�MROge b V�M?`¡Ð"M Ç ^_lTlT^_l Ç JWe0JL`T`fV�M?O�O +�&�&.2�Q
5 � 9 kmf � i ��� � 5�5�5�� � 7h�e b V�MRe�ÆfM�� � b JWe�^_l Ç d b ^_lAe�` b XfÐ Y M�dTV�M?[B^_O�^ b l¡l�XTK�Ð"MBV6OÉ^_l¡O�XT[B[mM?O�O�^kpLM�KNM?K b V�q Y b [BJWe�^ b lTOBQ
53i c lKi�h 7 `�� b ` a�
 iniM?[ Y JWV�M�e�ÆTJWe�e�ÆfMÌ`TJWe�XTK Oge b V�M?`�JWe `�� b®^_O ` a�
 i Ð�q�egM?O Y JWV Ç M�JLlT`�^_O�J Ç Y b ÐDJ Y OgqjK�Ð b Y Q Ó ÆT^_O`T^kV�M?[me�^kpLMÄM?lTJWÐ Y M?Oie�ÆfM�JLO�OgM?K�Ð Y MBVie b Oge b V�M�e�ÆfMÄ`TJWe�XTK ^_lwJÅd b V�e�^ b l bLr e�ÆfMÄ`TJWe�JÌOgM Ç KNM?lAe0e�ÆTJWe

^_O�MmßÌ[B^kM?lAe Y q¡JL[B[mM?O�OgM?`¡pj^_J�V�M Ç ^_OgegMBV � 	 ;"Q
5 � �$9 g�l � � � 5�5�5�� � 7h�e b V�MRe�ÆfM�� � b JWe�^_l Ç d b ^_lAe�O�^_l Ç Y MRdTV�M?[B^_O�^ b l¬l�XTK�Ð"MBV6Oc^_l¬O�XT[B[mM?O�O�^kpLMªKNM?K b V�q Y b [BJWe�^ b lTOBQ
5 	 �$9 f � `�� bniM?[ Y JWV�M�e�ÆTJWe0OgqjK�Ð b Y `�� b�^_O Ç Y b ÐDJ Y JLlT`¡[BJLl¡Ð"M\V�M r MBV�M?lT[mM?` r V b K b e�ÆfMBV
Î Y M?OBQ
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435,+ >,/ + >,/ - .�/(0'12+ >,/*2�3;265
435,+ >,/ 4A9,=B/ 5 .
6�7�8�194A9,=B/
435,+ >,/ :L9
;�<�= 2 > .
6�7�8�1?:L9
;�<�= 2
435,+ >,/ EF/*5,+ >�3 @ .�/(0'1 EF/*5,+ >�3
5*2�=
: + >,/ A + >,/*2�3;265CB	+ >D. E�0(F
5*2�=
: 4A9,=B/ G 4A9,=B/CB	+ >D.
6�0(F
5*2�=
: :L9
;�<�= 2 H :L9
;�<�= 2IB	+ >J.K6�0(F
5*2�=
: EF/*5,+ >�3 L .�/(0'12<�;�Mj265�N".
/"7�12= 26>�3?/*1
EO<35,P Q .�/(0'1 =?<\9
;3>,/ =
:�:L5*2�E*ERB	+ >D.KE�0(F
2TS�+ / -�U

Ó JWÐ Y M x ÚÉh�qjOgegM?K�OgMBV�pj^_[mM?OBQ

5��:g � � � � � 5�5�5�� � 7h�e b V�MRe�ÆfM�� x?�;� ÐD^keiÙ�XTJLlAe�^ke�^kM?Oi^_l¡O�XT[B[mM?O�O�^kpLMªKNM?K b V�qÌÆTJ Y r ] b V6`TOBQ
5/� � g�lKg 6 g ��� h�8Ó ÆfM rÈb Y_Y b ]0^_l Ç `TJWe�J
^kegM?KÅONO�Æ b X Y `�Ð"M×Oge b V�M?` ^_l�e�ÆfM×ÖLMBV6lfM Y `TJWe�J
OgM Ç KNM?lAeBQ }*r e�ÆfM b dTe�^ b lTJ Y

JWV Ç XTKNM?lAe�+�&�&.2N^_O
dTV�M?OgM?lAeB{Te�ÆfMª^kegM?KÅO
JWV�MªOge b V�M?`¡Ð"M Ç ^_lTlT^_l Ç JWeiJL`T`fV�M?O�O +�&�&.2�Q
5/�mlKi c l 6 g ��� h�8Ó ÆfMÌlfMmÍjeÄ^kegM?KÅO�JWV�MÌdDXfe�^_l�e�ÆfMÌÖLMBV6lfM Y egMmÍje�OgM Ç KNM?lAeBQ } l hjÂ } v�{te�ÆfM?OgM�^kegM?KÅO�KÅJ?q b l Y q®Ð"M

^_lTOgegV6XT[me�^ b lTO b Vª] b V6`TO <óOgMBMÌe�ÆfM 5�
 9 h � `T^kV�M?[me�^kpLMÌÐ"M Y b ] =6Q }*r e�ÆfM b dTe�^ b lTJ Y JWV Ç XTKNM?lAe +�&�&.2¬^_OdTV�M?OgM?lAeB{Te�ÆfMª^kegM?KÅO
JWV�MªOge b V�M?`¡Ð"M Ç ^_lTlT^_l Ç JWe0JL`T`fV�M?O�O�+�&�&.2�Q
5 ` ; g���i 7� Y_Y b [BJWegM ��Ð�q�egM?O bLr OgdDJL[mM¬^_l e�ÆfM¬[BXfV�V�M?lAeÅOgM Ç KNM?lAe <È]0ÆT^_[6ÆÀKÄXTOge�Ð"M×e�ÆfM¬`TJWe�J�OgM Ç KNM?lAeÅ^_l

hjÂ } v1=6Q
5�lKi c l 6 g ��� h�8Ó ÆfMwlfMmÍjeÅ^kegM?KÅOÌJWV�M¬dDXfeÅ^_l e�ÆfMwXTOgMBVÅegMmÍje�OgM Ç KNM?lAeBQ } lÔhjÂ } v�{Ïe�ÆfM?OgMw^kegM?KÅOÅKÅJ?q b l Y q Ð"M

^_lTOgegV6XT[me�^ b lTO b Vª] b V6`TO <óOgMBMÌe�ÆfM 5�
 9 h � `T^kV�M?[me�^kpLMÌÐ"M Y b ] =6Q }*r e�ÆfM b dTe�^ b lTJ Y JWV Ç XTKNM?lAe +�&�&.2¬^_OdTV�M?OgM?lAeB{Te�ÆfMª^kegM?KÅO
JWV�MªOge b V�M?`¡Ð"M Ç ^_lTlT^_l Ç JWe0JL`T`fV�M?O�O�+�&�&.2�Q
5�
 9 h � 
 � � 5�5�5�� 
 7h�e b V�MRe�ÆfM�� � y;� ÐD^keiÙ�XTJLlAe�^ke�^kM?Oi^_l¡O�XT[B[mM?O�O�^kpLMªKNM?K b V�qÅ] b V6`TOBQ
hjÂ } v ` b M?O�l b e0`T^_Oge�^_l Ç XT^_O�Æ�pWJWV6^ b XTO
dDJWV�e�O bLr e�ÆfMª`TJWe�JNOgM Ç KNM?lAe�< 5 � g�lKg { 5 h � g�lKg {fJLlT` 5 ` � g�lKg =6Q

���WV �����F��%:	YX �������
hjÂ } v�dTV b pj^_`fM?OUJ
O�KÅJ Y_Y OgMBe bLrjb d"MBV6JWe�^_l Ç � OgqjOgegM?K � Y ^kÖLMcOgMBV�pj^_[mM?O�e�ÆfV b X Ç Æ�e�ÆfMÏOgqjOgegM?K�[BJ Y_Y < `���` ��g ���$=^_lTOgegV6XT[me�^ b l|Q Ó b V�M?Ù�XfM?Oge J\OgMBV�pj^_[mML{�J\dTV bLÇ V6JLK Y b JL`TOCe�ÆfM
OgqjOgegM?K [BJ Y_Y [ b `fM�<óOgMBM Ó JWÐ Y M x =t^_lAe b V�M Ç ^_OgegMBV

� ��� JLlT`Ne�ÆfM\JWV Ç XTKNM?lAe�Oc^_lAe b V�M Ç ^_OgegMBV6O � g���Z Z Z � g\[ < b V � � � � rÈb V � b JWe�^_l Ç d b ^_lAeÏpWJ Y XfM?OT=6QÉh�qjOgegM?KÞ[BJ Y_Y O
e�ÆTJWeÛV�MBe�XfV6lªpWJ Y XfM?OÛdDXfete�ÆfM?^kVÛV�M?O�X Y eC^_l�V�M Ç ^_OgegMBV � ��� < b V � ��� rÈb V�� b JWe�^_l Ç d b ^_lAetV�M?O�X Y e�OT=6QCà b VCMmÍfJLKNd Y ML{e b dTV6^_lAe^] l �:i g 7 ` 
:i�h`_ba�c {DXTOgM�e�ÆfMR[ b KÅKÅJLlT`TOBÚ

5 � g�lKg
` l^h � 53g ` � ama�
 1 l �:i g 7 ` 
:i�hd_ 1

5�lKi c l

�



Registers

$0

$31

.

.

.

Arithmetic
Unit

FPU (Coprocessor 1)

BadVAddr

Status

Cause

EPC

Coprocessor 0 (Traps and Memory)

Registers

$0

$31

.

.

.

Arithmetic
Unit

CPU

Multiply
Divide

Lo Hi

Memory

àÛ^ Ç XfV�M y ÚÏv } ÂÉh�P yWzLzLz a ÂÏo JLlT`¡àÛÂÏo

�^a � ����� � 	 `���` lKi b ��g ��� � 9 � i � 9 h ; h aF7 l�� ` l^h
� g � g���� ` l^h 	 g ��� hVi `m` 9 � ` l^h aF7 	dl 9�; h aF7 l
`���` ��g ��� 	 ; h aF7 l l �:i ` l^h aF7 	

�^a � ����� � 	 `���` lKi b ��g ��� � 9 � i � 9 h ; h aF7 l�� aF7 l
�^a � g���� a 	 aF7 lKi�	Vi�h l 9 ; h aF7 l
`���` ��g ��� 	 ; h aF7 l a l

; h aF7 l aF7 l ^_O�dDJLO�OgM?`�JLl�^_lAegM Ç MBVÅJLlT`�dTV6^_lAe�OÄ^ke b l�e�ÆfM�[ b lTO b Y MLQ1; h aF7 l � �$9 g�l dTV6^_lAe�OÄJwO�^_l Ç Y M
� b JWe�^_l Ç d b ^_lAe l�XTK�Ð"MBV?Q�; h aF7 l � 9 kmf � i dTV6^_lAe�OCJ�` b XfÐ Y MÉdTV�M?[B^_O�^ b lNl�XTK�Ð"MBV?Q�; h aF7 l ` l^h aF7 	 ^_OÛdDJLO�OgM?`J�d b ^_lAegMBV�e b JNl�X Y_Y � egMBV6KÅ^_lTJWegM?`¡OgegV6^_l Ç {T]0ÆT^_[6Æ¡^ke�]�V6^kegM?O
e b e�ÆfMª[ b lTO b Y MLQ

hVimg � aF7 l { hVimg � � �$9 g�l {3JLlT` hVimg � � 9 kmf � i V�M?JL`ÅJLl�M?lAe�^kV�M Y ^_lfM bLr ^_lfdDXfeCXfdNe b JLlT`Å^_lT[ Y XT`T^_l Ç e�ÆfMlfMB] Y ^_lfMLQ a ÆTJWV6JL[megMBV6O rÈb Y_Y b ]0^_l Ç e�ÆfMRl�XTK�Ð"MBVÉJWV�MR^ Ç l b V�M?`|Q hVimg � ` l^h aF7 	 ÆTJLOÉe�ÆfMRO�JLKNM�OgM?KÅJLlAe�^_[BO�JLOe�ÆfMÌoilT^ Í Y ^kÐTV6JWV�qÒV b Xfe�^_lfM ��	Vi�l ` Q } eªV�M?JL`TO�Xfd®e b ��� x [6ÆTJWV6JL[megMBV6OÄ^_lAe b J¡ÐDX �"MBV�JLlT`®egMBV6KÅ^_lTJWegM?Oe�ÆfMNOgegV6^_l Ç ]0^ke�Æ®J×l�X Y_Y Ð�q�egMLQ }*r e�ÆfMBV�MNJWV�M r MB]cMBVª[6ÆTJWV6JL[megMBV6O b l
e�ÆfM�[BXfV�V�M?lAe Y ^_lfML{U^ke�V�M?JL`TO�e�ÆfV b X Ç Æ
e�ÆfM�lfMB] Y ^_lfM�JLlT`
J Ç JL^_l®l�X Y_Y � egMBV6KÅ^_lTJWegM?O�e�ÆfM�OgegV6^_l Ç Q 	 % ��# !$#���� dTV bLÇ V6JLKÅOie�ÆTJWeRXTOgM�e�ÆfM?OgMNOgqjO�[BJ Y_Y O
e b V�M?JL` r V b K e�ÆfMRegMBV6KÅ^_lTJ Y O�Æ b X Y `×l b e0XTOgMRKNM?K b V�q � KÅJWdTd"M?` } Ý!<óOgMBMÄh�M?[me�^ b l � =6Q

` fVh�� V�MBe�XfV6lTOªJ¡d b ^_lAegMBVªe b J¡Ð Y b [�Ö bLr KNM?K b V�qw[ b lAe�JL^_lT^_l Ç �ÀJL`T`T^ke�^ b lTJ Y Ð�q�egM?OBQ i c�a l Oge b dDO�JdTV bLÇ V6JLK r V b K V6XTlTlT^_l Ç Q
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=B/ - �C2�E8265��;2�:�7:9;5 =;E*E826<�<�= 265
��U 5 	 SL435*2�E*EO+ 9;>ª2
�B=K= ;A=B/,+ 9;>Ä=?>\:
�"- > 5*2�EO;�= /HEÛ9?7"=07	;3>A@g/,+ 9;>
=
U @ � 5,3
;3<\26>,/ -
=�- A � 5,3
;3<\26>,/ 5
=�5 G � 5,3
;3<\26>,/�>
=
> H � 5,3
;3<\26>,/ @
/ U L �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/�- Q �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/ 5 -�U �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/ > -
- �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/,@ -�5 �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/ A -�> �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/ G -�@ �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/TH -�A �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
E,U -�G �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E�- - H �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E 5 -�L �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E,> -�Q �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
EO@ 5KU �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E A 5�- �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E,G 5
5 �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
E H 5K> �L=��;2�:R/*26<\4�9;5H=?5�
^B:435*2�E8265��;2�:ª=;@�5*9,E*EÛ@6=K= =*F
/ L 5 @ �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
/ Q 5
A �D26<\4�9;5H=?5�
^B:>39?/ 435*2�E8265��;2�:ª=;@�5*9,E*Et@6=K= =*F
P�U 5KG �C2�E8265��;2�:�7:9;5����'P;265*>32�=
P"- 5�H �C2�E8265��;2�:�7:9;5����'P;265*>32�=
3;4 5KL �"9
+ >,/*265t/*9 3
= 9
<A=K=T=?5*2�=
E84 5KQ �,/H=;@ PR4�9
+ >,/*265
7:4 >
U �35H=?<\2É4�9
+ >,/*265
5H= >�- �C2�/,;35*>�=
:�:L5*2�E*ERB	;AE82�: <�
�7	;3>A@g/,+ 9;>�@6=K= =*F

Ó JWÐ Y M y ÚÏv } ÂÉhÌV�M Ç ^_OgegMBV6O0JLlT`×e�ÆfMª[ b lApLM?lAe�^ b l ÇLb pLMBV6lT^_l Ç e�ÆfM?^kViXTOgMLQ

�Õv } ÂÉh�dTV b [mM?O�O b Vc[ b lTO�^_Oge�O bLr JLlÌ^_lAegM Ç MBVÉdTV b [mM?O�O�^_l Ç XTlT^ke <Èe�ÆfM a ÂÏo =CJLlT`ÅJª[ b Y_Y M?[me�^ b l bLr [ b dTV b [mM?O �
O b V6Ote�ÆTJWetd"MBV rÈb V6K JLlT[B^ Y_Y JWV�qªe�JLOgÖjO b V b d"MBV6JWegM b l b e�ÆfMBVÛe8q�d"M?O bLr `TJWe�JiO�XT[6ÆÄJLO�� b JWe�^_l Ç d b ^_lAeÛl�XTK�Ð"MBV6O
<óOgMBMªàÛ^ Ç XfV�M y =6Q
hjÂ } v O�^_KÄX Y JWegM?O
e8] b [ b dTV b [mM?O�O b V6OBQ acb dTV b [mM?O�O b V z ÆTJLlT` Y M?OÉegV6JWdDOB{fMmÍf[mMBdTe�^ b lTOB{%JLlT`
e�ÆfMªpj^kV�e�XTJ Y KNM?K b V�q�OgqjOgegM?K¡QihjÂ } vÑO�^_KÄX Y JWegM?OiK b Oge bLr e�ÆfMªÎDV6Oge�e8] b JLlT`¡M?lAe�^kV�M Y q b KÅ^ke�Oi`fMBe�JL^ Y O bLr
e�ÆfMÄKNM?K b V�q�OgqjOgegM?K¡Q acb dTV b [mM?O�O b V x ^_Oie�ÆfM � b JWe�^_l Ç d b ^_lAe\XTlT^keBQ�hjÂ } v O�^_KÄX Y JWegM?O\K b OgeiJLOgd"M?[me�O bLr
e�ÆT^_O�XTlT^keBQ

X���� X Y����D% �����F��%K�
�
Ó ÆfM�v } ÂÉhd<óJLlT` hjÂ } v1=R[mM?lAegV6J Y dTV b [mM?O�O�^_l Ç XTlT^keÄ[ b lAe�JL^_lTO � y Ç M?lfMBV6J Y dDXfV�d b OgMÅV�M Ç ^_OgegMBV6OÄe�ÆTJWe

JWV�Mªl�XTK�Ð"MBV�M?` z u � x Q
P�M Ç ^_OgegMBV �®^_O0`fM?O�^ Ç lTJWegM?`¡Ð�q � 7"QÏP�M Ç ^_OgegMBV � � J Y ]ÉJ?qjOi[ b lAe�JL^_lTO0e�ÆfMªÆTJWV6`f]0^kV�M?`pWJ Y XfM z Q�v } ÂÉhwÆTJLO\M?Oge�JWÐ Y ^_O�ÆfM?`
J×OgMBe bLr [ b lApLM?lAe�^ b lTOªJLO\e b Æ b ] V�M Ç ^_OgegMBV6ORO�Æ b X Y `wÐ"M�XTOgM?`|Q Ó ÆfM?OgM
O�X ÇLÇ M?Oge�^ b lTO�JWV�M Ç XT^_`fM Y ^_lfM?OB{t]0ÆT^_[6Æ�JWV�MÅl b eRM?l rÈb V6[mM?`®Ð�qÒe�ÆfMÅÆTJWV6`f]ÉJWV�MLQÅØ b ]cMBpLMBV�J¡dTV bLÇ V6JLK e�ÆTJWe
pj^ b Y JWegM?OCe�ÆfM?K ]0^ Y_Y l b eÛ] b V�ÖRdTV b d"MBV Y q�]0^ke�Æ b e�ÆfMBV O bLr e8]ÉJWV�MLQ Ó JWÐ Y M y Y ^_Oge�Ote�ÆfMcV�M Ç ^_OgegMBV6OCJLlT`Ä`fM?O�[mV6^kÐ"M?O
e�ÆfM?^kV0^_lAegM?lT`fM?`¬XTOgMLQ

xBz
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àÛ^ Ç XfV�M � Ú Ó ÆfM � lKg�l$k ` V�M Ç ^_OgegMBV?Q

251015

Pending
Interrupts

Exception
Code

àÛ^ Ç XfV�M �fÚ Ó ÆfM�� g.k ` i V�M Ç ^_OgegMBV?Q

P�M Ç ^_OgegMBV6O � g�l < x =6{ � ��� < yL� =6{jJLlT` � � � < y � =CJWV�M
V�M?OgMBV�pLM?` rÈb VÏXTOgM
Ð�q�e�ÆfM�JLO�OgM?K�Ð Y MBVÏJLlT` b d"MBV6JWe�^_l ÇOgqjOgegM?K¡Q
P�M Ç ^_OgegMBV6O � g�� u � g\[ <��Wu � =ÄJWV�M¡XTOgM?`�e b dDJLO�O�e�ÆfM�ÎDV6Oge rÈb XfV�JWV Ç XTKNM?lAe�OÄe b V b Xfe�^_lfM?O><ÈV�M?KÅJL^_lT^_l ÇJWV Ç XTKNM?lAe�OÄJWV�M×dDJLO�OgM?` b l�e�ÆfM¡Oge�JL[�ÖK=6Q�P�M Ç ^_OgegMBV6O � ��� JLlT` � � � < y { � =�JWV�M¡XTOgM?`�e b V�MBe�XfV6l�pWJ Y XfM?Or V b K r XTlT[me�^ b lTOBQRP�M Ç ^_OgegMBV6O � l�� u � l�� < � u x � { y �f{ y � =0JWV�M�[BJ Y_Y MBV � O�J?pLM?`�V�M Ç ^_OgegMBV6O�XTOgM?` rÈb V\egM?KNd b V6JWV�qÙ�XTJLlAe�^ke�^kM?O\e�ÆTJWe\` b l b eilfMBM?`we b Ð"MªdTV�M?OgMBV�pLM?`wJL[mV b O�O�[BJ Y_Y OBQ\P�M Ç ^_OgegMBV6O � ` � u � `�� < x?� u y � =\JWV�MÄ[BJ Y_Y MBM �O�J?pLM?`¡V�M Ç ^_OgegMBV6O0e�ÆTJWe0Æ b Y ` Y b l Ç � Y ^kpLM?`¬pWJ Y XfM?O
e�ÆTJWe0O�Æ b X Y `×Ð"M\dTV�M?OgMBV�pLM?`¬JL[mV b O�O�[BJ Y_Y OBQ
P�M Ç ^_OgegMBV � ` ;�< yL� =�^_O�e�ÆfMNOge�JL[�Ö
d b ^_lAegMBV?{U]0ÆT^_[6Æ
d b ^_lAe�O�e b e�ÆfMÄÎDV6Oge r V�MBM Y b [BJWe�^ b l b l
e�ÆfMNOge�JL[�Ö%Q

P�M Ç ^_OgegMBV � � ; < � z =Ï^_Oce�ÆfM r V6JLKNM0d b ^_lAegMBV?Q �×P�M Ç ^_OgegMBV � hVg < � x =Ï^_Oc]�V6^kegegM?lÌ]0^ke�ÆÅe�ÆfMiV�MBe�XfV6lÌJL`T`fV�M?O�O rÈb VJN[BJ Y_Y Ð�q�e�ÆfM�� g ��^_lTOgegV6XT[me�^ b l|QP�M Ç ^_OgegMBV � 	 ;�< yL� =0^_O0J Ç Y b ÐDJ Y d b ^_lAegMBVie�ÆTJWe0d b ^_lAe�Oi^_lAe b e�ÆfM�KÅ^_`T` Y M bLr J � �
	ÞÐ Y b [�Ö bLr KNM?K b V�q
^_l¬e�ÆfM�ÆfM?JWdÒe�ÆTJWeiÆ b Y `TOi[ b lTOge�JLlAe�O�JLlT` Ç Y b ÐDJ Y pWJWV6^_JWÐ Y M?OBQ Ó ÆfM b ÐKo*M?[me�O\^_l¬e�ÆT^_OiÆfM?JWdÒ[BJLlwÐ"MªÙ�XT^_[�Ö Y q
JL[B[mM?O�OgM?`¬]0^ke�Æ¡J�O�^_l Ç Y M Y b JL` b ViOge b V�Mª^_lTOgegV6XT[me�^ b l|Q

} lNJL`T`T^ke�^ b l|{�[ b dTV b [mM?O�O b V z [ b lAe�JL^_lTO V�M Ç ^_OgegMBV6O e�ÆTJWeÏJWV�M0XTOgM r X Y e b ÆTJLlT` Y M
MmÍf[mMBdTe�^ b lTOBQchjÂ } v ` b M?O
l b e
^_KNd Y M?KNM?lAecJ Y_Y bLr e�ÆfM?OgM\V�M Ç ^_OgegMBV6OB{TO�^_lT[mM\e�ÆfMBqÅJWV�M�l b e bLr KÄXT[6ÆÌXTOgM\^_l�JÄO�^_KÄX Y JWe b V b V�JWV�M\dDJWV�e bLr
e�ÆfMªKNM?K b V�qÅOgqjOgegM?K¡{f]0ÆT^_[6Æ¡^_O�l b e0^_KNd Y M?KNM?lAegM?`|QCØ b ]cMBpLMBV?{"^ke0` b M?O
dTV b pj^_`fM�e�ÆfM rÈb Y_Y b ]0^_l Ç Ú

&'�(�%�	
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:�� � :�:L5 L 
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�t=K;AE82 -�> 	 S3@�264L/,+ 9;>ª/ 
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	 � � -�@ � :�:L5*2�E*EÛ9?7 + >AEF/*5,;A@g/,+ 9;>ª/*1A=B/Ï@6=K;AE82�:ª2TS3@�264L/,+ 9;>

Ó ÆfM?OgM�V�M Ç ^_OgegMBV6OcJWV�M0dDJWV�e bLr [ b dTV b [mM?O�O b V z n OÏV�M Ç ^_OgegMBV
OgMBeÏJLlT`ÅJWV�MiJL[B[mM?O�OgM?`ÌÐ�qÄe�ÆfM � 
���� {�b � ��� {�b l(��� {JLlT` ` 
���� ^_lTOgegV6XT[me�^ b lTOBQàÛ^ Ç XfV�M � `fM?O�[mV6^kÐ"M?O�e�ÆfMÒÐD^ke�O¡^_lÔe�ÆfM � lKg�l$k ` V�M Ç ^_OgegMBV¬e�ÆTJWe¡JWV�M®^_KNd Y M?KNM?lAegM?`~Ð�qÕhjÂ } v�Q Ó ÆfM
aF7 lKi�hmh�k ; l b g ` � [ b lAe�JL^_lTO�JÄÐD^ke rÈb VÉM?JL[6Æ bLr e�ÆfMiÎDpLM�^_lAegMBV�V6XfdTe Y MBpLM Y OBQ }*r J�ÐD^ke
^_O b lfML{T^_lAegMBV�V6XfdTe�OÉJWe

� � î,éÏüiäóû%úiþ*í�ï
ÿ,ý ì é*æUô;íBéHòUð,í6è�ë,òùé çÏê æ8ç6ï
éCÿLí�ý ðBèFé*æ��,òùícèFî,ý ò|æFéHå�ý òóèFé*æUý òUë,òùégôiç6òUþHç6ì ì éHé �.òFç��mégôiæFéHå�ý òóèFé*æ��������
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e�ÆTJWe Y MBpLM Y JWV�M\J Y_Y b ]cM?`|Q }*r e�ÆfMiÐD^kec^_O��BMBV b {f^_lAegMBV�V6XfdTe�OcJWece�ÆTJWe Y MBpLM Y JWV�M\`T^_O�JWÐ Y M?`|Q Ó ÆfM Y b ]ÕO�^ ÍNÐD^ke�O bLr
e�ÆfM � lKg�l$k ` V�M Ç ^_OgegMBVi^_KNd Y M?KNM?lAe
JÄe�ÆfV�MBM � Y MBpLM Y Oge�JL[�Ö rÈb V�e�ÆfM �Ki�h 7 i � � k ` i�h JLlT`DaF7 lKi�hmh�k ; l i 7 g.f � iÐD^ke�OBQ Ó ÆfM �Ki�h 7 i � � k ` i�h ÐD^ke�^_O z ^ r e�ÆfMÅdTV bLÇ V6JLK ]ÉJLOªV6XTlTlT^_l Ç ^_l�e�ÆfMÅÖLMBV6lfM Y ]0ÆfM?l®e�ÆfMÌ^_lAegMBV�V6XfdTe
b [B[BXfV�V�M?`ÌJLlT` x ^ r ^kec]ÉJLOÉ^_l�XTOgMBVÉK b `fMLQ }*r e�ÆfM aF7 lKi�hmh�k ; l�i 7 g.f � i ÐD^keÉ^_O x {f^_lAegMBV�V6XfdTe�OÉJWV�M\J Y_Y b ]cM?`|Q}*r ^keR^_O z {�e�ÆfMBqÒJWV�MN`T^_O�JWÐ Y M?`|QÄ�ÉeRJLl®^_lAegMBV�V6XfdTeB{|e�ÆfM?OgMNO�^ ÍÒÐD^ke�O�JWV�MNO�ÆT^ r egM?` Y M r eRÐ�q¬e8] b ÐD^ke�OB{UO b e�ÆfM
[BXfV�V�M?lAe\ÐD^ke�O�Ð"M?[ b KNMÄe�ÆfM�dTV�MBpj^ b XTO\ÐD^ke�ORJLlT`Òe�ÆfM�dTV�MBpj^ b XTO\ÐD^ke�O�Ð"M?[ b KNMÄe�ÆfM b Y `ÒÐD^ke�OBQ Ó ÆfM�[BXfV�V�M?lAe
ÐD^ke�O�JWV�MRÐ b e�Æ¡OgMBe�e b z <ó^óQ MLQ_{%ÖLMBV6lfM Y K b `fM\]0^ke�Æ¡^_lAegMBV�V6XfdTe�O�`T^_O�JWÐ Y M?`�=6Q

àÛ^ Ç XfV�M �Ì`fM?O�[mV6^kÐ"M?O0e�ÆfMªÐD^ke�Oi^_l¬e�ÆfM � g.k ` i V�M Ç ^_OgegMBV6OBQ Ó ÆfMRÎDpLM�; i 7 � aF7 	 aF7 lKi�hmh�k ; l ÐD^ke�Oi[ b V�V�M �Ogd b lT`¡e b e�ÆfMRÎDpLMÄ^_lAegMBV�V6XfdTe Y MBpLM Y OBQ\� ÐD^ke0Ð"M?[ b KNM?O x ]0ÆfM?l¬JLlw^_lAegMBV�V6XfdTeiJWe�^ke�O Y MBpLM Y ÆTJLO b [B[BXfV�V�M?`
ÐDXfe�ÆTJLOÄl b eÄÐ"MBM?l�OgMBV�pj^_[mM?`|Q Ó ÆfM i c ��i ; l a�9.7 � 9 � i V�M Ç ^_OgegMBVN[ b lAe�JL^_lTONJw[ b `fM r V b K e�ÆfM rÈb Y_Y b ]0^_l Ç
e�JWÐ Y Mª`fM?O�[mV6^kÐD^_l Ç e�ÆfMª[BJLXTOgM bLr JLl¡MmÍf[mMBdTe�^ b l|Q
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U ��� � 	 SW/*265*>A=K="+ >,/*265*5,;34L/
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:ª9;5 + >AEF/*5,;A@g/,+ 9;>ª7:2�/H@H1%F
A ������� � � :�:L5*2�E*EÛ265*5*9;5t2TS3@�264L/,+ 9;> B.EF/*9;5*2�F
G � ��� � � ;AEÛ265*5*9;5Û9;> + >AEF/*5,;A@g/,+ 9;>ª7:2�/H@H1
H � ��� � � ;AEÛ265*5*9;5Û9;> :3=B/H= = 9,=
:ª9;5 EF/*9;5*2
L ��
 � � ��	�	 ��
LE*@6=K= =f2TS3@�264L/,+ 9;>
Q ��� � � � 5*2�=KPW4�9
+ >,/Û2TS3@�264L/,+ 9;>
-�U ��� �C2�E8265��;2�:�+ >AEF/*5,;A@g/,+ 9;>�2TS3@�264L/,+ 9;>
-�5 ����� � 5,+ /*13<\2�/,+k@É9 �;265O4A9��
2TS3@�264L/,+ 9;>

X��GX � ����%�� ����%K�
Â V b [mM?O�O b V6Oc[BJLl�l�XTK�Ð"MBVÏe�ÆfMiÐ�q�egM?Oc]0^ke�ÆT^_lÌJª] b V6`Åe b KÅJWÖLM0e�ÆfMiÐ�q�egMi]0^ke�ÆÌe�ÆfM Y b ]cM?Oge
l�XTK�Ð"MBV M?^ke�ÆfMBV
e�ÆfM Y M r e�K b Oge b VÌV6^ Ç ÆAe�K b Oge b lfMLQ Ó ÆfMw[ b lApLM?lAe�^ b lÕXTOgM?` Ð�q J�KÅJL[6ÆT^_lfMw^_OÌ^ke�O10*-�H�(D?.23&$(*2�Q v } ÂÉh
dTV b [mM?O�O b V6O�[BJLl b d"MBV6JWegMR]0^ke�Æ×M?^ke�ÆfMBV80*E,P��/(*4�&.EQ+.4ÒÐ�q�egM b V6`fMBV?Ú

��� ,-���
z x y �

b V ) EJHQHJ)S(��/(*4�&.EQ+.4
Ð�q�egM b V6`fMBV?Ú
��� ,-���

� y x z
hjÂ } v b d"MBV6JWegM?Oª]0^ke�Æ®Ð b e�Æ®Ð�q�egM b V6`fMBV6OBQ¬hjÂ } v�n ORÐ�q�egM b V6`fMBV�^_Oª`fMBegMBV6KÅ^_lfM?`®Ð�qÒe�ÆfMÅÐ�q�egM b V6`fMBV bLr
e�ÆfM�XTlT`fMBV Y qj^_l Ç ÆTJWV6`f]ÉJWV�MRV6XTlTlT^_l Ç e�ÆfM�O�^_KÄX Y JWe b V?QiÝ\l¬JÌn<� a Oge�JWe�^ b l � xBzLz {UhjÂ } vÑ^_O Y ^kege Y M � M?lT`T^_JLl|{
]0ÆT^ Y M b l¬J�ØiÂd� b Ð|[BJWeB{"hjXTl � b V0Â a Ê P Ó {"hjÂ } v ^_O
ÐD^ Ç � M?lT`T^_JLl|Q

X���� ��������%�� �.����� �!����%��
v } ÂÉh�^_ONJ Y b JL` Ê Oge b V�MwJWV6[6ÆT^kegM?[me�XfV�ML{É]0ÆT^_[6Æ KNM?JLlTOÄe�ÆTJWe b l Y q Y b JL` JLlT` Oge b V�M¡^_lTOgegV6XT[me�^ b lTONJL[B[mM?O�O
KNM?K b V�qLQ acb KNdDXfe�JWe�^ b lÕ^_lTOgegV6XT[me�^ b lTO b d"MBV6JWegM b l Y q b lÕpWJ Y XfM?O×^_lÕV�M Ç ^_OgegMBV6OBQ Ó ÆfMÒÐDJWV�M
KÅJL[6ÆT^_lfM
dTV b pj^_`fM?O b l Y q b lfM®KNM?K b V�qÀJL`T`fV�M?O�O�^_l Ç K b `fMLÚ �! /h c#"A{i]0ÆT^_[6ÆÕXTOgM?O×e�ÆfM®O�XTK bLr e�ÆfM®^_KÅKNM?`T^_JWegM
<ó^_lAegM Ç MBV*= � JLlT`�e�ÆfM�[ b lAegM?lAe�O bLr V�M Ç ^_OgegMBV h c�JLO�e�ÆfM�JL`T`fV�M?O�OBQ Ó ÆfMÅpj^kV�e�XTJ Y KÅJL[6ÆT^_lfMÌdTV b pj^_`fM?O�e�ÆfMrÈb Y_Y b ]0^_l Ç JL`T`fV�M?O�O�^_l Ç K b `fM?O rÈb V Y b JL`¬JLlT`¡Oge b V�Mª^_lTOgegV6XT[me�^ b lTOBÚ
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v b Oge Y b JL`®JLlT`ÒOge b V�MN^_lTOgegV6XT[me�^ b lTO b d"MBV6JWegM b l Y q b l
J Y ^ Ç lfM?`®`TJWe�JjQ���Ù�XTJLlAe�^ke8qÒ^_OM+.) E,P�4N(/&
^ r ^ke�O
KNM?K b V�q×JL`T`fV�M?O�Oi^_O\JÌKÄX Y e�^kd Y M bLr ^ke�O\O�^
�BM�^_lwÐ�q�egM?OBQ Ó ÆfMBV�M rÈb V�ML{|JÌÆTJ Y r ] b V6` b ÐKo*M?[me�KÄXTOge0Ð"M�Oge b V�M?`
JWe\MBpLM?l®JL`T`fV�M?O�OgM?O\JLlT`ÒJ r X Y_Y ] b V6` b ÐKo*M?[me�KÄXTOgeiÐ"MÄOge b V�M?`
JWe�JL`T`fV�M?O�OgM?O\e�ÆTJWe�JWV�M�J�KÄX Y e�^kd Y M bLr �fQ
Ø b ]cMBpLMBV?{"v } ÂÉhÌdTV b pj^_`fM?O�O b KNMR^_lTOgegV6XT[me�^ b lTO rÈb V0KÅJLlT^kdDX Y JWe�^_l Ç XTlTJ Y ^ Ç lfM?`¡`TJWe�JjQ

X���� �D�$�Q��#
	d%V����" �������_� ����"^��� ZB� �F���$

"m������� �
} l�J Y_Y ^_lTOgegV6XT[me�^ b lTOÉÐ"M Y b ]R{ � h ��� [BJLlÌM?^ke�ÆfMBV
Ð"M\J�V�M Ç ^_OgegMBV b V
JLl×^_KÅKNM?`T^_JWegMipWJ Y XfMM<óJ x?� ÐD^ke
^_lAegM Ç MBV*=6QÓ ÆfM�^_KÅKNM?`T^_JWegM rÈb V6KÅO bLr e�ÆfM×^_lTOgegV6XT[me�^ b lTO�JWV�M b l Y q�^_lT[ Y XT`fM?` rÈb V�V�M r MBV�M?lT[mMLQ Ó ÆfM�JLO�OgM?K�Ð Y MBV�]0^ Y_Y
egV6JLlTO Y JWegMwe�ÆfMwK b V�M Ç M?lfMBV6J Y rÈb V6K bLr JLl~^_lTOgegV6XT[me�^ b l <ÈMLQ Ç Q_{ g ��� =�^_lAe b e�ÆfMÒ^_KÅKNM?`T^_JWegM rÈb V6K <ÈMLQ Ç Q_{
g ��� a�=c^ r e�ÆfMROgM?[ b lT`¬JWV Ç XTKNM?lAe�^_O�[ b lTOge�JLlAeBQ
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Text Segment

Data Segment

Stack Segment

0x400000

0x7fffffff

àÛ^ Ç XfV�M � ÚÏSUJ?q b Xfe bLr KNM?K b V�qLQ
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"m������� �

� � � �_( HJI^2T4
�N23?.L ���$5T( U�HJEQ?.4
P�M?Oge b V�MRe�ÆfMÄh�e�JWe�XTO
V�M Ç ^_OgegMBV?Q

���$�'��	 D!D � -BA*H�(*L ��+.)G)
P�M Ç ^_OgegMBV � ��� [ b lAe�JL^_lTO0e�ÆfMRl�XTK�Ð"MBV bLr e�ÆfMROgqjOgegM?K [BJ Y_Y <óOgMBM Ó JWÐ Y M x =cdTV b pj^_`fM?`×Ð�q¡hjÂ } v�Q


0����	�� = � 2/(/+ �

a JLXTOgM�MmÍf[mMBdTe�^ b l �CQ*�CÍf[mMBdTe�^ b l x ^_O
V�M?OgMBV�pLM?` rÈb V�e�ÆfMR`fMBÐDX ÇLÇ MBV?Q

=�H
	 ;�? ?TUV(*23+�HJEQ?.4
n b l b e�ÆT^_l Ç Q

� Á �
� ��������
������

Ó ÆfM b V Ç JLlT^
�?JWe�^ b l bLr KNM?K b V�q
^_l�v } ÂÉh�OgqjOgegM?KÅOª^_OÄ[ b lApLM?lAe�^ b lTJ Y Q�� dTV bLÇ V6JLK n O�JL`T`fV�M?O�O�OgdDJL[mM�^_O
[ b KNd b OgM?` bLr e�ÆfV�MBM�dDJWV�e�O�<óOgMBM�àÛ^ Ç XfV�M � =6Q

�Ée�e�ÆfMÌÐ b ege b K bLr e�ÆfMÌXTOgMBVÄJL`T`fV�M?O�OªOgdDJL[mM1< z Í � zLzLzLzLz =Ä^_Oªe�ÆfMÅegMmÍje�OgM Ç KNM?lAeB{Û]0ÆT^_[6Æ�Æ b Y `TOªe�ÆfM
^_lTOgegV6XT[me�^ b lTO rÈb V0J�dTV bLÇ V6JLK¡Q

�0Ð b pLMRe�ÆfM�egMmÍje0OgM Ç KNM?lAe�^_O
e�ÆfMª`TJWe�J�OgM Ç KNM?lAe�<óOge�JWV�e�^_l Ç JWe z Í xBzLzLzLzLzLzLz =6{|]0ÆT^_[6Æ¡^_O�`T^kpj^_`fM?`×^_lAe b
e8] b dDJWV�e�OBQ Ó ÆfMÅOge�JWe�^_[Å`TJWe�J×d b V�e�^ b l�[ b lAe�JL^_lTO b ÐKo*M?[me�OR]0Æ b OgMÅO�^
�BMÅJLlT`®JL`T`fV�M?O�ORJWV�MNÖjl b ]0l
e b e�ÆfM
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local variables
      .
      .
      .
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      .
      .
dynamic area
      .
      .
      .

$sp

memory
addresses

$fp

argument 5

argument 6

...

arguments 1−4      
      .
      .
saved registers
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      .
      .

àÛ^ Ç XfV�M � ÚÛSUJ?q b Xfe bLr J\Oge�JL[�Ö r V6JLKNMLQ Ó ÆfM r V6JLKNMcd b ^_lAegMBV d b ^_lAe�ONoHXTOgeÛÐ"M Y b ] e�ÆfM Y JLOgeÏJWV Ç XTKNM?lAetdDJLO�OgM?`
b l×e�ÆfMªOge�JL[�Ö%Q Ó ÆfMROge�JL[�Ö×d b ^_lAegMBV�d b ^_lAe�O
e b e�ÆfM�ÎDV6Oge
] b V6`¡J r egMBV0e�ÆfM r V6JLKNMLQ

[ b KNdD^ Y MBV0JLlT` Y ^_lfÖLMBV?Q } KÅKNM?`T^_JWegM Y qÌJWÐ b pLMªe�ÆfM?OgM b ÐKo*M?[me�Oi^_O�`fqjlTJLKÅ^_[�`TJWe�JjQc�iO�J�dTV bLÇ V6JLK J Y_Y b [BJWegM?O
OgdDJL[mMi`fqjlTJLKÅ^_[BJ Y_Y q <ó^óQ MLQ_{jÐ�q b g ���$9 � =6{3e�ÆfM ` fVh�� OgqjOgegM?K�[BJ Y_Y K b pLM?O e�ÆfM0e b d bLr e�ÆfM0`TJWe�JªOgM Ç KNM?lAecXfd�Q

Ó ÆfMcdTV bLÇ V6JLK Oge�JL[�Ö�V�M?O�^_`fM?OCJWeÛe�ÆfMÉe b d bLr e�ÆfM
JL`T`fV�M?O�OÛOgdDJL[mM < z Í � � � � r =6Q } e Ç V b ]0OC` b ]0l|{Le b ]ÉJWV6`TO
e�ÆfMª`TJWe�JNOgM Ç KNM?lAeBQ

� � ��������� � � ������� ���������

Ó ÆfMÌ[BJ Y_Y ^_l Ç [ b lApLM?lAe�^ b l `fM?O�[mV6^kÐ"M?`�^_l�e�ÆT^_O�OgM?[me�^ b l ^_Oªe�ÆfM b lfMÌXTOgM?`�Ð�q�P$5 5L{Cl b eªe�ÆfM�lTJWe�^kpLM�v } ÂÉh
[ b KNdD^ Y MBV?{f]0ÆT^_[6Æ¡XTOgM?O�JNK b V�MR[ b KNd Y MmÍ×[ b lApLM?lAe�^ b l¬e�ÆTJWe0^_O�O Y ^ Ç ÆAe Y q r JLOgegMBV?Q

àÛ^ Ç XfV�M � O�Æ b ]0OªJ¬`T^_J Ç V6JLK bLr J¬Oge�JL[�Ö r V6JLKNMLQ�� r V6JLKNMN[ b lTO�^_Oge�O bLr e�ÆfMÌKNM?K b V�q¬Ð"MBe8]cMBM?l�e�ÆfM
r V6JLKNMcd b ^_lAegMBV < � � ;:=6{L]0ÆT^_[6ÆÄd b ^_lAe�OÛe b e�ÆfMÉ] b V6`�^_KÅKNM?`T^_JWegM Y qªJ r egMBV e�ÆfM Y JLOge JWV Ç XTKNM?lAetdDJLO�OgM?` b lÄe�ÆfMOge�JL[�Ö%{|JLlT`¬e�ÆfM�Oge�JL[�Ö¡d b ^_lAegMBVO< � ` ;:=6{%]0ÆT^_[6Æ¡d b ^_lAe�O0e b e�ÆfMRÎDV6Oge r V�MBM�] b V6` b l¬e�ÆfM�Oge�JL[�Ö%Qi�iO0e8q�dD^_[BJ YbLr oilT^ ÍwOgqjOgegM?KÅOB{De�ÆfMÄOge�JL[�Ö Ç V b ]0O\` b ]0l r V b K�ÆT^ Ç ÆfMBV\KNM?K b V�q×JL`T`fV�M?O�OgM?OB{"O b e�ÆfM r V6JLKNMªd b ^_lAegMBV�^_O
JWÐ b pLM�Oge�JL[�Ö�d b ^_lAegMBV?Q

Ó ÆfM rÈb Y_Y b ]0^_l Ç OgegMBdDO�JWV�MªlfM?[mM?O�O�JWV�q�e b M �"M?[meiJ�[BJ Y_Y Ú
x Q0ÂÛJLO�O0e�ÆfM�JWV Ç XTKNM?lAe�OBQ �cq¡[ b lApLM?lAe�^ b l|{"e�ÆfMRÎDV6Oge rÈb XfV0JWV Ç XTKNM?lAe�O0JWV�MªdDJLO�OgM?`¬^_l¡V�M Ç ^_OgegMBV6O � g�� u

� g\[ <Èe�Æ b X Ç ÆªO�^_KNd Y ^kMBV�[ b KNdD^ Y MBV6O�KÅJ?q\[6Æ b�b OgMÏe b ^ Ç l b V�M e�ÆT^_O�[ b lApLM?lAe�^ b lÄJLlT`�dDJLO�O�J Y_Y JWV Ç XTKNM?lAe�Opj^_J�e�ÆfMªOge�JL[�ÖK=6Q Ó ÆfM�V�M?KÅJL^_lT^_l Ç JWV Ç XTKNM?lAe�O
JWV�MRdDXTO�ÆfM?` b l×e�ÆfMªOge�JL[�Ö%Q
y Q\hjJ?pLM�e�ÆfM�[BJ Y_Y MBV � O�J?pLM?`¬V�M Ç ^_OgegMBV6OBQ Ó ÆT^_OÉ^_lT[ Y XT`fM?OÉV�M Ç ^_OgegMBV6O � l�� u � l�� {j^ r e�ÆfMBqÌ[ b lAe�JL^_l Y ^kpLMRpWJ Y XfM?OJWe�e�ÆfMª[BJ Y_Y O�^kegMLQ
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x Q �ÏOge�JWÐ Y ^_O�Æ×e�ÆfMªOge�JL[�Ö r V6JLKNM\Ð�q�O�XfÐTegV6JL[me�^_l Ç e�ÆfM r V6JLKNM�O�^
�BM r V b K e�ÆfMªOge�JL[�Ö�d b ^_lAegMBV?Q
y Q\hjJ?pLMÅe�ÆfMÅ[BJ Y_Y MBM � O�J?pLM?`�V�M Ç ^_OgegMBV6Oª^_l®e�ÆfM r V6JLKNMLQNP�M Ç ^_OgegMBV � � ;
^_ORJ Y ]ÉJ?qjO�O�J?pLM?`|Q�P�M Ç ^_OgegMBV � hVglfMBM?`TOie b Ð"MÄO�J?pLM?`Ò^ r e�ÆfM�V b Xfe�^_lfMÄ^ke�OgM Y r KÅJWÖLM?O\[BJ Y_Y OBQ��ilAq bLr e�ÆfM�V�M Ç ^_OgegMBV6O � ` � u � `�� e�ÆTJWe�JWV�MXTOgM?`×Ð�qÌe�ÆfMª[BJ Y_Y MBM�lfMBM?`×e b Ð"MRO�J?pLM?`|Q
� Q �ÏOge�JWÐ Y ^_O�Æ×e�ÆfM r V6JLKNM\d b ^_lAegMBV0Ð�q�JL`T`T^_l Ç e�ÆfMªOge�JL[�Ö r V6JLKNMRO�^
�BMRe b e�ÆfMªJL`T`fV�M?O�O
^_l � ` ;"Q
àÛ^_lTJ Y_Y qL{fe b V�MBe�XfV6l r V b KÞJ�[BJ Y_Y {TJ r XTlT[me�^ b lÅd Y JL[mM?Oce�ÆfMiV�MBe�XfV6lfM?`ÅpWJ Y XfM\^_lAe b � ��� JLlT`ÅMmÍjM?[BXfegM?OÉe�ÆfMrÈb Y_Y b ]0^_l Ç OgegMBdDOBÚ
x Q0P�M?Oge b V�M\JLlAqN[BJ Y_Y MBM � O�J?pLM?`×V�M Ç ^_OgegMBV6OÏe�ÆTJWeÏ]cMBV�MiO�J?pLM?`�Xfd b l�M?lAegV�q <ó^_lT[ Y XT`T^_l Ç e�ÆfM r V6JLKNM�d b ^_lAegMBV

� � ;:=6Q
y Q0Â b d¬e�ÆfMROge�JL[�Ö r V6JLKNM�Ð�q�O�XfÐTegV6JL[me�^_l Ç e�ÆfM r V6JLKNM�O�^
�BM r V b K � ` ;"Q
� Q0P�MBe�XfV6l×Ð�q oHXTKNdD^_l Ç e b e�ÆfMªJL`T`fV�M?O�O
^_l×V�M Ç ^_OgegMBV � hVg Q

� ¿�� ����� � ���������������
} lÀJL`T`T^ke�^ b l e b O�^_KÄX Y JWe�^_l Ç e�ÆfM¬ÐDJLO�^_[ b d"MBV6JWe�^ b l bLr e�ÆfM a ÂÏo�JLlT` b d"MBV6JWe�^_l Ç OgqjOgegM?K¡{�hjÂ } v J Y O b
O�^_KÄX Y JWegM?O JRKNM?K b V�q � KÅJWdTd"M?`RegMBV6KÅ^_lTJ Y [ b lTlfM?[megM?`Ne b e�ÆfM�KÅJL[6ÆT^_lfMLQ s ÆfM?lNJ\dTV bLÇ V6JLK�^_O']HV6XTlTlT^_l Ç { chjÂ } vá[ b lTlfM?[me�O�^ke�O b ]0l�egMBV6KÅ^_lTJ Y < b V�J�OgMBdDJWV6JWegM�[ b lTO b Y MR]0^_lT` b ]Õ^_l c ` ;NaFb:=Ce b e�ÆfM\dTV b [mM?O�O b V?Q Ó ÆfM
dTV bLÇ V6JLK [BJLl
V�M?JL`®[6ÆTJWV6JL[megMBV6O�e�ÆTJWeRq b XÒe8q�d"M�]0ÆT^ Y M�e�ÆfMÄdTV b [mM?O�O b Vª^_O\V6XTlTlT^_l Ç Q�hj^_KÅ^ Y JWV Y qL{�^ r hjÂ } v
MmÍjM?[BXfegM?Oi^_lTOgegV6XT[me�^ b lTO�e b ]�V6^kegM�[6ÆTJWV6JL[megMBV6Oie b e�ÆfMªegMBV6KÅ^_lTJ Y {Te�ÆfMª[6ÆTJWV6JL[megMBV6Oi]0^ Y_Y JWdTd"M?JWV b lÒhjÂ } v�n O
egMBV6KÅ^_lTJ Y b VÅ[ b lTO b Y M¡]0^_lT` b ]RQ Ý\lfM�MmÍf[mMBdTe�^ b l e b e�ÆT^_O�V6X Y M×^_ON[ b lAegV b Y � a ÚÏ^keÅ^_O�l b e�dDJLO�OgM?`�e b e�ÆfM
dTV b [mM?O�O b V?{3ÐDXfe ^_lTOgegM?JL`Å[BJLXTOgM?OÉhjÂ } v e b Oge b dÌO�^_KÄX Y JWe�^_l Ç JLlT`�V�MBe�XfV6lÄe b [ b KÅKÅJLlT`ÄK b `fMLQ s ÆfM?lNe�ÆfM
dTV b [mM?O�O b VcOge b dDO MmÍjM?[BXfe�^_l Ç < rÈb VcMmÍfJLKNd Y ML{AÐ"M?[BJLXTOgM�q b XÅe8q�d"M?`Å[ b lAegV b Y � a b VcÐ"M?[BJLXTOgM�e�ÆfMiKÅJL[6ÆT^_lfM0ÆT^ke
JÅÐTV�M?JWÖ�d b ^_lAeT=6{|e�ÆfM�egMBV6KÅ^_lTJ Y ^_OiV�M?[ b lTlfM?[megM?`Òe b hjÂ } v O b q b X
[BJLlwe8q�d"MNhjÂ } v [ b KÅKÅJLlT`TOBQ Ó b XTOgM
KNM?K b V�q � KÅJWdTd"M?` } Ý�{ ` ;NaFb b V_c ` ;NaFb�KÄXTOgeÉÐ"MROge�JWV�egM?`¡]0^ke�Æ×e�ÆfM e b g ;m; i � a�9 �%J Ç QÓ ÆfM�egMBV6KÅ^_lTJ Y `fMBpj^_[mMÌ[ b lTO�^_Oge�O bLr e8] b ^_lT`fMBd"M?lT`fM?lAeRXTlT^ke�OBÚRJ12/(/5T(*EGC�(*2×JLlT`®J HJ23+.4VATL8EJHQH�(*2�Q Ó ÆfM
V�M?[mM?^kpLMBV�XTlT^keÏV�M?JL`TOc[6ÆTJWV6JL[megMBV6O r V b K�e�ÆfMiÖLMBq�Ð b JWV6`ÌJLOce�ÆfMBqÅJWV�M0e8q�d"M?`|Q Ó ÆfM0egV6JLlTO�KÅ^kegegMBVÉXTlT^keÏ]�V6^kegM?O
[6ÆTJWV6JL[megMBV6Oce b e�ÆfM�egMBV6KÅ^_lTJ Y n OÏ`T^_Ogd Y J?qLQ Ó ÆfM�e8] b XTlT^ke�OÏJWV�M0[ b KNd Y MBegM Y qN^_lT`fMBd"M?lT`fM?lAeBQ Ó ÆT^_O KNM?JLlTOB{ rÈb V
MmÍfJLKNd Y ML{fe�ÆTJWe0[6ÆTJWV6JL[megMBV6O0e8q�d"M?`×JWe�e�ÆfMRÖLMBq�Ð b JWV6`¡JWV�MRl b e0JLXfe b KÅJWe�^_[BJ Y_Y q ]HM?[6Æ b M?` c b l×e�ÆfMR`T^_Ogd Y J?qLQ} lTOgegM?JL`|{Te�ÆfM�dTV b [mM?O�O b ViKÄXTOge Ç MBeiJLl¡^_lfdDXfe�[6ÆTJWV6JL[megMBV r V b K e�ÆfMRV�M?[mM?^kpLMBV\JLlT`�V�M � egV6JLlTO�KÅ^ke�^ke�e b M?[6Æ b
^keBQ

Ó ÆfMÄdTV b [mM?O�O b VRJL[B[mM?O�OgM?ORe�ÆfM�egMBV6KÅ^_lTJ Y XTO�^_l Ç�rÈb XfVRKNM?K b V�q � KÅJWdTd"M?`¡`fMBpj^_[mM�V�M Ç ^_OgegMBV6OB{tJLORO�Æ b ]0l
^_lÌàÛ^ Ç XfV�M � Q�]gv¬M?K b V�q � KÅJWdTd"M?` c KNM?JLlTO e�ÆTJWecM?JL[6Æ�V�M Ç ^_OgegMBV
JWdTd"M?JWV6OcJLOÉJ�Ogd"M?[B^_J Y KNM?K b V�q Y b [BJWe�^ b l|QÓ ÆfMNP�M?[mM?^kpLMBV acb lAegV b Y P�M Ç ^_OgegMBV�^_OªJWe Y b [BJWe�^ b l z Í�� � zLzLzLz � b l Y qÒe8] b¡bLr ^ke�ORÐD^ke�ORJWV�MÅJL[me�XTJ Y_Y q
XTOgM?`|Q
�É^ke z ^_O
[BJ Y_Y M?` ]HV�M?JL`fq c ÚÏ^ r ^ke�^_O b lfM�^ke�KNM?JLlTOce�ÆTJWe�J�[6ÆTJWV6JL[megMBViÆTJLO
JWV�V6^kpLM?` r V b K e�ÆfM�ÖLMBq�Ð b JWV6`�ÐDXfe
ÆTJLOil b eiqLMBe\Ð"MBM?l¬V�M?JL` r V b K e�ÆfM�V�M?[mM?^kpLMBVR`TJWe�JÅV�M Ç ^_OgegMBV?Q Ó ÆfMªV�M?JL`fq×ÐD^ke\^_OiV�M?JL` � b l Y q%Ú0JWegegM?KNdTe�O0e b
]�V6^kegMÅ^keªJWV�MÌ^ Ç l b V�M?`|Q Ó ÆfM�V�M?JL`fqÒÐD^keª[6ÆTJLl Ç M?O�JLXfe b KÅJWe�^_[BJ Y_Y q r V b K �BMBV b e b¡b lfMN]0ÆfM?l®J¡[6ÆTJWV6JL[megMBV
^_O0e8q�d"M?`wJWe\e�ÆfMªÖLMBq�Ð b JWV6`|{"JLlT`w^ke\[6ÆTJLl Ç M?O\JLXfe b KÅJWe�^_[BJ Y_Y q r V b K b lfM�e b �BMBV b ]0ÆfM?l¡e�ÆfMÄ[6ÆTJWV6JL[megMBVR^_O
V�M?JL` r V b K e�ÆfMRV�M?[mM?^kpLMBV\`TJWe�J�V�M Ç ^_OgegMBV?Q

�É^ke b lfM bLr e�ÆfMNP�M?[mM?^kpLMBV acb lAegV b Y P�M Ç ^_OgegMBVª^_O ]g^_lAegMBV�V6XfdTe\M?lTJWÐ Y M c Q Ó ÆT^_OiÐD^ke�KÅJ?q¡Ð"MÄÐ b e�ÆwV�M?JL`JLlT`
]�V6^kegegM?l
Ð�qÒe�ÆfM�dTV b [mM?O�O b V?Q Ó ÆfMN^_lAegMBV�V6XfdTe�M?lTJWÐ Y MÅ^_OR^_lT^ke�^_J Y_Y q4�BMBV b Q }*r ^keª^_OROgMBeRe b¬b lfM�Ð�qÒe�ÆfM

y �



1 1

Interrupt
Enable

Ready

Receiver Control
(0xffff0000)

1 1

Interrupt
Enable

Ready

Transmitter Control
(0xffff0008)

Receiver Data
(0xffff0004)

8

Received Byte

Transmitter Data
(0xffff000c)

8

Transmitted Byte

Unused

Unused

Unused

Unused

àÛ^ Ç XfV�M � Ú Ó ÆfM\egMBV6KÅ^_lTJ Y ^_O
[ b lAegV b Y_Y M?`¡Ð�q rÈb XfV�`fMBpj^_[mM�V�M Ç ^_OgegMBV6OB{TM?JL[6Æ bLr ]0ÆT^_[6Æ×JWdTd"M?JWV6OÉJLO�JÄOgd"M?[B^_J Y
KNM?K b V�q Y b [BJWe�^ b l�JWe�e�ÆfM Ç ^kpLM?l�JL`T`fV�M?O�OBQÅÝ\l Y qwJ r MB]�ÐD^ke�O bLr e�ÆfMNV�M Ç ^_OgegMBV6ORJWV�MÅJL[me�XTJ Y_Y q
XTOgM?`|Ú�e�ÆfM
b e�ÆfMBV6O�J Y ]ÉJ?qjO0V�M?JL`¬JLO �BMBV b M?O0JLlT`¡JWV�Mª^ Ç l b V�M?` b l¡]�V6^kegM?OBQ

y �



dTV b [mM?O�O b V?{fJLl�^_lAegMBV�V6XfdTeÉ^_OÉV�M?Ù�XfM?OgegM?`�Ð�qNe�ÆfM\egMBV6KÅ^_lTJ Y b l Y MBpLM Y �BMBV b ]0ÆfM?lfMBpLMBV
e�ÆfM\V�M?JL`fqNÐD^ke
^_O b lfMLQ
à b VÄe�ÆfMÌ^_lAegMBV�V6XfdTeªJL[me�XTJ Y_Y q�e b Ð"MNV�M?[mM?^kpLM?`�Ð�q
e�ÆfMÅdTV b [mM?O�O b V?{C^_lAegMBV�V6XfdTe�OªKÄXTOgeRÐ"MNM?lTJWÐ Y M?`�^_l�e�ÆfM
Oge�JWe�XTO�V�M Ç ^_OgegMBV bLr e�ÆfMªOgqjOgegM?K [ b dTV b [mM?O�O b V <óOgMBM�h�M?[me�^ b l y =6Q

Ýie�ÆfMBV0ÐD^ke�O bLr e�ÆfMªP�M?[mM?^kpLMBV acb lAegV b Y P�M Ç ^_OgegMBV�JWV�MªXTl�XTOgM?`|ÚÏe�ÆfMBq×J Y ]ÉJ?qjOiV�M?JL`¬JLO �BMBV b M?OiJLlT`¬JWV�M
^ Ç l b V�M?`¡^_l¡]�V6^kegM?OBQ

Ó ÆfMÌOgM?[ b lT`�egMBV6KÅ^_lTJ Y `fMBpj^_[mM�V�M Ç ^_OgegMBV�^_O�e�ÆfM�P�M?[mM?^kpLMBVNn\JWe�J
P�M Ç ^_OgegMBV <óJWeÄJL`T`fV�M?O�O z Í�� � zLzLz �m=6Q
Ó ÆfM Y b ] � b V6`fMBV\M?^ Ç ÆAe\ÐD^ke�O bLr e�ÆT^_O0V�M Ç ^_OgegMBV�[ b lAe�JL^_lÒe�ÆfM Y JLOge�[6ÆTJWV6JL[megMBV�e8q�d"M?` b lwe�ÆfMªÖLMBq�Ð b JWV6`|{|JLlT`
J Y_Y e�ÆfM b e�ÆfMBViÐD^ke�O0[ b lAe�JL^_l �BMBV b M?OBQ Ó ÆT^_O
V�M Ç ^_OgegMBV\^_O�V�M?JL` � b l Y q×JLlT` b l Y q×[6ÆTJLl Ç M?O0pWJ Y XfMª]0ÆfM?l¡JNlfMB]
[6ÆTJWV6JL[megMBV�^_Oce8q�d"M?` b lÅe�ÆfMiÖLMBq�Ð b JWV6`|Q P�M?JL`T^_l Ç e�ÆfM\P�M?[mM?^kpLMBV0n\JWe�JÄP�M Ç ^_OgegMBV�[BJLXTOgM?OÉe�ÆfMiV�M?JL`fq�ÐD^keÉ^_l
e�ÆfMªP�M?[mM?^kpLMBV acb lAegV b Y P�M Ç ^_OgegMBV0e b Ð"M�V�M?OgMBe�e b �BMBV b Q

Ó ÆfMce�ÆT^kV6`ªegMBV6KÅ^_lTJ Y `fMBpj^_[mMÉV�M Ç ^_OgegMBVC^_Ote�ÆfM Ó V6JLlTO�KÅ^kegegMBV acb lAegV b Y P�M Ç ^_OgegMBV <óJWeCJL`T`fV�M?O�O z Í�� � zLzLz3� =6Q
Ý\l Y q\e�ÆfM Y b ] � b V6`fMBVte8] b ÐD^ke�O bLr e�ÆT^_O�V�M Ç ^_OgegMBVÛJWV�McXTOgM?`|{,JLlT`Re�ÆfMBq\Ð"M?ÆTJ?pLMcKÄXT[6Æ Y ^kÖLMce�ÆfMÏ[ b V�V�M?Ogd b lT`T^_l Ç
ÐD^ke�O bLr e�ÆfMÌP�M?[mM?^kpLMBV acb lAegV b Y P�M Ç ^_OgegMBV?Q �É^ke z ^_O�[BJ Y_Y M?` ]HV�M?JL`fq c JLlT`�^_OªV�M?JL` � b l Y qLQ }*r ^ke�^_O b lfMÅ^keKNM?JLlTO�e�ÆfMªegV6JLlTO�KÅ^kegegMBV\^_O0V�M?JL`fq×e b JL[B[mMBdTe�JÅlfMB]ø[6ÆTJWV6JL[megMBV rÈb V b XfegdDXfeBQ }*r ^ke\^_O �BMBV b ^ke\KNM?JLlTO�e�ÆfM
egV6JLlTO�KÅ^kegegMBVÅ^_ONOge�^ Y_Y ÐDXTOgq b XfegdDXfege�^_l Ç e�ÆfM×dTV�MBpj^ b XTON[6ÆTJWV6JL[megMBV Ç ^kpLM?l e b ^keBQ��É^ke b lfM¬^_O ]g^_lAegMBV�V6XfdTe
M?lTJWÐ Y M c �t^keR^_O\V�M?JL`TJWÐ Y M�JLlT`Ò]�V6^ke�JWÐ Y MLQ }*r ^keR^_O�OgMBe\e b×b lfML{�e�ÆfM?l
JLl
^_lAegMBV�V6XfdTei]0^ Y_Y Ð"M�V�M?Ù�XfM?OgegM?` b lY MBpLM Y b lfMR]0ÆfM?lfMBpLMBV�e�ÆfMRV�M?JL`fqÌÐD^ke�^_O b lfMLQ

Ó ÆfM
Î%lTJ Y `fMBpj^_[mM0V�M Ç ^_OgegMBV
^_OÏe�ÆfM Ó V6JLlTO�KÅ^kegegMBVcn\JWe�J�P�M Ç ^_OgegMBV <óJWeÉJL`T`fV�M?O�O z Í�� � zLzLz [F=6Q s ÆfM?lÌ^kec^_O
]�V6^kegegM?l|{3e�ÆfM Y b ] � b V6`fMBV M?^ Ç ÆAe ÐD^ke�OCJWV�M
e�JWÖLM?lNJLO JLlN��h ac}�} [6ÆTJWV6JL[megMBVce b�b XfegdDXfeÛe b e�ÆfM�`T^_Ogd Y J?qLQ s ÆfM?l
e�ÆfM Ó V6JLlTO�KÅ^kegegMBVcn\JWe�J�P�M Ç ^_OgegMBV
^_Oc]�V6^kegegM?l|{�e�ÆfMiV�M?JL`fq�ÐD^keÉ^_lÅe�ÆfM Ó V6JLlTO�KÅ^kegegMBV acb lAegV b Y P�M Ç ^_OgegMBV
]0^ Y_Y
Ð"M\V�M?OgMBe�e b �BMBV b Q Ó ÆfM�ÐD^ke
]0^ Y_Y Oge�J?q �BMBV b XTlAe�^ Y M?l b X Ç Æ×e�^_KNMRÆTJLO
M Y JWdDOgM?`×e b egV6JLlTO�KÅ^keÉe�ÆfMR[6ÆTJWV6JL[megMBV
e b e�ÆfM�egMBV6KÅ^_lTJ Y �Ae�ÆfM?l�e�ÆfM
V�M?JL`fqÄÐD^keC]0^ Y_Y Ð"M�OgMBe ÐDJL[�ÖÄe bRb lfM0J Ç JL^_l|Q Ó ÆfM Ó V6JLlTO�KÅ^kegegMBVÏn\JWe�JªP�M Ç ^_OgegMBV
O�Æ b X Y ` b l Y q®Ð"MÅ]�V6^kegegM?l�]0ÆfM?l�e�ÆfMÌV�M?JL`fq®ÐD^ke bLr e�ÆfM Ó V6JLlTO�KÅ^kegegMBV acb lAegV b Y P�M Ç ^_OgegMBVN^_O b lfM!�c^ r e�ÆfM
egV6JLlTO�KÅ^kegegMBVÌ^_O�l�n eÅV�M?JL`fq e�ÆfM?l ]�V6^kegM?OÅe b e�ÆfM Ó V6JLlTO�KÅ^kegegMBVÌn\JWe�J�P�M Ç ^_OgegMBV×JWV�Mw^ Ç l b V�M?` <Èe�ÆfMw]�V6^kegM
JWdTd"M?JWV6O
e b O�XT[B[mMBM?`¡ÐDXfeÉe�ÆfMª[6ÆTJWV6JL[megMBVi]0^ Y_Y l b e�Ð"M b XfegdDXfeT=6Q

} l�V�M?J Y [ b KNdDXfegMBV6O ^ke e�JWÖLM?OÏe�^_KNM
e b OgM?lT`N[6ÆTJWV6JL[megMBV6O b pLMBVce�ÆfM�OgMBV6^_J YDY ^_lfM?O e�ÆTJWeÏ[ b lTlfM?[meÏegMBV6KÅ^_lTJ Y O
e b [ b KNdDXfegMBV6OBQ Ó ÆfM?OgM�e�^_KNM Y J Ç OcJWV�MiO�^_KÄX Y JWegM?`NÐ�qÅhjÂ } v�QAà b VcMmÍfJLKNd Y ML{�J r egMBVce�ÆfM0egV6JLlTO�KÅ^kegegMBVcOge�JWV�e�O
egV6JLlTO�KÅ^kege�^_l Ç J�[6ÆTJWV6JL[megMBV?{We�ÆfM egV6JLlTO�KÅ^kegegMBV@n O|V�M?JL`fqiÐD^ke�]0^ Y_Y Ð"M?[ b KNM �BMBV b0rÈb VUJ
]0ÆT^ Y MLQChjÂ } vÞKNM?JLO�XfV�M?O
e�ÆT^_O�e�^_KNMª^_l¬^_lTOgegV6XT[me�^ b lTO�MmÍjM?[BXfegM?`|{%l b ei^_l×V�M?J Y [ Y b [�Ö¡e�^_KNMLQ Ó ÆT^_O�KNM?JLlTO
e�ÆTJWe0e�ÆfMRegV6JLlTO�KÅ^kegegMBV0]0^ Y_Y
l b eRÐ"M?[ b KNM�V�M?JL`fq
J Ç JL^_l�XTlAe�^ Y e�ÆfMNdTV b [mM?O�O b VªÆTJLORMmÍjM?[BXfegM?`�J¡[mMBV�e�JL^_l�l�XTK�Ð"MBV bLr ^_lTOgegV6XT[me�^ b lTOBQ }*r
q b X×Oge b d�e�ÆfM�KÅJL[6ÆT^_lfM\JLlT` Y b�b ÖÌJWeÉe�ÆfM\V�M?JL`fqNÐD^keÉXTO�^_l Ç hjÂ } v�{j^keÉ]0^ Y_Y l b e
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