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MOR�RlPGNªÙ \ PFYCT Û ÐWbdR7vnboY�j�[WM \ _ g NQi][kjlPFY�MZiWi²PGMZYIR
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MZY�POT Û ÐkP�MOR�RlPGNªÙ \ PFY3�����$���%�N���^����� �ÒY�PGMZY�YIMOp Ñ PGR���bdpWRljlYI[]_qj�b g pWR
j g Ø \d\ j�ÐkPteWP \ MGw�R \ g j�RFT � jUM \ R g R�bdN�[ \ MZjlPGRAj�ÐkPtMOeWe]boj�b g pWM \ �'¡����,���y�$�����,�Q�������Q���$���ÖÙ�w Ñ PGpkPFYIMZj�bdp Ñ RIÐ g Y�j
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g iWj�b g pWRGã
¯N°�±%²¨³mkbdNª[ \ MZjlPÖM§ÙHMZY�PQ| � Î
m·NÖMO_IÐWbdpkPQ`cboj�Ð g [kj�i]RlPG[We g bdp]RljlYI[W_qj�b g pWR g Y�j�ÐkPåMOeWeWboj�b g pWM \ MOeWekYIPGR�R�bdp Ñ
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º×nbojcj�ÐkP¸R�bdN�[ \ MZj g YGT
²�³4±%¹ÛÚ,» «4¼ ³'ÚScPGMOe�ÜL�d� gOx MOR�R�PGN�Ù \ w \ MOp Ñ [WM Ñ P§_ g NÖNQMOpWeWR�bdpEj g mnÎ � |Ñ· R�NtPGN g Y�wOT �3x j�ÐkPåØ \ P¡ÐWMOR�M \ Y�PGMOekw

Ù²PFPGp}Y�PGMOe�bdp�j g mkÎ � |£�#j�ÐkP�Rlw�R�jlPGN RIÐ g [ \ eÃÙ#P�_ \ PGMZY�PGem� RlPFP ²�³ «��~« ¶ « ± ¼¨«�Á ³ �]Ù#P \ g `J� g Y Ñ \ g Ù]M \R�w�NªÙ g \ R
`cb \d\ Ù²PUN�[ \ j�boi \ wåekPqØHpkPGe�T
¼%� ±%¹ÛÚ,» «4¼ ³'Úmnw�p g p�wnN x»g Y ²¨³V±y¹ T
³  ³�½+µ¨¶�³ÝÚ+±!Þ � µV¶�ÚScPGMOe§j�ÐkPU| � ÎhmåPq×nPG_F[kj�MZÙ \ P¸Ø \ P§�y¿��$���
bdpEj g mnÎ � |w· RcNtPGN g YIwOT
²%µ �àß ±y¹V¹V²¨ámnj�MZY�j�YI[WpWpWbdp Ñ M}iWY gOÑ YIMON´T �+x j�ÐkP g iWj�b g pWM \ MOeWekYIPGR�R��y�y�$��bdR�iWY g v�bdekPGe��j�ÐkP¡iWY gOÑ YIMON R�j�MZY�j�R

MZj�j�ÐWMZj�MOeWeWY�PGR�RFT£çsj�ÐkPFYI`cbdRlPO�j�ÐkPåiWY gOÑ Y9MON R�j�MZY�j�R�MZj�j�ÐkP Ñ \ g Ù]M \ RlwnN�Ù g \ ª ¶�±y²4¶ �ä`cÐ]bd_IÐ�bdReWPqØHpkPGeåÙ�wÖj�ÐkPAekP x MO[ \ j
jlYIMZi§ÐWMOpWe \ PFY
j g _FM \d\ j�ÐkP�Y g [Wj�bdpkPAMZjhj�ÐWP Ñ \ g ÙHM \ RlwnN�Ù g \ ¬ ± «+�Ö`cboj�Ð¡j�ÐkP[]R�[WM \ | � Î
m¡_FM \d\ bdp Ñ _ g p�vOPGp�j�b g p�T
ª ¶�³ �àßNâ ámnjlPFi§j�ÐkPUiWY gOÑ YIMON xÒg YJãä� eWP x MO[ \ jFã ~ �
bdpWRljlYI[]_qj�b g pWRFT!Î!YIbdpEj�bdp]RljlYI[W_qj�b g pWRcMOR�j�ÐkPFw¡Pq×nPG_F[kjlPOT

�



½ �$� ¶ «�� µ�³f
g pEj�bdp�[kPUiWY gOÑ YIMON Pq×nPG_F[kj�b g p´`1boj�Ð g [kj�RljlPFiWiHbdp Ñ T
� ² «�� ¶æå âÎ!YIbdp�j�Y�P Ñ bdRljlPFYçãëT
� ² «�� ¶æå%» âÎ!YIbdp�jéè g MZj�bdp Ñ i g bdp�j7Y�P Ñ bdRljlPFY6ãëT
� ² «�� ¶æ±%¹V¹4²Î!YIbdp�j�j�ÐkPU_ g p�jlPGpEj�R gOx NtPGN g YIwQMZjcMOeWekYIPGR�Ru�y�y�N��T
� ² «�� ¶ ª�ê ¬Î!YIbdp�jªj�ÐWP§_ g pEjlPGp�j�R gOx j�ÐkP§RlwnN�Ù g \ j�MZÙ \ PO�hb TaPOTd�hj�ÐkPàMOeWekYIPGR�RlPGR gOx j�ÐWP Ñ \ g Ù]M \ �ÒÙ][kj�p g j \ g _FM \ �

R�w�NªÙ g \ RFT
²�³ «��=« ¶ « ± ¼V«$Á ³f \ PGMZYcj�ÐkP¸NQPGN g Y�wÖMOpWeàY�P Ñ bdRljlPFY9RFT
°�²¨³V±NÄ ����«�� ¶s±%¹4¹V²mnPFjhM¸ÙWY�PGMZß�i g bdp�j MZj
MOeWekYIPGR�R;�y�%�$��Të�y�y�$��_FMOpÖÙ²P�PGboj�ÐWPFY
M�NtPGN g Y�wªMOe]ekY�PGR�R g YhR�w�NªÙ g \ bd_ \ MZÙ²P \ T
¹�³ ¼ ³N¶�³ì±%¹4¹V²rsP \ PFjlP�M \d\ ÙWY�PGMZß�i g bdpEj�RcMZjcMOeWekY�PGRIRu�y�y�$��T
¼¨« ª ¶ VXbdRljcM \d\ Ù]Y�PGMZß�i g bdp�j�RFT
Þ ScPGRlj gOx \ bdpkPUbdR1MOp§MOR�RlPGNªÙ \ w¡bdpWRljlYI[]_qj�b g pàj�ÐWMZjcbdR1Rlj g Y�PGe§bdp§NQPGN g Y�wOT
ßN��¼ á � pkPF` \ bdpkPAY�PFPq×nPG_F[kjlPGRci]Y�PFv�b g []R�_ g NQNÖMOpWe�T
í

Î!YIbdp�jcM�ÐkP \ i´NQPGR�R�M Ñ POT
| g Rlj�_ g NQNQMOp]eWRA_FMOp£Ù²PQMZÙ]ÙWY�PFvnbdMZjlPGe£j g j�ÐkPGboYª[]pWbdâ�[WP�iWY�PqØW×ëPOT Ñ Td� ³ H� ²¨³ �!¼n� ²yµ � ª ���#Tà| g Y�PeWMOp Ñ PFY g [WR�_ g NQNÖMOpWeWRF�nR�[W_9Ð§MOR ²�³ «+�~« ¶ « ± ¼¨«�Á ³ �EY�PGâ�[WboY�PUM \ g p Ñ PFYciWY�PqØ]×#T

È�É?Ê'ÉdÊ î§ï�ðñÐQÒ�ò�óVôõÕ�Ò=Ö+Ì¨Î�×TÓ�ØyÌ
Û ÐkP1îïvOPFYIR�b g p gOx mkÎ � |£�V ª �~«�¬�� \ g�g ß�R
eWb÷ö²PFY�PGp�jF�nÙ][kj RIÐ g [ \ e g i#PFY9MZjlPsbdpåj�ÐkP�R�MONtPsNQMOpWpWPFY MOR ª �~«+¬²T
Û ÐkP7îÝ`cbdp]e g ` Ð]MOR(Ø]vOP�iHMOpkPGR;� RlPFP1ìzb Ñ [WY�P ~ �9T Û ÐWP7j g iQi]MOpkP1eWbdRli \ MCw�R(j�ÐWPc_ g pEjlPGp�j�R gOx j�ÐkP�Y�P Ñ bdRljlPFY9RFT
� j�bdRc_ g p�j�bdp�[WM \d\ w§[Wi²e]MZjlPGe��nPq×n_qPFiWj1`cÐWb \ PUM�i]Y gOÑ YIMON bdR7Y9[WpWpWbdp Ñ T

Û ÐWPUpkPq×�jci]MOpkPU_ g p�j�MObdpWR�j�ÐkP¸Ù][kjlj g pWR7j�Ð]MZjc_ g pEjlY g \ j�ÐkP¸R�bdN�[ \ MZj g YCã
øBù Ð8Ö
º×nboj x Y g N j�ÐkPUR�bdN�[ \ MZj g YGT
Ô�ó�Ó�ò
ScPGMOe´MtR g [kYI_qP g YcPq×nPG_F[kj�MZÙ \ PUØ \ P¸bdp�j g NtPGN g Y�wOT

ú



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

ìäb Ñ [kY�P ~ ãî � `cbdpWe g ` bdp�jlPFY x MO_qP¸j g mkÎ � |£T

�



Î ù Ò
mnj�MZY�j�j�ÐkPAiWY gOÑ YIMON YI[]pWpWbdp Ñ T
û Ö+ÌVü
mkbdp Ñ \ P � RljlPFi´j�ÐWY g [ Ñ Ð§M�i]Y gOÑ YIMON§T
ØVÔ�Ì4Ó�Î
ScPGbdpWboj�bdM \ baÂFPªY�P Ñ bdRljlPFYIR g Y1NtPGN g Y�wOT
û Ì%Ö�ý�Ó�Ô ù Ì
mnPFj�j�ÐkPAvZM \ [kP¸bdp§M�YIP Ñ bdRljlPFY g YsNtPGN g YIw \ g _FMZj�b g p�T
ü�Î$ÐQÒ=Ö
Î!YIbdp�j�j�ÐkPAvZM \ [kP¸bdp§M�YIP Ñ bdRljlPFY g YcNQPGN g Y�w \ g _FMZj�b g p�T
þ Î�Ì4Ó�ÿ'üLó=ÐQÒ=Ö
mnPFj g YcekP \ PFjlPªM�ÙWY�PGMZß�i g bdpEj g Y \ bdR�jcM \d\ ÙWYIPGMZß�i g bdp�j�RFT
� Ì�ÔQü
Î!YIbdp�jcM�ÐkP \ i´NQPGR�R�M Ñ POT
Ö�ÌVÎ�ÏÑÐQÒ�Ó�Ô
S1MObdRlP g YsÐWbdekPAj�ÐkPU_ g pWR g \ P¸`cbdpWe g `UT
Ïwó'ò�Ì
mnPFjsmnÎ � | g i#PFY9MZj�bdp Ñ N g ekPGRFT

Û ÐWPUpkPq×�j7j+` g i]MOpkPGR�e]bdRli \ MGwåj�ÐkP¸NQPGN g Y�wÖ_ g pEjlPGp�j�RFT Û ÐkPAj g i g pkP¸RIÐ g `cRcbdpWRljlYI[W_qj�b g p]R x Y g N j�ÐkP
[WRlPFY1MOpWeàßOPFYIpkP \ jlPq×�jcR�P Ñ NtPGp�j�RFT�� Û ÐkP�ØHYIRlj x PF`�bdpWRljlYI[]_qj�b g pWRcbdpàj�ÐWPAjlPq×�jsRlP Ñ NtPGp�jcMZY�P¸R�j�MZY�j�[ki´_ g ekP
� ª ¶�±%²%¶ �!j�ÐWMZj \ g MOeWR ±y²VÀ�½ MOpWe ±%²4À�� bdp�j g YIP Ñ bdRljlPFYIRcMOp]e§bdpEv g ßOPGR1j�ÐkPJ¬ ± «��¡Y g [kj�bdpkPOTÛ ÐWP \ g `hPFY gOx j�ÐkPGRlPsj;` g i]MOpkPGRheWbdRli \ MCw�Rhj�ÐkPseWMZj�M�MOp]eÖRlj�MO_IßÖRlP Ñ NQPGpEj�RGTLf g j�Ðåi]MOpWPGR MZY�Ps[ki�eWMZjlPGe
MORcM�i]Y gOÑ YIMON Pq×nPG_F[kjlPGRFT

Û ÐWPcÙ g jlj g N i]MOpkP1bdR
[WR�PGeQj g eWbdRli \ MCwQNtPGRIR�M Ñ PGR x Y g Nèj�ÐkP�R�bdN�[ \ MZj g YGT � jhe g PGRhp g jhe]bdRli \ MGw g [Wjli][kj
x Y g N MOp Pq×nPG_F[kj�bdp Ñ iWY gOÑ YIMON´T y ÐWPGp MëiWY gOÑ Y9MON Y�PGMOeWR g Yt`�YIbojlPGRF�7boj�R � çÕMZi]i#PGMZY9Rtbdp M·RlPFiHMZYIMZjlP
`cbdpWe g `U�W_FM \d\ PGeÃj�ÐkP fhg pWR g \ PO�W`cÐWbd_9Ðài g i]R�[kià`cÐWPGpàpkPFPGekPGe�T

g'h�� i.l!x��!x4j
	$jTr������o�pyl!xy��	
� \ j�Ð g [ Ñ ÐàmnÎ � | x MOboj�Ð x [ \d\ wtR�bdN�[ \ MZjlPGR j�ÐkPs| � Îhmt_ g Nti][kjlPFYC��boj bdRhM¸RIbdNª[ \ MZj g YhMOpWeÖ_qPFY�j�MObdpåj�ÐWbdp Ñ RhMZY�P
p g jsbdekPGpEj�bd_FM \ j g j�ÐkP�MO_qj�[]M \ _ g NQi][kjlPFYGT Û ÐWP¸N g Rlj g Ù�vnb g [WRseWb÷ö²PFY�PGpW_qPGRsMZY�P�j�Ð]MZj1bdpWRljlY9[W_qj�b g p´j�bdNÖbdp Ñ
MOpWeàj�ÐWP�NtPGN g Y�wQRlwnRljlPGNÖR�MZY�P�p g jcbdekPGp�j�bd_FM \ T�mkÎ � | e g PGR�p g j1R�bdN�[ \ MZjlP¸_FMO_9ÐkPGR g Y1NtPGN g Y�w \ MZjlPGp]_qwO�
p g Yce g PGR�boj1MO_F_F[kYIMZjlP¸YIP,è]PG_qj�j�ÐkPUekP \ MCw�R x»g Y{è g MZj�bdp Ñ i g bdp�j g i²PFYIMZj�b g pWR g Y1Nª[ \ j�boi \ boPGRcMOpWeàe]bov�bdekPGRGT

�sp g j�ÐkPFY¡R�[kY�i]YIbdRlPÑ�Ò`cÐ]bd_IÐ g _F_F[kY9R g p�j�ÐkPÃYIPGM \ NQMO_9ÐWbdpkP}MORQ`hP \d\ �ÖbdRQj�ÐWMZjåM£iHRlPG[We g bdpWR�jlYI[W_qj�b g p
Pq×ni]MOpWeWRtbdp�j g R�PFvOPFYIM \ NÖMO_IÐWbdpWP´bdpWRljlYI[]_qj�b g pWRFT y ÐkPGp�R�bdp Ñ \ P � RljlPFi]i]bdp Ñ£g YÖPq×nMONÖbdpWbdp Ñ NQPGN g Y�wO�hj�ÐkP
bdpWRljlY9[W_qj�b g pWRj�Ð]MZjw g [QRlPFPsMZY�PcR \ b Ñ Ð�j \ wteWb÷ö²PFY�PGp�j x Y g N�j�ÐkPcR g [kYI_qP�iWY gOÑ YIMON§T Û ÐkP�_ g Y�YIPGRli g pWekPGpW_qP7Ù²P �
j;`hPFPGp�j�ÐkP
j+` g RlPFj�R gOx bdpWRljlYI[W_qj�b g p]R(bdR x MOboY \ w�R�bdNti \ P
R�bdpW_qPcmnÎ � |�e g PGRäp g jäY�P g Y Ñ MOpWbaÂFP7j�ÐkP7bdpWRljlYI[]_qj�b g pWR
j g Ø \d\ eWP \ MGw§R \ g j�RFT
��� ü>÷�� ÷!� þ�� ö ô±ù$�+ö�� û9þ��äõ�ô±÷!ô±÷òõ9ú �¡þ>û9ö���� ÷òù��>û��C�sñ��=�J� þ�� ö ô±ù��+ö�� û�þ��� .�+�]ñQ�Þö ô;õIþ�� ú õIö±÷2�äõ���� ÷3ýÍ�-ú ÷3ô���� ÷òù��>û�� þ�� ö ô±ù$�+ö�� û9þ��

ö±ûJ-
��){�sñQ���;� þ�� ö ô±ù��+ö�� û�þ��B�O÷3ø½û9ô±÷L� ö±û9ô�� þ>ó
ö±ü-÷��>ô±û9ó9ô;õIý � þ�ý7÷3ý7û9ô ÿ\ ��]õ��±üë� û�ùCôT�3÷L� þ�� ö ô±ù$�+ö�� û9þAõ����O÷lõIô��Xõ��Áõé�3û9ý7ý7÷òþFö
û�þ1ö±ü-÷��>ô�� öB� þ�� ö ô±ù$�+ö�� û9þsö±ûÍ	�ü��"�±üë�aö:�"��ö ô;õIþ�� ú õIö±÷��y 

�



g'h�� ��	�	���k���nT��x i� Lr:pNo"!
fhg NÖNtPGp�j�R!bdpåMOR�RlPGNªÙ \ PFYhØ \ PGR Ù#P Ñ bdpå`cboj�ÐåM�R�ÐWMZY�i � R�b Ñ p �$#��9TLºvOPFYIw�j�ÐWbdp Ñ�x Y g Nèj�ÐkPsRIÐWMZY�i � R�b Ñ pÖj g j�ÐkP
PGpWe gOx j�ÐkP \ bdpWP¸bdR�b Ñ p g Y�PGe�T

� ekPGp�j�b½Ø]PFYIRäMZY�P7M�RlPGâ�[WPGpW_qP gOx M \ i]ÐWMOp�[WNQPFYIbd_!_9ÐWMZYIMO_qjlPFYIRF��[WpWekPFYIÙ]MZYIR�� �9�5MOp]eªe g j�R©� Þ �Uj�ÐWMZj(e g p g jÙ²P Ñ bdpt`cboj�ÐåM¸p�[WNªÙ²PFYGTäç�i²_ g ekPGR x»g YhbdpWRljlYI[W_qj�b g p]R MZY�P1Y�PGRlPFY�vOPGeÖ` g YIeWRj�Ð]MZjhMZY�P Ò:ó�Ö vZM \ bdeåbdekPGpEj�b½ØHPFYIRFT
VÁMZÙ²P \ R
MZY�P�ekPG_ \ MZY�PGeåÙ�wti][kjlj�bdp Ñ j�ÐkPGN MZj
j�ÐkPsÙ#P Ñ bdp]pWbdp Ñ¸gOx M \ bdpWP xÒg \d\ g `hPGe¡Ù�wÖMª_ g \ g p�� xÒg Y
Pq×nMONQi \ POã

Þ2¹�±N¶�±
« ¶�³ ¬&% Þ
' � ²V¹)(

Þc¶�³  ¶
Þ2À ¼y� ° ¼�¬ ± «�� #+* µ ª ¶ °�³ÆÀ ¼y� °�± ¼

¬ ± «��,% ¼ 'àåy¶�Ç.- « ¶�³ ¬
m�jlY9bdp Ñ R7MZY�PAPGpW_ \ g RlPGeÃbdpàe g [kÙ \ P � â�[ g jlPGRu� Ú �9Thm�i²PG_FbdM \ _9ÐWMZYIMO_qjlPFYIR1bdpàRljlYIbdp Ñ R xÒg \d\ g `�j�ÐkP f _ g pEvOPGp �j�b g p�ã
� ³�' ¼¨«+� ³ / �
¶�±$° /y¶
´yµ � ¶�³ /'Ú
mnÎ � | R�[ki]i g YIj�RhMQR�[kÙ]RlPFj gOx j�ÐkPUMORIRlPGNªÙ \ PFYceWboY�PG_qj�bovOPGR1iWY g v�bdeWPGeàÙ�wåj�ÐkP¸| � ÎhmåMOR�RlPGNªÙ \ PFYCã

Þ�± ¼¨« À �ì�
� \ b Ñ p�j�ÐkP�pWPq×�j(eWMZj�[WN g p�M �10 Ù�w�jlP7Ù g [WpWeWMZYIwOTXì g YPq×kMONti \ PO� Þ�± ¼V« À � Å M \ b Ñ pWR(j�ÐkP�pWPq×�jävZM \ [kPg pëM¡` g YIe�Ù g [WpWe]MZY�wOT Þ�± ¼¨« À � Ç j�[kYIp]R g ö MO[kj g NÖMZj�bd_�M \ b Ñ pWNtPGp�j gOx Þ
2�± ¼ » � Þ3' � ²4¹ � Þc» ¼y� ±y¶ �MOp]e Þc¹ � µ4° ¼ ³ eWboY�PG_qj�bovOPGRs[WpEj�b \ j�ÐkPUpkPq×nj Þc¹�±y¶�± g Y ÞTÄ¨¹�±N¶�± eWboYIPG_qj�bovOPOT

Þ�± ª ½ «V« ª ¶V²mnj g Y�PUj�ÐkPURljlY9bdp Ñ bdp§NQPGN g Y�wO�nÙ][kj7e g p g j�p�[ \d\ � jlPFYINQbdpWMZjlP�bojFT
Þ�± ª ½ «V«$Á ª ¶¨²mnj g Y�PUj�ÐkPURljlY9bdp Ñ bdp§NQPGN g Y�wQMOp]e§p�[ \d\ � jlPFYINQbdpWMZjlP�bojFT
ÞT° ê ¶�³ °4(5- Þ4ÞVÞ�- ° �mnj g Y�PUj�ÐkP76ëvZM \ [kPGRcbdp´R�[W_F_qPGR�R�bovOP�Ù�w�jlPGR gOx NtPGN g Y�wOT
Þ2¹¨±y¶�± ß ±%¹4¹V²¨áÛ ÐkP xÒg \d\ g `cbdp Ñ eWMZj�MtbojlPGNÖRcR�Ð g [ \ eàÙ²P¸Rlj g Y�PGeÃbdp§j�ÐkP�eWMZj�MQRlP Ñ NQPGpEjFT �3x j�ÐWP g iWj�b g pWM \ MZY Ñ [WNtPGp�j

�%�y�$�tbdR�i]Y�PGRlPGp�jF�kj�ÐkP¸bojlPGNQRcMZY�PURlj g Y�PGe´Ù#P Ñ bdp]pWbdp Ñ MZjcMOeWeWY�PGR�R6�y�y�N��T
Þ2¹ � µ4° ¼ ³ ¹5(5- Þ4ÞVÞ�-@¹ �mnj g Y�PUj�ÐkP76�è g MZj�bdp Ñ i g bdpEj�e g [kÙ \ PAiWY�PG_FbdRIb g p§p�[]N�Ù²PFYIR
bdp§RI[W_F_qPGR�R�bovOPªNtPGN g YIw \ g _FMZj�b g p]RFT
Þ�³  ¶�³%² � ª�ê ¬ ª «$Á ³rsPG_ \ MZY�P¡j�ÐWMZjªj�ÐkPåeWMZj�[WN R�j g Y�PGeéMZj ª�ê ¬£bdR ª «$Á ³ Ù�w�jlPGR \ MZY Ñ P¡MOpWe£bdRªM Ñ \ g ÙHM \ R�w�NªÙ g \ T Û ÐWbdRe]boY�PG_qj�bovOP�PGpWMZÙ \ PGRsj�ÐkP�MORIRlPGNªÙ \ PFY1j g Rlj g Y�Pªj�ÐkP�eWMZj�[WN bdpÃMÖi g Y�j�b g p gOx j�ÐWPªeWMZj�MåRlP Ñ NQPGpEj1j�ÐWMZj

bdRcPqêÖ_FboPGp�j \ w§MO_F_qPGR�RlPGe§vnbdM�Y�P Ñ bdR�jlPFY åyÀ �²T
Þ2» ¼%� ±y¶s»5(8-sÞVÞ4Þ9-@» �mnj g Y�PUj�ÐkP76�è g MZj�bdp Ñ i g bdpEj�RIbdp Ñ \ PUiWY�PG_FbdRIb g p´p�[WNªÙ#PFY9R bdpÃR�[W_F_qPGR�R�bovOP�NtPGN g YIw \ g _FMZj�b g pWRFT
Þ2À ¼%� ° ¼ ª�ê ¬

rsPG_ \ MZY�Pªj�ÐWMZjcR�w�NªÙ g \ ª�ê ¬¡bdR Ñ \ g Ù]M \ MOpWe§_FMOp´Ù²PsYIP x PFY�PGp]_qPGe x Y g N g j�ÐkPFY7Ø \ PGRFT

�



:<;1=?><@�AB; :<C<DFEG;IHKJML�N�NOJMP<QR; ST=VUXWRHY;IZ[E\D ]^;�DGWRN_E
658�` B-0 `½B-0 a b1c�dfeg`½B-0+4Fh>4I8
658�` B-0 iE<-@F0 j blknmGoTegiE<>@G0
658�` B-0 pO<lq�r�s½4 t blknmGoTeupO<Bq9r�s 4
658�` B-0 J;0+8�` B9h v b1c�dfe J;0+8�` B9h
8+4�@Bp `½B>0 w ` B-0+4\hC498yx�`½Bzb|{�d�}
8+4�@Bp iE<-@F0 ~ iE<>@G0&x�` B�blkId�}
8+4�@Bp pO<lq�r�s½4 � pO<Bq�r9s 47x�`½B�bBk�d�}
8+4�@Bp J;0+8�` B�h � b1c�dfegr�q���498\�[blcXm�egs½4IB9hG0+2
J
rE8�� � b1c�dfe @C?s<lq5B-0 @Bp�pO8349J3J,x�`½B�b|{�d�}
4��I` 0 a\�

Û MZÙ \ P ~ ãhm�wnRljlPGN RlPFY�vnbd_qPGRFT

Þ
2�± ¼ »�24(5- Þ4ÞVÞ�-Y2 �mnj g Y�PUj�ÐkP76 ~G�>� Ù]bojsâ�[]MOpEj�boj�boPGRsbdp§R�[W_F_qPGRIR�bovOP¸NtPGN g Y�wÖÐ]M \ x ` g YIeWRFT
ÞcÄV¹�±N¶�± ß ±y¹V¹4²�áÛ ÐkP x»g \d\ g `cbdp Ñ e]MZj�MëbojlPGNQRtR�Ð g [ \ e�Ù²P¡R�j g Y�PGe bdp�j�ÐkPàßOPFYIpWP \ eWMZj�MëRlP Ñ NQPGpEjFT �3x j�ÐkP g i]j�b g pWM \

MZY Ñ [WNtPGp�ju�y�y�$�tbdR�iWY�PGRlPGp�jF�Wj�ÐkP¸bojlPGNÖR7MZY�P¸Rlj g YIPGe§Ù²P Ñ bdpWpWbdp Ñ MZjsMOeWekY�PGR�R6�%�y�$��T
ÞcÄ4¶�³  ¶ ß ±y¹V¹4²�áÛ ÐkPÖpkPq×nj�bojlPGNQRªMZY�PÖiH[kj�bdpéj�ÐkPåßOPFYIpkP \ jlPq×�j�RlP Ñ NQPGpEjFT � p mnÎ � |é�Xj�ÐkPGR�PåbojlPGNÖR�NÖMGw g p \ w·Ù²P

bdp]RljlYI[W_qj�b g pWR g Y¸` g YIeWRÙ� RlPFPåj�ÐkP Þ
' � ²4¹ eWboYIPG_qj�bovOPÖÙ²P \ g `ë�9T �3x j�ÐkP g i]j�b g pWM \ MZY Ñ [WNtPGp�j§�y�y�N�´bdRi]Y�PGRlPGp�jF�Wj�ÐkP¸bojlPGNÖR7MZY�P¸Rlj g Y�PGe´Ù²P Ñ bdpWpWbdp Ñ MZjcMOeWeWY�PGR�Ru�y�%�$��T
Þ ª � ±�½y³ �� \d\ g _FMZjlP�6ïÙ�w�jlPGR gOx Rli]MO_qPÃbdp j�ÐkP´_F[WY�Y�PGp�jQRlP Ñ NtPGp�j �Ò`cÐ]bd_IÐ N�[WR�j�Ù#Pàj�ÐWP´eWMZj�M£R�P Ñ NtPGp�jQbdp

mkÎ � |��9T
Þc¶�³  ¶ ß ±%¹4¹V²¨áÛ ÐkPÃpkPq×njQbojlPGNÖRÖMZY�PÃi][kjQbdp j�ÐkPÃ[]RlPFYQjlPq×njåR�P Ñ NtPGp�jFT � pÝmnÎ � |£� j�ÐkPGRlP}bojlPGNQRQNÖMGw g p \ w Ù²P

bdp]RljlYI[W_qj�b g pWR g Y¸` g YIeWRÙ� RlPFPåj�ÐkP Þ
' � ²4¹ eWboYIPG_qj�bovOPÖÙ²P \ g `ë�9T �3x j�ÐkP g i]j�b g pWM \ MZY Ñ [WNtPGp�j§�y�y�N�´bdRi]Y�PGRlPGp�jF�Wj�ÐkP¸bojlPGNÖR7MZY�P¸Rlj g Y�PGe´Ù²P Ñ bdpWpWbdp Ñ MZjcMOeWeWY�PGR�Ru�y�%�$��T
Þ
' � ²4¹�'4(5- Þ4ÞVÞ�-Y' �mnj g Y�PUj�ÐkP76 � �>� Ù]bojsâ�[]MOpEj�boj�boPGRsbdp§R�[W_F_qPGRIR�bovOP¸NtPGN g Y�wQ` g YIeWRGT
mnÎ � | e g PGR�p g jceWbdR�j�bdp Ñ [WbdR�Ð¡vZMZYIb g [WR7iHMZY�j�R gOx j�ÐkP¸eWMZj�MQRlP Ñ NtPGp�ju� Þc¹�±y¶�± � Þc²V¹�±N¶�± �kMOpWe Þ ª ¹¨±y¶�± �9T

g'h�� i� O	�pN��k �§o'ncn
	
mnÎ � |èiWY g v�bdeWPGRÁM7R�NÖM \d\ RlPFj gOxng i²PFYIMZj�bdp Ñ � RlwnRljlPGN � \ boßOPhRlPFY�vnbd_qPGR�j�ÐkY g [ Ñ ÐAj�ÐkP!R�w�RljlPGN�_FM \d\ � ª�ê�ª ½N± ¼V¼y�bdpWRljlY9[W_qj�b g p�T Û g Y�PGâ�[kPGRljM�RlPFYIv�bd_qPO��M�iWY gOÑ YIMON \ g MOeWRj�ÐkP7Rlw�R�jlPGN _FM \d\ _ g eWPu� RlPFP Û MZÙ \ P ~ �zbdpEj g Y�P Ñ bdR�jlPFY

å���Ç MOpWeQj�ÐkP�MZY Ñ [WNtPGp�j�RhbdpEj g Y�P Ñ bdRljlPFYIR åV±4Ç<�V�V�÷å4±9� � g Y å%»8(�Å x»g Y�è g MZj�bdp Ñ i g bdpEj v-M \ [WPGR��9Thm�wnRljlPGN _FM \d\ R
j�ÐWMZjäY�PFj�[kY9p¸vZM \ [kPGRäi][kjzj�ÐkPGboYäY�PGR�[ \ jäbdpªY�P Ñ bdR�jlPFY åI��Ç � g Y åN»�Ç xÒg Y�è g MZj�bdp Ñ i g bdpEjzY�PGR�[ \ j�R��9T(ì g Y(Pq×nMONQi \ PO�j g iWY9bdpEjz� ¶�2�³ì± � ª '�³y²+���9� �][WR�PAj�ÐkPU_ g NQNÖMOpWeWRFã

Þ2¹�±N¶�±
ª ¶V² % Þ�± ª ½ «4«$Á Ú�¶�2�³ ± � ª '�³y²�� Ú

Þc¶�³  ¶

�



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

ìäb Ñ [kY�P � ã!| � ÎhmàS �Z�O�O� f Î!u MOpWe§ìäÎ!u

¼¨« å���Ç.-�� # ª�ê=ª ¶�³ ¬ ½N± ¼4¼ ½ � ¹�³ » � ² � ² «�� ¶n� ª ¶¨²
¼ ±ìåV±4Ç.- ª ¶¨² # ±y¹V¹V²¨³ ª4ª � » ª ¶¨² «+� À ¶ � � ² «�� ¶
ª�ê=ª ½y± ¼V¼ #Æ� ² «�� ¶Æ¶�2�³ ª ¶V² «�� À

¼¨« å���Ç.-�( # ª�ê=ª ¶�³ ¬ ½N± ¼4¼ ½ � ¹�³ » � ² � ² «�� ¶n� «+� ¶
¼¨« åV±4Ç.-�� #Ý«+� ¶�³yÀ�³y²®¶ �®� ² «�� ¶
ª�ê=ª ½y± ¼V¼ #Æ� ² «�� ¶ « ¶

� ² «�� ¶ «+� ¶ bdRªi]MOR�RlPGe�MOp�bdp�jlP Ñ PFYQMOpWeéiWYIbdp�j�Rªboj g p�j�ÐkP¡_ g pWR g \ POT � ² «�� ¶ » ¼%� ±N¶ iWYIbdp�j�R�MÃRIbdp Ñ \ P
è g MZj�bdp Ñ i g bdp�jp�[]N�Ù²PFYGTB� ² «+� ¶ ¹ � µV° ¼ ³ i]YIbdpEj�R(MAe g [kÙ \ P
iWY�PG_FbdR�b g pQp�[WNªÙ²PFYGT'� ² «+� ¶ ª ¶V² «+� À bdRäi]MORIRlPGeM�i g bdp�jlPFY�j g Mtp�[ \d\ � jlPFYINÖbdpWMZjlPGe§RljlYIbdp Ñ �W`cÐWbd_9Ð§boj�`�YIbojlPGR�j g j�ÐkP¸_ g pWR g \ POT

²�³4±%¹ «�� ¶ � ²�³4±%¹ » ¼%� ±y¶ �5MOp]e ²¨³V±%¹ ¹ � µV° ¼ ³ Y�PGMOeÖMOp�PGp�j�boY�P \ bdpkP gOx bdpWi][kj([kitj g MOp]eQbdpW_ \ [We]bdp Ñ j�ÐkPpkPF` \ bdpWPOT f ÐWMZYIMO_qjlPFYIR x»g \d\ g `cbdp Ñ j�ÐkPUp�[WNªÙ²PFYhMZYIPUb Ñ p g Y�PGe�T ²�³V±y¹ ª ¶¨² «�� À ÐWMOR
j�ÐkPUR�MONQP�R�PGNQMOp�j�bd_FR�MORj�ÐkPåu1pWb½× \ boÙ]YIMZY�w�Y g [kj�bdpkP »4À�³y¶ ª T � j¸YIPGMOeWR�[Wi·j g 6�� ~ _IÐWMZYIMO_qjlPFY9Rªbdp�j g M§Ù][¨ö²PFY�MOp]e·jlPFYINÖbdpWMZjlPGRj�ÐkPtRljlY9bdp Ñ `cboj�Ð·Màp�[ \d\ Ù�w�jlPOT �+x j�ÐkPFY�PtMZY�P x PF` PFY�_IÐWMZYIMO_qjlPFY9R g pëj�ÐkP�_F[kYIY�PGpEj \ bdpWPO�ÁbojAY�PGMOeWRAj�ÐWY g [ Ñ Ð
j�ÐkP�pkPF` \ bdpWP�MOp]eëM Ñ MObdp·p�[ \d\ � jlPFYINQbdpWMZjlPGRUj�ÐkP�RljlYIbdp Ñ T ð
Ó�Î�Ò.ÐQÒ4�4  iWY gOÑ YIMONQRsj�ÐWMZjU[WR�P�j�ÐkPGR�PtRlw�RI_FM \d\ R
j g Y�PGMOe x Y g N j�ÐkPUjlPFYINÖbdpWM \ R�Ð g [ \ eàp g jc[WRlPUNQPGN g Y�w � NQMZiWi²PGe � ç � R�PFPªm�PG_qj�b g p � �9T

ª °¨²4Ä Y�PFj�[kYIpWR�M§i g bdp�jlPFY¸j g M´Ù \ g _�ß gOx NtPGN g Y�wÃ_ g p�j�MObdpWbdp Ñ 6 MOeWe]boj�b g pWM \ Ù�w�jlPGRGT ³ =« ¶ Rlj g i]RªMiWY gOÑ Y9MON x Y g N YI[WpWp]bdp Ñ T

¡ ¢¤£O¥"¦.§©¨Fª^«5¨�¬M®¬M¯�«5°±£ Í ÌkËïÊ³²¤¡,´�´M´
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]f;�U�@�DFEG;l=Tµ¶L�HY; µzW"Hz·©;1= ¸^DGL�U[;
¹ 4I83< � ºX<CBEJ;03@CB-0.�
@F0 a »(49J+4I8�¼C4GpA:=<>8@CJ3J;49?�r�s½4I8
¼�� j ½5�O658349J3J
`½<CB�4F¼F@|s¾qE@G0�`½<CB�@GB9p
¼[a t 8349J�q�s 0òJä<G:²@c:�qEBEDl0�` <>B
@B� v ¿8�hBq5?�49B>0&a
@�a w ¿8�hBq5?�49B>0�j
@lj ~ ¿8�hBq5?�49B>0Ot
@Bt � ¿8�hBq5?�49B>0.v
0�� � À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0\a � À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0Ãj aG� À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0�t ala À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0�v a?j À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0Ãw aGt À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0�~ a\v À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0Ä� a?w À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
J�� aG~ ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
JFa aV� ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
J�j aG� ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
J�t aG� ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
J
v jB� ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
J�w j�a ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
J�~ jlj ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
JÃ� jBt ÅO@?¼C4GpU034I?�6�<C8ò@G8�Ázx=658349J+4I8�¼C4Gp¸@CDI8+<-J+JäD9@|s¾sÂ}
0�� j|v À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
0�� jlw À]49?�6�<>83@C8�Ázx/B5<G0658349J+4I8�¼C4Gp¸@>D�83<>J3JXD9@|s¾sÂ}
��� jB~ »(49J+4I8�¼C4GpA:=<>8ÇÆ,Åf�>4I83B54Fs
�[a j1� »(49J+4I8�¼C4GpA:=<>8ÇÆ,Åf�>4I83B54Fs
hC6 jB� È²<B`½B-0+4I8z03<Éhls <lrE@|sW@C8+4�@
J;6 jB� Å-03@>DÃ�U6�<B`½B>034I8
:=6 tl� Ê58ò@G?�4
6�<l` B-034I8
83@ t9a »(4�0�q583B�@lp�pO8349J3J,x�qEJ+4\pËr�ÁA:�q5BED�0�`½<CB�DI@BsÌs_}

Û MZÙ \ P � ã!| � Î
måY�P Ñ bdRljlPFY9RcMOpWeàj�ÐWP¸_ g pEvOPGp�j�b g p ÑOg vOPFYIpWbdp Ñ j�ÐkPGboYs[WRlPOT

�Þ| � Î
m�iWY g _qPGR�R g Y _ g pWR�bdR�j�R gOx MOpåbdp�jlP Ñ PFYhi]Y g _qPGRIR�bdp Ñ []pWboj;�Òj�ÐkP f Î!uç�(MOp]eQM¸_ g \d\ PG_qj�b g p gOx _ g iWY g _qPGR �
R g YIRzj�ÐWMZjzi²PFY xÒg YIN MOp]_Fb \d\ MZY�w¸j�MORlßnR g Y g i²PFYIMZjlP g p g j�ÐkPFYäj+w�i²PGR gOx eWMZj�MsR�[W_9Ð�MOR:è g MZj�bdp Ñ i g bdp�jäp�[WNªÙ²PFYIR
� RlPFP¸ìäb Ñ [kYIP � �9T
mnÎ � | R�bdN�[ \ MZjlPGR7j;` g _ g iWY g _qPGR�R g YIRFT fhg i]Y g _qPGRIR g Y � ÐWMOpWe \ PGR
jlYIMZi]RF�kPq×k_qPFiWj�b g pWRF�#MOpWe
j�ÐkP�v�boY�j�[]M \ NtPGN g Y�w¡Rlw�R�jlPGN§T1mnÎ � |ÚR�bdN�[ \ MZjlPGRsN g Rlj gOx j�ÐkP¸ØHYIRlj�j+` g MOpWe§PGp�j�boY�P \ w g NÖboj�R1eWPFj�MOb \ R gOx
j�ÐkP�NtPGN g Y�wåR�w�RljlPGN´T fhg i]Y g _qPGRIR g Y ~ bdRsj�ÐkP è g MZj�bdp Ñ i g bdp�j�[WpWbojFT�mkÎ � | R�bdN�[ \ MZjlPGR�N g RljsMORli²PG_qj�R gOx
j�ÐWbdR�[]pWbojFT

¤.hTg �§¥ÎÍÐÏ��<�:j�	�p$��x9	
Û ÐWPå| � Î
m � MOpWe mnÎ � |��¸_qPGp�jlYIM \ iWY g _qPGR�R�bdp Ñ [WpWboj�_ g p�j�MObdpWR � � Ñ PGpkPFYIM \ i][kYIi g R�PQY�P Ñ bdRljlPFY9R�j�ÐWMZj

MZY�P¸p�[WNªÙ²PFY�PGe � { � ~ T7S�P Ñ bdRljlPFYM6·bdRcekPGR�b Ñ p]MZjlPGe§Ù�w å �²T!S�P Ñ bdRljlPFY å%Ç M \ `
MGwnR1_ g p�j�MObdpWR1j�ÐkP¸ÐWMZY9ek`cboY�PGevZM \ [kP � T�| � Î
m}ÐWMOR�PGRlj�MZÙ \ bdRIÐkPGeëMàRlPFj gOx _ g p�vOPGp�j�b g pWR¸MOR�j g Ð g ` Y�P Ñ bdRljlPFYIR¸R�Ð g [ \ e}Ù²P�[WRlPGe�T Û ÐkPGRlP
R�[ ÑOÑ PGR�j�b g pWR�MZYIP Ñ [WbdekP \ bdpkPGRG�X`cÐ]bd_IÐ£MZYIPQp g jUPGp xÒg YI_qPGe£Ù�w�j�ÐkPQÐ]MZYIek`
MZY�POTQá g `hPFvOPFY�M´iWY gOÑ YIMONíj�ÐWMZj
vnb g \ MZjlPGR(j�ÐkPGN `cb \d\ p g jä` g Y�ß¸iWY g i²PFY \ wA`cboj�Ð g j�ÐkPFYR gOx j;`
MZY�POT Û MZÙ \ P � \ bdRlj�Rzj�ÐkPhY�P Ñ bdRljlPFY9R(MOpWe�ekPGR�_qYIboÙ²PGR
j�ÐkPGboYcbdp�jlPGpWekPGeÃ[WRlPOT

~F�
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ìäb Ñ [kY�P � ã Û ÐkPfÜ ¶�±y¶%µ ª Y�P Ñ bdR�jlPFYGT
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ß

Pending
Interrupts

Exception
Code

ìäb Ñ [kY�Pçúkã Û ÐWPfà ±Nµ ª ³ YIP Ñ bdRljlPFYGT

ScP Ñ bdRljlPFYIR åV±y¶ � ~ �9� åNÄ�Ç � �O� �9�nMOpWe åNÄ5( � � � �(MZY�P7YIPGRlPFY�vOPGe xÒg Y![WRlP7Ù�wªj�ÐkP�MOR�RlPGNªÙ \ PFY!MOp]e g i#PFY9MZj�bdp ÑRlwnRljlPGN§T
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� ptMOeWeWboj�b g p���_ g iWY g _qPGR�R g Y � _ g p�j�MObdpWRY�P Ñ bdR�jlPFYIRj�ÐWMZj MZY�Pc[WRlP x [ \ j g Ð]MOpWe \ P7Pq×k_qPFiWj�b g pWRFT mnÎ � | e g PGR
p g j7bdNti \ PGNtPGp�j M \d\ gOx j�ÐkPGRlP�Y�P Ñ bdR�jlPFYIRF�WR�bdpW_qP�j�ÐkPFwÖMZY�PAp g j gOx N�[W_IÐå[WRlP�bdp¡MªRIbdNª[ \ MZj g Y g Y�MZYIPsiHMZY�j gOx
j�ÐkP¸NQPGN g Y�wÖRlw�R�jlPGN§�k`cÐWbd_9Ð§bdR�p g j1bdNti \ PGNQPGpEjlPGe�T(á g `hPFvOPFYG�²bojce g PGR7iWY g v�bdekPAj�ÐWP x»g \d\ g `cbdp Ñ ã

]^;1U[@�D\E\;1=Tµ¶L9HY; µzWRH�·©;1= ¸^DGL�U[;
æ @Bp�ç"¿Çp�pO8 � è�4I?�<C8�Á¸@Bp9pO8+4�J+Jä@G0Oé(2�`½Dò2�@Bp9pO8+4�J+Jz4F�ODI4I6O0�` <>B�<ZD9D�q583834\p
Å-0ò@F0�qEJ aGj ê B-034I838�q5650ä?A@>J
�¸@CB9pª4IBE@Br�s½4ër9` 0òJ
ºz@BqEJ;4 a\t ½©�5D�4I650�`½<CB�03Á-6�4�@GB�p¸6�4IB9p�` B�h7`½B-0+498+8�q56O0.r�` 03J
½�È�º aFv ¿Çp�pO8349J3Jä<G:8` B�J±038�qED�0�`½<CB�0+2E@G0!DI@BqEJ;4Gp¸4F�5D�4I650�`½<CB

Û ÐkPGR�P�Y�P Ñ bdRljlPFYIRhMZY�P1i]MZY�j gOx _ g iWY g _qPGR�R g Y � · R Y�P Ñ bdRljlPFY7RlPFj!MOpWeÖMZY�P1MO_F_qPGRIRlPGeåÙ�w�j�ÐkPç¼ '~½NÇ �N¬ »�½yÇ �$¬ ¶=½yÇ �MOpWe ª '~½NÇ bdpWRljlYI[W_qj�b g p]RFTìäb Ñ [kY�P � eWPGR�_qYIboÙ²PGR¡j�ÐkP�Ù]boj�R§bdpÝj�ÐkPìÜ ¶�±N¶4µ ª YIP Ñ bdRljlPFY´j�ÐWMZj§MZYIP·bdNti \ PGNQPGpEjlPGeÜÙ�wÝmnÎ � |éT Û ÐkP
«�� ¶�³y²V²%µ � ¶ ¬ ± ª Ä _ g p�j�MObdpWR�M�ÙHboj xÒg Y
PGMO_IÐ gOx j�ÐkPsØ]vOPAbdp�jlPFY�YI[kiWj \ PFvOP \ RFT �+x M�ÙHboj
bdR g pWPO�WbdpEjlPFY�Y9[kiWj�R
MZj
íÃ� ü>÷!�sñQ���J�3û9ýé��� ú ÷3ô:�>ûF÷��Áþ-ûIö�ù�� ÷õ ø ô;õ9ý7÷��Oû�� þFö±÷3ô�#�� ûhö±ü��"��ô±÷òó��F� ö±÷3ô:�"�Áù�� ÷��sõ��:�òõIú ú ÷3÷27?�±õ�î�÷��sô±÷òó��F� ö±÷3ôðïVñ\ò+ 

~O~
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MZj�PFvOPGp·MOeWekYIPGR�RlPGR�MOpWe�M x [ \d\ ` g YIe g Ù�¸òPG_qj�N�[WR�j1Ù²P�Rlj g Y�PGeëMZjAMOeWekY�PGRIRlPGR�j�ÐWMZjAMZY�P�M¡Nª[ \ j�boi \ P gOx úkT
á g `hPFvOPFYG�#| � ÎhmåiWY g vnbdekPGR�R g NQPUbdpWRljlYI[W_qj�b g p]R x»g Y1NQMOpWboi][ \ MZj�bdp Ñ [WpWM \ b Ñ pkPGe´eWMZj�MnT

¤.h�� ��x%j�pN��k ��pyjT} o'r�þ��{q©�:jT}¨o'n;¦�rÇ	+pNx%l�}Vpyj�q:rÇ	
� påM \d\ bdpWR�jlYI[W_qj�b g pWR
Ù²P \ g `¸�<Ü ²�½NÅ _FMOpåPGboj�ÐkPFY7Ù²P�MªY�P Ñ bdRljlPFY g Y7MOpàbdNQNQPGeWbdMZjlPsv-M \ [kP�� M ~G� Ù]boj7bdpEjlP Ñ PFY,�9TÛ ÐkP¡bdNQNQPGeWbdMZjlP x»g Y9NQR gOx j�ÐkPàbdpWRljlY9[W_qj�b g pWR�MZY�P g p \ w�bdpW_ \ [WekPGe xÒg Y�Y�P x PFY�PGpW_qPOT Û ÐkPåMORIRlPGNªÙ \ PFY�`cb \d\
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T��0�=�������,�\������#����� fB�+�y� � �N�T�
T���EF��������� �����,��#>����� f:���y� Z �����a�y�=��� � �N�T�
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$YO"��§G�=§���¨���������,�!¨,�"�,#>$ ���$���$�\��� k ���4�y�^� ����L¢�$���,�d�
$YO"��§G�=§���¨���������,�!¨,�"�,#>$ ���$���N�,�,�oB����T���4�\�u����L¢�$���,�d�
fhg p�vOPFY�jàj�ÐkPëR�bdp Ñ \ P�iWYIPG_FbdR�b g p è g MZj�bdp Ñ i g bdpEjàp�[WNªÙ²PFY g Yàbdp�jlP Ñ PFY´bdpÝY�P Ñ bdRljlPFYV«�* ª ²�½ j g M�e g [kÙ \ PiWY�PG_FbdRIb g p´p�[WNªÙ#PFY7MOpWe¡iH[kj�bojcbdpàY�P Ñ bdR�jlPFY+«�* ¹�³ ª ¶ T

$YO"��§m�U§3�<¨���������,�!¨,�"�,#>$ ���$���$�\���eL¢�$���,�d� ��� k �8�V�N�d�
$YO"��§m�U§���¨���������,�!¨,�"�,#>$ ���$���$�\���eB����T�T�4�\�u��� k �8�V�N�d�fhg p�vOPFY�jàj�ÐkPëe g [kÙ \ PÃiWYIPG_FbdR�b g p è g MZj�bdp Ñ i g bdpEjàp�[WNªÙ²PFY g Yàbdp�jlP Ñ PFY´bdpÝY�P Ñ bdRljlPFYV«�* ª ²�½ j g M�RIbdp Ñ \ PiWY�PG_FbdRIb g p´p�[WNªÙ#PFY7MOpWe¡iH[kj�bojcbdpàY�P Ñ bdR�jlPFY+«�* ¹�³ ª ¶ T

$YO"��§m�U§3�<¨���������,�!¨,�"�,#>$ ���$���N�,�,�oL¢�$���\�^� ����B����T���V�,�
$YO"��§m�U§���¨���������,�!¨,�"�,#>$ ���$���$�\��� k ���4�y�^� ����B����T���V�,�
fhg p�vOPFY�j
j�ÐkP1e g [kÙ \ P g YhR�bdp Ñ \ Psi]Y�PG_FbdR�b g p§è g MZj�bdp Ñ i g bdpEj
p�[]N�Ù²PFY!bdpåY�P Ñ bdR�jlPFY°«�* ª ²�½ j g MOpåbdp�jlP Ñ PFYcMOpWei][kj�boj1bdpàY�P Ñ bdRljlPFY�«,* ¹¨³ ª ¶ T
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�.;HOl§m�@¨��=������,�!¨,�"� #$,-��!¨����,#>$32 �!�^���N�Q���4�^¯{�$�8���oLu���+���%� k �8�V�N�d�fhg NQi][kjlP�j�ÐkP�â�[ g j�boPGpEj gOx j�ÐWP{è g MZj�bdp Ñ è g MZj
e g [kÙ \ PGRë� R�bdp Ñ \ PGR�� bdpåY�P Ñ bdRljlPFYIR°«�* ª ²�½n( MOpWeP«,* ª ²�½yÅ MOpWei][kj�boj1bdpàY�P Ñ bdRljlPFY�«,* ¹¨³ ª ¶ T

T�§G��¨��=������,���,����#���,� f:���y�^�!�^���N�Q���4�^¯{�$�8���oL¢�$���,�d� (
T�§m��¨��=������,���,����#���,� f:���y�^�!�^���N�Q���4�^¯©�N�8��� k ���4�N�d�)(
V g MOe´j�ÐkPëè g MZj�bdp Ñ è g MZjce g [kÙ \ P¾� R�bdp Ñ \ P��7MZj ±y¹V¹4²�³ ª4ª bdpEj g YIP Ñ bdRljlPFY+«�* ¹�³ ª ¶ T

A�XYOl§G�0¨��=������,�!¨,�"� #$ W �$�$�n�!�a�+�N�Q�8�V�^¯©�$�����lL¢�$���,�d�
A�XYOl§m�@¨��=������,�!¨,�"� #$ W �N�$�n�!�a���y�Q�8�4�P¯©�$����� k �8�V�N�d�
| g vOP¸j�ÐWPçè g MZj�bdp Ñ è g MZjce g [kÙ \ P¾� RIbdp Ñ \ P�� x Y g N Y�P Ñ bdR�jlPFY+«�* ª ²�½ j g Y�P Ñ bdRljlPFY�«,* ¹�³ ª ¶ T
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A1EUT�§m�@¨��=������,�!¨,�"� #$,-��!¨����,#>$32 �!�^���N�Q���4�^¯©�N�8��� W �¨�a�Q�F¡=� � k �8�V�N�d�fhg NQi][kjlPsj�ÐkP�iWY g eW[W_qj gOx j�ÐkPJè g MZj�bdp Ñ è g MZj�e g [kÙ \ PGRç� R�bdp Ñ \ PGR��
bdp¡Y�P Ñ bdRljlPFYIR±«�* ª ²�½n( MOpWe}«,* ª ²�½yÅ MOpWei][kj�boj1bdpàY�P Ñ bdRljlPFY�«,* ¹¨³ ª ¶ T

K��H[e§G�0¨��=������,�!¨,�"� #$ ã¢���4�N�T�nL¢�$���,�d�
K��H[e§m�@¨��=������,�!¨,�"� #$ ã¢���%�y�T� k �8�V�N�d�
N1P Ñ MZjlP�j�ÐkPëè g MZj�bdp Ñ i g bdpEj1e g [kÙ \ P¾� R�bdp Ñ \ P��
bdp§Y�P Ñ bdR�jlPFY+«�* ª ²�½ MOpWe¡i][kj�boj1bdpàY�P Ñ bdRljlPFY�«,* ¹¨³ ª ¶ T

�U§G��¨��=������,���,����#���,� k ���N�����!�^���N�Q���4�^¯{�$�8���oL¢�$���,�d� (
�U§m��¨��=������,���,����#���,� k ���$�����!�^���N�Q���4�^¯©�N�8��� k ���4�N�d� (m�j g Y�P¸j�ÐkPëè g MZj�bdp Ñ è g MZj1e g [kÙ \ P3� RIbdp Ñ \ P��7bdpàYIP Ñ bdRljlPFY�«�* ¹¨³ ª ¶ MZj ±y¹V¹V²¨³ ª4ª T
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� E��§m�@¨��=������,�!¨,�"� #$,-��!¨����,#>$32 �!�^���N�Q���4�P¯{�$����� k �����Q���y�+� k �8�V�N�d�fhg NQi][kjlPtj�ÐkP¡eWb÷ö²PFY�PGpW_qP gOx j�ÐkP§è g MZj�bdp Ñ è g MZj�e g [kÙ \ PGR � R�bdp Ñ \ PGR��¸bdp�Y�P Ñ bdRljlPFYIR�«�* ª ²�½n( MOpWe�«,* ª ²�½yÅMOpWeàiH[kj7bojcbdpàY�P Ñ bdRljlPFY)«�* ¹�³ ª ¶ T
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Reserved

Text Segment

Data Segment

Stack Segment

0x400000

0x7fffffff

ìäb Ñ [kYIP � ã!VÁMCw g [kj gOx NtPGN g Y�wOT

¤.hTg�¤ ²Ë!L}¨�<�LpyjTq:rào~rÇþM³Jxyo8�Ý¦�r�	�pNx%l�}VpNjTq:r�	

# � � _©���Q�¨���C�'���$�´xeµ4���2¡=�Q�Q�N�
S�PGR�j g Y�PUj�ÐkPªmnj�MZj�[WR7Y�P Ñ bdRljlPFYCT

� ¶��>$ ��T�T k ���,�T�,�·���N�8�
S�P Ñ bdR�jlPFY åI��Ç _ g pEj�MObdp]Rcj�ÐkPUp�[WNªÙ²PFY gOx j�ÐWPURlw�R�jlPGN�_FM \d\ � R�PFP Û MZÙ \ P ~ �hiWY g v�bdeWPGeàÙ�w§mnÎ � |éT

��#>�,��¸dK � �����Y�f MO[WR�PAPq×n_qPFiWj�b g p�6(TLº(×k_qPFiWj�b g p ~ bdR7Y�PGRlPFYIvOPGe xÒg Y�j�ÐkPUekPFÙ][ ÑOÑ PFYGT

KXm¹ ãu�Ù��¡��\���N�Q���$�
r g p g j�ÐWbdp Ñ T

º Í £`»K¬�§"¼¾½¤¥¿�ÀM£

Û ÐkP g Y Ñ MOpWbaÂGMZj�b g p gOx NtPGN g YIw�bdp�| � Î
m£R�w�RljlPGNÖR¸bdR�_ g p�vOPGpEj�b g pWM \ Té� iWY gOÑ YIMON@· R�MOe]ekY�PGR�RªRli]MO_qP¡bdR
_ g Nti g RlPGe gOx j�ÐkYIPFPAi]MZY�j�Ru� RlPFPªìäb Ñ [kY�P � �9T

�
jªj�ÐkPåÙ g jlj g N gOx j�ÐkPå[WRlPFY�MOeWekY�PGRIR¸Rli]MO_qP � � ×¨ú �O�O�O�O� ��bdR¸j�ÐWPQjlPq×nj�R�P Ñ NtPGp�jF�z`1ÐWbd_IÐ�Ð g \ eWR�j�ÐkP
bdpWRljlY9[W_qj�b g pWR xÒg YcM�iWY gOÑ YIMON§T

�1Ù g vOPUj�ÐkPAjlPq×njcRlP Ñ NQPGpEj�bdR�j�ÐkP¸eWMZj�M�RlP Ñ NQPGpEju� R�j�MZY�j�bdp Ñ MZj � × ~F�O�O�O�O�O�O� �9��`cÐWbd_9Ð§bdR�eWbovnbdekPGeàbdp�j g
j;` g iHMZY�j�RFT Û ÐWPQRlj�MZj�bd_Qe]MZj�Mài g Y�j�b g p£_ g p�j�MObdpWR g Ù�¸3PG_qj�R¸`cÐ g RlPÖR�baÂFPQMOpWe·MOe]ekY�PGR�RUMZYIPtß�p g `cpëj g j�ÐkP

�n~
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      .
      .
local variables
      .
      .
      .

      .
      .
      .
dynamic area
      .
      .
      .

$sp
Á

memory
addresses

$fp

argument 5

argument 6

...

arguments 1−4      
      .
      .
saved registers
      .
      .
      .

ìäb Ñ [kY�P � ãäVÁMCw g [kj gOx MsR�j�MO_�ß x Y9MONtPOT Û ÐkP x Y9MONtPhi g bdp�jlPFYi g bdp�j�R=¸ò[WR�jzÙ²P \ g ` j�ÐkP \ MORlj!MZY Ñ []NtPGp�jXi]MORIRlPGe
g pàj�ÐkP�Rlj�MO_�ß#T Û ÐWPURlj�MO_�ßài g bdp�jlPFY�i g bdpEj�R7j g j�ÐkPAØ]YIR�j7` g YIe´M x jlPFY1j�ÐkP x Y9MONtPOT

_ g NtiHb \ PFYcMOpWe \ bdpkßOPFYCT � NQNtPGe]bdMZjlP \ wÖMZÙ g vOP�j�ÐkPGRlP g Ù�¸òPG_qj�RsbdR�ekwnpWMONQbd_AeWMZj�MnTh�1RcM�iWY gOÑ YIMON M \d\ g _FMZjlPGR
Rli]MO_qPsekwnpWMONQbd_FM \d\ wC� b TaPOTd�nÙ�w ¬ ± ¼V¼%� ½ �9�5j�ÐkP ª °�²%Ä RlwnRljlPGN�_FM \d\ N g vOPGRj�ÐkP1j g i gOx j�ÐkP1eWMZj�M¸RlP Ñ NQPGpEjh[ki�T

Û ÐWP iWY gOÑ YIMON Rlj�MO_�ßªY�PGR�bdeWPGR(MZjzj�ÐWPhj g i gOx j�ÐkP7MOeWekY�PGRIRzR�i]MO_qP6� � × � ö=ö�ö x �9T � j Ñ Y g `cR(e g `cp��Oj g `hMZYIe]R
j�ÐkP¸e]MZj�MtRlP Ñ NtPGp�jFT

Â Ã ¿iÄ�Ä\¨FQÀ Ã ¬MuÅM£�É«5¨�¬É

Û ÐkPå_FM \d\ bdp Ñ _ g pEvOPGp�j�b g p ekPGR�_qY9boÙ#PGeébdp£j�Ð]bdR�RlPG_qj�b g p bdR�j�ÐkP g pkPÖ[]RlPGe£Ù�ww�%���O�(p g j�j�ÐkPåp]MZj�bovOPå| � Î
m
_ g NtiHb \ PFYG�k`cÐWbd_9Ð§[WRlPGR�MQN g Y�PU_ g NQi \ Pq×¡_ g p�vOPGp�j�b g p´j�ÐWMZj1bdR�R \ b Ñ Ð�j \ w x MORljlPFYCT

ìäb Ñ [kY�P � R�Ð g `cR¸MÃeWbdM Ñ YIMON gOx M´Rlj�MO_Iß x YIMONQPOTå� x YIMONtPt_ g p]R�bdRlj�R gOx j�ÐWPÖNtPGN g Y�w´Ù²PFj+` PFPGpéj�ÐkP
x YIMONtPhi g bdpEjlPFY{� å%» ���9�O`cÐWbd_9Ð�i g bdpEj�Räj g j�ÐkP
` g YIe�bdNQNQPGeWbdMZjlP \ w¸M x jlPFYj�ÐkP \ MORljMZY Ñ []NtPGp�jXi]MORIRlPGe g p�j�ÐkPRlj�MO_IßH��MOpWeÃj�ÐkP�R�j�MO_�ß§i g bdp�jlPFY � å ª ���9�#`cÐWbd_IÐ´i g bdpEj�R1j g j�ÐWPUØ]YIR�j x YIPFP�` g YIe g pÃj�ÐkPªRlj�MO_�ß#T1�sRcj+w�iHbd_FM \gOx uspWb½×ÃRlwnRljlPGNÖRF�]j�ÐkP�Rlj�MO_Iß Ñ Y g `cR�e g `1p x Y g NÕÐWb Ñ ÐkPFY�NtPGN g Y�wàMOeWekY�PGR�R�PGRF�#R g j�ÐkP x YIMONtP�i g bdp�jlPFYAbdR
MZÙ g vOPªRlj�MO_�ß¡i g bdpEjlPFYCT

Û ÐWP x»g \d\ g `cbdp Ñ R�jlPFi]R�MZY�P¸pWPG_qPGR�R�MZY�w¡j g P,ö²PG_qj1M�_FM \d\ ã
~ TcÎäMOR�R1j�ÐkPªMZY Ñ [WNtPGp�j�RFTfhw§_ g pEvOPGp�j�b g p��²j�ÐkPUØHYIRlj xÒg [kYcMZY Ñ []NtPGp�j�RcMZY�P�i]MOR�RlPGeÃbdp§Y�P Ñ bdRljlPFY9R åV±4Ç {
åV±�� �Òj�Ð g [ Ñ Ð¸R�bdNQi \ boPFY�_ g Nti]b \ PFY9R�NQMCws_9Ð g�g R�P!j g b Ñ p g YIPj�ÐWbdR�_ g p�vOPGpEj�b g p�MOpWeUi]MOR�R�M \d\ MZY Ñ [WNtPGp�j�RvnbdM�j�ÐkP�Rlj�MO_�ß��9T Û ÐWPAY�PGNQMObdpWbdp Ñ MZY Ñ [WNtPGp�j�R7MZY�PUiH[WR�ÐkPGe g pàj�ÐWP¸Rlj�MO_�ß#T

� TsmkMGvOPAj�ÐkPA_FM \d\ PFY � R�MCvOPGe´YIP Ñ bdRljlPFYIRFT Û ÐWbdR
bdpW_ \ [WekPGR
Y�P Ñ bdR�jlPFYIR åN¶�Ç { åN¶<á �nb x j�ÐWPFwÖ_ g p�j�MObdp \ bovOPUvZM \ [kPGRMZjcj�ÐkP¸_FM \d\ RIbojlPOT

�O�



� T{º×�PG_F[WjlP¸M�ä ± ¼�bdpWRljlYI[]_qj�b g p�T
y boj�ÐWbdp§j�ÐWPU_FM \d\ PGe´Y g [Wj�bdpkPO�Wj�ÐkP xÒg \d\ g `cbdp Ñ RljlPFi]RcMZY�P¸pkPG_qPGR�RIMZY�wHã
~ T{º Rlj�MZÙ \ bdR�Ð§j�ÐkP¸Rlj�MO_Iß x YIMONQP�Ù�w¡R�[kÙWjlY9MO_qj�bdp Ñ j�ÐkP x YIMONQP�RIbaÂFP x Y g N j�ÐkP¸Rlj�MO_Iß¡i g bdp�jlPFYGT
� TsmkMGvOPQj�ÐWPQ_FM \d\ PFP � R�MGvOPGe�YIP Ñ bdRljlPFYIR¸bdp£j�ÐkP x YIMONtPOTtScP Ñ bdRljlPFY åy» ��bdR¸M \ `hMCw�RªR�MGvOPGe�TåScP Ñ bdRljlPFY å%²�±pWPFPGeWRsj g Ù²P�R�MGvOPGe�b x j�ÐkPªY g [kj�bdpWPªboj�RlP \ x NQMZßOPGR�_FM \d\ RFTA�spEw gOx j�ÐkP�YIP Ñ bdRljlPFYIR å ª Ç { å ªIâ j�ÐWMZjAMZY�P[]RlPGeàÙ�wÖj�ÐkP�_FM \d\ PFP�pkPFPGeàj g Ù#PURIMGvOPGe�T
� T{º Rlj�MZÙ \ bdR�Ð§j�ÐkP x YIMONtP�i g bdpEjlPFY1Ù�w¡MOeWeWbdp Ñ j�ÐkP¸Rlj�MO_Iß x YIMONQPUR�baÂFPUj g j�ÐkP�MOeWekY�PGR�R7bdp å ª �#T
ìäbdpWM \d\ wO�kj g Y�PFj�[kYIp x Y g NèMª_FM \d\ �WM x [Wp]_qj�b g pQi \ MO_qPGRhj�ÐkPsY�PFj�[kY9pkPGeQvZM \ [kP�bdpEj g å���Ç MOpWeÖPq×nPG_F[kjlPGR
j�ÐkPxÒg \d\ g `cbdp Ñ RljlPFi]RFã
~ TcScPGRlj g Y�P�MOpEwt_FM \d\ PFP � RIMGvOPGeàY�P Ñ bdR�jlPFYIR!j�Ð]MZj!`hPFY�P1R�MCvOPGe¡[ki g p�PGpEjlYIw�� bdp]_ \ [WeWbdp Ñ j�ÐkP x YIMONtP�i g bdp�jlPFY
å%» ���9T

� TcÎ g iÃj�ÐkPURlj�MO_�ß x YIMONQPAÙ�w¡R�[kÙWjlY9MO_qj�bdp Ñ j�ÐkP x YIMONtPAR�baÂFP x Y g N å ª �#T
� TcScPFj�[kYIpàÙ�w ¸ò[WNQi]bdp Ñ j g j�ÐkP¸MOe]ekY�PGR�R7bdpàYIP Ñ bdRljlPFY åy²¨± T

Æ Ì<¶ª�Ç^«È¿yQÉËÊÈÇ^«8ª�Ç^«
� p MOeWeWboj�b g p j g R�bdN�[ \ MZj�bdp Ñ j�ÐkP´ÙHMOR�bd_ g i²PFYIMZj�b g p gOx j�ÐkP f Î u MOp]e g i²PFYIMZj�bdp Ñ Rlw�R�jlPGN§��mnÎ � | M \ R g
R�bdN�[ \ MZjlPGRM¸NtPGN g YIw � NÖMZiWi²PGeUjlPFYINÖbdpWM \ _ g pWpkPG_qjlPGeQj g j�ÐkP�NQMO_9ÐWbdpkPOT y ÐkPGptM�iWY gOÑ Y9MON�bdRf�òYI[]pWpWbdp Ñ � �mnÎ � |í_ g p]pkPG_qj�R�boj�R g `1p¡jlPFYINQbdpWM \ � g Y�M�RlPFi]MZY9MZjlP�_ g p]R g \ PU`cbdpWe g `ÞbdpÙ ª �=«+¬��(j g j�ÐkP�iWY g _qPGR�R g YGT Û ÐkP
iWY gOÑ Y9MON�_FMOpëY�PGMOe·_9ÐWMZYIMO_qjlPFYIRAj�Ð]MZjUw g [�j;w�i²P�`cÐWb \ P�j�ÐkP�iWY g _qPGR�R g Y�bdR�YI[WpWpWbdp Ñ T�mnbdNÖb \ MZY \ wO��b x mnÎ � |
Pq×nPG_F[kjlPGR1bdp]RljlYI[W_qj�b g pWRcj g `�Y9bojlP�_IÐ]MZYIMO_qjlPFYIRsj g j�ÐkP�jlPFYINQbdpWM \ �]j�ÐkP¸_IÐ]MZYIMO_qjlPFYIRs`cb \d\ MZi]i#PGMZY g p}mnÎ � |Ñ· R
jlPFYINÖbdpWM \ g YQ_ g pWR g \ P§`1bdpWe g `¸T ç�pWPåPq×k_qPFiWj�b g p j g j�ÐWbdR�YI[ \ PàbdRt_ g p�jlY g \ � f ã bojQbdR�p g j�i]MOR�R�PGe�j g j�ÐkP
iWY g _qPGR�R g YC�5Ù][kjbdpWR�jlPGMOeQ_FMO[WRlPGR
mnÎ � | j g Rlj g iÖRIbdNª[ \ MZj�bdp Ñ MOpWe�Y�PFj�[WYIp�j g _ g NÖNQMOpWe�N g ekPOT y ÐkPGpQj�ÐkP
iWY g _qPGR�R g YhRlj g i]R!Pq×�PG_F[kj�bdp Ñ � xÒg Y Pq×kMONti \ PO�EÙ²PG_FMO[WRlP�w g [Öj;w�i²PGeQ_ g p�jlY g \ � f g Y Ù²PG_FMO[WR�P�j�ÐkP1NÖMO_IÐWbdpWPcÐWboj
MÖÙWY�PGMZß�i g bdp�j��9��j�ÐkPªjlPFYINQbdp]M \ bdRsY�PG_ g pWpkPG_qjlPGe�j g mnÎ � | R g w g [ë_FMOp}j;w�i²P�mkÎ � | _ g NQNÖMOpWeWRFT Û g [WRlP
NtPGN g Y�w � NQMZiWi²PGe � çª� ª �=«+¬ g Y© ª �~«�¬àNª[]Rlj
Ù#PUR�j�MZY�jlPGe§`cboj�Ð§j�ÐkP ¯ ¬ ± �4� ³y¹ «N� èHM Ñ TÛ ÐWP�jlPFYINQbdpWM \ eWPFv�bd_qPå_ g pWR�bdRlj�R gOx j+` g bdpWekPFi²PGpWekPGp�jU[WpWboj�RFãUM ���1���,���$�\�àMOpWe·M �Q���$�����¢�Q���T�,��T Û ÐkP
Y�PG_qPGbovOPFY�[Wp]boj!Y�PGMOeWRh_IÐ]MZYIMO_qjlPFYIR x Y g N�j�ÐWP1ßOPFw�Ù g MZYIeÖMORhj�ÐkPFwÖMZY�Pcj+w�i²PGe�T Û ÐWPcjlYIMOpWRINQbojljlPFY
[WpWboj!`cYIbojlPGR
_IÐ]MZYIMO_qjlPFYIRhj g j�ÐkPcjlPFYINQbdpWM \ · R eWbdRli \ MCwOT Û ÐkP�j+` g [WpWboj�R MZY�Pc_ g Nti \ PFjlP \ wtbdpWekPFi²PGpWekPGp�jFT Û ÐWbdRNQPGMOpWRF� xÒg Y
Pq×kMONti \ PO�kj�ÐWMZj1_IÐWMZYIMO_qjlPFY9Rcj+w�i²PGeàMZj�j�ÐkP¸ßOPFw�Ù g MZYIe§MZYIPUp g jcMO[kj g NÖMZj�bd_FM \d\ wu�òPG_IÐ g PGe � g p§j�ÐkPUeWbdRli \ MCwOT� pWRljlPGMOe��Wj�ÐWPAiWY g _qPGR�R g Y1N�[WR�j Ñ PFjsMOp§bdpki][Wj�_IÐWMZYIMO_qjlPFY x Y g N j�ÐkPUYIPG_qPGbovOPFYsMOpWe¡YIP � jlYIMOpWR�NÖboj�boj�j g PG_9Ð g
bojFT

Û ÐWPªi]Y g _qPGRIR g YUMO_F_qPGR�RlPGR¸j�ÐkP�jlPFYINQbdp]M \ []R�bdp Ñ¡x»g [WYUNtPGN g YIw � NÖMZiWi²PGe§ekPFvnbd_qP�Y�P Ñ bdRljlPFYIRF�zMORUR�Ð g `cp
bdpåìzb Ñ [WY�P � TT�l|ÃPGN g YIw � NÖMZiWi²PGe � NtPGMOp]Rj�ÐWMZjhPGMO_IÐ¡Y�P Ñ bdR�jlPFY
MZi]i#PGMZY9R MOR
MªRli²PG_FbdM \ NQPGN g Y�w \ g _FMZj�b g p�TÛ ÐkPtScPG_qPGbovOPFY f
g pEjlY g \ S�P Ñ bdRljlPFYªbdR¸MZj \ g _FMZj�b g p � ×Vö=ö �O�O�O� � g p \ w�j+` g§gOx boj�R¸Ù]boj�RUMZY�PQMO_qj�[]M \d\ w�[]RlPGe�T
f
boj � bdR7_FM \d\ PGe �òY�PGMOeWw � ã!b x boj�bdR g pkPAboj�NtPGMOpWRhj�ÐWMZj�M�_9ÐWMZYIMO_qjlPFYsÐWMOR7MZY�YIbovOPGe x Y g N j�ÐkPAßOPFw�Ù g MZYIe¡Ù][kj
ÐWMORsp g jswOPFjsÙ²PFPGpÃY�PGMOe x Y g N�j�ÐkPªY�PG_qPGbovOPFYUeWMZj�MÖY�P Ñ bdRljlPFYCT Û ÐkP¸Y�PGMOeWwàÙ]bojsbdRsY�PGMOe � g p \ wHã1MZjljlPGNtiWj�R1j g
`�YIbojlPÖboj¸MZY�PÖb Ñ p g Y�PGe�T Û ÐkP�Y�PGMOekw�Ù]boj¸_9ÐWMOp Ñ PGRªMO[kj g NQMZj�bd_FM \d\ w x Y g N ÂFPFY g j g§g pWPt`cÐkPGp·M´_IÐWMZYIMO_qjlPFY
bdR1j;w�i#PGe}MZj�j�ÐkP¸ßOPFw�Ù g MZYIe��²MOpWe}bojs_9ÐWMOp Ñ PGR�MO[kj g NQMZj�bd_FM \d\ w x Y g N g pkPªj g ÂFPFY g `1ÐkPGp§j�ÐkP�_IÐ]MZYIMO_qjlPFYUbdR
Y�PGMOe x Y g N j�ÐWPUY�PG_qPGbovOPFY�eWMZj�M�Y�P Ñ bdRljlPFYCT

f
boj g pkP gOx j�ÐWPtS�PG_qPGbovOPFY fhg p�jlY g \ ScP Ñ bdRljlPFY¸bdR �lbdp�jlPFY�YI[kiWj�PGpWMZÙ \ P � T Û Ð]bdR1ÙHboj�NÖMGw§Ù²P�Ù g j�Ð}Y�PGMOeMOpWeë`cYIbojljlPGpëÙ�w}j�ÐWP�iWY g _qPGR�R g YGT Û ÐkPtbdpEjlPFYIYI[kiWjAPGpWMZÙ \ PQbdRUbdpWboj�bdM \d\ w ÂFPFY g T �+x boj¸bdRUR�PFjUj g´g pkP�Ù�w�j�ÐkP
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1 1

Interrupt
Enable

Ready

Receiver Control
(0xffff0000)

1 1

Interrupt
Enable

Ready

Transmitter Control
Ì
(0xffff0008)

Receiver Data
(0xffff0004)

8
Í

Received Byte

Transmitter Data
Ì
(0xffff000c)

8
Í

Transmitted Byte
Ì

Unused

Unused

Unused

Unused

ÎoÏÑÐzÒ.ÓÕÔJÖ,×eØiÙ1Ô)ÚÛÔGÓmÜ^ÏÞÝ1ß�à"ÏÞá�â�ãzÝ,ÚÛÓÕãzàÞàÑÔ3ä|å�æ^çSãzÒ.Óiä.ÔGè�ÏÞâ�ÔuÓÕÔGÐzÏÞáÛÚÛÔGÓ�á3é1Ô3ß�â�ÙVã�çUê+Ù1ÏÞâmÙVß�ë1ë"Ô3ß�Ó�á±ß�áißQáÛë"Ô3âGÏÞß�à
ÜsÔ3Ü^ã�ÓÕæ~àÑã�âGß�ÚÕÏÑãzÝ�ß�ÚuÚÕÙ1ÔsÐzÏÑè�Ô3Ý�ß�ä1ä1ÓÕÔ3áÕáGì^ínÝ1àÑæ'ßDç9ÔGêîå>ÏÑÚÕáuã�ç°ÚÕÙ.ÔsÓÕÔGÐzÏÞáÛÚÛÔGÓmá�ß�ÓÕÔ^ß�â�ÚÕÒ1ß�àÞàÑæ<Ò1áÕÔ3ä�×uÚÕÙ.Ô
ã�ÚÕÙ.ÔGÓ�á+ß�àÑê°ßHæ�á�ÓÕÔ3ß�ä~ß�áiïGÔGÓÕã,Ô3á�ß�Ý1ä|ß�ÓÕÔJÏÑÐzÝ.ã�ÓÕÔ3äVãzÝ~êiÓ�ÏÑÚÛÔ3áGì

ðYñ



ë1ÓÕã�â�Ô3áÕáÛã�ÓHé�ß�ÝDÏÞÝ,ÚÛÔGÓÕÓ�Ò.ë>Ú°ÏÞá±ÓÕÔ3ò�Ò.Ô3áÛÚÛÔ3äDå�æsÚÕÙ.ÔnÚÛÔGÓ�ÜPÏÞÝ1ß�àãzÝVàÑÔGè�Ô3à"ïGÔGÓÕãQê+Ù.Ô3Ý.ÔGè�ÔGÓ�ÚÕÙ.ÔnÓÕÔ3ß�ä1æså>ÏÑÚ�ÏÞá°ãzÝ.Ô�ì
Î.ã�ÓQÚÕÙ.Ô}ÏÞÝ ÚÛÔGÓÕÓmÒ.ë1Úbß�â�ÚÕÒ1ß�àÞàÑæ�ÚÛãCå"ÔsÓ�Ô3â�Ô3ÏÑè�Ô3ä�å�æ<ÚÕÙ.ÔPë1ÓÕã�â�Ô3áÕáÛã�Ó3élÏÞÝ,ÚÛÔGÓÕÓ�Ò.ë1ÚÕáJÜQÒ1áÛÚ�å"ÔsÔ3Ý1ß�åàÑÔ3ä�ÏÞÝ�ÚÕÙ.Ô
áÛÚÕß�ÚÕÒ1á+ÓÕÔGÐzÏÞáÛÚÛÔGÓ�ã�çjÚÕÙ.ÔJáÛæ�áÕÚÛÔ3Üóâ�ã�ë1ÓÕã�â�Ô3áÕáÛã�Ó�ô�áÛÔGÔQõ�Ô3â�ÚÕÏÑãzÝ ðzö ì

í)ÚÕÙ1ÔGÓ+å>ÏÑÚÕá+ã�çlÚÕÙ.Ôb÷iÔ3â�Ô3ÏÑè�ÔGÓbø°ãzÝ,ÚÛÓÕãzàj÷iÔGÐzÏÞáÛÚÛÔGÓuß�ÓÕÔbÒ>Ý,Ò1áÕÔ3ä�×`ÚÕÙ.ÔGæVß�àÑê±ß3æ�á)ÓÕÔ3ß�ä~ß�á�ïGÔGÓÕã�Ô3á�ß�Ý1äCß�ÓÕÔ
ÏÑÐzÝ.ã�ÓÕÔ3ä~ÏÞÝ|êiÓ�ÏÑÚÛÔ3á3ì

ØiÙ1ÔPáÛÔ3â�ãzÝ1ä@ÚÛÔGÓ�ÜPÏÞÝ1ß�à`ä1ÔGè�ÏÞâ�ÔDÓÕÔGÐzÏÞáÛÚÛÔGÓ�ÏÞá�ÚÕÙ.ÔD÷iÔ3â�Ô3ÏÑè�ÔGÓsùnß�ÚÕß<÷iÔGÐzÏÞáÕÚÛÔGÓ~ô�ß�Ú�ß�ä1ä1ÓÕÔ3áÕá�úYû,ü�ü"ú�ú�ú ñ,ö ì
ØiÙ.Ô�àÑãHê�ý7ã�Ómä.ÔGÓnÔ3ÏÑÐzÙ Únå>ÏÑÚÕá)ã�çeÚÕÙ1ÏÞá�ÓÕÔGÐzÏÞáÛÚÛÔGÓuâ�ãzÝ,ÚÕß�ÏÞÝ!ÚÕÙ.ÔQàÞß�áÛÚuâ�Ù1ß�Ó�ß�â�ÚÛÔGÓuÚþæ,ë"Ô3äCãzÝ'ÚÕÙ.Ôbÿ�ÔGæ�å"ãzß�Ó�ä�é�ß�Ý1ä
ß�àÞà=ÚÕÙ1Ô�ã�ÚÕÙ.ÔGÓ)å>ÏÑÚÕá+â�ãzÝ,ÚÕß�ÏÞÝ~ïGÔGÓ�ã,Ô3áGì�ØiÙ>ÏÞá�ÓÕÔGÐzÏÞáÛÚÛÔGÓnÏÞáiÓÕÔ3ß�ä.ý7ãzÝ1àÑæVß�Ý1ä|ãzÝ1àÑæVâmÙ1ß�Ý.Ð�Ô3á�èYß�àÞÒ.ÔJê+Ù.Ô3Ý|ß^Ý.ÔGê
â�Ù>ß�Ó�ß�â�ÚÛÔGÓiÏÞá°ÚRæ�ë�Ô3ä}ãzÝPÚÕÙ.Ô)ÿ�ÔGæ,å"ãzß�Ó�ä�ìe÷+Ô3ß�ä1ÏÞÝ.Ð�ÚÕÙ.Ôn÷iÔ3â�Ô3ÏÑè�ÔGÓ+ùnß�ÚÕßQ÷iÔGÐzÏÞáÛÚÛÔGÓiâGß�Ò>áÛÔ3á±ÚÕÙ.Ô)ÓÕÔ3ß�ä.æ�å>ÏÑÚ±ÏÞÝ
ÚÕÙ.Ôb÷+Ô3â�Ô3ÏÑè�ÔGÓuø±ãzÝ ÚÛÓÕãzà�÷iÔGÐzÏÞáÛÚÛÔGÓ�ÚÛãså"ÔuÓÕÔ3áÛÔGÚiÚÛãsïGÔGÓ�ã.ì

ØiÙ1Ô ÚÕÙ1ÏÑÓmäbÚÛÔGÓ�ÜPÏÞÝ1ß�à ä1ÔGè�ÏÞâ�Ô±ÓÕÔGÐzÏÞáÛÚÛÔGÓlÏÞáUÚÕÙ.Ô±Ø�Ómß�Ý1áÕÜ^ÏÑÚÛÚÛÔGÓeø°ãzÝ,ÚÛÓÕãzà�÷iÔGÐzÏÞáÛÚÛÔGÓ+ô�ß�Úlß�ä1ä1ÓÕÔ3áÕáUúYû,ü�ü"ú�ú�ú �zö ì
ínÝ1àÑænÚÕÙ.Ô àÑãHê�ý7ã�Ó�ä1ÔGÓjÚþê ã�å>ÏÑÚÕá=ã�ç�ÚÕÙ1ÏÞá�ÓÕÔGÐzÏÞáÛÚÛÔGÓoß�ÓÕÔ Ò1áÕÔ3ä�é�ß�Ý1äbÚÕÙ.ÔGænå"Ô3Ù1ß3è�Ô°Ü�Ò>â�Ù�àÞÏÑÿ�Ô°ÚÕÙ.Ô`â�ã�ÓÕÓ�Ô3áÛë"ãzÝ1ä1ÏÞÝ.Ð
å>ÏÑÚÕábã�ç�ÚÕÙ.ÔP÷+Ô3â�Ô3ÏÑè�ÔGÓsø±ãzÝ ÚÛÓÕãzà°÷iÔGÐzÏÞáÕÚÛÔGÓ3ì��±ÏÑÚJú~ÏÞá�âGß�àÞàÑÔ3ä�� ÓÕÔ3ß�ä.æ��~ß�Ý1ä�ÏÞábÓ�Ô3ß�ä�ý7ãzÝ1àÑæ�ì	�ç±ÏÑÚ�ÏÞábãzÝ1Ô^ÏÑÚ
ÜsÔ3ß�Ý>áiÚÕÙ.ÔJÚÛÓ�ß�Ý1áÕÜPÏÑÚÛÚÛÔGÓ)ÏÞá�ÓÕÔ3ß�ä.æVÚÛãDß�âGâ�ÔGë1Úuß^Ý.ÔGê�â�Ù>ß�Ó�ß�â�ÚÛÔGÓuç9ã�Ó)ãzÒ.ÚÛë>Ò1ÚGì
�þçeÏÑÚnÏÞá+ïGÔGÓ�ã}ÏÑÚnÜsÔ3ß�Ý1á+ÚÕÙ.Ô
ÚÛÓ�ß�Ý1á�Ü^ÏÑÚÛÚÛÔGÓ^ÏÞásáÕÚÕÏÞàÞà�å>Ò1áÛæ�ãzÒ.ÚÛë>Ò.ÚÛÚÕÏÞÝ.Ð�ÚÕÙ.ÔVë1ÓÕÔGè�ÏÑãzÒ1ásâmÙ1ß�Ó�ß�â�ÚÛÔGÓ^ÐzÏÑè�Ô3Ý\ÚÛã�ÏÑÚGì��±ÏÑÚsãzÝ.Ô~ÏÞá��ÛÏÞÝ ÚÛÔGÓÕÓmÒ.ë1Ú
Ô3Ý1ß�å>àÑÔ���UÏÑÚ�ÏÞánÓÕÔ3ß�ä1ß�å>àÑÔ�ß�Ý1ä!ê+Ó�ÏÑÚÕß�å>àÑÔ�ì��ç ÏÑÚ�ÏÞáuáÕÔGÚ)ÚÛãVãzÝ1Ô�é=ÚÕÙ.Ô3Ý<ß�Ý<ÏÞÝ,ÚÛÔGÓÕÓ�Ò.ë1Ú)ê+ÏÞàÞàoå"Ô�ÓÕÔ3ò,Ò1Ô3áÛÚÛÔ3ä!ãzÝ
àÑÔGè�Ô3à=ãzÝ1Ô�ê+Ù.Ô3Ý.ÔGè�ÔGÓ+ÚÕÙ.Ô�ÓÕÔ3ß�ä.æ}å>ÏÑÚiÏÞá+ãzÝ.Ô�ì

ØiÙ1Ô
�Ý1ß�àä.ÔGè�ÏÞâ�Ô�ÓÕÔGÐzÏÞáÛÚÛÔGÓ�ÏÞá ÚÕÙ.Ô�ØjÓ�ß�Ý1áÕÜPÏÑÚÛÚÛÔGÓ ùnß�ÚÕß�÷iÔGÐzÏÞáÛÚÛÔGÓ�ô�ß�Ú±ß�ä1ä.ÓÕÔ3áÕá úYû,ü�ü�ú�ú�ú�â ö ì��tÙ.Ô3ÝPÏÑÚ°ÏÞá
êiÓ�ÏÑÚÛÚÛÔ3Ý=ézÚÕÙ.ÔiàÑãHêiý7ã�Ó�ä.ÔGÓeÔ3ÏÑÐzÙ,Úeå>ÏÑÚÕálß�ÓÕÔ�ÚÕß�ÿ�Ô3Ý^ß�áeß�Ý��uõ1ø����=âmÙ1ß�Ó�ß�â�ÚÛÔGÓ°ÚÛãuãzÒ.ÚÛë>Ò.ÚoÚÛãuÚÕÙ.Ôiä1ÏÞáÕë>àÞß3æ�ì��tÙ.Ô3Ý
ÚÕÙ.ÔnØ�Ómß�Ý1áÕÜ^ÏÑÚÛÚÛÔGÓ°ùnß�ÚÕß�÷iÔGÐzÏÞáÛÚÛÔGÓ�ÏÞá°êiÓ�ÏÑÚÛÚÛÔ3Ý�é�ÚÕÙ.Ô)ÓÕÔ3ß�ä.æ�å>ÏÑÚ±ÏÞÝPÚÕÙ.Ô)ØjÓ�ß�Ý1á�Ü^ÏÑÚÛÚÛÔGÓiø°ãzÝ ÚÛÓ�ãzà÷+ÔGÐzÏÞáÛÚÛÔGÓ�ê+ÏÞàÞà
å"ÔnÓÕÔ3áÛÔGÚiÚÛãsïGÔGÓ�ã.ì`ØiÙ.Ôuå>ÏÑÚ�ê�ÏÞàÞà=áÛÚÕß3æDïGÔGÓÕãPÒ1Ý ÚÕÏÞà"Ô3Ý1ãzÒ.ÐzÙVÚÕÏÞÜsÔ�Ù>ß�á�Ô3àÞß�ë>áÛÔ3äVÚÛã^ÚÛÓ�ß�Ý1áÕÜPÏÑÚ°ÚÕÙ1Ô�â�Ù1ß�Ó�ß�â�ÚÛÔGÓ
ÚÛã�ÚÕÙ.Ô+ÚÛÔGÓ�Ü^ÏÞÝ1ß�à��,ÚÕÙ.Ô3Ý�ÚÕÙ.Ô�Ó�Ô3ß�ä.æQå>ÏÑÚlê+ÏÞàÞà.å"ÔiáÛÔGÚeåß�âÕÿQÚÛã�ãzÝ.Ô+ß�Ðzß�ÏÞÝ=ìeØiÙ.ÔiØjÓ�ß�Ý1áÕÜPÏÑÚÛÚÛÔGÓ`ùnß�ÚÕßb÷iÔGÐzÏÞáÕÚÛÔGÓ
áÕÙ.ãzÒ>àÞä�ãzÝ1àÑæ�å�ÔPêiÓ�ÏÑÚÛÚÛÔ3Ý�ê+Ù.Ô3Ý�ÚÕÙ.Ô}ÓÕÔ3ß�ä.æ0å>ÏÑÚJã�çiÚÕÙ.ÔDØ�Ómß�Ý1áÕÜ^ÏÑÚÛÚÛÔGÓsø°ãzÝ,ÚÛÓÕãzà°÷iÔGÐzÏÞáÛÚÛÔGÓsÏÞá�ãzÝ.Ô��°ÏÑçiÚÕÙ.Ô
ÚÛÓ�ß�Ý1á�Ü^ÏÑÚÛÚÛÔGÓPÏÞá�Ý�� Ú^ÓÕÔ3ß�ä1æ5ÚÕÙ.Ô3ÝFêiÓmÏÑÚÛÔ3á^ÚÛã@ÚÕÙ.ÔCØjÓ�ß�Ý1á�Ü^ÏÑÚÛÚÛÔGÓPùnß�ÚÕß@÷iÔGÐzÏÞáÛÚÛÔGÓVß�ÓÕÔ'ÏÑÐzÝ.ã�ÓÕÔ3ä�ôSÚÕÙ.Ô'êiÓ�ÏÑÚÛÔ
ß�ë1ë"Ô3ß�Ó�á�ÚÛãPáÕÒ1âGâ�ÔGÔ3ä|åÒ.Ú±ÚÕÙ.Ôbâ�Ù>ß�Ó�ß�â�ÚÛÔGÓ�ê�ÏÞàÞà�Ý.ã�Úiå"ÔuãzÒ.ÚÛë>Ò.Ú ö ì

� Ý�ÓÕÔ3ß�à1â�ãzÜ^ë>Ò.ÚÛÔGÓ�á`ÏÑÚeÚÕß�ÿ�Ô3á`ÚÕÏÞÜ^Ô�ÚÛãJáÛÔ3Ý>äsâ�Ù1ß�Ómß�â�ÚÛÔGÓ�á`ã�è�ÔGÓ ÚÕÙ1ÔiáÛÔGÓ�ÏÞß�à>àÞÏÞÝ1Ô3áeÚÕÙ1ß�Ú`â�ãzÝ>Ý.Ô3â�Ú`ÚÛÔGÓ�ÜPÏÞÝ1ß�àÞá
ÚÛãJâ�ãzÜ^ë>Ò.ÚÛÔGÓ�á3ìUØiÙ1Ô3áÛÔiÚÕÏÞÜsÔ�àÞß�Ðzá ß�ÓÕÔ)áÕÏÞÜQÒ1àÞß�ÚÛÔ3äså�æ^õ�������ì Î.ã�Ó°Ô�û�ß�Ü^ë>àÑÔ�é,ß�çSÚÛÔGÓ ÚÕÙ1Ô+ÚÛÓ�ß�Ý1á�Ü^ÏÑÚÛÚÛÔGÓ áÕÚÕß�ÓÕÚÕá
ÚÛÓ�ß�Ý1á�Ü^ÏÑÚÛÚÕÏÞÝ.ÐißiâmÙ1ß�Ó�ß�â�ÚÛÔGÓ3é�ÚÕÙ.Ô`ÚÛÓ�ß�Ý1áÕÜPÏÑÚÛÚÛÔGÓ� á�ÓÕÔ3ß�ä.æ)å>ÏÑÚ=ê�ÏÞàÞà�å"Ô3â�ãzÜsÔoïGÔGÓÕã+çSã�Ó�ß�ê�Ù1ÏÞàÑÔ�ìoõ���� � ÜsÔ3ß�á�Ò.ÓÕÔ3á
ÚÕÙ1ÏÞá+ÚÕÏÞÜsÔbÏÞÝCÏÞÝ1áÛÚÛÓ�Ò1â�ÚÕÏÑãzÝ>áiÔ�û�Ô3âGÒ.ÚÛÔ3ä�éÝ1ã�Ú�ÏÞÝVÓÕÔ3ß�àjâGàÑã�â�ÿ|ÚÕÏÞÜsÔ�ì±ØiÙ1ÏÞá+ÜsÔ3ß�Ý1á�ÚÕÙ>ß�Ú+ÚÕÙ.Ô�ÚÛÓmß�Ý1áÕÜ^ÏÑÚÛÚÛÔGÓ�ê+ÏÞàÞà
Ý.ã�Ú�å"Ô3â�ãzÜ^Ô�ÓÕÔ3ß�ä.æ<ß�Ðzß�ÏÞÝ�Ò>Ý ÚÕÏÞàlÚÕÙ1Ôsë1ÓÕã�â�Ô3áÕáÛã�ÓbÙ>ß�á�Ô�û�Ô3âGÒ.ÚÛÔ3ä�ß|â�ÔGÓ�ÚÕß�ÏÞÝ�Ý�Ò1Ü�å"ÔGÓuã�ç±ÏÞÝ>áÛÚÛÓ�Ò1â�ÚÕÏÑãzÝ1á3ì��þç
æ�ãzÒVáÛÚÛã�ëDÚÕÙ.ÔuÜ^ß�âmÙ1ÏÞÝ.Ônß�Ý1äDàÑã,ã�ÿ}ß�Ú±ÚÕÙ.ÔnÓÕÔ3ß�ä.æså>ÏÑÚ±Ò1áÕÏÞÝ1Ð�õ���� ��é�ÏÑÚ°ê�ÏÞàÞà�Ý1ã�Ú±âmÙ1ß�Ý.Ð�Ô�ì�!�ãHê°ÔGè�ÔGÓ3é>ÏÑçjæ�ãzÒ
àÑÔGÚiÚÕÙ.ÔJÜ^ß�â�Ù>ÏÞÝ.ÔuÓ�Ò1ÝDÚÕÙ.Ô3Ý|ÚÕÙ.Ôuå>ÏÑÚiê+ÏÞàÞà=ÔGè�Ô3Ý ÚÕÒ1ß�àÞàÑæ|âmÙ1ß�Ý.Ð�Ô�åß�âÕÿVÚÛãsãzÝ.Ô�ì

ð�"


