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ikÂ � xÃi {Y| `;POK�P�`;LÄZ [ KYf c X§f�ÅVKYfÆXGZVmVP�eVX cMÇ XGKML§P t°c X§f�ÅgN¢x � Âdi�Q {Y|M|M|CÈ Q � |M|M| Q � i b ] c LOenZVfhNDXGPDSÊÉ
ikÂ � xË]DKMmÌX�NEKMaÌKMmnaÆ`;L§L§NEaV`;KYfhN [ sÄNoÍ�NE]DZVfhNRÎ [ NEPª] c m5f�KM`;mV`;m Ç KMP�PhNEL�Ï [ s [ KMm Ç ZnK Ç N c X
x � ÂdiONoÍ�NE]DZgf�KYÏ [ N
Î [ NEPESdikÂ � xÐ`;P�K§P�N [ t � ] c m5f�KM`;mgNEa²PhskPhfhNEL t°c X�XGZVmnmV`;m Ç f�ÅgNEPhN�eVX cMÇ XGKML§P.KMmVa¢] c m5f�KM`;mVPRK§agNDÏnZ ÇMÇ NDXjKMmVa
`;m5fhNDX t KM]oNTf c K t ND^ c e¯NDXGKYf�`;m Ç P�s�PhfhNEL�PhNDX�rk`;]oNEPDS

Ñ ÅVN
KYX7]GÅV`lfhNE]of�ZVX�N cMt f�ÅVN
x � ÂdiÒ] c LOenZVfhNDXGPÓ`;PÓP�`;L§e [ N²KMmnaÔX�N Ç Z [ KYXE}R^.ÅV`;]7ÅÔL§KYÕMNEP¸`lfÖNEKMPhsÒf c
[ NEKYXGm¢KMmVa¢ZVmnagNDXGPhf�KMmVa~S Ñ ÅgN?enX c ]oNEPGP c XR] c m5f�KM`;mVP � { Ç NEmgNDX7K [ � enZgX�e c PhN?XGN Ç `;PhfhNDXGPRKMmVa¸K§^dN [;[ � aVNEP�` Ç mgNEa
`;mVP�fhXGZV]of�` c mÖPhNDf�f�ÅnKYf.L§KYÕMN�`;f�K�eVX c en`lf�` c ZVPdf�KYX Ç NDf t°c X Ç NEmgNDXGKYf�`ºm Ç ] c agN¥`;mÓK§] c L§en` [ NDXES

× c ^dNDrMNDXE}Vf�ÅgN c Ï5rk` c ZVPdØ�ZgNEPhf�` c m�`;PDÙv^.Å5sÆZVPhNjK�P�`ºL�Z [ KYf c X�^.ÅgNEm�L§KMm5sOe¯N c e [ NRÅnKErMN�^ c XGÕ�Phf�KYf�` c mVP
f�ÅVKYf.] c m5f�KM`;m²K§ÅVKYXGag^
KYX�NM}nKMmna¸ÅgNEmV]oN¥PG` Ç mV`ÊÎF]DKMm5f [ s t KMPhfhNDXA}n`;LOe [ NELONEmCf�KYf�` c m cMt f�Ån`;P�] c LOenZVfhNDX�Ú
Û�mgN
X�NEKMP c my`;P.f�ÅVKYf.f�ÅgNEP�N¥^ c X�Õ�P�f�KYf�` c mVPjKYX�N�m c f Ç NEmgNDXGK [;[ sÖKAr*KM` [ KYÏ [ NMS��jm c f�ÅgNDXRX�NEKMP c my`;P�f�ÅVKYfRf�ÅgNEPhNÄL§K �
]GÅn`;mgN§^.` [;[ m c f¥e¯NDXGPG`;Phf t°c X�L§KMm5sµsMNEKYXGPÄÏ¯NE]DKMZVPhN cMt f�ÅVNÆXGKYen`ºaµeVX cMÇ X�NEPGP [ NEKMan`;m Ç f c mgND^ÜKMmVa t KMPhfhNDX
] c LOenZVfhNDXGPDSRqjm t°c X�f�ZVmVKYfhN [ sM} f�ÅVN¥fhX�NEmVay`;PRf c L§KYÕMNÄ] c L§enZgfhNDXGP t KMPhfhNDX�Ï5sÓNoÍkNE]DZgf�`;m Ç PhNDrMNDXGK [ `;mnPhfhXGZV] �
f�` c mVPÄ] c mV]DZgXGX�NEmCf [ sM}v^RÅV`;]GÅ�L§KYÕMNEPÄf�ÅgNE`lX�KYXG]GÅV`;fhNE]of�ZgX�NÖL c X�NÌan`ÊÝÌ]DZ [ f?f c ZVmVaVNDXGPhf�KMmVa¹KMmna�eVX cMÇ XGKMLÓS
Ñ ÅgNTx � ÂdiÖKYXG]7ÅV`lfhNE]of�ZgXGN¥L§KEsÖÏ¯N�f�ÅgNTNDen`;f c LON cMt K§P�`;LOe [ NM}�] [ NEKMm¢Q � i b L§KM]7ÅV`;mgNMS

� mÌKManaV`lf�` c m©}5P�`;LÄZ [ KYf c XGPÞ]DKMmÌenX c rk`;agN.K�Ï¯NDfhfhNDX
NEmCrk`lX c mVL§NEmCf t,c X [ c ^ � [ NDrMN [ enX cMÇ XGKML§L§`ºm Ç f�ÅVKMm�KMm
KM]of�ZVK [ L§KM]7ÅV`;mgNÄÏ¯NE]DKMZVPhNÄf�ÅgNDs¸]DKMmµagNDfhNE]of?L c X�NÄNDX�X c XGPjKMmVa²eVX c r�`;aVN�L c X�N t NEKYf�ZgX�NEPjf�ÅVKMm
KMm
KM]of�ZVK [
] c LOenZVfhNDXESªß c X4NoÍgKMLOe [ NM}nikÂ � xàÅnKMPdK�á � ^.`;mVa c ^â`;mCfhNDX t KM]oN�f�ÅVKYf4`;PÞÏ¯NDfhfhNDXdf�ÅnKMm�L c Phf4agNDÏnZ ÇMÇ NDXGP t°c X
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ãåä5æ7ç9è�é®ê0ëÊì<íAé®îvé®ï<ê¯ð�è7ñDò%óôé®ì*õ<êåñDé®óVè�éVöW÷ùø~ï<îvì*óúêåõ
û<üVäúýÿþ ñ�é®ï*êåþ_ç � î7ì<ç®óúêåónè7ñ*õÞï*è����<þ í òªë¼î�ì*ñ*õ��<ì*æ�ógþ ñdè��<ç®îGëÊêåóúóúîGç	� ó

� îEõAê�
kä,ñ��*èGçúé®þ � ì<í è�ç	
�é®ï*ênóôé®ìYõ<ê0ñEé®óCþ ñ��©û�������
oû��Aç®þ ñ<æ��	������
��YèGþ ñAëÊì<í í_ò ë¼î�ì<ñYõ é®ï*êVí è7óôékë¼ê0ø��<ì*æ�ó5þ ñªè7ñ��ôèGí ç®êåè�õAò��,õ<ê��*ì*æ7æ�êhõ��
óúþ ðdì<í è�é®î7ç	
nä¯èGð æ7ç9è�é®ê0ëÊì<í5ëÊîGç~é®ï*êåþ_ç��Yè�é®þ ê0ñ � êªèGñYõ��Mê(ç®óúþ óôé®ê0ñ � ê�
! Wí èGñ�"Fì*êåñ��ºø~ì<þ5ûAþ îhø¢ø©ç®îGé®ê é®ï*ê$#��ºø~þ ñ*õ<îhø¸þ ñEé®ê(çúëlè � ê�


%'& î7çWè
õ<ê0ó � ç®þ(�<é®þ î�ñ�îGëgé®ï*êvç®êåè7í�ð�è � ï<þ ñ*êåó)
Aóúêåê�*vê0çúçúò�+ªè7ñ<êªè7ñ*õ-,�îDê/.vê0þ ñAç®þ � ï0
21-35476-893:6<;�=�>@?:ACBEDGF@?�DIH�>@FKJgügç®êåñDé®þ � ê
. èGí íL
M�	���ON�


z



ß `;mVK [º[ sM}VP�`;LÄZ [ KYf c XGP4KYXGN�KMm¸ZVP�N t Z [ f c�c [ t°c XRP�f�ZVagsk`;m Ç ] c LOenZgfhNDX7P.KMmVaÓf�ÅVNTeVX cMÇ XGKMLÆP4f�ÅVKYf.X7ZVm c m
f�ÅgNELÓS��dNE]DKMZVPhNjf�ÅgNDsOKYX�Nj`;LOe [ NEL§NEmCfhNEa§`ºm§P cMt f9^
KYX�NM}gm c f�P�` [ `;] c m©}Mf�ÅgNDs§]DKMmÆÏ N.NEKMP�` [ s�L c aV`ÊÎnNEaOf c KMaVa
mgND^ `ºmVPhfhXGZV]of�` c mVPD}�ÏnZV` [ aÖmgND^�Phs�P�fhNEL§P�P�ZV]7Å¸KMP.LÄZ [ f�`;eVX c ]oNEP�P c XGPD} c XRPG`;LOe [ sÆf c ] c [;[ NE]of�aVKYf�KkS
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Ñ ÅgNªx � Âdi�KYXG]7ÅV`lfhNE]of�ZgXGNM} [ `lÕMN%f�ÅVKYf cMt L c PhfWQ � i b ] c LOenZgfhNDX7PD}*`ºP©aV`ÊÝÌ]DZ [ f f c eVX cMÇ XGKML�aV`lX�NE]of [ sRÏ¯NE]DKMZVPhN
cMt `lf�P4agN [ KAsMNEa¸ÏVXGKMmn]GÅgNEPD}gagN [ KEsMNEa [ c KMaVPD}gKMmVaÓX�NEP�fhXG`;]ofhNEaÓKMaVagXGNEP�P4L c agNEPDS Ñ ÅV`ºPdan`ÊÝÌ]DZ [ f(sÆ`;P
f c [ NDX7KYÏ [ N
P�`;mn]oN¥f�ÅgNEPhNO] c LOeFZgfhNDXGPj^ÞNDXGNÄagNEPG` Ç mgNEa²f c Ï¯NÄeVX cMÇ XGKMLÆLONEa²`ºm²ÅV` Ç Å � [ NDrMN [v[ KMm Ç ZVK Ç NEP�KMmVa
P c eVX�NEPhNEm5f
KMmÿ`;mCfhNDX t KM]oN�agNEP�` Ç mgNEa t,c XÄ] c LOen` [ NDXGPD} m c f¥eVX cMÇ XGKML§LONDXGPESÖ� ÇMc�c a�enKYXGf cMt f�ÅgN�] c LOe [ NoÍg`lf9s
X�NEPGZ [ f�P
t X c L�agN [ KAsMNEa¹`;mVPhfhX7ZV]of�` c mVPDST�'&)(+*-,/.)(0&21+34,�57698
f�KYÕMNEPTf(^ c ]osk] [ NEP�f c NoÍkNE]DZgfhNMS � m²f�ÅVN§PhNE] c mVaµ]osk] [ NM}
f�ÅgNT`;mnPhfhXGZV]of�` c mÓ`ºL§LONEaV`;KYfhN [ s t,c [º[ c ^.`ºm Ç f�ÅgN?ÏVXGKMmV]7ÅÓNoÍkNE]DZgfhNEPDS Ñ ÅV`;P
`;mVPhfhX7ZV]of�` c mÖ]DKMm¸e¯NDX t°c XGL ZVPhN t Z [
^ c X�ÕÖf�ÅVKYf.m c XGLÆK [;[ s§^ c Z [ a¸ÅnKErMNTÏ¯NDNEm¸a c mVN?Ï N t°c X�N?f�ÅgN¥ÏVXGKMmV]7Å c X.`lf�]DKMm¢Ï NTK;:=<�>@?ôm cÆc e NDX7KYf�` c m7A7S
ik`;LÆ` [ KYX [ sM}�&$(9*B,/.)(C&D*BEF,�&/GÄf�KYÕMN�f9^ c ]os�] [ NEPRP c f�ÅgNÄ`;mVPhfhXGZn]of�` c m¢`;LÆLONEaV`;KYfhN [ s t°c [;[ c ^R`;m Ç K [ c KMa²]DKMmnm c f
ZVPhN?f�ÅVNTr*K [ ZgN [ c KMagNEa t X c L LONEL c X�sMS

x � Â
i²^.`;PhN [ s¢]GÅ c�c PhNOf c Ån`;agNÄf�ÅV`;P�] c LOe [ NoÍg`lf(s¢Ï�s²`;LOe [ NELONEm5f�`;m Ç K2HJIK3MLON=,/*�PQ,�6+8)IR5"(§^R`lf�Åyf�ÅgNE`lX
KMP�PhNEL�Ï [ NDXAS Ñ ÅV`;P
rk`lX�f�ZVK [ ] c L§enZgfhNDX.KYeVe¯NEKYXGP
f c ÅVKErMN�m c m � agN [ KAsMNEa¸ÏVX7KMmV]GÅgNEP.KMmVa [ c KMaVP�KMmna¸KOXG`;]7ÅgNDX
`;mVP�fhXGZV]of�` c m
PhNDf?f�ÅVKMm¹f�ÅgN§KM]of�ZVK [ ÅnKYXGag^
KYX�NMS Ñ ÅgNOKMP�PhNEL�Ï [ NDXS3C(CE/3UT),�5=IBVW(MG@?°X�NEKYX�XGKMm Ç NEPMA�`;mVPhfhX7ZV]of�` c mVP
f c Î [;[ f�ÅgN§aVN [ KEsyP [ c f�PDS � fTK [ P c P�`;LÄZ [ KYfhNEP�f�ÅgN§KMaVan`lf�` c mVK [ }7XYGF(9N=&�E/IK5ZG9LO3[N=6FLOIUE/5ZGÌÏ5s Ç NEmgNDXGKYf�`;m Ç PGÅ c X�f
PhNEØ�ZgNEmV]oNEP cMt KM]of�ZVK [ `;mVPhfhX7ZV]of�` c mVPDS
�ds agN t KMZ [ fD}.ikÂ � x P�`;LÄZ [ KYfhNEPÆf�ÅgN¢X7`;]GÅgNDXA}drk`lX�f�ZnK [ L§KM]GÅn`;mgNMS � fÌ]DKMmÒK [ P c PG`;L�Z [ KYfhN¸f�ÅgNyKM]of�ZVK [

ÅVKYXGaV^dKYX�NMS u Nµ^R` [;[ aVNEP�]oXG`lÏ¯N¢f�ÅVNyrk`lX�f�ZnK [ L§KM]7ÅV`;mgNµKMmVa c m [ s L§NEmCf�` c mâ`ºm enKMPGP�`;m Ç t NEKYf�ZgXGNEPÖf�ÅVKYf
a c m c f¥Ï¯N [ c m Ç f c f�ÅgN�KM]of�ZVK [ ÅVKYXGag^
KYX�NMS � mÿa c `;m Ç P c } ^ÞNÖKYX�N t°c [;[ c ^.`;m Ç f�ÅVNÌ] c m5rMNEmCf�` c m cMt x � Â
i
KMP�PhNEL�Ï [ s [ KMm Ç ZVK Ç N.enX cMÇ XGKML§LONDX7P\?ôKMmVa�] c LOen` [ NDXGP[A7}5^.Å c X c Zgf�`;mgN [ sÄf�KYÕMN?KMagrYKMmCf�K Ç N cMt f�ÅgNRNoÍ�fhNEmnagNEa
L§KM]7ÅV`;mgNMS � mVPhfhXGZn]of�` c mVP4L§KYX�ÕMNEa¢^.`lf�ÅÓK§anK ÇMÇ NDX]?_^FAdKYX�N¥enPhNEZVa c `ºmVPhfhXGZV]of�` c mVPDS
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ikÂ � x eVX c r�`ºagNEP�KÆPG`;LOe [ N?fhNDX7L§`;mVK [ KMmna¢KOá � ^.`;mVa c ^�`ºmCfhNDX t KM]oNMSg� c f�Å¢eVX c rk`;agNTNEØ�ZV`lrYK [ NEm5f t ZnmV]of�` c m �
K [ `lf(sM}VÏnZgf
f�ÅgN¥á `;m5fhNDX t KM]oN¥`;P Ç NEmVNDXGK [;[ sÌNEKMP�`lNDX.f c ZVPhNTKMmVa¸L c X�NT`;m t°c XGL§KYf�`lrMNMS
h >�iFj }�f�ÅgN
fhNDXGL§`;mnK [ rMNDXGPG` c m©}RKMmnalk h >�iFj~}.f�ÅgN²á rMNDXGP�` c m~}RÅVKArMNµf�ÅgN t°c [;[ c ^.`;m Ç ] c L§L§KMmVa � [ `;mgN

c eVf�` c mnPDÙ
m/n=o)pfqig`;L�Z [ KYfhNÆK¸ÏFKYX�NÆx � Â
i¹L§KM]7ÅV`;mgNÆ^.`lf�Å c Zgf¥enPhNEZVa c `ºmVPhfhXGZV]of�` c mVP c X�f�ÅgN�KMaVaV`lf�` c mVK [ KMaVagXGNEP�P�`;m Ç

L c agNEP�eVX c rk`;agNEaÖÏ�s�f�ÅgN¥KMP�PhNEL�Ï [ NDXAS � LOe [ `lNEP m�r�s i q)t S
m$o h j ig`;L�Z [ KYfhN?f�ÅgN?rk`lX�f�ZVK [ x � Â
iÖL§KM]7ÅV`;mgN?eVX c rk`;agNEaÖÏ�sÌf�ÅgN�KMP�PhNEL�Ï [ NDXES Ñ Ån`;P
`;P4f�ÅgNTagN t KMZ [ fDS
m > h q/s=u <�j]D]oNDeVfRenPhNEZVa c `ºmVPhfhXGZV]of�` c mVPÞ`ºmÓKMP�PhNEL�Ï [ sÖ] c agNMS
m :=<�> h q�sZu <p c m c f.KM]D]oNDeVf.eFPhNEZVa c `;mnPhfhXGZV]of�` c mnPÞ`;mÓKMPGPhNEL¥Ï [ s�] c agNMS
m :=< t$pZo >p c m c f [ c KMa¹f�ÅgN�Phf�KMmVaVKYXGa�fhXGKYe ÅnKMmVa [ NDXES Ñ ÅV`ºP?fhXGKYe ÅnKMmVa [ NDX¥ÅnKMP¥f(^ cyt ZnmV]of�` c mVP?f�ÅnKYf�LÄZVPhf

Ï¯N�KMP�P�ZVLONEa�Ï5s
f�ÅgN�ZVPhNDXFv P�eVX cMÇ X7KMLÓS¸ß `lXGPhfD} `lf¥ÅVKMmna [ NEPTfhX7KYenPDS u ÅVNEm K¢fhXGKYe c ]D]DZgXGPE}%ikÂ � x
w�ZVLOeFP f c [ c ]DKYf�` c m | Í �Y|M|M|M|M|2�Y| }�^RÅV`;]GÅÄP�Å c Z [ a�] c m5f�KM`;mO] c agN
f c PhNDX�rk`;]oN
f�ÅgNÞNoÍg]oNDeVf�` c m~SªikNE] c mVa©}
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f�Ån`;PjÎ [ N�] c mCf�KM`ºmVPTPhf�KYX�f�ZVe¹] c agN�f�ÅVKYfT`ºmCr c ÕMNEP¥f�ÅgN�X c Zgf�`;mgN j o iW:©S u `;f�Å c Zgf?f�ÅgN�fhXGKYe�ÅnKMmVa [ NDXE}
NoÍkNE]DZgf�` c m¢Ï¯N Ç `;mVP4KYf�f�ÅgNT`ºmVPhfhXGZV]of�` c m [ KYÏ¯N [ NEa h tZo�p t S

m�t$pZo >U c KMa¸f�ÅgNTP�f�KMmVaVKYXGaÓfhX7KYe¢ÅVKMmVa [ NDXES Ñ ÅV`;P4`;P
f�ÅVN¥agN t KMZ [ fDS
m :=< r�s i q�tÂ�XG`;m5f�KOLONEP�P�K Ç N�^.ÅgNEmÓKMm¢NoÍk]oNDeVf�` c m c ]D]DZVXGPDS Ñ Ån`;P
`;P
f�ÅgN¥agN t KMZ [ fDS
m)r�s i q)tp c m c f�eVXG`;m5f4K§LONEP�PGK Ç N¥KYf.KMm¸NoÍg]oNDeVf�` c m~S
m :=< j o > > q$u i�<p�`;PGKYÏ [ N?f�ÅgNTLONEL c X�s � LÆKYeVe¯NEa � Û t KM]D` [ `;f9s@?ôPhNDNÄi�NE]of�` c m � A7S
m j o >$> q$u i�<

�ÞmVKYÏ [ N�f�ÅgN�LONEL c X�s � L§KYeVe¯NEa � Û t KM]D` [ `lf9s2?ôPhNDN�i�NE]of�` c m � A7SÞÂªX cMÇ XGKML§P4f�ÅVKYfRZVPhN¥ikÂ � x Phs�PG]DK [;[ P
?ôP�NDN�i�NE]of�` c m z S � A
f c X�NEKMa t X c L f�ÅgN?fhNDXGL§`;mnK [ P�Å c Z [ aÓm c f�K [ P c ZVP�NTLONEL c X�s � L§KYeVe¯NEa � ÛÄS

m�� i�� qU c KMa¢KMmVa¸NoÍ�NE]DZgfhN¥f�ÅgN¥KMP�PhNEL�Ï [ sÖ] c agNT`;mÖf�ÅgN?Î [ NMS
m$q k q��WsZtfqU c KMa¢KMmVa¸NoÍ�NE]DZgfhN¥f�ÅgN¥] c agNT`;mÓf�ÅgNTx � Âdi�NoÍkNE]DZgf�KYÏ [ NTÎ [ NQ,��KE/NZL7S
m h�h q
	 h i�� q i�NDf�P¸f�ÅgN¹`;mV`lf�`ºK [ PG`�
DN cMt L§NEL c X�sÔPhN Ç LONEm5f G+(�TÒf c Ï¯N G[I VJ(�Ï�s5fhNEPDS Ñ ÅgN¹LONEL c X�s

P�N Ç LONEmCf�PÌKYX�N¸mVKMLONEa~Ù tZq k t } ufo�tZo } h tZo���� } � tZq k t }�KMmVa �Zu o)tZo S�ß c X§NoÍgKMLOe [ NM}Þf�ÅgNÓenKM`lX cMt
KYX Ç ZVLONEm5f�P m h ufo�tZo��������
���
� Phf�KYX�f�P�f�ÅVN¥ZVPhNDX�aVKYf�KÌPhN Ç LONEm5f.KYf { } |M|M| } |M|M| Ï�s5fhNEPDS

m � h q�	 h i�� q i�NDf�PRf�ÅgN [ `;L§`lf c myÅ c ^ [ KYX Ç N�LONEL c XGs¸PhN Ç LONEm5f GF(_T¢]DKMm Ç X c ^ùf c Ï¯NQGMIBVW(ÄÏ�s5fhNEPDS Ñ ÅgN
L§NEL c X�sÓPhN Ç LONEm5f�P�f�ÅVKYfR]DKMm Ç X c ^ KYX�NMÙ ufo)tfo } h tZo���� }kKMmna �fufo)tfo S
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Ñ ÅgN?fhNDX7L§`;mVK [ `;m5fhNDX t KM]oNd? h >�iFj�AÞenX c rk`;agNEP
f�ÅgN t,c [;[ c ^.`;m Ç ] c L§LÆKMmVaVPDÙ
q k=i t

�ªÍk`;f4f�ÅgN¥P�`;LÄZ [ KYf c XAS
pZq$o$u435� i�� q63Q.NEKMa87�* ( cMt KMP�P�NEL¥Ï [ s [ KMm Ç ZVK Ç NÓ] c L§LÆKMmVaVP�`;m5f c ikÂ � x v P�LONEL c X�sMS �0t f�ÅgN�Î [ N�ÅVKMP�K [ X�NEKMags

Ï¯NDNEmyX�NEKMa
`;m5f c igÂ � x�} f�ÅgN�Phs�P�fhNEL PGÅ c Z [ a¢Ï N�] [ NEKYX�NEa ?ôPhNDN pZq iW:"i t i o �Zi�� q }nÏ N [ c ^\A c X Ç [ c ÏnK [P�s�L�Ï c [ P
^.` [;[ Ï¯NTLÄZ [ f�`le [ s§agNoÎFmgNEa©S
�$< o$u435� i�� q63iks�m c m5skL t,c X pfq o)u S
q k q��JsZtZq93Fo+: < sft'3Q.NEKMa¸f�ÅgNTx � Âdi�NoÍkNE]DZgf�KYÏ [ NTÎ [ N ,��KE/NZL
`;mCf c ikÂ � x�v P.LONEL c X�sMS
p)s :<; o)u u$p�=ikf�KYX�f�XGZVmVmV`ºm Ç KyeVX cMÇ XGKML¸S �(t f�ÅgN c eVf�` c mVK [ KMaVagXGNEP�PD,�&�&/3
`;PÄeVX c r�`;aVNEa©}%f�ÅgNÖeVX cMÇ XGKML P�f�KYX�f�P

KYf�f�ÅVKYfOKMaVaVX�NEP�PDS�Ûjf�ÅgNDXG^.`;PhNM}%f�ÅgN�eVX cMÇ X7KML P�f�KYX�f�POKYf�f�ÅgN Ç [ c ÏnK [ PhskL¥Ï c [ h tZo�p t } ^.Ån`;]GÅÿ`;P
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aVNoÎFmgNEa�Ï5sÌf�ÅgN?agN t KMZ [ fdfhXGKYe¸ÅVKMmVa [ NDXÞf c ]DK [;[ f�ÅgN�X c ZVf�`;mgN�KYfdf�ÅVN Ç [ c ÏnK [ PhskL¥Ï c [ j o iJ:�^.`lf�Å�f�ÅgNZnP�ZVK [ x � Â
iÖ]DK [;[ `;m Ç ] c m5rMNEm5f�` c m©S
h tfq ><;�� =ikfhNDe¸f�ÅgNTeVX cMÇ XGKML t°c X�� ?ôaVN t KMZ [ fDÙ z A
`;mVPhfhX7ZV]of�` c mVPDS%Â�XG`;m5f
`ºmVPhfhXGZV]of�` c mVP
KMP�f�ÅgNDsÖNoÍkNE]DZgfhNMS
� </: t iW: s=qb
c mCf�`;m�ZgN?eVX cMÇ XGKML NoÍkNE]DZgf�` c m¸^R`lf�Å c Zgf4PhfhNDeVeF`;m Ç S
> p iW: t�� �Â�XG`;m5f4X�N Ç `;PhfhNDX��µS
> p iW: t���� �Â�XG`;m5f�� c KYf�`;m Ç e c `;m5f
X�N Ç `;PhfhNDX	�µS
> p iW: t o$u u)pÂ�XG`;m5f4f�ÅgNT] c m5fhNEmCf�P cMt LONEL c X�sÖKYf.KMaVagXGNEP�P�,�&�&�35S
> p iW: t h�
 jÂ�XG`;m5f�f�ÅVN¸] c mCfhNEm5f�P cMt f�ÅgN¸PhskL¥Ï c [ f�KYÏ [ NM}Þ`®S_NMSl}�f�ÅgNÓKMaVagXGNEP�PhNEP cMt f�ÅVN Ç [ c ÏnK [ ?°ÏnZgfOm c f [ c ]DK [ A

P�s�L�Ï c [ PDS
pZq iW:�i t i o �fi�� qb [ NEKYX�f�ÅgN¥L§NEL c X�sÖKMmVaÓX�N Ç `;P�fhNDXGPDS
nZpfq o�� >Y<ZiW: t o$u$u$pikNDfdK¥ÏVX�NEKYÕ�e c `ºmCf�KYf
KMaVagXGNEP�P ,�&)&/35S ,�&�&/3�]DKMmÌÏ¯N�NE`;f�ÅgNDXdK�LONEL c X�s§KManagX�NEP�P c XdP�s�L�Ï c [ `;] [ KYÏ¯N [ S
ufq � q�tZq o$u$u$ppjN [ NDfhNÄK [;[ ÏVX�NEKYÕ�e c `;m5f�P4KYf.KMaVagX�NEPGP�,�&�&/3�S
�Zi h t UW`;Phf�K [;[ ÏnX�NEKYÕ5e c `;m5f�PDS
: Q.NEPhf cMt [ `;mVNj`;P.KMm¸KMP�PhNEL�Ï [ sÖ`;mVPhfhX7ZV]of�` c m�f�ÅVKYf.`;P.Phf c X�NEa¸`;mÓL§NEL c X�sMS
;/:)� = �ùmgND^ [ `;mgNjX�NDNoÍkNE]DZgfhNEP.enX�NDr�` c ZVP4] c L§L§KMmVa~S
�

Â�XG`;m5f�KOÅgN [ e¸LONEPGP�K Ç NMS
x c Phf�] c L§L§KMmVaVP�]DKMm�Ï¯NÆKYÏnÏVX�NDrk`;KYfhNEa¹f c f�ÅgNE`lX�ZnmV`;Ø�ZgN�eVX�NoÎVÍµNMS Ç Sl} q kn} pfq } �V} p�s } h }�>¯SÓx c X�N

aVKMm Ç NDX c ZVP�] c L§L§KMmnaVPD}VP�ZV]7Å¸KMP pZq iJ:"i t i o �Zi�� q }CX�NEØ�ZV`lX�N?K [ c m Ç NDX�eVX�NoÎnÍ S

������� � 
���� #�%������ *,%.-/��!�01&�2��
Ñ ÅgNRá rMNDXGP�` c m cMt igÂ � x�}fk h >"i+j } [ c�c ÕkPÞaV`�� NDX�NEm5fD}�ÏnZgfÞPGÅ c Z [ a c e NDX7KYfhNj`;mÌf�ÅgN�P�KMLON�L§KMmVmgNDX
KMP h >"iFj~S
Ñ ÅgN4áÔ^.`ºmVa c ^ ÅnKMP%ÎnrMN�eFKMmgNEP ?ôPhNDNRßv` Ç ZgX�N z A7S Ñ ÅVN4f c eÆenKMmgNRaV`;Phe [ KEskPWf�ÅVN.] c mCfhNEm5f�P cMt f�ÅgN�X�N Ç `;P�fhNDXGPDS
� f�`;P�] c m5f�`;m5ZnK [;[ sÌZVe¯anKYfhNEa©}kNoÍk]oNDeVfR^.ÅV` [ NjKOenX cMÇ XGKML `;P
X7ZVmVmV`;m Ç S

Ñ ÅVNTmgNoÍ�f.enKMmgNT] c m5f�KM`;mVP4f�ÅgN¥ÏnZgfhf c mVP4f�ÅnKYf.] c mCfhX c [ f�ÅgN¥P�`ºL�Z [ KYf c XEÙ
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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

ß ` Ç ZgX�N z Ùªá � ^.`;mna c ^ `ºmCfhNDX t KM]oNTf c igÂ � x�S
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��� # -
�ªÍk`;f t X c L f�ÅgNTP�`;LÄZ [ KYf c XES
( � & �
Q.NEKMa¢K§P c ZgXG]oN c X.NoÍkNE]DZgf�KYÏ [ N�Î [ NT`;m5f c LONEL c X�sMS
! � %ikf�KYX�f�f�ÅgN?eVX cMÇ XGKML XGZnmVmV`;m Ç S
� -/���
ig`;m Ç [ N � PhfhNDeÓf�ÅVX c Z Ç Å¸KOenX cMÇ XGKMLÓS
2
( ��&�!
Q.NE`;mV`lf�`ºK [ `�
DNjX�N Ç `;PhfhNDXGP c XRLONEL c XGsMS
� ��-���&)( � �
ikNDf�f�ÅgN?rYK [ ZgNT`;mÓKOXGN Ç `;PhfhNDX c XjLONEL c X�s [ c ]DKYf�` c m©S
� !�# %.-
Â�XG`;m5f4f�ÅgN?rYK [ ZgNT`;mÓKOXGN Ç `;PhfhNDX c X.L§NEL c X�s [ c ]DKYf�` c m©S
� !��
&
	�� � #�%.-
ikNDf c X.agN [ NDfhN�KOÏVX�NEKYÕ�e c `;mCf c X [ `;Phf4K [;[ ÏVXGNEKYÕ5e c `;m5f�PDS
� � (
�
Â�XG`;m5f�KOÅgN [ e¸LONEPGP�K Ç NMS
-��
!�"$#�%'&)(
QRKM`;PhN c XjÅV`;agN�f�ÅgNT] c mVP c [ NT^.`;mna c ^TS
" � � �
ikNDfjikÂ � x c e NDX7KYf�`;m Ç L c agNEPDS

Ñ ÅVNTmgNoÍ�f4f(^ c enKMmgNEP�an`;Phe [ KAs§f�ÅgN¥L§NEL c X�sÖ] c mCfhNEm5f�PDS Ñ ÅgN?f c e c mgN¥PGÅ c ^.P.`;mVPhfhXGZn]of�` c mVP t X c L f�ÅgN
ZVPhNDXRKMmVaÓÕMNDXGmgN [ fhNoÍ�f.P�N Ç LONEmCf�PES�� Ñ ÅgN�ÎFXGPhf t ND^ `;mVPhfhX7ZV]of�` c mVP4`;mÖf�ÅVN?fhNoÍ�fjPhN Ç LONEm5fRKYX�N¥P�f�KYX�f�Zge¢] c agN
? h tZo)p$t A�f�ÅVKYf [ c KMaVP o�p 	�� KMmVa o)p�	�� `ºmCf c XGN Ç `;PhfhNDXGP�KMmna¸`;m5r c ÕMNEP�f�ÅgN�j o iW:ÓX c Zgf�`;mgNMS

Ñ ÅVN [ c ^ÞNDX cMt f�ÅgNEPhNjf9^ c enKMmgNEPdaV`;Phe [ KEskPªf�ÅgNjaVKYf�K�KMmnaÌPhf�KM]GÕÌPhN Ç L§NEmCf�PDS � c f�Å�enKMmVNEPÞKYX�NjZge©aVKYfhNEa
KMP.K�enX cMÇ XGKML NoÍkNE]DZgfhNEPDS

Ñ ÅVN.Ï c fhf c L enKMmgNR`ºPÞZVP�NEaÆf c aV`;Phe [ KEsOLONEP�PGK Ç NEP t X c LÜf�ÅgN�P�`;LÄZ [ KYf c XES � fda c NEPdm c fdan`;Phe [ KAs c ZVfhenZgf
t X c L KMm NoÍkNE]DZgf�`;m Ç eVX cMÇ XGKMLÓS u ÅVNEm KµeVX cMÇ X7KML X�NEKMaVP c X§^�XG`lfhNEPE}d`lf�P � ÛËKYene NEKYX7P§`;m K¹PhNDeFKYXGKYfhN
^.`;mna c ^T}g]DK [;[ NEaÓf�ÅgN bdc mVP c [ NM}g^.ÅV`;]7ÅÖe c enP�ZgeÓ^.ÅVNEmÓmgNDNEagNEa©S

���
� ���������$���/��������%Y�7������%��
� [ f�Å c Z Ç ÅÖikÂ � x t KM`lf�Å t Z [º[ s�P�`ºL�Z [ KYfhNEPªf�ÅgNjx � Âdi§] c LOenZgfhNDXE}k`lf�`ºP�K¥PG`;L�Z [ KYf c XÞKMmVaÌ]oNDX�f�KM`;mÌf�ÅV`;m Ç PÞKYX�N
m c fj`;agNEm5f�`;]DK [ f c f�ÅgN�KM]of�ZnK [ ] c LOeFZgfhNDXES Ñ ÅVN¥L c Phf c Ï5rk` c ZVPRaV` �¯NDX�NEmV]oNEPRKYX�N�f�ÅnKYfR`;mVP�fhXGZV]of�` c mÓf�`ºL§`;m Ç
KMmVaÓf�ÅVN�LONEL c XGs�PhskPhfhNEL§PRKYX�N�m c f.`;agNEm5f�`;]DK [ SdigÂ � x a c NEP�m c fRP�`;LÄZ [ KYfhNT]DKM]7ÅgNEP c XRLONEL c XGs [ KYfhNEmV]osM}
m c X.a c NEP�`;f�KM]D]DZgXGKYfhN¥XGN �nNE]of�f�ÅgNTagN [ KEskP t,c X � c KYf�`;m Ç e c `;m5f c e¯NDXGKYf�` c mVP c XRL�Z [ f�`le [ `lNEP
KMmVaÓan`lr�`ºagNEPDS
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�jm c f�ÅgNDXÖP�ZgX�enXG`;PhN�?°^.Ån`;]GÅ c ]D]DZgX7P c m�f�ÅgN²XGNEK [ L§KM]7ÅV`;mgNyKMPÆ^dN [;[ A§`;P§f�ÅVKYf�K�eFPhNEZVa c `;mnPhfhXGZV]of�` c m
NoÍkenKMmVaVP§`ºmCf c P�NDrMNDXGK [ LÆKM]GÅV`;mVN¢`;mVPhfhX7ZV]of�` c mVPDS u ÅgNEm�P�`;m Ç [ N � PhfhNDeVen`;m Çyc XÌNoÍkKMLÆ`;mV`;m Ç LONEL c X�sM}4f�ÅgN
`;mVP�fhXGZV]of�` c mVP f�ÅnKYfªs c ZÆPhNDNjKYX�N.P [ ` Ç ÅCf [ s�aV` �¯NDX�NEm5f t X c L f�ÅgN.P c ZgXG]oN�eVX cMÇ XGKMLÓS Ñ ÅgN�] c X�XGNEPhe c mVagNEmV]oN4Ï¯N �
f9^dNDNEmOf�ÅgN
f(^ c PhNDf�P cMt `;mVPhfhXGZn]of�` c mVPv`;P t KM`lX [ s?P�`;LOe [ NÞP�`;mn]oN4ikÂ � x�a c NEP m c f X�N c X Ç KMmV`�
DN
f�ÅgN4`;mVPhfhX7ZV]of�` c mVP
f c Î [º[ aVN [ KEsÓP [ c f�PES

����� � � � %Y	�� 
�%=�@�����������
bdc L§L§NEmCf�P
`;mÌKMP�PhNEL�Ï [ NDXdÎ [ NEP�Ï N Ç `ºmÆ^.`;f�ÅÆK�P�ÅVKYX�e � P�` Ç m ?
	ZA7S �ªrMNDXGs5f�ÅV`ºm Ç¥t X c LÜf�ÅgNjPGÅVKYX�e � P�` Ç m§f c f�ÅgN
NEmVa cMt f�ÅgN [ `;mgN?`;P4` Ç m c XGNEa©S

� agNEm5f�`ÊÎnNDXGPvKYX�N4K�PhNEØ5ZVNEmV]oN cMt K [ enÅnKMm5ZVL§NDXG`;]ª]7ÅVKYXGKM]ofhNDXGPD}�ZVmVagNDXGÏnKYXGP ? A7}2KMmnaÄa c f�P ? : ATf�ÅVKYf%a c m c fÏ¯N Ç `;mO^.`;f�ÅÆK¥m�ZVL�Ï¯NDXES%Û�e¯] c agNEP t,c Xd`;mVPhfhXGZn]of�` c mVPªKYX�NRX�NEPhNDX�rMNEaÌ^ c XGaVPªf�ÅnKYfdKYX�N % �)- rYK [ `;aÆ`;agNEm5f�`ÊÎnNDXGPDS
U KYÏ¯N [ PdKYX�N�agNE] [ KYX�NEaÌÏ�s§enZgfhf�`;m Ç f�ÅgNEL KYf
f�ÅgNjÏ N Ç `ºmVmV`;m Ç?cMt K [ `;mgN t°c [;[ c ^ÞNEaÌÏ5sÌKÄ] c [ c m©} t°c X
NoÍkKML§e [ NMÙ

: ufo�tZo
i tfq j�� :�
 < pfu��

:
tZq k t
: 	 �)< n � j o iW: 	�� s h t nYq�	 �)< n=o �

j o iW:�� � 
 ��t ��� i tZq j
i�fhX7`;m Ç P
KYX�N?NEmV] [ c P�NEa¸`;mÖa c ZgÏ [ N � Ø5Z c fhNEP ? 3 A7Sdi�e¯NE]D`;K [ ]7ÅVKYXGKM]ofhNDXGPR`;mÖPhfhXG`;m Ç P t°c [;[ c ^Ôf�ÅgN b ] c mCrMNEm �

f�` c m©Ù
: q�
 �ZiJ: q � :
tZo/n ��t
r�s < tZq ��3
ikÂ � x P�Zgene c XGf�PdKÆP�ZgÏnPhNDf cMt f�ÅgNTKMPGPhNEL¥Ï [ NDX.aV`lXGNE]of�`lrMNEP4eVX c r�`ºagNEaÖÏ5s�f�ÅgN¥x � Âdi�KMP�PhNEL�Ï [ NDXAÙ

:4o �Zi 	 : :� [ ` Ç mÄf�ÅgN�mVNoÍ�f%aVKYf�ZVL c mOK {�� Ï5s�fhN4Ï c ZVmVaVKYXGsMSWß c XªNoÍgKMLOe [ NM} : o �fi 	 : � K [ ` Ç mVPvf�ÅgN�mVNoÍ�f rYK [ ZgNc mµKÖ^ c XGa
Ï c ZVmVanKYX�sMS : o �Zi 	 : � f�ZgXGmnP c � KMZgf c L§KYf�`º]OK [ ` Ç mVLONEm5f cMt :��=o � � } :�
 < p u } : � �)< o)t }KMmna :
u < s$n � q aV`lX�NE]of�`lrMNEP.ZVmCf�` [ f�ÅgNTmgNoÍkf :
ufo)tfo c X : �Zufo�tZo aV`;X�NE]of�`lrMNMS
:4o h � i i h t$pikf c X�NTf�ÅgNTPhfhX7`;m Ç `;mÓLONEL c X�sM}VÏnZgf4a c m c f�m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS
:4o h � i i�� h t pikf c X�NTf�ÅgNTPhfhX7`;m Ç `;mÓLONEL c X�s�KMmna¸m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS
:_n 
 tfq n���� :
:�:�� n :ikf c X�NTf�ÅgN �µrYK [ ZgNEP�`ºmÓP�ZV]D]oNEP�P�`;rMNTÏ5s�fhNEP cMt LONEL c XGsMS
: u o)tfo ; o$u$u$p�=Ñ ÅgN t°c [;[ c ^R`;m Ç aVKYf�K§`;fhNEL§P.P�Å c Z [ aÖÏ¯N¥Phf c X�NEa²`;mÓf�ÅgN�aVKYf�KÆPhN Ç L§NEmCfDS �0t f�ÅVN c eVf�` c mVK [ KYX Ç ZVLONEm5f
,)&�&/3§`;P4enX�NEPhNEm5fD}gf�ÅgN¥`lfhNEL§P.KYX�NTPhf c X�NEa¢Ï N Ç `ºmVmV`;m Ç KYf.KMaVaVX�NEP�P ,�&�&�35S

: u < s$n � q u!��� :
:�:�� u :ikf c X�NTf�ÅgN � � c KYf�`ºm Ç e c `;m5f
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ß ` Ç ZgX�N��gÙ Ñ ÅVN�� o�s h q XGN Ç `;PhfhNDXES

ß ` Ç ZgXGN � aVNEP�]oXG`lÏ¯NEP�f�ÅgN
Ïn`lf�PÓ`;mÒf�ÅgN�� tZo�t)s h XGN Ç `;PhfhNDX¸f�ÅVKYf¸KYXGN¹`;LOe [ NEL§NEmCfhNEaÒÏ�sÔikÂ � x S Ñ ÅgN
iW: tZq�p p)s > t j o h � ] c m5f�KM`;mVP4K�ÏF`lf t°c X
NEKM]GÅ cMt f�ÅgNjÎnrMN?`;m5fhNDX�XGZgenf [ NDrMN [ PES �(t K�ÏF`lfd`ºP c mVNM}V`;mCfhNDXGXGZgeVf�PdKYf
f�ÅVKYf [ NDrMN [ KYX�NjK [º[ c ^dNEa©S �(t f�ÅVNRÏn`;f�`;P+
DNDX c }g`;mCfhNDXGXGZgeVf�PÞKYfÞf�ÅVKYf [ NDrMN [ KYX�N�aV`;P�KYÏ [ NEa©S Ñ ÅVN [ c ^ÒP�`lÍ�ÏF`lf�P cMt
f�ÅgN�� tfo)t)s h XGN Ç `;PhfhNDX.`;L§e [ NELONEm5f4K�f�ÅgX�NDN � [ NDrMN [ Phf�KM]�Õ t°c X�f�ÅgN �=q�p : q ��� s h q)p KMmVa iW: tZq)p$p)s > t�q : o�n � qÏn`lf�PES Ñ ÅgN �=q�p : q ��� s h q�p Ïn`lf¥`;P | ` t f�ÅgNÌeVX cMÇ XGKML ^
KMP¥XGZnmVmV`;m Ç `;m�f�ÅgNÆÕMNDX7mgN [ ^.ÅVNEm¹f�ÅgN�`;mCfhNDXGXGZgeVf
c ]D]DZgX�X�NEa�KMmVa z ` t `lf�^
KMP
`;mÌZnPhNDXdL c agNMS �0t f�ÅgN iJ: tZq�p p�s > t q : o�n � q Ïn`lfd`;P z }k`ºmCfhNDX�X7ZgeVf�PdKYX�NjK [º[ c ^dNEa©S�0t `lf?`;P | }~f�ÅVNDsyKYX�N§an`;P�KYÏ [ NEa~S¥�
fTKMm¹`;m5fhNDX�XGZgenfD} f�ÅVNEPhN§P�`ÊÍyÏn`lf�P�KYX�N§P�ÅV` t fhNEa [ N t f?Ï5s²f9^ c Ïn`lf�PE}~P c f�ÅgN
]DZgX�XGNEmCf�Ïn`lf�P�Ï¯NE] c LONOf�ÅVNOeVX�NDrk` c ZVPjÏn`lf�P?KMmVa
f�ÅVNOeVX�NDrk` c ZVPjÏn`lf�P�Ï¯NE] c LONOf�ÅgN c [ a²ÏF`lf�PDS Ñ ÅgNO]DZgX�X�NEm5f
Ïn`lf�P4KYXGNTÏ c f�Å¸PhNDf�f c | ?ô`®S_NMSl}nÕMNDXGmgN [ L c agN?^R`lf�ÅÓ`;m5fhNDX�XGZgeVf�P4an`;P�KYÏ [ NEa�A7S

ß ` Ç ZgXGN �ÌaVNEP�]oXG`lÏ¯NEP�f�ÅVN¥Ïn`lf�PR`;m¸f�ÅVN�� o/s h q X�N Ç `ºPhfhNDXGPDS Ñ ÅgNTÎnrMN�> q : u iW: 	 iW: tZq)p$p)s > t Ïn`lf�P.] c XGX�N �Phe c mVa¢f c f�ÅgN¥ÎnrMN�`;mCfhNDXGXGZgeVf [ NDrMN [ PDS.��ÏF`lf�Ï¯NE] c LONEP z ^RÅgNEm¢KMmy`;m5fhNDX�XGZgeVfRKYf�`;f�P [ NDrMN [ ÅVKMP c ]D]DZVX�X�NEa
ÏnZgfÄÅVKMP�m c f�Ï¯NDNEm PhNDXGr�`;]oNEa~S Ñ ÅVN q k ��q > t i�<�: � < u q XGN Ç `;PhfhNDXO] c mCf�KM`ºmVPOK²] c agN t X c L f�ÅVN t°c [;[ c ^.`;m Ç
f�KYÏ [ NTaVNEP�]oXG`lÏn`ºm Ç f�ÅVN¥]DKMZVPhN cMt KMm¸NoÍg]oNDeVf�` c m~S
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x c Phf [ c KMaµKMmVa
Phf c XGN§`;mVPhfhXGZn]of�` c mVP c e¯NDXGKYfhN c m [ s c mµK [ ` Ç mVNEayanKYf�KkS���Ø�ZVKMm5f�`lf9sy`;PS,/* I-T�5�(C&µ` t `lf�P
LONEL c XGs¢KMaVagX�NEPGPR`;PjK�L�Z [ f�`le [ N cMt `;f�PRP�` 
DNÄ`;m²Ï�s5fhNEPDS Ñ ÅgNDXGN t,c X�NM}©K�ÅVK [ t ^ c X7a c ÏfwhNE]of?L�ZVP�fRÏ¯N�P�f c X�NEa
KYf�NDrMNEm¹KMaVagXGNEP�PhNEP�KMmVa
K t Z [º[ ^ c XGa c ÏfwhNE]of�LÄZVPhf�Ï¯N�Phf c X�NEaµKYf?KMaVagX�NEPGPhNEP�f�ÅVKYf?KYX�NOKÖL�Z [ f�`le [ N cMt �gS
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X�N Ç `;PhfhNDX �)<¢KMmVaµf�ÅgNOXGNEL§KM`;mVagNDXT`ºm
X�N Ç `;PhfhNDX � ikS�� c fhNÌf�ÅVKYf¥` t KMm c e¯NDXGKMmVaµ`;P?mgN Ç KYf�`;rMNM}
f�ÅgNOX�NELÆKM`;mVagNDX?`;P�ZVmVP�e NE]D`lÎnNEa¢Ï�syf�ÅgNOx � ÂdiyKYXG]7ÅV`lfhNE]of�ZgXGNÆKMmVaµagNDe¯NEmVaVP c mµf�ÅgNO] c m5rMNEmCf�` c mVP cMt f�ÅgN
L§KM]7ÅV`;mgN c mÓ^RÅV`;]GÅ¢igÂ � x `;P�XGZVm©S
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� c KYf�`;m Ç e c `ºmCf�] c mVan`lf�` c m �FK Ç fhXGZVN¥` t f�ÅVN�ÎnXGPhf�`;P [ NEP�P4f�ÅVKMm c XRNEØ5ZnK [ f c f�ÅgNTPhNE] c mna©S

� : � t : u�� �"h p)� � ��� ��h p ��� ��E/P Xf,/3C( �e(MG[G ��8 ,/5 �]E/NY19* (
� : � t : h � �"h p)� � ��� ��h p ��� ��E/P Xf,/3C(���(9G0G ��8 ,�5 � IR5 T�* (bdc LOeFKYX�NÌf�ÅVN�� c KYf�`;m Ç e c `;mCfÄa c ZgÏ [ N�`;m X�N Ç `;P�fhNDX � �"h p � � K Ç KM`ºmVPhf�f�ÅgN c mgNÓ`;m � �"h p)��� KMmVa PhNDf�f�ÅgN
] c mVaV`;f�` c m �FK Ç fhXGZVNT` t f�ÅgNTÎnXGPhf4`;P [ NEP�P
f�ÅVKMm¸f�ÅVNTPhNE] c mVa©S

� �$t :
u : h � � u q h t ��� �"h p)� ��E/5=H/(+3ML � IK5$T�*B( L_E �]E/NY19* (
� �$t :
u :�
 � � u q h t ��� �"h p)� ��E/5=H�(939L�.[57L�(_T$(+3�L_E �]E/NY19* (
bdc m5rMNDX�fÓf�ÅgNµP�`;m Ç [ N¢eVXGNE]D`;P�` c m � c KYf�`;m Ç e c `;m5f�m�ZVL�Ï NDX c XÓ`;m5fhN Ç NDX¸`;mÒX�N Ç `;PhfhNDX � ��h p � f c Kÿa c ZgÏ [ N
eVX�NE]D`ºP�` c mÓm�ZVL¥Ï¯NDX�KMmVaÖeFZgf�`lf�`;mÖX�N Ç `ºPhfhNDX � � ufq h t S

� �$t : h : u � � u q h t ��� �"h p)� ��E/5=H/(+3ML �]E/NY19* ( L_E � IR5 T�* (
� �$t : h :�
 � � u q h t ��� �"h p)� ��E/5=H/(+3ML .[5YL�(�T$(+3�L_E � IR5 T�* (bdc m5rMNDX�fÓf�ÅgNµa c ZgÏ [ N¢eVXGNE]D`;P�` c m � c KYf�`;m Ç e c `;m5f�m�ZVL�Ï NDX c XÓ`;m5fhN Ç NDX¸`;mÒX�N Ç `;PhfhNDX � ��h p � f c KÿPG`;m Ç [ N
eVX�NE]D`ºP�` c mÓm�ZVL¥Ï¯NDX�KMmVaÖeFZgf�`lf�`;mÖX�N Ç `ºPhfhNDX � � ufq h t S

� �$t :�
 : u � � u q h t ��� �"h p)� ��E/5=H�(939L �]E/NY1+*B( L_E .[5YL�(_T (93
� �$t :�
 : h � � u q h t ��� �"h p)� ��E/5=H/(+3ML � IK5$T�*B( L_E .[5YL�(_T (93bdc m5rMNDX�f
f�ÅgNRa c ZgÏ [ N c XdP�`ºm Ç [ N.enX�NE]D`;P�` c m � c KYf�`;m Ç e c `;mCfdm5ZnL¥Ï¯NDXÞ`ºmÆX�N Ç `ºPhfhNDX � �"h p � f c KMm�`;m5fhN Ç NDX�KMmVaenZgf�`;f�`;mÖX�N Ç `;PhfhNDX � � u q h t S

u i � :
u�� � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T���E/IK5YL ��IKHJIU&)( �]E/NY19* (
u i � : h � � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T���E/IR57L ��IKHJIU&)( � IR5 T�* (bdc LOeFZgfhN.f�ÅgN�Ø�Z c f�`lNEm5f cMt f�ÅVN � c KYf�`ºm Ç � c KYf
a c ZgÏ [ NEP\?ôP�`;m Ç [ NEPMA%`;mÌX�N Ç `;PhfhNDX7P � ��h p � � KMmVa � �"h p)��� KMmVaenZgf�`;f�`;mÖX�N Ç `;PhfhNDX � � u q h t S
� :
u � � ufq h t � o)u u)pZq h$h ��EF,�& ��*BEF,�LOIK5$T���E/IR57L �]E/NY19* ( !
� : h � � ufq h t � o)u u)pZq h$h ��EF,�& ��*BEF,�LOIK5$T�� E�IR5YL � IK5$T�* ("!U c KMa¢f�ÅgN�� c KYf�`;m Ç � c KYf.a c ZgÏ [ NQ?ôP�`;m Ç [ NWAdKYf o)u u)pZq h$h `;mCf c XGN Ç `;PhfhNDX � � ufq h t S
j�< � :
u�� � ufq h t ��� �"h p � � E/H/( ��*-EJ,�LOIR5 T�� E/IK5YL �]E/NY19* (
j�< � : h � � ufq h t ��� �"h p � � E�H/( ��*-EF,�LOIR5$T � E/IK5YL � IR5 T�* (x c rMN¥f�ÅVN	� c KYf�`;m Ç � c KYf.a c ZgÏ [ NS?ôPG`;m Ç [ NWA t X c L X�N Ç `ºPhfhNDX � ��h p)� f c X�N Ç `;P�fhNDX � � ufq h t S
j s � :
u�� � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T���E/IR57L � N *-LOI X7* . �]E/NY19* (
j s � : h � � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T�� E�IR5YL � Nf*-LOI X�* . � IR5 T�* (
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bdc LOeFZgfhN�f�ÅgN�eVX c aVZV]of cMt f�ÅgN�� c KYf�`;m Ç � c KYf�a c ZgÏ [ NEP ?ôP�`;m Ç [ NEP[AÞ`;m�X�N Ç `;PhfhNDX7P � �"h p � � KMmVa � �"h p ��� KMmVaenZgf�`;f�`;mÖX�N Ç `;PhfhNDX � � u q h t S
: q�	 :
u�� � ufq h t ��� �"h p � �](_T$,�L�( �]E/NY19* (
: q�	 : h � � ufq h t ��� �"h p � �](_T),�L�( � IR5 T�* (
�RN Ç KYfhN�f�ÅgN�� c KYf�`;m Ç e c `;m5f�a c ZgÏ [ NQ?ôP�`ºm Ç [ NWAÞ`;mÓX�N Ç `ºPhfhNDX � ��h p)� KMmVaÖenZgf�`;f�`;mÖX�N Ç `;PhfhNDX � � u q h t S

h :
u � � ufq h t � o)u u)pZq h$h � L_E�3 (���*BEF,�LOIK5$T���E/IR57L �]E/NY19* ( !
h : h � � ufq h t � o)u u)pZq h$h � L_E/3C(���*BEF,�LOIK5$T�� E�IR5YL � IK5$T�* ("!i�f c X�N¥f�ÅgN�� c KYf�`;m Ç � c KYfRa c ZgÏ [ N;?ôPG`;m Ç [ NWAd`;mÖXGN Ç `;PhfhNDX � � u q h t KYf o)u u$pfq h$h S

h s$n :
u�� � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T�� E/IK5YL � NY1+LO3 ,�6FL �]E/NY19* (
h s$n : h � � ufq h t ��� �"h p � � ��� ��h p)��� ��*BEF,�LOIK5$T ��E/IK5YL � NY1FLO34,�6JL � IR5 T�* (bdc LOeFZgfhNÆf�ÅgNÖaV` �¯NDX�NEmV]oN cMt f�ÅgN�� c KYf�`;m Ç � c KYf�a c ZgÏ [ NEP ?ôP�`;m Ç [ NEP[A�`;m X�N Ç `;PhfhNDX7P � ��h p � � KMmVa � �"h p)���KMmVaÓeFZgf4`lf�`;mÖX�N Ç `;P�fhNDX � � ufq h t S

`����7` � ��!f%
��������� �"� ���\��� � cW���W���)� ! ���������

p � q � (FLONf3[5 ��34E/P ���$6[( X�LOIOE�5
Q�NEP�f c X�NTf�ÅgNÄikf�KYf�ZVP4X�N Ç `;P�fhNDXES

h 
7h ��o ��� � . G9L�(9P ��,�*R*
Q�N Ç `ºPhfhNDX ��� � ] c mCf�KM`ºmVP�f�ÅgNTm�ZVL�Ï¯NDX cMt f�ÅVNTPhs�P�fhNEL�]DK [;[ ?ôP�NDN Ñ KYÏ [ N z AdeVX c r�`ºagNEaÖÏ5s¸ikÂ � x S

nZpfq o�� : 
�3C(C, �
b KMZVP�N?NoÍk]oNDeVf�` c m �%S �%Íg]oNDeVf�` c m z `;P
X�NEPhNDXGrMNEa t°c X�f�ÅgNTagNDÏnZ ÇMÇ NDXES
:Y</> ��E E[XZ(+34,�LOIUE/5
p c m c f�ÅV`ºm Ç S

� Á ��� (5�	��
��
���+�

Ñ ÅgN c X Ç KMmV`�
EKYf�` c m cMt LONEL c X�s�`ºm�x � Â
i�P�s�PhfhNELÆP�`;PÄ] c m5rMNEmCf�` c mnK [ Sµ� eVX cMÇ XGKML v PÄKManagX�NEP�PÄPhenKM]oNÖ`;P
] c LOe c PhNEa cMt f�ÅgXGNDN?enKYX�f�P�?ôPhNDNÄß ` Ç ZgX�N � A7S

�
fÄf�ÅgN�Ï c fhf c L cMt f�ÅgN�ZVPhNDX�KMaVagX�NEPGP¥PhenKM]oN@? | Í � |M|M|M|M| A�`;PTf�ÅVNÆfhNoÍkf�P�N Ç LONEmCfD}%^RÅV`;]GÅ Å c [ aVP¥f�ÅgN
`;mVP�fhXGZV]of�` c mVP t°c X.KOeVX cMÇ XGKMLÓS

�RÏ c rMNTf�ÅgN?fhNoÍkf.PhN Ç L§NEmCf.`ºP
f�ÅgN¥aVKYf�KOPhN Ç L§NEmCf ?ôP�f�KYX�f�`;m Ç KYf | Í zD|M|M|M|M|M|M| A7}©^.ÅV`º]GÅÓ`;P4aV`;r�`;aVNEaÌ`;m5f c
f9^ c eFKYX�f�PDS Ñ ÅVNÆPhf�KYf�`;]§anKYf�KÓe c X�f�` c m¹] c m5f�KM`;mVP c ÏfwåNE]of�P¥^.Å c PhNÌP�`�
DN§KMmVa¹KManagX�NEP�PTKYXGN§Õ�m c ^.mµf c f�ÅgN
] c LOen` [ NDX�KMmVa [ `ºmgÕMNDXES � L§LONEaV`;KYfhN [ sÌKYÏ c rMN�f�ÅgNEPhN c ÏfwhNE]of�Pj`;P4agskmVKML§`;]?aVKYf�KkSd�RP.KOeVX cMÇ XGKML K [;[ c ]DKYfhNEP
PhenKM]oNjagskmVKML§`;]DK [;[ s ?ô`úS_NMSl}�Ï5s j o ���$< � A7}2f�ÅgN h nZp�� PhskPhfhNEL�]DK [º[ L c rMNEP�f�ÅgNRf c e cMt f�ÅgNRaVKYf�K¥PhN Ç L§NEmCf
Zge~S

Ñ ÅVNÞeVX cMÇ XGKML�Phf�KM]�ÕÄX�NEP�`ºagNEP KYfvf�ÅVNdf c e cMt f�ÅgN4KMaVagX�NEPGPvP�enKM]oN ? | Í � � � � t A7S � f Ç X c ^.P%a c ^.m©}Mf c ^dKYXGanP
f�ÅgN¥anKYf�K§PhN Ç LONEm5fDS

� ������� !$*���� (+*��+� * %'!)( *

Ñ ÅgN�]DK [;[ `;m Ç ] c mCrMNEm5f�` c m�agNEP�]oX7`lÏ¯NEa¹`;m¹f�Ån`;P¥PhNE]of�` c mÿ`ºPTf�ÅgN c mgNÌZnPhNEa�Ï�s�T)6[6M}%m c f�f�ÅgN�mnKYf�`lrMNÌx � Â
i
] c LOen` [ NDXE}k^.ÅV`;]7ÅÓZVPhNEP�KÆL c X�N¥] c LOe [ NoÍÖ] c m5rMNEm5f�` c m¸f�ÅVKYfR`;P4P [ ` Ç Å5f [ s t KMPhfhNDXAS

{kz



Reserved

Text Segment

Data Segment

Stack Segment

0x400000

0x7fffffff

ß ` Ç ZVX�N � Ù�U KAs c Zgf cMt LONEL c XGsMS

ß ` Ç ZgXGN � P�Å c ^.P¥K²aV`;K Ç XGKML cMt K¢Phf�KM]GÕ t XGKML§NMSÖ� t XGKMLONÆ] c mnP�`;Phf�P cMt f�ÅVNÌLONEL c XGsyÏ¯NDf(^ÞNDNEm f�ÅgN
t XGKMLONOe c `;m5fhNDX ? ��� >YA7}©^RÅV`;]GÅ
e c `;m5f�P�f c f�ÅgNO^ c XGa¹`;LÆLONEaV`;KYfhN [ s²K t fhNDXTf�ÅVN [ KMPhfTKYX Ç ZVL§NEmCf?enKMPGPhNEa c m
f�ÅgNOPhf�KM]GÕF} KMmna²f�ÅVN�P�f�KM]�Õye c `ºmCfhNDXS? � h >7A7}©^.ÅV`;]7Å¢e c `;m5f�Pjf c f�ÅVN [ KMPhfR^ c XGa
`;myf�ÅgN t X7KMLONMS¥�jPRf(s5eF`;]DK [
cMt qjmV`ÊÍ¢PhskPhfhNEL§PE}Ff�ÅgN�Phf�KM]GÕ Ç X c ^.P�a c ^Rm t X c LËÅV` Ç ÅgNDXjLONEL c X�s²KMaVagX�NEP�P�NEPD} P c f�ÅgN t XGKMLONÄe c `ºmCfhNDX�`;P
KYÏ c rMNÄPhf�KM]�ÕÖe c `;m5fhNDXES

Ñ ÅVN t,c [;[ c ^.`;m Ç P�fhNDenP�KYX�N¥mVNE]oNEP�P�KYX�sÖf c N �¯NE]ofRKO]DK [;[ Ù
z S.Â KMP�PRf�ÅgNÄKYX Ç ZVLONEm5f�PDSg�ds¸] c mCrMNEm5f�` c m©} f�ÅgNTÎFXGPhf t°c ZgX.KYX Ç ZnLONEmCf�PjKYX�N�enKMP�PhNEa²`;mÓX�N Ç `;P�fhNDXGP �$o
� w
�$o � ?°f�Å c Z Ç ÅÄP�`;LOe [ NDX ] c LOen` [ NDXGP L§KAs¥]GÅ c5c PhN
f c ` Ç m c X�NÞf�ÅV`;Pv] c mCrMNEm5f�` c m�KMmVa�enKMP�PvK [;[ KYX Ç ZVLONEm5f�Prk`;K�f�ÅgN�Phf�KM]�Õ=A7S Ñ ÅVN?X�NEL§KM`;mV`ºm Ç KYX Ç ZVLONEm5f�P�KYX�NTeFZVP�ÅgNEa c mÓf�ÅVN¥Phf�KM]�Õ S

{ SjigKErMN?f�ÅgN?]DK [;[ NDX � P�KErMNEaÓXGN Ç `;PhfhNDXGPDS Ñ ÅV`;Pd`;mV] [ ZVaVNEP�X�N Ç `ºPhfhNDXGP ��t�� w ��t�� }k` t f�ÅVNDsÌ] c m5f�KM`;m [ `lrMN�rYK [ ZgNEP
KYf.f�ÅgN¥]DK [;[ PG`lfhNMS

� S �ªÍ�NE]DZVfhN¥K � o �Æ`;mVPhfhX7ZV]of�` c m©S
u `lf�ÅV`;mÖf�ÅVNT]DK [;[ NEaÓX c ZVf�`;mgNM}gf�ÅgN t°c [;[ c ^.`;m Ç PhfhNDenP.KYX�N¥mgNE]oNEP�PGKYX�sFÙ
z S �ÞPhf�KYÏ [ `ºP�Å�f�ÅgN¥Phf�KM]GÕ t XGKML§N?Ï5sÖP�ZgÏVfhX7KM]of�`;m Ç f�ÅgN t XGKMLONTPG`�
DN t X c L f�ÅgN¥Phf�KM]GÕÖe c `ºmCfhNDXES
{ SjigKErMNÆf�ÅVNÆ]DK [;[ NDN � P�KArMNEa�XGN Ç `;PhfhNDXGPT`ºmµf�ÅgN t XGKMLONMSÆQ.N Ç `;PhfhNDX ��� >µ`ºP?K [ ^dKAs�P�P�KErMNEa~S�Q.N Ç `;PhfhNDX ��pZomVNDNEaVPjf c Ï¯N�P�KErMNEa
` t f�ÅgNÄX c Zgf�`ºmgN�`lf�P�N [ t L§KYÕMNEP?]DK [;[ PESR�jmCs cMt f�ÅgN�XGN Ç `;PhfhNDXGP � h � w � h�� f�ÅVKYf?KYX�N

ZnPhNEaÓÏ�sÌf�ÅgN�]DK [;[ NDNTmgNDNEaÓf c Ï NTPGKErMNEa©S
� S �ÞPhf�KYÏ [ `ºP�Å�f�ÅgN t XGKMLON?e c `;m5fhNDX�Ï5sÖKMaVaV`ºm Ç f�ÅgN¥Phf�KM]GÕ t XGKMLON�P�`�
DN � �Of c f�ÅVN¥KMaVagX�NEPGP4`;m � h >©S
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      .
      .
      .
local variables
      .
      .
      .

      .
      .
      .
dynamic area
      .
      .
      .

memory
addresses

$fp

$sp

argument 5

argument 6

...

arguments 1−4      
      .
      .
saved registers
      .
      .
      .

ß ` Ç ZgX�N � Ù U KAs c Zgf cMt KjP�f�KM]�Õ t X7KMLONMS Ñ ÅgN t X7KMLON
e c `ºmCfhNDX%e c `;m5f�PYwhZVP�fvÏ¯N [ c ^ f�ÅgN [ KMPhfªKYX Ç ZnLONEmCf enKMPGPhNEa
c mÓf�ÅgN�Phf�KM]�Õ S Ñ ÅVNTPhf�KM]�ÕÓe c `;m5fhNDX4e c `;mCf�P
f c f�ÅgN [ KMPhf4^ c XGa¸`ºmÖf�ÅgN t XGKMLONMS
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ß `;mVK [º[ sM}Cf c X�NDf�ZgXGm t X c LÜKÄ]DK [;[ }kK t ZVmn]of�` c m§e [ KM]oNEP�f�ÅgNjX�NDf�ZgX7mgNEaÆrYK [ ZgNj`;m5f c ��� � KMmVaÌNoÍkNE]DZgfhNEP
f�ÅgNt°c [;[ c ^R`;m Ç PhfhNDenPDÙ
z S.Q.NEPhf c X�N�KMmCs§]DK [º[ NDN � P�KErMNEa�X�N Ç `ºPhfhNDXGPªf�ÅnKYf�^dNDX�NRP�KArMNEaÖZge c mONEmCfhXGsD?ô`ºmV] [ ZVaV`ºm Ç f�ÅgN t XGKMLON.e c `;m5fhNDX
��� >YA7S

{ S.Â c e²f�ÅgNTPhf�KM]�Õ t XGKMLON¥Ï5sÖKMaVaV`;m Ç f�ÅVN t XGKML§N¥P�`�
DN?f c � h >¯S
� S.Q.NDf�ZgXGmÓÏ�s�whZVL§en`;m Ç f c f�ÅgN¥KManagX�NEP�P4`;mÖXGN Ç `;PhfhNDX ��pZo S

� À *�#��&% � *������&% #��&%
� m KMaVaV`;f�` c m�f c P�`ºL�Z [ KYf�`;m Ç f�ÅgN¢ÏFKMP�`;] c e¯NDXGKYf�` c m cMt f�ÅgN b ÂÞq KMmna c e¯NDXGKYf�`;m Ç Phs�P�fhNELÓ}.ikÂ � x K [ P c
P�`;LÄZ [ KYfhNEP%K¥LONEL c X�s � L§KYeVe¯NEa�fhNDXGL§`ºmVK [ ] c mVmgNE]ofhNEaÆf c f�ÅgN�L§KM]7ÅV`;mgNMS u ÅgNEm§K�eVX cMÇ X7KML `;P �åXGZnmVmV`;m Ç } 
ikÂ � xà] c mnmgNE]of�P�`lf�P c ^RmÖfhNDXGL§`;mVK [ ? c X�KOPhNDenKYX7KYfhN�] c mnP c [ N?^.`;mna c ^Ô`;m k h >�iFj"A%f c f�ÅgN�eVX c ]oNEP�P c XES Ñ ÅgNeVX cMÇ X7KML�]DKMmµX�NEKMa¹]7ÅVKYXGKM]ofhNDXGP?f�ÅnKYfTs c Z
f9s�e¯NO^.ÅV` [ NÄf�ÅgN�eVX c ]oNEP�P c X�`;PjXGZVmVmV`ºm Ç SÄik`;LÆ` [ KYX [ sM} ` t ikÂ � x
NoÍkNE]DZgfhNEPR`ºmVPhfhXGZV]of�` c mVP
f c ^�X7`lfhN¥]GÅnKYXGKM]ofhNDXGPjf c f�ÅgN�fhNDXGL§`;mVK [ }gf�ÅgN¥]GÅnKYXGKM]ofhNDXGPj^.` [;[ KYene NEKYX c myikÂ � x v P
fhNDXGL§`ºmVK [ c XÆ] c mVP c [ NÓ^R`;mVa c ^TS�Û�mVN�NoÍg]oNDeVf�` c m f c f�ÅV`;P�XGZ [ N�`;PO] c m5fhX c [ � b Ùª`lf§`;P�m c fOenKMP�P�NEa�f c f�ÅgN
eVX c ]oNEP�P c XA}2ÏnZgfª`;mnPhfhNEKMa§]DKMZVPhNEP
ikÂ � x f c Phf c eÌPG`;L�Z [ KYf�`;m Ç KMmVaOX�NDf�ZVXGm�f c ] c L§LÆKMmVa§L c agNMS u ÅgNEmÆf�ÅgN
eVX c ]oNEP�P c XdPhf c enP�NoÍ�NE]DZgf�`ºm Ç ? t°c XÞNoÍgKMLOe [ NM}CÏ¯NE]DKMZVPhN�s c ZÌf9s�e¯NEaÆ] c m5fhX c [ � b c XÞÏ¯NE]DKMZVP�N�f�ÅgNRLÆKM]GÅV`;mVN.ÅV`lf
KÌÏVX�NEKYÕ�e c `ºmCf[A7}¯f�ÅgNÄfhNDXGL§`;mnK [ `;PRX�NE] c mVmgNE]ofhNEa
f c ikÂ � x P c s c Zµ]DKMmyf9s�e¯NOigÂ � x ] c L§L§KMmVanPDS Ñ c ZVPhN
LONEL c XGs � L§KYene NEa � ÛÄ} h >�iFj c X�k h >"i+j¢L�ZVP�f4Ï NTP�f�KYX�fhNEa¸^.`;f�ÅÖf�ÅgN m j o >$> q)u i�< �FK Ç SÑ ÅVNOfhNDXGL§`;mVK [ aVNDr�`;]oNÌ] c mVP�`;Phf�P cMt f(^ c `;mVagNDe¯NEmVagNEm5f?ZVmV`lf�PEÙ�K 3 (06[(9IKH/(+3ÓKMmVa¹K LO3 ,/5ZGMP]IOLUL�(93�S Ñ ÅgN
X�NE]oNE`lrMNDX4ZVmn`lfªX�NEKMaVPd]GÅnKYXGKM]ofhNDXGP t X c L�f�ÅVNRÕMNDs�Ï c KYXGaÌKMPdf�ÅgNDsÌKYX�N.f(s5e¯NEa©S Ñ ÅVN.fhXGKMmVPGL§`lfhfhNDX
ZVmV`lfª^.XG`lfhNEP
]GÅnKYXGKM]ofhNDXGPdf c f�ÅgN.fhNDXGL§`;mVK [ v PªaV`;Phe [ KEsMS Ñ ÅgN�f(^ c ZVmV`lf�P�KYX�N.] c LOe [ NDfhN [ sO`;mVagNDe¯NEmVagNEm5fDS Ñ ÅV`;P%LONEKMmnPD} t°c X
NoÍgKMLOe [ NM}gf�ÅVKYfR]GÅVKYXGKM]ofhNDX7P.f(s5e¯NEaÓKYf�f�ÅgN¥ÕMNDs5Ï c KYXGa¸KYXGNTm c f.KMZgf c L§KYf�`º]DK [;[ s �åNE]GÅ c NEa 
 c m¸f�ÅgNTaV`;Phe [ KEsMS
� mVPhfhNEKMa©}Vf�ÅVN?eVX c ]oNEP�P c XRLÄZVPhf Ç NDfjKMm¸`;mgeFZgf4]GÅVKYXGKM]ofhNDX t X c L f�ÅgNTXGNE]oNE`lrMNDXRKMmVaÖXGN � fhXGKMmVP�L§`;f�`lf4f c NE]7Å c
`lfDS

Ñ ÅVNÄenX c ]oNEPGP c XTKM]D]oNEP�PhNEP¥f�ÅgNOfhNDXGL§`;mnK [ ZnP�`;m Ç�t,c ZVXTLONEL c X�s � L§KYeVe¯NEa
agNDrk`;]oN�X�N Ç `;PhfhNDXGPE} KMPTP�Å c ^.m
`;mÌßv` Ç ZgX�N � S �hx²NEL c X�s � L§KYeVe¯NEa 
 LONEKMmVPÞf�ÅVKYfdNEKM]GÅÖX�N Ç `ºPhfhNDXdKYene NEKYX7PÞKMP
KÄPhe¯NE]D`;K [ LONEL c X�s [ c ]DKYf�` c m©SÑ ÅgN§Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `;PhfhNDX�`;PTKYf [ c ]DKYf�` c m | Í�� � |M|M|M| � c m [ s²f(^ c¸cMt `lf�PTÏn`lf�P?KYX�NÆKM]of�ZnK [;[ s²ZnPhNEa©S
�
`lf | `;P
]DK [;[ NEa �åX�NEKMaVs 
 Ù�` t `lf4`;P c mgN?`lf4LONEKMmVP
f�ÅVKYf�KO]7ÅVKYXGKM]ofhNDXjÅVKMP4KYX�XG`lrMNEa t X c L f�ÅgN?ÕMNDs�Ï c KYXGaÖÏnZgf
ÅVKMPjm c fjsMNDfjÏ¯NDNEm²X�NEKMa t X c L�f�ÅgNÄX�NE]oNE`lrMNDX?aVKYf�KÌX�N Ç `;P�fhNDXES Ñ ÅgN¥X�NEKMaVsÓÏn`lfR`ºP.X�NEKMa � c m [ s Ù�KYfhfhNELOeVf�Pjf c
^�XG`;fhN§`lfTKYX�NÌ` Ç m c X�NEa©S Ñ ÅgNOX�NEKMags
Ïn`lfT]7ÅVKMm Ç NEPÄKMZgf c L§KYf�`;]DK [º[ s t X c L 
DNDX c f c¸c mVN§^.ÅgNEm¹K¢]GÅVKYXGKM]ofhNDX
`;P.f9s�e NEayKYf�f�ÅgN¥ÕMNDs�Ï c KYXGa©}¯KMmVay`lfR]7ÅVKMm Ç NEP�KMZgf c L§KYf�`;]DK [º[ s t X c L c mgNÄf c 
DNDX c ^RÅgNEm¸f�ÅgN�]GÅnKYXGKM]ofhNDXT`;P
X�NEKMa t X c L f�ÅVNTX�NE]oNE`lrMNDXjaVKYf�KOX�N Ç `;P�fhNDXES
�
`lf c mgN cMt f�ÅVN§Q�NE]oNE`lrMNDX bdc m5fhX c [ Q.N Ç `;PhfhNDXT`;P �h`;m5fhNDX�XGZgenfRNEmVKYÏ [ N 
 S Ñ Ån`;P.ÏF`lfjLÆKEs¢Ï¯N�Ï c f�ÅyX�NEKMa

KMmVaµ^.XG`lfhfhNEm
Ï�syf�ÅVNOeVX c ]oNEP�P c XES Ñ ÅgN§`;m5fhNDX�XGZgeVf�NEmVKYÏ [ N§`;P?`;mV`;f�`;K [;[ s 
DNDX c S �(t `lfT`;P?P�NDfTf c¢c mgNOÏ�s
f�ÅgN
eVX c ]oNEP�P c XA}kKMmÖ`;m5fhNDX�XGZVeVfÞ`;PdX�NEØ�ZgNEPhfhNEaÖÏ�s§f�ÅgN�fhNDXGLÆ`;mVK [ c m [ NDrMN [ 
DNDX c ^.ÅgNEmgNDrMNDX4f�ÅgN�X�NEKMaVs§Ïn`lf
`;P c mgNMS
ß c X�f�ÅgN�`;mCfhNDXGXGZgeVfTKM]of�ZVK [º[ sµf c Ï¯N§XGNE]oNE`lrMNEa�Ï�sµf�ÅgNÌeVX c ]oNEP�P c XE}%`;m5fhNDX�XGZgenf�PTL�ZnPhf¥Ï¯N§NEmVKYÏ [ NEa�`;m�f�ÅgN
Phf�KYf�ZVP.X�N Ç `;PhfhNDX cMt f�ÅgN�Phs�P�fhNEL�] c eVX c ]oNEP�P c X]?ôPhNDN�i�NE]of�` c m { A7S

Ûjf�ÅVNDX.Ïn`lf�P cMt f�ÅgN¥Q�NE]oNE`;rMNDX bdc m5fhX c [ Q�N Ç `;PhfhNDX�KYX�N¥Znm5ZVP�NEa©Ù�f�ÅgNDsÓK [ ^
KEskPRX�NEKMa¢KMP 
DNDX c NEPRKMmVa²KYX�N
` Ç m c XGNEaÓ`;mÓ^�XG`;fhNEPDS

Ñ ÅVNÌPhNE] c mVaÿfhNDXGLÆ`;mVK [ aVNDr�`;]oN�X�N Ç `;P�fhNDXÄ`;P�f�ÅgNÖQ�NE]oNE`lrMNDXOp�KYf�KµQ�N Ç `ºPhfhNDX ?ôKYfÄKMaVaVX�NEP�P | Í � � |M|M| �$A7S
Ñ ÅgN [ c ^ � c XGagNDXjNE` Ç ÅCfjÏn`lf�P cMt f�ÅV`ºP�X�N Ç `;P�fhNDXj] c m5f�KM`;myf�ÅgN [ KMPhf�]GÅVKYXGKM]ofhNDX?f(s5e¯NEa c myf�ÅgN¥ÕMNDs�Ï c KYXGa©}©KMmVa
K [;[ f�ÅVN c f�ÅgNDXjÏn`lf�P�] c m5f�KM`;m 
DNDX c NEPDS Ñ Ån`;P
X�N Ç `;PhfhNDXj`;P4X�NEKMa � c m [ sÖKMmVa c m [ s�]7ÅVKMm Ç NEPRr*K [ ZVNT^.ÅgNEm¸KÆmgND^
]GÅnKYXGKM]ofhNDX�`;PÞf9s�e NEa c mÌf�ÅgNjÕMNDs5Ï c KYXGa©SªQ.NEKMaV`;m Ç f�ÅgN�Q�NE]oNE`lrMNDX�p�KYf�K�Q�N Ç `;P�fhNDX
]DKMZnPhNEP
f�ÅgNjX�NEKMagsOÏn`lfd`;m
f�ÅgN¥Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `;PhfhNDX.f c Ï¯N?X�NEPhNDf�f c 
DNDX c S

{ �



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

ß ` Ç ZgX�N � Ù Ñ ÅVNjfhNDX7L§`;mVK [ `;P
] c m5fhX c [;[ NEaÖÏ�s t°c ZgX�agNDrk`;]oN�X�N Ç `;PhfhNDX7PD}gNEKM]GÅ cMt ^.ÅV`º]GÅÖKYeVe¯NEKYXGP
KMP�K�Phe¯NE]D`;K [
LONEL c XGs [ c ]DKYf�` c m¹KYf?f�ÅVN Ç `lrMNEm¹KMaVaVX�NEP�PDSÆÛ�m [ s¢K t ND^�Ïn`lf�P cMt f�ÅgN§X�N Ç `;P�fhNDXGP?KYX�NÆKM]of�ZVK [º[ s²ZVP�NEa©Ù?f�ÅgN
c f�ÅgNDXGP.K [ ^dKAs�P.X�NEKMa¢KMP 
DNDX c NEPRKMmVa¸KYX�N�` Ç m c X�NEa c m¢^�XG`lfhNEPDS

{ �



Ñ ÅVNÞf�ÅV`;XGaTfhNDXGLÆ`;mVK [ aVNDr�`;]oNdX�N Ç `;P�fhNDXv`;PWf�ÅgN Ñ X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;P�fhNDXg?ôKYf%KMaVaVX�NEP�P | Í � � |M|M|2� A7S
Û�m [ sRf�ÅgN [ c ^ � c X7agNDX f(^ c Ïn`lf�P cMt f�ÅV`;P~X�N Ç `;PhfhNDXvKYX�NÞZVP�NEa©}<KMmVa¥f�ÅgNDs�Ï¯NEÅVKErMNdL�ZV]7Å [ `;ÕMNªf�ÅgN�] c X�XGNEPhe c mVaV`;m Ç
Ïn`lf�P cMt f�ÅgNÌQ.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `ºPhfhNDXESD�
`lf | `ºP¥]DK [;[ NEa �åX�NEKMags 
 KMmVa `;PTXGNEKMa � c m [ sMS �0t `;f¥`;P c mVNÆ`lf
LONEKMmVPRf�ÅgN�fhXGKMmVP�L§`;fhfhNDXj`;P.X�NEKMagsÓf c KM]D]oNDeVf?KÆmgND^ù]GÅnKYXGKM]ofhNDX t,c X c ZgfhenZVfDS �(t `lfj`;P 
DNDX c `lfjLONEKMmVPRf�ÅgN
fhXGKMmVPGL§`lfhfhNDXÆ`;POP�f�` [;[ ÏnZVPhs c ZgfhenZgfhf�`;m Ç f�ÅgNÓeVX�NDrk` c ZVPO]7ÅVKYXGKM]ofhNDX Ç `;rMNEm f c `lfDS �
`lf c mgN¢`ºP.�h`;mCfhNDXGXGZgeVf
NEmVKYÏ [ N 
 � `lf?`;PjX�NEKMaVKYÏ [ NÄKMmVa
^.XG`lf�KYÏ [ NMS �0t `;f�`ºPjP�NDfjf cÓc mVNM}~f�ÅgNEmµKMmµ`;m5fhNDX�XGZgenf.^.` [º[ Ï¯NÄX�NEØ5ZVNEPhfhNEa c m
[ NDrMN [ c mVNT^.ÅgNEmgNDrMNDX.f�ÅgNTX�NEKMags�Ïn`lf4`;P c mgNMS

Ñ ÅVN4ÎFmVK [ agNDr�`º]oN�X�N Ç `;PhfhNDX
`;P�f�ÅgN Ñ XGKMmVP�LÆ`lfhfhNDXÞp�KYf�KÄQ�N Ç `;PhfhNDX ?ôKYf
KMaVagX�NEP�P | Í � � |M|M| ]JA7S u ÅgNEmÌ`;f�`;P
^�XG`;fhfhNEm©}Mf�ÅgN [ c ^ � c XGagNDX%NE` Ç Å5f%Ïn`lf�P KYX�N4f�KYÕMNEmÆKMPªKMm§�?i bd��� ]7ÅVKYXGKM]ofhNDXdf c?c ZgfhenZgf f c f�ÅgN�aV`ºPhe [ KAsMS u ÅgNEm
f�ÅgN Ñ X7KMmVP�L§`lfhfhNDXdp�KYf�KOQ�N Ç `;PhfhNDX
`;PÞ^�XG`lfhfhNEm~}Cf�ÅgNjX�NEKMagsOÏn`;fÞ`;mÆf�ÅgN Ñ XGKMmVPGL§`lfhfhNDX bdc mCfhX c [ Q.N Ç `;PhfhNDX
^.` [;[
Ï¯N�X�NEPhNDf�f c 
DNDX c S Ñ ÅgN?Ïn`;fd^R` [;[ Phf�KEs 
DNDX c ZVmCf�` [ NEm c Z Ç ÅÓf�`;LONTÅnKMP4N [ KYenPhNEaÖf c fhXGKMmVP�L§`;fdf�ÅVNT]GÅVKYXGKM]ofhNDX
f c f�ÅgN.fhNDXGL§`;mVK [ �2f�ÅgNEmOf�ÅgN4XGNEKMags�Ïn`lf ^.` [;[ Ï¯N�PhNDfªÏFKM]�Õ�f cTc mgN.K Ç KM`ºm©S Ñ ÅgN Ñ XGKMmVP�L§`;fhfhNDX�p�KYf�K¥Q�N Ç `ºPhfhNDX
P�Å c Z [ a c m [ sµÏ NÌ^�XG`lfhfhNEm�^.ÅgNEm f�ÅgN�X�NEKMags¹Ïn`;f cMt f�ÅgN Ñ X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;PhfhNDXO`;P c mgN �d` t f�ÅgN
fhXGKMmVPGL§`lfhfhNDXÌ`ºP�m�v_f§X�NEKMaVs f�ÅgNEm ^�X7`lfhNEP§f c f�ÅgN Ñ XGKMmVPGL§`lfhfhNDXÌp�KYf�KÿQ�N Ç `;P�fhNDX�KYX�Ny` Ç m c X�NEa ?°f�ÅgNy^�XG`lfhN
KYeVe¯NEKYXGP4f c P�ZV]D]oNDNEa¸ÏFZgf
f�ÅgN¥]GÅnKYXGKM]ofhNDXR^R` [;[ m c f�Ï¯N c ZgfhenZgf[A7S

� mOX�NEK [ ] c L§enZgfhNDXGPÞ`lf%f�KYÕMNEP�f�`ºLON4f c PhNEmna§]GÅVKYX7KM]ofhNDXGP c rMNDXÞf�ÅVN�PhNDXG`;K [V[ `;mgNEP f�ÅVKYf�] c mnmgNE]of�fhNDXGLÆ`;mVK [ P
f c ] c L§enZgfhNDXGPDS Ñ ÅVNEPhN�f�`;LON [ K Ç P�KYX�NjP�`;LÄZ [ KYfhNEaOÏ�sÆikÂ � x SCß c XdNoÍkKMLOe [ NM}5K t fhNDXÞf�ÅVN.fhXGKMmVPGL§`lfhfhNDXÞP�f�KYX�f�P
fhXGKMmVPGL§`lfhf�`;m Ç K�]7ÅVKYXGKM]ofhNDXE}Yf�ÅgN�fhXGKMmVP�L§`;fhfhNDXFv P©X�NEKMagsjÏn`lf©^R` [;[ Ï¯NE] c LON 
DNDX c.t°c X K4^RÅV` [ NMSWikÂ � x LONEKMP�ZVX�NEP
f�ÅV`;P�f�`;LON¥`;m¢`;mVPhfhXGZn]of�` c mVP
NoÍkNE]DZgfhNEa©}Fm c fR`;mÖX�NEK [ ] [ c ]�ÕÓf�`;LONMS Ñ ÅV`ºP4LONEKMmVP�f�ÅnKYf.f�ÅgNTfhX7KMmVP�L§`lfhfhNDXR^.` [;[
m c fTÏ¯NE] c LONÆX�NEKMagsµK Ç KM`;m�ZnmCf�` [ f�ÅVN§eVX c ]oNEP�P c X¥ÅnKMPTNoÍkNE]DZgfhNEa�K¸]oNDXGf�KM`;m�m�ZVL�Ï NDX cMt `ºmVPhfhXGZV]of�` c mVPDS �(t
s c ZÓPhf c eÖf�ÅgN?L§KM]7ÅV`;mgN�KMmVa [ c�c ÕÆKYf
f�ÅgN�X�NEKMags§Ïn`;fÞZVP�`ºm Ç ikÂ � x }k`lfÞ^R` [;[ m c f
]7ÅVKMm Ç NMS�× c ^dNDrMNDXE}n` t s c Z
[ NDf4f�ÅgN�L§KM]GÅV`ºmgN?XGZVmÖf�ÅgNEm¸f�ÅgN?Ïn`lf4^.` [;[ NDrMNEmCf�ZVK [º[ s�]7ÅVKMm Ç NTÏFKM]�ÕÓf c§c mgNMS
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