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rk`lX�f�ZVK [ ] c L§enZgfhNDX.KYeVe¯NEKYXGP
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m > h q/s=u <�j]D]oNDeVfRenPhNEZVa c `ºmVPhfhXGZV]of�` c mVPß`ºmÔKMP�PhNEL�Ð [ sÏ] c agNMS
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NoÍkNE]DZgf�` c m¢Ð¯N Ç `;mVP4KYf�f�ÅgNT`ºmVPhfhXGZV]of�` c m [ KYÐ¯N [ NEa h tZo�p t S

m�t$pZo >U c KMa¸f�ÅgNTP�f�KMmVaVKYXGaÔfhX7KYe¢ÅVKMmVa [ NDXES Ò ÅV`;P4`;P
f�ÅVN¥agN t KMZ [ fDS
m�t$pZo > � i�� qU c KMa¸f�ÅgN?fhX7KYe²ÅVKMmVa [ NDX4`;mÏf�ÅgN?Î [ NMS
m :=< r�s i q�tÂ�XG`;m5f�KOLONEP�P�K Ç N�^.ÅgNEmÔKMm¢NoÍk]oNDeVf�` c m c ]D]DZVXGPDS Ò 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$u i�<p�`;PGKYÐ [ N?f�ÅgNTLONEL c X�s � LÆKYeVe¯NEa � Û t KM]D` [ `;f9s@?õPhNDNÄi�NE]of�` c m � A7S
m j o >$> q$u i�<

�ßmVKYÐ [ N�f�ÅgN�LONEL c X�s � L§KYeVe¯NEa � Û t KM]D` [ `lf9s2?õPhNDN�i�NE]of�` c m � A7SßÂªX cMÇ XGKML§P4f�ÅVKYfRZVPhN¥ikÂ � x Phs�PG]DK [;[ P
?õP�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 [ aÔm 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�Ð [ sÏ] c agNT`;mÏf�ÅgN?Î [ NMS
m h�h q�� h i�� q i�NDf�P¸f�ÅgN¹`;mV`lf�`ºK [ PG`	�DN cMt L§NEL c X�sÕPhN Ç LONEm5f G+(�TÓf c Ð¯N G[I VJ(�Ð�s5fhNEPDS Ò ÅgN¹LONEL c X�s

P�N Ç LONEmCf�PÝKYX�N¸mVKMLONEa~Ù tZq k t } ufo�tZo } h tZo�

� } � tZq k t }�KMmVa �Zu o)tZo S�à c X§NoÍgKMLOe [ NM}ßf�ÅgNÔenKM`lX cMt
KYX Ç ZVLONEm5f�P m h ufo�tZo�������������� Phf�KYX�f�P�f�ÅVN¥ZVPhNDX�aVKYf�KÝPhN Ç LONEm5f.KYf { } |M|M| } |M|M| Ð�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 ^úf c Ð¯NQGMIBVW(ÄÐ�s5fhNEPDS Ò ÅgN
L§NEL c X�sÔPhN Ç LONEm5f�P�f�ÅVKYfR]DKMm Ç X c ^ KYX�NMÙ ufo)tfo } h tZo�
�� }kKMmna �fufo)tfo S
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q k=i t

�ªÍk`;f4f�ÅgN¥P�`;LÄZ [ KYf c XAS
pZq$o$u21 � i�� q31Q.NEKMa54�* ( cMt KMP�P�NEL¥Ð [ s [ KMm Ç ZVK Ç NÔ] c L§LÆKMmVaVP�`;m5f c ikÂ � x v P�LONEL c X�sMS �0t f�ÅgN�Î [ N�ÅVKMP�K [ X�NEKMags

Ð¯NDNEmyX�NEKMa
`;m5f c igÂ � x�} f�ÅgN�Phs�P�fhNEL PGÅ c Z [ a¢Ð N�] [ NEKYX�NEa ?õPhNDN pZq iW:"i t i o �Zi�� q }nÐ N [ c ^\A c X Ç [ c ÐnK [P�s�L�Ð c [ P
^.` [;[ Ð¯NTLÄZ [ f�`le [ s§agNoÎFmgNEa©S
�$< o$u21 � i�� q31iks�m c m5skL t,c X pfq o)u S
p)s :76 o)u u$p�8ikf�KYX�f�XGZVmVmV`ºm Ç KyeVX cMÇ XGKML¸S �(t f�ÅgN c eVf�` c mVK [ KMaVagXGNEP�PD,�&�&/3
`;PÄeVX c r�`;aVNEa©}%f�ÅgNÏeVX 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 ÐnK [ PhskL¥Ð c [ h tZo�p t } ^.Ån`;]GÅÌ`;P
aVNoÎFmgNEa�Ð5sÝf�ÅgN?agN t KMZ [ fdfhXGKYe¸ÅVKMmVa [ NDXßf c ]DK [;[ f�ÅgN�X c ZVf�`;mgN�KYfdf�ÅVN Ç [ c ÐnK [ PhskL¥Ð c [ j o iJ:�^.`lf�Å�f�ÅgNZnP�ZVK [ x � Â
iÏ]DK [;[ `;m Ç ] c m5rMNEm5f�` c m©S

�



h tfq >76 � 8ikfhNDe¸f�ÅgNTeVX cMÇ XGKML t°c X�� ?õaVN t KMZ [ fDÙ z A
`;mVPhfhX7ZV]of�` c mVPDS%Â�XG`;m5f
`ºmVPhfhXGZV]of�` c mVP
KMP�f�ÅgNDsÏNoÍkNE]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�sÏKYf.KMaVagXGNEP�P�,�&�&�35S
> p iW: t h�
 jÂ�XG`;m5f�f�ÅVN¸] c mCfhNEm5f�P cMt f�ÅgN¸PhskL¥Ð c [ f�KYÐ [ NM}ß`®S_NMSl}�f�ÅgNÔKMaVagXGNEP�PhNEP cMt f�ÅVN Ç [ c ÐnK [ ?°ÐnZgfOm c f [ c ]DK [ A

P�s�L�Ð c [ PDS
pZq iW:�i t i o �fi�� qb [ NEKYX�f�ÅgN¥L§NEL c X�sÏKMmVaÔX�N Ç `;P�fhNDXGPDS
nZpfq o�� >Y<ZiW: t o$u$u$pikNDfdK¥ÐVX�NEKYÖ�e c `ºmCf�KYf
KMaVagXGNEP�P ,�&)&/35S ,�&�&/3�]DKMmÝÐ¯N�NE`;f�ÅgNDXdK�LONEL c X�s§KManagX�NEP�P c XdP�s�L�Ð c [ `;] [ KYÐ¯N [ S
ufq � q�tZq o$u$u$ppjN [ NDfhNÄK [;[ ÐVX�NEKYÖ�e c `;m5f�P4KYf.KMaVagX�NEPGP�,�&�&/3�S
�Zi h t UW`;Phf�K [;[ ÐnX�NEKYÖ5e c `;m5f�PDS

� Q.NEPhf cMt [ `;mVNj`;P.KMm¸KMP�PhNEL�Ð [ sÏ`;mVPhfhX7ZV]of�` c m�f�ÅVKYf.`;P.Phf c X�NEa¸`;mÔL§NEL c X�sMS
6/:&� 8 �úmgND^ [ `;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�Ð¯NÆKYÐnÐVX�NDrk`;KYfhNEa¹f c f�ÅgNE`lX�ZnmV`;Ø�ZgN�eVX�NoÎVÍµNMS Ç Sl} q kn} pfq } �V} p�s } h }�>¯SÔx 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

������� � �����  �"������ ')"+*,����-.#�/0�

Ò ÅgNRâ rMNDXGP�` c m cMt igÂ � x�}fk h >"i+j } [ c�c ÖkPßaV`�� NDX�NEm5fD}�ÐnZgfßPGÅ c Z [ a c e NDX7KYfhNj`;mÝf�ÅgN�P�KMLON�L§KMmVmgNDX
KMP h >"iFj~S
Ò ÅgN4âÕ^.`ºmVa c ^ ÅnKMP%ÎnrMN�eFKMmgNEP ?õPhNDNRàv` Ç ZgX�N z A7S Ò ÅVN4f c eÆenKMmgNRaV`;Phe [ KEskPWf�ÅVN.] c mCfhNEm5f�P cMt f�ÅgN�X�N Ç `;P�fhNDXGPDS
� f�`;P�] c m5f�`;m5ZnK [;[ sÝZVe¯anKYfhNEa©}kNoÍk]oNDeVfR^.ÅV` [ NjKOenX cMÇ XGKML `;P
X7ZVmVmV`;m Ç S

Ò ÅVNTmgNoÍ�f.enKMmgNT] c m5f�KM`;mVP4f�ÅgN¥ÐnZgfhf c mVP4f�ÅnKYf.] c mCfhX c [ f�ÅgN¥P�`ºL�Z [ KYf c XEÙ
���  *
�ªÍk`;f t X c L f�ÅgNTP�`;LÄZ [ KYf c XES

�



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

à ` Ç ZgX�N z Ùªâ � ^.`;mna c ^ `ºmCfhNDX t KM]oNTf c igÂ � x�S

�



% � # �
Q.NEKMa¢K§P c ZgXG]oN�Î [ NT`ºmCf c LONEL c X�sMS
� � "
ikf�KYX�f�f�ÅgN?eVX cMÇ XGKML XGZnmVmV`;m Ç S
� *,���
ig`;m Ç [ N � PhfhNDeÔf�ÅVX c Z Ç Å¸KOenX cMÇ XGKMLÔS
/�% ��#��
Q.NE`;mV`lf�`ºK [ `	�DNjX�N Ç `;PhfhNDXGP c XRLONEL c XGsMS
� ��*���#&% � �ikNDf�f�ÅgN?rYK [ ZgNT`;mÔKOXGN Ç `;PhfhNDX c XjLONEL c X�s [ c ]DKYf�` c m©S
� �� "+*
Â�XG`;m5f4f�ÅgN?rYK [ ZgNT`;mÔKOXGN Ç `;PhfhNDX c X.L§NEL c X�s [ c ]DKYf�` c m©S
� ����#���� �  �"+*
ikNDf c X.agN [ NDfhN�KOÐVX�NEKYÖ�e c `;mCf c X [ `;Phf4K [;[ ÐVXGNEKYÖ5e 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

Ò ÅVNTmgNoÍ�f4f(^ c enKMmgNEP�an`;Phe [ KAs§f�ÅgN¥L§NEL c X�sÏ] c mCfhNEm5f�PDS Ò ÅgN?f c e c mgN¥PGÅ c ^.P.`;mVPhfhXGZn]of�` c mVP t X c L f�ÅgN
ZVPhNDXRKMmVaÔÖMNDXGmgN [ fhNoÍ�f.P�N Ç LONEmCf�PES�� Ò ÅgN�ÎFXGPhf t ND^ `;mVPhfhX7ZV]of�` c mVP4`;mÏf�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 ÖMNEP�f�ÅgN�j o iW:ÔX c Zgf�`;mgNMS

Ò ÅVN [ c ^ßNDX cMt f�ÅgNEPhNjf9^ c enKMmgNEPdaV`;Phe [ KEskPªf�ÅgNjaVKYf�K�KMmnaÝPhf�KM]GÖÝPhN Ç L§NEmCf�PDS � c f�Å�enKMmVNEPßKYX�NjZge©aVKYfhNEa
KMP.K�enX cMÇ XGKML NoÍkNE]DZgfhNEPDS

Ò ÅVN.Ð c fhf c L enKMmgNR`ºPßZVP�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 XGKMLÔS u ÅVNEm KµeVX cMÇ X7KML X�NEKMaVP c X§^�XG`lfhNEPE}d`lf�P � Û KYene NEKYX7P§`;m K¹PhNDeFKYXGKYfhN
^.`;mna c ^T}g]DK [;[ NEaÔf�ÅgN bdc mVP c [ NM}g^.ÅV`;]7ÅÏe c enP�ZgeÔ^.ÅVNEmÔmgNDNEagNEa©S

���
� ���������$���/��������%Y�7������%��
� [ f�Å c Z Ç ÅÏikÂ � 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 XßKMmVaÝ]oNDX�f�KM`;mÝf�ÅV`;m Ç PßKYX�N
m c fj`;agNEm5f�`;]DK [ f c f�ÅgN�KM]of�ZnK [ ] c LOeFZgfhNDXES Ò ÅVN¥L c Phf c Ð5rk` c ZVPRaV` �¯NDX�NEmV]oNEPRKYX�N�f�ÅnKYfR`;mVP�fhXGZV]of�` c mÔf�`ºL§`;m Ç
KMmVaÔf�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
KMmVaÔan`lr�`ºagNEPDS

�jm c f�ÅgNDXÏP�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 XÝNoÍkKMLÆ`;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 XGKMLÔS Ò ÅgN�] c X�XGNEPhe c mVagNEmV]oN4Ð¯N �
f9^dNDNEmOf�ÅgN
f(^ c PhNDf�P cMt `;mVPhfhXGZn]of�` c mVPv`;P t KM`lX [ s?P�`;LOe [ NßP�`;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 [ KEsÔP [ c f�PES
��� ð<ëæôûë�ÿ ò<ôõêûè®í � ê®ÿ ï7ò*ô é�è®ë�è®ëæé7î �Ïò<ï7ê �*ôûëæí*ö<ï��¸þjå°ý üjÿ ò*ôõêûè®í � ê®ÿ ï�ò<ô)
 üAýnåõþãêûè9éGò*ôûî éGê®ë0ô é7ôûôûë0ñ �*î ë0è��*ôûëæí*ö<ï7ÿ ò<ôõêûè®í � ê®ÿ ï7ò*ôê®ï-�����.þjåõýFüRÿ ò*ôõêûè®í � ê®ÿ ï�ò*ô9�Më0ì¼ï7è®ëªôõê®ï7è®ÿ ò<ç
ê®ð*ë$�<è®ï7ç7è9éGñ ÿ ò�ñ4ë0ñ4ï7èûóC
��né � ð�ôûï�íAè � ëªÿ ò<ôõêûè®í � ê®ÿ ï7ò?é�� �MëhéGè®ôWé7ô é � ï7ñ4ñ4ëæòDêï�òRê®ð*ë �<è®ôõê~ÿ ò<ôõêûè®í � ê®ÿ ï7òjê®ïdù~ð*ÿ � ð�ÿ_ê ÿ ô©êûè9éGò*ôûî éGê®ëhö 
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����� � � � %Y	�� 
�%=�@�����������
bdc L§L§NEmCf�P
`;mÝKMP�PhNEL�Ð [ NDXdÎ [ NEP�Ð 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}�ZVmVagNDXGÐnKYXGP ? A7}2KMmnaÄa c f�P ? � ATf�ÅVKYf%a c m c fÐ¯N Ç `;mO^.`;f�ÅÆK¥m�ZVL�Ð¯NDXES%Û�e¯] c agNEP t,c Xd`;mVPhfhXGZn]of�` c mVPªKYX�NRX�NEPhNDX�rMNEaÝ^ c XGaVPªf�ÅnKYfdKYX�N " �&* rYK [ `;aÆ`;agNEm5f�`ÊÎnNDXGPDS
U KYÐ¯N [ PdKYX�N�agNE] [ KYX�NEaÝÐ�s§enZgfhf�`;m Ç f�ÅgNEL KYf
f�ÅgNjÐ N Ç `ºmVmV`;m Ç?cMt K [ `;mgN t°c [;[ c ^ßNEaÝÐ5sÝKÄ] c [ c m©} t°c X
NoÍkKML§e [ NMÙ

� ufo�tZoi 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¸`;mÏa c ZgÐ [ N � Ø5Z c fhNEP ? 1 A7Sdi�e¯NE]D`;K [ ]7ÅVKYXGKM]ofhNDXGPR`;mÏPhfhXG`;m Ç P t°c [;[ c ^Õf�ÅgN b ] c mCrMNEm �

f�` c m©Ù
: q 
 �ZiJ: q � :
tZo/n ��t
r�s < tZq ��1
ikÂ � x P�Zgene c XGf�PdKÆP�ZgÐnPhNDf cMt f�ÅgNTKMPGPhNEL¥Ð [ NDX.aV`lXGNE]of�`lrMNEP4eVX c r�`ºagNEaÏÐ5s�f�ÅgN¥x � Âdi�KMP�PhNEL�Ð [ NDXAÙ

� o �Zi � : :� [ ` Ç mÄf�ÅgN�mVNoÍ�f%aVKYf�ZVL c mOK {�� Ð5s�fhN4Ð c ZVmVaVKYXGsMSWà c XªNoÍgKMLOe [ NM} � o �fi � : � K [ ` Ç mVPvf�ÅgN�mVNoÍ�f rYK [ ZgNc mµKÏ^ c XGa
Ð 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

� o h 
 i i h t$pikf c X�NTf�ÅgNTPhfhX7`;m Ç `;mÔLONEL c X�sM}VÐnZgf4a c m c f�m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS

� o h 
 i i�� h t pikf c X�NTf�ÅgNTPhfhX7`;m Ç `;mÔLONEL c X�s�KMmna¸m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS

� n 
 tfq n���� ����� � n :ikf c X�NTf�ÅgN��µrYK [ ZgNEP�`ºmÔP�ZV]D]oNEP�P�`;rMNTÐ5s�fhNEP cMt LONEL c XGsMS

� u o)tfo 6 o$u$u$p�8Ò ÅgN t°c [;[ c ^R`;m Ç aVKYf�K§`;fhNEL§P.P�Å c Z [ aÏÐ¯N¥Phf c X�NEa²`;mÔf�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¢Ð 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
a c ZgÐ [ N�eVX�NE]D`ºP�` c mÏm5ZnL¥Ð¯NDXGP4`;mÔPGZV]D]oNEP�P�`lrMN�LONEL c X�s [ c ]DKYf�` c mVPDS

� q k tfq)p : h 
 j h i�� qpjNE] [ KYXGNÝf�ÅVKYfÄf�ÅgN�aVKYf�ZVL P�f c X�NEaÑKYf h 
 jÌ`;P h i�� q Ð�s5fhNEP [ KYX Ç N�KMmVa�`ºP¥K Ç [ c ÐnK [ P�s�L�Ð c [ S Ò ÅV`;P
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X�NE]oNE`lrMNDX4ZVmn`lfªX�NEKMaVPd]GÅnKYXGKM]ofhNDXGP t X c L�f�ÅVNRÖMNDs�Ð c KYXGaÝKMPdf�ÅgNDsÝKYX�N.f(s5e¯NEa©S Ò ÅVN.fhXGKMmVPGL§`lfhfhNDX
ZVmV`lfª^.XG`lfhNEP
]GÅnKYXGKM]ofhNDXGPdf c f�ÅgN.fhNDXGL§`;mVK [ v PªaV`;Phe [ KEsMS Ò ÅgN�f(^ c ZVmV`lf�P�KYX�N.] c LOe [ NDfhN [ sO`;mVagNDe¯NEmVagNEm5fDS Ò ÅV`;P%LONEKMmnPD} t°c X
NoÍgKMLOe [ NM}gf�ÅVKYfR]GÅVKYXGKM]ofhNDX7P.f(s5e¯NEaÔKYf�f�ÅgN¥ÖMNDs5Ð c KYXGa¸KYXGNTm c f.KMZgf c L§KYf�`º]DK [;[ s2cæNE]GÅ c NEa i 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`lrMNDXRKMmVaÏXGN � fhXGKMmVP�L§`;f�`lf4f c NE]7Å c
`lfDS

Ò 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
`;mÝàv` Ç ZgX�N � S�chx²NEL c X�s � L§KYeVe¯NEa i LONEKMmVPßf�ÅVKYfdNEKM]GÅÏX�N Ç `ºPhfhNDXdKYene NEKYX7PßKMP
KÄPhe¯NE]D`;K [ LONEL c X�s [ c ]DKYf�` c m©SÒ 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�PTÐn`lf�P?KYX�NÆKM]of�ZnK [;[ s²ZnPhNEa©S
�
`lf | `;P
]DK [;[ NEa cæX�NEKMaVs i Ù�` t `lf4`;P c mgN?`lf4LONEKMmVP
f�ÅVKYf�KO]7ÅVKYXGKM]ofhNDXjÅVKMP4KYX�XG`lrMNEa t X c L f�ÅgN?ÖMNDs�Ð c KYXGaÏÐnZgf
ÅVKMPjm c fjsMNDfjÐ¯NDNEm²X�NEKMa t X c L�f�ÅgNÄX�NE]oNE`lrMNDX?aVKYf�KÝX�N Ç `;P�fhNDXES Ò ÅgN¥X�NEKMaVsÔÐn`lfR`ºP.X�NEKMa � c m [ s Ù�KYfhfhNELOeVf�Pjf c
^�XG`;fhN§`lfTKYX�NÝ` Ç m c X�NEa©S Ò ÅgNOX�NEKMags
Ðn`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¥ÖMNDs�Ð 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 ch`;m5fhNDX�XGZgenfRNEmVKYÐ [ N i S Ò Ån`;P.ÐF`lfjLÆKEs¢Ð¯N�Ð c f�ÅyX�NEKMa

KMmVaµ^.XG`lfhfhNEm
Ð�syf�ÅVNOeVX c ]oNEP�P c XES Ò ÅgN§`;m5fhNDX�XGZgeVf�NEmVKYÐ [ N§`;P?`;mV`;f�`;K [;[ s �DNDX c S �(t `lfT`;P?P�NDfTf c¢c mgNOÐ�s
f�ÅgN
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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

à ` Ç ZgX�N � Ù Ò ÅVNjfhNDX7L§`;mVK [ `;P
] c m5fhX c [;[ NEaÏÐ�s t°c ZgX�agNDrk`;]oN�X�N Ç `;PhfhNDX7PD}gNEKM]GÅ cMt ^.ÅV`º]GÅÏKYeVe¯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^�Ðn`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

{ �



eVX c ]oNEP�P c XA}kKMmÏ`;m5fhNDX�XGZVeVfß`;PdX�NEØ�ZgNEPhfhNEaÏÐ�s§f�ÅgN�fhNDXGLÆ`;mVK [ c m [ NDrMN [ �DNDX c ^.ÅgNEmgNDrMNDX4f�ÅgN�X�NEKMaVs§Ðn`lf
`;P c mgNMS
à c X�f�ÅgN�`;mCfhNDXGXGZgeVfTKM]of�ZVK [º[ sµf c Ð¯N§XGNE]oNE`lrMNEa�Ð�sµf�ÅgNÝeVX c ]oNEP�P c XE}%`;m5fhNDX�XGZgenf�PTL�ZnPhf¥Ð¯N§NEmVKYÐ [ NEa�`;m�f�ÅgN
Phf�KYf�ZVP.X�N Ç `;PhfhNDX cMt f�ÅgN�Phs�P�fhNEL�] c eVX c ]oNEP�P c X]?õPhNDN�i�NE]of�` c m { A7S

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

Ò ÅVNÝPhNE] c mVaÌfhNDXGLÆ`;mVK [ aVNDr�`;]oN�X�N Ç `;P�fhNDXÄ`;P�f�ÅgNÏQ�NE]oNE`lrMNDXOp�KYf�KµQ�N Ç `ºPhfhNDX ?õKYfÄKMaVaVX�NEP�P | Í�� � |M|M| �$A7S
Ò ÅgN [ c ^ � c XGagNDXjNE` Ç ÅCfjÐn`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¥ÖMNDs�Ð c KYXGa©}©KMmVa
K [;[ f�ÅVN c f�ÅgNDXjÐn`lf�P�] c m5f�KM`;m �DNDX c NEPDS Ò Ån`;P
X�N Ç `;PhfhNDXj`;P4X�NEKMa � c m [ sÏKMmVa c m [ s�]7ÅVKMm Ç NEPRr*K [ ZVNT^.ÅgNEm¸KÆmgND^
]GÅnKYXGKM]ofhNDX�`;Pßf9s�e NEa c mÝf�ÅgNjÖMNDs5Ð c KYXGa©SªQ.NEKMaV`;m Ç f�ÅgN�Q�NE]oNE`lrMNDX�p�KYf�K�Q�N Ç `;P�fhNDX
]DKMZnPhNEP
f�ÅgNjX�NEKMagsOÐn`lfd`;m
f�ÅgN¥Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `;PhfhNDX.f c Ð¯N?X�NEPhNDf�f c �DNDX c S

Ò ÅVNßf�ÅV`;XGaTfhNDXGLÆ`;mVK [ aVNDr�`;]oNdX�N Ç `;P�fhNDXv`;PWf�ÅgN Ò X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;P�fhNDXg?õKYf%KMaVaVX�NEP�P | Í�� � |M|M|2� A7S
Û�m [ sRf�ÅgN [ c ^ � c X7agNDX f(^ c Ðn`lf�P cMt f�ÅV`;P~X�N Ç `;PhfhNDXvKYX�NßZVP�NEa©}<KMmVa¥f�ÅgNDs�Ð¯NEÅVKErMNdL�ZV]7Å [ `;ÖMNªf�ÅgN�] c X�XGNEPhe c mVaV`;m Ç
Ðn`lf�P cMt f�ÅgNÝQ.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ç `ºPhfhNDXESD�
`lf | `ºP¥]DK [;[ NEa cæX�NEKMags i KMmVaÑ`;PTXGNEKMa � c m [ sMS �0t `;f¥`;P c mVNÆ`lf
LONEKMmVPRf�ÅgN�fhXGKMmVP�L§`;fhfhNDXj`;P.X�NEKMagsÔf c KM]D]oNDeVf?KÆmgND^ú]GÅnKYXGKM]ofhNDX t,c X c ZgfhenZVfDS �(t `lfj`;P �DNDX c `lfjLONEKMmVPRf�ÅgN
fhXGKMmVPGL§`lfhfhNDXÆ`;POP�f�` [;[ ÐnZVPhs c ZgfhenZgfhf�`;m Ç f�ÅgNÔeVX�NDrk` c ZVPO]7ÅVKYXGKM]ofhNDX Ç `;rMNEm f c `lfDS �
`lf c mgN¢`ºP ch`;mCfhNDXGXGZgeVf
NEmVKYÐ [ N i � `lf?`;PjX�NEKMaVKYÐ [ NÄKMmVa
^.XG`lf�KYÐ [ NMS �0t `;f�`ºPjP�NDfjf cÔc mVNM}~f�ÅgNEmµKMmµ`;m5fhNDX�XGZgenf.^.` [º[ Ð¯NÄX�NEØ5ZVNEPhfhNEa c m
[ NDrMN [ c mVNT^.ÅgNEmgNDrMNDX.f�ÅgNTX�NEKMags�Ðn`lf4`;P c mgNMS

Ò ÅVN4ÎFmVK [ agNDr�`º]oN�X�N Ç `;PhfhNDX
`;P�f�ÅgN Ò XGKMmVP�LÆ`lfhfhNDXßp�KYf�KÄQ�N Ç `;PhfhNDX ?õKYf
KMaVagX�NEP�P | Í�� � |M|M| ]JA7S u ÅgNEmÝ`;f�`;P
^�XG`;fhfhNEm©}Mf�ÅgN [ c ^ � c XGagNDX%NE` Ç Å5f%Ðn`lf�P KYX�N4f�KYÖMNEmÆKMPªKMm§�?i bd��� ]7ÅVKYXGKM]ofhNDXdf c?c ZgfhenZgf f c f�ÅgN�aV`ºPhe [ KAsMS u ÅgNEm
f�ÅgN Ò X7KMmVP�L§`lfhfhNDXdp�KYf�KOQ�N Ç `;PhfhNDX
`;Pß^�XG`lfhfhNEm~}Cf�ÅgNjX�NEKMagsOÐn`;fß`;mÆf�ÅgN Ò XGKMmVPGL§`lfhfhNDX bdc mCfhX c [ Q.N Ç `;PhfhNDX
^.` [;[
Ð¯N�X�NEPhNDf�f c �DNDX c S Ò ÅgN?Ðn`;fd^R` [;[ Phf�KEs �DNDX c ZVmCf�` [ NEm c Z Ç ÅÔf�`;LONTÅnKMP4N [ KYenPhNEaÏf c fhXGKMmVP�L§`;fdf�ÅVNT]GÅVKYXGKM]ofhNDX
f c f�ÅgN.fhNDXGL§`;mVK [ �2f�ÅgNEmOf�ÅgN4XGNEKMags�Ðn`lf ^.` [;[ Ð¯N�PhNDfªÐFKM]�Ö�f cTc mgN.K Ç KM`ºm©S Ò ÅgN Ò XGKMmVP�L§`;fhfhNDX�p�KYf�K¥Q�N Ç `ºPhfhNDX
P�Å c Z [ a c m [ sµÐ NÝ^�XG`lfhfhNEm�^.ÅgNEmÑf�ÅgN�X�NEKMags¹Ðn`;f cMt f�ÅgN Ò X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ç `;PhfhNDXO`;P c mgN �d` t f�ÅgN
fhXGKMmVPGL§`lfhfhNDXÝ`ºP�m�v_f§X�NEKMaVs f�ÅgNEm ^�X7`lfhNEP§f c f�ÅgN Ò XGKMmVPGL§`lfhfhNDXÝp�KYf�KÌQ�N Ç `;P�fhNDX�KYX�Ny` Ç m c X�NEa ?°f�ÅgNy^�XG`lfhN
KYeVe¯NEKYXGP4f c P�ZV]D]oNDNEa¸ÐFZgf
f�ÅgN¥]GÅnKYXGKM]ofhNDXR^R` [;[ m c f�Ð¯N c ZgfhenZgf[A7S

� mOX�NEK [ ] c L§enZgfhNDXGPß`lf%f�KYÖMNEP�f�`ºLON4f c PhNEmna§]GÅVKYX7KM]ofhNDXGP c rMNDXßf�ÅVN�PhNDXG`;K [V[ `;mgNEP f�ÅVKYf�] c mnmgNE]of�fhNDXGLÆ`;mVK [ P
f c ] c L§enZgfhNDXGPDS Ò ÅVNEPhN�f�`;LON [ K Ç P�KYX�NjP�`;LÄZ [ KYfhNEaOÐ�sÆikÂ � xÑSCà c XdNoÍkKMLOe [ NM}5K t fhNDXßf�ÅVN.fhXGKMmVPGL§`lfhfhNDXßP�f�KYX�f�P
fhXGKMmVPGL§`lfhf�`;m Ç K�]7ÅVKYXGKM]ofhNDXE}Yf�ÅgN�fhXGKMmVP�L§`;fhfhNDXFv P©X�NEKMagsjÐn`lf©^R` [;[ Ð¯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`;mÏX�NEK [ ] [ c ]�ÖÔf�`;LONMS Ò ÅV`ºP4LONEKMmVP�f�ÅnKYf.f�ÅgNTfhX7KMmVP�L§`lfhfhNDXR^.` [;[
m c fTÐ¯NE] c LONÆX�NEKMagsµK Ç KM`;m�ZnmCf�` [ f�ÅVN§eVX c ]oNEP�P c X¥ÅnKMPTNoÍkNE]DZgfhNEa�K¸]oNDXGf�KM`;m�m�ZVL�Ð NDX cMt `ºmVPhfhXGZV]of�` c mVPDS �(t
s c ZÔPhf c eÏf�ÅgN?L§KM]7ÅV`;mgN�KMmVa [ c�c ÖÆKYf
f�ÅgN�X�NEKMags§Ðn`;fßZVP�`ºm Ç ikÂ � xÑ}k`lfß^R` [;[ m c f
]7ÅVKMm Ç NMS�× c ^dNDrMNDXE}n` t s c Z
[ NDf4f�ÅgN�L§KM]GÅV`ºmgN?XGZVmÏf�ÅgNEm¸f�ÅgN?Ðn`lf4^.` [;[ NDrMNEmCf�ZVK [º[ s�]7ÅVKMm Ç NTÐFKM]�ÖÔf c§c mgNMS
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