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PC

Program Counter

32 bits

R1

R0

R30

R31

.

.

.

Registers

32 bits

Main Memory

3 2 1 0

2    bytesst r3,1000

sub r3,r4,r5

32 bits

32

0x00000000:

0x00000004:

0x00000008:

0xFFFFFFFC:

0xFFFFFFF8:
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62787 9;:"<=9
62787?> 9;:�@,9
62A27 9;:"<=B
62A27C> 9;:�@,B
DFEHG 9;:
I�7
D A E 9;:
I E
> $KJLEHG 9;:"<NM
> $KJLEHG > 9;:�@=M
> $KJLOPE 9;:"<=Q
> $KJLOPE > 9;:�@,Q
> $KJLOSR 9;:"<,T
> $KJLOSR > 9;:�@UT
7WVYX 9;:"<=@
7WVYXZ> 9;:�@,@
[U$KJ 9;:
I D
O 7 9;:
I\B
O 7W] 9;:
I�^
$&_2O 9;:"<,<
$&_2O > 9;:�@U<
0 ] 9;:"<=`
0 ]a> 9;:�@,`
b5c O 9;:"<,>
b5c O > 9;:�@U>
b5c ] 9;:"<N7
b5c ]a> 9;:�@=7
b ]d6 9;:"< E
b ]d6d> 9;:�@ E
b _WD 9;:"<5I
b _WD > 9;:�@SI
b R 9;:
I\`
e20 ] 9;:"<N6
e20 ]a> 9;:�@=6
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-/.�0214325 6&7&798;:=<?>@:BAC>D:�E!F
GIH�JLK!M 325 NPO&O!O&O!O :"E :�< :BA Q&R!Q�S4T4U
GIH 3WVX0ZY\[ K4] 5_^=`ba cd^=`!e�fhg

:�Eia cd:�<&e�fjcd:BA"e

kml 3 JLK4] Y�3 ] Y�. K4n V�3L14[o.pY�3WVq:=<D[o.q0 M�M 3 M Y K Y l 3 JWK4] Y�3 ] Y�. K4n V�3W14[(.pY�3rVi:BA*0 ]�M Y l 3�sBtPuwv�[xY,.py�z{[o.
| V�[oY\Y\3 ] Y K :�E!}

kml [(.~[ ] .pYpV�y J Y�[ K4]*JLK z H y=Y�3L. ]�K�J 0ZV\V\� K V K�� 3WV\� K | [ ]�n�K V\z�0ZY�[ K4] }/� n�M 3L.\[oV\3 M
� Y l [(. J 0 ] v�3 JLK z�u
H y=Y�3 M Y l V K y�1 l 3r� H�� [ J [oY JLK z H 0ZV\3i[ ] .pY\V�y J Y\[ K4] .L}

$&%���),+�+��
-/.�0214325 6&7&7=`�8�:=<�>@�d���;���Z�!��>�:"E�F
GIH�JLK!M 325 N&NPO!O&O!O :"E :�< ���P�=TB��<!�
GIH 3WVX0ZY\[ K4] 5_^=`ba cd^=`!e�fhg

:�Eia cd:�<&e�f��� �¡£¢¥¤¦�d���;���2�!��§

kml 3 JLK4] Y�3 ] Y�. K4n V�3L14[(.;Y�3WV¨:�<©[(.ª0 M�M 3 M Y K �d���;���Z�!�«0 ]�M Y l 3,sBtPu�v�[oYª.\y�z¬[o. | V�[xY\Y�3 ] Y K :"E�}

kml [(.~[ ] .pYpV�y J Y�[ K4]*JLK z H y=Y�3L. ]�K�J 0ZV\V\� K V K�� 3WV\� K | [ ]�n�K V\z�0ZY�[ K4] }/� n�M 3L.\[oV\3 M
� Y l [(. J 0 ] v�3 JLK z�u
H y=Y�3 M Y l V K y�1 l 3r� H�� [ J [oY JLK z H 0ZV\3i[ ] .pY\V�y J Y\[ K4] .L}

$&%®­¯)~°�+
-/.�0214325 6!±B798;:=<?>@:BAC>D:�E!F
GIH�JLK!M 325 NPO"N²O&O!O :"E :�< :BA Q&R!Q�S4T4U
GIH 3WVX0ZY\[ K4] 5_^=`ba cd^=`!e�fhg

:�Eia cd:�<&e�³�cd:BA"e

kml [(. H 3WV n�K V\z©./Y l 3´v�[xY | [o.\3�v K�K4� 3�0 ]*µ¥��¶·n y ]�J Y\[ K4] v�3WY | 3L3 ] Y l 3 JWK4] Y�3 ] Y�. K4n V\3L14[(.pY\3WVi:=<¸0 ]�M
Y l 3 JLK4] Y\3 ] Y\. K4n V�3W14[(.pY�3rVª:BA
} kml 3iV�3L.py � YI[o. | V�[xY\Y�3 ] Y K V�3W14[(.pY�3rVª:"E=}

$&%®¹¯)~°�+��
-/.�0214325 6!±B7=`�8�:=<�>@�d���;���Z�!��>�:"E�F
GIH�JLK!M 325 N&N&N²O&O!O :"E :�< ���P�=TB��<!�
GIH 3WVX0ZY\[ K4] 5_^=`ba cd^=`!e�fhg

:�Eia cd:�<&e�³¸�� �¡º¢�¤¦�d���;���2�&�w§

kml [(. H 3WV n�K V\z©./Y l 3´v�[xY | [o.\3�v K�K4� 3�0 ]*µ¥��¶·n y ]�J Y\[ K4] v�3WY | 3L3 ] Y l 3 JWK4] Y�3 ] Y�. K4n V\3L14[(.pY\3WVi:=<¸0 ]�M
�d���;���Z�!��} k¨l 3qV�3L.\y � YI[(. | V�[oY\Y\3 ] Y K V�3L14[o.pY�3WV¨:�E�}
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243�576987: ;!<>=@?BA>CEDGFIHKJML�FNDOA�P!Q

;KRS?TA�CEDUFIHKJ-L�FVDWA"PKQ
X+Y�Z\[!] 87: ^"_&_!_N^�_ A"P A�C `�aNb>cedKC!`
X+Y 8-fg5/hji [9k :lFImonBL�p7H&Frqtsjs X4uvurwKxzy sIFIHKJ-L�Fo{}| X4uvurwKxzy s Z\~ fjfj8 k h+i k 3�hjf ~�Z h�i [9k {�{�� �9{z|��

�>��� ���>�!�����
��� � ���>�!�������N� ���z� s�FImonBL�p7H&F�{
A�P � ���>�!�
�B� � A�C � q���h���8 k �>��� ���

y ��8 �>� [ ��h���8 i k 3�hjf ~�Z h�i [9k � [9¡¢¡£[N¤ i k 6¥h���8§¦ xz¨ i k 3Bhjf ~�Z h�i [9k s�h���8 ~>Y�] 5/hj8 ] �K� {©i¢3 ¤ f�i£hjhj8 k h [
f�8\69i£3�h�8-fªA�P!« y ��8 k h���8 Z\[9k hj8 k hj3 [ �¬f�8\69i¢3Bh�8-fWA>C�5/fj8�h�8\3�hj8 ] «­�T�¬h���8M®�5/f�8�¯\8-f [�° h���8 �K� i£3
¡¢[ 5 ] 8 ]±¤ i£h��)h���8 hg5/fj698-h�5 ]�] f�8\3j3-² [ h���8-f ¤ i¢3j8 ° 8M³>8 Z\~ h�i [9k�Z-[9k h�i k!~ 8-3 ¤ i£h��)h���8 k 8M³Kh�3�8\´ ~ 8 k h�i¢5 ¡
i k 3Bhjf ~�Z h�i [9k «
y ��8 ] i¢3 Y�¡ 5 Z 8\µ¶8 k h�F�monBLVp/H!Fzi£3·h�f�8�5/h�8 ] 573©5¸3ji¢6 k 8 ]�¡¢[9k 6 ¤�[ f ]G[7¹ 3j8Mh�« y ��i£3©µº8�5 k 3»i'h©i£3�3j��i£��h�8 ]
¡ 8-��hzh ¤�[¬¼ i£h�34s�h [ 5 ]�] f�8-3j315 ¡¢[9k 6 ¤�[ f ]º¼�[9~�k�] 5/fj®�{ ° 3ji£6 k 8M³>hj8 k�] 8 ] h [�½ � ¼ i'h�3 ° 5 k�] 5 ]�] 8 ] h [ h���8
~>Y�] 5/hj8 ] �K� h [ � [ f�µth���8·hg5/f�698-h�5 ]�] f�8\3�3\«
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;KÄe<Å?BA>CEDGFIHKJML�FNDOA�P!Q
X+Y�Z\[!] 87: ^"_&_!_&_Æ^ A"P A�C `�aNb>cedKC!`
X+Y 8-fg5/hji [9k :lFImonBL�p7H&Frqtsjs X4uvurwKxzy sIFIHKJ-L�Fo{}| X4uvurwKxzy s Z\~ fjfj8 k h+i k 3�hjf ~�Z h�i [9k {�{�� �9{z|��

�>��� ���>�!�����
��� � ���>�!�������N� ���z� s�FImonBL�p7H&F�{
A�P � ���>�!�
�B� � A�C �4Çq���h���8 k �>��� ���

y ��8 �K� [ �1h���8 i k 3�hjf ~�Z hji [9k � [9¡¢¡£[N¤ i k 6¥h���8§¦�È x i k 3�hjf ~�Z hji [9k s�h���8 ~>Y�] 5/h�8 ] �>� {©i¢3 ¤ f�i£hjhj8 k h [
f�8\69i£3�h�8-f©A�PK« y ��8 k h���8 Z\[9k h�8 k h�3 [ �zf�8\69i£3�h�8-f�A>CU5/f�8¶h�8\3Bh�8 ] «ª�T�zh���8-®¿5/f�8 k�[9k |�¯\8-f [�° h���8 �K� i£3
¡¢[ 5 ] 8 ]±¤ i£h��)h���8 hg5/fj698-h�5 ]�] f�8\3j3-² [ h���8-f ¤ i¢3j8 ° 8M³>8 Z\~ h�i [9k�Z-[9k h�i k!~ 8-3 ¤ i£h��)h���8 k 8M³Kh�3�8\´ ~ 8 k h�i¢5 ¡
i k 3Bhjf ~�Z h�i [9k «
y ��8 ] i¢3 Y�¡ 5 Z 8\µ¶8 k h�F�monBLVp/H!Fzi£3·h�f�8�5/h�8 ] 573©5¸3ji¢6 k 8 ]�¡¢[9k 6 ¤�[ f ]G[7¹ 3j8Mh�« y ��i£3©µº8�5 k 3»i'h©i£3�3j��i£��h�8 ]
¡ 8-��hzh ¤�[¬¼ i£h�34s�h [ 5 ]�] f�8-3j315 ¡¢[9k 6 ¤�[ f ]º¼�[9~�k�] 5/fj®�{ ° 3ji£6 k 8M³>hj8 k�] 8 ] h [�½ � ¼ i'h�3 ° 5 k�] 5 ]�] 8 ] h [ h���8
~>Y�] 5/hj8 ] �K� h [ � [ f�µth���8·hg5/f�698-h�5 ]�] f�8\3�3\«
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243�576987: �eÎ&� <>=Ï?BA>CED¥A&Ð}D¥A�P!Q
X+Y�Z\[!] 87: _N^&^�_N^!^ A"P A�C AeÐ Ñ&Ò!Ñ�Ó9c9Ô
X+Y 8-fg5/hji [9k : �>��� ���>�!�����

�B� � A�C � q � AeÐ � h���8 k A"P � ��8 ¡ 3�8�A"P � �
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$&%�')(+*-,/.�'+,/.�01*-2&3�'54-6708.�'+3�9;:=<>3�'?(5*-@BA"<>3�'+CD.�*E.�%�'F(5*-,G.�'5,G.�01*-2H3�'54-6708.�'+3I9/J�KMLN2H.�%�'?.POH*Q<>3�'
'5R!S�<UTWV�.�%�'YXU<UTZS�'[*-,�'\670&O]3�6^._.�'5,).�*�3_'54-670`._'+3]9"a;b�*U.�%�'c3_Od6Z0_'[e+'+3�*B6Z0fOf3�6^._.�'5,).�*�9"a;K

g/hji�kml�npo5qsr
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� A�(5*!C�'Uu �/�������!� 9"a 9�: �����;�G�s:!�
� A�'+3�<>._67*-,
u�x;vI� ��x;v!�����

L82H��9�:/�m�����"�H� �¡~��W�8���>�!~W¢£.�%�'5,¤9"a¥� ¦¥'5T70`'¥9"a¥� §

$&%�'[(5*-,G.�'5,G.�0¨*-2�3_'54-670`._'+3]9;:?<>3�'[(+*-@BA"<>3�'5C).�*B~��W�8���U�!~NK©LN2�._%�'¥.POH*ª<>3_'['5R!S�<UTWV�.�%�'YXU<UTZS�'[*-,�'[6Z0
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