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µ¿¾ °8ÀFÁ§Âp©«ª~©p¯'¦gÃ·Ã·®�°^¨�¨�°_¨
µÅÄ °8ÀFÁ§Âp©«ª~©p¯'¦gÃ·Ã·®�°^¨�¨�°_¨
µÇÆ °8ÀFÁ§Âp©«ª~©p¯'¦gÃ·Ã·®�°^¨�¨
µ¿È °8ÀFÁ§Âp©«ª~©p¯'¦gÃ·Ã·®�°^¨�¨�°_¨

¤L¦gÃ§Ã¡©p´§¸$®�°8¸E©²¨z¯�°_®�¨�¯�³Q¦
µ¿¾�É ¦EÃ·Ã¡®�°_¨�¨�¹¼¦Eª­¬·©p´§°
µÅÄ�É ¦EÃ·Ã¡®�°_¨�¨�¹¼¦Eª­¬·©p´§°
µÇÆ8É ¦EÃ·Ã¡®�°_¨�¨�¹¼¦Eª­¬·©p´§°
µ¿È�É ¦EÃ·Ã¡®�°_¨�¨�¹¼¦Eª­¬·©p´§°
µ Â²³E¦EÃbÊ�¨z¯�³E®�°Ë¹¼¦gª­¬·©²´·°
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¤L¦�Â²Â ³EÁb°_®�¦g´§Ã·¨�©p´	¹º°8¹º³E®�»TÔ<³gÁD°8®­¦�´§ÃÖÕ×¹º°_¹$³E®�»�¦gÃ·Ã¡®�°_¨�¨
¤L¦g¨�¨�¶·¹º°Ë¯�¬§¦�¯"°^¦gª­¬	¦gÃ·Ã·®�°^¨�¨�©«¨"¨n¯�³g®�°_Ã>©p´Ö¦�´	©²´§¨z¯�®�¶§ªa¯�©p³E´�°8ÀN¯�°8´§¨�©²³g´�Ø�³E®�Ã
¤�¹º°8¹º³g®�»>¦EÃ·Ã¡®�°_¨�¨z°^¨�¶b¨z°2¯�¬·°Ù´·³�¯­¦�¯�©p³E´UÚ^Û²ÜEÝgÝ�Þ�ßaà­à~á�â
¤L¦gª_ª~³E¶·´N¯�©²´·¸§Ô

µ ©²´§¨z¯�®�¶§ªa¯�©p³E´�®�°~½y°_®�°_´§ª~°^¨
µ Ã§¦�¯�¦$®�°~½y°_®�°_´§ª~°^¨
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Memory ALU
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¦óò(¦'ô�¥öõLª�ô�Ãóô�°

¦ Æ^ÈgÈ
¥ Æ^Èg÷
ª ÆEÆ_ø
Ã Æ:Ä�ù
° Æ^¾EÄ

¹ó¶·ÂpÀ Û Æ^ÈgÈ álú Û Æ_Èg÷ áXúOÛ Æ_ÈEÈ á ûýüÙôìþ�ÿ*ü ù ©p´b¨n¯�®��<®�°~½v¨ ¾ Ã·¦�¯­¦ö®�°~½v¨
¹ó¶·ÂpÀ Û ÆEÆ_ø álú Û Æ^Ä�ù áXúOÛ Ä�ÈEÈ á û���ô��öÿ�� ù ©p´b¨n¯�®��<®�°~½v¨ ¾ Ã·¦�¯­¦ö®�°~½v¨
¹ó¶·ÂpÀ Û ÄgÈgÈ álú Û Æ_¾EÄ áXúOÛ Ä�ÈEÈ á û���ô�	Ëÿ
� ù ©p´b¨n¯�®��<®�°~½v¨ ¾ Ã·¦�¯­¦ö®�°~½v¨
¦gÃ·Ã Û Æ^ÈgÈ álú Û Ä�ÈgÈ áXúOÛ Æ_ÈEÈ á ûýüÙõ��ýÿ ü ù ©p´b¨n¯�®��<®�°~½v¨ ¾ Ã·¦�¯­¦ö®�°~½v¨

Æ_ø ©²´§¨n¯�®���®�°~½v¨ Æ^Ä Ã·¦�¯�¦$®�°8½v¨
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¤ Ä °~À¡Á·Â²©«ª~©p¯ð¦EÃ·Ã¡®�°_¨�¨z°^¨
¤�³g´§° ¦gÃ·Ã¡®�°_¨�¨�©²¨ð¦¼¨�©²¹$Á§Âp°Ù¨�³g¶·®­ª~°
¤�¯�¬§°Ù³�¯�¬§°8®ð©«¨"¦º¨z³E¶·®�ª8°�¦g´§Ã	Ã¡°_¨z¯�©²´§¦�¯�©²³g´
¤LÃ·¦�¯�¦$Á§¦�¯�¬§¨

Memory ALU
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¦ Æ^ÈgÈ
¥ Æ^Èg÷
ª ÆEÆ_ø
Ã Æ:Ä�ù
° Æ^¾EÄ

¹ó¶·ÂpÀ Û Æ^Èg÷ áXúOÛ Æ_ÈgÈ á û�þ�ô�ü$ÿ*ü ¾ ©p´§¨z¯�®���®�°~½v¨ ¾ Ã§¦�¯�¦$®�°~½v¨
¹º³�� Û ÆEÆ_ø áXúOÛ Ä�ÈgÈ á û��"ÿ�� ¾ ©p´§¨z¯�®���®�°~½v¨ Ä Ã§¦�¯�¦$®�°~½v¨
¹ó¶·ÂpÀ Û Æ:Ä�ù áXúOÛ Ä�ÈgÈ á û��Ëô��ýÿ�� ¾ ©p´§¨z¯�®���®�°~½v¨ ¾ Ã§¦�¯�¦$®�°~½v¨
¹ó¶·ÂpÀ Û Æ^¾EÄ áXúOÛ Ä�ÈgÈ á û�	ìô���ÿ�� ¾ ©p´§¨z¯�®���®�°~½v¨ ¾ Ã§¦�¯�¦$®�°~½v¨
¦gÃ·Ã Û ÄgÈgÈ áXúOÛ Æ_ÈgÈ á û�� õ�üºÿ ü ¾ ©p´§¨z¯�®���®�°~½v¨ ¾ Ã§¦�¯�¦$®�°~½v¨

Æ�� ©p´b¨n¯�®���®�°~½v¨ Æ8ù Ã·¦�¯­¦$®�°8½v¨
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ldx
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ALU
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¦ òe¦'ô�¥óõ�ª�ô�Ã ô�°

Â«ÃFÀ Û Æ_ÈEÈ á ûý¦Eª8ª"òeü Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ_ÈE÷ á ûý¦Eª8ª"òe¦gª8ªýôìþ Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¨z¯zÀ Û Æ_ÈEÈ á ûýü$ò ¦Eª8ª Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
Â«ÃFÀ Û ÆgÆ^ø á ûý¦Eª8ª"ò/� Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ^Ä�ù á ûý¦Eª8ª"òe¦gª8ªýô�� Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ_¾NÄ á ûý¦Eª8ª"òe¦gª8ªýô�	 Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¦EÃ·Ã Û Æ_ÈEÈ á ûý¦Eª8ª"òe¦gª8ªýõLü Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½
¨z¯zÀ Û Æ_ÈEÈ á ûýü$ò ¦Eª8ª Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã§¦�¯�¦$®�°~½

Æ_ø ©p´b¨n¯�®��<®�°~½v¨ ÷ Ã§¦�¯�¦$®�°~½v¨
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¤�¯�¬§°ºà�$�Ü���2�Á·®�³��F©²Ã¡°^¨ì¨z³E¶·®�ª8°_¨ð¦g´§Ã�Ã·°_¨z¯�©²´§¦�¯�©p³E´
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¤�½y°~¯­ª­¬·©²´·¸º¯�¬·°Ù³EÁb°_®�¦g´§Ã·¨

ALU
Stack
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Stack

ALU
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¦ òe¦'ô�¥óõ�ª�ô�Ã ô�°

Á·¶§¨�¬¡À Û Æ^ÈgÈ á û>=vü!? Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
Á·¶§¨�¬¡À Û Æ^Èg÷ á û>=vü!?�=Xþ�? Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ û>=vüÙôìþ�? Æ ©²´§¨z¯�®���®�°~½
Á·¶§¨�¬¡À Û ÆEÆ_ø á û>=vüÙôìþ�?�=@�A? Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
Á·¶§¨�¬¡À Û Æ:Ä�ù á û>=vüÙôìþ�?�=@�A?�=@�B? Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ û>=vüÙôìþ�?�=@��ô��C? Æ ©²´§¨z¯�®���®�°~½
Á·¶§¨�¬¡À Û Æ^¾EÄ á û>=vüÙôìþ�?�=@��ô��C?�=@	�? Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ û>=vüÙôìþ�?�=@��ô��2ô�	�? Æ ©²´§¨z¯�®���®�°~½
¦gÃ·Ã û>=vüÙôìþ<õD�ýô���ô�	�? Æ ©²´§¨z¯�®���®�°~½
Áb³EÁEÀ Û Æ^ÈgÈ á Ä ©²´§¨z¯�®���®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½

Æ^ø ©²´§¨z¯�®���®�°8½v¨ ø Ã·¦�¯�¦$®�°8½v¨

ø



���v�\�����·Ì
E �GF�¢�Ógê¡�  bÓ

¤�®�°_Ã¡¶§ª8°ÙÃ·¦�¯­¦º®�°8½y°8®�°8´§ª8°_¨IHy©²´N¯�°8®�¹º°_Ã¡©«¦�¯�°Ù®�°^¨z¶§Â�¯­¨:J
¤�®�°_Ã¡¶§ª8°2©p´§¨z¯�®�¶§ª~¯�©²³g´	®�°8½y°8®�°8´§ª8°_¨IHv¨�¹¼¦�Â²Â�¦gÃ§Ã¡®�°^¨�¨�°_¨�J

���v�\�����¡ã

- Ò�ê¡Ò Î Ò�ê·é'Ó�K�Lý  ��å Ò�Ñ ç ä�å:æ(ç'ç  ·��ÓFÓ

RegistersMemory ALU

M



���v�\�����Fí

ä�å�æ(ç'ç  §��ÓFÓN��ïðÒ<ÐÅñ�Ïn�

OQPSRUT VUW�X�X�Y[Z\VUW�X�]�Y[Z;^`_7a bGcedgfihj^`_7a kmlonSp'qr_*st_vu:w+p aQxBy�qzym_vu:w+p
OQPSRUT VUW�W*{�Y[Z\VUW*aA|AY[Z;^`_zk bG}gd�~mhj^`_zk kmlonSp'qr_*st_vu:w+p aQxBy�qzym_vu:w+p
OQPSRUT VUW�k<a*Y[Z;^`_zk�ZC^`_zk b���d�^`_zk>hj^`_zk a`lonSp'qr_*st_vu:w+p�s W>xBy�qzym_vu:w
y�xSx ^`_zk�ZC^`_7a%Z5V�W*X�X�Y bg^`_zki��^`_7aeh�c a`lonSp'qr_*st_vu:w+p W>xBy�qzym_vu:w

W�XQlUnBp'qr_*sG_vu:w�p {IxBy�qzym_vu:w+p
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��å�æ(ç'ç  §��ÓFÓN��ïðÒ<ÐÅñ�Ïn�

¹ö¶·Â�À Û Æ_Èg÷ áXú Û Æ_ÈEÈ á û�þ�ô�üºÿ ü ¾ ©p´§¨z¯�®���®�°~½v¨ ¾ Ã·¦�¯­¦ö®�°~½v¨
¹º³�� Û ÆgÆ_ø áXú��ó® Ä û��"ÿ��ó® Ä Ä ©p´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯­¦ö®�°~½
¹ö¶·Â�À Û Æ^Ä�ù áXú��ó® Ä û��2ôe�ó® Ä ÿ��ó® Ä Ä ©p´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯­¦ö®�°~½v¨
¹ö¶·Â�À Û Æ_¾EÄ áXú��ó® Ä û�	ìôe�ó® Ä ÿ��ó® Ä Ä ©p´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯­¦ö®�°~½
¦EÃ·Ã �ó® Ä ú Û Æ^ÈgÈ á û��ó® Ä õ�üºÿ ü Ä ©p´§¨z¯�®���®�°~½v¨ Ä Ã·¦�¯­¦ö®�°~½v¨

ÆgÆ ©p´b¨n¯�®���®�°~½v¨ ÷ Ã·¦�¯­¦ö®�°~½v¨

÷
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RegistersMemory ALU
mov
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��������å:æ(ç'ç  ·��ÓFÓ���ïðÒ�ÐÅñËÏz�

¹$³�� Û Æ^ÈgÈ álú9�ó® Ä ûýüºÿ��ó® Ä Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ Û Æ^Èg÷ álú9�ó® Ä û�þ�ôe�ó® Ä ÿ�� ® Ä Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹$³�� Û ÆEÆ_ø álú9�ó® ¾ û��"ÿ��ó® ¾ Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ Û Æ:Ä�ù álú9�ó® ¾ û���ôe� ® ¾ ÿ��ó® ¾ Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¹ó¶·ÂpÀ Û Æ^¾EÄ álú9�ó® ¾ û�	ìôe�ó® ¾ ÿ��ó® ¾ Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½
¦gÃ·Ã � ® ¾ ú9�ó® Ä û��ó® ¾ õ��ó® Ä ÿ��ó® Ä Æ ©²´§¨z¯�®���®�°~½
¹$³�� � ® Ä úOÛ Æ_ÈEÈ á û��ó® Ä ÿ ü Ä ©²´§¨z¯�®���®�°~½v¨ Æ Ã·¦�¯�¦$®�°8½

Æ^¾ ©²´§¨z¯�®���®�°8½v¨ ø Ã·¦�¯�¦$®�°8½v¨

�
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�Då�æ(ç'ç  §��ÓFÓN��ïðÒ<ÐÅñ�Ïn�

Â«ÃFÀ Û Æ_ÈEÈ á ûý¦Eª8ª"òeü Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ_ÈE÷ á ûý¦Eª8ª"òe¦gª8ª�ôìþ Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½
¨z¯zÀ �ó® Ä û��ó® Ä ò ¦Eª8ª Æ ©²´§¨z¯�®��<®�°8½
Â«ÃFÀ Û ÆgÆ^ø á ûý¦Eª8ª"ò/� Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ^Ä�ù á ûý¦Eª8ª"òe¦gª8ª�ô�� Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½
¹ö¶·ÂpÀ Û Æ_¾NÄ á ûý¦Eª8ª"òe¦gª8ª�ô�	 Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½
¦EÃ·Ã �ó® Ä ûý¦Eª8ª"òe¦gª8ª�õ��ó® Ä Æ ©²´§¨z¯�®��<®�°8½
¨z¯zÀ Û Æ_ÈEÈ á ûýüºò(¦Eª8ª Ä ©²´§¨z¯�®��<®�°8½v¨ Æ Ã·¦�¯�¦$®�°~½

Æ8ù ©p´§¨z¯�®���®�°~½v¨ ø Ã·¦�¯�¦$®�°~½v¨
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� LýÒ çI��� êCL� ·����ïìÒ�ÐÅñËÏz�

Rox%T V�W*X�XAY�Z9^`_7a b��U�*�<��� amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w
Rox%T V�W*X�]AY�Z9^`_zk b��U�*�<��� amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w
OmPBR�T ^`_zk%Z!^>_7a%Z;^>_7a bGc>dgfih�^`_7a WelUnBp'qr_*st_vu:w
Rox%T V�W�W�{AY�Z9^`_v| b��U�*�<��� amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w
Rox%T V�W�a�|�Y�Z9^`_7� b��U�*�<��� amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w
OmPBR�T ^`_v|�Z!^>_7�%Z;^>_v| bG}�dg~mhj^`_v| WelUnBp'qr_*st_vu:w
Rox%T V�W*k�a�Y�Z9^`_z{ b��U�*�<��� amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w
OmPBR�T ^`_v|�Z!^>_z{�Z;^>_v| bG}�dg~ed���hj^>_v| WelUnBp'qr_*st_vu:w
y�xBx ^`_v|�Z!^>_7a%Z;^>_7a bG}�dg~ed�����cedgf�hj^>_7a WelUnBp'qr_*st_vu:w
p'qrT ^`_7a�Z5V�W�X�XAY amlUnBp'qr_*st_vu:w�p W>xSyAqzym_vu:w

W*{QlUnSp'qr_*s�_vu7w+p {IxSyAqzym_vu:w�p
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