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Ã Ä ��ÅÆ�rÇ³� È

ÉvÊ�Ë§ÌÎÍÏË¨ÊÑÐ ÉLÒ¢Ó­ÊÑÒ:Ô Ë§Ó 
 ÓÖÕ×ÓÙØ Ú 	
�ÜÛ Ý Ò¢ÓÙÞ � É�ÓÖß

àiá#á (+�F�#��"62B !$=�02K*E*f�9�)/T�7*I2K"\â7*I�8��/ª�0/1���Z��"�2X$=�023��*f�9�i��2����X�fJ ? /@���A(�$=�%4�$�M

N�O�PRQTSRO�U@VCWZ]\[�ã0W
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�Ö}�tuy`dfk�{;~ � tuyA®f¯��Ögrt � npc�k�gr} � cKgBcKzRd�cKx�k�z�x�k��Tc;y`cKz�dA�vt � l;�«�ek+dfb�x�k��Tc;y`cKz�d�grkm{3yfh|tuy`{`b�k+d�cK{=�df~#yfcKlK�vaeb#c�lft%gBc^c3£0cK{;~Zdftun � c�}�yfh%�%y`t%gÙ{;t%z©npc�c3£�cK{;~#d�cKx�h|z©dfb#cKl�cwgrk�{3yfh|tuy�{`bZk+d�cK{3df~ZyfcKle��k+dfb#h|~#dt%z � {`bZt%z#�%c%�syfc;�|tuy`x � cKl`l�h%j�dfb#cKk+ywxZk��pc;yfcKzZ{3cKl;�Lt%l � h|z#��t%l�dfb#c � kmgB} � cKgBcKzRd�dfb#cClft%gBc�®�¯��^�¬´Zh%yc3£#t%gB} � c%�!dfb#cw®<z�d�c � ®<�E��¸%îC®f¯��°b�t%l�npc;cKzHk�gB} � cKgBcKzRd�cKxFn � ®<z�d�c � kmzFxZk+�Tc;yfcKzRd�l � lfd�cKgrl;�\lf~Z{�b�t%l½@cKz�dfkm~Zgït%zZxF½@cKz�dfk�~�gï½oy`h#�v��}�tuyfd�j�y`h|gÆ®<z�d�c � �6t�z0~Zg�npc;y�h%j«{3h|gr}Tc;dfk�d�h%y`l;�6l`~Z{`bFt%l���±9ð�t%zZxº � y`k�£p�#bZtK�%cwt � l�h�x#c;�%c � h%}TcKx9grt%z � }Zyfh�{3cKlfl�h%y�lEd�h�k�gr} � cKgBcKzRdvdfb#c�®<�E��¸%îr®�¯��^�Z�Ñ}�tuyfdfk�{;~ � tuyEgrk��{3yfh|tuy`{�bZk+d�cK{3df~#y`c�g�k+�|b�d�j�h0{;~Zl�h|zXbZk+�|b�}Tc;y`j�h%y`g�t%zZ{3c%�R��b#c;yfcKt%lvt%z#h%dfb#c;y�grk+�|bRdsj�h�{;~Zl�h|z�yfcKx�~Z{;k�z#�dfb#cw{3h|l�deh%y�dfb#c�}ph7��c;y�{3h|z�lf~ZgB}Zdfk�h|z!��aEbZc�tun�k � k�d � d�h�x#c;�%c � h%}�xZk��pc;yfcKzRdegrk�{3yfh|tuy�{`bZk+d�cK{3df~ZyfcKlEj�h%ydfb#c lft%gBc ®f¯��­t ��� h7��l^}�yfh0{3cKl`l�h%yB�%cKzZx#h%y`l�d�h�dftuq%cFt%x#��t%zRdftu�%c©h%j�z#c;�ñ®fº°}�yfh0{3cKl`l�d�cK{`bZz#h � h%� � ��ebZk � cB}Zyfh��0k�x�k�z#� ~#}0��tuy`x.{3h|gB}�tudfk+n6k � k+d � d�hFdfb#c�~Zlfc;y`l�j�h%y�dfb#cKk�y�}�t%l�dwk�zR�%cKl�dfgBcKzRdfl^k�zGl�h%j�d���tuy`c%�� � dfb#h|~#�|bCh|~#y�xZk�l`{;~Zlflfk+h|zCl�c;cKgrlvd�hBk�z�xZk�{;tud�cidfbZtud�dfb#cAgrk�{3yfh|tuy�{`bZk+d�cK{3df~Zyfc � c;�%c � k�lvt � ��t � lek�gB} � c3�gBcKzRd�cKx�k�zBb�tuy`x#�vtuyfc%�Rl�d�y�k�{3d �+� lf}TcKtuq�k�z#�#��dfb#cegrk�{3y`h|tuy`{`bZk�d�cK{3df~#yfc � c;�%c � h|z �+� lf}TcK{;k�òZcKlot%zrtun�lfd�y`t%{3dgBh�x#c � �vaEbZk�letun�l�d�y`t%{3digrt%{`bZkmz#c^{;t%zFnpc�k�gB} � cKgBcKz�d�cKx9k�z©l�h%j�dI�vtuyfc�k+j@zZc;cKx#cKx!����zFc3£#t%gB} � c�kmlet{ � { � c3�It%{;{;~#y`tud�c�l�h%j�dI�vtuyfcBó�ô�ç�è�é�ê%ë-ì%í��plf~Z{�b©t%lEdfb#c^¯#k�gB} � c�¯#{;t � tuy�lfk�gw~ � tud�h%y�õ yfc;j<ö-�
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�ilsgBcKzRdfk+h|z#cKxrkmzBdfb#ce{�bZtu}Zd�c;yK� l�k�zRd�yfh0x�~Z{3dfk+h|z!�%h|~#y�z#c3£�doh%n���cK{3dfk+�%c�k�lod�h^k�gB} � cKgBcKzRd@dfbZcegrt%{`b�k�z#cl�}pcK{;k+ò�{;tudfk�h|zB�|k+�%cKzCtudsdfb#c�®�¯�� � c;�%c � k�zrbZtuy�x#��tuy`c%��O�cK{;t%~Zlfc�h%jpdfb#ci{3h|gB} � c3£#k+d � h%j!dfbZkmlogrt%{`b�k�z#c%�k+dCk�l�k�gr}Zy`t%{3dfk�{;t � d�h�xZk+y`cK{3d �+� x#cKlfk+�|z&t.�|tud�c3� � c;�%c � {;k+y�{;~Zk+d�y � dfbZtud�kmgB} � cKgBcKzRdfl�k�d;�¨aEb#c;yfc;j�h%yfc%�k�z³}�y`t%{3dfk�{3c%�v��cFdftuq%c�tGgBh%yfcFlfd�y`~Z{3df~#yfcKxªtu}Z}Zyfh|t%{�b&n � kmz�d�yfh�xZ~Z{;kmz#�Hh|z#c9h%yCgBh%yfc9t%xZx�k+dfk+h|zZt �tun�l�d�y�t%{3dfk+h|z � c;�%c � l�PK�«aEb#cKl�c � c;�%c � l@tuyfc�~Zl`~Zt ���+� k�gB} � cKgBcKz�d�cKx^k�z�b�tuy`x#�vtuyfc%�@aeb#c�tun�lfd�y`t%{3dfk+h|z � c;�%c �xZk+y`cK{3d �+� nTc � h7��dfbZc^grt%{�bZk�z#c � t%z#�|~Ztu�%c � c;�%c � kml�dfb#cCçwôRQ;í�ìKêuíSQ�TRô�ëIæ2QKë è�í�æ�é�æ�U%æ3é �Tt%zZxFk�lEy`cKl�}ph|zZlfk+n � cj�h%yEc3£0cK{;~Zdfk�z#��grt%{�bZk�z#c � t%z#�|~Ztu�%c�}Zy`h%�%y`t%grl;�
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aEbZc�{3h|gB}�~Zd�c;y@xZtudft�}�tudfb^{;t%z^npcocKt%l`k �+� xZk+��k�x#cKx�kmz�d�higrt��<h%y@n�~Zk � xZk�z#��n � h�{fq�l@t%zZx�lf~Zn�l � l�d�cKgrln�t%l�cKx�h|zHb#h�� x�tudft±[�h7� k�lil�}pcK{;k+òZcKx9kmz9dfb#cw®f¯����paEb0~Zl;�T��c�nZy`cKtuq©dfb#cwj�~Zz�{3dfk+h|zZt � k+d � l�}pcK{;k+òZcKxk�zBdfbZc�grt%{�bZk�z#c � t%z#�|~Ztu�%c�kmz�d�hwxZk��pc;yfcKz�ds}�tuyfdfl;�0t%zZx�~Zlfcel�c;}�tuy`tud�c�n�~Zk � xZk�z#�in � h�{fq�lod�hwk�gB} � cKgrcKz�dcKt%{`bCh%j!dfb#c�}�tuyfdfl�k�zrdfbZc�xZtudft^}�tudfb!�LaEb0~Zlstud�dfb#c�l � lfd�cKg � c;�%c � ����cil�c;c�dfb#c�{3h|gr}�~#d�c;yvbZtuy`x#�vtuyfck�zXd�c;y`g�l�h%jLgrt��<h%yen�~Zk � x�k�z#��n � h0{`q0let%zZxXdfb#cKk+yekmz�d�c;y`{3h|z�z#cK{3dfk+h|zZl;�
aEbZc�xZtudftF}�tudfb.h%jet9{3h|gB}6~#d�c;ywkml�n�~�k � dAj�yfh|g n6~Zk � xZkmz#��n � h0{`q0lwlf~Z{�b.t%l^yfc;�|k�lfd�c;y`l;�LgBcKgBh%y �c � cKgBcKzRdfl;�1tuy�k+dfbZgBc;dfk�{
² � h%�|k�{^~�zZk+dfl;�ph%dfb#c;yAj ~ZzZ{3dfk+h|z�t � ~Zz�k+dfl;�!t%zZxHk�zRd�c;y`{3h|zZz#cK{3dfk+h|z�l;��®<zHh%y`x#c;y�d�hx#cKlfk��|zCtBx�tudft�}�tudfbXj�h%yEkmgB} � cKgBcKzRdfk�z#�wt%z ®f¯��:��c�z#c;cKxXd�hr{3h|zZlfk�xZc;y��ebZtudvdfb#c�®�¯#�¨yfcKÁ0~Zk+yfcKl�j�h%yxZtudftI[�h7�¨dfb#y`h|~#�|b dfb#c�l � l�d�cKg©�saEb#c;yfcAtuyfc�dI��h�t%l�}pcK{3dflEd�h�{3h|zZlfk�x#c;yEbZc;yfc"!
³ aeb#c9l�d�h%y`tu�%c � h�{;tudfk+h|zZl�^�y`c;�|k�l�d�c;yXzZt%gBc9l�}6t%{3c%�EgBcKgBh%y � t%xZx#y`cKlflrl�}�t%{3c%�Et%z�x&®f¥Ù}ph%yfdfl'`xZc;ò�z#cKx k�zXdfb#c�®�¯��
³ aeb#cAh%}pc;y`tudfk+h|zZl�h%yej�~Zz�{3dfk+h|zZl�x#c;ò�zZcKx k�zXdfb#c�®f¯��^�
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��c�lfbZt ��� òZy`l�dEdftuq%cBt � hRh%q©tud�k�gB} � cKgBcKzRdfk�z#�Bdfb#cwl�d�h%y`tu�%c � h�{;tudfk+h|zZlexZc;ò�z#cKx9kmz©dfb#c^®�¯��^�6aeb#cKl�c� h�{;tudfk+h|zZl�k�zZ{ � ~Zx#c�dfbZcCy`c;�|k�l�d�c;yrzZt%gBc l�}6t%{3c%�sdfb#c gBcKgBh%y � t%xZx#y`cKlfl�l�}�t%{3c%��t%z�x.dfbZcC®f¥ï}ph%yfdfl;�� ��� h%j«dfb#cKl�c � h0{;tudfk+h|z�lEz#c;cKx©d�h�nTc�kmgB} � cKgBcKzRd�cKx n � tu}�}Zyfh%}Zy`kmtud�c�l�d�h%y`tu�%cwc � cKgBcKzRdflek�zXdfb#c^xZtudft}�tudfb!�
aEbZcL�%cKz#c;y`t � �-}�~Zyf}ph|l�c«yfc;�|k�l�d�c;y`l1l�}pcK{;k+òZcKxAk�z�dfb#cL®f¯��¡tuyfcLd � }�k�{;t �m�+� kmgB} � cKgBcKzRd�cKxin � tGÉhÊ�Ë?ÌªÍaÎhÊYÉ

Ï ÌYÐwÊÇÑJÒªÓ/Ô��0�ebZk�{�bCyfcKl�cKg^n � cKl�t��%c;y � lfgrt ��� gBcKgrh%y � lfd�y`~Z{3df~#yfc%�o²¬k+q%cAtBgBcKgBh%y � l�d�y`~Z{3df~Zyfc%�#dfb#cyfc;�|k�lfd�c;y�ò � cFbZt%lCt%z¢t%x�x#yfcKlflCk�z#}�~ZdBj�h%yXl�}pcK{;k+j � k�zZ��dfb#c9y`c;�|k�l�d�c;yCd�h¡npc©y`cKt%x¢j�yfh|gÎh%yC�ey`k+d�d�cKzk�zRd�h#�GaEb0~Zl;�st%z � lf}TcK{;k�ò�{�y`c;�|k�l�d�c;yr{;t%z�npc�y`cKt%x�h%yB�Ey`k+d�d�cKz¡n � l�}pcK{;k+j � kmz#�9dfb#c {3h%yfy`cKl�}ph|zZxZk�z#�yfc;�|k�lfd�c;y�z0~Zg^npc;y^h%yrt%xZxZyfcKlfl;���iz¡t � d�c;y`zZtud�c tu}Z}Zyfh|t%{�b!�s~ZlfcKx.cKlf}TcK{;kmt ���+� �eb#cKz.dfb#c;yfc tuyfcXh|z ���t j�c;�°�%cKz#c;y`t � �-}�~#yf}ph|l�cByfc;�|kml�d�c;y`l;�@k�l�d�hFk�gr} � cKgBcKzRd�cKt%{`b�y`c;�|k�l�d�c;y^lfc;}�tuy`tud�c �+� �C�e}�tuy`d�j�y`h|g dfb#c
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aEbZc�gBcKgBh%y � t%xZx#y`cKlfl l�}�t%{3cGlf}TcK{;k�òZcKx:k�z§dfb#c�®f¯��Ï{;t%z¨npc�k�gB} � cKgBcKz�d�cKx§n � t&gBcKgBh%y �l�d�y`~�{3df~#yfcidfbZtud�t%{;{3c;}Zdfl�dfb#cAt%xZx#y`cKlfl�h%j¬t � h�{;tudfk+h|z!�#t%zZxC}pc;yfj�h%y�grl�twyfcKt%x@²��Ey`k+d�cid�hBdfb#cAl�}pcK{;k+òZcKx� h�{;tudfk+h|z!�L�§lfgrt ��� }Th%y`dfk+h|zBh%jpdfb#c�grcKgBh%y � t%xZx#yfcKl`lok�lod � }6k�{;t ���+� k�gB} � cKgBcKz�d�cKx���k+dfbrz#h|z��-�%h � tudfk � cgBcKgBh%y � ^�d�h¡l�d�h%y`c9dfb#cFnTh0h%d�}�yfh%�%y`t%g±`����eb�k � c dfb#cFyfcKgrt%k�zZkmz#��}ph%yfdfk+h|z&k�l�k�gB} � cKgBcKz�d�cKx&�ek+dfb�%h � tudfk � c�gBcKgBh%y � j�h%yibZk+�|b#c;yExZcKzZlfk+d � �
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O � {3h|z�d�y�t%l�d;�L´@k��|~#yfc�»0� ¸ lfbZh7�el�bZh7�5dfbZcrdfb#yfc;cr{;tud�c;�%h%y`k�cKl�h%j�l�d�h%y`tu�%c�c � cKgBcKzRdfl�bZt7�%c�npc;cKzd�y`t%xZk�dfk+h|zZt ���+� h%y`�|t%zZk+ä;cKx�tudAdfb#crl � l�d�cKg � c;�%c � �w��cr�ek ��� l�c;crk�zG¯�cK{3dfk+h|z�»0�å¹©�eb � ��cB�%h©j�h%yAdfbZk�lq�k�zZxXh%j«t%z h%yf�|t%zZk+äKtudfk�h|z!�
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¥�zZ{3c^dfb#c�l�d�h%y`tu�%c � h�{;tudfk+h|zZlix#c;ò�z#cKxFk�z©dfb#c^®�¯#� tuyfcwkmgB} � cKgBcKzRd�cKx9kmz©dfb#cwxZtudft�}6tudfb!�6dfbZcwz#c3£�dl�d�c;}�kml«d�h�k�zZ{ � ~�x#c�t%xZx�k+dfk+h|zZt � c � cKgBcKzRdflLd�h�}pc;yfj�h%y`g dfb#c�h%}pc;y`tudfk�h|zZlLt%zZx�j ~ZzZ{3dfk+h|zZt � k+dfk+cKl«l�}pcK{;k+òZcKxk�zBdfbZcE®�¯#���|®<zBh%y`xZc;ysd�h�x#h�dfbZk�l;� � c;ds~Zloy`c;�0k+c;�ªdfb#cEj ~ZzZ{3dfk+h|zZlodfb#cexZtudft�}�tudfb�gw~Zl�do}pc;yfj�h%y`g l�hwt%ld�h�c3£�cK{;~#d�c�grt%{`b�k�z#c � t%zZ�|~Ztu�%c�k�zZlfd�y`~Z{3dfk+h|zZlK��¯0h|gBc^h%j@dfbZc^k�gB}ph%yfdft%zRd�j ~ZzZ{3dfk+h|zZt � k+dfk+cKl�tuyfc � k�l�d�cKxnpc � h7���
³ ð�tudft�d�y`t%zZl�j�c;yEnpc;dI��c;cKz9gBcKgrh%y �C� h0{;tudfk+h|z�lEt%zZx yfc;�|kml�d�c;y`l;�
³ ð�tudft�d�y`t%zZl�j�c;yEnpc;dI��c;cKz©®f¥Ñ}ph%yfdflEt%zZxXy`c;�|k�l�d�c;y`l
³ ð�tudft�d�y`t%zZl�j�c;yEnpc;dI��c;cKz©yfc;�|kml�d�c;y`l
³ ��y`k+dfb�gBc;dfk�{
² � h%�|k�{;t � h%}Tc;y�tudfk+h|zZlvh|z9x�tudftB}ZyfcKl�cKzRdEk�zXyfc;�|kml�d�c;y`l

á�âZã4âsä å¾æsçªèYé�ê/è�çwëKæ\ìtíÙçîì"ïKèYêEðpñòí	ó�æ�ôaìtí?è�ô
®<z�h%y�x#c;y�d�hr{;tuyfy � h|~#d�dfb#cAtunph7�%c�j ~ZzZ{3dfk+h|z�t � k+dfk+cKl�k�zXt�}Zyfh%}pc;y�grt%zZz#c;yK�0dfb#c�xZtudft�}6tudfbX�ek ��� z#c;cKxd�hBbZtK�%cAl�h|grc�t%x�xZk+dfk+h|zZt � k�zRd�c;y`zZt � grcKgBh%y � d�h�d�cKgB}ph%y`tuy`k �+� l�d�h%yfcAk�z#j�h%y`grtudfk+h|z\�@´#h%yEkmzZl�dft%zZ{3c%��k+dgw~Zl�d�l�d�h%yfcrtC{3h%} � h%jodfb#cr±F²&k�zZl�d�y�~Z{3dfk+h|z©dfb�tud�k�l�{;~ZyfyfcKzRd �+� npcKk�z#��c3£0cK{;~#d�cKx�kmzFk+d�]\grh|l�dAxZtudft}�tudfbZl^~Zl�c�t©yfc;�|k�l�d�c;yw{;t ��� cKx&ôvX#ó3ë í�è	QKë ô)ìtX³ífæ\r|ômó3ëIæ3íe^�õaÒ	`ij�h%y�dfb�k�lA}�~#y`}Th|lfc%��aEb#crx�tudft©}�tudfb.grt �
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´«k+�|~#yfc�»0� îî!�®8gr} � cKgBcKzRdfk�z#��dfb#c^¯0d�h%y�tu�%c^²\h�{;tudfk+h|zZleð�c;ò6z#cKx©k�zXdfb#c�®�¯��

t � l�h�z#c;cKx.d�hFq%c;c;}�d�y`t%{`q�h%jel�}pcK{;k�t � }Zyfh%}pc;yfdfk+cKlAh%j�tuy`k+dfbZgBc;dfkm{rt%zZx � h%�|k�{;t � h%}pc;y`tudfk�h|zZl^l`~Z{`b¡t%l{3h|zZxZk�dfk+h|z.{3h�x#cKl�]�gBh|lfd�x�tudftF}6tudfbZlB~Zl�cXtHyfc;�|k�l�d�c;yB{;t ��� cKx Ï ÐîØYËÙÍ�ù��GaEbZcXx�tudftF}6tudfb³grt � t � l�hz#c;cKx&t%x�xZk+dfk+h|zZt � yfc;�|kml�d�c;y`lBj�h%yBd�cKgB}ph%y`tuy`k ��� l�d�h%y`k�zZ��xZtudft�yfc � c;�ut%zRdBd�h�dfb#c©{;~#yfy`cKz�d �+� c3£0cK{;~Zd�cKxk�zZlfd�y`~Z{3dfk+h|z!��ú�h%dfk�{3c�dfbZtud�t �m� h%j\dfbZcKl�cit%x�xZk+dfk+h|zZt � yfc;�|k�l�d�c;y�l�}�yfh7��k�x#cKx�k�z�dfbZcAºv½�¾:xZtudftw}�tudfbXtuyfcl�d�y`km{3d �+� grkm{3yfh|tuy`{`b�k+d�cK{3df~#y`t � �Zt%z�x dfb#c;yfc;j�h%yfc�k�zR��k�lfk+n � ced�hrdfb#c^grt%{`bZkmz#c � t%z#�|~Ztu�%c�}Zyfh%�%y`t%grgrc;yK�
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´«k+�|~#yfc9»0� ¸î!�®<gB} � cKgBcKzRdfk�z#�Hdfb#cH¯0d�h%y`tu�%cF²1h0{;tudfk�h|zZl�ðic;ò�z#cKx¢k�z�dfb#cF®�¯��Æ¼ � ¯ � l�d�cKg��I²1c;�%c �
� k+c;�

á�âZã4â�� �����jô¿ê����! �ì"ëKí	è#".ï$�Bçîì"æsé��.êEð%�&�Kæ\ìYô

��c�bZtK�%cvt � yfcKt%x � {3h|zZlfk�xZc;yfcKx�dfb#cvl�d�h%y`tu�%cvc � cKgrcKz�dfl@d�hinTc�} � t%{3cKxwk�z�dfbZc�xZtudft�}�tudfb^d�h�}pc;yfj�h%y`gÑk+dfll�d�h%y`tu�%cAj ~ZzZ{3dfk�h|zZl;��úec3£�d;� � c;d�~Zl�{3h|zZlfk�x#c;yvcKÁ0~Zk+}Z}6k�z#�Adfb#cAxZtudftw}�tudfbCd�h�}pc;yfj�h%y�g�tuy`k�dfbZgBc;dfk�{it%zZx� h%�|k�{;t � h%}Tc;y�tudfk+h|zZl;��lf~Z{`b^t%l1t%xZx�k+dfk+h|z!�7l`~#nZd�y`t%{3dfk+h|z\���,ú�ðw�u¥ ~ �7t%zZx�lfbZk+j�d;�1´#h%y@{;tuyfy � k�z#��h|~#d\dfbZcKl�ch%}pc;y`tudfk+h|zZlK�0��cAz#c;cKxXd�h�}Zyfh��0k�xZcibZtuy�x#��tuy`c�{;k�y`{;~Zk+d�y � dfb�tudE{;t%zX}Tc;y`j�h%y`g¦xZk��pc;yfcKzRdvh%}Tc;y�tudfk+h|zZl�h|zn�k+dC}�tud�d�c;y`z�l;�it%z�x§}Zyfh�xZ~Z{3c�dfb#c�{3h%yfyfcK{3d n�k�dC}6tud�d�c;y`zZl k�z�dfb#c�l�}pcK{;k+ò�{�xZtudft�cKzZ{3h�xZk�zZ�|lC~�l�cKx!�±Ft%z � x�tudft�}6tudfbZl�{3h|z�l�h � k�xZtud�cwdfb#c�bZtuy`x#�vtuyfcw{;k+y`{;~Zk+d�y � j�h%y�}pc;yfj�h%y�grk�z#�rtuy`k�dfbZgBc;dfk�{^t%zZx � h%�|k�{;t �h%}pc;y`tudfk+h|zZloh|zrk�zRd�c;�%c;ysxZtudft�k�zRd�h�tAlfkmz#� � c�g^~ � dfk��-j ~ZzZ{3dfk+h|zwn � h�{fq�{;t ��� cKx©ê%í�ô ëvT�ç�æ;ë ôRQ�êtX('wé�ì�r|ô�QièªXZô ë
^�)+*-,Ù`��Rt%lvlfb#h��ez�kmz�´«k+�|~#yfcwµ;Â�� ø0�s�ituy`x#�vtuyfc�{;k+y�{;~Zk+d�y � j�h%y�}pc;yfj�h%y`grk�zZ��{3h|gB} � c3£rh%}pc;y`tudfk+h|z�lslf~Z{�bt%lik�z�d�c;�%c;yig^~ � dfk+} � km{;tudfk+h|z!�#k�zRd�c;�%c;yixZk��0k�l`k+h|z!�#t%zZx©t ��� [Zh|tudfk�z#�u�-}ph|k�zRd�h%}pc;y`tudfk+h|zZl�tuyfc^~�lf~Zt ���+� z#h%dk�zRd�c;�%y`tud�cKxHk�zRd�h�dfb#c��i²1¾^�Tt%zZx�tuyfcwn�~Zk � dEt%lilfc;}�tuy`tud�c,u�èªXÙQ7ë ô ìtXTêué«èîX�ô�ë�ó=��aEbZkmlek�l�npcK{;t%~Zl�c�dfbZcKl�ch%}pc;y`tudfk+h|zZlXd � }6k�{;t ���+� yfcKÁR~�k+yfc�g^~�{`b � h|z#�%c;y dfk�gBcKl dfb�t%z:dfbZtud©yfcKÁ0~Zk+y`cKx¢j�h%y9k�zRd�c;�%c;y9t%xZx�k+dfk+h|z!�k�zRd�c;�%c;yrlf~#nZd�y�t%{3dfk+h|z!�st%zZx³t �m��� h%�|k�{;t � h%}Tc;y�tudfk+h|zZl;�.®8zRd�c;�%y`tudfk�z#��t ��� h%j�dfb#cKl�c h%}pc;y`tudfk+h|zZl�k�zRd�h�tlfk�zZ� � cA��²¬¾Ñg�tuq%cKlEc;�%c;y � h%}pc;y`tudfk+h|z©t%lel � h7�Àt%lEdfb#c�l � h7��cKl�dEh|z#c%�
´«k+�|~#y`cA»0� ørlfb#h7��l�t ��� h%j1dfb#c�lfd�h%y`tu�%c�c � cKgBcKzRdfl=^ k�z�{ � ~ZxZk�zZ��dfb#c�grk�{3y`h|tuy`{`bZk�d�cK{3df~#y`t � yfc;�|k�lfd�c;y`l'`t � h|z#�B��k+dfbXdfb#c��i²1¾^�



þ%ÿ/.0ÿ �w�h�KûIü��10��Y�32�÷.��§	§Tü
�7ûR�¯§ª©©û)ø6ür÷547698Ù�Hü��±��ýJ�-8!ùt§/­e¥3: �E�<;"�J�h�KûIü��e� µ3¹R¶

Data Type

N

N

N

X

A

ALU
N−bitCarry out

Overflow

Y

k

Carry in
F

´«k+�|~#y`c�»0�å¹h!s��z>=©�-n�k�dE��²¬¾ º�tu}�tun � c�h%jL½@c;yfj�h%y�grk�z#�rî@?�´Z~ZzZ{3dfk�h|zZl

á�âZã4âZã AB��ìtí?è�çªé��$�Kí?çîìYæ\é��Bô
´«k�zZt ����� ��dfb#cAxZk��pc;yfcKzRd�n � h0{`q0lvk�zCt�xZtudftw}�tudfbXz#c;cKxCd�h�nTc�k�zRd�c;y`{3h|zZz#cK{3d�cKx lfh�t%l�d�hr{;tuyfy � h|~#dvdfb#cyfcKÁ0~Zk+yfcKx�xZtudft�d�y�t%zZl�j�c;y`l;�«a1h�t%{�bZk+c;�%cet�yfcKt%lfh|zZtun � c�l�}pc;cKx�h%j�h%}pc;y`tudfk�h|z!��gBh|l�dLh%j6dfb#cE{3h|zZz#cK{3dfk�h|zZlk�z�dfb#c�xZtudftA}�tudfb�d�y`t%zZl�j�c;ystAj ~ ��� ��h%y`x�k�z�}6tuy`t ��� c � h��%c;y�gw~ � dfk+} � c���k+yfcKl;�@®8zRd�c;y`{3h|zZzZcK{3dflstuyfcEcKk�dfb#c;y
C è0ó�D C ê�ó;æE'sh%yF'uô�í�æ2QKëh°�ê%ëvTGD C ê�óKæH'u�o�&n�~Zl<�-n�t%lfcKx�k�zRd�c;y`{3h|zZz#cK{3d«{3h|zZz#cK{3dfl@d�h%�%c;dfb#c;yot � tuyf�%cvzR~�g�npc;y1h%jn � h�{fq�l;�«�vdot%z � }�tuyfdfk�{;~ � tuyLk�zZl�dft%zRd;�|xZtudftA{;t%z�npc�d�y�t%zZl�j�c;yfyfcKxwj�y`h|g til`k�z#� � c�n � h�{fq^d�hih|zZc�h%yogBh%yfcn � h�{fq�l;� aEb0~Zl�k+d�}Tc;y�grk+dflAnZy`h|t%xZ{;t%l�dfk�z#�9h%jExZtudft©d�hHg^~ � dfk+} � cBx#cKlfdfk�zZtudfk+h|z�n � h0{`q0lK�C®<zGt%x�xZk+dfk+h|zd�hCdfb#c��ek�yfcKl�dfbZtud�{;tuyfy � dfb#cwxZtudft��pt%xZxZk+dfk+h|z�t � �ek+yfcKl�tuyfc^kmzZ{ � ~Zx#cKx kmz9trn6~ZlEj�h%y�êG'-'uífæ=ó`ó=ôZXîrBt%zZx
Q`ì"X�ë í<ì%éT}6~#yf}ph|l�cKl;����xZk+yfcK{3di}�tudfb��-n�t%lfcKx�k�z�d�c;y�{3h|zZz#cK{3d;�\h|zHdfb#c�h%dfb#c;y�b�t%zZx!�pyfc � k+cKlih|z °�ì%ôZX�ë�D<ë-ì@D
°�ìuôvX�ë�{3h|zZz#cK{3dfk�h|zZl1npc;d���c;cKz�k�zZx�k+�0kmxZ~Zt � n � h�{fq�l;�o¯�~Z{`b^{3h|zZz#cK{3dfk+h|z�l@t �m� h7�¡j�h%yBT�ôcrtT^ó\°#æ�æH'u�|n6~#d¬bZt7�%cé+ì@I¦Uuæ;í`ó;ê%ë ô�é·ô ë�Ju�s�:d � }�k�{;t � xZtudftw}�tudfbCbZt%l�d�h0h�g�t%z � n � h0{`q0l�j�h%y�c;�%c;y � n � h�{fqBd�h�npc�{3h|z�z#cK{3d�cKxXd�hc;�%c;y � h%dfb#c;y�n � h�{fqCn � }ph|k�z�d<�-d�hu�-}ph|k�zRdE{3h|zZz#cK{3dfk�h|zZl;�

#%$LK 8;:=<?>@+BA M*MN<5NPO 5,ºIºN+.DL>/0'ºN» >EHN+QOSRUTWV¢C +KA 5W-/:XV FpºNÄ µ@( 81MZY
[
<Ù:=<?>@+KA¹<

��c�lftK�ÑdfbZtud�tudidfb#cwl � lfd�cKg � c;�%c � ��dfb#cw{3h|gB}�~#d�c;yigrk�{3yfh|tuy`{�bZk+d�cK{3df~#y`c^{3h|zRdft%k�zZl�¸rlf~#n6l � lfd�cKgrl8¼dfb#c�ºv½�¾���dfb#c�gBcKgrh%y � lf~Zn�l � l�d�cKg ��t%zZxXdfb#c�®�¥Ñl`~#n�l � l�d�cKg �L´#h%yEdfbZcKl�c�lf~#n�l � l�d�cKg�l�d�h�}pc;yfj�h%y`gdfb#cKk+yiyfcKl�}pcK{3dfk+�%c�l � l�d�cKg�� � c;�%c � j ~ZzZ{3dfk+h|z�l;��dfb#c � g^~Zlfd�npc�k�z�d�c;y�{3h|zZz#cK{3d�cKx!��´#h%y�k�zZlfdft%zZ{3c%�6dfbZc^®f¥lf~#n6l � lfd�cKgÏgw~Zl�dwnpcC{3h|zZzZcK{3d�cKx�d�h�dfbZc ºv½�¾Æt%zZx.dfb#c gBcKgBh%y � lf~#n�l � l�d�cKg k�z.h%y`x#c;y�j�h%y�k+dwd�h}pc;yfj�h%y`g5dfbZci®f¥Àj ~ZzZ{3dfk+h|zZlK�@aEbZc�l`~#n�l � l�d�cKgrl�{;t%zXnpcik�zRd�c;y`{3h|zZzZcK{3d�cKx©k�zCt^�utuy`k+c;d � h%j¬��t � l;��aEb#cd � }pcrh%j�k�zRd�c;y`{3h|zZz#cK{3dflwt%zZx�dfb#c�{3h|zZz#cK{3dfk+��k+d � dfb#c � }�yfh7��k�x#crx#c;d�c;y�grk�z#c%�¬d�h9t � tuy`�%crc3£0d�cKzRd;�«dfb#cdfk�gBc�k+d1dftuq%cKlod�h�c3£�cK{;~#d�c�t�g�t%{`bZk�zZc � t%z#�|~�tu�%c�k�z�l�d�y`~Z{3dfk+h|z\�\��b�tud@��h|~ � x�npc�t��%hRh�x^kmz�d�c;y`{3h|z�z#cK{3dd�hF~�l�crb#c;yfc�\ÑaEbZc�lfk�gB} � cKl�d�d � }pcrh%j�{3h|zZz#cK{3dfk+h|zGdfbZtud���c�{;t%z�dfb�k�z#q�h%jvkmlAd�hF~Zlfcrt9lfk�zZ� � c�n�~Zld�h�{3h|z�z#cK{3d�t ��� h%j«dfb#cKg �6t%l�k ��� ~�l�d�y`tud�cKx k�z©´«k+�|~Zyfcw¶R� î0�E�Ñn�~ZlEkmletrlfb�tuyfcKx9{3h|grgw~ZzZkm{;tudfk+h|z � kmz#q6�{3h|zZz#cK{3dfkmz#�Cgw~ � dfk�} � c�x#c;��k�{3cKli~Zlfk�z#��t�lfkmz#� � c^lfc;d�h%jo��k+yfcKl;��±F~ � dfk�} � c�x#c;��k�{3cKli{;t%z�{3h|g�g^~Zz�k�{;tud�ch7�%c;y�tBlfk�zZ� � c�n�~Zl;�Ztudex�k��Tc;y`cKz�d�dfk�grcKl;�
aEbZc�dI��hCg�t��<h%yit%x#��t%zRdftu�%cKlih%j«dfb#c�n�~Zlek�z�d�c;y�{3h|z#cKzZ{3d�tuy`c_Uuæ;í`ó;ê%ë ô�é ô ë�J^t%zZx�é+ì@I*Q�ì�ó=ë ���ixZxZk�z#�
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flags

PC

Register File

Non−volatile
Memory

Volatile
Memory

CPU IO System
Memory
System

DMA
Interface

IR

ALU

Keyboard
Interface

System Bus

´«k+�|~#yfc�»0� øî!E®<gB} � cKgBcKzRdfk�z#��dfb#c�±Fk�{3yfh|tuy�{`bZk+d�cK{3df~Zy`t � ~ c;�|k�l�d�c;y`l�t%zZxFdfb#cw��²¬¾°k�z©dfbZcBº�h|gr}�~#d�c;yð�tudft�½«tudfb
z#c;�Æx#c;��k�{3cKlBk�lw�%c;y � l�d�y`t%k��|b�d�j�h%yf�vtuy`x!�.aeb#c grt��<h%yrx�k�lft%x#�ut%z�dftu�%c h%j�t�n�~Zl�k�l�dfbZtudrk�d�{3y`cKtud�cKltG{3h|g�g^~Zz�k�{;tudfk+h|z&nph%d�d � cKzZcK{fqT��}Th|l`lfk+n �+�¡� k�grk�dfk�z#��dfb#cFgrt�£#k�gw~Zg ®f¥¿dfb#y`h|~#�|b#}�~#d;���§b#cKz&®f¥d�y`t%zZlfj�c;y`lAgw~Zl�d�}�t%l`l�dfb#yfh|~#�|b�tXlfk�zZ� � c^n6~Zl;�!dfb#c�n�t%zZxZ�ek�x#dfbFh%jsdfbZtudAn6~Zl � k�grk+dflidfb#cBgrt�£#k�gw~Zg®f¥Ñdfb#yfh|~#�|bZ}�~#d;�

aEbZc��ek�yfcKloh%j\dfbZcil � l�d�cKg¦n�~Zl�{;t%zCnTc��%yfh|~#}pcKxCk�z�d�hwdfb#yfc;c"!Lt%xZxZyfcKlfl;��xZtudft��#t%zZxC{3h|z�d�yfh � �oaEb#ct%xZx#y`cKlfl � k�zZcKl�tuyfc^~ZlfcKx d�h�l�cKz�x©trgBcKgBh%y � t%x�x#yfcKlfl�h%yit%z©®f¥ yfc;�|kml�d�c;y�t%xZxZyfcKlfl;�saeb#c�xZtudft � k�z#cKltuyfcw~Zl�cKx d�h�d�y`t%zZl�j�c;yedfb#c^xZtudftr�ut � ~#c�d�h�npc��Ey`k+d�d�cKz©h%yedfb#c^��t � ~ZcAdfbZtud�k�leyfcKt%x©j�yfh|gÆt � h�{;tudfk+h|z!�aEb#c^{3h|z�d�yfh �@� k�zZcKlEtuyfc�~ZlfcKx©d�h�lf}TcK{;k�j � dfb#c^z�tudf~#yfc�h%jLdfb#c�d�y`t%zZl�j�c;yK�6t%z�x9t � l�h�d�h�{3h0h%y`xZk�zZtud�c^dfb#ct%{3dfk+h|zZleh%j¬dfbZc�l�cKzZxZkmz#�wt%z�x yfcK{3cKk+��k�z#�r~Zz�k+dfl;�
á�â_^Kâsä å¾ïKðRìYæ�`ba�ïKô#ced.ôaìtí
f
®<z�dfb#c�xZkmlf{;~Zlflfk�h|z�lfh9j tuyK�1dfb#cXºv½s¾^�\dfb#c�grcKgBh%y � lf~#n�l � l�d�cKg©�1t%zZx�dfb#c�®�¥Ælf~#n�l � l�d�cKg tuy`c�k�z��d�c;y`{3h|zZzZcK{3d�cKxF��k+dfb9t�lfk�z#� � cAn6~Zl;�6{;t �m� cKx©dfb#c�ó�J�ó=ëIæ;ç C è0ó��v®<zZx#c;cKx9l`~Z{`b�t�{3h|zZzZcK{3dfk+h|zFkmle~Zl�cKxFk�z�%c;y � l`grt ��� {3h|gr}�~#d�c;y`l;�0�eb#c;y`cEdfb#c�ºv½s¾^��dfb#c�gBcKgBh%y � �0t%zZx�dfb#ci®�¥¨k�zRd�c;yfj�t%{3cKlvtuyfc�t ��� }�b � lfk�{;t �m�+�} � t%{3cKx�h|z³tHlfkmz#� � cC}Zy`k�zRd�cKx��I{;k+y`{;~�k+d�nph|tuy`x ^ ½�ºGOG`��okmzG�eb�k�{`b�{;t%l�c dfb#c n6~Zl�k�lwj�~ �m�+� {3h|z�dft%kmz#cKx�ek+dfb�k�zCdfb#cAnph|tuy`x!�oaEb#c�~�l�cAh%jLtBlfk�z#� � c�n�~�lEbZt%lEl�c;�%c;y�t �\� k�grk�dftudfk+h|zZl�!

³ aeb#cel�}pcK{;k+ò�{;tudfk�h|zZlLh%j!t�l � l�d�cKg�n�~Zl7^ lf~�{`b�t%l�l�}pc;cKxrt%zZx���h%y`x�lfk+ä;ca`«tuy`cex#c;ò�z#cKxr}Zy`k�grtuy�k �+�n � dfb#c�ºv½s¾¡yfcKÁ0~Zk+yfcKgrcKz�dfl;�ut%zZx�dfb#c;yfc;j�h%yfcsd�cKzZx^d�h�x�k��Tc;y¬�ek�x#c ��� t%{3yfh|lfl«xZk+�Tc;yfcKzRd1{3h|gB}6~#d�c;y
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j t%grk � k+cKl;�#t%zZx c;�%cKz9nTc;d���c;cKz9j�t%g�k �+� gBcKg^npc;y`l;�

³ aeb#c�~Zl�c^h%jot�lfkmz#� � c�l � l�d�cKg­n�~Zl�}pc;y`grk�dfl�h|z �+� t�l`k�z#� � c�xZtudft�d�y`t%zZl�j�c;yenpc;d���c;cKz�dfb#cw~ZzZk+dfltud�t%z � �|k+�%cKz©kmzZl�dft%zRd;�
³ ®<zH�%cKz#c;y`t � �-}�~#yf}ph|l�cB{3h|gB}�~Zd�c;y`l;�1k+dAk�lAzZh%dA}Th|l`lfk+n � c^d�h } � t%{3crt ��� {3h|gr}Th|zZcKz�dflAh|z�t l`k�z#� � cnph|tuy`x\�

¯�~Z{�b l � l�d�cKgrlE{3h|gB}�y`k�l�cAl�c;�%c;y`t � {;k+y`{;~Zk�d�nph|tuy`xZlK�0d � }6k�{;t ���+� b#h|~Zl�cKx k�z tB{;tuy�x©{;tu�%c��ek+dfb {3h|z�z#cK{=�d�h%y`lBtud�dfb#cXn�t%{`q ^��ek+dfb¡dfb#cXnph|tuy`xZl^} � ~Z�%�%cKx¡kmz�d�h�dfb#cKl�c©{3h|zZzZcK{3d�h%y`l'`��GaEbZc�}�kmzZl�h|z�xZk+�Tc;yfcKzRd{3h|zZz#cK{3d�h%y�lituy`c��ek+y`cKx d�h%�%c;dfb#c;y�d�h�j�h%y`g­trn�~ZlK�6{;t ��� cKx9dfb#c C êYQbm2°6é+êtXTæ C è0ó�h%y^ó�J�ó=ëIæ;ç C è0ó���¯�~�{`btX{3h|gB}�~#d�c;y�l � l�d�cKg g�t � ~Zl�c�dfb#c�j�h �m� h7�ekmz#��d � }pcKl�h%j�n�~Zl�cKl�!N^ kZ` °6í<ì
Q�æ=ó�ó3ìuí C è0ó��K^ kmkZ`¢°Tí<ìxQ=æ=ó�ó3ìuí�Dç�æ3çrìuí�J C èRó=��t%z�x*^ k�k�kZ` C êYQbm2°6é�ê"XTæ C è0ó=�ª½oyfh�{3cKlfl�h%yf�IgBcKgBh%y � n�~ZlfcKlBtuyfc9lfb#h%y`d;���%cKz#c;y�t ���+� bZk+�|bl�}pc;cKx!��t%zZx�grtudf{`bZcKx¢d�h¡dfb#c�gBcKgBh%y � l � l�d�cKg l�h.t%lCd�h�grt�£#k�grk+ä;c9grcKgBh%y � �-}Zyfh�{3cKlfl�h%yCn�t%zZx���ek�xZdfb!� Ovt%{fq0} � t%z#cHn�~ZlfcKl�tuyfcHx#cKlfk+�|zZcKxªd�h�t ��� h��­dfb#c�ºv½�¾���gBcKgBh%y � �et%z�xª®f¥ kmz�d�c;yfj t%{3cKlCd�h{3h0c3£�k�lfdrh|zªt.lfk�z#� � c n6~Zl�]�dfb#c � n�t � t%zZ{3c©dfb#c9xZcKgrt%zZxZlBh%j�}Zy`h0{3cKlflfh%y��IgBcKgBh%y � {3h|grgw~ZzZkm{;tudfk+h|z�ek+dfbGdfb#c�xZcKgrt%zZxZl^h%j�®�¥ïk�zRd�c;yfj t%{3c3�IgBcKgBh%y � {3h|g�g^~Zz�k�{;tudfk+h|z!�9�ilfk�xZcrj�y`h|g dfb#cXgBcKgBh%y � lf~#n#�l � l�d�cKg �!dfb#c�ºv½�¾°dft � q�l�d�h gBh|l�d�h%jsdfbZcByfcKgrt%k�zZkmz#��x#c;��k�{3cKlidfb#yfh|~Z�|bFdfbZcBn�t%{fq0} � t%z#cwn�~ZlK��aEb#cn�t%{`qR} � t%z#c n�~Zl�{;t%z³npcXdfb#h|~#�|bRdBh%jit%l�t�grt��<h%y�c3£0}Zy`cKlfl��vt � dfbZtudrbZt%zZx � cKlwt � tuyf�%cX�%h � ~ZgBc h%jbZk+�|b#�Il�}pc;cKx�d�y`ttb�{u�X®<z�grt%z � yfcK{3cKz�dwgrt%{`b�k�z#cKl;�«b#h7��c;�%c;yK�«dfb#cCxZk�l�dfk�z�{3dfk+h|zHnpc;dI��c;cKzGn�t%{`qR} � t%z#cn�~ZlfcKl�t%zZx }Zyfh�{3cKlfl�h%yf�IgBcKgBh%y � n�~Zl�cKlegrt � npcA�%c;y � grk�z#h%yK�
á�â_^Kâ�� �onpdrqBæsçªêEðts í?ôBuLì"évqwAx oced.ôaìtí
f
´«k+�|~#yfcs»0� »elfb#h��el!dfb#csl � l�d�cKg�h%yf�|t%zZk+äKtudfk�h|zAh%j#t�d � }�k�{;t � g�k�x��-y`t%z#�%cLd�hibZk+�|b��-cKz�xAx#cKl�q0d�h%}�grt%{`b�k�z#ck�z¡îuÂ%Â#µu��®8d�~Zl�cKlwtF½vº�®An�~Zlwt%l�dfbZc�n�t%{`qR} � t%z#cCn�~Zl;�@�ek+dfb.l � h7��c;yBx#c;��k�{3cKl^l`bZtuy`k�z#�Fdfb#c � h7��c;y��}pc;yfj�h%y`grt%zZ{3cF¯Zºe¯0®�n�~�l;�ªaEb#c©½vº�®wn�t%{fq0} � t%z#c9n�~ZlBk�lr~�l�cKx³d�h.{3h|z�z#cK{3d�t ��� kmz�d�c;yfj t%{3cKlrd�h.dfb#c}Zyfh�{3cKlfl�h%y�t%zZx�gBcKgBh%y � l � l�d�cKg©�i¯0c;�%c;y`t � h%jLdfb#c�l � h��À®f¥ x#c;��k�{3cKlN^ t%~ZxZk+h�®�¥��6l�c;y`kmt � }ph%yfdfl;�pt%zZxdfb#cAx#cKl�q0d�h%}Xn�~Zl'`slfbZtuy`cit�lfk�zZ� � ce}ph%yfd�h|z�d�h�dfb#cA½vº�®on�~ZlK�o¯�c;y`k�t � }ph%yfdfl�}Zy`h7��k�x#cij�h%y�{3h|zZz#cK{3dfk�h|zZllf~Z{�b�t%l � h����Il�}pc;cKx���}Z} � c;dft � qBz#c;dI��h%yfqT�saEb#cix#cKl�q0d�h%}�n�~�lo}Zyfh��0kmx#cKl�l`~#}Z}ph%yfdLj�h%y�q%c � nph|tuy`xZlvt%zZxgrk�{3c%��aEb#c�lfcK{3h|zZx9k�zRd�c;yfj t%{3c^k�zXdfbZc�òZ�|~#y`c�k�lE~Zl�cKx©j�h%y��%y`tu}�bZk�{;lEh|~#d�}�~#d;�vaEb#cAdfbZk�y`x k�zRd�c;yfj�t%{3cwk�l~Zl�cKx�j�h%y�{3h|zZz#cK{3dfk�zZ��d�h^dfbZcEc;dfb#c;y`z#c;d�z#c;dI��h%yfqT�saEb#c�j�h|~#yfdfb�k�zRd�c;yfj�t%{3cik�lodfbZci¯ZºE¯0®@nZy`kmx#�%c%�|�ebZkm{`bk�lo~�l�cKxrc3£�d�cKzZlfk+�%c ��� j�h%y�{3h|z�z#cK{3dfk�z#�^dfb#cek�zRd�c;yfj t%{3cKlsh%j!n�~ � q^l�d�h%y�tu�%cix#c;��k�{3cKl�lf~Z{`b�t%l�x�k�l�q�l;�|dftu}pcKl;�t%zZx ºvð�� ~ ¥A±9lK�o®8z�dfb#ciòZ�|~#yfc%�0t�xZk�l�qBx#y`k��%c�k�zRd�c;yfj t%{3c%��t^dftu}pcixZy`k+�%c�kmz�d�c;yfj t%{3c%�#t%zZxCt�ºvð�� ~ ¥A±k�zRd�c;yfj t%{3c�tuyfc�{3h|zZzZcK{3d�cKx©d�hrdfb#c�¯ZºE¯0®on6~Zl;�

#%$zy µ	ºN<?>@-�MNDL>E0�5Wº
[w½�+4)W+K¸I8102A MI¸�F¢>/57-9N¦8=576�>ª3 FG-E+*C 02D4-E57FG-ED�HI0S>@+.DL>EMN-E+

aEb#c�xZk�lf{;~Zl`lfk+h|zBk�zBdfb�k�lo{`b�tu}Zd�c;y�g�t � k�zZt%xZ�%c;yfd�cKzZx �+� l�c;cKg�d�h^k�gB} �+� dfbZtud�grk�{3yfh|tuy�{`bZk+d�cK{3df~ZyfcKloj�h%yc3£�cK{;~#dfk�z#��grt%{`bZkmz#c � t%z#�|~�tu�%c�}Zy`h%�%y`t%grl�tuy`c�n � zZtudf~#yfcCbZtuy`x#�vtuyfc3�-h%y`k+cKzRd�cKx!� ��h7��c;�%c;yK�odfbZk�l^k�lz#h%d�dfb#c�{;t%l�c%�o�il�}Th|kmz�d�cKxBh|~Zd�k�z�{`bZtu}Zd�c;y�µu�0dfb#c�xZkml�dfk�zZ{3dfk+h|z�npc;d���c;cKzCbZtuy`x#�vtuyfcit%zZx�l�h%j�dI�vtuyfc�k�l
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CPU

BridgeMemory

Tape

Interface

Disk

Interface

Serial
Ports

Input Output

Audio

IO Controller
Graphics
Interface

Ethernet
Interface

IO Bus

Backplane Bus

Processor−Memory Bus

Bridge

Controller

CD−ROM

Desktop Bus

´«k+�|~Zyfc�»0� »î!v¯ � l�d�cKg­¥�yf�|t%zZk+äKtudfk+h|z9k�z tra � }�km{;t � ð�cKlfqRd�h%}�º�h|gB}�~#d�c;y
Á0~Zk+d�cAn � ~Zy`x!�«aEbZk�lvgBcKt%zZlEdfbZtudE��c�{;t%z©k�gB} � cKgBcKzRdvt�{3h|gB}�~#d�c;yeg�k�{3yfh|tuy`{�bZk+d�cK{3df~#yfc�kmz l�h%j�d���tuy`c"]lf~Z{�b©trl�h%j�dI�vtuyfc3�-h%y`k�cKz�d�cKx�grk�{3yfh|tuy�{`bZk+d�cK{3df~Zyfc�k�l�j�yfcKÁ0~#cKz�d ��� {;t ��� cKx9tXó3ìJu3ë�Isêuífæ^ó�ô�ç�è�é�ê%ë-ì%í��

�¦l�h%j�dI�vtuyfcrlfk�gw~ � tud�h%y�}Zyfh%�%y�t%g {;t%zH}Tc;y`j�h%y`g¿k+dfl�cKgw~ � tudfk�h|zFj ~ZzZ{3dfk�h|zFh|z �+� �eb#cKzHk+dAk�lic3£�c3�{;~#d�cKx h|z t%zZh%dfb#c;yegrk�{3y`h|tuy`{`bZk�d�cK{3df~#yfce^ b#h|l�dEg�t%{`bZk�zZca`��#cKz�dft%k � k�z#��t%z©k�zRd�c;yf}Zyfc;dftudfk+h|zXn � dfbZc�b#h|l�dgrt%{�bZk�z#c%� li{3h|z�d�y`h � ~�zZk+d;�eaEb0~Zl;�Tk�gB} � cKgBcKz�dfkmz#�rt�g�k�{3yfh|tuy`{�bZk+d�cK{3df~#yfc�k�zFl�h%j�d���tuy`c�kmz�d�yfh�xZ~Z{3cKl�t%zc3£�d�y`t�k�zRd�c;yf}Zyfc;dftudfk+h|z�l�d�c;}³j�h%yBdfb#c©±F²:}Zyfh%�%y`t%g©����b � kmz¡t%z � {;t%lfc%����h|~ � x¡t%z � h|zZc ��t%zRdBd�hk�zRd�yfh�xZ~Z{3c�c3£0d�y�t k�z�d�c;y`}Zyfc;dftudfk+h|z�l�d�c;}6l�\:� � dfb#h|~#�|bHk+d�g�t � z#h%d�grtuq%c�gw~Z{`b�lfcKzZl�cBj�h%y�h%y`xZk�z�tuy �~Zl�c;y�led�hCdftuq%c�dfbZk�lEy`h|~#d�c%�!l�h%j�d���tuy`c�l`k�g^~ � tudfk+h|z9kmlEdfb#c�x#c�j t%{3d�hXd�hRh � h%jLdfb#cwd�y`t%x#cwj�h%yi{3h|gB}6~#d�c;ytuy`{�bZk+d�cK{3dflot%zZxBg�k�{3yfh|tuy`{�bZk+d�cK{3dfl;�|��b#hAtuyfc�k�zwdfb#c�n�~Zlfkmz#cKlfl¬h%j6x#c;�%c � h%}6k�z#��z#c;�³®�¯#��lLt%zZx�grkm{3yfh|tuy��{`b�k+d�cK{3df~#yfcKl;�
¯0h%j�dI�vtuyfc�lfk�gw~ � tud�h%y`l!{;t%zAnpcok�gr} � cKgBcKzRd�cKxAtud1xZk��pc;yfcKzRd � c;�%c � l!h%j#tun�l�d�y�t%{3dfk+h|z!�¬�iz�k�z�l�d�y`~Z{3dfk+h|z#�� c;�%c � lfkmg^~ � tud�h%y�^ l�h|grc;dfk�gBcKlE{;t ��� cKxCt,u=èªXÙQKë ô)ìtX6êuépó=ô�ç�è�é+ê%ë-ìuí�`vk�l�h|z#c�dfbZtud�{3h%yfyfcK{3d �+� c3£�cK{;~#d�cKle±F²}Zyfh%�%y�t%grl;�e��k+dfb#h|~#dCgBh0xZc � k�z#�¡t%z � bZtuy`x#�vtuyfcHx#c;�0km{3cKl;��¯�~Z{�b�t�lfkmg^~ � tud�h%yCbZt%lXz#h³z#h%dfk�h|z¢h%jbZtuy`xZ��tuyfc3�Ilf}TcK{;k�ò�{�j�cKtudf~ZyfcKl�lf~�{`b�t%l^{ � h0{`q�{ � { � cKl^t%zZx�n6~Zl�cKl;���Ö{ � { � c3�It%{;{;~#y`tud�cXlfk�gw~ � tud�h%y7�\h|zdfb#c�h%dfb#c;y�bZt%zZx!��grh0x#c � l@t�l�}pcK{;k+ò�{�bZtuy`x#�vtuyfcEgrk�{3y`h|tuy`{`bZk�d�cK{3df~#yfc%��t%zZxrq0z#h��elotunph|~#dL{ � h�{fqB{ � { � cKlt%zZx9n�~Zl�cKl;�v®<z j t%{3d;�pk�delfk�gw~ � tud�cKl�dfbZc^bZtuy`xZ��tuyfc�d�hC{ � h�{fq©{ � { � cwt%{;{;~#y`t%{ � ]pbZcKzZ{3c�k+dfl�zZt%gBc%�pO�c3�{;t%~Zl�c�h%jZdfbZkml1c3£�d�y`t � c;�%c � h%j6x#c;dft%k � l;�udfb#c�{ � { � c3�It%{;{;~#y`tud�cElfk�gw~ � tud�h%y«k�l@{3h|zZlfk�xZc;y`tun �+� gBh%yfcv{3h|gB} � c3£t%zZx©l � h7��c;yEdfbZt%z©t%zFk�zZl�d�y�~Z{3dfk+h|z�� � c;�%c � lfkmg^~ � tud�h%yK�
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aEbZcv{3cKzRd�y`t � }Zy`h0{3cKlfl`k�z#��~�zZk+dG^-ºv½s¾%`1} � t � l«t�{3cKz�d�y`t � y`h � c�kmzwt�{3h|gB}6~#d�c;yogrk�{3yfh|tuy�{`bZk+d�cK{3df~Zyfc%� lj ~ZzZ{3dfk+h|z!�s®�de{3h|g�g^~Zz�k�{;tud�cKle��k+dfb t%zZx9{3h|zRd�yfh � ledfb#c�h%}pc;y`tudfk+h|z©h%j@h%dfbZc;yilf~Zn�l � l�d�cKgrlv�ek+dfb�k�zXdfb#c{3h|gB}�~Zd�c;yK�r±9~Z{�b�h%j�dfb#crxZk�lf{;~�lflfk+h|z�k�z�dfbZk�lA{�bZtu}Zd�c;y�x#cKt � l��ek+dfbHdfb#crgrkm{3yfh|tuy`{`b�k+d�cK{3df~#yfcBh%j�dfb#cºv½�¾��%aEb#cv}pc;yfj�h%y`grt%zZ{3cvh%jTdfb#ceºv½s¾¢bZt%lot�grt���h%ysk�gB}6t%{3d@h|z�dfbZc�}Tc;y`j�h%y`g�t%zZ{3cvh%j�dfb#cE{3h|gB}6~#d�c;yl � l�d�cKgÆt%l�t��ebZh � c%��¯0h���c�t � l�hBl�df~Zx � t%x#��t%z�{3cKx©grk�{3yfh|tuy�{`bZk+d�cK{3df~Zy`t � d�cK{`bZzZkmÁR~#cKlEj�h%yEk�gr}Zyfh7��k�z#�ºv½�¾�}pc;yfj�h%y`grt%zZ{3c%�
aEb�k�lv{`bZtu}Zd�c;y�t%xZx#yfcKlflfcKl�l�h|gBcAh%j1dfbZcAj�~Zz�xZt%gBcKzRdft � Á0~#cKl�dfk�h|zZl�{3h|zZ{3c;y`zZkmz#�Bº�½s¾Ñgrk�{3yfh|tuy`{�bZk��d�cK{3df~#yfc%�Tlf~Z{�b©t%l�!
³ �§bZtud9tuy`c�dfb#c�n�~Zk � xZk�z#�.n � h�{fq�l k�z:t¢ºv½�¾ xZtudft&}�tudfb!�At%zZx¨b#h�� tuyfc�dfbZc � {3h|zZzZcK{3d�cKxd�h%�%c;dfbZc;y�\
³ �§bZtudAl�d�c;}�lAl`b#h|~ � x9dfb#c�ºv½s¾°x�tudft�}6tudfbH}Tc;y`j�h%y`g­d�h l�cKÁ0~#cKzZ{3c�dfb#yfh|~#�|b�tXgrt%{`b�k�z#c � t%z���|~�tu�%cw}�yfh%�%y`t%g �Tt%zZx9d�hCc3£�cK{;~#d�c ^ k-�åc%�+�pt%{;{3h|gr} � k�lfb9dfb#c���h%yfq©l�}pcK{;k+ò�cKx9k�zÙ`vcKt%{`bHgrt%{`b�k�z#c� t%z#�|~Ztu�%c�k�z�l�d�y`~Z{3dfk+h|z(\
³ �§bZtud�tuyfc�l�h|gBc�lfk�gB} � cEh%yf�|t%zZk�äKtudfk+h|zZt � d�cK{`bZzZkmÁR~#cKl�d�h�yfcKxZ~Z{3c�dfb#c�zR~Zg^npc;y�h%j¬{ � h0{`q�{ � { � cKldftuq%cKzFd�hrc3£�cK{;~#d�c�cKt%{�b9grt%{�bZk�z#c � t%z#�|~Ztu�%c�k�z�l�d�y`~Z{3dfk+h|z(\
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� � dfb#h|~#�|bªºv½�¾ïxZtudft�}�tudfbZlB{;t%z³npc©x#cKlfk��|z#cKx�k�z³tH�%cKz#c;y`k�{ g�t%zZz#c;yBd�h�lf~#}�}Th%y`dwt��utuy`k+c;d � h%j®f¯���lK�6lf~Z{�bFt%z�tu}Z}Zy`h|t%{`b�k�lEy`tuy`c �+� dftuq%cKz!�e®<z9}�y`t%{3dfk�{3c%�TcKt%{`b�ºv½s¾ x�tudftr}�tudfb�k�lexZcKlfk+�|z#cKx9�ek+dfbt�l�}pcK{;k+ò�{�®�¯#�¨k�zCgrk�zZx/P3�oaEb#ci}Zy`kmgrtuy � yfcKt%l�h|zXj�h%yvdfbZk�lvk�l�}pc;yfj�h%y�grt%zZ{3c%�L®8j\��cAx#cKl`k+�|zXt^�%cKzZc;y`k�{ºv½�¾ xZtudftC}�tudfb9d�h lf~Z}Z}ph%yfdEdfb#c�k�xZk+h|l � zZ{3y�t%lfk+cKl�h%jstXz0~Zg^nTc;y�h%jo®f¯���lK�6dfb#cKzFdfbZtudAxZtudft�}�tudfbHk�l� k+q%c ��� d�h9npcrlfk��|zZk+ò�{;t%zRd �+� l � h7��c;y�dfbZt%zGh|z#crdfbZtudw{;tud�c;y`l^d�h9t9l�}pcK{;k+ò6{^®f¯��^�1aEb#c;y`c;j�h%yfc%�¬��c��ek ���òZy`lfd�xZkmlf{;~Zlfl�t�lfk�gB} � cEc3£�t%gr} � cAxZtudftw}�tudfb k�zCx#c;dft%k � ��t%zZxXdfb#cKzXgBh��%cAh|zXd�hBgBh%yfcA{3h|gB} � c3£CxZtudft}�tudfbZlK�«aebZk�lsl`k�gB} � c�xZtudft�}6tudfb���k ��� npc�~�l�cKx�k�z�dfb#c�xZk�lf{;~�lflfk+h|zZloh%j!dfb#ci{3h|zRd�yfh � ~ZzZk�dst%l���c ��� �«´Zh%ydfb#cAlftuq%cAh%j@{3h|z�dfk�z0~Zk+d � �ek�dfb�dfbZci}�yfcK{3cKxZk�z#��{`b�tu}Zd�c;y`l;�#dfbZkml�x�tudft�}�tudfbXk�lvx#cKlfk+�|z#cKxCj�h%y�c3£0cK{;~Zdfk�z#�±9®8½v¯�±F²�k�z�l�d�y`~Z{3dfk+h|z�l;�¬´#h%y�lfk�gB} � k�{;k+d � t%zZxCcKt%l�cAh%j1~�zZx#c;y`l�dft%z�xZk�z#�#�R��c�yfcKl�d�y�k�{3d�h|~Zy`l�c � �%cKl�d�hrtlf~#n6l�c;dvh%j1dfb#c�±9®8½v¯X±9²Gk�zZl�d�y`~�{3dfk+h|z�lfc;d;�saEbZk�lvlf~Zn�l�c;d;�#t � h|z#���ek+dfbCdfb#cAcKz�{3h0xZkmz#�^j�h%y`grtudfle~Zl�cKxn � dfb#c^lf~#n�l�c;d;�Zkmlv�|k+�%cKz9k�z ´«k+�|~Zyfc^¶R��µu�
®<z©h%y`xZc;yEd�h�x#cKl`k+�|z t�xZtudftr}�tudfb©j�h%yEdfbZk�l�±©®<½�¯©k�zZl�d�y`~�{3dfk+h|zXlf~#n�l�c;d;��òZy`l�dE{3h|zZl`k�x#c;yEdfb#c�®�¯��e�x#c;ò�zZcKx�l�d�h%y`tu�%c � h0{;tudfk+h|z�lsdfbZtudvtuyfc�k�gB} � cKgBcKz�d�cKx��ek+dfbZkmzBdfb#c�ºv½s¾^�0aeb#cKl�c�kmzZ{ � ~Zx#cedfb#c��%cKzZc;y`t � �}�~#y`}Th|lfcAyfc;�|k�l�d�c;y`lit%zZx9dfb#c^l�}pcK{;k�t � yfc;�|k�l�d�c;y`lK�EaEb#c^±9®8½v¯X®f¯�� x#c;ò�z#cKli¸%îr�%cKzZc;y`t � �-}�~#y`}Th|lfcAyfc;�u�k�l�d�c;y�l;�îÒhÚB�4ÒhÛ@Ü|�#t%zZxC��c�~Zl�cAtr¸%î��-cKzRd�y � yfc;�|k�l�d�c;y�ò � cid�hrkmgB} � cKgBcKzRd�dfb#cKg �L®<zXcKt%{`b©{ � h�{fqX{ � { � c%�dfbZk�lsyfc;�|k�l�d�c;y�ò � ce{;t%zCt%{;{3c;}Zd�t�l`k�z#� � cEt%xZxZyfcKlflskmz#}�~#dLj�h%y�lf}TcK{;k�j � k�z#��dfb#c�yfc;�|k�l�d�c;y�d�h^npcEy`cKt%xrj�yfh|gh%yE�Ey�k+d�d�cKzXk�z�d�h#��aEbZk�lvxZtudft�}�tudfb ~�l�cKlvdfb#c�l�}pcK{;k�t � yfc;�|kml�d�c;yGÕªÖrd�hrl�d�h%yfc�dfbZc�grcKgBh%y � t%xZx#yfcKlflvh%jdfb#c�zZc3£0dEk�z�l�d�y`~Z{3dfk+h|zCd�h�nTcAk�zRd�c;yf}Zy`c;d�cKx©t%zZx c3£�cK{;~#d�cKx!�
��}�tuyfdij�y`h|gïdfb#cw®f¯��E�-��k�lfk�n � cAyfc;�|k�lfd�c;y`l;�T��c�k�zZ{ � ~�x#cAdfb#cwj�h ��� h7�ek�zZ��grk�{3yfh|tuy�{`bZk+d�cK{3df~Zy`t � y`c;�|k�l<�d�c;y`l�!
³ õaÒ/!6¯0d�h%yfcKlet�{3h%} � h%j@dfb#c�{;~#yfy`cKz�de±F²Gk�z�l�d�y`~Z{3dfk+h|zj^�n6k+dv}�tud�d�c;y`zÙ`�npcKk�zZ�wc3£�cK{;~#d�cKx
³ )ÙõaÒ@!6¯0d�h%y`cKl�h|z#c�h%j«dfb#c�k�zZ}�~#dflvd�hrdfb#c��i²1¾^�
³ )��"Ò@!6¯0d�h%y`cKl�dfb#c�yfcKl`~ � dv}Zyfh�xZ~Z{3cKxXn � dfbZc���²¬¾��
³ Ï ÐîØYËÙÍw!A¯0d�h%yfcKl�kmgB}ph%yfdft%z�di}Zyfh%}pc;yfdfk�cKl�h%j�dfb#cByfcKlf~ � d�}�yfh0x�~Z{3cKx9n � dfb#cB��²¬¾���Ovk+dfl�h%j�dfbZk�ly`c;�|k�l�d�c;y�{;t%z©nTc�t%{;{3cKl`l�cKxFkmzZxZk+��k�xZ~Zt �m�+� �

��c�lfbZt �m� ~�l�c�t³lfk�z#� � cHgw~ � dfk��-j ~ZzZ{3dfk+h|z��i²1¾Æ^ ��y`k+dfb�gBc;dfk�{Ht%zZx§²\h%�|k�{�¾izZk+d'`�d�h³}pc;yfj�h%y`g dfb#ctuy`k+dfb�gBc;dfk�{�t%zZx � h%�|k�{;t � h%}pc;y`tudfk+h|zZl�l�}pcK{;k+òZcKx n � dfb#cw±F²�k�zZl�d�y`~�{3dfk+h|z©lf~#n6l�c;d;�GO�cK{;t%~�l�cBgBh|l�deh%jdfb#c���²¬¾ h%}pc;y`tudfk+h|zZl���h%y`q©�ek+dfb9��t � ~ZcKl�l�d�h%y`cKxFk�z9yfc;�|k�l�d�c;y�l;�6dfbZcw�i²1¾°kmlEd � }�k�{;t �m�+� k�zZ{ � ~ZxZcKx©k�zdfb#cwº�½s¾ÑxZtudftB}�tudfb!�
´«k+�|~#y`cw¶R� î�l`b#h7�eleh|z#c�}ph|lfl`k+n � c��vt � h%jLk�zRd�c;y`{3h|zZz#cK{3dfkmz#��dfb#cwgrt%k�z n6~Zk � xZkmz#�^n � h0{`q0l�l�h�t%l�d�h}pc;yfj�h%y`g5dfbZciy`cKÁR~Zk�yfcKx�j ~ZzZ{3dfk�h|zZl;�LaEbZk�l�òZ�|~#y`cilf~Z}Z}ZyfcKlflfcKl�k�zZj�h%y`g�tudfk+h|z�h|z bZh7�§dfb#cA{3h|z�d�y`h � ~ZzZk+d{3h|zRd�yfh � l�dfb#cEj ~ZzZ{3dfk+h|zZkmz#�Ah%jpdfb#cen � h0{`q0l�]Rdfb#cKl�cix#c;dft%k � lL��k ��� npcet%xZx#cKx � tud�c;yK�o´#h%y��%c;d�dfk�z#�wt�npc;d�d�c;y
��� �a���E� �����7�J�����R�s�'���E�\�K�\�����a�s�'���\� ���L� �'� ���S�/�J��� �W�a���R� �'�������¢�'� ü���� ���������\���\�����
�J�R�����W� �E�a�'�/�s�2��� �2�\�S�W���'���'���

�t���R�\���J��� �2���a� �'� � ���J���J��� �'�a���t�2�����
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rt immed001111LUI rt, immed

BEQ rs, rt, offset 000100 rs rt offset

BNE rs, rt, offset rs rt offset000101

JALR rs000000 001001rdrd, rs

JR rs rs000000 001000

SYSCALL 000000 001100

RFE 010000 1 100000

rt, offset(rs)LW 100011 rs rt offset

SW rt, offset(rs) rs rt offset101011

ADD rd, rs, rt 000000 rs rt rd 100000

ADDI rt, rs, immed rt immed001000 rs

rd, rs, rt 000000 rs rt rdSUB 100010

rt, rs, immed rt immedrsANDI 001100

rd, rs, rt 000000 rs rt rd 100100AND

rd, rs, rt 000000 rs rt rdOR 100101

rd, rs, rt 000000 rs rt rd 100111NOR

rt, rs, immed rt immedrsORI 001101

rd, rs, rt 000000 rs rt rdSLLV 000100

´«k+�|~#y`c^¶R��µt!�� ¯�~#n�l�c;dvh%j«dfb#c^±9®<½�¯�®<zZl�d�y`~Z{3dfk�h|z9¯0c;d;��t � h|z#���ek+dfbXdfb#c���zZ{3h0x�k�z#�B¾�lfcKx!�
h7�%c;y�t ��� }�k�{3df~Zyfc%�!dfb#cBòZ�|~#y`c�t � l�h©lfb#h��el�dfb#crgrt%k�zHgBcKgrh%y � l � l�d�cKg t%zZxHdfb#cB®f¥¦l � lfd�cKg �\�ebZkm{`btuyfc�d�y`t%xZk�dfk+h|zZt ���+� } � t%{3cKxFh|~Zdflfk�x#cwdfb#crºv½s¾°{�bZk+}?ù���aEb�k�l�l`k�gB} � c^xZtudftC}�tudfbH~Zl�cKl�tXlfk�z#� � cBºv½s¾k�zRd�c;y`zZt � n�~Zl�^)¸%î^n�k+dfl��ek�x#ca`Lj�h%y�{3h|zZz#cK{3dfkmz#�^dfbZciy`c;�|k�l�d�c;y`l�t%zZxCh%dfb#c;yvn � h�{fq�lvk�zZlfk�xZc�dfb#c�ºv½s¾^�R®<zt%xZxZk�dfk+h|zCd�hrdfb#cAn�~ZlK�0��c�bZt7�%c�l�h|gBc^x#cKxZk�{;tud�cKxX}�tudfb�l�d�hr}pc;yfj�h%y`g¦d�y`t%zZl�j�c;y`l�dfbZtudEtuy`c�k�z#c�b�{;k�cKz�dd�hBnpcig�tu}Z}pcKx�d�h�dfb#c�n�~�l;�s¥�z#cAlf~Z{�b�}6tudfb {3h|zZz#cK{3dfl%õaÒ�d�hBdfb#cNÍwÌtË-�ÁÊG�wÎhÊ@�< B~ZzZk+d;�LaEbZci~Zlfcih%jt�n�~ZlE}pc;y`g�k+dflEt�j�~ �m� y`t%z#�%cwh%jL}�tudfbZl�d�h�npc^cKl�dftun � k�l`b#cKx npc;dI��c;cKz�dfb#c^n � h0{`q0l�{3h|zZz#cK{3d�cKxHn � dfb#cn�~ZlK�@®8dEk�l�Á0~Zk+d�c�}ph|lflfk+n � cedfbZtudElfh|gBcAh%j¬dfbZcKl�cA}�tudfbZl�grt � zZc;�%c;yebZtK�%c�d�hBnTcA~ZlfcKx!�o´#h%yek�z�l�dft%zZ{3c%�dfb#c;yfcAk�l�zZh�zZc;cKxXd�hr{3h%} � dfb#cA{3h|z�d�cKzRdflEh%j�ÕªÖrd�h�õ
Òp�#aEb#c�xZk+yfcK{3dv}�tudfbXn6t%l�cKx xZtudft�}�tudfbXdfbZtudv��c�ek �m� l�c;c � tud�c;ysk�z�dfbZkmlL{`bZtu}Zd�c;y�c � k�grkmzZtud�cKl«t ��� lf~Z{�br~ZzZz#cK{3cKl`lftuy � }6tudfbZlLn � }Zy`h7��k�xZk�z#��k�zZxZc;}TcKz�x#cKz�d
û¡� �W�@�=�������4�R�J�=� �>¢@���'�
�\���¤£x���\�a�=�G���G�'���±���a���\���Â�G�����\���2�\�s�����\�J���\�
�\�=�2� �N���a�a���S�'���J���G�a�a�\���W�����J���t�
�J�

�¢�a���\� �a�������J���J���/�'���S�2���a�L�G�J�G�2�\� ���J���'�Y�������s�G�\�����\���p���a���2�@�v�@�B���J���J���/�2�\���'�£�\�J�p� ���\�J�2�s�2�\�S�G�����\�4�\���¥¢ �j¦ �s�����w�
�����\� �������\���
�a�S�=���a�'�'�a�J�J�G�J���\��� �7§5¨ �
ü �\�J���a���'� �'�����î�W�x�����"�����2�/�\�J�R�S���\���a���\�K�2�\�G�J���J�=�@�'�\�x�����,�\�S�/�2�s�a���\�a�
�����\�J�'�s���\� �'�%�'�ª�\�a�9¢ �<¦ �'���W�\�����G���G�'���p���
���\�J�9�����\�G�¢�R�����'���K�s�������
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{3h|zZz#cK{3dfk�h|zZl�h|z �+� npc;dI��c;cKz©dfb#h|lfc�n � h�{fq�l�dfbZtudezZc;cKx d�h�{3h|grgw~ZzZk�{;tud�c%�

(RF)
Register File

AIR

AOR

System
IO

Sign
Extend

LShift

opcode

offset

funcrdrtrs

31

Register Addresses

Register Data

Flags

PC

ALU

Internal Bus

MAR
System Address Bus

Memory
System

IR

4

System Data Bus

MDR

CPU

´@k��|~#yfc^¶R� îî!��°¯�kmgB} � c�ð�tudft�½«tudfb©�ek�dfb t�¯�k�z#� � c�ºv½�¾�®<zRd�c;y`zZt � Ov~Zl
aEbZcXx�tudftF}6tudfb¡~�l�cKl�dfb#c grk�{3yfh|tuy�{`bZk+d�cK{3df~Zy`t � yfc;�|k�l�d�c;y õaÒ.d�h�l�d�h%yfcXdfb#cXn�k+dw}�tud�d�c;y`z�h%j�dfb#ck�zZlfd�y`~Z{3dfk+h|z¡npcKk�z#��k�zRd�c;yf}Zyfc;d�cKx³t%z�x³c3£0cK{;~Zd�cKx!�ª¾iz � k+q%cXh%dfb#c;yry`c;�|k�l�d�c;y`l;��dfb#c h|~#d�}6~#dflBj�yfh|g�õaÒtuyfcXh%yf�|t%zZk�ä;cKx³t%l�V�æ3é�'�ó���k�z � k�z#c��ek+dfb.dfb#c xZk��pc;yfcKzRdwò�c � xZlwl�}pcK{;k+òZcKx¡k�z¡dfb#c©±©®<½�¯.k�zZlfd�y`~Z{3dfk+h|zj�h%y`grtudfl;��aeb#crxZk��pc;yfcKzRdAh|~#d�}�~#dflAh%j�õaÒ�tuyfc�k ��� ~Zlfd�y`tud�cKxHk�z�´«k+�|~#yfc�¶R� ¸0�CaEb#cª©x«(¬-©+ îÊ t%z�x Ï Ý­�®¬h|~#d�}�~ZdflAtuyfcBlf~#}Z} � k+cKx©d�h dfb#c�ºv½�¾5{3h|zRd�yfh � ~Zz�k+d ^ z#h%d�l`b#h7�ez�kmz9dfb#cBò��|~#yfca`���aEbZc É@Í0�EÉwÎT�\t%zZx

É¯ ©h|~#d�}�~Zdfl�tuyfcr~Zl�cKxHd�hFl�c � cK{3dAdfb#cByfc;�|kml�d�c;y�dfbZtud�k�l�d�h9nTc�yfcKt%x�h%y��Ey`k+d�d�cKz�kmz�d�h#�BaEb#c�yfc;�|kml�d�c;yyfcKt%x¡t%xZx#yfcKl`l�cKl�{;t%z.npceÉ@ÍCh%y ÉîÎ6�@�eb#c;yfcKt%l^dfb#c�yfc;�|k�l�d�c;yw�Ey`k+d�c�t%xZx#yfcKlfl^{;t%zGnpc±ÉwÎT��É¯ 6�¬h%yB¸�µu�
^ ~ cK{;t �m� dfbZtud���b#cKz�t©lf~ZnZyfh|~#dfk�zZc�{;t �m� k�zZl�d�y�~Z{3dfk+h|zHk�lAc3£�cK{;~#d�cKx!�«dfb#cByfc;df~Zy`z�t%xZx#y`cKlfl�k�lA�ey`k+d�d�cKzk�zRd�h=Ò	Û@Ü|�£`^aEb#ct© ÏîÏ ÍtÊ�Î�h|~#d�}�~#d�k�zZ{ � ~ZxZcKlodfb#c � cKt%l�dvlfk+�|zZk+ò6{;t%z�diµK»�n�k�dflsh%j.õaÒp�Rt%zZxCk�l�lf~#}Z} � k+cKx�d�ht;×ªÌ"Ë-�±°­�wÎªÊx�< A~ZzZk+d¬d�h�{3h|zR�%c;yfdsk�d@k�zRd�hAtA¸%î��-n�k+dLlfk+�|z#cKxwk�zRd�c;�%c;yK�LaEbZk�l«¸%î��-n�k+d«h|~#d�}6~#d¬h%j6dfb#c7×ªÌ"Ë-�
°¯��ÎhÊ@�< B~ZzZk�d�k�l�{3h|zZz#cK{3d�cKx d�h�dfb#c�ºv½�¾�� l,õ��ªÎhÊ�É-�ÙØwÐ³²�Ý/Í�x�k+yfcK{3d �+� t%lv��c ��� t%lvdfb#yfh|~#�|bXtp*h×@´/Ì Ï Î~ZzZk�dedfbZtudA}pc;yfj�h%y`grlit � c;j�dAlfb�k+j�din � dI��h n�k+di}ph|lfk+dfk+h|zZlK�Tl�h t%lAd�h gw~ � dfk+} �+� k+d�n � ¹#�waEb#cwj�h%y�gBc;y{3h|zZz#cK{3dfk�h|z&k�l�}Zyfh��0kmx#cKx�j�h%y�dfb#c }�~#yf}ph|l�cCh%jic3£0cK{;~#dfkmz#��dfb#c9gBcKgrh%y � �-y`c;j�c;yfcKz�{;k�z#��k�zZl�d�y�~Z{3dfk+h|zZlt%zZx�dfb#cey`c;�|k�l�d�c;y��Ik�g�gBcKxZk�tud�ci��²¬¾:d � }pc�k�zZlfd�y`~Z{3dfk+h|zZlK�@aEbZc � tud�d�c;yvk�l�}Zyfh7��k�x#cKx�j�h%y�c3£�cK{;~#dfk�z#�wdfb#cnZy`t%z�{`b��-d � }pc�k�zZlfd�y`~Z{3dfk+h|zZlK�0��bZk�{`b kmz��%h � �%c�gw~ � dfk�} �+� k�z#��dfbZc7© ÏîÏ ÍtÊ�Î��ut � ~#c�n � ¹#�

´#h%y�{3h|gr} � c;d�cKz#cKlflK�TdfbZc^òZ�|~Zyfc^t � lfh�lfb#h��elidfb#c�gBcKgBh%y � l`~#n�l � l�d�cKgït%z�x9dfb#cw®f¥5l`~#n�l � l�d�cKg ��ebZkm{`bGkmgB} � cKgBcKzRdAdfb#cCgBcKgBh%y � t%xZxZyfcKlfl�lf}�t%{3cCt%z�x�®f¥Æt%xZxZyfcKlfl�lf}�t%{3c%�«yfcKl�}pcK{3dfk+�%c �+� �«dfbZtud�tuyfc
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6 5 5 5 65

opcode rs rt rd func

IR

offset

target

´«k+�|~#yfc^¶R� ¸î!vð�k��pc;yfcKz�d�¥�~#d�}�~#dflvh%jo±Fk�{3yfh|tuy`{�bZk+d�cK{3df~#y�t � ~ c;�|kml�d�c;y=õaÒT�#��bZk�{`b9b#h � xZl�tr{3h%} � h%j«dfb#c®<zZl�d�y`~Z{3dfk�h|z�O�k�dE½@tud�d�c;y�z

x#c;ò�zZcKx.k�z.dfb#cC®�¯#���«´«k�zZt ���+� �«j�h%yBk�z�d�c;y`j�t%{;k�zZ�Fdfb#cX}Zy`h0{3cKlflfh%y^n�~�l�d�hHdfb#c gBcKgBh%y � l � l�d�cKg t%zZxdfb#c�®�¥§l � l�d�cKg©�0grt%z � ºv½s¾§xZtudft�}�tudfbZls}Zyfh7��k�x#cedI��hwl�}pcK{;k�t � grk�{3yfh|tuy`{�bZk+d�cK{3df~#y�t � yfc;�|k�l�d�c;y�l;�LaEb#cl�dft%zZx�tuy`x^{3h|zR�%cKzRdfk+h|zrk�l¬d�hA{;t ��� dfbZcKgÖçræ;çrìuí�Jwê-'-'uífæ=ó�óEí�æsr%ô�ó=ëIæ3í ^�µ¯)�Ò?`\t%zZxCç�æ3çrìuí�J7'|ê|ë-ê�ífæ\r|ômó3ëIæ3í
^�µ­¶wÒ?`��RaEbZc�j�h%y`grc;y�k�l�~Zl�cKxrd�hwl�d�h%yfc�dfb#c�t%xZxZyfcKlflLh%j!dfb#c�gBcKgBh%y �r� h�{;tudfk+h|z�h%ys®f¥§}ph%yfdod�h^nTceyfcKt%xj�yfh|g h%yo�Ey`k�d�d�cKz�d�h#�Rt%zZx�dfb#c � tud�d�c;ysk�lL~Zl�cKx�d�h^l�d�h%yfc�dfb#cExZtudft�dfbZtudok�l«yfcKt%xBh%ysd�hAnTcv�Ey�k+d�d�cKz!�«aEb#ct%xZx#y`cKlflol�d�h%yfcKx�k�z·µ�)YÒBk�log�t%x#cetK�ut%k � tun � c�d�h�dfb#cit%xZx#yfcKlflsk�z#}�~#dfl@h%jpdfb#cigBcKgBh%y � l � l�d�cKg5t%zZx�dfb#c®f¥ñl � l�d�cKgÏdfb#yfh|~#�|b.dfb#c ×-¸@ÍaÎhÊ�¹º)­ + wÉhÊ	ÍîÍ»²YÝEÍ xZ~#y`k�zZ�©t9gBcKgBh%y � ²�®f¥ñy`cKt%xÙ²��Ey`k+d�c�h%}Tc;y�tudfk+h|z!��§b#cKz.tFgBcKgBh%y � ²�®f¥ñyfcKt%x.h%}pc;y`tudfk+h|z.k�l�}pc;yfj�h%y`gBcKx!�eµ­¶wÒ�k�l^~#}!xZtud�cKx�j�yfh|g dfbZc ×-¸ÙÍ�ÎªÊB¹±¶	ØYÎ	Ø
²�Ý/Í0�B¯#k�grk � tuy �+� �6��b#cKz�t gBcKgBh%y � ²�®f¥¦�Ey`k+d�c�h%}pc;y`tudfk+h|z�kml�}Tc;y`j�h%y`grcKx!�pdfb#cr{3h|z�d�cKzRdfl^h%j$µ­¶wÒHtuyfcd�y`t%zZl`grk+d�d�cKx d�hrdfbZc�tu}Z}Zyfh%}Zy�k�tud�c�gBcKgBh%y � ²�®f¥ ~ZzZk+dvdfb#y`h|~#�|b dfb#c1×-¸ÙÍ�ÎhÊ�¹±¶?Ø"Î	ØU²YÝEÍ0�

� $S´ C 0�D4-E5WFG<Ù<@+KAWYI¸S:Æ½�FpºN»WMNFG»7+ µ	ºN<	>/-�MNDL>/025WºN<

�st%{�b9grt%{�bZk�z#c � t%z#�|~Ztu�%c�k�zZlfd�y`~Z{3dfk+h|z {;t%z npcAc3£�cK{;~#d�cKx9tudedfb#c�grk�{3yfh|tuy�{`bZk+d�cK{3df~Zy`t �\� c;�%c � ~�lfk�z#�Btl�cKÁ0~#cKzZ{3c�h%j@c � cKgBcKzRdftuy � k�zZl�d�y�~Z{3dfk+h|zZl�h|z©t%z©tu}�}Zyfh%}Zy`kmtud�c�x�tudftB}�tudfb!�o��c^lfbZt ��� yfc;}Zy`cKl�cKz�d�dfbZcKl�cgrk�{3y`h|tuy`{`bZk�d�cK{3df~#y`t � � � c;�%c � c � cKgBcKzRdftuy � k�zZlfd�y`~Z{3dfk+h|zZl!~�lfk�z#�EgrzZcKgBh|zZk�{;l¢^ lfk�grk � tuy!d�he�ebZtud¬k�l1x#h|zZcsk�zt%lfl�cKg^n �+��� t%z#�|~�tu�%cKlot%lol�df~Zx�k+cKxBk�zB{`b�tu}Zd�c;y`ls¸At%z�x�¹w`��o��{;{3h%y`x�k�z#� �+� �|��celfb�t ��� {;t ��� dfb#cKl�cEc � cKgBcKz��dftuy � kmzZl�d�y`~Z{3dfk�h|zZlEç�ôRQ;í�ìKê�ó`óKæ3ç C éhJré+êtXwr|è#ê
rRæey_¼e½,|@}^ôvX#ó3ë í�è	QKë ô)ìtX#ó=��d�h�kmzZxZk�{;tud�cEdfbZcKk+y�y`cKl�cKg�n � t%zZ{3cd�hBdfb#cAt%lfl�cKg^n �+�C� t%z#�|~Ztu�%cAk�z�l�d�y`~Z{3dfk+h|z�l�t%zZxCd�hrk�z�xZk�{;tud�cidfbZtud�dfb#c � tuy`c�grk�{3yfh|tuy`{�bZk+d�cK{3df~#y`c3� � c;�%c �k�zZlfd�y`~Z{3dfk+h|zZlK�s�º¼\��²¡k�zZl�d�y�~Z{3dfk+h|z {3h|zZlfkml�dflEh%j«h|z#c^h%y�gBh%yfc�c � cKgBcKzRdftuy � h%}pc;y`tudfk+h|zZlE{;t �m� cKx¾¼e½,|ì'°#æ;í<ê|ë ô ìtXZó��@}Tc;y`j�h%y`grcKxFh|z�x�tudft l�d�h%yfcKx�k�z�yfc;�|k�lfd�c;y`l�h%y�k�zHgBcKgBh%y � �w�¿¼\�i²�h%}pc;y`tudfk+h|z�{;t%z�npct%lrlfkmgB} � cCt%lr{3h%} � k�z#��x�tudftHj�yfh|g h|zZc }�b � lfk�{;t � yfc;�|kml�d�c;yrd�h�t%z#h%dfb#c;y7�sh%y�gBh%y`cX{3h|gr} � c3£p��lf~Z{�bt%l�t%xZx�k�z#�Xdfb#c�{3h|zRd�cKz�dfl�h%jvdI��h©}�b � lfkm{;t � yfc;�|k�l�d�c;y`l�t%zZx�l�d�h%y`kmz#�Xdfb#cByfcKlf~ � d�k�zHt dfbZk+y`x�}�b � lfk�{;t �yfc;�|k�lfd�c;yK�s�iz c3£�t%gr} � c¤¼\�i²�h%}pc;y`tudfk+h|z©kml
ÕªÖÁÀ µ¯)�Ò
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Ã¢ð�d±AB�Kôaì"è�ïKçîìYæsé��Kô

ú�c3£0dL��c��ek ��� xZk�lf{;~�lfl¬tAlf}TcK{;kmt �0� t%z#�|~Ztu�%c�{;t ��� cKxBgrkm{3yfh|t%lfl�cKg^n �+��� t%z#�|~Ztu�%cvj�h%yolf}TcK{;k�j � k�z#��dfb#c�c � c3�gBcKzRdftuy � grk�{3yfh|tuy`{�bZk+d�cK{3df~#y`c3� � c;�%c � k�zZl�d�y�~Z{3dfk+h|zZl;�1®8z�dfbZkml � t%z#�|~Ztu�%c%��xZtudft�d�y�t%zZl�j�c;y@h%}pc;y`tudfk�h|zZlLt%zZxtuy`k+dfb�gBc;dfk�{
² � h%�|k�{;t � h%}Tc;y�tudfk+h|zZlLtuyfcelf}TcK{;k�òZcKx�~Zlfk�z#�At � t%z#�|~Ztu�%ce{;t ��� cKxXí�æsr%ô�ó=ëIæ3íië í<ê"X#óZuKæ3í�é�êtXîr%èZêxrRæ
yvz�{E|/}���®<z ~ aE²s��xZtudft�d�y`t%zZl�j�c;y�k�lex#cKlfk+�|zZtud�cKxFk�z©l � g^nTh � k�{ij�h%y`gïn � gBcKt%z�leh%j«dfb#c�y`c;} � t%{3cKgBcKzRdh%}pc;y`tud�h%y ^�À `��ªaEb0~Zl;�sdfbZc9z#h%dftudfk+h|z³��c9~Zlfc d�hGl�}pcK{;k+j � dfb#c¾¼\�i²¨h%}pc;y`tudfk�h|z³dfbZtud�{3h%}�k�cKlBdfb#c{3h|zRd�cKz�dfl�h%j�ÕªÖrd�hZµ¯)�Ò k�l

ÕªÖÁÀ µ�)YÒ
O � xZc;ò�zZk+dfk+h|z\��dfb#c�{3h|zRd�cKz�dfloh%j�dfb#c�l�h|~#y�{3c�yfc;�|kml�d�c;yox#h�z#h%dL{`bZt%z#�%cEt%l«tiyfcKlf~ � d¬h%j�dfb#cvd�y`t%zZl�j�c;yK�aEb#c¤¼\�i²�h%}pc;y`tudfk�h|z©x#h0cKlEz#h%dEl�}pcK{;k+j � b#h���xZtudftrkmlE{3h%}�k+cKx j�yfh|g ÕhÖrd�h�µ¯)�Ò@]Zk�dEgBc;yfc �+� l�}pcK{;k+òZcKl�ebZtud�d�y`t%zZl�j�c;y^z#c;cKx�l�d�h9npc�g�t%x#c%� aEb#c�l�}pcK{;k+ò6{;lAh%j�dfb#c�xZtudft9d�y`t%zZl�j�c;y^tuy`c�x#cKt � d��ek+dfbGtud^dfb#cxZk+�|k�dft �!� h%�|k�{ � c;�%c � �.ú�h%dfk�{3c^dfbZtud

õ
ÒºÀ )¯�"Ò
k�l�z#h%d�t���t � kmxZ¼\��²�h%}pc;y`tudfk+h|z�k�zrdfbZc�xZtudft�}�tudfb��|k��%cKz�k�z�´@k��|~#yfci¶R� î0��npcK{;t%~Zl�c�dfb#c;yfc�kmlsz#h�x�k+yfcK{3d{3h|zZz#cK{3dfk�h|z©npc;dI��c;cKzjõaÒCt%zZx>)¯�"ÒT�6¯#k�grk � tuy �+� �

õaÒºÀ )+*G,
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��c lfbZt �m� ~Zl�cCdfb#cXz#h7�Öj t%grk � kmtuy�xZtudft�}�tudfb.h%je´«k+�|~#yfc©¶R� î©j�h%yBx#cKlfk+�|z�k�z#�©dfb#cX{3h|zRd�yfh � ~ZzZk+d;�´Z~#y`dfb#c;y`gBh%yfc%�Rj�h%y�{ � tuy`k+d � h%jp}Zy`cKl�cKz�dftudfk�h|z!����celfbZt �m� yfcKl�d�y`k�{3dsh|~#y`l�c � �%cKlod�h�dfb#cEj�h ��� h��ek�z#��dfb#y`c;cek�z��l�d�y`~�{3dfk+h|zZl�!p^ kZ` ØG + YÝ É­ $ó¿ÉÙÍeó¿ÉîÎ6��^ k�kZ`¢Ð�� ÉwÎ�óÌ© ÏîÏ ÍtÊ�Î4Ñ�É@ÍîÔR��t%zZxj^ k�kmkZ`5	?Ê6� É@Íeó ÉîÎ�óÌ© ÏîÏ Í"Ê�Î6�aEbZtudEkml;�#��c��ek ��� t%lflf~ZgrcAj�h%yEdfbZc�dfk�gBcAnpcKk�z#��dfbZtudedfbZk�lv}Zyfh�{3cKlfl�h%y�k�gB} � cKgrcKz�dflvh|z ��� dfb#cKl�c�dfb#yfc;ck�zZlfd�y`~Z{3dfk+h|zZlK��aEb#c�k�zZx�k+�0kmxZ~Zt � ¼\��²�y`h|~#dfk�z#cKl�j�h%yAk�zRd�c;yf}Zy`c;dfk�z#��dfbZcKl�cBk�zZl�d�y`~�{3dfk+h|zZletuy`c�t7��t%k � tun � ck�z�a¬tun � cKl�¶R� î��8¶R�å¹#��aEb#cp¼\��²�y`h|~#dfk�z#c^j�h%y�dfb#c�k�zZl�d�y�~Z{3dfk+h|z©j�c;df{`b�}�tuyfd�k�ledfbZcwlft%grcwj�h%yAt ��� dfb#yfc;ck�zZlfd�y`~Z{3dfk+h|zZlK��a¬tun � cH¶R� ø¡{3h|g^n�k�z#cKlCdfb#cÊ¼\��²Ñyfh|~Zdfk�z#cKlCk�zªa@tun � cKl ¶R� î��8¶R�å¹ªk�zRd�h¡t¡lfk�zZ� � c¾¼\�i²}Zyfh%�%y�t%gÆl�dftuyfdfk�zZ�rtudel�d�c;}FÂ��
®<z�dfbZkmlt¼\��²¢}Zyfh%�%y`t%g©�1dfb#cry`h|~#dfk�z#cBj�h%y^k�z�l�d�y`~Z{3dfk+h|zHj�c;df{`b¡k�lA�ey`k+d�d�cKzC�f~Zl�dAh|zZ{3c%�«t%zZx�dftuq%cKll�d�c;}�l�ÂHdfb#yfh|~#�|b&¸0�³®<z³l�d�c;}¢¸0�vt�z#c;��¼\�i²¨h%}pc;y`tudfk+h|z�¼ Ë­©�Î�©*Í�ÎhÊ@«±ãT¼�b�t%l�nTc;cKz³t%x�x#cKx�d�hk�zZx�k�{;tud�ced�hwdfb#c�{3h|z�d�yfh � ~Zz�k+dsdfbZtudvtwg^~ � dfk��-��t � nZy`t%z�{`bCk�loyfcKÁ0~Zk+y`cKx�k�z�dfb#c%¼\��²�}Zyfh%�%y�t%g �Rn6t%l�cKxh|zXdfb#cAh%}!{3h�x#cAh%j1dfb#c�xZcK{3h0x#cKx kmzZl�d�y`~Z{3dfk�h|z!�4úeh%dfk�{3c�t � l�hBdfbZtudEt Ë¯©YÎ�© ÍaÎhÊ@«ÁÚ�¼\��²�h%}Tc;y�tudfk+h|zbZt%lenTc;cKzFt%xZx#cKx9d�h�dfb#c � t%l�dÔ¼\�i²�k�zZl�d�y�~Z{3dfk+h|z k�z9cKt%{`bFyfh|~#dfk�z#c�d�hCk�z�xZk�{;tud�cAdfbZtud�{3h|z�d�y`h � bZt%led�h�%h n�t%{`q�d�h©lfd�c;}GÂ tuj�d�c;y�dfb#cBc3£0cK{;~Zdfk+h|z�h%j�dfbZtud¤¼\��²ªk�zZl�d�y`~�{3dfk+h|z!�^aeb#cIË­©�Î¯©Þ¼\��²ªh%}Tc;y�tudfk+h|zZltuyfc�j�h%y�dfb#cEnpcKz#c;òZdoh%jpdfb#c�ºv½s¾§{3h|zRd�yfh � ~�zZk+d7^�d�h�j t%{;k � k�dftud�cek+dflslfcKÁ�cKzZ{;kmz#��j ~ZzZ{3dfk+h|zÙ`��Rt%zZx�tuyfciz#h%dgBcKt%zRdEj�h%yEdfb#c�xZtudftr}�tudfb!�
aEbZc.ºv½s¾Ï{3h|z�d�yfh � ~ZzZk+dXcKlfl�cKzRdfk�t ����� c3£�cK{;~#d�cKl9t%z¨kmz#ò�zZk+d�c � h0h%}¨tud©dfb#c�grk�{3y`h|tuy`{`bZk�d�cK{3df~#yfc� c;�%c � �BaEb�k�l�~ZzZk+d�{;t%z�npcBx#cKlfk+�|z#cKx�t%l�tXò�zZk+d�cBl�dftud�c�g�t%{`bZk�zZc�^ ´L¯Z± `��\®<zHh%y`x#c;yAd�hFx#hXdfbZk�l;�!��c{;t%zGxZc;�%c � h%}Gt©l�dftud�c�d�y`t%zZlfk�dfk+h|z�xZk�tu�%y`t%g n�t%l�cKx�h|z.a¬tun � c�¶R� ø0��´«k+�|~#yfc�¶R� ø©}ZyfcKl�cKzRdfl�t9±9h0h%yfc3�d � }pc�l�dftud�c�d�y`t%zZl`k+dfk+h|z§xZk�tu�%y`t%g j�h%y dfbZk�lX´o¯#±G��®8z�dfbZk�lXxZkmtu�%y`t%g �icKt%{`b¨l�d�c;}:h%j�a@tun � cG¶R� ø�k�lk�gB} � cKgBcKzRd�cKxFn � t l�dftud�c%�1�ebZk�{�b�xZcK{;k�x#cKlidfb#cZ¼\�i²³k�zZl�d�y`~�{3dfk+h|z9d�h npc��%cKz#c;y`tud�cKx��eb#cKzHk�zFdfbZtudl�dftud�c%�EaEbZcAòZ�|~#yfc�t � l�h�k�zZx�k�{;tud�cKl�dfb#cw{3h|zZxZk+dfk+h|z�l�dfbZtude{;t%~Zlfc�dfb#cw{3h|z�d�yfh � ~ZzZk+dE´o¯#±Ïd�h��%h�j�yfh|gh|z#cwl�dftud�c^d�hCt%z#h%dfb#c;yK�E±9h|l�deh%jLdfbZc�d�y`t%zZlfk�dfk+h|zZlEtuyfcwz#h%d�g�tuyfq%cKx©n � t�{3h|zZxZk�dfk+h|z!�Z�eb�k�{`b©grcKt%zZldfbZtudidfb#h|l�c^d�y`t%zZlfk+dfk�h|zZl�h�{;{;~#yi~�zZ{3h|zZxZk+dfk�h|zZt ���+� ��aEb#c�ò�y`l�dE¹Cl�dftud�cKl;��×�Ú��p×�Û��6{3h%yfy`cKl�}ph|zZx©d�hCdfb#ck�zZlfd�y`~Z{3dfk+h|z¡j�c;df{`b³yfh|~Zdfk�z#c"]vdfb#c ¼\��²Àk�zZl�d�y�~Z{3dfk+h|z.d�h�npcC}pc;yfj�h%y`gBcKx�k�z¡cKt%{�b&h%jedfbZcKl�c9l�dftud�cKl87{3h%yfyfcKlf}Th|z�xZlEd�h��ebZtud�kmlE�|k+�%cKz�k�z9a@tun � c�¶R� ørj�h%yilfd�c;}97��E�vd�dfbZc�cKzZx9h%jLdfb#c�j�c;df{`bÊ¼\�i².y`h|~#dfk�z#c%�dfb#cEj�c;df{`bZcKxC±F²FkmzZl�d�y`~Z{3dfk�h|z^��h|~ � x�bZtK�%c�nTc;cKz�x#cK{3h0xZcKx!�Rt%zZx�t�gw~ � dfk��-�vt � nZy`t%zZ{�brh�{;{;~#y`lLd�h^dfb#ctu}Z}Zy`h%}Zy`k�tud�c�c3£0cK{;~#d�ct¼\�i²�yfh|~#dfk�z#c%�4O � l�}pcK{;k+j � k�z#��dfb#c�l�dftud�cKlvt%zZxCdfb#cKk+y�d�y`t%zZlfk�dfk+h|zZl;�R��c�l�}pcK{;k+j �dfb#cF¼\�i²9k�z�l�d�y`~Z{3dfk+h|zwdfb#c�ºv½s¾¢{3h|z�d�yfh � ~ZzZk+dLgw~Zl�dL�%cKz#c;y�tud�cek�z�h%y`x#c;ysj�h%yodfbZcExZtudftA}�tudfbBd�h�j�c;df{�b!�x#cK{3h�x#c%��t%zZx©c3£0cK{;~#d�c�c;�%c;y � k�zZl�d�y`~�{3dfk+h|z k�zXdfb#cA®f¯��^�
aEbZc�lfdftud�c�xZk�tu�%y`t%gÖk�gr} � cKgBcKzRd�cKxXk�zCdfbZk�l�j�t%l`bZk+h|zXbZt%l�tBl�c;}�tuy�tud�cAyfh|~#dfk�z#cij�h%y�dfb#cAc3£0cK{;~Zdfk+h|z}�tuyfd�h%j�cKt%{�b.±F²¢kmzZl�d�y`~Z{3dfk�h|z!�r´#h%y�t%z�®�¯#��dfb�tud�l�}pcK{;k+òZcKlAb0~ZzZx#y`cKxZl�h%j�k�zZl�d�y`~�{3dfk+h|zZl;�!dfbZkml�tu}#�
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}Zyfh|t%{�b�k�l � k+q%c �+� d�hX}Zy`h0xZ~�{3cwt%zH´o¯#± ��k+dfb9dfbZh|~Zlft%zZxZlih%j�l�dftud�cKl;����zR~Zg^npc;y�h%j�l�dftud�cKl�k�z�lf~Z{�bt%zX´o¯#± {;t%zCnpci{3h|g^n�k�zZcKx�n � {3h|zZl`k�x#c;y`k�zZ��dfbZtudvdfb#c�c3£0cK{;~Zdfk+h|zXyfh|~#dfk�zZcKlsh%j1l`k�grk � tuy�k�zZl�d�y�~Z{3dfk+h|zZlbZt7�%cXg�t%z � {3h|g�gBh|z³l�dftud�cKl;��´#h%yrkmzZl�dft%zZ{3c%�Ldfb#cCòZy`lfdw¸�l�dftud�cKlBk�z.dfb#cCc3£0cK{;~#dfk�h|z.y`h|~#dfk�z#c�h%j�tgBcKgBh%y � �-yfc;j�c;yfcKzZ{;kmz#��k�z�l�d�y`~Z{3dfk+h|z9x#cKt � ��k+dfb9{3h|gB}6~#dfk�z#�rdfbZc^c3�pcK{3dfk+�%cBt%xZx#yfcKl`l;�6t%zZx9�ek ��� nTc^dfb#clft%gBcXj�h%yBt ��� grcKgBh%y � �-yfc;j�c;y`cKzZ{;k�z#��k�zZl�d�y`~�{3dfk+h|zZl;�¯É|~Zlfd � k+q%cC��cC~ZlfcKx¡t�{3h|grgBh|z�j�c;df{`b�y`h|~#dfk�z#cj�h%yit ��� ±F²³k�zZl�d�y`~�{3dfk+h|zZl;�Z��c�{;t%z�~�l�c^tC{3h|grgBh|zHt%xZx#y`cKlfle{;t � {;~ � tudfk+h|zFyfh|~#dfk�z#c^j�h%y�t ��� gBcKgBh%y � �yfc;j�c;yfcKzZ{;k�zZ�XkmzZl�d�y`~Z{3dfk�h|zZl�kmzFdfbZcB±9®<½�¯F®f¯����p®8js��cBdftuq%crdfbZk�l�tu}Z}�yfh|t%{`b!�1��cr{;t%zH�%c;d�tXy`cKxZ~Z{3cKx´o¯#±Ùt%lolfb#h��ezrk�zB´«k+�|~Zyfci¶R� »0�oaEbZkml@´o¯#±­�ek ��� bZtK�%c�j�tuyoj�c;��c;y�l�dftud�cKlsdfbZt%zrdfb#c�h|zZcE�|k+�%cKzrcKtuy � k+c;yK�

�itK��k�z#�Bx#c;�%c � h%}pcKxXtp¼\��²H}�yfh%�%y`t%g¦d�hBk�z�d�c;y`}Zyfc;d�dfb#c�dfbZyfc;cAgrt%{`bZkmz#c � t%z#�|~Ztu�%cAk�zZl�d�y�~Z{3dfk+h|zZl;�dfb#c�zZc3£0d�lfd�c;}Gk�lAd�h©d�y�t%zZl � tud�c�k�d�k�z�d�hFt%z�cKÁR~�k+��t � cKz�d�grkm{3yfh%}Zyfh%�%y`t%g©�1t%zZx�d�hF�%cKz#c;y`tud�c�dfbZc�grk��{3yfh|k�z�l�d�y`~Z{3dfk+h|z�l�l�hFt%l^d�hHt%{;{3h|gB} � k�l`b�dfb#c�kmz�d�c;yf}�yfc;dftudfk+h|z�h%jEkmzZl�d�y`~Z{3dfk�h|zZlAh|z#cCtuj�d�c;ywdfb#c�h%dfbZc;yK�´«k+�|~#yfcB¶R�·¶��|k+�%cKl�t�n � h0{`q©xZk�tu�%y`t%g­h%jst��%cKz#c;y`k�{�ºv½s¾°{3h|zRd�yfh � ~ZzZk�de´o¯#±��paEbZkmle´o¯#± }pc;yfj�h%y`grldI��h�j ~ZzZ{3dfk�h|zZl�!
³ ¯�cKÁR~#cKz�{;k�z#��dfb#yfh|~#�|b©dfb#c�grk�{3y`h%}Zyfh%�%y`t%g
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Multi−way Branch

ML Instruction

ML Instruction

S13

S14

S16

S15

S12S4

S5

S6

S3

S1

S2

S0

S10

S9

S8

S7

S11

Z
Z

add rd,rs,rt lw rt,offset(rs) beq rs,rt,offset

lwadd beq

Fetch & Decode

Execute

´«k+�|~#yfc�¶R� øî!�� ¯�dftud�c�ð�k�tu�%y`t%gÆj�h%yet�ºvh|z�d�yfh � ¾�zZk�d�j�h%yedfbZc�±©®<½�¯Xð�tudft�½@tudfb9h%j@´«k+�|~Zyfc^¶R� î
³ Ò�cKz#c;y`tudfk�z#��dfb#c�grk�{3yfh|kmzZl�d�y`~Z{3dfk�h|z�j�h%yEdfb#c^{;~#yfyfcKzRdEl�dftud�c
aEbZc^´o¯#± ó3ë-ê%ëIæik�lelfd�h%yfcKxHk�z9t�ÍaÎ	Ø"ÎhÊ�yfc;�|k�l�d�c;y7��aEb#cw{3h|z�d�cKzRdfl�h%jLdfbZk�leyfc;�|k�l�d�c;yAtuyfcw~#}!xZtud�cKxn � dfb#c�{3h|g^n�k�z�tudfk+h|zZt �\� h%�|km{�n � h�{fq�{;t �m� cKx��?ÊG�wÎ ÍaÎ	Ø"ÎhÊ ËªÊ@�?ÊYÉ	ØYÎ¯©�É6��ú�h%y`grt ���+� �#dfbZc�l�dftud�c��ut � ~#ck�lwk�zZ{3yfcKgrcKz�d�cKx¡tud�cKt%{`b³{ � h�{fq�}6~ � l�c%�L{;t%~Zlfkmz#�Flf~�{;{3cKlflfk+�%cXgrk�{3yfh|kmzZl�d�y`~Z{3dfk�h|zZl�d�h�npc��%cKz#c;y�tud�cKx!�

�o�%c;y � dfk�grcvtAzZc;�ª±9²Fk�zZl�d�y`~�{3dfk+h|z^kmlLx#cK{3h0xZcKx¿^��ebZk�{�bBk�l«k�z�l�dftud�c�¸ij�h%yLh|~#yLc3£�t%gr} � ca`��|dfb#cE{3h%y`yfc3�l�}ph|zZxZkmz#�egrk�{3y`h|k�zZl�d�y`~�{3dfk+h|z�k�z�{ � ~Zx#cKl1dfb#c�n6k�zZtuy � cKÁ0~Zk+�ut � cKzRd1h%j6t�Ë¯©YÎ�© ×xã�¼\�i²Xh%}Tc;y�tudfk+h|z!�«aEbZk�lk�z#j�h%y`grtudfk�h|z�k�l�~Zl�cKx�n � �	Ê+��Î�Í�Î	Ø"ÎhÊ ËîÊx�	Ê�É	Ø"Î�©YÉ�d�hw�%cKz#c;y`tud�c�twxZk��pc;yfcKzRd�l�dftud�c=¼¢dfbZc�l�dftud�cA{3h%y��yfcKl�}ph|zZx�k�z#��d�hBdfb#c�npc;�|k�zZz�k�z#��h%j¬dfb#c�c3£0cK{;~#d�c�g�k�{3yfh%yfh|~#dfkmz#c�j�h%yvdfbZtudEk�zZlfd�y`~Z{3dfk+h|z0¼�d�h�npc � h|t%x#cKxk�zRd�hFdfbZc Í�ÎhØYÎhÊ�yfc;�|k�l�d�c;yK��aEb0~Zl;�«dfb#cX{3h|zRd�yfh � ~ZzZk+d^k�l^tun � c�d�hH�%cKz#c;y�tud�cCdfbZcXg�k�{3yfh|k�zZlfd�y`~Z{3dfk+h|zZlj�h%y�c3£�cK{;~#dfk�z#�Fdfb#c�z#c;� ��� xZcK{3h0x#cKx.grt%{`b�k�z#c � t%zZ�|~Ztu�%c�k�z�l�d�y`~Z{3dfk+h|z\�r��b�k � cr�%h|k�zZ�©dfb#yfh|~#�|bGdfb#cc3£�cK{;~#d�c9grk�{3y`h%yfh|~#dfk�z#c%�ok�jedfb#c {;~#yfy`cKz�drgrkm{3yfh|k�zZl�d�y�~Z{3dfk+h|z¡k�zZ{ � ~ZxZcKl�dfb#cXn�kmzZtuy � cKÁ0~Zk+�ut � cKzRdwh%j�t
Ë¯©YÎ�© ×�Ú�¼\��²Gh%}pc;y`tudfk+h|z!�­�?ÊG�wÎ�Í�ÎhØYÎªÊ ËªÊ@�?Ê�ÉhØYÎ¯©�ÉryfcKlfc;dfl�dfb#c_Í�ÎhØYÎhÊByfc;�|k�lfd�c;yEd�hrä;c;yfh#��lfhBdfbZtudk�z�dfb#c�z#c3£�d�{ � { � c�dfb#c�ºv½�¾:{;t%z�npc;�|k�zrj�c;df{�bZk�z#�^dfb#c�z#c3£�d�g�t%{`bZk�zZc � t%z#�|~�tu�%c�k�zZlfd�y`~Z{3dfk+h|z!�«aEb0~Zl;�dfb#ce~Z}px�tudfk+h|z�h%jpdfb#c;Í�ÎhØYÎªÊ�yfc;�|k�l�d�c;y�k�lLn�t%lfcKxBh|z ^ kZ`¬dfbZce{;~#yfyfcKzRds{3h|zRd�cKz�dfl�h%jTdfb#c;Í�ÎhØYÎhÊ�yfc;�|kml�d�c;yK�
^ k�kZ`�dfbZcAh|~#d�}�~#dfl�h%j@dfb#c�kmzZl�d�y`~Z{3dfk�h|zCxZcK{3h0x#c;y7��t%zZx ^ k�kmkZ`LdfbZc�{3h|z�d�cKzRdfl�h%j¬dfb#c=[�tu�|lEyfc;�|kml�d�c;yK�
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Multi−way Branch

ML Instruction

ML Instruction

Z

S3

S1

S2

S0

Z

beq

lw

add

ALU t
ype

Me
m 
ty
pe Branch type

Fetch & Decode

Execute

sub

store

sw sb

bne

´«k+�|~#yfc^¶R� »î!�� ~ cKxZ~Z{3cKx9¯0dftud�c^ðikmtu�%y`t%gÆj�h%yet�ºv½�¾ º�h|zRd�yfh � ¾izZk+dvj�h%yEdfb#c^±9®<½�¯Cð�tudft�½«tudfb©h%j´«k+�|~#yfc^¶R� î

aEbZc7¹EÌ­¬tÉ¯©	Ì��EÍ�ÎwÉ�Ý(¬tÎÙÌx©x� ËªÊ@�?ÊYÉ	ØYÎ?Ì-©@� Ð+©�Ë?Ì+¬Xdftuq%cKl^dfb#c�{3h|zRd�cKz�dflwh%j�ÍaÎ	ØYÎªÊ9t%l^k�zZ}�~#dAt%zZx�%cKz#c;y`tud�cKl�dfbZcw{3h%yfy`cKl�}ph|zZxZk�z#��grk�{3yfh|k�z�l�d�y`~Z{3dfk+h|z\�Z�ebZk�{�bF{;t%z�npc�h%}�dfk+h|zZt ���+� � tudf{�b#cKxHh|zRd�hXtá¼4õaÒ
^ grk�{3y`h|k�zZl�d�y`~�{3dfk+h|z�yfc;�|k�l�d�c;y�`��8Êoh|~Ggw~Zl�dAnpcr{;tuyfc;j ~ � z#h%d�d�h9{3h|z#j ~Zl�c�Í�ÎhØYÎªÊ©�ek+dfbòÕhÖZ��¼4õ
Ò��ek+dfb
õaÒT�Zt%zZx9grk�{3yfh|k�z�l�d�y`~Z{3dfk+h|z�ls�ek�dfb©grt%{`b�k�z#c � t%z#�|~�tu�%c�k�zZl�d�y`~�{3dfk+h|zZl;�
�vd¬dfb#csxZk+�|k�dft �%� h%�|k�{ � c;�%c � �7dfb#cslfcKÁR~#cKz�{;k�z#��}�tuyfd1h%j0dfbZcs{3h|z�d�y`h � ~ZzZk�dp´o¯#±¦{;t%z�nTcokmgB} � cKgBcKzRd�cKx~Zlfkmz#��tXl�cKÁ0~#cKzZ{3c;yA} � ~ZletXx#cK{3h�x#c;yAh%y�h|z#cN[�k+}#�\[�h%}F}pc;y�l�dftud�c%�^aEbZcwl�cKÁ0~#cKzZ{3c;y�{;t%zHnpcwn�~Zk � dek�zn�~Zk � dek�zHgrt%z � �vt � l;�w¥�z#cw}ph|lflfk+n6k � k+d � k�lid�h ~Zl�c�tX{3h|~ZzRd�c;y�h%yAlfbZk+j�deyfc;�|kml�d�c;yA�ek+dfb�l � zZ{`b#y`h|z#h|~ZlyfcKl�c;d�t%zZx }�tuy`t �m� c �p� h|t%xZk�z#�Bj t%{;k � k�d � �oaEb#cX¹�Ì­¬�É�©hÌ��EÍaÎîÉYÝ®¬tÎ?Ì-©@� ËîÊx�	Ê�É	Ø"ÎÙÌx©x� ÐG©wË	Ì­¬w{;t%zFt � l�hrnpcn�~Zk � dEk�z©gBh%y`c^dfbZt%z9h|z#c��vt � �ia���hC{3h|grgrh|zFgBc;dfbZh0xZl�k�zR�%h � �%c�dfb#cw~Zl�c^h%jLcKk+dfb#c;y�xZk�lf{3yfc;d�c � h%�|k�{h%y ~ ¥�±��TaEb#c�{3h|zRd�yfh � ~ZzZk+dflel�h�x#cKl`k+�|z#cKx9tuy`c^{;t ��� cKxjT0êuíz'@ILô�í�æE' Q�ìtX�ë í�ìué6t%zZx.ç�ô�QKí<ì�°6í<ì2r%í�êuç�çræE'

Q`ì"X�ë í<ì%é·�TyfcKl�}pcK{3dfk+�%c �+� �
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Micro−operations for Data Path

goto S* micro−operation

I

R
func

opcode add
lw

beqInstruction

Decoder

a
g

l
F

s

Clock

Next State

Generator

uIR

Microinstruction

Generation Logic

Control Unit
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aEb#c�}�yfc;�0k�h|~ZlLl�cK{3dfk+h|zZlsxZk�lf{;~Zl`l�cKx�dfb#c�n�t%lfkm{;lLh%j!x#cKlfk+�|zZkmz#�it�xZtudftA}�tudfbBj�h%ysk�zRd�c;yf}Zy`c;dfk�z#�Agrt%{`b�k�z#c� t%z#�|~�tu�%c�k�z�l�d�y`~Z{3dfk+h|z�l;�\��c�~Zl�cKxwtE�%c;y � lfk�gB} � csxZtudft�}�tudfbwj�h%y@cKt%l�cvh%jZ~ZzZx#c;y�l�dft%zZxZk�zZ�#�1� � dfb#h|~#�|blf~Z{�bFtCxZtudftC}�tudfb�grt � z#h%d�}�yfh7��k�x#cwbZk+�|b©}pc;yfj�h%y`grt%z�{3c%�Tk+digrt � nTcwÁR~�k+d�cwl`~hb�{;k+cKzRdej�h%yi{3c;y`dft%k�zcKg^nTcKx�x#cKx9tu}Z} � k�{;tudfk+h|zZlK��aEb#c^xZtudftr}�tudfbFh%jL�%cKz#c;y`t � �-}�~#yf}ph|l�c�{3h|gB}6~#d�c;y`lekmlEj tuy�gBh%yfcw{3h|gB} � c3£p�®<zGdfbZkml^l�cK{3dfk�h|z���cC�ek ��� k�zRd�yfh0x�~Z{3c�bZk��|b��-}pc;yfj�h%y�grt%zZ{3cr�%c;y`l`k+h|zZl^h%jedfb#c©ºv½s¾Æ}�tuyfdwh%jEdfb#cXxZtudft}�tudfb!�
aEbZcC}pc;yfj�h%y`grt%z�{3cCh%j�t�{3h|gB}�~Zd�c;yrx#c;}pcKzZxZlwh|z³t�zR~�g�npc;y�h%j�j t%{3d�h%y`l;�vgrt%z � h%j��ebZk�{�b³tuyfcyfc � tud�cKx�d�h�dfb#cHx#cKlfk+�|z¢h%j�dfbZc�ºv½�¾ xZtudft¡}�tudfb!� aEb#y`c;cFh%j�dfbZcHgrh|l�dCkmgB}ph%yfdft%z�dCj t%{3d�h%y`l tuyfcdfb#c�l�d�yfcKzZ�%dfb¢h%j^dfb#cHgrt%{`bZkmz#c � t%z#�|~Ztu�%c�k�zZl�d�y�~Z{3dfk+h|zZl;��dfbZcHz0~Zg^npc;y�h%j�{ � h0{`q¢{ � { � cKlXyfcKÁ0~Zk+yfcKxd�h�k�z�d�c;y`}Zyfc;d�t¡grt%{�bZk�z#c � t%z#�|~Ztu�%cHk�zZl�d�y�~Z{3dfk+h|z!��t%zZx¢dfb#cH{ � h0{`qªl�}pc;cKx!��� }Th���c;y`j�~ � grt%{`b�k�z#c� t%z#�|~�tu�%c9k�zZl�d�y�~Z{3dfk+h|z¡}pc;yfj�h%y�grlBt�{3h|gB} � c3£�h%}pc;y`tudfk�h|z&t%zZx&t%{;{3h|gB} � k�lfb#cKlBgrh%yfc©dfbZt%z³��bZtud�tlfk�gr} � c�k�z�l�d�y`~Z{3dfk+h|z�t%{;{3h|gB} � k�lfb#cKl;�!t � dfbZh|~#�|bHk+dig�k+�|b�didftuq%crl�c;�%c;y`t � t%x�xZk+dfk+h|zZt � { � h�{fqF{ � { � cKl�j�h%yc3£�cK{;~#dfk+h|z!�EaEbZc�l�d�yfcKz#�%dfbFh%jok�zZlfd�y`~Z{3dfk+h|zZlek�lEt%z�k�lflf~#c�dfbZtud�k�l�x#cKt � dE��k+dfb9tud�dfb#c�®f¯�� � c;�%c � �pt%zZxx#h0cKlEz#h%de{3h|grc��ek+dfbZkmz�dfbZc�grk�{3yfh|tuy`{�bZk+d�cK{3df~#y`c � c;�%c � �
º � h0{`q¢l�}pc;cKx§bZt%l t³grt���h%y©k�zh[�~ZcKzZ{3c9h|z:}pc;yfj�h%y`grt%z�{3c%��t%zZx§x#c;}pcKzZxZl�h|z§dfb#c�d�cK{�bZz#h � h%� �~Zl�cKx�d�h©k�gr} � cKgBcKzRdedfb#cBc � cK{3d�yfh|zZk�{w{;k+y`{;~Zk�dfl;��aEb#cB~Zl�c�h%j�x#cKzZl�c �+� }6t%{fq%cKx!�@lfgrt ��� d�y`t%zZlfkml�d�h%y`lid�hj tunZy`k�{;tud�cEdfbZcExZk+�|k+dft � {;k+y�{;~Zk+dfl � cKt%x�l«d�h^bZk+�|bB{ � h0{`q�lf}Tc;cKx�l;�@aebR~ZlK��k�gB} � cKgBcKz�dfkmz#��dfbZcEcKz�dfk�yfc�ºv½s¾h|z�tFl`k�z#� � c � ²@¯�®�{`bZk+}�t ��� h��elwg^~Z{�b�bZk+�|b#c;yw{ � h0{`qGl�}pc;cKxZl^dfbZt%z.��h|~ � xGnpc�}ph|lfl`k+n � crk+jElfc;�%c;y`t �
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{`b�k+}�lA��c;yfc�~�l�cKx!�Xº � h0{`q�l�}pc;cKx�k�l�t%z.k�lflf~#cBdfb�tud^k�l�xZcKt � d��ek+dfbGtud�dfb#c�x�k+�|k+dft �o� h%�|km{ � c;�%c � �«t%zZxx#h0cKlEz#h%dEj t ��� �ek�dfbZk�zCdfb#c�grk�{3y`h|tuy`{`bZk�d�cK{3df~#yfc � c;�%c � �

aEbZc�dfb�k+y`xwj�t%{3d�h%y�k�zw}pc;yfj�h%y�grt%zZ{3c%�|zZt%gBc ��� dfb#cEz0~Zg^nTc;y«h%jp{ � h�{fq�{ � { � cKl«y`cKÁR~Zk�yfcKxwd�h�k�zRd�c;yf}Zyfc;dt%z©k�z�l�d�y`~Z{3dfk+h|z\��kmlv�%c;y � g^~Z{�b©trgrkm{3yfh|tuy`{`b�k+d�cK{3df~#y`t � kmlflf~#c%�s¯0}pc;cKx©k�gr}Zyfh7�%cKgrcKz�dflEx�~#cAd�hrnpc;d�d�c;ygrk�{3y`h|tuy`{`bZk�d�cK{3df~#yfcKl;�«�ebZk � c � cKlflwt%grtuäKk�z#�FdfbZt%z.dfbZtud^xZ~Zc�d�h�j�t%l�d�c;y�{;k+y`{;~�k+dfl;�«bZtK�%cXz#c;�%c;yfdfb#c � cKlflnpc;cKz�k�gB}ZyfcKl`lfk+�%c%�¬aeb#c;yfcvtuyfcvdI��hA��t � lLd�h�yfcKx�~Z{3cvdfb#c�t7�%c;y`tu�%c�z0~Zg^npc;y¬h%jT{ � { � cKl«}pc;yLk�zZlfd�y`~Z{3dfk+h|zE!
^ kZ`iy`cKxZ~Z{3crdfb#c�zR~Zg^npc;y�h%j�{ � { � cKl^z#c;cKxZcKx�d�hFkmz�d�c;yf}�yfc;dAcKt%{`b¡k�zZl�d�y�~Z{3dfk+h|z!�1t%z�x�^ k�kZ`�h��%c;y � tu}¡dfb#ck�zRd�c;yf}Zyfc;dftudfk�h|zXh%j@gw~ � dfk+} � c�k�z�l�d�y`~Z{3dfk+h|z�l�l�hBdfb�tud�dfb#c�tK�%c;y`tu�%cwzR~�g�npc;yvh%j@{ � { � cKlv}pc;yEk�zZlfd�y`~Z{3dfk+h|zk�leyfcKxZ~Z{3cKx!�GO�h%dfb�k�z��%h � �%c^lfk+�|z�k+ò�{;t%zRdEgBh0x�k+ò�{;tudfk+h|zZlEd�h�dfb#cBºv½s¾ xZtudft�}�tudfb!�6}Zy`k�grtuy�k �+� d�hXt%xZxgBh%yfc^{3h|zZz#cK{3dfk+��k+d � t%zZx � tudf{`b#cKl;�

Â âMÍ4âsä å¾ïKðRìYæLqBð\í�`ba�ïKôÎ�fÏá� s ê@ìtêÐÏNêÙìYëBô

®<z&h%y`x#c;yCd�h¡yfcKxZ~Z{3cFdfb#c9dfk�grc9yfcKÁ0~Zk+yfcKxªd�h.k�zRd�c;yf}Zy`c;dC±F²ÑkmzZl�d�y`~Z{3dfk�h|zZl;�v��c�z#c;cKx¢d�h.yfcKxZcKlfk+�|zdfb#c©xZtudft�}�tudfb&l�h�dfb�tudrl�c;�%c;y`t � g�k�{3yfhu�-h%}pc;y`tudfk+h|zZlB{;t%zªnpcC}pc;yfj�h%y`gBcKx³kmz�}�tuy`t ��� c � �¡aEbZc©gBh%yfck�zRd�c;y`{3h|zZz#cK{3dfk�h|zZl�dfb#c;yfcrtuyfc�npc;dI��c;cKz�dfb#crx�k��Tc;y`cKz�d�n � h�{fq�l�h%j�t x�tudftX}�tudfb!�\dfb#cBgBh%y`cBdfb#cBxZtudftd�y`t%zZlfj�c;y`l�dfb�tud�{;t%zªbZtu}�}TcKz�k�z�}6tuy`t ��� c � k�z³t�{ � h0{`q¡{ � { � c%�&aEb#c }pc;yfj�h%y`grt%z�{3c h%jit�xZtudft�}�tudfbx#h0cKlAx#c;}pcKzZxFh|zHdfb#cr{3h|zZz#cK{3dfk+��k+d � k+d�}Zyfh��0kmx#cKl;�A®<z�t�n6~Zl<�-n�t%l�cKx�ºv½�¾5xZtudftX}6tudfb!�!dfb#cBzR~�g�npc;yh%jon�~�l�cKlE}Zy`h7��k�x#cKx9kmlE}Zyfh%n6tun �+� dfb#c^grh|l�dikmgB}ph%yfdft%z�d � k�grk�dfk�z#��j�t%{3d�h%y��%h��%c;y`zZk�z#�Cdfb#c�zR~�g�npc;yeh%j{ � { � cKlsy`cKÁR~Zk�yfcKx�d�h^k�zRd�c;yf}Zy`c;dsgrt%{`b�k�z#c � t%zZ�|~Ztu�%cek�zZlfd�y`~Z{3dfk+h|zZlK��t%lsgBh|lfdsh%jpdfb#c�g�k�{3yfh|k�zZlfd�y`~Z{3dfk+h|zZl��h|~ � xCz#c;cKx�d�hB~Zlfc�dfb#cin�~Zla^�cKl'`Lk�z�h|z#ci��t � h%yvh%dfb#c;yK�o�Ñºv½s¾¨x�tudft�}�tudfbC�ek�dfb�t�lfk�z#� � cek�zRd�c;y`zZt �n�~ZlK��lf~�{`bwt%l¬dfbZcsh|z#c��|k+�%cKzwk�z�´«k+�|~#y`cv¶R� î0�%�ek �m� dftuq%c�l�c;�%c;y`t � { � { � cKl1d�hij�c;df{�bwdfb#c�y`c;�|k�l�d�c;y@h%}Tc;y�t%zZxZlt%zZx9d�h��Ey�k+d�c�dfb#cw��²¬¾ yfcKlf~ � ded�h�dfb#cwx#cKl�dfk�z�tudfk+h|z©yfc;�|kml�d�c;yK�EaEbZkmlEk�lEnpcK{;t%~Zlfc^k+d�dftuq%cKl�h|zZcw{ � { � cd�hBd�y`t%zZlfj�c;yEcKt%{�b yfc;�|k�lfd�c;yEh%}pc;y`t%zZxCd�hrdfb#c��i²1¾^�Zt%zZxXh|z#c�{ � { � cAd�hBd�y`t%zZlfj�c;y�dfb#cAy`cKlf~ � dvj�yfh|gÖdfb#c�i²1¾Öd�hFt©yfc;�|k�l�d�c;yK� �iz�h%n0�0k�h|~Zl��vt � d�h�yfcKxZ~Z{3c�dfb#c�z0~Zg�npc;y^h%jv{ � { � cKl^yfcKÁ0~Zk+yfcKxHd�hHk�zRd�c;yf}Zyfc;dgrt%{�bZk�z#c � t%z#�|~Ztu�%cik�zZl�d�y`~�{3dfk+h|zZlok�lsd�h^k�z�{ � ~Zx#cEgw~ � dfk+} � c�n�~Zl�cKl�k�zBdfb#c�xZtudft�}�tudfb!�0�ebZk�{�b�grtuq%cKl�k+d}ph|lflfk+n � cvd�h�}�tuy`t �m� c ���+� d�y`t%zZl�j�c;y�gw~ � dfk+} � cvyfc;�|k�l�d�c;y���t � ~ZcKlod�h�dfbZc��i²1¾^�wO�c;j�h%y`ce�%h|k�z#�wk�zRd�h�l�}pcK{;k+ò�{gw~ � dfk+} � c�n�~Zl<�-n6t%l�cKxFx�tudft�}�tudfb�l;�!t���h%y`x�h%js{;t%~#dfk+h|zHk�lik�zFh%y`x#c;yK��Ov~Zl�cKl�l�hCdftuq%cr~#}Hlfk+�|zZk+ò6{;t%z�d{`b�k+}GtuyfcKt��X´Z~#yfdfbZc;y`gBh%yfc%�@dfb#c � grt � zZc;cKx�d�hF{3yfh|l`l�tud��utuy`k+h|~�lA}ph|k�z�dflAkmz�dfb#c�{�bZk+}\�¬�ebZk�{�b�{;t%zgrtuq%c�k�dExZkcb�{;~ � d�d�h�x#hBdfb#c � t � h|~#detudEdfbZc � ²«¯0® � c;�%c � �

�o�(`ba�ïKôÌs ê@ì"êUÏNê@ì"ë

aEb#c�lfk�z#� � c3�-n6~Zl^ºv½�¾¦x�tudft©}�tudfbG�|k+�%cKz.kmz�´«k+�|~#yfcC¶R� îF{;t%z.nTc�cKzZbZt%zZ{3cKxGn � t%xZx�k�z#� h|z#cCgBh%yfck�zRd�c;y`zZt � n�~Zl;�iaEb#c^t%x�xZk+dfk+h|zZt � n�~Zli{;t%z�nTcw{3h|zZz#cK{3d�cKx�d�hXdfb#cwn � h�{fq�l�k�z�xZk��pc;yfcKzRde�vt � l;��´@k��|~#yfc¶R�/]�lfbZh7�el�h|z#c }ph|lfl`k+n � c���t � h%j�{3h|zZz#cK{3dfkmz#�Hdfb#c©l�cK{3h|zZx³n6~Zl;�G®<z�dfb#c òZ�|~Zyfc%�sdfb#c z#c;�ñn6~ZlBk�llfb#h��ez�k�zFx�tuyfq%c;yAlfbZt%x#c%�!t%zZx�k�li~Zl�cKx�}Zy`k�g�tuy`k �+� j�h%y�yfh|~#dfkmz#��dfb#cB�i²1¾ y`cKlf~ � d�n�t%{fqFd�hCxZk+�Tc;yfcKzRdyfc;�|k�lfd�c;y`l;���°~Zz�k�xZk+yfcK{3dfk�h|zZt � }�tudfb�k�l�}Zyfh��0kmx#cKx9j�yfh|gÙdfb#c�òZy`lfd�n�~�led�hXdfb#cBl�cK{3h|zZx\�;O�cK{;t%~�l�cBdfb#c�i²1¾¨y`cKlf~ � d�{;t%zXnpc�yfh|~#d�cKxXdfb#yfh|~Z�|bCt�n6~Zl�dfbZtudEk�lvxZk��pc;yfcKzRd�j�yfh|gÖdfb#c�h|z#c�~�l�cKxCj�h%y�yfh|~Zdfk�z#��dfb#cl�h|~#y�{3cih%}pc;y`t%z�x!��dfb#c;yfcAk�l�z#hBz#c;cKxXd�hBn�~#�Tc;yvdfb#c��i²1¾�yfcKlf~ � dvk�z )��tÒp�#t%zZxXl�hB��c�xZh�zZh%dvkmzZ{ � ~Zx#c
)��tÒ�k�z�dfbZkml�xZtudft }�tudfb\�®ú�h%dfk�{3c�dfb�tud�d�h©}pc;yfj�h%y`g t y`c;�|k�l�d�c;y�y`cKt%xGt%zZx.t yfc;�|k�l�d�c;y^�Ey`k+d�crkmz�dfb#c
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System
IO

Sign
Extend

LShift

(RF)
Register File

Flags

Register Addresses

Register Data

PC
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ALU

MAR
System Address Bus

System Data Bus

CPU

Memory
System

IR

MDR

Internal Bus 2Internal Bus 1

´«k+�|~#y`c�¶R�/]î!�� î��sO�~�l7Ovt%l�cKxFºv½�¾Àð�tudft�½@tudfb9j�h%y�®8zRd�c;yf}Zy`c;dfk�z#��dfb#c^±9®8½v¯C®f¯��Ñ¯�~Zn�l�c;d

lft%gBc^{ � h0{`q { � { � c%��dfb#cAyfc;�|k�l�d�c;yeò � cAyfcKÁ0~Zk+yfcKlvd���h�}Th%y`dfl=^ tByfcKt%x }ph%yfdEt%z�x©tB�Ey`k�d�ci}ph%yfd'`��
a@tun � c^¶R� »��|k��%cKletZ¼\�i²Gk�zRd�c;yf}Zy`c;dftudfk+h|zXh%j Ø- ­ "Ý É¯ 9ó¿É@Íeó¿ÉwÎXk�zXdfbZk�lEî��-n6~Zl�xZtudftB}�tudfb\��¥�z{3h|gB}�tuy�k�z#�BdfbZk�lEyfh|~#dfk�z#c�tu�|t%kmzZl�dEdfbZtude�|k+�%cKz9k�z9a¬tun � c^¶R� î0�6��c�{;t%z9lfc;c�dfbZtudelfd�c;}�l�îBt%z�x9¸rbZt7�%cnpc;cKz�{3h|g^n�k�z#cKx�k�zRd�h�t^l`k�z#� � cEl�d�c;}1�0t%ls��c�{;t%z�~�l�cEdfb#c�dI��h^n�~�lLd�hwxZh�nph%dfbrd�y`t%zZlfj�c;y`l�k�zr}6tuy`t ��� c � �®<z³dfb#c9z#c;�Ùl�d�c;}¢¸0���ebZcKz�dfb#cFk�z�l�d�y`~Z{3dfk+h|z�k�lrnTcKkmz#��x#cK{3h�x#cKx!��dfb#c¿É@ÍFòZc � x³h%jNõ
Ò³k�lr~ZlfcKx³d�hyfcKt%x³Ò�½ ~ zR~Zg^npc;yfcKxjÉ@Í9k�zRd�h#)?õaÒGk�z¡t�ós°#æ�QKè0é+ê%ë ôvUuæ�g�t%zZz#c;yK�HaEbZtud�k�l;�«dfbZk�l^d�y`t%zZlfj�c;y�k�lwx#h|z#cnpc;j�h%y`c9{3h|gB} � c;dfkmz#�Gk�zZlfd�y`~Z{3dfk+h|z&xZcK{3h0xZkmz#�#����k+dfb&dfb#cFt%z�dfk�{;k�}�tudfk+h|z&dfb�tud�k+dr��h|~ � xªnpc©yfcKÁ0~Zk+yfcKx� tud�c;yK�.O�cK{;t%~Zlfc�grh|l�d�h%j1dfb#c�±9®<½�¯�k�zZl�d�y`~�{3dfk+h|zZlslf}TcK{;k�j � É@Í�t%l�h|z#c�h%j1dfb#cilfh|~#y`{3cih%}Tc;y�t%zZxZl;�RdfbZk�ld�cK{`b�zZk�Á0~#c�yfcKlf~ � dflek�z9t�lft7�0k�zZ��h%jLh|z#cw{ � h0{`q©{ � { � c^gBh|l�d�h%jLdfb#c�dfkmgBc%�púeh%dfkm{3c�dfbZtudidfb#c^t%x�xZk+dfk+h|z

¼\�i²Gk�zZlfd�y`~Z{3dfk+h|z ^ l�d�c;}F¹w`vxZk+yfcK{3d ��� �Ey`k�d�cKl�dfb#cAyfcKlf~ � d�k�z�d�h Ò�½ ~ É­ 6�Zt%zZx dfb#c;y`c;j�h%yfc�dfb#c�zR~�g�npc;yh%j�{ � h0{`q¡{ � { � cKlByfcKÁ0~Zk+y`cKxGd�h�k�zRd�c;yf}Zy`c;dwdfbZcXkmzZl�d�y`~Z{3dfk�h|z.k�l�y`cKxZ~Z{3cKx¡n � dI��hG{3h|gB}�tuy`cKx�d�h�dfbZtud�|k+�%cKz©kmz a¬tun � c^¶R� î0�
a@tun � c©¶R�·¶F�|k+�%cKl�tÊ¼\��²:k�zRd�c;yf}Zy`c;dftudfk+h|zGh%j%Ð�� ÉîÎ�óÌ© ÏîÏ Í"Ê�Î4Ñ�ÉÙÍªÔCk�zGdfb�k�lwî��-n6~Zl�xZtudft�}�tudfb!�aEbZkml9¼\�i²Fy`h|~#dfk�z#ceb�t%lv¶�l�d�c;}�l;�0�ebZkm{`b�kml�î�l�d�c;}�l�j�c;��c;y�dfbZt%z�dfbZc�h|z#ci�|k+�%cKzCk�z�a@tun � cA¶R� ¸^j�h%y�dfb#clfk�zZ� � c�n�~Zl�xZtudftB}6tudfb!�
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è¬æ;ë\Q�T©ê"X
'�ß�æ�Q`ì�'�æp°?T0ê�óKæÂ ÕhÖ À µ�)�Ò�Ø ÕhÖ À )?õaÒµ µFÓ�µ�)YÒ�Õ À µ­¶îÒ�Ø )?õaÒ±Ö�× À )¯�"Òî µ+¶îÒ À õaÒ Ø )¯�"Ò À ÕªÖ¸ ÒÔÓsÉÙÍ@Õ À )ÙõaÒ�Ø ¶	Ê<¬x©+ îÊ*Ì��/Í�ÎîÉ
ð9ñ æ2Q;è#ëIæG°?T0ê�óKæ¹ ÒÔÓ\ÉîÎ¯ÕSÖ±)?õaÒ À ÒÔÓsÉ­ ­Õ

a@tun � c�¶R� »î!s��¼\�i² ~ h|~#dfk�zZc�j�h%yv®8zRd�c;yf}Zyfc;dfkmz#��dfb#c�±9®8½v¯�±F²�®<zZl�d�y`~�{3dfk+h|z ~ c;}ZyfcKl�cKzRd�cKx©¯ � g�nph � �k�{;t ����� t%l,ØG ­ "Ý É¯ 9ó¿É@Í�ó¿ÉîÎT�Zk�zXdfb#c^î��sOv~ZlEð�tudft�½@tudfb
ô g S i ¼�õ�ö±÷ m¬V g Oto l"g q�PÙm
øFPvù úIP6Oáû f	g
f N fhgak ú�P�O ü PÙm g O�PÙnÒÑ¿mLq g

è¬æ;ë\Q�T©ê"X
'�ß�æ�Q`ì�'�æp°?T0ê�óKæÂ ÕhÖ À µ�)YÒ Ø ÕhÖ À )?õaÒµ µFÓ�µ�)YÒ�Õ À µ­¶wÒ Ø )ÙõaÒ±ÖÁ× À )¯�"Òî µ­¶îÒ À õaÒ�Ø )¯�"Ò À ÕªÖ¸ ÒÔÓ\É@Í@Õ À )Ùõ
Ò Ø ¶	Ê�¬-©+ îÊ*Ì��/Í�ÎwÉ
ð9ñ æ2Q;è#ëIæG°?T0ê�óKæ¹ ×-°4Ñ�© ÏwÏ ÍtÊ�Î/ÔPÖÁ)ÙõaÒ À µ�)YÒ

ø µFÓ�µ�)YÒ�Õ À µ­¶wÒ» µ­¶îÒ À ÒÔÓ\ÉîÎ¯Õ
a@tun � c�¶R�·¶w!s��¼\�i² ~ h|~#dfk�zZc�j�h%yv®8zRd�c;yf}Zyfc;dfkmz#��dfb#c�±9®8½v¯�±F²�®<zZl�d�y`~�{3dfk+h|z ~ c;}ZyfcKl�cKzRd�cKx©¯ � g�nph � �k�{;t ����� t%l,Ð�� ÉîÎ$óÌ© ÏwÏ Í"ÊYÎ.ÑSÉ@ÍªÔ��0k�zXdfb#c^î��sOv~Zl�ðitudft�½«tudfb
Â âMÍ4â�� s æ\èYí?çîì\ÏNê@ìYë5`bÃKêEô�íj�Ó�ÔÏ��os ê@ì"êUÏNê@ìYë

�ile��c^q%c;c;}�t%x�xZk�z#��grh%yfc�n�~�l�cKled�hCdfb#crºv½s¾ x�tudft�}�tudfb\�6��c^c;�%cKzRdf~Zt ����� �%c;d�tCxZtudft�}�tudfbFdfbZtudbZt%log�t%z � }ph|k�z�d<�-d�hu�-}ph|k�zRdo{3h|zZz#cK{3dfk�h|zZlLh%ysxZk�yfcK{3dL}�tudfbZl;�@®8j6��cetuyfc��ek ��� k�z#��d�h�~Zl�c�t � tuyf�%cEzR~�g�npc;yh%jLxZk+yfcK{3dv}�tudfb9{3h|zZz#cK{3dfk+h|zZlK��k+dEk�lvnpc;d�d�c;yed�h�yfcKx#cKlfk+�|zXdfbZcwºv½s¾ÑxZtudftB}6tudfb!�
´«k+�|~#y`cF¶R�/l�}ZyfcKl�cKzRdflrt�xZk+y`cK{3dw}6tudfb��-n�t%l�cKx&x�tudftH}�tudfb�j�h%y�dfb#c9±©®<½�¯.®f¯��­lf~#n�l�c;d;�¡®<z�dfbZk�lxZtudft�}6tudfb!��}ph|k�zRd<�-d�hu�-}ph|k�zRd�{3h|z�z#cK{3dfk+h|zZlBh%yCxZk+yfcK{3d�}�tudfb�lrtuyfc©}Zy`h7��k�x#cKx�npc;dI��c;cKz³cKt%{`b¢}�t%k+yBh%j{3h|gB}ph|z#cKzRdfl�dfb�tud�d�y`t%zZlfj�c;yCxZtudft��Ek�zZl�d�cKt%xªh%j�}Zyfh7��k�xZkmz#��h|z#c9h%yCgBh%yfcFn�~Zl�cKl;�§aEbZkmlrtu}Z}Zyfh|t%{�bt ��� h��el�g�t%z � yfc;�|kml�d�c;y^d�y�t%zZl�j�c;y`l�d�h�dftuq%cX} � t%{3c�lfkmg^~ � dft%z#cKl�h|~Zl ��� �1dfb#c;yfc;n � }pc;y`grk+d�dfkmz#�©g^~ � dfk+} � c

¼\�i²Àh%}pc;y`tudfk�h|zZl�d�h�npc©c3£�cK{;~#d�cKx:k�z¢t.{ � h�{fq¢{ � { � c%� aEbZkmlr}Zyfh%n6tun �+� grtuq%cKlCdfb#cHxZtudftG}6tudfb!� lj ~ZzZ{3dfk+h|zZkmz#��cKt%lfk�c;y�d�h �0kmlf~Zt � k+ä;c%�pnpcK{;t%~Zl�c�cKt%{�bGk�zRd�c;y`{3h|zZz#cK{3dfk�h|z�k�lA~Zl�cKx�j�h%y�t l�}pcK{;k+ò�{^d�y`t%zZl�j�c;yt%l�h%}Z}ph|l�cKxCd�h�dfb#cil`k+df~Ztudfk+h|zCk�zCt�n�~�l<�-n�t%l�cKxCxZtudftw}�tudfbC�eb#c;yfc�t^n�~Zl�d�y`t%zZlft%{3dfk+h|zX{�bZt%z#�%cKlvj�yfh|g{ � h�{fq�{ � { � c�d�hw{ � h�{fq�{ � { � c%�.ú�h%dfk�{3c%�#b#h���c;�%c;yK��dfbZtudvtwxZk+yfcK{3do}6tudfb�n�t%lfcKx�xZtudft^}�tudfb��ek ��� npcigBh%yfc
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®8j�g^~ � dfk+} � cBl�h|~#y�{3cKl�j�c;cKxGt9n � h�{fqT�¬t9gw~ � dfk�} � c3£�c;y�k�l�~Zl�cKxGd�hFl�c � cK{3d�dfb#cry`cKÁR~Zk�yfcKx�l�h|~#y�{3c�k�zcKt%{`b�{ � { � c%� ´#h%y�k�zZl�dft%zZ{3c%�«k�z�h|~Zy^xZtudftF}�tudfb!�@dfb#c�l�cK{3h|z�x.k�zZ}�~#d�h%j�dfb#cá)+*G,�{;t%z.yfcK{3cKk+�%cCxZtudftj�yfh|g¦yfc;�|k�l�d�c;y ÒªÉwÎrt%lv��c ��� t%lvj�yfh|g¦yfc;�|k�l�d�c;y�� ÏwÏ Í"ÊYÎT�@aeb#c;yfc;j�h%yfc%����cA~Zl�cAt�gw~ � dfk+} � c3£0c;y�d�h�lfc � cK{3dh|z#c^h%jLdfb#cKl�c�k�z#}�~#dflK�v�iz#h%dfb#c;yigBh�xZk+ò�{;tudfk+h|zFk�lEdfb�tud�dfb#c;y`c^tuyfc^dI��h�}�tudfb�lecKgrt%z�tudfk�z#��j�yfh|g­dfb#cyfc;�|k�lfd�c;yEò � c%�«®8j1nph%dfbX}�tudfbZl�tuyfc�d�hBnTcAt%{3dfk+�%c^k�zCdfb#c�lft%gBc�{ � { � c%�#dfb#cKz dfbZcAyfc;�|k�l�d�c;y�ò � c�zZc;cKxZlvd�hbZt7�%c�dI��h©ífæfê-' °�ìuí3ë�ó��
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Return Address
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Flags
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System Address Bus

System Data Bus

Instruction
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´@k��|~#yfc^¶R�/lî!��Ñð�k+yfcK{3de½«tudfb��sOvt%l�cKx�ºv½�¾Àð�tudft�½«tudfb9j�h%yEdfbZc�±©®<½�¯C®f¯�� ¯�~#n�lfc;d
a@tun � cC¶R�/] �|k+�%cKl^t¾¼\��²¢k�z�d�c;y`}Zyfc;dftudfk+h|z�h%j7Ð�� ÉwÎ�óÌ© ÏwÏ ÍtÊ�Î.ÑSÉ@ÍîÔ�k�zHdfbZk�l�x�k+yfcK{3dA}�tudfb��-n6t%l�cKxxZtudft�}�tudfb!� úeh%dfk�{3c^dfbZtudedfb�k�lF¼\�i²�yfh|~#dfkmz#c�yfcKÁ0~Zk+yfcKlvh|z �+� øB{ � h�{fq©{ � { � cKlEd�hC{3h|gB} � c;d�c%�6�ebZk�{�b©k�lîB{ � { � cKl � cKl`l�dfbZt%z dfb#c�h|z#cA�|k+�%cKz9kmz a¬tun � c^¶R�·¶wj�h%yedfb#c^î��-n�~ZlexZtudftB}�tudfb!�
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Sign

System
IO

Register File
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MUX LShift

IR_E

IR_M

IR_W

Rrs_E Rrt_E Offset_E PC_E

PC_D

Flags AOR Rrt_M PC_M

MUX

MDR

MUX
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Instruction
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Re
su

lt

Instruction Address

Target Address for Register−based Jumps

System

System

Fetch (F)

Register Read (R)

ALU (A)

Memory (M)

End (E)

Return Address

Opcode
Func

rs rt rd

De
st

in
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um
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r

rtrs

Branch Target

MUX

4

Instruction
Memory

Data
Memory

CPU

IR

ALU

+

+

PC

System Address Bus

System Data Bus
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addressing

Bit Pattern
for ADD

Bit Pattern for ADDR

for mem dir
Bit Pattern
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Main

Memory

Addr

WR

RD

F0
F1 ALU

Data_in

Data_outIR<Addr2>

IR<Addr1> MDR

MAR
IR

ID

CU
ACC

CPU

SP

Len

PC

1

+/-

Internal Bus

ADD AND

WR
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addressing addressing

Bit Pattern
for ADD

Bit Pattern for ADDR1

Bit Pattern for ADDR2

for mem dir
Bit Pattern

for mem dir
Bit Pattern
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