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kz� `ba_c?YdSfe `bYqUX����Y¡�%UqS
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@_û A � ÿpG�½¿ILO�E"O�HPCJ½¿¾ON ½ÓG�IQP ½ÓG"» � G�M�âLO�EÃ»%MNE�K�G"»
rá�_S YqU¡WNÆ_[5Y/[¨��\ÓW o 69RS, T 832VU WS,X, c�YdU/���ÈYX�%UdS �¶��\�c�[]c?YXc
�nÎ�y
æ � Ö Ud�z�¶Sfcqc��NUÙÊ g o c�� �ÃW o&o S#Æ Y¡�_S h Ö � Ï h Sf\�YqU¡W o

Ö Ud�z�¶Sfcqc�[]\�^ � \_[�Y²ÕÙ���%U S¶õ�WNe R o S ��Wnc°YX�_S
0Y8[Z9+\4].^8]0]4�y
Ï:W(Õ Ö h Ê Ö Ud�n^NU¡WNe h ����\(YdSDU
Ï�ÛTÕ iM
 Ê i�\�c?YqU/����Yd[&��\ 
 SV^�[]c?YdSDU
Ï+��Õ t g 
 Ê t S#e �NU�a g Æ�Æ%UdS#cdc�
 SÃ^n[]c?YdSVU
Ï+ÆÅÕ t ò_
 Ê t S#e �NU�a òl�;`TSVU 
 SÃ^n[]c?YdSVU
Ï�SZÕ i�É�Q g 
 Ê i�É�Q g Æ�Æ%UqSfcqc�
 SV^n[
c�Y/SDU
Ï�Î¡Õ i�É�Q òO
 Ê i�É�Q òá�;`TSDUa
 SÃ^n[]c?YdSVU

è �át S#e �NU�a Ê Ï-b � o WZYd[ o SZÕ
é � Ö SVUq[&RÓ�_SDU¡W o c°Ê i�É�Q ¢ S Ú [
�¶Sfc
{�� `ba_c?YdSfe cli�\�YdSVU/�D��\�\_Sf��Yd[&��\ Ê £�[]\_ä%c°YX�_S Q YX�_SVU

h ��e RT��\_Sf\�YXc Ï�òl��c¡Õ
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(Persistant Store and
interacface devices)

ALU
Data
Data
Data

Instructions
Instructions

CPU

Peripherals

Buffers

PC

IR

MAR

I/O BR

Memory

0
1

I/O AR
MBR

�Ñ[¨^��%UdS é y Ú ��\ ó S#��e WN\�\ g U/�²�_[5Y/S#��Y¡�%UqS
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rá�_S UqSÃ^n[]c?YdSVU c�YdU/���ÈYX�%UdS �D��e S#clÎêUq��e `�Y¡W o&o []\�^�cDÒ�YX�_S
\�WNe S#cue SfWn\�y
æ � Ö h Ê Ö Uq��^NUXWNe h ����\�Y/SDUÙÊ g Æ�Æ%UdS#cdc°��Î \_SÈõjY

[]\�c�YdU/���ÈYd[¨�(\
è �ái^
 Ê i�\�c�YdU/���ÈYd[&��\ 
 SV^n[
c�Y/SDU°Ê h �%U�UdS#\�Y

Q R h �zÆ_S Yd� SÈõ_S#�V�%YdS
é �át g 
 Ê t S#e �NU�a g Æ�Æ%UdS#cdc�
 SV^�[]c?YdSDUÙÊ

t S#e �NU�a Ö ��[]\�Y/SDU
{��át ò_
 Ê t Sfe �NU�a òl�;`TSVU 
 SV^�[]c?YdSDUÙÊ òá�;`TSDU

Î)�NU e Sfe �NU�a WN�V�DS#cdc
kz�ái�É�Q g 
 Ê i�É�Q g Æ�Æ_UqS#cdc�
 SÃ^n[]c?YdSVUÙÊ i�É�Q

Ö ��[]\�Y/SDU
& �ái�É�Q ò_
 Ê i�É�Q òl�%`TSDUa
 SÃ^n[]c?YdSVU°Ê òá�;`TSDU Î)�NU

i�É�Q WN�Ã�¶S#cdc
� c�SVUáUqSV^�[]c?YdSDUXc W�UdS \_�0Y cq���fÔ \ �_SVUqS��
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@;� A ï G�HJMn»%Â#Â ã HPCFE#»Ee�E
rá�_S fYR�,/.g8ihI.ORkj W l/0mRGf�8]4Y4 �¶��\�c�[
c�Y¡cl�nÎ�y
æ � rá�_S h �%U�UdS#\�Y i�\�c�YdU/���ÈYd[&��\ Ö �n[]\(YdSDU Ï)YX�_S i Ö Õ
è ��
 SÃ^n[]c?YdSVU h �(\�YdSf\�YXc
é �át S#e �NU�a ��c�S#Æ Ûba Y¡��WZY R�Ud�z�¶Sfcqc

rá�_[]cu[]csY¡�_S e WN�²�_[]\�S�å~cu�V�%UqUqS#\(Y c?Y¡W�YdS ��c�S#Æ Y/�
Æ_SDYdSDUXe [
\_S YX�_S e WN� ��[]\_Sfcu\_SÈõjY c?Y¡WZY/S Ô �_Sf\ UX��\�\_[
\_^
W R¿W�U�Y/[]�Ã� o W�U R�Uq�n^nUXWNe �
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@ � A ÿ âJ» * HJIJ»%¾ÁHFà o e�»_M�K·E"O�HPC
rJUXWnÆ_[5Y/[¨��\�W o¨o a �ÃW o&o SfÆ Y¡�_SajK8p.qf�rGst8ih58mf�2;.^8 ��a�� o S�Ò�[]\ [5Y¡c
c�[]e R o Sfc�Y Î)�NUXe y

START

HALT

Fetch the Next
Instruction

Execute
Instruction

� [&^��%UdS {�yñòáWNc�[]� �ÅS¶Y¡� �¿ÉZôñõ%S#�Ã�zYdS h a_� o S
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@;� A * H¿E"Ou"_½�E"O�HPC à®HTG BDCTE#»zGZG�Kv�JE�Â
g \ [
\�YdSVU�UX�_R_Y []c WN\ S¶õjYdSVU/\�W o WNc�a�\�� �%Ud��\_����c°S Ú S#\(Y
� �ÓWN\_^n[
\_^ Y¡�_S :��fÔ �nÎ �¶��\(YqUq� o �nÎ W R�Uq�z�DS#cdc Ï+e a
Æ_SAw¿\_[5Y/[¨��\ÅÕ²�öi3Y [
c W o c�� UqSÃÎêSVU/c°Yd� YdUq[¨^�^nSDUd[]\_^ cd��� � WN\
S Ú S#\�Yf�

@;� A ÿ âJ» ï G"Hx<�¾�»_º

Ö SVUq[&RÓ�_SDU¡W o cáYdSf\�Æ Y/� ��W Ú S c o �fÔ UdS#c�RT��\�c�S Yd[]e S
Ï�Sfc�RPS#�¶[ÞW o¨o a [¨Î�ÔlW�[�Yd[]\�^ ��\ �j��e Wn\ cd�_R�R o [¨SfÆ [
\_RÓ�zY�Õ²�

¸y A ÿ âJ» ¹�HT¾�K·E"O�HPC
r�� []e R�Uq� Ú S h Ö � �%Yd[ o [CB�WZYd[&��\ ÔÙS ÔsWn\�YuYd� W o&o �fÔ YX��S
h Ö � Y/� �D��\�Y/[]\��_S Yd� SÈõ%Sf�V�zY/S Ô �_[ o S WVÔlW�[5Y/[]\_^ i�É�Q WNc
c�SVS#\ []\ � [&^��%UdS kz�Ñw �_Sf\ WN\ []\(YdSDUqU/�_R�Y []c Æ_SDYdSf��YdSfÆ
WN\ []\�Y/SDUqU/�_R_Y �ÓWN\�Æ o []\_^ Uq�(�zYd[
\_S []clY�azR�[
�ÃW o&o a []\ Ú �nänSfÆ��
rá�_SDUdS W�UqS Yd[
e Sfc Ï+cd���²� WNcl[
\�YdSVU�UX�_R_Y R�Ud�z�¶Sfcqc�[]\_^�Õ
Ô �_SDUdS [5Y e WVa ÛTS Æ_S#c�[�U¡W�Û o S Y/� Æ�[]c/W o¨o �fÔ Î��%U�YX�_SVU
[]\(YdSDUqU/�_R�YXcV�
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¸ @ A BDCTE#»zGZG�Kv�JE�O�CJÄ E�âJ» |9»�E"MZâ}	%o eç»%M(K·EÃ» ã ?JM(¾�»
rá�_S ÎêSDYX�²�¿ÉZSÈõ_S#�V�%YdS �Èa_� o S [
c WNÆ�$���c?YdS#Æ Yd� cq��R�RT�NU�Y
[]\(YdSDUqU/�_R�YXcV�

HALT

START

Fetch the Next
Instruction

Execute
Instruction

Detect Interrupts
Process Interrupt

Interrupts Enabled

Interrupts
Disabled

� [&^��%UdS k%y �ÅS¶Y¡� �¿ÉZôñõ%S#�Ã�zYdS h a_� o S `z�_R�RT�NU�Y/[]\_^ i�\�Y/SDU�v
U/��R_YXc
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¸Å¸ A BDCTEÃ»%GZG�Kv�JE ï G�HJMn»%Â#ÂÃO�CJÄ

Ö Ud�z�¶Sfcqc�[]\�^ WN\ [
\�YdSVU�U/��R_Y ��\ e ��c?Y W�U/�²�_[5Y/S#�ÈYX�%UdS#c
[]\ Ú � o5Ú S#clY¡�_S Îê� o&o �fÔ [
\_^ c?YdSVR¿cDy
æ ��� [
\_[]cd� YX��S �Ã�%U�UdS#\�Y []\�c�YdU/���ÈYd[¨�(\
è � Ö ��cq� YX�_S i Ö �(\ Y¡�_S c�Y WN�Xä
é � `�SDYsY¡�_S i Ö Yd� YX��S [
\�YdSVU�UX�_R_Y ��WN\�Æ o SVUÃå~c WNÆ�Æ%UdS#cdcD�
{�� Ö UdS#c�SDU Ú S YX�_S R�Ud�z�¶Sfcqcá�¶�(\�YdS¶õjY Ï�[:�|S��ñRÓ��cq�

UqSÃ^n[]c?YdSVU/c¡Õ²�
kz�áôöõ_S#�V�%Yd[]\�^ Y¡�_S [
\�YdSVU�UX�_R_Y ��WN\�Æ o [
\_^ Uq���zY/[]\_S��
& ��
 Sfc�Y/�NUqS Y¡�_S R�Uq�z�DS#cdcl�D��\�Y/SÈõjY Ï�[x�ÐS��öRT�nR

UqSÃ^n[]c?YdSVU/c¡Õ²�
}j� Ö ��R Y¡�_S i Ö ÎêUq��e Y¡�_S c�Y WN�Xä
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¸Óß A ü âJ»zG�» ¹�HTàxE�P ½ÓG�» À »_ÂÃO,ÄPCJ»zG�Â | O�E O�C}�

�Ñ[¨^��_UqS & yp`���Î�Y�ÔsW�UqS ¢ S#c�[¨^(\ r azRPS#c
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¸%î A ÿÁ»%MZâLCJHP¾,HÅÄTO�Mn½¿¾�N O�ÂÈE#HFG#? HTà þ 	Å¹ À »%Â#O,ÄPC
rá�_[]c c�Sf��Yd[&��\ �¶��\�c�[]Æ�SDU/c°Y¡�_S W Ú W�[ o W�Û�[ o [�Y�a �nÎ�Yd�j� o cV�
r�WN\_Sf\bÛ¿WN��e � é Ò%{ � Æ_S#cd�ÈUd[¨ÛTSfclk Æ�S#�ÃWnÆ_S#cÙ�nÎJS o Sf��YqUd��\_[
�
�¶�(e RÓ�%Yd[]\�^��

¸Åû A @zÂÈE ¼ »%CJ»zG"½�E�O,HPC�� @!��î�û � @;�TûÅû
æ c?Y � S#\_SVUXWZY/[¨��\ �¶�(e RÓ�%YdSDUXcÙÔpSVUqS e WNÆ_S �nÎ�bÁWN�Ã����e
YX��ÛTS#cuWN\�Æ R o �_^nÛT�(W�U/Æ�cV� h �(e RÓ�%YdSDUXc°ÔÙSDUqS S¶õ%RTSf\�c�[ Ú S
WN\�Æ ��WNÆ o [
e [�YdSfÆ RTSDUd[¨RÓ�_SVUXW o cDÒ�R�Uq�n^nUXWNe csÔÙSDUdS
S#\(YdSDUdS#Æ Ûba Y/�n^n^ o []\_^ c?Ô [5Y¡� �_Sfcl��\ YX�_S �¶��\(YqUq� o R¿WN\_S o �
t []\_[
e W o Q É�` ÔÙSVUqS ��c�S#Æ��

¸X� A ¸�CLI ¼ »%CJ»zG�½�E�O,HPC�� @;�TûÅû5�#@!�/�Tû
è \�Æ � S#\�SDUXW�Yd[¨�(\ �D��e R¿�zYdSVU/c W�UdS �²��W�U¡WN��Y/SDUq[DBVSfÆ Ûba
rJUXWn\�c�[
c�Y/�NU/c¡ÉZòuWZYX�²� Ö Uq�n^nUXWNe e [
\_^��Ëó �(\jv�[
\�YdSVUXWN�ÈYd[ Ú S
RTSVUq[¨R¿�_SDU¡W o WN�V�DS#cdcs[]e R�Uq� Ú S#Æ Ï�[x�ÐS�� �ÃW�UXÆ UdSfWNÆ_SVU/c¡ÕpÛÓ�zY
�¶�(e RÓ�%YdSDUXc°ÔÙSDUqS c?Yd[ o¨o UdS o WZYd[ Ú S o a SÈõ%RTSf\�c�[ Ú S UqS o WZY/[ Ú S
Yd� ��c�SDU²ÉZR�Uq��^NUXWNe e SDUuY/[]e S�� g �V�DS#cdcpY/� YX�_S e Wn� �_[
\_S
ÔlWNclUdS#c?YqUq[
��Y/S#Æ Yd� R�l{830mW9.gR�0]4²Ò���c�SDUXcucq�_Û¿e [�Y�YdSfÆ $?�nÛÓc
Yd� YX��S ��RTSDU¡WZYd�NUXcD�
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¸ � A ßÓG�I ¼ »%CJ»zG"½�E�O,HPC���@;�/�Fû �#@!�/�/ 
i h å~clUqSfÆ����DS#Æ �D��e R¿�zYd[
\_^ �D��c?YXc WN\�Æ e WNÆ_S
[]\(YdSDU¡WN��Y/[ Ú S RPSDUq[&RÓ�_SVUXW o c W Ú W�[ o W�Û o S�� h ��e R¿�zYdSVU/c W�UdS
c?Yd[ o&o S¶õ%RTS#\�c�[ Ú S�Ò�WN\�Æ ��WNÆ Yd� ÛTS cq�ÓW�UqSfÆ��
rs[]e SÈv?`z��W�Ud[]\_^ RTSVU/e [5Y¡c e Wn\�a ��c�SVU/c°Y/� cd��W�UdS YX�_S
e WN� �_[
\_S�ÒÓWn\�Æ Sf\��¶�(�%UXW�^�S#Æ [
\�YdSVUXWN�ÈYd[ Ú S W�R�R o []�#WZYd[&��\�cV�

¸y� A îÓE"â ¼ »%CJ»%G�½�E"O�HPC���@;�/�/ !�#@!�/�/ 
r�WN\_Sf\bÛ¿WN��e �#W o¨o c Ö SDU/c���\�W o�h �(e RÓ�%Yd[]\�^ Îê���_U�YX�
^nSf\_SDU¡WZYd[&��\��
� c�SVU/cu��WnÆ Æ_SfÆ_[]�#WZYdSfÆ e WN� ��[]\_Sfc WN\�Æ []\_[�Yd[
W o¨o a
e � o Y/[5Y¡Wnc�ä�[
\_^ ÔlWNc \��0Y ��c�SfÆ�� `�[]e R o S \�S¶Y�ÔÙ�NUdä�[]\�^
ÔlWNcáR�UdS Ú W o S#\(Y#�

¸y� A ï ½ÓG"½¿¾�¾�»_¾ ã HPº ��K·E�O�CJÄ���@;���/ ;�Y�LG"»%Â¶»_CFE
rJUXWn\�c�RÅW�UqSf\�YáYd��� o cáÎ)�NU []\�Y/SDUX�¶��\�\�S#��Y/[]\_^ e Wn� �_[
\_S#c
W�UdS R�UqS Ú W o Sf\�Y#�
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ß/ A ÿ O,ÄTâTE"¾u? ã HTKv��¾,»%I � G�MZâLO�E#»%M0E"K�G�»%Â
h ���_R o []\_^ [
\ RÅW�UXW o&o S o c?a_c�Y/S#e csUqSÃÎêSVU/c°Yd� �_�fÔ
R�Ud�z�¶Sfcqc��NU/c W�UqS �¶��\�\_S#�ÈYdS#Æç� Ö Ud�z�¶Sfcqc��NUXcucq��W�Uq[]\�^
�¶�(e e ��\ e Sfe �nU�a W�UqS c/W�[
Æ Y/� ÛPS .�+DZ9rE.���� fYRS2�lx�D8m�N�

� [&^��%UqS }jy r°[&^���Y o a h ���_R o S#Æ Ö Ud�z�¶Sfcqc��NUXc

rs[¨^��(Y o a �D���_R o S#Æ c�a�c�Y/S#e cu��W Ú S o [
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Main Memory

Magnetic Disk (Cache)

Remote Access   Optical Juke Box   Backups
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