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Kernel
Mode

User
Mode

reset
(another   use of 

interrupt mechanism)

external device interrupt
fault/exception

software interrupt (system call) (see later)
(all use interrupt mechanism)

set user mode 
(a privileged instruction)
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e.g. 16-bit addresses - can address 64Kbytes
       suppose user-space       0 to 32K-1
                          OS-space  32K to 64K-1

user

OS

Ox0000

Ox7FFF
Ox8000

OxFFFF

e.g. 32-bit addresses - can address 4Gbytes

user

OS

Ox0000 0000

Ox7FFF FFFF
Ox8000 0000

OxFFFF FFFF
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Protection and Relocation Registers
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procedure

stack

main()

symbols

sys library

stack

sys library

procedure

symbols

main()Limit Base
0

1

2

3

4

0
1
2
3
4

1000

200

5000

200

300

0

200

5200

5300

5600
5700

5900

6900

0

5900

200

5700

5300

Logical 
Address 

Space

Physical
Memory

Segment
Table
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Type (file or directory)

Location on Disk
Size in bytes
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File Control Block

Metadata Table
(on disk)

f(SFID)

SFID

*,+PJ73%348 -98 1:+�-B1P-@LD<78M/�6G1:+.-H<�+V-BA[J%+73X-@LD<D8M/�+�J%QY< d A9e0;4�c> <GA
-�S�h�8 6.J%> > STL�J.=D<�JK+%5�Q�b�<�/�1���1�-@LD<�/�JV-�-@/�8,b�5.-H<GA.;$<�� N��
%ý�T*KPXÅO ýP�:Z ��> <P> 146VJ.-98 1:+�1:+�3�<0=�8 6.< d AI<0=D<�/xJ�>%AI6�L7<�QY<GA
h�1�AHA@8,b�> <�;4AI<.<PÚµì
* � 6VJVA�<UAB-@5D3�S�e� O �Dú4Z 6�5%/C/x<D+V-µ�c> <�A@8 ,G<� L?��ú4Z(8 ��ABS7AH-H<�Q^AG5%h%h�1%/'-BA[3:8 ÷�<D/x<D+V-(-CS%h�<GA� û�ý(XCú�T�XÅO ýP�:Z�6G1:+V-@/21:> A
`RL71K6VJ�+_/E<VJ73c;�`R/�8 -H<�;:<0-H6��� O���ú7;�þPKPXCú7;$J�+D3 M ù@ú.û]O?þ�ú���XÅO{�PT*KPXÅO ýP�$Z�3�J.-�J��x1%/
hD/21�-H<.60-98 1:+�;4A�<G6�5%/�8 -�SPJ%+73£57A�J7N�<XQ[1:+�8 -B1%/�8M+7N��
ª�1�N�<0-@L7<�/©-@L�8 AU8M+V�x1%/�QYJ.-@8 1:+K8 A[6VJ�>?> <.3gØT±0³f°�éH×�°�³f°��
* -R8 A�AB-B1%/x<.3�8M+XJÉÕa¬'±�Ô�´D»c³�¯�´�¬ ®0¬'´.Ô@º��
j0k4lEm�npoVq�r's t@u�vHj0k4lxw2npy,t z {�npo@|Plxz Ñ î,o0rEnpm�lxz Ñ î�ðVî,t rY¬ mxrpt r ¡p~x¡

!��xÝp�ÆÛÊ������ÞDõ������Æ¼0¼
W�/21$Q¹6VJVAI<�AH-@5D348 <GA[J%+73X=�8 JTbDJ76�Í0N:/21:5%+D3g/E<VJ73:8M+7N�;4AI<.<�Z
) %ý�T*KPXÅO ýP��=�8 J�Z
6�LDJ�8?+�8M+7NP1���3:8 AGÍPb�> 146�Í0A.;
6�LDJ�8?+�8M+7NT8M+XJ_QUJ%h�;
-IJ%b�> <GA
1��µb�> 146�Í@·�h�148M+V-H<D/EA.;
8M+73:8M/E<.60-Yb�> 146�Í0A
1��µb�> 146�Í@·�h�148M+V-H<D/EA.;
<@�7-H<D+V-Y> 8 AB-BAV�

) L�JD/E3TJ�+D3KAH1��E-�\7AHS�Q�b�1:> 8 6P> 8M+�Í0A
) /E<G��<�/E<�+76.<U6G1:5%+V-BA
) ÈC�c> <U-�S�h�<GAIÉ£QYJ0STb�<�N�<�+D<�/xJ�> 8 AI<.3XAI1P-@L�J.-�3:8?/x<G60-B1%/C8 <0AV;
3%<@=�8 6.<GA[J�+D3K1�-@L7<�/�1$bB��<.60-BA�QUJ@STb�<P+�J%QY<G3TJ�+D3
J76.6.<0AIAI<.3g5�+�8 �x1%/fQ�> S�=�8 J�-@L7<�A9J%QY<P+DJ�Q�8M+7NXAB-@/f5760-@5%/E<
J�+D3¦QR<0-IJ73�JV-IJ��

j0k4lEm�npoVq�r's t@u�vHj0k4lxw2npy,t z {�npo@|Plxz Ñ î,o0rEnpm�lxz Ñ î�ðVî,t rY¬ mxrpt r ¡p~2u

ô£���9��#���&��9�������Ó�¹�Y���#c��U�¼�^
èÓLDJV-�JD/x<Y-0L7<P/E<�/$5�8M/E<�QR<�+V-BAµ�x1%/�1:5�/a+�J%QY<UA.hDJ76.<V¶
) Ã �P6D8 <�+760S4Zµ> 146VJ.-98M+7N_J���> <�/$5�8 6�ÍD> SV�
) ì�J%Q�8M+VN�Zµ57A�<D/�6G1:+V=D<D+�8 <�+D6G<
� J�>?> 1V` -�`�1 d 1%/(QR1%/E<�N�<�+D<D/�J�>?> Sb��eY57AI<�/2A
-B1gL�J.=D<
-@L7<�A9J%QY<P+DJ�QR<��E1�/�3:8 ÷�<D/x<�+.-
�c> <GA

� J�>?> 1V`ß1:+D<��c> <PL�J.=D<�AI<0=D<�/xJ�>�3:8 ÷�<�/E<�+V-Y+�J%QR<GA
) 0a/21:5�h�8?+7N�Zµ> 1�N48 6VJ�>%N:/21:5�h�8M+VNK1�����> <GA�b@SThD/21$h�<�/'-98 <GAd <�� N��$J�>?>�£7J.=�J_hD/21�N:/�J%QRA.;$J�>?>%N%J�QR<GA.;©�$���%e
W:8M/2AB-[J.-�-I<�Q�h.-BA.Z
) �c8?+7N:> <0·I> <0=D<D>,Z 1:+D<�3:8M/E<.6@-B1�/'S�A0L�JD/x<.3£b�<0-�`a<.<�+�J�>?>c5VA�<�/2A
Î +DJ�Q�8M+7N£hD/21$b�> <�Q
Î N:/21:5�h�8M+7N¦hD/21$b�> <�Q
) ª�`�1�·I> <@=D<�>�3:8M/E<.6@-H1%/'S4Z 1:+D<�348M/x<G60-B1%/2STh�<�/a5VA�<D/
� J76.6G<GAIAµ=�8 J�Ì:°�³�Õ�»�°DØT± d <�� N�� �#bG���Å�#h(�'�'b[���(m%j�m e
� 6.J%+_LDJV=D<UA9J%QY<U��> <�+�J%QY<��x1%/�3:8 ÷�<�/E<�+V-Y5VA�<�/
� b�5V-
AB-98M>?>c+V1KN:/21:5�h�8M+7N_6.J�h7J�b�8M> 8 -�SV�

j0k4lEm�npoVq�r's t@u�vHj0k4lxw2npy,t z {�npo@|���z s î,yMt {xs z îMo ¡p~2Ò



ô£���9��#$��&��9���g� � �«�U���#c��U%¼0¼�^

Ann Bob Yao

javamail A

B C G H

I J

sent

FED

root
  metadata 
(file control block)

) 0�<@-UQR1%/E<QT:<9�%8,b�8M> 8 -CS�`[8 -@LXJ�N�<�+D<D/�J�>$Õ%C±@¯9°D¯�Ô0ÕP���
� 348M/x<G60-B1%/C8 <GA�LV1:> 3K��> <0ARJ�+D34\71%/dM ��5�/2-@L7<�/�O�3:8M/E<.60-B1%/�8 <GA
� 6D/x<VJ.-H<7\D3�<�> <0-H<U�c> <GAU/E<�> J.-98 =D<U-B1TJ�N48 =D<�+�3:8?/x<G60-B1%/2S

) �(5�QYJ�+_+�J%QR<�8 A���5�>?>�h7JV-@L_+DJ�QR<�;�b�5V-�6VJ�+�N�<0-Y> 1:+7N�Z
<�� N��¡ *¢E£�¤{ C¥�¤§¦�¢6¨E£m E©«ª;ª6¬?6 E£�¤�®E *¯
° ±² C£´³2¤§µE³2¤¶ C¦;£m C·A¸ ¹,ºE£´», 6¢:±�° ¼ £:¸ ®
� 1�÷�<�/�/E<�> J.-98 =D<P+�J%Q�8?+7N
� > 1�N48?+P3:8?/x<.6@-B1%/2S
� 6D5%/C/x<�+.-(`�1%/fÍ78M+VN_3:8M/E<.60-B1%/'S

) èÓLDJV-µ3�14<GAY8 -�QR<VJ%+�-B1_3�<�> <0-H<�J!M A05�b,O2·f348M/x<G60-B1%/2S�¶

j0k4lEm�npoVq�r's t@u�vHj0k4lxw2npy,t z {�npo@|���z s î,yMt {xs z îMo ¡p~'}

ô£������#���&��9�������Ó�«�U���#���U�¼G¼0¼�^

Ann Bob Yao

javamail A

B C G H

I J

sent

FED

root
  metadata 
(file control block)

F

) �a8 <D/�JD/E6�LVS�N�1�143c;�b�5V-µAH-98M> >�1:+%> S�1:+D<P+�J%QY<Ph�<D/��c> <��
Î <@�7-H<D+D3X-B1K3:8M/E<.60-H<G3TJ760SD6�> 8 6�N:/xJ�h�L dIÄ �]0�e(AH-@/C5D60-@5%/E<�Z

� J�>?> 1V`ßA0L�J�/E<.3X�c> <GARJ�+D3KA05�b�3:8?/x<.6@-B1%/C8 <0A
� 6.J%+_LDJV=D<PQ�5%> -98,h�> <_°�¬MC°7²V±�²��x1%/�-@LD<�A�J%QY<Y-@L�8M+7N

) F�/21$b�> <�QRAVZ 3�J�+7N:> 8?+7N£/E<G��<�/E<�+76.<GA�J�+D3KN%JD/fbDJVN�<
) �41:>?5.-98 1:+7A.Z
� /E<G��<D/x<D+D6.<U6G1:5%+.-BA
� b7JD6�Í@·I/x<G�x<�/E<�+D6.<0A d b�5V-
N48 =D<GA
=�JD/�8 J%b�> <�A@8 ,.<P/E<.601%/x3�A9e

) F�/21$b�> <�Q�Z�6@SD6�> <GA.�$�$�
j0k4lEm�npoVq�r's t@u�vHj0k4lxw2npy,t z {�npo@|���z s î,yMt {xs z îMo ¡p~2í

ô¦���9��#���&��9�¤¼����Ýp� �Ó� �������%�'&(�

/Ann/mail/B

Ann

Bob

Yao
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mail

A
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B

C
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Y

Y
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N
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lookup mail in 
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lookup B in 
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B
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UFID SFID File Control Block (Copy)
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3
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"              "
"              "
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current 
file position

end of filestart of file
already accessed to be read
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