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Addresses
Virtual
Addresses

OS

A

C

Physical

B
400

Memory
0

2400

2000

1400

900

400

1100

Segments

500

0

0

300

0
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N,+'&+

TSP'U'P2O,&P,OO'+&O()*02OO2O/*VW2PO'X2PYZ[\]^

_S/R2&O2320/'U235,33*0,/2O(,+2O/*`aZb\]'&-2-*)5^,&P

cS-,&,+2Od-*U2O^)2-*U2O^)2,33*0,/2Oe(,+2O'&-2-*)5S


�6�
7899:;�������<�=�����>?@ABC?DEFGHI?f



�����������	
��������
���
��������������

L�#M"#����M���M�"������ ��

���T�)Q32�N)*02OO2OO(2&P���*	/R2')/'-2,002OO'&+T��*	/R2')O(,02
'&-2-*)5S


�22(*&35/R*O2(,)/O*	,()*02OO'&-2-*)5/R,/,)2,0/Q,335�2'&+QO2P

$N,+2O+)2,/35O'-(3'	5/R2R*32V//'&+()*�32-

$
R23*+'0,3-2-*)5*	/R2()*02OO'O0*&/'+Q*QO^�Q/(,+2O&22P&*/�2
,33*0,/2P0*&/'+Q*QO35'&-2-*)5S

$�5P'U'P'&+-2-*)5'&/*VW2PO'X2(,+2O^�20,&23'-'&,/22W/2)&,3
	),+-2&/,/'*&S

$N,+'&+P*2O&*/23'-'&,/2'&/2)&,3	),+-2&/,/'*&dT�_(,+2(2)()*02OOe
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L�#M"#��������

5

A4

A3

A2

A1

A1

A5

A4

A3

A2 f11

f10

f9
f8

f7

f6

f5

f4

f3

f2

f1
f0

A

A

  in 6 pages

0

A0

2400

400

800

Memory

OS

1200

1600

2000

0

OS

Process A

Frames in
logical 

memory
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L�#M"#�� K�� �

$�������	
*�P*�2V&P,PP)2OO2O�R2&(,+2O,)2&*/,33*0,/2P
0*&/'+Q*QO35'&-2-*)5�
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�/-�01 �'��-�.������$�2%�%.�"���%$�-�.�"�%"-��$2������%� ���������� 

�$$������������� .-'���� �$$�������%&�&��'(
�3%.�"�%")�-������� �$$�����$�%��4���-�.�"��%$�-�.�"��5���(
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CPUp

f

p

f dd

Page Table

virtual address

Memory

physical address
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L�#M"#�� K�� �

$N,+'&+'O,	*)-*	P5&,-'0)23*0,/'*&^�R2)22,0RU')/Q,3,PP)2OO'O
�*Q&P�5/R2(,+'&+R,)P�,)2/*,(R5O'0,3,PP)2OOS

$
R'&�*	/R2(,+2/,�32,O,O2/*	)23*0,/'*&)2+'O/2)O^*&2	*)2,0R
	),-2S

$�,(('&+'O'&U'O'�32/*/R2()*02OO�/R2�.-,'&/,'&O/R2-,(('&+,&P
/R2R,)P�,)2P*2O/R2/),&O3,/'*&S

$N)*/20/'*&'O()*U'P2P�'/R/R2O,-2-20R,&'O-O,OQO2P'&P5&,-'0
)23*0,/'*&S
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L�#M"#�� K�� ��L ���M�������M��

$N,+2O'X2d	),-2O'X2Oe,)2/5('0,335,(*�2)*	_�2/�22&�T_�5/2O,&P
�T�_�5/2O(2)(,+2S

$N*�2)O*	_-,�2/R2/),&O3,/'*&*	U')/Q,3,PP)2OO2O'&/*(R5O'0,3
,PP)2OO2O2,O'2)S	*)2W,-(32^+'U2&


(������ �$$�����.����*��,���
'����%$�.�"��*��,���)�-�%

�(�-�-�"-��$�����
����*������� �$$������ ����-�.�"�) �
(�-� �2��$���
����� ����-��5����%�-�.�"�

pdp: page number
d: page offset n m-n 
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�KK ���J �"����M�"�������

A0

A1

A2

A3

f0

f1
f2

f3

f5

f6
f7
f8

f9
f10

f11

0
1
2
39

11
6
2

table
page

f4

A2

A0

A3

A1

memory
Memory

0

Frames in

f
f
f
f

12

13

14

15

32 bytes

64 bytes

96 bytes

128 bytes

160 bytes

192 bytes

224 bytes

256 bytes

memory size = 256 bytes
page size     = 16 bytes

virtual
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$�R,/(,)/'O(^,&PP�

$�'U2&U')/Q,3,PP)2OO_�^P*/R2U')/Q,3/*(R5O'0,3/),&O3,/'*&S
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�5/2e'&0)2-2&/O�

$�R,/(,)/'O(^,&PP�

$�'U2&U')/Q,3,PP)2OOTc^P*/R2U')/Q,3/*(R5O'0,3/),&O3,/'*&S

$�R,/&22PO/*R,((2&*&,0*&/2W/O�'/0R�
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$���
�����	�PU,&/,+2O�4'O,PU,&/,+2O�

$������	�PU,&/,+2O�4'O,PU,&/,+2O�

$���	,	,O/	Q335,OO*0',/'U2-2-*)5/R,/O/*)2O(,+2&Q-�2)Od�25e,&P
/R2	),-2dU,3Q2e'&�R'0R/R25,)2O/*)2PS

��*&�&��'��������-��� ��� ��')�$$�������%� ����%-�� ��� ��'���(
��'.��� /	
��,����%"�*��&����+���%�����(
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J��J �"����M�"�������MK����� �J���

TLB
Miss

TLB
Miss

p

CPUpf dd

virtual addressphsical address

Memory

TLB
Hit

v pageframe

load
TLB

(in Memory)

TLB

p

Page Table

f

���� �$
���-����'��-��%��'���.����$���
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_S�R,/'O/R22
20/'U2-2-*)5,002OO0*O/�'/R,
���

�3,)+2
��'-()*U2OR'/),/'*^P20)2,O2O,U2),+2-2-*)50*O/S


�6�
7899:;�������<�=�����>?@ABC?DEFGHI?DE



�����������	
��������
���
��������������
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TSN)*02OO&22P'&+�(,+2O,))'U2OS

_S�	�(,+2	),-2O,)2	)22^/R2&,33*0,/2/R2O2	),-2O/*(,+2OS�3O2	)22
	),-2O/R,/,)2&*3*&+2)&22P2PS

cS
R2�.(Q/O2,0R(,+2'&,	),-2,&P/R2&(Q/O/R2	),-2&Q-�2)'&
/R20*))2O(*&P'&+2&/)5'&/R2(,+2/,�32S

�S�.-,)�O,33
��2&/)'2O,O'&U,3'Pd�QOR2O/R2
��eS

�S�.O/,)/O()*02OOS

�S�O()*02OO2W20Q/2O^�.3*,PO
��2&/)'2O,O2,0R(,+2'O,002OO2P^
)2(3,0'&+,&2W'O/'&+2&/)5'	/R2
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���-������� �$$������&�.���-���&�.-'���� �$$����(

�/-�����.��"��&!�("()�&���#&��>�������"&�%��*�.��"��&�����%���%�2��-�

�'���&��  (
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