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0 0 1 00 0 1 0

Z\[&]_^a`�bdcM^e^�f'g&h

0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

12-bit offset

Outgoing physical address

4-bit index
into page table
virtual page = 0x0010 = 2

Incoming virtual address
(0x2004, 8196)

0 010 1
1 001 1
2 110 1
3 000 1
4 100 1
5 011 1
6 000 0
7 000 0
8 000 0
9 101 1

10 000 0
11 111 1
12 000 0
13 000 0
14 000 0
15 000 0Page table

0 0 1 0

present 
bit

0 0 0 0 0 0 0 0 0 1 0 0

(0x6004, 24580)

1 1 0

0 0 0 0 0 0 0 0 0 1 0 0
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0 0 1 00 0 1 0

Z\[&]_^a`�bdcM^e^�f'g&h

0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

12-bit offset

Outgoing physical address

4-bit index
into page table
virtual page = 0x0010 = 2

Incoming virtual address
(0x2004, 8196)

0 010 1
1 001 1
2 110 0
3 000 1
4 100 1
5 011 1
6 000 0
7 000 0
8 000 0
9 101 1

10 000 0
11 111 1
12 000 0
13 000 0
14 000 0
15 000 0Page table

0 0 1 0

present 
bit

0 0 0 0 0 0 0 0 0 1 0 0

���������	��
 c
�

�����&[����&g��������������������

 "! #%$'&)("*+$,&.-0/1&.$'2"34/657/98:-<;=-'&?>:-'@"3A$CB'D >"EF2,&)5:E,&)$,GIHJ5,K,>=/6-,&L$:>:(F2'&.5:H�-C3A3+3M/6$"/6-<D >"N65,&?G0$�/9D 5O>
PQ! R:$�B:-SE:-,>"-'&?$'@:&)-:E,D 3T/6-,&.3+$:>:(
5C/98U-'&VBC5,@ $=/9D @ -<D >=N65,&6G7$�/9D 5O>
WV! XYR
(,D 3AHA5:BC-'&%/98"-<2:$"E:-0N9$:K:@ /Z$'>:(7/9&?D -:3[/65
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�����&[�� [&h��T���T[&]_[�� ��� �T�&^�`4����� ]��

�
	 S<>DC F SD:D8 � → ��
�� SE?�� J ?�CV8 C07��'S��<S<>VC�F J H HKC��D8 S07�CWLYCV5��
��������� ��� � �"!$# %�� → &(' � )*�,+$# -/.0)*�1��� 2/.
��3547698:�;��� ��� � �<!$# % � → =?> 2@)A� B$� 'C&:' � )*� & � )ED1F/� & ��#/)*#

�
G J P�;DJ P C ;DC0793 ;VC�P � 3 7 � �<S<>DC9� J HKCA�V8 S<7ACAH
→

;DC�� CDH4L 3 5<C<;�U�IJ� � CLKNMPO(QSR QTKVUWM5X�Q0YZQ�[N\:M]U^O:_]R `?\ba:Y
→

?�Cdc<CDHKS 89SD8 >DJ HI3 � � L ?&CdeD3 ?/� fgih j$kmlmn$o
g,pTqWrtsvudj$w xmnyu{z qWrmo]|Aq}j$~@s(z kbqCn5jb�@n$�$ktq��t|Ejmxmsm��jmx$sb��smq^�m�� s�� x�� ���@�*�@p���kbn/q�u}sb�@svktq*w �:�b|?sml/��w s�jm|Eq�uCsb�@smkmq*w �:�m|�sml$��|Esb�?n kml5��rbj$kt�@s���tw nm��~E�����
g,�Pr z ��r�z |��ts�|EqW�E�@�

�������?�����

�
� Q� P\]KV_� � ¡`*¢£U*QS�0S<>DC HKC��D8 S07�CWLYCD5��'SD8 >DJ HI3 � � L�f
g¥¤1rms$kNj£¦mjmx/s0§^j$� w q�nm�@�@�/uC|���j/w w�¦tjmx$sb|0z k5o]svo¨nyu©�0j$uCs(w j$�bs w sml5��z qWr]qWrtsk/�$o5�msmuªn$§�z kt|?qCu«�b�@q«z n$kt|AqWrtj�q���z w w��ts£s­¬ms����bq}smlV�bsm§^n$uCs]qWr z |�¦mjmxms]��z w w��ts�t|Esml:j�x/j z k
g�®�rtsN¦tjmxms5��z qWr(¯1° ±$²Tz kb|EqCuW�b�@q«z nykb|��msm§³n$uCs5uCs$�t|?s(z |PuCsm¦ w j��­sml

�
´ SE?tI�� J ;VCE?�79HI3 U<C7µ UD:�� 3 LJ�0J ?�?A36UV8 C9� J@3BLL�D8 CWLYCD5��2 ��
 7�SD5V5<JT� 8 J JP¶ 3 5�� J·� � C FI:�� :DHKC<X
�
´ ?/�.3 LYS�� C U�I 8 JE>V>M365<>¸�<S0>DC :E?�S0>DC JW5��DHKCdcD3 J :E?YH :D5 ?&J FV�VHKJ 7�CE?�?
�º¹ ?�C<FI:V8�� J Cdc<SD8 :<S�� C JT� � CDH»�<S<>DC HKC��D8 S07�CWLYCV5��'SD8 >DJ HI3 � � L
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� Q*P&J ?/� S��4:E?YUV3 �I?&SE?�?�J 7<3 S�� C<; PY3 � � C<S<7 � �<S0>DC0f
�

→
�<S0>DC HKC<F CDHKCV5<7�C0; 24HKC<S0; J H#PYHI3 �E� CD5<X

�
→

�<S0>DC@LYJE;=3 FI3 C<;�2 PYHI3 �E� CV5<X
�
	 S<>DC ?YU<CV8 J 5<>�� J JW50C�J FTFKJ :DH'?�C��'J F:�<S0>DCE?GS<7�7�J HK;=365<>�� J�� � C?$� S��.: ?YUD3 �I?�f

g������ �!�#"%$(kbnmq�u©sm§ s$u}smkm�Esml$��ktnmq�o]nml;z §«z sml � h'&)(t�)*+&)(/�
g������ �!��,-$(kbnmq�u©sm§ s$u}smkm�Esml$��o¨n$l;z §}z sml � h'&)(t�)*+&/.b�
g������ �!��0-$Nu}sm§ smu}s$kb�@smlm��kbn/q�o¨n$l;z §}z sml � h'&/.­�)*+&)(/�
g������ �!�213$Nu}sm§ smu}s$kb�@smlm��o¨n$l z §«z sbl � h'&/.­�)*+&/.b�

�54 � ¹ HKCWLYJ�c<CE?GS �0S<>DC S�� HKSD5<;VJ!L FIHKJML�� � C 8 J P C ?$� 5D:WL U<CDH C<;�µ5<J 576 CWLL����I 798 S ? ?
�58 JEP J�c<CVH � C0S<;

9 �;:<���>=+
 9 �;:-�����@?��A� 9 = 9 ���

BDCFEGE !$# %��$2»� F¥8:��8:� 'IH # ' �,8:#�� Ft) #ª� F$�/�<� FV# E � 2­)¡2­� ' ) � �"+ H # %��
BKJMLNJPO ' �ª! E # -b�$2])ED$��� E ���/2@)�!$# %��RQT�GS �)S Q�)?D/�»��� ' 2@)�� F()?D$� E � 2­)

BKT � & � By� ' D$� # �BKJMLNJPO � 2 ' � # ' E H,> 2@� �"� F1� )W2»! >�' �»�«� ' 8

UWVWXZY�[ \Z]_^` YWabYdcb^fe g'e \ZVWhdYdh UWVWXZYji�k ` ]_^le \dVWhZYWhdmPk n Y;n mobpfqNrtsuqwvdU;x_y!zNvZ{

Reference string: A     B    C     D     A     E     F    G     H     I     A J

AC B AB AE D C B AF E D C B AG F E D C B AI H G F E D C BA I H G F E D CJ A I H G F E DD C B AD C B A

No change in the FIFO chain

H G F E D C B A

Now the buffer is full, next page fault results in a replacement
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UWVWXZY�[ \Z]_^` YWabYdcb^fe g'e \ZVWhdYdh U VWXdYjiIk ` ]_^e \ZVWhdYWh
�����Zk ^

� ��� � 
�� �	�i��
��	�

B ���;��� ��� -b#$)E� ��F»� � JlL;JPO
B�
 +�� )
� & D$�ªFV#,!$# % �,� 2 ' �$�«� ' �ªF$-b� �1# %�#;� F Qª)ED$���i+y� )�� 2]2��/)dQ#�F/��)ED$�,!$# %�� & � EGE +v�») ' � #/) � �1# 25#,F$� & E H E ��# ��� �"!$# %��

Reference string: A     B    C     D     A     E     F    G     H     I  

�
� �� �� �� � �
�
�

�
� �� �� �� � �

�
�

�
�

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

s�� Y'q����dk ^!i \ `
� VdXdY yuk ] ] Yb^
�
�

�
�

�
�

�
� �� �� �� � �

� \ �#^�� Y!�#"bi iIY ` k ]Ri$"de e mPcWY&%b^ � VdXZY iIV'"Ze ^ ` YW]("Ze ^I] k cjV` Y � e Vda Yd[jYdcb^
�
�

�
�

�
�

�
� �� �� �� � �

U VWXdYjp)� k e e'� Y'k c ] Y ` ^IYWhZm;i�k c h�V � VWX;Y ^I\ � VWX;Y \�"b^*�bg'e \d\�+tk c X�Vb^!^��WY i�k ` ]
^ � VWXdY)e \ZVdhZYWh-,�fk i q����dk ^/.10
→ ` Y � e Vda Y�fk i q����dk ^/.32
→
ate YWV ` q����Zk ^Im![ \ 4dY � VWX Y)e VW]_^Im Vdc h)iIk c Vde e g)e \Z\5+ Vb^P^�� Y'c Y&�#iIk ` ]_^ � VWXZY

� �
�
�

�
�

�
�

�
� �� �� ��

U VWXdYjy-6 ] q����dk ^/.32
→
[ \#4WY'e VW]_^lk c)a(� Vdk c<VdcWh-ate YWV ` q����Zk ^Im!e \Z\5+RVb^lcWY&� i�k ` ]_^ � VZXdY87:9<;

=
� � �

�
�

�
�

�
�

�
� �� ��

U VWXdY>9�6 ] q����dk ^/.10
→ � VWX;Y \�"b^Im ]&�dk i ^ a(� Vdk c)e Ybi ^Im Vdc h�k cW]bY ` ^ ple VW]_^lk c ^��WY)a(� Vdk c

B@?BADC-EDFHGICKJDLMFNC-A � 25# ' � # 2��dF$#ª+ E ��# E % � ' � )ED�8 QT+ > )�� F$�/�C��� -/� ��Fb)�+$� -b# > 2��,� )�� 28:� B�� F$%"!$# %��$25# ' � > F/��)ED$� E � 2­)

Reference string: A     B    C     D     A     E     F    G     H     I  

� � � �PO

QSRUTWV'XYX8Z#Z-[ \>[ X^]8_a`�b>cY_5Td[�egf1h XWeiX1]8_kjmlonqpormsutwvoxwran>l
Qzyw[$V'\>{^h b1V|h�[ }~_k[:]�Z#T�V)ezT�Z�bY\>h T�\>�
QS�>TW[$]8_�X1Vm_�T�_-��X�TWh �1X�}~_kf8b��1Xo�

��� � +;� )�� � → ' �ª! E # -���#ªF$�¥#y� By#ªF$-b�,!$�ª� Fm) � '��� � +;� )�� � → 2��/)3� � + � )T)*� � Q�# � B #�F/-��,!$�d� Fm) � 'A> Fm)?� E � � +�� )�� � Q ' �ª! E # -��#ªF$�¥#y� By#ªF$-b�,!$��� Fm)*� '

A
0

D
0

B
0

C
0

A
1

E
0

F
0

G
0

H
0

I
0



6

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

 "!$#&%('*)�+,#.-0/�#1%�)�2(#.-0/�)�-�/�)�34-5/�#6'*7�8�29#:3;-<-5=?>	#@3A=B8�+,#
'*)�3;-DCE#�FG#�CH#�8I+,#

 "J9)�3K#�LM7�8N-5/�#@7$O�3K#&CQP9)R-5=�7$8S-T/:)�-
UWV,XZY\[^]`_&V(]�V�abYc_&Y�V�dbeBfhgjiR[RY9kle?mn]H_�YSfoV�[A]�pqY�r
eBm:[R]sa�i:tK]Heou�m�[1rveBfBfRUWabu�w&V�w(f*gMw�YjiR[AY(klV,XWV�eBm6eBmn]`_�Y
m�Yyx�]WpEYzr"eBm:[�]`a{i:tK]`eou9m:[

 }|�#IP�#�CH)('�~�)I��3�-�7�=B>@%9'�#&>^#&8�-�-0/(=*3�)&'�297�= -5/�>

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

Q"����� b�}�b h$[:]1�DX8� h$[ }~_/�

�������y�0���h�� ����������� �����B��� �������{� �����h�� ���o���o��� �{���B���

Reference string: A     B    C     D     A     E     F    G     H    A     C  I

E A D C BF E A D C BG F E A D C BD C B AA D B C

Move A last in the chain
(most recently used)

H G F E A D C B

Now the buffer is full, next page fault results in a replacement

I C A H G F E D

Page fault, replace LRU (B) with I

A H G F E D C B

Move A last in the chain
(most recently used)

C A H G F E D B

Move C last in the chain
(most recently used)

Q �,¡&¢�£(¤�¥,¦h§�£	¨ e b^[$]8_�b^[$]1[:]8� b^]�TWV'�^X1V'X�� h:[ }~_aT�Zmb1h$h�f8b��1X�} [$]
eiX�eiTWV<co�
QueiT1}~_kV'X�\DX1]8_)h c {�}~X8� b8_ Z-V'TW]8_`©mh X8b�}*_ b8_kV'X�b1V
Q {^f8�1b8_�XY_-�^[ }ih:[ }~_aX�ª8X^V<c eiXWe TWV<c V'X8Z#X1V'X^]8\BX «Q«
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 ��\!�� OR����3A=o8�2 V,XWeBm�X��
�
	 V'X�Z'X1V#X1]8\DXY\DTW{1]�_5X^V 	 Z#TWV�X�b8\>� f8b8�^X
� b8Z#_�X1Vmb�\qh T�\>� _)[ \>�1�

B 2/D�� �C)�+�� )*2:� F()?D/� ' �$�«� ' �ªF$-b��-b� > Fm)*� ' ) � )?D/� ' � %�Dm)� ' � %�Dm)E8:��2­)�+ � )�� 25� � E �/)*� �
�
B # ���¥#,!$# %���� 2 ' �/�W� ' � -��,+ � )�� F:� ' ��Fm)A� ��)ED$� ' �/�W� ' �ªF$-b��-�� > Fm) � ' � E �/�C)��

� f8b��1XY` [ _)��������������\DTW{1]8_�X1V|[ }iV#X1f1h b8\DX��

����� ���!���!�"
����� ���!���!�#
����� ���!���!�$
����� ���!���!�%
����� ���!���!�&
����� ���!���!�'

( �����!���!���"
( �����!���!���#
�����!���!��� �$
( �����!���!���%
�����!���!��� �&
( �����!���!���'

�*)+�!��� ���!�"
�*)+�!��� ���!�#
( �����!���!���$
�*)+�!��� ���!�%
( �����!���!���&
( ),���!���!���'

-/. 021436587 193;:
< : < : <=<

-/. 021436587 193 <<>< : < :=: -/. 0?14365!7 193A@
<=< : < : <

-/. 0?14365!7 193AB
< :C:>: < : -/. 0?14365!7 193;D: <C< :C:=:

( �*),�!���!���"
���*)E���!��� �#
( )+���!���!���$
���*)E���!��� �%
( )+���!���!���&
( )�),�!���!���'

�4)+�F)+�!��� �"
( ���4)E���!���#
�4)�)E���!��� �$
�����F)+�!��� �%
�4)�)E���!��� �&
( )�)�)E���!���'

���*)E�*)E��� �"
�4)+�!�*)E��� �#
���*)!)+�!��� �$
( �����F)+�!���%
( �*)�)E���!���&
�4)�)!)�)E��� �'

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

 ��\!�� )�3�)6>	)I-TC = G �
�IH f8b8�1X�} → HKJLH e b�_)V-[ J
� �>b��1X H [ }iV'X8Z#X1V'X^]8\DX�� → V'T�` H [ } }*X�_NM/O�P

→ \DTWh:{�eg] H [ }�\qh X�b1V'X��QM?R;P
� �1X^f1h b�\DX f8b8�^X�`i[ _
�S�E�����T���VU?��� WYXT�!Z;�

[
[
[
[ \

]^_

[[[`
[[[a
[[[b
[[[c

[
[
[ d
\

]^_

[[[`
[[[a
[[[b ddd

c

”Page frame” string: 1   2   3   4   3   2   1   4
[
[
[ d
\

]^_

[[[`
[[[a
[[[b dd

[c

[
[ d
d
\

]^_

[[[`
[[[a ddd

b dd
[c

[
[ d
d
\

]^_

[[[`
[[[a d

[
d

b d
[[c

[ d
d
d
\

]^_

[[[` ddd
a d

[
d

b d
[[c

[ d
d
d
\

]^_

[[[`
[

dd
a

[[
d

b
[[[c

d
d
d
d
\

]^_

ddd
`

[
dd

a
[[

d
b

[[[c

[
[
[
[ \

]^_

ddd
`

[
dd

a
[[

d
b

[[[c

[ d

[
[ \

]^_

ddd
` ddd
a

[[
d

b
[[[c

[ d

[
[ \

]^_

[
dd

`
[

dd
a

[[
d

b
[[[c

[ d
d

[ \
]^_

[
dd

`
[

dd
a ddd
b

[[[c

[ d
d

[ \
]^_

[[
d

`
[[

d
a d

[
d

b
[[[c

[ d
d
d
\

]^_

[[
d

`
[[

d
a d

[
d

b ddd
c

[ d
d
d
\

]^_

[[[`
[[[a d

[[b dd
[c

d
d
d
d
\

]^_

ddd
`

[[[a d
[[b dd

[c

[
[
[
[ \

]^_

ddd
`
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FIFO LRU FIFO

Retrieved from disk Reused, move to LRU queue NOT Reused, move to FIFO queue

NOT reused, page out

NOT reused, page out

Reused, re-arrange LRU queue Reused, move back 
to LRU queue
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� x lf�mt�� p o�� owl o�� p t o jf�mx oNp z�l � � ru~ oNp ~kjfl������

 ������
������

 "!$#&%('�)+*-,�.�/1032 /&4$%506.(/$%1710
 "!$#&%(8�)+*

9;: <>=@?�A1B�C�D B�?1E�FHG BI=1D ?�C�B �KJ��9ML@N O@BIG P@: C�B�F$Q�G : N BRN LTS$: U�V�?IE@S�C�LWEXN : EIY@BN LZE@B�[�N
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^] t p o lfo��mtsl�o � �nlpy�jmx lfy o r � x lf�u~ �f�f�ulfo_ q p ~fy�q p tso o3`

 ~fr�ow�f�flmyujnx lmy ] t p o lpo _ �mx x p ~ba	c `��owl � lmt|�mxfr�� oNp ru~

 ed %�f5.&gW%ih62 d j�0R,Ik %�!�/
 ed %�f5.&gW%i.Hk l&%$j�0
 nm m m

2204

2204 2204

2204

oqp"r�sutwvqx�y{z}|u~���s"r�v

�������	���5������� �1�������+���n�	�����������b��� ��¡"�$�¢�£���	¤¥�(�¦�	���������¨§ª©��I�¬«

�®­(¯¢° ±(²¨³b´6µ"±¢¶(·�¸M±¬° ³º¹�» ¼(¯bµ"±¾½�·¬¿�¶(À-¯¢ÁÂ¯ÄÃ(±Å¸�Æ�° ¯Ç¿bµ5»�¶(¹ÇÀ�È(¯ÊÉ�Ë�ÉiÌ
Á�¯�Æ�° ±(½�¯¬¸n¯�¶(À�±¢° ¹�·¬Á�» À�ÈÅ¸�±�¶ª²ÎÍ�¿ªÏ�Ï�¯¢ÁHµ"·+Ï�Ð¾±�¶ª²�ÑÇÆ(±(¹�¯¾ÏÒÁ�±Å¸n¯bµªÓ

ÔÕÖ×ØÔ×ØÕÖ×Ø
Ù

Ú
Ù

Ú

Ù Û
Ú

Ù Û

Ú

Û
Ü
Ù
Ú

Û
Ü
Ù
Ú

Ü Ý
ÛÚ

Ü
Ù
Ý
Û
Ú

Ý
Ù
Ü
Ú

Ü
Ù
Ý
Û

Ù Û
Ý Ú

Ü
Ù
Ý
Û

Û
Þ
Ù
Ú

Ý
Û

Þ
Ü
Ú

Û
Þ
Ù

Þ
Ü

Ù

Ý
Ú

Û
Þ

Ù

Ù

Ý

Û
Þ
Ú

Þ
Ü

ÛÚ

Û
Þ

Ü
Ù
Ú

Ü Ý
Þ
Ú

Ü
Ù
Ý
Û
Ú

Ü Ý
Þ

Ý
Û

Þ
Ü
Ú

Refernce string:

Youngest page:

Oldest page:

Youngest page:

Oldest page:

ß 9 page faults

ß 10 page faults
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� Ì Íbµ ¯¢Á$¼(±(À�» ·¬¶ Ó� ¼(¯¢Á$³}Æ¢Á�·+½�¯bµ�µ"¹�¯¢¶(¯�Á&±(À-¯bµ"±�µ�¯���¿(¯¢¶(½�¯¾·+Ï ¸n¯¬¸M·¬Á$³ÇÁ�¯(Ï&¯�Á�¯¢¶(½�¯+µ
±+µn» ÀuÁÒ¿�¶bµ��nÈ(¯¢Á�¯¾¯(±(½ÄÈ ¸n¯Å¸n·¬Á$³ÇÁ�¯(Ï&¯�Á�¯¢¶(½�¯¾½�·¬Á�Á�¯�µ5Æ(·¬¶(²Åµ"À-·�±
¼�»KÁ�À�¿(±�°+Æ(±ª¹�¯

� �¢¯(Ï�¯¢Á�¯�¶ª½�¯�µ�À�Á�»K¶(¹Â� ·¬Á�²�¯¢Á�¯(² °6» µ À�·+Ï�Æª±(¹�¯Ç¶�¿Å¸ Í(¯�Á-µ� Æ�Á�·+½�¯+µTµ�´¬¸n¯Å¸n·¬Á$³º±ª½�½�¯�µ�µ ¯¨µ��
� �{Æ(±(¹�»K¶(¹ÊµR³bµ À-¯Å¸�½�±�¶ÇÍ(¯ ½ÄÈ(±�Á�±ª½�È�Á�» ��¯(² Í�³£ÐÇ» À-¯Å¸�µªÓ�������! "��#���$!%&��')(*#,+-$!.0/1 2(43!����56�1%�78(4+-$!.:9�#�/;%<�1'='

> ��?!@1.���#���9�A @1%&��BC��$D(E@�A .1/F#,+ (43�B
G ��HI7;B�J!��#2/1 K9�@6.;�L M#�@�BC�6'N@�O6@;+-A @�J6A ��+-$0BC��BP/F#RQ

��� s���� z}r��"~	��
 �
� � y

×ÔÕÖS×××ÕTTÕÕSÔSÕUÔTÕ×ÖØ

∞

Ú

Ù

∞

Ú

Ù
Ü

∞

Ú

Ù
Ü Û

∞

Ú

Ù
Ü Û
Ý

∞

Ú

Ù
Ü Û
Ý

V

∞

Ú

Ù
Ü Û
Ý

V
Þ

∞

Ú

Ù
Ü Û
Ý

V
ÞW

Þ

Ù
Ü Û

V
ÞW
Ý

∞

Ú
Ù
Ü Û

V
ÞW
Ý

X

Þ

Ù
Ü Û

VW
Ý

X
Þ

Ü

Ù
Ü Û

VW
Ý

Þ
X

Ý

Ù
Ü Û

VW
Þ
XÝ

Û

Ù
Ü Û

VW
Þ
XÝ

V
Ú
Ù
Ü Û
W
Þ
XÝ
V

Û

Ù
Ü Û
W
Þ
XÝ
V

Ü

Ù
Ü Û
W
Þ
X
VÝ

W
Ú
Ù
ÜW
Þ
X
VÝ
Û

Û

Ù
ÜW
Þ
X
VÝ
Û

Û

Ù
ÜW
Þ
X
VÝ
Û

Þ

Ù
ÜW
Þ
VÝ
Û

X

X
Ú
ÙW
Þ
VÝ
Û

X
Ü

Þ

ÙW
Þ
V Û
X
Ü Ý

W
Ú
ÙW
V Û
X
Ü Ý

Þ

V
Ú
ÙW
V
X
Ü Ý

Þ Û
Reference string:

Page faults:

Distance string:

YNZ-[�\^]`_Fa1bc[�\8d=Z�_FegfF@�9!@1.1��#��! "��#���$!%&��+ 'Nh���$!/1(,�1h�J8Qi(43!��h�+ ')(j@�$!%&�L M#�/FBk(43!�L(,/F9/1 2(43!��')(j@1%�lnm`+-�-�F�-m�(43!��$�7�B�J���#�/1 K#��� o��#���$!%&�6'N'�+-$!%&�L(*3!��98@1.���pq@6'#��! "��#���$!%&�1h:A @1')(
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P(d)

d n1

P(d)

d n1

k

��
���� ��������
�������� 
����! #"�$��%&��
!���'�$
�(�) *+ ��,
����!���

���!�!-� �
! ��'(�.��'
! /�!0, # 1� 2�) �

�0�Tput 
�� � 
$|���� s��"p43¥s65"r �	7 s � puy

�®É98;:=<?>A@CBD>
∞ E ¸FBHG ≤ I ≤ ¶J�KMLONQPSRUTWVYX+R[ZS\ ]�^9_S`,`�ZSacb dSTfe�b ]hgiRjT[b kUV[dil[b ^�]�RSdm`!VY^!]hacb dnToRSdmlApqPmRUT[VYXca+R 8 VU^rts L4Nu_S`�`�Zma�avV[dn`�VU^9_SX�w#x'b y VWy z�N{]hb 8 VU^|e}VogURUkUVjRjl[b ^�]cR[dU`!VAw9^�b dn`�Vj\ RU^�]/a+VUXvVnahVndn`�V

� � Ã(±Å¸�Æ�° ¯�~ ½�·�¸�Æ�¿(À-±(À�» ·Å¶¾·+Ï¥À�È(¯ÇÆ(±ª¹�¯¾Ï�±�¿¢° ÀuÁ�±�À-¯�Ó

Distance string: ∞ ∞ ∞ ∞ ∞ ∞ ∞ 4  ∞ 4  2  3  1  5  1  2  6  1  1  4  7  4  6  5

C1 = 4
C2 = 2
C3 = 1
C4 = 4
C5 = 2
C6 = 2
C7 = 1
C∞ = 8

F1 = 20 ← C2 + C3 + C4 + C5 + C6 + C7 + C∞

F2 = 18 ← C3 + C4 + C5 + C6 + C7 + C∞

F3 = 17 ← C4 + C5 + C6 + C7 + C∞

F4 = 13 ← C5 + C6 + C7 + C∞

F5 = 11 ← C6 + C7 + C∞

F6 = 9 ← C7 + C∞

F7 = 8  ← C∞

F8 = 8  ← C∞

← # times 1 occurs in the distance string

← # times 2 occurs in the distance string

← # times 3 occurs in the distance string

# page faults with 1 page frame →

# page faults with 2 page frame →

# page faults with 3 page frame →
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Æ(±ª¹�¯bµ"À�È(±ªÀ�±�Á&¯}Á&¯(Ï�¯¢Á�¯�¶ª½�¯(² »6¶¾À�È(¯Ç° ±bµ À�Ï&¯2��»K¶bµ À�Á�¿(½�À�» ·¬¶bµ �M»K°�°
Æ�Á�·¬Í(±¢Í�° ³ÇÍ(¯ÇÁ�¯(Ï&¯�Á�¯¢¶(½�¯ª²}±ª¹�±�»K¶}»K¶ºÀ�È(¯Ç¶(¯ÄÃ À�Ï&¯2��» ¶+µ�À�Á�¿ª½�À�» ·¬¶bµ

�#" Æ(±ª½�¯ Ó
Æ(±ª¹�¯bµ"À�È(±ªÀ�±�Á&¯}° ·+½�±(À-¯(²Ç½�° ·¨µ ¯¾À-·�À�È(¯ÇÆ(±(¹¢¯�Í(¯¢»6¶(¹ Á�¯(Ï&¯�Á�¯¢¶(½�¯ª²
�n»6°�°+Æ�Á�·¬Í(±¢Í�° ³¾±�° µ ·ÊÍª¯}Á&¯(Ï�¯¢Á�¯�¶ª½�¯(²

�%$"�'&"|ut��(&�� 
$|��*)+$���yu5 y �0�,$6�-&�� 
$|��

��.	¯¬¸M±¢¶(² Æ(±(¹�»K¶(¹�Ó
Æ(±(¹�¯+µ"±�Á&¯}° ·+±(²�¯ª²}·¬¶¾²�¯Å¸n±�¶ª² E »�/K¯0/ E�1�2436587 ±ÇÆ�Á�·ª½�¯bµ�µn¶(¯ª¯(²Åµ;» À9;:=<�>@?=A B�CEDF?EG4DHB-I JLKNMPO=QSR6MUT=VPWHT=VSKNX MZY\[]M�^ZCH>@?H_NJ`?H_a?ZbcD
bcD�JcDZbdDfeEghD�G

9jiH^�g�<�k�^�l=D
I G�A >Z^�B=D�B�G4DZkE^fbd^H_mA nPJ�bc>@o%B]I G4prqNIts D]s qubcD�Gh?=A _�G�I e�oP^ZernPBvI Ghp�^�g\ghDHG\G4DHG

��w+Á�¯�Æª±(¹�»K¶(¹�Ó
Æ�Á�¯(Ï&¯(À-½�È�»K¶(¹Ç²�±(À-±Ç»6¶¾±(²+¼(±¢¶(½�¯ E »`/K¯�/ E Í(¯ªÏ�·¬Á�¯Ç¿bµ ¯9;:=<�>@?=A B�CEDF?EG4DHB-I JLKNMPO=QSR6M0WHT@V]KNX MZYh[@M�^ZCH>,?H_NJ�?H_x?=bcD
b�D�JyDZb�D�e�g\DHG

9;z{kE^�l�D�J|^Z?=A _cGPI G0bcD�B@?HghD�B�q}I s D,s qSkE^�lZD
I e�o~Dfo~>Zb`nF��<HDZe
eHD�D�B=D�BFCfnF^
k�bc>Zg\D�G\G
9;zjB@I Ghp�^�g\ghD�G\G\DHGLgh^Ze�C�D
bcD�B@?HghD�B
CHn
A >�^�B]I e�l�G\DH��DZb�^=AfkE^�l=D�G�I e
V�T�M�d����� >,kHDZbd^H_mI >,e
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�^] ° ·¬Í(±¢°bÆª±(¹�¯ÇÁ�¯¢Æ�° ±ª½�¯Å¸�¯ªÀ�Ó
/1032�465 798;:�A;= =9?6ACB98�4
5-2 V 8 V 03:�>_F*K�8�2L:H8;?9= AC/65-26BLA@?6ACB98
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