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Disk
Controller

diskdisk

Physical

System Bus

Memory Controller

Data

Processor

Address
VirtualTrap

CPU

Cache

Virtual
Address

TLB/MMU

Memory

Control

Address

�,-.>-5H0�0/:A5R;01A5-A1.:A.=6<1C

�340Q9;.561A40	-.>-5H<=A.H0H.-?
�7,8
0A/401<=1A-:/A<.=15=665A5
-.HH0H.-?�4<;00�0/:A<=>A40	-.>-5H
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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

"���������&l'L�o�J(JomtK%%$ML()FoKnmo&(%%�

"������� !""#����Km(KsK))m(%%$LJ(Jomt

"$�#�%� !""#����KLK))m(%%m(sKF$&(FoFl(%FKmFo�Knmo&(%%
'

%K))m(%%

%nK&(�
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qor)onmoMmKJ%M(L(mKF($L%Fm'&F$oLKL))KFKK))m(%%(%p

"����� �������l(&oJn$s(mM(L(mKF(%Fl((EK&Fnlt%$&Ksso&KF$oL$L

J(Jomt%FKmF$LM�moJ%oJ(�E()%FKmF$LMno%$F$oL���l(��)o(%

LoFl$LM�

"	��"�����
oJn$s(mM(L(mKF(%KLK))m(%%��'FKFsoK)F$J(Fl(��
)(F(mJ$L(%Fl(nmo&(%%

'
%FKmF$LMno%$F$oL��L&(Fl(nmo&(%%soK)%�$F)o(%

LoFJo&($LJ(Jomt�

"
���%���������
oJn$s(mM(L(mKF(%KLK))m(%%�KL)��&KLnsK&($FKLt
rl(m($FrKLF%$LJ(Jomt�
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"��M(F%K�E()nKmFo�J(Jomt�l$Ml(%FJ(Jomt$L#����

"�L(nmo&(%%(E(&'F(%KFKF$J(�

"�mo&(%%$%KsrKt%soK)()%FKmF$LMKFK))m(%%��

"�mo&(%%(E(&'F(%$LK&oLF$M'o'%%(&F$oLo�J(Jomt�

"
oJn$s(m&KLM(L(mKF(nlt%$&KsK))m(%%(%�

"�KE$J'JK))m(%%��(Jomt�$�(����$�(

"��$%nmoF(&F()�moJnmo&(%%�t&l(&�$LMK))m(%%(%'%()�tnmo&(%%�
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Memory
0

2400 OS

Memory
0

2400 OS

Memory
0

2400 OS

A
B

C

22002200 2200

Processes A, B, C

��$Jns(��'F)o(%LoFKssor�omo&(msKno����KL)&oJn'FKF$oL�
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"k(rKLFJ'sF$ns(nmo&(%%(%Fo&o(E$%F$LJ(Jomt�

"Donmo&(%%%lo's)�(KrKm(FlKFJ(Jomt$%%lKm()�

"�mo&(%%(%%lo's)LoF&Km(rlKFnlt%$&KsnomF$oLo�J(JomtFl(tKm(

K%%$ML()Fo�

�������

"�mo&(%%(%J'%FLoF�(K�s(Fo&omm'nF(K&loFl(m�

"�mo&(%%(%J'%FLoF�(K�s(Fo&omm'nFFl(���
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CC

A

Memory
0

2400

2000

900
A

Memory
0

2400

2000

900

B

OS

B

OS

400400

1200

�,:AA40Q9<=A404<>401AH0H.-?�

��11:H05A/.H	<;0P;<=CA<H0A45AA40	-./0111A5-A15A��<A45H5�<H:H566-011�

H0H.-?1<@0�Q91<@0�

��.565	-./011R?5;;./5A<=>5/.=A<>:.:110>H0=A.
H0H.-?<=�4</4A40	-./011�A1�

�340�-1A�1H5;;01A		4?1</5;566-011.
A40	-./011<1A40
��
566-0115=6A40;5->01A

	4?1</5;566-011A40	-./011/5=5//011<1A40�����566-011�
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+5A;.56A<H0�A40Q956�:1A1A40566-01101<=5	-./011A.-0�0/A<A1	.1<A<.=<=

H0H.-?�
+Q=/05	-./011<1511<>=065	;5/0<=H0H.-?5=61A5-A10�0/:A<=><A�A40Q9/5==.A

H.�0<A���4?�	

"��������� ��������

+45-6�5-05661-0;./5A<.=-0><1A0-�R510	A.�<-A:5;566-011A.>0A5	4?1</5;566-011�
+45-6�5-0/.H	5-01566-011�<A4;<H<A-0><1A0-�566-011H:1AR0;011A45=R510	�
+O
A01A
5<;1�A40	-./011.-A5C015=566-011A-5	5=6<>=.-01A40	4?1</5;566-011�

register
limit

CPU

relocation
register

+

logical address

physical address

trap: addressing error

>
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+Q9/5=051<;?H.�05	-./0116:-<=>0�0/:A<.=�
+Q9/5=5;;.�5	-./011A.>-.�.�0-A<H0�
+9<H	;0�
51A45-6�5-0�A�.1	0/<5;-0><1A0-1�5=566�5=65/.H	5-0�

"����"���������

+9;.�16.�=45-6�5-06:0A.A40566.=0�0-?H0H.-?-0
0-0=/0�
+75=

�
A145-0H0H.-?�1:/451	-.>-5HA0�A	R0A�00=	-./01101�

+,-./011<11A<;;;<H<A06A.	4?1</5;H0H.-?1<@0�
+B0>-00.
H:;A<	-.>-5HH<=><1�0-?;<H<A061<=/05;;H0H.-?.
5;;5/A<�0	-./01101

H:1A�A<=H0H.-?�
+7.H	;</5A01�
���������
�
���


�S�
TUVVWX�������Y�Z�����[\]^_`\abcdef\aa

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

��
�����������������!

"�#�����#�����nmo&(%%(%Km(sKmM(st'LKrKm(o�%lKm$LM�

"�������(K&lJ(Jomtm(�(m(L&($%&l(&�()�

"
��������J(Jomt&l(&�%KL)&$mF'KsFonlt%$&KsK))m(%%FmKL%sKF$oLKm(

�K%FK%Fl(tKm()oL($LlKm)rKm(��	�$�Knmo&(%%Mmor%�$FJKtlK&(Fo

�(Jo&()rl$&l$%&(mt%sor�
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�%nmo&(%%(%(LF(mFl(%t%F(J�Mmor�KL)F(mJ$LKF(�Fl(��J'%F�((nFmK&�

o�rl$&lJ(Jomt$%K&K$sK�s(KL)'F$s$�()�

Allocate DA terminates

OS

A

B terminates

0

1500

900

400

B

C
2100

1800

OS

A

0

900

400

C
2100

1800

OS

A

0

900

400

C
2100

1800

OS
0

900

400

C
2100

1800

2400240024002400

D

1500

D

�������	<0/01.

-00H0H.-?�1456065R.�0<=�>:-0	
��<�0=5=0�	-./011�A40Q9H:1A60/<60�4</44.;0A.:10
.-A40	-./011
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"��#�������Ksso&KF(Fl(�m%FoL($LFl(s$%F$Lrl$&lFl(nmo&(%%�F%��l(

%(Km&l&KL%FKmFr$FlFl(�m%Flos(�omrl(m(Fl(nm(&$o'%�m%F��F%(Km&l

(L)()�

"	���������sso&KF(Fl(%JKss(%Flos(FlKF$%�$M(Lo'MlFolos)Fl(

nmo&(%%��l(��J'%F%(Km&lFl((LF$m(s$%Fom%Fom(Fl(s$%F%omF()�t%$�(

los(s$%F�

"
�#��������sso&KF(Fl(sKmM(%Flos(FoFl(nmo&(%%��MK$LFl(��J'%F

%(Km&lFl((LF$m(s$%Fom�((nFl(s$%F%omF()�

"�$J'sKF$oL%%lor�m%F��FKL)�(%F��F'%'Ksstt$(s)�(FF(m%FomKM(

'F$s$�KF$oLFlKLrom%F��F��m%F��F$%M(L(mKsst�K%F(mFlKL�(%F��F�
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+N-0�:0=A;.56<=>5=6:=;.56<=>	-.>-5H1/5:101
-001	5/0A.R0R-.C0=<=A.;<AA;0

	<0/01
+��A0-=5;
-5>H0=A5A<.=0�<1A1�40=A40-0<10=.:>4H0H.-?A.�A5	-./011<=

H0H.-?�R:AA401	5/0<1=.A/.=A<>:.:1
+����
��
�����
	9<H:;5A<.=114.�A45A
.-0�0-?
�5;;./5A06R;./C1��R;./C15-0

;.1A6:0A.
-5>H0=A5A<.=�<�0���P
.
H0H.-?1	5/0<1�51A06	
+�0�5=A5=5;;./5A<.=	.;</?A45AH<=<H<@01�51A061	5/0�

"����#�� �#������������

+7.=1<60-5	-./011.
1<@0����R?A015=65R;./C.
1<@0����R?A01

�<A<1H.-00�/<0=AA.5;;./5A0A40	-./011A400=A<-0����R;./CA45=<A<1A.C00	
A-5/C.
�
-00R?A01

+O=A0-=5;
-5>H0=A5A<.=0�<1A1�40=H0H.-?<=A0-=5;A.5	5-A<A<.=A45A<1�51A06
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(needs 600)

(needs 600)

Alternative 1:

Alternative 2:

OS
0

400

2400

D

1000
C

1300

E

E

OS
0

400

2400

D

1000

1800
C

1600

2100

OS
0

400

2400

D

1000

1800
C2100

E

OS
0

900

400

C
2100

1800

2400

D

1500

OS
0

900

400

C
2100

1800

2400

D

1500

Compaction 

OS
0

400

2400

D

1000
C

1300

1900

E"qorJ'&lJ(Jomt$%

Jo&()p

"qor�$MK�so&�$%&m(KF()p

"�LtoFl(m&lo$&(%p
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"Iosso'FKnmo&(%%Fo)$%��m(s(K%$LMKssFl(J(Jomt$Flos)%�

"kl(Lnmo&(%%�(&oJ(%K&F$&(KMK$L�Fl(��J'%Fm(soK)$F$LJ(Jomt�

+�<A41A5A</-0;./5A<.=�A40	-./011H:1AR0	:A<=A4015H0	.1<A<.=�
+�<A46?=5H</-0;./5A<.=�A40Q9�=615=0�	.1<A<.=<=H0H.-?
.-A40	-./0115=6

:	65A01A40-0;./5A<.=5=6;<H<A-0><1A0-1�

"��%rKnn$LM$%nKmFo�Fl(%t%F(J�&oJnK&F$oL$%(K%tFoK))�

"qor&o's)om%lo's)%rKnn$LM$LF(mK&Fr$Fl
�	%&l()'s$LMp
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"�mo&(%%(%J'%Fm(%$)($LJ(Jomt$Lom)(mFo(E(&'F(�

"�mo&(%%(%M(L(mKsst'%(&$mF'KsK))m(%%(%rl$&lKm(FmKL%sKF()$LFo

nlt%$&KsK))m(%%(%�'%F�(�om(K&&(%%$LMJ(Jomt�

"�(MJ(LFKF$oLKssor%J'sF$ns(nmo&(%%(%Fo%lKm(JK$LJ(Jomt��'FJK�(%

$F(En(L%$&(�omnmo&(%%(%FoMmoro&(mF$J(�

"�rKnn$LMKssor%Fl(FoFKsJ(Jomt�($LM'%()�tKssnmo&(%%(%Fo(E&(()

Fl(KJo'LFo�nlt%$&KsJ(JomtK&K$sK�s(��'F$L&m(K%(%&oLF(EF%r$F&l

F$J(�
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