Aufgabe 5.9 Im Unix-Teil der Vorlesung wurde die logische Struktur des Adressraums eines Unix-Prozesses
vorgestellt. Die Bereiche innerhalb dieses Adressraums werden durch das Betriebssystem mittels geeigneter
Datenstrukturen — analog zum Prozesssteuerblock — verwaltet.

(a)

(b

=

Geben Sie einen moglichen Aufbau einer solchen Datenstruktur in Form einer Tabelle an, die die
Informationen enthélt, die zur Beschreibung der einzelnen Bereiche erforderlich sind.

Bilden Sie die folgende Situation mit Hilfe dieser Datenstruktur ab: Die Grofie des Text-, Daten- und
BSS-Segments eines Prozesses betrage 20 KiByte, 6 KiByte bzw. 11 KiByte (jeweils aufgerundet). Ferner
habe der Prozess wihrend seiner Laufzeit ab Adresse 0x5009000 einen 24 KiByte groflen Ausschnitt
aus einer Datei schreibbar eingeblendet, beginnend ab dem Datei-Offset 0x7000. Der Stack (Keller)
beansprucht aktuell eine Seite.

In diesem Adressraum sei auf folgende Adressen erfolg- virtuelle Adresse | physische Adresse |
reich lesend zugegriffen worden und es gelte die nebenste- 0x1000 0x340000
hc.ndc“ Rahm§nzu0rdn11ng. Schlagen Sie fiir d.ic fchlc.ndc.n 0%7000 0%32000
Eintriage geeignete Rahmen vor und konstruieren Sie die 0%8000
entsprechende einfache Seitentabelle.
0xA000
0x5009000 0x13000
O0xBFFFF000 0x42000
0xC0000000 0
0xC0001000 0x1000

Was geschieht bei einem Lesezugriff auf die Adressen 0x3400, 0x500D100, 0xC0000040 und einem
Schreibzugriff auf 0xA780, 0x3B060, 0xBFFFEDCB, wenn der Zugriff von einem normalen Nutzerprogramm
aus erfolgt?
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(a) Geben Sie einen mdoglichen Aufbau einer solchen Datenstruktur in Form einer Tabelle an, die die
Informationen enthilt, die zur Beschreibung der einzelnen Bereiche erforderlich sind.



Die Region Map

Das Betriebssystem speichert fiir jeden Prozess alle Bereiche seines virtuellen

Adressraums, die es verwendet.

Bendétigte Informationen:
e Start und GroBe/Ende des Bereiches
e Zugriffsberechtigungen (schreibend, ausfiihrbar, ...)
® Spezielle Eigenschaften/Optionen (z.B. grows downwards (GD) fiir Stack)
e Verweis auf Inode und Offset (z.B. bei eingeblendeten Dateien)



Die Region Map

Das Betriebssystem speichert fiir jeden Prozess alle Bereiche seines virtuellen

Adressraums, die es verwendet.

Bendétigte Informationen:
e Start und GroBe/Ende des Bereiches
e Zugriffsberechtigungen (schreibend, ausfiihrbar, ...)
® Spezielle Eigenschaften/Optionen (z.B. grows downwards (GD) fiir Stack)

¢ Verweis auf Inode und Offset (z.B. bei eingeblendeten Dateien)

Anhand dieser Informationen kann das Betriebssystem bei einem PF unterscheiden

zwischen SIGSEGV und demand paging.




(b) Bilden Sie die folgende Situation mit Hilfe dieser Datenstruktur ab: Die Grole des Text-, Daten- und
BSS-Segments eines Prozesses betrage 20 KiByte, 6 KiByte bzw. 11 KiByte (jeweils aufgerundet). Ferner
habe der Prozess wihrend seiner Laufzeit ab Adresse 0x5009000 einen 24 KiByte groflen Ausschnitt
aus einer Datei schreibbar eingeblendet, beginnend ab dem Datei-Offset 0x7000. Der Stack (Keller)
beansprucht aktuell eine Seite.



Die Region Map

Ein Beispiel

‘ Name ‘ Begin End Rights Options Inode Offset
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Ein Beispiel

‘ Name ‘ Begin End Rights Options Inode Offset

Text 0x1000 Ox5FFF
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?

Data
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
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Ein Beispiel
‘ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777

BSS
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Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u

File




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000
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Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000
Stack OxBFFFFFFF
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Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000
Stack OxBFFFFO0OO |OxBFFFFFFF




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000
Stack OxBFFFFO0OO |OxBFFFFFFF |rw, u




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF |rw, u file 0x7000
Stack OxBFFFFO0OO |OxBFFFFFFF |rw, u GD




Die Region Map

Ein Beispiel
’ Name ‘ Begin End Rights Options Inode Offset
Text 0x1000 Ox5FFF ro, ex, u binary 0x0077?
Data 0x6000 Ox7FFF rw, u binary 0x5777
BSS 0x8000 OxAFFF W, u
File 0x5009000 0x500EFFF rw, u file 0x7000
Stack OxBFFFFO0OO |OxBFFFFFFF |rw, u GD
0S [0xC0000000 |0xFFFFFFFF |rw, ex, s




(¢) In diesem Adressraum sei auf folgende Adressen erfolg- | virtuelle Adresse | physische Adresse

reich lesend zugegriffen worden und es gelte die nebenste- 0%x1000 0340000
h(‘ende: Rahmfenzuordnung. Schlagen Sie fiir d.ie fehle.nde.n 0%7000 0%32000
Eintrige geeignete Rahmen vor und konstruieren Sie die
. . 0x8000
entsprechende einfache Seitentabelle.
0xA000
0x5009000 0x13000
0xBFFFF000 0x42000
0xC0000000 0

0xC0001000 0x1000




Die Region Map

In Benutzung

[0S [0xC0000000 |OxFFFFFFFF [rw, ex, s [ [ |

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; Text | 0x1000 0x5FFF ro, ex, u binary |0x00??
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7
8
9
A




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; Text | 0x1000 0x5FFF ro, ex, u binary |0x00??
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
0x1000 = 0x340000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; Text | 0x1000 0x5FFF ro, ex, u binary |0x00??
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
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A . .
virtuelle Adresse physische Adresse
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Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}

0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
l ; el P Text | 0x1000 0x5FFF ro, ex, u binary |0x00??

3 Data | 0x6000 O0x7FFF rw, u binary |0x577?

2 BSS 0x8000 OxAFFF rw, u

5 File 0x5009000 0x500EFFF W, u file 0x7000

6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD

7 [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
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virtuelle Adresse physische Adresse
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Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}

0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
l ; 529 x| u P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077

3 Data | 0x6000 O0x7FFF v, u binary |0x577?

2 BSS 0x8000 OxAFFF rw, u

5 File | 0x5009000 | Ox500EFFF |rw, u file 0x7000

6 Stack | OxBFFFFO00 | OxBFFFFFFF |rw, u GD

7 [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
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A . .

virtuelle Adresse physische Adresse
0x1000 = 0x340000
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In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
07000 = 0x32000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
[ 7 32 P | [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
07000 = 0x32000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 | Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
[ 7 32 nx | u | w | p | [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
07000 = 0x32000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
0x8000 -




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
0x8000 -




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8
9
A . .
virtuelle Adresse physische Adresse
0x8000 = 0x69000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF TV, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
[ 8 69 nx | u W p |
9
A . .
virtuelle Adresse physische Adresse
0x8000 = 0x69000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9
A . .
virtuelle Adresse physische Adresse
0xA000 -




Die Region Map

In Benutzung

Page Table Region Map

# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF TV, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9

l Al <zero>lcon | mx | u p | virtuelle Adresse physische Adresse
0x]A000 = <zero>




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9
A | <zero> | cow | nx u . H
= virtuelle Adresse physische Adresse
0x5009000 = 0x13000




Die Region Map

In Benutzung

Page Table Region Map

# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF v, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9

| Alcgero>lcov i mx | u P virtuelle Adresse physische Adresse

N 13 =]lalwllell 0xj6009000 = 0x13000




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9
A | <zero> | cow | nx u . H
P virtuelle Adresse physische Adresse
5009 13 xlulelep OxBFFFFO00 = 0x42000




Die Region Map

In Benutzung

Page Table Region Map

# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF v, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9

| Alcgero>lcov i mx | u P virtuelle Adresse physische Adresse

5009 13 xlulelep OxBFFFFO00 = 0x42000

[ BFFFF 42 nx u W P ‘




Die Region Map

In Benutzung

Page Table Region Map

# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF rw, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | w | p [0S T0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [ |
8 69 nx | u w P
9
A | <zero> | cow | nx u . H

P virtuelle Adresse physische Adresse

5009 13 xlulelep 0xC0000000 = 0x0000

BFFFF 42 nx u W p




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF v, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx [ u [ w [p [0S 0xC0000000 [OxFFFFFFFF |rw, ex, s | [ [
8 69 nx | u w P
9
A | <zero> | cow | nx u . H
P virtuelle Adresse physische Adresse
5009 13 xlulelep 0xC0000000 = 0x0000
BFFFF 42 nx u W p
[ coooo 0 ? ? P




Die Region Map

In Benutzung

Page Table Region Map
# page cow nx u w [}
0 l Name [ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| ¢ P Text | 0x1000 Ox5FFF ro, ex, u binary | 0x0077
3 Data | 0x6000 O0x7FFF v, u binary |0x577?
2 BSS 0x8000 OxAFFF rw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx [ u [ w [p [0S 0xC0000000 [OxFFFFFFFF |rw, ex, s | [ [
8 69 nx | u w P
9
A | <zero> | cow | nx u . H
P virtuelle Adresse physische Adresse
5009 13 xlulelep 0xC0001000 = 0x1000
BFFFF 42 nx u W p
C0000 0 B 7 | p
[ Cooot 1 7 7 | p




(d) Was geschieht bei einem Lesezugriff auf die Adressen 0x3400, 0x500D100, 0xC0000040 und einem
Schreibzugriff auf 0xA780, 0x3B060, 0xBFFFEDCB, wenn der Zugriff von einem normalen Nutzerprogramm
aus erfolgt?



Speicherverwaltung — With all its glory!

#

> Oo~NOUrWN RO

5009

BFFFF
€0000
€0001

Page Table
page cow nx p
340 x P
32 nx P
69 nx P
<zero>| cow | nx P
13 nx P
42 nx P
0 ? P
1 ? P

Region Map

[ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
Text |0x1000 Ox5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 |O0x500EFFF |rw, u file 0x7000
Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
[0S JoxC0000000 |OxFFFFFFFF |rw, ex, s |

Zugriff Ergebnis




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
2 BSS 0x8000 OxAFFF ™, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OX34OO =
read
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
2 BSS 0x8000 OxAFFF ™, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OXE4OO =
read
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
l 3 ‘ Data | 0x6000 Ox7FFF W, u binary |0x5777
7 BSS 0x8000 OxAFFF ™, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OXE4OO =
read
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
l A |- PF BSS | 0x8000 OxAFFF Tw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
read
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
l A |- PF BSS | 0x8000 OxAFFF Tw, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
o ® PFH — check RM
read
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x|l u P Text | 0x1000 0x5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
l A |- PF BSS | 0x8000 OxAFFF Tw, u
5 File | 0x5009000 | Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
o ® PFH — check RM
read
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
1 340 x u P . n
2 valid <—| Text |0x1000 Ox5FFF ro, ex, u binary |0x007?
l 3 ‘ PE Data | 0x6000 Ox7FFF W, u binary |0x5777
A - BSS | 0x8000 OxAFFF Tv, u
5 File 0x5009000 O0x500EFFF ™, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
Y d ® PFH — check RM —
rea demand paging
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x|l u P Text | 0x1000 0x5FFF To, ex, u binary | 0x0077
3 Data | 0x6000 Ox7FFF W, u binary |0x5777
l A |- PF BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
o d ® PFH — check RM —
rea demand paging
o ® Rahmen finden + fiillen
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x|l u P Text | 0x1000 0x5FFF To, ex, u binary | 0x0077
l 3 ) ‘ Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
2 12 BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 O0x500EFFF ™, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u w P OXE4OO = e pPF
Y d ® PFH — check RM —
rea demand paging
o ® Rahmen finden + fiillen
BFFFF 42 nx | u W P ® PT aktualisieren
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

#

> Oo~NOUrWN RO

5009

BFFFF
€0000
€0001

Page Table
page cow nx p
340 x P
342 X P
32 nx P
69 nx P
<zero>| cow | nx P
13 nx P
42 nx P
0 ? P

Region Map

[ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
Text |0x1000 Ox5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 0x500EFFF W, u file 0x7000
Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
[0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [

Zugriff Ergebnis

0x3400 =  °FF

® PFH — check RM —
read

demand paging
Rahmen finden + fiillen
PT aktualisieren

Prozess fortsetzen



Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF T, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OX OODlOO =
read
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x4 P BSS | 0x8000 OxAFFF T, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX OODlOO = e PF
[ 500D — PF read
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x4 P BSS | 0x8000 OxAFFF T, u
5 File |0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX OODlOO = e PF
® PFH — check RM
[ 500D — PF read chee
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
Data | 0x6000 Ox7FFF W, u binary |0x5777
3 342 x u p
2 BSS 0x8000 OxAFFF ™, u
5 valid <—| File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX OODlOO = e PF
® PFH — check RM —
l 5000 — PF read demand paging
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX OODlOO = e PF
® PFH — check RM —
l 5000 — PF read demand paging
. ® Rahmen finden + fiillen
BFFFF 42 nx u W P
C0000 0 7 7 | p
C0001 1 7 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x4 P BSS | 0x8000 OxAFFF T, u
5 File |0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack |0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX OODlOO = e PF
® PFH — check RM —
[ 500D 5009 ox | u | w | p read demand paging
: ® Rahmen finden + fiillen
BFFFF 42 nx u W P ® PT aktualisieren
C0000 0 ? 7 | p
C0001 1 B ? | p




Speicherverwaltung — With all its glory!

#

> Oo~NOUrWN RO

5009
500D
BFFFF
€0000
€0001

Page Table
page cow nx p
340 x P
342 X P
32 nx P
69 nx P
<zero>| cow | nx P
13 nx P
5009 nx P
42 nx P
0 ? P

Region Map

[ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
Text |0x1000 Ox5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 0x500EFFF W, u file 0x7000
Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
[0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [

Zugriff Ergebnis

0x500D100 = ® PF
® PFH — check RM —
read

demand paging
Rahmen finden + fiillen
PT aktualisieren

Prozess fortsetzen



Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *|u P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OX 0000040 =
500D 5009 nx u W P I‘ead
BFFFF 42 nx u W p
C0000 0 7 7 | p
C0001 1 7 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX 0000040 = e PF
500D 5009 nx u W P I‘ead
BFFFF 42 nx u W P
[ Coooo 0 7 7 | p_|— PF (GPF)
C0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX 0000040 = e PF
ce. .
500D 5009 nx | u W P read PFH — SIGSEGV
BFFFF 42 nx u W P
[ Coooo 0 7 7 | p_|— PF (GPF)
C0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x|l u P Text | 0x1000 0x5FFF To, ex, u binary | 0x0077
3 335 Data |0x6000 Ox7FFF v, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 | Ox500EFFF |rw, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W p OX 0000040 = e PF
ce. .
500D 5009 nx | u W P read PFH — SIGSEGV
C ® Prozess beenden
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A|<zero> | cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OXE?SO =
500D 5009 nx u W P write
BFFFF 42 nx u W P
C0000 0 7 7 | p
C0001 1 7 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al <zero>|cow | nx | u P Zugriff Ergebnis
5009 13 nx u W P OXE?SO =
500D 5009 nx u W P write
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A| <zero>| cow | nx u p ‘—) PF (WP) Zugrlff Ergebnis
5009 13 nx u W p OXE?SO = e PF
500D 5009 nx u W P write
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. *r 2 P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 O0x500EFFF ™, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A| <zero>| cow | nx | u p_|— PF (WP) Zugrlff Ergebnis
5009 13 nx u W P OXE?SO = e PF
ce. - .
500D 5009 nx | u W P write PFH — check PTE
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 X P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx P [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx p
9
A| <zero>| cow | nx p ‘—) PF (WP) Zugrlff Ergebnis
5009 13 nx P OXE?SO = e PF
ce. - .
500D [ 5009 nx P write FC’(F)I\-/IVH check PTE —
BFFFF 42 nx P
€0000 0 B p
1 ? P

C0001




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. *r 2 P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 O0x500EFFF ™, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
A| <zero>| cow | nx u p ‘—) PF (WP) Zugrlff Ergebnis
5009 13 nx u W p OXE?SO = e PF
o - .
500D 5009 nx u w P write (PE(F)I\-}VH check PTE —
: ® Rahmen finden + Kopie
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. *r 2 P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
) ARG xlulwlp] Zugriff Ergebnis
5009 13 nx u W p OXE?SO = e PF
o - .
500D 5009 nx u w P write (PE(F)I\-}VH check PTE —
: ® Rahmen finden + Kopie
BFFFF 42 nx u W P ® PT aktualisieren
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

#

> Oo~NOUrWN RO

5009
500D
BFFFF
€0000
€0001

Page Table
page cow nx p
340 x P
342 X P
32 nx P
69 nx P
ABC nx P
13 nx P
5009 nx P
42 nx P
0 ? P

Region Map
[ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
Text |0x1000 Ox5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 0x500EFFF W, u file 0x7000
Stack |O0xBFFFFO00 |OxBFFFFFFF |rw, u GD
[0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
Zugriff Ergebnis
0xJA780 = e FF
. ® PFH — check PTE —
write

cow
Rahmen finden + Kopie
PT aktualisieren

Prozess fortsetzen



Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al AsC nxjulvwilep Zugriff Ergebnis
5009 13 nx u W P OXEBoeo =
500D 5009 nx u W P write
BFFFF 42 nx u W P
C0000 0 7 7 | p
C0001 1 7 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al ABC nxju | v|p Zugriff Ergebnis
5009 13 nx u W P OXEBOGO =
500D 5009 nx u W P write
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al ABC nxju | v|p Zugriff Ergebnis
500 |— PF
5009 13 nx u W p OXEBOGO = e PF
500D 5009 nx u W P write
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al ABC nxju | v|p Zugriff Ergebnis
500 |— PF
5009 13 nx u W p OXEBOGO = e PF
. - .
500D 5009 nx | u W P write PFH — check RM
BFFFF 42 nx u W P
C0000 0 7 7 | p
C0001 1 7 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x4 P BSS | 0x8000 OxAFFF T, u
5 File 0x5009000 0x500EFFF W, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al ABC nxju | v|p Zugriff Ergebnis
500 |— PF
5009 13 nx u W p OXEBOGO = e PF
. ® PFH — check RM —
500D [ 5009 nx | u | w | p write SIGSEGV
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
. x4 P BSS | 0x8000 OxAFFF T, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFFO00 | OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al AsC nxjulvwilep Zugriff Ergebnis
5009 13 nx u W p OXEBoeo = e PF
. ® PFH — check RM —
500D [ 5009 nx | u | w | p write SIGSEGV
: ® Prozess beenden
BFFFF 42 nx u W P
C0000 0 ? 7 | p
C0001 1 ? ? | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [ Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 *lu P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 335 Data | 0x6000 Ox7FFF W, u binary |0x5777
X u
. P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 |O0x500EFFF |rw, u file 0x7000
6 Stack |OxBFFFFO00 |OxBFFFFFFF |rw, u GD
7 32 nx [ u | v | p [0S JoxC0000000 |OxFFFFFFFF |rw, ex, s | [ [
8 69 nx u W p
9
Al AsC nxjulvwilep Zugriff Ergebnis
5009 13 nx u W P OX FFFEDCB =
500D 5009 nx u W P write
BFFFF 42 nx u W P
€0000 0 B 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 O0xAFFF T, u
5 File | 0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S [0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nxfulw P Zugriff Ergebnis
5009 13 nx u W P O FFFEDCB =
500D 5009 nx u w P write
[ BFFFE
BFFFF 42 nx | u w P
€0000 0 ? 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u P Text | 0x1000 Ox5FFF To, ex, u binary | 0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. e P BSS | 0x8000 OxAFFF v, u
5 File |0x5009000 |0x500EFFF |rw, u file 0x7000
6 Stack |0xBFFFF000 |OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S [0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nxfulw P Zugriff Ergebnis
5009 13 nx u W P O FFFEDCB = ® PF
500D 5009 nx u w P write
[ BFFFE | pF
BFFFF 42 nx | u w P
C0000 0 7 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u p Text | 0x1000 0x5FFF To, ex, u binary |0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. xr v P BSS | 0x8000 O0xAFFF T, u
5 File |0x5009000 |Ox500EFFF |rw, u file 0x7000
6 Stack | 0xBFFFF000 | OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S T0xC0000000 | OXFFFFFFFF |rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nx jujwlep Zugriff Ergebnis
5009 13 nx u w P O FFFEDCB = e PF
. . R
500D 5009 nx u W P Wwrite PFH — check RM
[ BFFFE |- PF
BFFFF 42 nx | u w P
€0000 0 ? 7 | p
€0001 1 ? 7 | p




Speicherverwaltung — With all its glory!

Page Table
# page cow nx p
0
1 340 X P
2
3 342 x P
4
5
6 valid
7 32 nx P
8 69 nx P
9
A ABC nx P
5009 13 nx P
500D 5009 nx P
[ BFFFE |— PF
BFFFF 42 nx P
C0000 0 ? P
Co001 1 ? P

Region Map

[Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
Text |0x1000 0x5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 0x500EFFF v, u file 0x7000
Stack | 0xBFFFF000 |OxBFFFFFFF |rw, u GD
[0S T0xC0000000 | OXFFFFFFFF |rw, ex, s | [ [

Zugriff Ergebnis

OxBFFFEDCB = ® PF
. ® PFH — check RM —
write

demand paging



Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u p Text | 0x1000 0x5FFF To, ex, u binary |0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. e P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF rw, u file 0x7000
6 Stack |0xBFFFE000 |OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S T0xC0000000 | OXFFFFFFFF |rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nx jujwlep Zugriff Ergebnis
5009 13 nx u w P O FFFEDCB = e PF
. ® PFH — check RM —
500D 5009 nx u w P write demand paging
l BFFFE ‘*} PF ® RM aktualisieren
BFFFF 42 nx | u w P
€0000 0 7 7 | p
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

|— PF

Page Table
# page cow nx p
0
1 340 X P
2
3 342 x P
4
5
6
7 32 nx P
8 69 nx P
9
A ABC nx P
5009 13 nx P
500D 5009 nx P
[ BFFFE
BFFFF 42 nx P
C0000 0 ? P
Co001 1 ? P

Region Map

[Name[ Begin End Rights [Options[ Inode [ Offset ]
Text |0x1000 0x5FFF ro, ex, u binary |0x007?
Data | 0x6000 Ox7FFF W, u binary |0x5777
BSS 0x8000 OxAFFF ™, u
File 0x5009000 0x500EFFF v, u file 0x7000
Stack | 0xBFFFE000 |OxBFFFFFFF |rw, u GD
[0S T0xC0000000 | OXFFFFFFFF |rw, ex, s | [ [

Zugriff Ergebnis

OxBFFFEDCB = ® PF
. ® PFH — check RM —
write

demand paging
® RM aktualisieren

® Rahmen finden



Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u p Text | 0x1000 0x5FFF To, ex, u binary |0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. S P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF v, u file 0x7000
6 Stack | 0xBFFFE000 |OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S T0xC0000000 | OXFFFFFFFF |rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nx jujwlep Zugriff Ergebnis
5009 13 nx u w P O FFFEDCB = e PF
. ® PFH — check RM —
500D 5009 nx u w P write demand paging
l BEEFE 23 o @ = P ® RM aktualisieren
BFFFF 42 nx | u w P ® Rahmen finden
C0000 0 ? ? P ® PT aktualisieren
€0001 1 B 7 | p




Speicherverwaltung — With all its glory!

Page Table Region Map
# page cow nx u w p
0 [Name[ Begin [ End [ Rights [Options[ Inode [ Offset ]
; 340 x| u p Text | 0x1000 0x5FFF To, ex, u binary |0x0077
3 353 Data | 0x6000 Ox7FFF W, u binary |0x5777
. S P BSS | 0x8000 OxAFFF v, u
5 File 0x5009000 0x500EFFF Irw, u file 0x7000
6 Stack | 0xBFFFE00O |OxBFFFFFFF |rw, u GD
7 32 nx | u | v | p [0S [0xC0000000 [OxFFFFFFFF [rw, ex, s | [ [
8 69 nx u w P
9
Al__AsC nxfulw P Zugriff Ergebnis
5009 13 nx u w P O FFFEDCB = e PF
- ® PFH — check RM —
500D 5009 nx u w P write demand paging
BEFFE 23 X o o P ® RM aktualisieren
BFFFF 42 nx | u w P ® Rahmen finden
EOOOO o ? ? P ® PT aktualisieren
0001 1 ? ?
. P ® Prozess fortsetzen




