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Virtual Memory
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Solution:	 Virtual	Memory	(address	indirection)
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Private	virtual	address	space	
per	process.

Physical	memory

Virtual	memory

Virtual	memory

Process	1

Process	n

virtual-to-physical

mapping

virtual	
addresses

physical	
addresses

virtual	
addresses

Single	physical	address	space	
managed	by	OS/hardware.
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Memory Pages
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Page-based	Mapping
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both	address	spaces
divided	into	fixed-size,	aligned	pages
page	size	=	power	of	two

Map	virtual	pages	
onto	physical	pages.

Some	virtual	pages	do	not	fit!		Where	are	they	stored?
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Address Translation
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Virtual	Addressing	and	Address	Translation
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Physical	addresses	are invisible to	programs.

0:
1:

M-1:

Main	memory

MMU
2:
3:
4:
5:
6:
7:

Physical	address
(PA)

Data

8: ...

CPU

Virtual	address
(VA)

CPU	Chip

44100

Memory	Management	Unit
translates	 virtual	address	to	physical	address
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Page Fault
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Process

Page	Fault:	exceptional	control	flow

Process	accessed	 virtual	address	 in	a	page	that	is	not	in	physical	memory.
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User	Code OS	exception	handler

exception:	page	fault

Load	page
into	memoryreturn

movl

Returns	to	faulting	instruction:
movl is	executed	again!

???Load page 
into memory

... or segfault
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Program Generation Workflow
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Linking&and&Loading

When*your*program*is*more*than*a*single*.asm file...

Linker:&links*separate*object*codes*into*one.

C**program

compiler

assembly*code

assembler

object*code

Object* file*header describes* size* and*
pieces*of* file.

Text* segment contains*machine*code.

Static*data contains* long* lived*data.

Relocation* information identifies*
instructions* and*data* that*depend* on*
absolute* addresses.

Symbol* table contains* remaining* labels*
such*as*external* references.

Debugging* information concerning*how*
modules* were*compiled.

library*object*code

executable

linker

1. Assign*all*text*and*data*sections*
symbolic*spots*in*address*space.

2. Resolve*symbolic*labels*to*addresses.
3. Patch*up*absolute*address*references.

Linking&schematic

printf:*****
.
.
.

main:*****
.
.
.

call*????*
.
.
.

call,*printf

Linker

Object*file

C*library
object*code

Relocation*info

main:*****
.
.
.

call*printf
.
.
.

printf:*****
.
.
.

Executable*file

Loader:&loads*executable*into*memory.

executable

C*program

compiler

assembly*code

assembler

object*code library*routines

linker

memory

loader1. Determine* size*of*text*and*data*segments.
2. Create* address*space*large*enough*for*both.
3. Copy*instructions*and*data*into*memory.
4. Copy*parameters*to*main*program*onto*stack.
5. Initialize*registers**(including*$sp).
6. Jump*to*main*procedure.
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Linking Schematic
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Circuits and Logic Gates
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AND XOR

A
B

X

Y
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Full Adder
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AND XOROR
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4-Bit Full Adder
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4-Bit Binary Multiplier
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Microprocessor (1980’s)
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Abstrac(on	

Representa(on	

Performance	

Security	+	Reliability
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Big Ideas in Systems


