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Lecture 19:  Lecture 19:  
Virtual MemoryVirtual Memory

��������	��������
����
�����

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

���������� ��!��"��#�
$�%%�&''�

���()�*�!�������"�

�

A System with Physical MemoryA System with Physical Memory
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Store 0x10

Load 0xf0
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A System with Virtual MemoryA System with Virtual Memory
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Load 0x05
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Working
Set

Page TablesPage Tables

Each process gets its own page table, why?
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Separate Virtual Address SpacesSeparate Virtual Address Spaces

. ����������""���"���"��/��!�����%������""�"����

. ���������%"���/�!�����%��"��""�����������#"���%������#

Page
Frames
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Process ProtectionProcess Protection
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Virtual Memory LingoVirtual Memory Lingo
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Virtual page number Page offset
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Making Translation Faster: The TLBMaking Translation Faster: The TLB
Translation LookTranslation Look--Aside BufferAside Buffer
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Virtual Memory SummaryVirtual Memory Summary
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Caches and virtual memory?
��

�	

Virtually Memory and Caches: 3 OptionsVirtually Memory and Caches: 3 Options
1. Physically Addressed Cache1. Physically Addressed Cache
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Trans
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MEM

VA

PA

PA
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Virtually Memory and Caches: 3 OptionsVirtually Memory and Caches: 3 Options
2. Virtually Addressed Cache2. Virtually Addressed Cache
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Virtually Memory and Caches: 3 OptionsVirtually Memory and Caches: 3 Options
3. Virtually Indexed, Physically Tagged3. Virtually Indexed, Physically Tagged
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Virtually Indexed, Physically Tagged ExampleVirtually Indexed, Physically Tagged Example

Note Size Here
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Issues With Overlapped TLB AccessIssues With Overlapped TLB Access
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Virtual page # Displ.
20 12

cache 
index

This bit is changed
by VA translation, but
is needed for cache
lookup

Solutions:
Go to 8K byte page sizes;
Go to 2-way set-associative cache; or
SW guarantee VA[13]=PA[13]

1K
4 bytes 4 bytes

10

2-way set-associative cache
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Some Page Table MathSome Page Table Math
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Some Page Table MathSome Page Table Math
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SolutionsSolutions
1. Limit Page Table Size1. Limit Page Table Size
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SolutionsSolutions
2. Inverted Page Table2. Inverted Page Table
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SolutionsSolutions
3. Multilevel Page Tables3. Multilevel Page Tables

8�#�:���,�<�4����!��������(�"���"���"���(�!�����%������#

�����������������#��(�����",

Not Used

Create a red page 
table to describe very 
large pages (coarse 
cut of virtual address 

space)
Create a black page 

table for each red page 
table entry used (finer 

cut of superpage)
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Solution 3: MultiSolution 3: Multi--Level Page Tables ExampleLevel Page Tables Example
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SolutionsSolutions
4. Page The Page Table4. Page The Page Table
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SegmentationSegmentation
Real Stuff (x86 IA32)Real Stuff (x86 IA32)
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x86: Segmentationx86: Segmentation
(From: (From: IAIA--32 Intel32 Intel®® Architecture Software Developers ManualArchitecture Software Developers Manual))
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x86: Segment Registersx86: Segment Registers
(From: (From: IAIA--32 Intel32 Intel®® Architecture Software Developers ManualArchitecture Software Developers Manual))

Pages and Segments Can Co-exist!
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Relating to the MIPS PipelineRelating to the MIPS Pipeline

Inst Fetch Dcd/ Reg ALU  /  E.A. Memory Write Reg

TLB I-Cache          RF        Operation                              WB

E.A.    TLB D-Cache

MIPS R3000 Pipeline
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Summary Summary 
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