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Memory management and virtual
memory

Stallings,
Chapters 7 & 8.1
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- L Operating System Operating System
Fixed partitions | " T
- o
OS splits the memory to partitions o
Whole process must fit to a M
partition sm
Program sizes must be at most M
the size of the partitions sm
Running larger programs required LB
special effort from the programmer
SWAPPING out to make place for M o
another process
" internal fragmentation s
1M
BM

Fepal-size partitions Unequal-size partitions

Dynamic partitioning
No fixed predetermined partition sizes
Each process gets only the amount of memory it needs
external fragmentation
OS must occasionally reorganize the memory
(compaction)
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Example Memory Configuration Before
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Buddy System

+ Compromise: Fixed partition sizes, dynamic splitting
+ Partition sizes are 2:n potenssissa
+ Some fixed smallest allocation size
+ Allocation and combining efficient
+ List for each separate size

+ Allocation
« If correct size not available, split a larger one
+ Release

+ When two adjacent same sized areas free combine them

Buddy System

1 Mbyte block | M ]
Request 100K [A=128K 128K | 256 K [ S2K ]
Request 240K [A=128K 128K | B=256K | 512K |
| Request 64K [A=128K c=ei[64 K] B=25K | S2K ]
Request 256 K [A= 128K c-win[64 K B=256K | D=256K | 256K ]
Release B [A=128 K c-aix64K 256 K [ D=256K | 256K ]
Release A | 128K czesx[64K | 256 K | D=256K | 256K |
Request 75 K [E=128 K c=6K[64 K| 256 K [ D=256K [ 256 K ]
Release C [E=128K 128K | 256K [ D=256K | 256K ]
Release E | 512K [ D=256K | 256K ]
Release D [ ™ ]
Kuva 7.6 8

Buddy: tree representation
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Figure 7.7 Tree Representation of Buddy System
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Paging Kuva 7.11

Logical address =

Relative address = 1502 Page# =1,0ffset=478
0000010111011110) 000001/0111011110

+ Each process has
% own page table

+ Contains the
locations (frame
numbers) of
allocated frames

* OS maintains a
table (or list) of page
frames, to know

{ which are

Page0

000000111111111
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(2700 bytes)
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(a) Partitioning (b) Paging
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Segmentation

Kuva 7.11
Logical address =

Segmentf = 1, Offset = 752

+  Programmer (or compiler)
determines the logical,
3 uqequﬁd—suet? segments
= «  Sitill using logical
2 addresses (segment,
di offset)
+  Usually a maximum size

for each segment given

+  Segments can be freely
zE located by OS

E 4 + OS maintains a segment
# 2 table for each process

Relative address = 1502

0000010111011110

000000101
00

752

(2700 bytes)

(a) Partitioning (c) Segmentation

Virtual memory

Stallings, Chapter 8

Structure of page table

+ Large virtual address space
+ Logical address could be 32- or 64-bits

+ Each process has a large page table
* Using 32-bit address and frame size 4KB (12 bit offset),
means 22 = 1M of page tables entries for a single process

+ Each entry requires several bytes (lets say 4 bytes), so the
final size of page table could be for example 4 MB

+ Thus the page table is divided to several pages also
and part of it can be on the disk

+ We only need the part of the page table in the memory that
covers the pages used currently in the execution of the
process

|
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ﬁgglr;ess translation (segm.)

Virtual Address Segment Table

Segment Table

Segment

Lengtn | Base

LY

Program Segmentation Mechanism Main Memory

14

Page table Kuvag.2a
Virtual Address
| Page Number | oret | P= present bit

M = Modified bit
Page Table Entry
|p‘miomm- Conral un»| Frame Number .

+ Each process has its own page table

+ Each entry has a present bit, since not all pages need
to be in the memory all the time -> page faults

+ Remember the locality principle
+ Logical address space can be much larger than the
physical 16

Two-level hierarchical page table

+ Top most level in one page and always in the memory

4-kbyte root
page table

4-Mbyie user
page table

4 Gbyle user
address space

Figure 8.4 A Two-Level Hierarchical Page Table
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Address translation with two levels kwass

Virtual Address

* [ 10 bits 12 bits

Page
TFrame

4-Kbyte page
Root page table table (contains
(contains 1024 PTEs) 1024 PTES)

LN

Program ! Paging Mechanism Main Memory

Inverted page table

Inverted page table

+ Physical memory often smaller than the virtual address space of
processes

+ Invert booking: Store for each page frame what page (of which
process) is stored there

« Only one global table (inverted page table), one entry for each page
frame.

+ Seach for the page based on the content of the table
« Ineffcient, if done sequentially,
+ Use hash to calculate the location, start search from there
+ If page not found, page fault
+ Useful, only if TLB is large

A, @)

Inverted page table  «wass

Virtual Address

Page Table
Pid Page#  Entry  Chain

(hash)

Frame #

[Frame ] oftset |

Hash Table Inverted Page Table Real Address
22

5, &4

Inverted page table v.2

Virtual Address

Control
bits
Process
Page # Chain

¢ Index of the table
+ Not stored in the entry

271 [Frame#] Offset |
it
Inverted Page Table Real Address
fone entry for each

physical memory frame) '

Figure 8.6 Inverted Page Table Structure
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TLB —translation lookaside buffer

+ Part of memory management unit (MMU)

+ Cache for used page table entries to avoid extra memory
access during address translation

+ Associative search
+ Compare with all elements at the same time (fast)
+ Each TLB element contains: page number, page table
entry, validity bit
+ Each process uses the same page numbers 0, 1, 2, ...,
stored on different page frames
& TLB must be cleared during process switch
& At least clear the validity bits (this is fast)

2%
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Address translation using TLB  «uwas:

Secondary
Main Memory Memory

 Virtual Address
age# | Offset |

=

Translation
Lookaside Buffer

E { TLBht

Lood

Page Table L

TLE miss

TLB and cache Kuva810

TLB Operation

Virtual Address
Page # | Offset
TLB
TLB miss
TLB
hit Cache Operation
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Combined segmentation and paging

Kuva 8.13

Page
Frame
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Program Segmentation Paging Main Memory
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Combining segmentation and
. Paging Tano1 4-39
PCB | ]
' Segment table T T
: 1 1 Page 2 entry
T T Page 1 entry
Segment 6 descriptor Page 0 entry
Segment 5 descriptor Page table for segment 3
Segment 4 descriptor
Segment 3 descriptor A4 L
Segment 2 descriptor T i
Segment 1 descriptor Page 2 entry
Segment 0 descriptor Page 1 entry
Descriptor segment Page 0 entry
Page table for segment 1
28
Protection and sharing
No slides in English (sorry)
30
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