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0 To describe the benefits of a virtual memory system

O To explain the concepts of demand paging, page-replacement algorithms,
and allocation of page frames

A
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G Background

0 Code needs to be in memory to execute, but entire program
rarely used

0 Error code, unusual routines, large data structures
0 Entire program code not needed at same time
0 Consider ability to execute partially-loaded program
0 Program no longer constrained by limits of physical memory

0 Each program takes less memory while running -> more
programs run at the same time

» Increased CPU utilization and throughput with no
Increase in response time or turnaround time

0 Less I/O needed to load or swap programs into memory ->
each user program runs faster
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0 Virtual memory — separation of user logical memory from physical memory.

0 Only part of the program needs to be in memory for execution

0 Logical address space can therefore be much larger than physical address
space

0 Allows address spaces to be shared by several processes

0 Allows for more efficient process creation

0 More programs running concurrently

0 Less I/O needed to load or swap processes

0 Virtual address space — logical view of how process is stored in memory
0 Usually start at address 0, contiguous addresses until end of space
0 Meanwhile, physical memory organized in page frames

0 MMU must map logical to physical

0 Virtual memory can be implemented via:

0 Demand paging <y
0 Demand segmentation o

5
AL

Operating System Concepts — 10t Edition 85 Silberschatz, Galvin and Gagne ©2018



=
4

l

Q‘/*’
LA

k.

/7 "Virtual Memory That is Larger Than Physical Memory
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7 Virtual-address Space
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‘\-*‘?:’Shared Library Using Virtual Memory
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o Demand Paging

(mssaass Paging aannudesmsiideave )

0 Bring a page into memory only when it is needed
0 Less I/O needed
0 Less memory needed
0 Faster response
0 More users

0 Page is needed = reference to it (mnsiosnnsia page Twsesinunileds page fisioans)
0 invalid reference = abort (windrdwmichigndeslienian)

0 not-in-memory = bring to memory (windrudr liiilu memory liiudun1ilyu memory)

0 Lazy swapper — never swaps a page into memory unless page will be needed
0 Swapper that deals with pages is a pager
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- Valid-Invalid Bit

0 With each page table entry a valid—invalid bit is associated
(v = in-memory, i = not-in-memory)

Initially valid—invalid bit is set to i on all entries
Example of a page table snapshot:

Frame # valid-invalid bit
Vv
\/
Vv
V
i
page fault
i
i
page table

0 During address translation, if valid—invalid bit in page table entry

is i = page fault (nMs8n9deRaniinsalsinuminiigosns)
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iefimssnsdsnanthwse inuwinidesmslumiennudman (page fault) ssfivunsuduiiunsasil

O If there is a reference to a page, first reference to that page will
trap to operating system:

page fault
1. Operating system looks at another table to decide:
0 Invalid reference = abort
0 Just not in memory
Get empty frame
Swap page into frame
Reset tables
Set validation bit = v
Restart the instruction that caused the page fault
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- Page Fault (Cont.)

0 Restart instruction (Vinsiaanaadi lsvinunudhanaa wha vinsiaannandiifie
page fault €u)
0 block move

0 auto increment/decrement location

AN
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Steps in Handling a Page Fault

page is on
backing store

operating
system
reference
trap
load M |« | i
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#”What happens if there is no free frame?

\

4

0 Page replacement — find some page in memory, but not
really in use, swap it out

0 algorithm

0 performance — want an algorithm which will result in
minimum number of page faults

0 Same page may be brought into memory several times
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& Page Replacement

O Prevent over-allocation of memory by modifying page-fault service
routine to include page replacement

0 Use modify (dirty) bit to reduce overhead of page transfers — only modified
pages are written to disk

0 Page replacement completes separation between logical memory and
physical memory — large virtual memory can be provided on a smaller
physical memory
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“$77  Need For Page Replacement

valid—invalid
0 H frame bit 0 | monitor
1| load M ™ ' 1 l /—\
PC —> 0|V
2 [ 114V 2| D
2|15 |v
Gl w >—> 3l i 3 H B
logical memory  page table 4| load M
for user 1 for user 1
5 J
6 A
valid—invalid 7 E @
0 A f bit
e N @ physical
1 B 0l 6 |v memory v
5 D 1 i
212 |v
3 E 3 7 v

logical memory page table
for user 2 for user 2

Operating System Concepts — 10t Edition 8.18 Silberschatz, Galvin and Gagne ©2018



Basic Page Replacement

1. Find the location of the desired page on disk

2. Find a free frame:
- If there is a free frame, use it
- If there is no free frame, use a page replacement
algorithm to select a victim frame

3. Bring the desired page into the (newly) free frame;
update the page and frame tables

4. Restart the process
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g Page Replacement
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“%7/ Page Replacement Algorithms

0 Want lowest page-fault rate

0 Evaluate algorithm by running it on a particular string of
memory references (reference string) and computing the
number of page faults on that string

O In all our examples, the reference string is

1,2,3,4,1,2,5,1,2,3,4,5
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raph of Page Faults Versus The Number of Frames
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%77 First-In-First-Out (FIFO) Algorithm

0 Referencestring: 1,2,3,4,1,2,5,1,2,3,4,5
0 3 frames (3 pages can be in memory at a time per process)

11114 5

21211 3 ifin 9 page faults
3132 4

0 4 frames

1115 4

2121 5 na 10 page faults
3132

4 |41 3
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0 Belady’s Anomaly: more frames = more page faults \

v
\

A3

\\
£
A \
“

Silberschatz, Galvin and Gagne ©2018

Operating System Concepts — 10t Edition 8.23



¥
1,

> o FIFO Page Replacement

1 0 sgudqrlu memory vslideslUasdoyaulnusn
vliina page fault éwsu page O
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“$%7 FIFO Illustrating Belady’s Anomaly
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- Optimal Algorithm

0 Replace page that will not be used for longest period of time

(so4lu list wos reference string saldTuounanin page Tadnuuazanladain as
1au replace )

0 4 frames example
1,2,3,4,1,2,5,1,2,3,4,5

4

na 6 page faults

A TOWOW DN |

i make sence isihiannse3omnaali

0 How do you know this?
0 Used for measuring how well your algorithm performs
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“$77 Practice: Optimal Page Replacement

A\,

reference string
f 0 1 2 0 3 0 4 2 390 8 2 1 2 01 7 0 1

71 171 [7] l2] |2 2 2 2 7
o o] o] o 4 0 0 0
1| (1 3 3 3 1 1

page frames

ian page faults 227?
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~$¥7 Practice: Optimal Page Replacement

reference string
7 01 2 0 3 0 4 2 30321201701

71 171 [7] l2] |2 2 2 2 7
o o] o] o 4 0 0 0
1| (1 3 3 1 1
page frames

fa 9 page faults
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“377 Least Recently Used (LRU) Algorithm

(sostoundulilueiind page lalildgnlfamnuiigaszgn replace)
0 Referencestring: 1,2,3,4,1,2,5,1,2,3,4,5

1|5
2|2
4|14
3|3

A TOW DN |-
O DN
w | o1 DN |-

ma 8 page faults

0 Counter implementation

0 Every page entry has a counter; every time page is referenced
through this entry, copy the clock into the counter

0 When a page needs to be changed, look at the counters to
determine which are to change
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“»7/ Practice: LRU Page Replacement

reference string

7 0
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L
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“$7/ Practice: LRU Page Replacement

reference string
7 0 1 2 0O 3 0 4 2 3 0 3 2 1 2 0 1 7 0 1

7]
2

EIEETD
(= [o]m]
ESIEIIS)
[w]o]s]
LIRS

ISIZEES
[ ]w]o]

i
=2 b
2 2

L=

page frames

fn 12 page faults

0 Better than FIFO but worse than Optimal Algorithm
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- Counting Algorithms

0 Keep a counter of the number of references that have been
made to each page

0 LFU Algorithm: replaces page with smallest count

0 MFU Algorithm: based on the argument that the page with
the smallest count was probably just brought in and has yet
to be used

LFU : Least Frequently Used (amudlumsgnliieniiqa)
MFU: Most Frequently Used (ansilumsgaldanniiga)
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‘ww-f Allocation of Frames

0 Each process needs minimum number of pages
0 Example: IBM 370 — 6 pages to handle SS MOVE instruction:
0 instruction is 6 bytes, might span 2 pages
0 2 pages to handle from
0 2 pages to handle to
0 Two major allocation schemes
0 fixed allocation
0 priority allocation
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- Fixed Allocation

0 Equal allocation — For example, if there are 100 frames and 5 processes,
give each process 20 frames. ( léann (frame / process) = (100 /5)

0 Proportional allocation — Allocate according to the size of process

— s; =size of process p;
— S = ZSl
— m =total number of frames

. S,
— @a; =allocation for p; = g'x m

s, =127 < 2
Y
P, 145 frames a, - 10 4ok
137
Psy 16 39 frames a, = 22, 64 ~ 59 00
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o Priority Allocation

0 Use a proportional allocation scheme using priorities rather than
size

0 If process P; generates a page fault,
0 select for replacement one of its frames

0 select for replacement a frame from a process with lower
priority number

Operating System Concepts — 10t Edition 8.35 Silberschatz, Galvin and Gagne ©2018



“$77  Global vs. Local Allocation

0 Global replacement — process selects a replacement frame
from the set of all frames; one process can take a frame from
another

0 Local replacement — each process selects from only its own
set of allocated frames
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End of Chapter 8
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