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Chapter 9: Virtual Memory
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Virtual Memory That is Larger Than Physical Memory
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Transfer of a Paged Memory to Contiguous Disk Space
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2+ H 0| & (Demand Paging)
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Lazy swapper — never swaps a page into memory unless page will
be needed

O Page is needed = reference to it
= invalid reference = abort

= not-in-memory = Page Fault = bring to memory
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S+ HIO|A : Valid-Invalid Bit

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

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

Frame # valid-invalid bit

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

is | = page fault
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Page Table When Some Pages Are Not in Main Memory

0
1
0 A 2
\ - valid;i_r;valid 5 m
i
i = fr:‘:lmeo\4 , - p/
v
3 D 1 i 5 D D D
2|6 |v
4 E s [ g [ |
5 F 4 i 7
519 |v @ E
6 G 6 : 8
7 H 7 i 9 E E
logical page table 10
memory D D D
11
\_//
12
13
14
15

physical memory

Operating System Concepts with Java — 7th Edition, Nov 15, 2006 9.8 Silberschatz, Galvin and Gagne ©2007



Steps in Handling a Page Fault
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Demand Paging2 &=

0 Page FaultRate 0 <p<1.0
= if p =0 no page faults
= if p =1, every reference is a fault

O Effective Access Time (EAT)
EAT = (1 — p) X memory access

+ p (page fault overhead
+ swap page out
+ swap page in
+ restart overhead )

Tz 182 HOIAl FMIF 28 O
CIAZ0A 21 HOIAIDE =ct=WMAl JICHeA OF ot2 =2

= x| 2o

7%, HOIX 2 E(Page Fault)S &=
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Demand Paging Example

0 Memory access time = 200 nanoseconds
O Average page-fault service time = 8 milliseconds
O EAT =(1—-p) x 200 + p (8 milliseconds)
=(1-—p x200 + p x 8,000,000
=200 + p x 7,999,800

O If one access out of 1,000 causes a page fault, then

EAT = 8.2 microseconds.

This is a slowdown by a factor of 40!!
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Page Replacement

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

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

O 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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HIOI Xl Al &12lE(Page Replacement)

o HOIXl WAl &2l & (Page Replacement Algorithm)
= Page Fault)t &85t MM2& HIOIXIE HZ2l2
HMTHSI DX &l 8182t &le B2 J|E2 HOIXIE otUE
CIAAZ el 2 A HIOIAIE & Mot OF &
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LRU(Least Recently Used) & 112|&
LFU(Least Frequently Used) 2 112|&
§ NUR(Not Used Recently) & 112|&
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Page Replacement

Lran1e valid—invalid bit
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First-In-First-Out (FIFO) Algorithm

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

process)

1114 5
2121 3 9page faults
313|2 4
11115 4

O 4 frames
2 1211 5 10 page faults
3132
4 |41 3

1 ,Bétady’s Anomaly: more frames = more page faults

o
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FIFO Page Replacement

reference string

/7 0 1 2 0 3 0 4 2 3 0 3 2 1 2 0 1 7 0
2] (2] 4] 4] 4] 0] o| |0
[ |9] o] |0 1] [0
LB B [ o] [of [of [3] I8

page frames

1

Page Fault : 15
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FIFO lllustrating Belady’s Anomaly
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Belady2| XX 2 12|Z(OPT)
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Optimal Algorithm

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

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

1 4 6 page faults

2
3
415

0 How do you know this?
O Used for measuring how well your algorithm performs

o3 . a-‘.‘.’ e
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Optimal Page Replacement

reference string
7 0 1

/7 0 1 2 0 3 0 4 2 3 0 3 2 1 2 0 1
| [9] o] o] o o o o
L B

page frames

Page Fault : 9
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Least Recently Used (LRU) Algorithm

w X220 Ot S0 ArE oAl 22 HIO0IKIE

o LRU JI& 2 O
= Reference string: 1,2,3,4,1,2,5,1,2,3,4,5

1111 111115
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411411333
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LRU Page Replacement

reference string

/7 0 1 2 0 3 0 4 2 3 0 3 2 1 2 0 1 7
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LRU Algorithm (Cont.)

o LRU &€12|&2 A&ty
= Counter 0| & & &8
o JHE =2 HIOI Kl & AI2tS L&t counter AFE
o HIOIXl WHME 2ol counterE & Aol OF&!

= Stack2 0|8t &
o keep a stack of page numbers in a double link form:
o Page referenced:

= move it to the top
= requires 6 pointers to be changed

wWHE HOIANE #J| ?let B0 ERLES

b 85
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Use Of A Stack to Record The Most Recent Page References

reference string J
4 7 O 7 1 0 1 2 1 2 1
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ALRU(Approximatiing LRU) Algorithms

o JE
= LRU JI2 0| counter &£ = stacklt 22 =2 @I%%
R oIE £ reference bitE 0| st (=& 2 EHH

O Reference bit
= With each page associate a bit, initially = 0
= When page is referenced bit set to 1
= Replace the one which is 0O (if one exists)
o We do not know the order, however

. 5 85
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Second-Chance (clock) Page-Replacement Algorithm
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J|E} Counting J| 2}t Algorithms

O LFU(Least Frequently Used) Algorithm
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J| E} Algorithms

O NUR(Not Used Recently)
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O HOIAl ZdE&s E2MASUH AN St == &H
n 7S Y (Equal Allocation)
0 B Z2MANAN &2 =2 Zd Y= tl&Eole &Y

= Hldl &Y 2 (Proportional Allocation)
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o Priority Allocation
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A 2l A(Thrashing)
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Thrashing (Cont.)

| >
| thrashing

CPU utilization

degree of multiprogramming
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7S d(Locality) : HI2
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Working-Set Model

o Working Setl| E 2
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Other Issues — HI 0| X| 3 J|(Page Size)
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Other Issues — HI 0| X| 3 J|(Page Size)
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End of Chapter 9
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