UNIT 3 - Page replacement Algorithin
1) Consider the following page reference string: 1, 2, 3, 4,53,41,678,78978954,45,3. How many
page fauits would occur for the following replacement algorithms? Assume four frames and all frames are
initially empty. (16) (May 2015)
i} LRUrepiacement
ii} FiFO replacement
iii) Optimal replacement
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a) @neFrame
As there is only one page referenced more than once, all the LRU, FIFO and Optimal algorithms will resultin
21 page faults. 1,2,3,4,523,4,1,6,7,8,7,8,9,7,8,9,54,4,5,3.
b) XwoFrames |

i) LRU{Least Recently fised}
< Replace the page that has not been used for the longest period of time. {past}
12345341678789?8954453

N
w

1113|385 |-5|4(|4]|]6]|61}8 gl!7 171919

2121414313111 ]|7}7 919 |8|8]|51]5 5

Total Page faults = 18
ii) FIF@(FirstIn First Out)

L

% The page which comes first is replaced first.

1 2 3 4 5 3 4 1 6 7 8 7 8 9 7 8 9 5 4 4 5 3
1 {1* |3 [3*| 5 |5*| 4 [4*| 6 [6*]| B gt 7 |79 |9*| 4 4
2 |2¢ 14 {43 |3+ |1 |17 |7* 9 fog* | 8 |8|5 |5* 3
Total Page faults =18
iii) Optimal 0

< Replace the page that w:ll not be used for the longest period of time.(future)
i 2 3 4 5 3 4 1 6 7 8 7 8 9 7 8 9 5 4 4 5 3

1 1111415 5155|518 9 S 515 5
213 |3 3 4 |16 |7|7 7 8 e | 4 3

Total Page faults = 15

c) ThreeFrames .
i) LRU

1 2 3 4 5 3 4 1+ 6 7 8 7 8 9 7 8 9 5 4 4 5 3
1 [1[1]4]24 4]a4l4a]s 8 8 | 4 2
2 2 2 5 1 51 41 1 9 9 19 3
313 3 316717 7 515 5

Total Page faults = 13

.+ i) FIFQ

1 2 3 4 5 3 4 1 6 7 8 7 8 9 7 8 9 5 4 4 5 3
1 J1t (1[4 ] 4 4 ]16]6 |6 9 9 |9+ 3
2 12 12*}| 5 5 15717 7* 515 5
3|3 |3 111 1|8 B 8* | 4 4

Total Page faults = 13

m] Optimal

1 3 4 5 3 4 1 6 7 8 7 8 9 7 8 9 5 4 4 5 3
1|1 |1]11}5 5151545 9 515 3
12121414 4 {448 8 8 | 4 4
3 (313 116717 7 7 |7 3

Total Page faulis=13



d) Fourr Frames

i) LRU
i 2. 3-4 5 3 4 + 6 7 B8 7 88 8 7 B ¢ 5 4 4 5 3
,:1___1 i1 15] 5160616 3 5151 | 5]
e a7 ]e Ll [t T T3 K 9
!.__-.t,v.._.-‘{._;._s 3 1 3 3 7 7 E2 | 7 4 4
i - - .. - S M
o 4 |4 | 41448 | 8 g | 8 3
Total ¥age faudts = 13
i} FIFO
+ 2 3 4 5 3% 4 1 6 7 8 7 8 9 7 8 9 5 4 4 5 3
[T ][5, 5[5 |5 |8 8 g | o* 3]
HIRENERERE HENEREE 9 5191 9
[ 3133 31666 6 5|51 | |5
[ T Tals & 1ax |7 (7 7 ! 7| 4 1
Total Page faults = 13
ili) Optimal
i 2 3 4 5 3 4 ¥ 6 7 8 7 8 9 7 8 9 5 4 4 5 3
111 (1}11]1 1.7 |7 7 5 b
2|2 |2/[|s 6 |6 |8 8 8 3
3 3 3 3 313 9 9 9
4 4 : 4 |41 4 4 4 4
Tetal Page faulis = 11
Result
' No.of Frames | LRU | FIFO | Optimal
3 21 21 21
2 18 18 15
3 13 13 13
4 JEE 13 11
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2) Consider the following page referencestring: 1,2,3,2,5,6,3.4.6,3,7,3,1,5,3,6,3,4,2,4,3,4, 5, 1.
indicate page faults and calculate tota) number of page faults and successful ration for FIFQ, Optimal and
LRU. Assume there are four frames and initially all the frames empty. {12} {Nov 2015)
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a}) DneFrame
As there is no page referenced more than once, all the LRU, FIFO and Optimal algorithms wili result in
24 page faults. 1,2,3,2,56,3,4,6,3,7,3,1,5,3,6,3,4,2,4,3,4,5,1.
b} Two Frames
) LRU(Least Recently Used) ,
% Replace the page that has not been used for the longest period of time. {past)
ft 2 3 2 5 6 3 4 6 3 7 3 % 5 3 6 3 4 z2 4 3 4 5 1
FRERE [sTsT3]3]6]|6]7 1]1[3]3 312 (37 1575
BRIFRF 2 6164|433 31556 4| 4 4| 1Al
Total Page faults = 19 |
ii} FIFQ(FirstJn First Out)

% The page which comes first is replaced first.
'_’12>3256.3463731536342:‘33 i 5
i l3 ] I3[ e 6 4 |43 |3 t ]33 Tajal T3Tats
R 5 (5 303 (6 |6 |7 7* |5 5|6 |6 2| |25|4 |4

Total Page faulis = 2n




iii)

Replace the page that will not be used for the longest period of time.{future)
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¢} Three Frames

i} LRU
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Total Page faulls = 15
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Total Page faults
iii) Optimal
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=13

Total Page faults
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Total Page faults = 14
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iii) Optimal

4 63 7 31 5 3 % 3 4 2 a4

3

o

=11

Total Page faults



No.ofFrames | LRU | FIFO | Optimal
i 24 24 24
z 15 120 16
3 15 17 13
! 4 4 | 18 i1
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3) Censider the following page reference string: 1, 2,3,4,2,1,5,6,1,2,3,7,6,2, 2,1, 2,3, 6 How many page
faults would accur for the LRU, FIFO, LFU and Optimal page replacement algorithms, assuming two and five

frames. (8) {May 2014)
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a} Two ¥rames

i} LBU(Least Recently Used}

% Replace the page that has not been used for the longest period of tme. {past)

1 2 3 4 2 1 5 6 1 2 3 7 6 3 2 1 2 3 6

111 y3y3|2]|2|5|5|1]1[]3]3 66 ]2]2z2 216
2121441166227 (7]|3]3] 1 313

Total Page faulis = 18

ii) FIFO(First In First Qut)

“* The page which comes first is replaced first. C
1 2 3 4 2 1 5 6 1 2 3 7 6 3 2 1 2 3 6
1 1 3 3 2 2 5 5911 3 2
2 2 4 4 1 1 6 | 6 2 7 7 13 |.3

Total Page faults = 18
ifi) Optimal )
*» Replace the page that will not be used for the longest period of time.{future}

i 2 3 4 2 i 5 & 1 2 3 7 6 3 2 1 2

W
[+
(o))
N
98]
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PO =

b..\
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[e))

3 6
1[1]3 4 NENE 27377 3371 3 3]
2|22 2|55 |6 |6 ]6 612 |2 2 | 6
Total Page faults = 15
b} Five Frames
i) LRU
1 2 3 4 2 41 5 s 1 2 3 % 6 3 2 1 2 3 &
FRERERE K 111 ]
AERE FRE 2 | 2 =
313 3 |6 6 | 6 i
4 4 |4 313
515 5 17 1 . B
Total Page faults = 8 V B
" %Lmz 3 4 2 1 5 6 1 2 3 7 & 3 2 1 2 3 &
1|1 (17 ] 1* 6|66 |6 ]6* [
2 |22 2 |21 11 (1)1 |
313 3 (3 3|z |21{2 §
4 444|433 ]
5155|5157 _

Total Page faults = 10



iii) Optimal
2

3 4 2 1 5 6 1 2 3 7 6 3 2 1 2 3 6
11 ]1]1 11 1 }
21212 2! 2 2
3 3 3 3 3
N 4 4 | 4 7
5 <3 6
Total Page faulis =7
Result
No.of Frames | LRU | FIFO | Optimal
2 - 18 18 15
5 38 i0 7
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4} Consider the following page reference string: 1,2,3,4,2,1,5,6,2.1,2,3,7,6,3,2 1, 2, 3, 6. How many
page faults would occur for the LRU, FIFO and Optimal replacement algorithms, assuming one, two, three,

four, five, six and seven frames? Remember all frames are initially empty, so your first unique pages will
cost one fault each. {(12)

{May 2009, 2012)
FFkFEAREEEF T ok e
a) One Frame
As there is no page referenced more than once, all the LRU, FIFO and Optimal algorithms will resultin
20 page faults. 1,2,3,4,2,1,5,6,2,1,2,3,7,6,3,2,1, 2,3, 6.

-b) XTwao Frames
i} LRU{Least Recentiy Used

*» Replace the page that has not been used for the longest period of time. {past}
i 2 3 4 2 1 5 6 2 1 2 3 7 € 3 2 1 2 3 b6

1 1 3 3 2 2 5 5 2 2 2|7 7 3 3 1 3 3

2 2 4 4 1 1 6 6 1 313 6 6 2 2 2
Total Page faults =18
ii) FIFQO{FirstIn First Qut)

%+ The page which comes first is replaced first.

1 2 3 4 2 1 5 6 2 1 2 3 7 6 3 2 1 2 3 o

1 |1 | 3 (3|2 |25 |5*| 2 |2¢ 31316 |6} 2 |2* 313
221 4 (411|116 6|1 * |17 713 1311 1* |1 6

Total Page faults = 18
'iii) Optimal
< Replace the page that will nct be used for the longest period of time.{future)
1 2 3 4 2 1 5 6 2 1 2 3 7 6 3 2 1 2 3 ¢
b1 |1

3 [ 4 1]5 16 1 31313 13 ]1 1]e
2 122 2212 2 217168 12 ]2 3|3
Total i’age faults = 15
c) Three Frames
i) LRU
i 2 3 4 2 1 5 6 2 1 2 3 7 6 3 2 1 2 3 6
1 |1]1}4 415|515 1 11717 2|2 2
2 1212 212|666 31313 313 3
313 111 |1f2]2 21216 6 | 1 6

Total Page faults = 15



if) FIFO
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iif) Qptimal
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=11

Total Page faults

g
3

o

2

i

=10

Total Page faults

ii) FIFC
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Total Page faults = 14

Optimal

iii)
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Total Page faults
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iii) Optimal

D

[N«

(Fp}

o~

[40]

=7

Tolal Page faults

Six Frames

i) LRU

f)

(93]

=7

Total Page faults

i} FIFO
2

5*

A*

3*

2*

1*

1*

1*

1*

=106

Total Page faults

iii) Optimal

=7

Total Page faults

g) Seven Frames

LRU

[l

=i

=7

Total Page faulis



1 2 4 2 1 5 6 2 41 2 3 7 ¢ 3 2 1 2z 3 &
! 1 1* ! 1* [ 1* |1+ = e
L 2 |2 2 2 2 2 | T S
jE_ EN 3.3 I N I A I
B + ik NN s —t]
4 = codln z. — ]
L_ ] 7
Total Page fauits = 7
iii) Optimal
A 2 3 4 2 15 6 2 31 2 3 7 6 3 2 4 2 3 6
[1T1]1]1 111 ] 1 TTOT
2 {212 2 12 [ T
313 313 3
4 4| 4 4
515 5
6 6
=
Total Page faults = 7
Result
No.of Frames | LRU | FIFO | Optimal
1 20 20 20
2 18 18 15
3 15 16 11
4 10 14 8
5 8 10 7
3 7 10 R
7 7 7 7
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5} Consider the fellowing page reference string: 2, 3,4, 5,3,2,6,7,3,2,3,4, 1,7, 1,4,3,Z, 3, 4, 7. Caiculate the
number of page faults would occur for the LRU, FIFO and Optimal page replacement algorithms with frame
size of 3and 5. {16) {Nov 2006)
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a) Three Frames " :
i) LRU{lLeast Recently Used)

2 Replace the page that has not been used for the longest pericd of time. {past)

2 3 4 5 3 2 6 7 3 2 3 4 1 7 1 4 3 2 3 4 7
22275 15 [6]6lslz| j211]3 I
31313 213 [7]7 17 4 a4 4 | 4 ! 4
i 4 14 2 21223 31317 NEEREE
Total Page faults = 15
ii) FIFO{First in First Gut)
% ‘The page which comes first is veplaced first
2 3 4 5 3 2 6 7 i 2 3 4 1 7 1 4 3 2 3 3§ 7
2 {2¢J2¢[5 5 [s*[7 ] 7 |7¢ P44 4| 313 3+ | 7
3 |3 13 2 [z |22]32 3 f2e 1 [ 1] 1z 2]z
SN A N N N KR G A R R R R B N ER EA B RN

Total Page faults = 16 -



iii) Optimal :
<+ Replace the page that will not be used for the longest period of time.{(future)
i7 1 4 3

2 3 4 5 3 2 6 7 3 2 3 4 y v
22272 2 | 2 414 4| 4 7
3123 2 ({3 311 313 3
4|5 6 | 7 717 712 2
Tatal Page faults= 11
b} Five Frames
i) LRU
2 3 4 5 3 2 6 7 3 2 3 4 1 7 1 4 3 2 3 4 7
2121212 2|2 2 |2
31313 313 313 \
4 | 4 417 717
5 515 il 4
6 | 6 6 | 1 1
Total Page faults =8
ii) EIFQ
2 3 4 5 3 2 6 7 3 2 3 4 1 7 1 4 3 2 3 4 7
2 |2t [2*x |2+ 2t} 7 7171717
31313 3 | 3* 2|l2]272
4 | 4 14 | 4 413|133
i 5 5|5 5 15474
6|6 6 |6 |6%]1
Total Page faults = 8
iii) Optimal
2 3 4 5 3 2 6 7 3 2 3 4 1 7 1 4 3 2 3 4 7
2]l21]212 2 |2 2
3|33 3|3 3
4 | 4 4 | 4 4
5 517 7
6|6 i
Total Page faults =7
Resuit
No.of Frames | LRU | FIFO | Optimal
3 15 16 17
BT = I O
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6) Consider the following page reference string: 2, 3,4,2,1,5,6,4, 1, 2,3, 7, 6, 3, 2, 1. Calculate the number of
page faults would occur for the LRU, FIFO and Optimal page replaqement algorithms with frame size of 4
and 5. (16) {Nov 2008)
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a) Four Frames

i) LRU(lLeast Recently Used)

< Replace the page that has not been used for the longest period of time. (past)

2 3 4 2 1+ 5 6 4 1 2 3 7 6 3 2 1
2122 21212 |4 4 14|77 1
3|3 3 (5|55 212 (2|2 A

4 4 |4 |6|6 6 |3 (313 3
1111 1 111 (1]6 6

Total Page faults = 12



ii) FIFO(First i First Qut)

% The page which comes first is replaced first.

2 3 4 2 4 5 6 4 1 2 3 7 6 3 2 1
Z 27Tz 2157 T 1517577 7
3 |3 31376, 1 Tels|s L
[ K 414 |4 T Tz1ETz2 2 |
T ERERE 5|

Votal Page fanits = 1
iii) Optimal

0

++ Replace the page that will not be used for the longest period of time.(future)

2 3 4 2 15 6 4 1 2 3 7 6 3 2z 1
212702 J 21212 22 1
3|3 3 {576 17 6 | 6 6
4 4144 313 3
111 T 1177 7 |
Total Page faults =9 o
b) Five Frames
i) LRU
2 3 4 2 1 5 6 4 1 2 3 7 6 3 2 1
222 22Tz 212 |2
3 |3 31316 6 |7 | 7
4 4 |4 |4 4|46
111 1011
515 3|3 |3 !
Total Page faulis =9
i) FIFO
zZ 3 4 2 1 5 6 4 1 2 3 7 & 3 2 1
2122 z | 6 6 [6]e6 6
313 3133 2|22 2
4 414124 4 13 |3 3
1111 i|1]7 7
515 i 51515 1
Total Page faulis = 10 -
iii) Optimal . . ‘
2 3 4 2 1 §5 6 4 1 2 3 7 & 2 1
2212 20212 2 ii
3|3 3133 13 t
3 RN A A 7 ) ‘i
NERE | i ]
516 | N o :
Total Page faulis = 7
Resuit , )
No.of Frames | LRU | FIFQ : Optimal
12 {9

(S | Qe

9




1)

UNIT 3 - Segmentation
Consider the following segment table:

Segment | Base | Length
0 219 600
1 12300 | 14
z 90 100
3 1327 580
4 1952 9% |
What are the physical addresses for the following logical addrasses? {8) {May 2012)
a) 0,430 b) 1,10 €} 2,500 d} 3,400
FRREFREFRRRF R TR E R OO R TR R Lk IR T I EEERE R ERLIEE Frekbrbkdockr ke
a) 0,430

b)

d)

Logicai address (s, d) is (0, 430)
Segment number(s) = 0
Offset{d) = 430
Sement length (or) limit = 600
Offset 430 < Segment limit 600
Physical address = Offset + Segment Base
=430+ 219
=649
1,10
Logical address (s, d) is (1, 10)
Segment number(s) = 1
Offset(d) = 10
Sement length (or) limit= 14
Offset 10 < Segment limit 14
Physical address = Offset + Segment Base
=10+ 2300
=2310
2,500
Logical address (s, d) is (2, 500)
Segment number(s) = 2
Offset{d) = 500
Sement length (or) limit = 100
Offset 500 > Segment limit 100
Segment fault, illegal address - trap to operating system is sent.
3,460
Logical address (s, d) is (3, 400)
Segment number(s) =3
Offset(d) = 400 .
Sement length (or) limit = 580
Offset 400 < Segment limit 580
Physical address = Offset + Segment Base

=400 + 1327
=1727
Result S.No. | Logical Address | Physical Address
1 (0, 430) 649 ]
2 (1, 10) 2310
3 (2,500) Segment fault
4 (3,400) 1727




2) On a system using simple segmentation, compute the physical address for each of the logical adfiresses.
Logical address is given in the following segment table. If the address generates a segment fault, indicate so.

Segment | Base | Length

S 330 124
1 376 211

" o 3 = ) -
P 111 99 |
3 492 302

a) 0, 99 B} 2,78 c} 1,28 d) 3,222 e) 0,111
R R s L N S T Ao S E Pt B i e S s e st s

a) 0,99
Logical address (s, d) is (0, 99)
Segment number(s} =0
Offset{d] = 99
Sementlength {or) limit = 124
Offset 99 < Segment limit 124
Phiysical address = Offset + Segment Base
=99+330 =429
b) 2,78
Logical address (s, d) is (2, 78)
Segment number(s) = 2
Offset{d) = 78
Sement length (or) limit =99
Offset 78 < Segment limit 99
Physical address = Offset + Segment Base
=78+111 =189
¢} 1,265
Logical address (s, d) is (1, 265)
Segment number(s) = 1
Offset(d} = 265
Sement length (ot} limit= 211
Offset 265 > Segment limit 211
Segment fault, iliegal address - trap to operating system is sent,
d) 3,222
Logical address (s, d} is {3, 222)
Segment number{s] =:
Offset{d) = 222
Sementlength {or}limit = 302
Offset 222 < Segment limit 362
Physical address = Offset + Segment Base
=222 +498 =720
e} 0,111
Logical address (s,
Segment number{s
Offeet{d} - 111
Sement length (01] limit = 124
Offser 111 < Segment imit 124
Physical address = Offset + Segmient Base
=112+ 330 =441

d)is {0, 111}
:;:.{:}

esul
S.No. | Logical Address | Physical Address
1 (0,59) 429
2 (2,78 189
3 1 (L26s) Segment fault
4 (3,222) 720
- (0,111 441




UNIT 3 — Dynamic Storage Allocation Problem

1) Given memory partitions of 100 KB, 500 KB, 200 KB and 600 KB(in order). Showrwith neat ske;tch how
would each of the first-fit, best-fit and worst-fit algorithms place processes of 412 KB, 317 XB, 112 KB a‘r;d
326 KB(in order}. Which algerithm is most efficient in memory allccation? {16) {Nov 2010}
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* Initially, al! 1emory is available fr user processes and one large block ef available memory Is

considered as a ole.
The memory blocks available comprise a set of holes of various sizes scattered throughout memory.
Dynamic storage allocation problem concerns how to satisfy a request of size # from a list of free holes.
The set of holes is searched to determine which hole is best to allocate. The first-fit, best-fit, and worst-fit
are the most commonly used strategies to select a free hole from the set of available holes. ’

First fit: Allocaie the first hole that is big enough.

Bestfit:  Allocate the smallest hole that is bigenough.

Worst fit: Allocate the Iargest hole.
<» Both first fit and best fit are better than worst fit in terms of decreasing time and storage utilization.

<

¢ %

Y
"

Both the first-fit and best-fit strategies for memory allocation suffer from external fragmentation.
External fragmentation exists when there is enough total memory space to satisfy a request but the
available spaces are net contiguous: storage is fragmented into a large number of small holes.

The solutions to external fragmentation probiem are compaction, paging and segmentation

The memory allocated to a process may be slightly larger than the requested memory. It results in
internal fragmentation- unused memory that is internal to a partition.

a) FirstFitalgorithm;

Allocates the first hole that is big enough.

0 .
L X

7
A

P,
L]

Processes(kb) | Memory Allocation(kb) | Wastage of Memory(kb)
412 500 88
317 600 283
112 200 88
326 Not Available -

b) Best Fit algorithm;

Allocates the smallest hole that is big enough.

Processes(kb) | Memory Allocation(kb) | Wastage of Memory(kb)
412 500 88
317 600 283
112 200 88
326 Not Available -

¢} Worst Fit algorithm:
Allocates the largest hole.

Processes(kb) | Memory Allecation(kb) Wastage of Memory(kb)
412 600 188
317 500 183
112 200 88
326 Not Available <

Best fit algorithm is most efficient in memory allocation. But for these given memory partitions and processes
request, all the three algorithms(first fit, best fit and worst fit) results in the same wastage of memorv.



2} Given memory partitions of 100 KB, 500 KB, 200 KB, 300 KB and 600 KB(in order). How would each of the
first-fit, best-fit and worst-fit algorithms place processes of 212 ¥B, 417 KB, 112 KB and 426 KB{in crder).
Which algorithm makes the most efficient use of memoury'.;‘ ilﬁ] {May 2007}
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initially, ail memory is available for user urccesses and ovrne Javge block of available memery is
considered as a hole.
The memory biocks available comprise a set of holes of various sizes scattered throughout memory.
Dynanic siorage allocation problem concerns how to satisfy a request of size n from a list of free holes
The set of holes is searched to determine which hole is best to allocate, The first-fit, best-fit, and worst-fit
are the most commonly used strategies to select a free hole from the set of available holes.

First fit: Allocate the first hole that is big enough.

Best §it: Alincate the smaliest hofe that is big enough.

Worst fit: Allccate the largest hole,
Both first fir and best fit are better than worst fitin terms of decreasing tirue and storage atilizadon.
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Both the first-{it and best-fit strategies for memory allocation suffer from external fragmentation.
External fragmentation exists when there is enough total memory space to satisfy a request but the
available spaces are not contiguous: storage is fragmented into a large number of small holes.

The solutions to external fragmentation problem are compaction, paging and segmentation

The memory allocated to a process may be slightly larger than the requested memory. It results in

internal fragmentation- unused memory that is internal to a partition.

a} FirstFit aigorithm:

Allocates the first hole that is big enough.

B

4,
0&6

9, &,
0‘0 <, 00

Processes{kb) | Memory Allocation{kb) | Wastage of Memory{kb)
212 500 288
417 600 183
i12 200 88
426 Not Available -
b} BestFitalgorithm:
Allocates the smallest hole that is big enough.
{ Processes{kb} | Memory Allocation(kb} | Wastage of Memaory{kb)
[ 212 300 88
. J o 417 500 . 83
| 112 200 88
| 426 600 174 |

c} Worst Fit algorithm:

Allocates the largest hole.
El‘rocesses(k;gi Memory Allocation(kb) | Wastage of Memory(kb])
42 600 388
317 500 83
112 300 188
326 . Not Available -
t fit aigorithm, Besi fit algorithm uses the

Since the wastage {(or] left over memory is less in bes

memaory most efficienty.



