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T
he

N
ature

ofP
rogram

E
xecutions

•
A

running
thread

can
be

m
odeled

as
alternating

series
of

C
P

U
bursts

and
I/O

bursts

–
during

a
C

P
U

burst,a
thread

is
executing

instructions

–
during

an
I/O

burst,a
thread

is
w

aiting
for

an
I/O

operation
t

o
be

perform
ed

and
is

notexecuting
instructions
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P
reem

ptive
vs.

N
on-P

reem
ptive

•
A

non-preem
ptive

scheduler
runs

only
w

hen
the

running
thread

gives
up

the

processor
through

its
ow

n
actions,e.g.,

–
the

thread
term

inates

–
the

thread
blocks

because
ofan

I/O
or

synchronization
opera
tion

–
the

thread
perform

s
a

Y
ield

system
call(ifone

is
provided

by
the

operating

system
)

•
A

preem
ptive

scheduler
m

ay,in
addition,force

a
running

thread
to

stop

running

–
typically,a

preem
ptive

scheduler
w

illbe
invoked

periodic
ally

by
a

tim
er

interrupthandler,as
w

ellas
in

the
circum

stances
listed

ab
ove

–
a

running
thread

thatis
preem

pted
is

m
oved

to
the

ready
state
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F
C

F
S

and
R

ound-R
obin

S
cheduling

F
irst-C

om
e,F

irst-S
erved

(F
C

F
S

):

•
non-preem

ptive
-

each
thread

runs
untilitblocks

or
term

ina
tes

•
F

IF
O

ready
queue

R
ound-R

obin:

•
preem

ptive
version

ofF
C

F
S

•
running

thread
is

preem
pted

after
a

fixed
tim

e
quantum

,ifith
as

not

already
blocked

•
preem

pted
thread

goes
to

the
end

ofthe
F

IF
O

ready
queue
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S
hortestJob

F
irst(S

JF
)

S
cheduling

•
non-preem

ptive

•
ready

threads
are

scheduled
according

to
the

length
oftheir

nextC
P

U
burst-

thread
w

ith
the

shortestburstgoes
first

•
S

JF
m

inim
izes

average
w

aiting
tim

e,butcan
lead

to
starvati

on

•
S

JF
requires

know
ledge

ofC
P

U
burstlengths

–
S

im
plestapproach

is
to

estim
ate

nextburstlength
ofeach

th
read

based
on

previous
burstlength(s).

F
or

exam
ple,exponentialaverag

e
considers

all

previous
burstlengths,butw

eights
recentones

m
ostheavil

y:

B
i
+

1
=

α
b
i
+

(1
−

α
)B

i

w
here

B
i

is
the

predicted
length

oftheith
C

P
U

burst,andb
i

is
its

actual

length,and0
≤

α
≤

1.

•
S

hortestR
em

aining
T

im
e

F
irstis

a
preem

ptive
variantofS

JF
.P

reem
ption

m
ay

occur
w

hen
a

new
thread

enters
the

ready
queue.
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P
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T
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R
ound

R
obin

E
xam
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P

b =
 8

P
a =

 5
Initial ready queue:

T
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tim
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P
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S
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H
ighestR

esponse
R

atio
N

ext

•
non-preem

ptive

•
response

ratio
is

defined
for

each
ready

thread
as:

w
+

b

b

w
here

b
is

the
estim

ated
C

P
U

bursttim
e

and
w

is
the

actualw
aiting

tim
e

•
scheduler

chooses
the

thread
w

ith
the

highestresponse
rati

o
(choose

sm
allest

b
in

case
ofa

tie)

•
H

R
R

N
is

an
exam

ple
ofa

heuristic
thatblends

S
JF

and
F

C
F

S
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P
rioritization

•
a

scheduler
m

ay
be

asked
to

take
process

or
thread

priorities
into

account

•
for

exam
ple,priorities

could
be

based
on

–
user

classification

–
application

classification

–
application

specification

(e.g.,Linuxs
e
t
p
r
i
o
r
i
t
y
/
s
c
h
e
d
s
e
t
s
c
h
e
d
u
l
e
r

)

•
scheduler

can:

–
alw

ays
choose

higher
priority

threads
over

low
er

priority
t

hread

–
use

any
scheduling

heuristic
to

schedule
threads

ofequalpr
iority

•
low

priority
threads

risk
starvation.

Ifthis
is

notdesired
,scheduler

m
usthave

a
m

echanism
for

elevating
the

priority
oflow

priority
threa

ds
thathave

w
aited

a
long

tim
e
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M
ultilevelF

eedback
Q

ueues

•
gives

priority
to

interactive
threads

(those
w

ith
shortC

P
U

bursts)

•
scheduler

m
aintains

severalready
queues

•
scheduler

never
chooses

a
thread

in
queue

i
ifthere

are
threads

in
any

queue

j
<

i.

•
threads

in
queuei

use
quantumq

i ,and
q
i
<

q
j

if
i
<

j

•
new

ly
ready

threads
go

in
to

queue
0

•
a

leveli
thread

thatis
preem

pted
goes

into
the

level
i
+

1
ready

queue
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3
LevelF

eedback
Q

ueue
S

tate
D

iagram

blocked

ready(0)
run(0)

ready(1)

ready(2)
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block
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preem
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O
ther

S
cheduling

Issues

shortterm
scheduling:

w
hathas

been
covered

so
far

m
edium

term
scheduling:

suspension/resum
ption

ofpartially
executed

processes

•
usually

because
a

resource,especially
m

em
ory,is

overload
ed

•
suspended

process
releases

resources

•
operating

system
m

ay
also

provide
m

echanism
s

for
applicati

ons
or

users

to
requestsuspension/resum

ption
ofprocesses

long
term

scheduling:
process

adm
ission

controlto
lim

itthe
degree

of

m
ultiprogram

m
ing
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S
cheduling

S
tates

Including
S

uspend/R
esum

e

ready
running

blocked

suspended/
ready

suspended/
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dispatch

quantum
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suspend

resum
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suspend

suspend

resum
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