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load store
add store
read from file

wait for /O

store increment
index
write to file

wait for /0O

load store
add store
read from file

wait for 1/O

~ CPU burs

> 1/0O burst

<
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> 1/0O burst

Silberschatz, Galvin and Gagne ©2013



g Km-‘% - o p-
S48 el Aadlaal) Bas g sadial) Sl bl au

160

140 \
120

-—b

o

o
g

frequency
(0¢]
o
s

60 \
40 \

20

0 8 16 24 32 40
burst duration (milliseconds)

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




4] gaa 438 yall Aallaall Ban g

N peie dals (A S el Aallaall sas g Gaady g calaaiul e HUSEYI 4GS 8 illeall ( (e LRy Ja¥) 8 el Al goa
| Adide ok L e O S st
N dle die g a8 384 x4y S el dadlaal) Bas g &) )
1. el UasY =l il (e priiléa
2. Adgall daain¥ b il e eilia
3. soala DI (e mrilie
4. oeh
n Caidlgaa] 4 AlBy o ye
N Adliul oo gAY s S
AR L ) el 3 R
sl g G Aaddl okl
L dauls Qe Al YA Gaasd ) Gladalial) 8 kil

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




Jupal

n o oxadll gadl o zasuall dd e pa LS dlead 458 pall dallaall Baa 5 o 5 skl any Jus el 3an 5, (5 5kt I
L dsadl) Gl
| el pay ) J gl
L el e Jaaisale) Q) aadisa) meli p & sl @l sall 1) Sl

N QJ&\JMJ!—d}TMi%)SL\}MJ}@fﬂdﬂuﬁéﬁ\&jﬂ

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




4 gan julaa

n 4338 yal) dadlaal) 3o g aladdinl- (Sae J s 43S yall dadlaall 30a 5 e Lalial)
N Aal- # ool saa s A lads JeSi il Clleal)

N Axlajl Al dima dlee dduil i gl (g dpaS

no A cdg slaeiul s 8 USEY) dlee o3 Gl lad

N At @y 2 LAY Gl edad 2, sl bl S s bl al i e (3 jatesall gl )aia(Ranll i ) SLucEY)

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




daa )l A Al gaa Cpald yuilaa

0Sle 4 3 sall dallaall 30s 5 aladia
Al (Sl
dia 3l 5_yal) 4aidy

>3 35 35S S5 S

A58y laial) ()

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




Yol add ¥ Ji(FCFS) 4 gaa

dalac Hlaaiy) Cad

P, 24
P, 3
P, 3

N il Jpas Sllee of ga il P, P, P,
5o el Jsaall cuils alads:

P, P,

0 24

n  Jdeubdl cdl jlwl SP =0 P, =24 P,y=27
n Wiy cdshusia: (0+24 +27)/3=17

Operating System Concepts - 9t Edition 6.*

27

30

Silberschatz, Galvin and Gagne ©2013



FCFS 4 saa(ash)

i L J g s Slles ol G yiail:
P, «P; P,
n o s el Jeaall cuils hbig;

0 3 6 30

N el ) sl P, = 6. P, =0 Py=3
n obiYlcdshugdia (6+0+3)/3=3
N AL AW e i< Jadl
n o ABE S0- Ak Adee o) )y b jual Alee
I Aok allall U i / o aandl s 4 S jall dadladd) 5aa g 23aa 2l

Operating System Concepts - 9th Edition 6.* Silberschatz, Galvin and Gagne ©2013




i iad) g Akl oY) paB)(SJF) A gan

n o Jdaiell 408 jall dadladll 3as g (8 il Jsha e dlee IS ooy

N SJF iVl sa- clleall (e disne Ao sanal HUSTY) € 5 Jans s YY) 2al) laay
| M\%ﬁfﬂ\u&d‘ahju&dﬁhﬂéhﬂ\w&j
el el O S

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




JUSJIF

e laiiy) i

= 6
N SJF Sl au )l Al s
P, P, Ps P,
0 3 9 16

n oliY cdshusi=(34+16+9+0)/4=7

Operating System Concepts - 9t Edition 6.*

Silberschatz, Galvin and Gagne ©2013



_,,gw».‘ PR ” o N "
<57 Jladi N 43S sal) Aallaal) Bas g J gk paas

n o Jsh e L a8 (Sap- Ll dgilia (5585 Gl Gany
| Aaalall Ay 38 pall dadlaall Ban g il a8 g5 pual ae dplaall Hlidl A

N ) o siall aladiuly Gl g Bl 23S el dallaall sas 5 3 )0 i ) sk aladinls o5 o (Sas
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7 Pthread 4sx»AP]

# Jwil<pthread.h>
¥ Jwwi<stdio.h>
dy y=5# NUM  gaisl gadl5
Lwady 3 olbadaxdl L35S ( &> JIIARGC yLib «* ARGV []) {
cGlail b oladasdl L5L5S
pthread /J4J! HJ[THREADS NUM].
pthread ATTR )JATTR.
/[ * Lsl )G ol Je Jgaxdl* [/
pthread ATTR JgYI| dyxdl (4JATTR) ¢
/ * Sl Gl Je Yol yladbiwl* /

3] (pthread ATTR getscope (& ATTRGUaSg () ! = 0)
fprintf ( jouwbiw" {dyue> Gl Jde Jgaxdl Je yold e\ ")
1
I3 ( GUas== PTHREAD o 4Sw Lilac)
printf ( " GlUn3 {4 J.cPTHREAD")
131 Y ( 3Usi== PTHREAD o gSw plls)

printf ( "PTHREAD alUil| Glbo") ¢

fprintf ( jow" Gl Ll jue Laad\ §.") ¢
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- Pthread 4sAPI

/ * J Ugd> Lie)yl g3 JuaxSPCS  HISCS * /
pthread ATTR setscope (& ATTR (PTHREAD o ¢Sw pallal)
/ *  gusl gadl Gls* /
J (b=0 b <NUM Lilg cbgsxdi++)
pthread g ls( yluJdlg[L31]g (ATTR (sfd4e (NULL) ¢
[/ * geo90 JS Js d?l aloaiyi* /
J (b= 0 b (<KNUM LS|y cbgsisdl++)
pthread plaasil( yluJI[L3I] ¢NULL) ¢

}

/ * Lkl ols b pSxS Tuay gasge JSI G9Sawo* /
Ublo*  slue( Lodaodl &1 yildl*)

{

/*  Jlae¥! @z alodidli... */
z 9= pthread (0)

}
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2. SCHED RR - _l& JeSCHED_FIFO 4 stuie &y sl sl culd gual gall daray o 555 5 50 V)
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1. pthread ATTR getsched d4wlLiw(pthread ATTR * ATTR Olwliwdl dolsdl %)
2. pthread ATTR 4wlLiwsetsched (pthread ATTR * ATTRL Jg5 dwliw )
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=\
S

( .

5 POSIX As8all cdgll AAP| A gas

# Joeui<pthread.h>
¥ Joedi<stdio.h>
Gy ya5# NUM  ausl goll5
sy Sl (S LUIIARGC yLb «* ARGV [])
{
folwlbiwdl b olidaxdl L35S
pthread 1 .JI H[THREADS NUM].
pthread ATTR ATTR.
[/ * L) J5 ) olewdl e Jgaxdl* /
pthread ATTR Jg¥! dyxJl (JATTR) ¢
/ * Ll Uyl dwbiw Je Jgaxdl* /

Y (pthread ATTR getschedpolicy (& ATTR{wliwldl g ¢)! = 0)
fprintf ( jouiw" doliw Jeaxdl Jde yol3 e\ §.")
BETRE |
Ry ( wbwldi== sy31 giLs) printf ( " sus1 g5L3\ g") ¢
(31 Y ( iwlsiwli== SCHED RR) printf ( "RR SCHED \ ") ¢
(31 Y ( iwliwli== FIFO SCHED) printf ( "FIFO SCHED \ (")
}
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py
D),

"7 POSIX g Adall cdgl SAP ()

/ * Uyuxdl dwbiw Guaxi- FIFO (RR of * 51/
Y (pthread ATTR setschedpolicy (& ATTR (FIFO SCHED)! = 0)
fprintf ( ouiw" doliw Gauxd Je Hold e\ g.") ¢

VAR SO Y PN | B
J (b= 0 b <KNUM Uil cbgusltli++)

pthread @Js( yl4Jdlg[L31]g (ATTR (sl|J4c (NULL) ¢

[/ * g0 JS He Y plaai¥ix /
J  (b=0 b <KNUM Uiy cbginll++)

thread aload!l ( yl4dI[L31] (NULL) ¢
P p

/[ * Ll ods b pSed | duo ggoge JSI GeSuwe* /

Ublay*  slde( Ladzoadl ¢l 3all*)
{
/* Jles¥ I gz paludldl... */
z 9> pthread (0)
}

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




— w .
. (MJ v e\.ﬁl 411

n o s Sl

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




P ]
&rag;—( Jaay) PA e dd gaa usiil? 5

Nl 3l s Jd2 BAae )l sall Al san (S 59 dpuladll Gl S ¢
N Y25 el s ) JEI0(]) il Al s
PR P P
| AV B gl g el ) g 8 ) il
| sl Al gl 20-99 dad cik! 5100-140
L Slel Al ) e Apaaall al) (aaledi) ae dpalle Ayl B e
S deany el 3
L gl Ay a8 Al i gl Llla Jaall e ol g (Jaris(laid)
| Rl gl el K Al 1 (Eadlal) giia)ags wil d s AN algall JS andiud s b ol Juadil) Gl g «
| LS yall dalladl) a8 g JS (s Lgadali 3 )0l sl aledl) awarunqueue Gl Ja
4 ey Cailia (e (gl dai)
4 AdsY) can i e pleall
4 Wlda Jal s (i SSTY Laie
I Adeldl cilileal a3 Coaia 3 e (Sl ca JUI Cilae

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




" f‘«m-& * S p . “1

n Aled Ll Ugis(CFS)
n o Ay g
| e dyglel A S
L A A el A A5l b Aagall e jlis, A gaa
A S el dalleall Ban g 85 (e A (bl e aane 4 ) Clbaadiadll ulal e aSI e Yy
2 Gl o (S DAY g Al il el
1. (ol 8y
2. Jall gl
N e Akl dad il e 4 gune SI-20 419
L Slel Al o dad i
| gl G past) cuaie JBY) e 3as 53 e Aegall dprdi g LIS (a3 (g 6 i
Al aleall sae aba ) s 13 &3 O (S ¢ 5aSll Cangll
Nl goalll) Jaddl @B g dega JS Al paa 3D (Y] dial K5 svruntime
L g Al Gl e JBlaaal) Jal o pe o - asaidi Jaae e b ga ol 40
L ol Jeill i g iy dpegada ol Y1 A ) gYI= edl) Qo) i
N sl el gy Jib Apan Jliay dege o Jannl 00 degal) i

Operating System Concepts - 9t Edition 6.* Silberschatz, Galvin and Gagne ©2013




%,,/ alad) HaRd) aY) dda g laY

The Linux CFS scheduler provides an efficient algorithm for selecting which
task to run next. Each runnable task is placed in a red-black tree—a balanced
binary search tree whose key is based on the value of vruntime. This tree is
shown below:

Task with the smallest
value of vruntime

smaller _ larger
Value of vruntime g

When a task becomes runnable, it is added to the tree. If a task on the
tree is not runnable (for example, if it is blocked while waiting for I/0), it is
removed. Generally speaking, tasks that have been given less processing time
(smaller values of vruntime) are toward the left side of the tree, and tasks
that have been given more processing time are on the right side. According
to the properties of a binary search tree, the leftmost node has the smallest
key value, which for the sake of the CFS scheduler means that it is the task
with the highest priority. Because the red-black tree is balanced, navigating

it to discover the leftmost node will require O(IgN) operations (where N
is the number of nodes in the tree). However, for efficiency reasons, the
Linux scheduler caches this value in the variable rb_leftmost, and thus
determining which task to run next requires onlv retrieving the cached value.
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time-critical 31 15 15 15 15 15
highest 26 15 12 10 8 6
above normal 25 14 11 9 7 5
normal 24 & 10 38 6 4
below normal 23 12 9 7 5 3
lowest 22 11 8 6 4 2
idle 16 1 1 1 1 1
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time return

time gquantum from
priority guantum expired sleep

0 200 0 50

5 200 0 50

10 160 0 51

15 160 5 51

20 120 10 52

25 120 15 52

30 80 20 53

35 80 25 54

40 40 30 5E

45 40 35 56

50 40 40 58

55 40 45 58

59 20 49 59
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global
priority

_ 1 169
highest

160
159

100
99

60
59

lowest ¥ 0

scheduling
order

~

first
interrupt threads

realtime (RT) threads

system (SYS) threads

fair share (FSS) threads
fixed priority (FX) threads
timeshare (TS) threads

interactive (IA) threads

-l

r  last
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Process Burst Time

P, 10
P, 29
P 3
Py 7
Ps 12
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simulation —»  statistics
for FCFS
FCFS
CPU 10
/O 213
actual CPU 12 performance
process —>{l/0O 112 ——lp simulation —»  statistics
execution CPU 2 for SJF
/O 147
F
CPU 173 S
trace tape
performance
simulation —>»  statistics
for RR (g = 14
RR (q = 14)]
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