25

B multiprogramming 2 G| H Q| 7|2l CPU AH|E 2 AT
B CHYot CPU AAZE Z12|F

B CPU A ZE Yn2[E MEHZ Q5 HIt 7|&

=

22 €12F AR

5%. CPU 24|=dY

51 7|2 744 CPU-burst A|Zio] 2=

B multiprogramming2| 27X ‘ exponential (Ae**) or
« CPUO|2E A|C§3} oad store « hyperexponential distribution
add store CPU burst -
read from file 160
B CPU-I/O Burst Cycle A /0 bound| program
. : 140
n IENA AW CPU MELI/O LY 7] /O burst \ a large number of short CPU burst
9' A|’0|%§ :rlg'E':'I j store increment 120
lnqtext ) CPU burs! % \ a small number of lonig CPU burst
write to hile
CPU burst  1/0 burst g'é: \ \‘ CPU bound program
B CPU burst 2% o £ & \
= (see next page) fonie 60 \
add store CPU burst id
read from file \
20
0 8 16 24 32 40

.
burst duration (milliseconds)




CPU Scheduler

B CPU scheduler (short-term scheduler)
» ready queue0f U= ZEMAS F SHLIE MEISHO]
O ZZ M 207 CPUE £

Long-term Time-out
scheduling
"

Batch Job Queue ' Ready Queue Short-term .
J heduli P -
Eee T =TT g

Interactive
users

CPU Scheduling A] A

B CPU scheduling Z 2 process”} Ct2 Astel [ff Hhdl 7Hs &l

1. running A EJOf| A waiting A Ef 2 2t
(0. /O wait, child termination wait)
2.running 2 EfO| A ready A EfZ M=t (e.g. time-out)

3. waiting ArEJ{Of| A ready A EjZ T =t (e.g. I/O completion, event occur)

4. Terminate.
m H|MHE(non-preemptive) AH|E 2 — cooperative AH|ZE &
» 1H, 4H AR = MEHO| OX|7} @io O, O] ZR0|Tt AHEE
o HFEA| A Z-SH0] A Z2MHAE MEdsof 3
» T2 M A= FZ5H7 L blockE Wf77HX| CPUE A% EHR
(0f) windows 3.x, 0| © Mac OS
m MHE(preemptive) 2HIEY
» BE 20| 2AHE-0| 7H5(2,3H 42 =)
. CPU S S x| 8}7Litimer ALR), EHI*
gt [ 2, 3 O| AL (ready queue?t HZHO| A7
(o) CHE-22| ?iCf OS

Ht
40

Preemptive 2#| =3 2| =H| &1} of Z*4

B 58 O 0|E9o| Yt d(consistence) £ X| %Xﬂ
» MT A ZEY LA, processE TEM A= HO|HE BASHE &
E0| CHE Z2MA0AH ME (0] HFE E1|0IE1E XMESE7| Hoj CcP
EHoj=g 4 9Lt
= S = T MM .

C

= Cio| Z2MATHEOIHE % o Ao 2 HO|HE HAG
T HolH g0l %XIEIXI He At > BY=U
= SHEM : S7 HOIH 20f tiet =780l 28 > S7|=t Y4 (6%)

B user mode0| A 2| preemption
w MEA AAZAS S 2HMFOIA,
ot Ei)ﬂl*ﬂ HIOIHE HASs &2 MO CHE ZEMNATLEE
HIOIHE AL =FSICHH, Lol Lad0| KX =X %S+ AS
» ARBAFZZOYME RENH VLA SO E712 WA S AFESHY G|O|
B L2Hd 2H|7t LASHR| o == A sfof Shet

Kernel mode0Oj|A{2] preemption

B Kernel mode0jA{Q| 28 I3‘||0|E1 S
» REFAHE FEI2 AHE OOIEHE
. 7ide system calg 310 2 *EJ

:|0 r
Hu " Ho

I O'I
= =2
D1, SH OoHE EEOP" 714 FEIO| *Es"EIE %OJOH, QIE|HERZ
_T‘_
o Tr

QIS A CHE HHd ZEIQAH MEE|H
oro 2= QIC},
- FL0IAQl 023t BH AL AIAY HHO| YS FOE
B AN K FH 20 M 2| preemption X 2| &
» HMAEYE HY — 7Y LY A Q| preemptionS S{5IX| A2
(1) system callO| 2= E|7{L} (2) I/O blockO| g 5t [ 771X|
7|Ct2l Z=0f context switchingS =3
- AAIZF HEYS RSt O B
» MEE AHE -7E {0 A preemptionE 3{&
= 72 oM SR IO HZOo Ciet 37|25 A5t A
Afof 2t
- MAIZHEEY X0 KB

= -

(5]
=

mjo

Xt
a4




C|A I} X (Dispatcher)

B Dispatcher
- CPUS| HO| U CPU A7 F2{7} Melst TR A0 FE 28
- ChS I
= context AQ| &
= CPU 52t D EE user modeZE Mzt
» MEHSE I Z N ATL CEA] A|2MSHE E, user program@| M AT 2| K|
2 0| S(jump)

B Dispatch X| 9 (latency)

» SHOIZMAE GX|SH, CHE T2 MAQ 3ES A|RTE WX A0
= Azt
= dispatch latency2 7}t st ZHOLOf (2 A S&)

5.2 Scheduling 7| & (Criteria)

B CPU 0| & & (utilization)

= 0-100% (CPUE 7t5%t ot Hr# A R X|)
B X 2|Z(Throughput)

» CRRIAIZE 0| 2t E T2 M A
B = X2|A|ZHTurnaround time)

» ZEMAE HASHE O 22 F Al
B [f7|A|ZH(Waiting time)

= ready queueOi|Af L 7| St= A[ZE (CPU 2
B SErA|ZFH(Response time)

» OHStE A|2BOIM RS ot =0

QAIZHES 28 E = AlH0]

o)

b 1O Cf7|7F obHl A|ZH

(R B S BE mIxlel 4
r

10

Xzt 7|1E

m AAEE eSS 2 Hzt Y|
« CPUO|RED} Ha|2: &}
« 3 KNE| AZH BT AIZH S

-y oHd

B

-

[Zh: XAt

.= = Ol HA () HA r—— ZAF%—"(—'E!Q'
to] HEF S A&z}

—
VBT Ao

11

5.3 AA|E" L 12|E(Scheduling Algorithm)

>

M QMK 2| (First-Come First-Serve:FCFS) A7 &2
K| EFRFH 2 M (Shortest-Job-First:SIF) A 7| & &
22| (Priority) A & &

|

Z HI(Round Robin:RR) A#H| =2

o
e

f

]

Ho rx r oo

CtEEA| F(Multilevel Queue) AFH E 2l

12




First-Come, First-Served (FCFS) Scheduling

B Example: Process Burst Time
P, 24
P, 3
P3

B Arrival order: P, , P, , P; (arrival time t=0)

The Gantt Chart for the schedule
F)1 F)2 P3

0 24 27 30

o C{7|A|ZE P, =0; P, =24; Py=27
» HWIOHZ|AIZE (0+24+27)/3=17

13

FCFS Scheduling (H|%)

B Arrival order: P, , P5, P, . (arrival time t=0)
The Gantt chart for the schedule is:

P, Ps Py

0 3 6 30

» Cf7|A|ZL:P,=6,P,=0.P;=3
. ERO7|A|ZL: (6+o+3)/3—3
> O|Fe ZREMH F
S 2| & 1t (Convoy effect)
» I IZEMA FO B2 ZEMASO| U R0
™o T2 MAL 7| T2 M A CPU busrt7} 2 W{7HX| 7| CHaqof &
W2 ZEMAS0| MY NE|Z =8 2 M2 CPUS TX| O|&E

|

[=]

9

I::

o

o

X

14

Shortest-Job-First (SJF) Scheduling

m | CHEHY) QM (SIF) AA ST
= Shortest Process Next(SPN), Shortest Request Next(SRN)2} 1 & &t
» DTEAMALS CHS CPU burst 20| 7 o2k
Z[THCHE CPU burstE #d= Z2MAE 272
« 2HA:Ct2 CPU burstE &7| 0|22 > 8| Z*H : 0| =(prediction)
B 5 X A SIF AAHEE
= H|MA SIF - process= CPU burstE £ Y771 X| MEL|X| S
» MESIF- (M =2 M 29| CPU burst < S| =2 M| AO| RO A|ZH)
O|H oM ZEMATEMHEO AFHEE
- Shortest-Remaining-Time-First (SRTF).
“preemptive SJF = SRTF”

W SIFE Ch7|AIZHO] 2K QY
= Ea EE O7IALE HS.

15

(0]]) Non-Preemptive SJF

B Example
Process Arrival Time Burst Time
P, 0.0 7
P, 2.0 4
Ps 4.0 1
P, 5.0 4
B SJF (non-preemptive)
P, P, P, P,
————1 —— ——

» HICH7|AZt=(0+6+3+7)/4=4

16




(o) Preemptive SJF

B Example
Process Arrival Time Burst Time
P, 0.0 7
P, 2.0 4
P, 4.0 1
P, 5.0 4
B SJF (preemptive)
P, P, (B2 A B P,
i i 1 —— ———
0 2 4 5 7 11 16

| .

P, P, P, P,
» EHROHZ|AZE=(9+1+0+2)/4=3

17

CI2 CPU Burst 40| 0=

W C}S CPUBurst Z0|2 0j2| & £ glg
W S| 2% : CHS CPU Burst Z0| 0| &

« O|X CPU Burst Z0|E A23}0] C}2 CPU Burst Z0|E 0=
« 7FH: Ct2 CPU Burst Z0|+= O|F Q| Zraf H|==%} Z{O|LC}.

B 0|=Z}: X|5= " (exponential average) AF2

= OHS OIHEt =1, (OIF O FHghatt, (O CPU Burst| X|== Ext

g=at +(1—0!)Z‘n
» initial Tg: & E= A EH2E HO
1. t, = actual length of N CPU burst
2. r,,, =predicted value for the next CPU burst

3. a,05a<1
4. Define:r,,, =at, + (1— a)rn

18

X+ B2

B x|z ool 0f
- 00ty > HD S DA Y@, 01N A5 A
. a=lot,, =t > AT g0 ALRSD, OfF 053 ALRSIK| 2.
» YAHIMOZ o =1/2= X2 7/ O|™ O|ZZC HAS AR

B0<a,(l-0)< 1= 1,421, E=t, EC} 7}5X| 7} &Lt

N K| HFAl SFE

-1 = o
Toer = O G (L-o)at, o+, +(L-a)o to i+ +(1-o) o t, +(1-a)™ g

19

Next CPU Burst Z 0| 0|=

> actual burst

> prediction

12F
T, 10

8k
i 6

4k

2 b

L I L I 1 L I
time ——»

CPU burst (f) 5] 4 6 4 13 13 13
"guess” (1) 10 8 6 ] 5 9 1 12

20




2 Mz=2|(Priority) Scheduling

LIPS
T2 MA
- CH7H
» CPUE 7IE 52 RUERIE 71T ZENAOA
m M2 Folo| naiglE 29
L ELH : A|1ZF XS 22| 87, open file &=, I/O2F CPUS| H|& S
» QR IZE2MA FTRY, HIE2 FHEa A, HXH g2 S
B 5 JtX| 2tAl9| Priority Scheduling — A&, H|MH
B SIF A Z Y2 priority A E 2 ST E2Y
= priority = CtZ& CPU burst time2| 0| 52} (Rf &5 52 f4=9)
B 22X A : 7|0 AEl(starvation)/F 5t &2 (indefinite blocking)
» S22 24%9/2| process7t 2ot5| T 7|5t AL K| R 5= AZ
« S{ZAM > L-3l(aging)

« 2EHFO [} 7|5h= process= M= E HEHoZ FIHAZA

[
= 0

Priority Queueing

RQO Release

Dispaich b
—Fj]]]]:[} A A

ROQ1
—_[[TTTT+

A m—

Preemption

Event

0CCurs Blocked queue

22

Round Robin (RR) Scheduling

B Round Robin A =2

» A2E AZH-E QSHM dAE -CPU SR

s ZHI2MAOH A2 Q0| CPU A|ZHtime quantum) EHet

= 3A7|: C{j7§ 10-100 msec

» A3 ZZ M AE Ol AZF AT 5 MAEE[ O ready queuel| BO 2 0|

« E{O|H QIE{EE AtE
m A o] Azt

= n79| ready process7t EXst1, time quantum q & [}

max. waiting time = (n-1)q

B N5 I._.|<_.

= (large = FIFO (FCFS)2} ZtA = g s
= ¢ small = g7} context switch time0f H|jA{= 7{Of &

Sk,
= X| & oM switching overhead 7t & 3 A &
B A|ZF SSt2k(time quantum)S Mats AY B |
C

= TX| CPU burst time2| 80% & =7} quantum time 2 Ct = =2 Mgt

[=]

L]

23

0: RR AAHZEZ (Time Quantum = 20)

B Example
Process Burst Time
P1 53
P2 17
P3 68
P4 24

B The Gantt chart is:

P, [P, [Py [Py [Py [Py P, [Py |Ps [Py

0 20 37 57 77 97 117 121 134 154 162

|
-

q =
oo

» SJIF 2ECH= HH & H2|A|ZH(turnaround time)O| G ALt
S EFA|ZH(response time)O| & Lt

24




Time QuantumX} Turnaround TimeQ| |

CHEHAl 7 2AIE R

process | time m CHCHA| F(Multilevel Queue) A= E
125 P, & = Ready queue?} 0i2| 7jjo| A2 23t=|
120 A Rl e . 2t FE RO A EY ANEE NG
w AT \ P: - = (0]) foreground (interactive)& 7 — RR
E \ background (batch)& 7 — FCFS
‘g 1.0 N/ _ N B AEE2 FE 70k Qo{oF &
5 5 B time quantum 5_7|7|' %7'-%" . _T|_7§‘,| ‘?‘A1¢'?'| A7‘||§%'
g5 e B3 K 2Z|A|Z2H0 e e N
; giiEer :j-DEI-_TLionIgElO'fa Elf_ « (0]) foreground =2 T E K| 2|3+ S0] background ZHQl S 23l
g 100 - e = 7|0} AtEfi(starvation) 7}
& 95 « Time slice — Zt FOIC} CPU A2 2HH| 88 Mel|lA Egt
00 1 2 3 4 5 6 7 = (0]) foregound 70| 80%, background 30| 20% &t
12341241241414144
for g=1, turnaround time =
1 2 3 4 5 6 T (3+9+15+17)/4 =44/4=11
time quantum
25 26
— . p—
(all) CHEHA| 72f o CHEEA| o] =9 (Multilevel Feedback) / 2AHET
highest priority B CHEHA 7 AHZ 2 process ‘4 A|0f StLEC| queued]| ST
B CIEHA e 7 A7 FY
 rcess7t Ot L8 sl o154 48 54 > sgng 7
W CICHA O EW 7 AAFE2 o Oj7fH
- A
« 2 [0 CHEH AAEE LelE
: — « BSTIBSAE
mﬂ interactive editing processes |1’ . ZIOISHA AN Hpe
:l batch processes l: upgade Al
r:‘[ student processes }:-
lowest priority NN
M ready process demote A|H
27 28




(off) CHEHA| mj =8 J
/O bound or % RR ' -

quantum = 8
Interactive processes

(high priority)

Q,

RR quantum= 16

CPU bound or Q,
Batch processes FCFS

B Example:
= M & =>queue Q, (q=8, FCFS)
= 8ms L{0f] ELIX| &S ™ => queue Q,. (q=16, FCFS)
= F7h16ms LHO| ELIX] 2B => queue Q,.
= priority: Q> Q; > Q,
= Q0 A= Z2MLE Qpand Q; O] HORUS WO 2 =2 &
= MY S0 D2t ROl HUSO| AsHez 2RE

5.4 Thread 2AAH|&d

B Thread AAH =&
» 2FH N = kernel-level threadE & AHZEE
» user-level A ZE 22 thread library0f| 2|sj M = =
m A7|=2 A7 #H2|(contention scope)
» T2 N A AH™HL|(Process-contention scope: PCS)
= user-level threadE 718 LWP 40| A7 ZE& (CPUAHZE! OtH)
« Z2 processO| thread= 7H0f| AHEE 4™
= many-to-one &= many-to-many M DEO| A ALE
s A|AE AT t.é.*-‘,’-l(System-contentlon scope:SCS)
« 7{120| kernel-level thread&& CPU A A& &
= systemQ| & = thread= .7_P01| AAEY B
= one-to-one Y DEINA At
B Pthread A7 Z2 ™ —thread A A0 X| Y 5|
= PTHREAD_SCOPE_PROCESS: PCS scheduling (many-to-many)
= PTHREAD_SCOPE_SYSTEM: SCS scheduling (one-to-one)

THd=
29 30
A = A =
Pthread A#H|EZ API AL 0f 55CHE Z2 MM 2AET
#'inch.ge <ptgreaﬁ.h>
#include <stdio.h> — .
#define NUM_THREADS 5 _ . . . _ B C+E Z 2 M M(Multiple-processor) 27| = &
void *runner(void #*param); /* the thread runs in this function */ - O;IE_I 7H9| CPU7|' ol = 7:|_<'3_0" CPU A;ﬂ |O| |:_| % K| ng
int main{int argc, char *argv[]) » O7|ME BE ZZ2M M7 S YsHhomogeneous) A|AHIS 71 s
int 1, scope; ] |-7= J_LEA-”A—I A;L”KEI M= HI-I:H
pthread t t'ld[NUM _THREADS]; /% the thread identifier =/
pthread_attr_t attr; /* set of attributes for the thread */ = H|CH&E(Asymmetric) Ct&= K E|
/* get the default attributes */ - ot Z= M M(master processonZt 2AZE, USHMZ, AlLE &
eEh;ngtﬁ‘;t;c;%&%ﬁ;t;}@or'|thrr PROCESS Or SYSTEM */ S Melz SHXA 91 2 +3)
[ On_ll_'lnux Mac 0s X, }Dn'ly PTHREAD_SCOPE_SYSTEM is supported. . I—|'|:"| X| T2 MM =L user codet =35t
¥ S50laris su orts oTh ".-" o 35| Sl
if (Ethread aggr setscope(&attr PTHREAD_S(;OPE_SYSTEM% = 0) > x|'E _._o JLI-Q-)‘O-I I:I|-|I-||o|-|:'§ I'FJ?J' %7#
) _pr“lntf(stder‘r, IJn.;b'Ie__to set scheduling scope'n™); . [HII(Symmet”C) CtEX E|(SMP)
/% now create the threads */ .
for (i = 0; i < NUM_THREADS; i++) = 4 Z2MME SAE 22 A7 E2(self-scheduling)
pthread_create(&tid[i], &attr runner ,NULL);
f* Now join on each thread */ = ready queue
=0 NUM_THREADS; o &
er é%hread_}o:n(tjd[jj } NULL}J;rJr) S 7 -2 T2NAZEH ALE (KR 7 2X)
=2 7 -Z2MAMOLt 22| e RE AME (RIz2 3R/
void *runner (void *param) UL ANAH M= EH™ HiA) > Ho| 2 & JCH 2AX MM ALE
/% do some work */ contention scope 2t 518 &
;.)‘.cﬁread_exit(o);
31




=2 MM Flsd(Affinity)

B =2 MM XIS (Processor Affinity)
- process7} S| A% 01 TR MO|M CH2 mRAMEO| 0|F
(migration)& m|3} 1 f%
HS A|ESt=
» ZZMME O|SSHH
B T2 M A XIS SER
« A XFHE(soft affinity) — T2 MM X|HSHX| R 2. 0|F 7t
» Z F3Hd(hard affinity) - Z2 M AM(EEHS X[ H.

N+ Frtet 27| E ofOF StE2 H|EO0| &

AAZHOME A Z2MAOM A S A

- N2HO HE\(SO| FOR2] RE)7F TRAN NSO IS 5
=

B NUMA(non-uniform memory access) A|¢'ﬁlﬂf CPU A/ &4

affinity |-
a process

allocated |7

computer

l(Load Balancing)

4
- -?-*
oln
fot

[
» AIOK » I

S 3}(Load balancing)
RE=Z= *1|A1 |
& 7E A= ALHENM 25 #5%t= =
2l 74 ¢l %% A= Aol 7
push migration

« E™task7} F7|8oz 2t o

2MAMel F3HE HAt

FOHEY)Z DEA B2t E A=

« ES T2 M A7 AL M processE S idle EE= less-busy T2

MMZ o|FAIZ
= pull migration

= idle processor?Z} busy processorOf| A Cj 7|
oA Z o|FAIH
= T A2 BHEFHO| OfLIT, &H AL E £ UAS

% Ql processE2 At

=
« Linuxe= 200msOtC} push 0|3 & 12| 5 &, ready queue?} H| A &
7 A=

™ pull O|F 22[F S TSI £t =&
B 25l #Sots ZEMAM Heteo §HI 4SS E

33 34
HE[2AYH E T2 MM HE| F0| T2 MM
B HE|M 2| E(Multithreaded) = Z M| A B ZE|F 0{(Multicore) ZZ M| A
. }EPZI EEI;‘*q*iiﬁjlt/lﬁe(cnt)Oil Ci=o] =2|d T2 MM E MSst= » ZF2 X0f Cho] mEAA (multi-threaded) TS £ 93 I 2 A A
i - O 2 z - -
» =2H T2 ME HEo| YX|AH FES 7HE > 2 context T E polel B ol b a multithreaded
» 022 M2 SOt HARKIE CI2 =8| T2 M7tolg’er e, e multicore processor
= SIEQIO7L =2 Z2MMOA E2| Z2MME 2H=E pycel pyscal
G | compute cycle M memory stall cycle | system bus
Ll c | M c [ M| c | m | c | M Sirr:)?:lt(jstsr]éfadEd m ZE A0 ZB2AN 2AFE
- ! P » 2N A - threadd| A =2| =Z M| M (hardware thread)E AHZE &
time -> coarse-grained multithreading
» CPU 3}E9|0] — hardware thread0j| 7| coreE AH =2
thread, | | | | ‘ | - fine-grained multithreading
e multithreaded ¢ SYUHHF Ol218 NATOH S HS D TRl Y2 A7)
thready e | M | e | M | e | M ‘ c | processor EYLIZE MBS US> S5 &Y
time
35 36




5.6 MA|ZH A ETY
LR

37

5.7 2BHIH| At

B Linux scheduling
B Windows scheduling
B Solaris scheduling

38

Linux 2#|&3d — 0f| ™ BHH

B kernel version 2.5 O| ™
= HZ UNIX scheduling algorithm2| HE S At
= SMP systems2 2|5t X Hot X| A2 MI5HX| s
o task =7t S7tE0)| M2t Hs50| MotE - 2 Y 25
B kernel version 2.5/2.6 : A=A| 70| A&, O(1) scheduling time
= O(1) scheduling time - task =2} A 81 3.
« SMPOj| CHH SHMEI X| @l - Z2 MM Flotz, 25753t 7|5 28
w MEY, M T8 AAEY
- SR @MEQ FY - %2 o &2
= real-time: a real-time range (0-99)
= time-sharing: a nice value (100-140)
» CHE OSet ZX| A, MER7L 2 =& 2 time quantumE &£

0 : the highest priority

39

Linux 2AHE2 —v2.5/2.6 (A=)

« Epoch 7|8t AFHEE

= time slice7} H0} Q! © M task= A3 715 (runnable) > active

= time sliceZ| HOFAUX| O™, C}E task7} 152| time sliceE 25
A& W7HR| A7t S| &5, > expired
. = runnable tasks= per-CPU runqueue At X2 22| gt
= Two priority arrays — active, expired (12 &t=x)

« M 2| E indexZ ARSI active

array7} & x &l

active task7| g © ™, active?} expired HiE S MZE w2tst

-
= Zt SZAMSIX| 8 interactive process®| S EFA|7H0] =&

e

active expired
array array
priority task lists priority task lists
[0] 0—0 [0] 0—0—0
[1] o0—0—0 [1] @
[140] o [140] o—0

40




Linux 2#|&Ed - Version 2.6.23+

B Completely Fair Scheduler(CFS) — &M 2 AHE
B A7 EE SFea

= Ztaske EH 24

» 2AEYHE

T

291 743

X =O =
o mi— 2

HA0M 7HY 2= 7t =2 task HHY

= O™ El 9| time quantum CHAIO| M 2=2|(niceZ}) 0] [[I2FA CPU A|
ZhH|gS 2™
— = =2 O

= TS A7

= real-time

B Time quantum A| At
» -20 2E +197}X| 9| nice valueE 7|HIO Z At (-200] =2
« target latency At — D E 234 7t} task7h K| A B EH AlsHal
Qe A|ZH ZHA. CPU A|Zt H| 82 target latency ¢t 22 H &=l

=g =
E%IE

« default— CFS A#| =2l

2, CHE 2eAE 71 7hs

=2 o

=
= target latency= default g1t £|AZFS 7HX|H active taskQ| =7
YA L Ol 2 S75HH target latency 7t 7t 5= UAS

Linux 2#|E & - Version 2.6.23+ (A=)

B CFS A7|E2{= task H 2 7paF A A ZF (virtual run time) 2 22|
= B vruntime AFE
» taske| M &=2|0f et Zha

Lt
=

X|%=(decay factor)2t HsH &
ol &==(>1)
SAHAIZE= A dlAIZ
YA > X LA
P RUAIZE < HX A™AIZE
A= taskE HESI A ZE
vruntime2 key 12 2 s}0f O|Xl 7 E2| QI
lack tree2 22| > HE EFA (O(logN) @1 Ah

Ho
rx
Ay
10
N
oy
ﬁ
1o

o
—_

bal
o2
N
0x

F AL

o b,

12 1o rjo ofm

N
- = T
> 0x

A ]

2 2
?1_ N
fjo O

T H

Qo

<

>

O:l-g* N oXorxorx
lo

o)

n

un >

o

o 40 40 4o
-

|
J
=~
0
=~
el
>
o
==

=
-
[¢]

o Q@

o

re

Task with the smallest
value of vruntime

smaller larger

41 Value of vrunt ime 42
. = ; =
Windows A#|&& Solaris A#| =&
B a priority-based, preemptive A7 =2 B 2M&2| 7|8t AFHEE
u W|ndOWS _?_)Ij _/I'_\__?__ Varlalble class: 1-15 ] 67H9| ﬁa_”%% %EHﬁ
priority class ] e above el ] pelow ol 1. Flme shjcmng (Ts) - dgfault sche(_jullhg class
time 4 normal normal | priority 2. interactive (I1A) — window applications
time-critical 31 15 15 15 15 15 3. real time (RT) — real-time processes
highest 26 15 12 10 8 6 4. system (SYS) — kernel threads (e.g. scheduler, paging daemon)
above normal 25 14 1 9 7 5 5. fair share (FSS) ) . )
' . introduce with Solaris 9
normal 24 13 10 8 6 4 6. fixed priority (FP)
belownomal | 2 | 12 7 s | 3 m 7 2An0itChE 2MES, 2 A5 g2 F =X
e ot e b 6 4 = B Time sharing class
e 18 : : ! ' : - CHCH D=9 7 A7 ZY2 ALB310] SXO= priority Wl a Ch2

L relative priority within each of the priority classes
= time quantum 2tz >

= wait sjH >

o A0
T)Ij_l'__—r

o A O
TAIJ_I'__T

SOty

| Z0F (wait O| R0 [hatM S7F =7t CHE)
= foreground process”} background process2LCt H &2 2M&=2((34l)
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Z0[ 9| time sliceE &t
= interactive process — higher priority, smaller time slice (response)
= CPU-bound processes — lower priority, larger time slice (throughput)
B Y @MER - 224 R0 M S MY 2M &2 B0 A
~Azd
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Solaris scheduling (cont')

global scheduling
priority order
1 168 | | ]
highes] interrupt threads 18]
160

159

ANz EEA
realtime (RT) threads

100
]
system (SYS) threads EEA‘" ks
0" st}
= O
s —— o A O
59 | fair share (FsS) threads————> 41 =2 L 410 CPU
fixed priority (FX) threads——1—> —?—t ‘i“?’l J_'—g
timeshare (TS) threads —1—— 7| & A 7| £ 2 SA
fiviaat o interactive (IA) threads _Tsf %E—?— %_g_

bal

Iet(project2t il = &)

S5 H(share) AIE
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Solaris Dispatch Table

new priority
time return
time quantum from
pricrity quantum expired sleep
0 200 ms 0 50
5 200 (o] 50
10 160 (0] 51
15 160 5 51
20 120 10 52
25 120 15 B2
30 80 20 53
3s BO 25 54
40 40 30 55
45 40 as 56
50 40 40 58
55 40 45 58
59 20 49 59

inverse relationship

TSQ} IA class

time quantum expired:

- priorityE H&

return from sleep:
- priorityE =
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» ZA™EX(Deterministic) & E:

« 7%t 0|2 Ho|E 35 ALE

—

= Queueing 2 &:

« HEIE 25 BEX 2 7|E > Queueing networkQ| £=stH 2 X
« AEYO|M: AAH DS T2 o)At Q) Ty
« 23} (1) by random-number generator (2) trace tape

= 3 (Implementation)
= 2H 23 A
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