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CbcToAHMA Ha npouecuTte
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OCHOBHU KOHUenuuu

MakcumanHo nusnonssaHe Ha
CPU ce nony4aBa 4pes
MYNATUNPOrpamMHO N3MNbIIHEHNE

CPU-I/O Burst Cycle —
N3NBbAHEHNETO Ha NpoLEeC
BKIt0OuBa LnKnu paboTta Ha CPU n
I/O nsyaksaHumg

CPU burst cneasaH ot I/O burst

CPU burst pasnpegensiHeTo € oT
ronamMo 3HaveHue

load store
add store
read from file

wait for I/0O

store increment
index
write to file

wait for I/0O

load store
add store
read from file

wait for I/0O

CPU burst

I/O burst

CPU burst

I/O burst

CPU burst

I/O burst
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BuooBe nnaHnpaHus

Short-term scheduling — Ko Hann4eH npouec wWe ce N3MNbITHN
BbpXy npouecopa;

Medium-term scheduling — kon npouecn ga ce 0ob6aBsAT KbM
roToBUTE B NAMETTA;

Long-term scheduling — npu cb3gaBaHe Ha HOB MPOLEC;

I/0 scheduling — 3a kon npouec I/O 3asaBku ga ce obcnyxat oT
HannyHo 1/O ycTponcTtso.
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BuaoBe nnaHupaHus (2)

Long-term

Long-term
scheduling

sCheduling

Medium-term Shm-lﬁmr@ 9

scheduling scheduling

... &

scheduling
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CPU nnaHupoBuYuk (Scheduler)

Short-term scheduler nsbupa egnH ot npouecute om Ready Queue
n 3aema 3a Hero CPU

o OnawkaTta Moxe ga 6bae nogpeaeHa nNo pasfiMyHn HaYMHK
Kora ce unsncksa nnaHnpaHe Ha CPU — ako npouec:

1. Ce npeskroyBa oT Running B Waiting cbcTosaHME (3a8BKa 3a
1/O)

2. Ce npeskntoyvBa oT Running B Ready (npekbcBaHe)
3. Ce npeskntoyBa oT Waiting B Ready (3aBbpLuaHe 1/O)

4. 3aBbpluUBa
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Preemptive n non-preemptive nnaHmpaHe

- Non-preemptive — cneg kato CPU e 3aeT oT npouec,
npoueckT nputexasa CPU, agokaTto ro ocsoboam unu npum
3aBbpLUBaAHE UK Npu NpemMmHaBaHe B waiting cbCTOoAHNE

- Preemptive -- CPU moxe na 6bae gageH Ha gpyr npouec
no Bcsko Bpeme. [NpobnemHn cutyaunu:

o [ocTbn oo cnogeneHn gaHHu
o W3nbnHeHue B kernel mode

o HacTbnBaHe Ha NpekbcBaHUA MO BPEME Ha KPUTUYHMU
nencteust Ha OC
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Huncneyvep

[ducneydep e codpTyepeH Mmoayn, npegocTaBsLy KOHTposa
BbpXxy CPU Ha nadpaHute 3a nanbnHeHne npouecu. Toea
BKIOYBa:

o [lpeBKnioyBaHe Ha KOHTEKCTa
o [lpeBKntoyYBaHe B NOTPEBUTENCKU PEXKUM

o [Mpexon kbM noaxoasil, aapec B noTpedbutenkara
nporpama 3a Bb3CTaHOBSAABAHE Ha HEMHOTO U3MbIHEHWE

Dispatch latency — BpemeTo, HeobxoaMmo Ha aucnedepa
Oa cripe eavH nNpouec u ga crtaptupa apyr
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Opransauvm Ha CbCTOAHUATA Ha npouecuTe

Procass
control block
Running >
Ready
’ Onawku ot PCB
Blocked

¥
i
i
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N3nbnHeHMe Ha npouecuTe

Process A I I

Process C

Dispatcher ﬂ
Lo P bvvv o b P bvvv o b P v v P g Loy
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Kputepuun 3a nnaHmnpaHe

Uanon3BaHe Ha CPU - cbxpaHsaBaHe CPU HaToBapeH
KOJIKOTO CE€ MOXE NoBeYye Bpeme

Throughput — 6poin npouecu, 3aBbpLUXNIN CBOETO
N3NbJIHEHWE 3a eaAnHULIA BpeMe

Turnaround time — Bpeme 3a U3NbiHEHME Ha OTAeNeH
npouec

Waiting time — Bpeme 3a 4yakaHe Ha npouec B ready queue
Response time — Bpeme OoT MOMeHTa Ha usnparteHara

3adBKa 0 reHepnpaHeTo Ha NbPBUAT OTroOBOP B
MHTEPAaKTUBHUTE CUCTEMU
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AnNroputbM Ha nnaHupaHe

- ONTUMM3ALUNOHHM KpUTEPUN

O

O

O

O

O

Max CPU 3aemaHe
Max throughput

Min turnaround time
Min waiting time
Min response time

- LUle ce pasrnexna 3a BCekun npouec criydam Ha
eanHndyeH CPU burst

- Gantt chart - 6ap-guarpama, onuceawia 4YacTUYHO
nfiaHMpaHe C HayanHo 1 KpanuHo BpemMe 3a npouec

WaitingTime = ServiceTime - ArrivalTime
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First- Come, First-Served (FCFS) nnaHnpaHe

Process Burst Time
P, 24
P, 3
P, 3

- Heka npouecute ca B nocnegosarenHoct: P, , P,, P; BbB Bpeme 0.

- Waitingtime3a P, =0; P, =24, P;=27
« CpegHo waiting time: (0 + 24 + 27)/3 = 17
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FCFS nnaHunpaHe

AKO nocnegoBaTenHOCTTa Ha NPOLECUTE:
P,,P;, P,

- Waiting time for P, =6,P,=0.P;=3
« CpepgHo waiting time: (6+0+ 3)/3=3
« [lo-g0obbp pesyntar

- Convoy effect — kbcuTe Npouecu ca 3ag No-abnruTe

30
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Shortest-Job-First (SJF) nnaHupaHe

- C Bceku npouec ce acouumpa NnpoabmKUTENHOCTTa Ha
HeroBusa cneaaw, CPU burst

o Te3n NPoAbIMKUTENHOCTN ce U3nons3earT 3a
nnaHMpaHe Ha No-KbcuTe npoLecu

- SJF e ontumaneH — gaBa minimum cpeaHo BpeMe 3a
n34yakBaHe 3a JaeHO MHOXECTBO OT NnpoLecu

o TpyOHOCTTa e onpeaensHeTo Ha
npoab/PKNTENHOCTTA Ha cnegBawaTta CPU 3aaBka

> JleceH 3a peanusaunsi B CUCTEMU C NakeTHa obpaboTka.

> He moxe pga ce peanuampa B UIHTEPAKTUBHU CUCTEMMU.
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NMpumep 3a SJF

Process Burst Time
P, 6
P, 8
P, 7
P, 3
SJF gunarpama
P, P, P,
0 3 9 16

CpegHo waiting time=(3+16+9+0)/4 =7

24

OnepaunoHHN cucTeMun, Xpucmo BrunyaHos



Shortest-remaining-time-first nnaHmnpaHe

Preemptive Bepcus Ha SJF.

[lpouecopbT ce npeaocTaBd Ha 3agada ¢ ocTaBallo 3a
N3NbIIHEHME HaWU-Marko BpemMe, HO MOXe Aa uU3TriackaH oT
HOBa 3aa4a C No-mMaJiko BpeMe Ha 3aBbpLUBaAHE.

> W3nonsBa ce B cCUCTEMU C NakeTHa obpaboTka.

> He moxe ga ce peanusnpa B MIHTEPAKTUBHU CUCTEMUN.
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Shortest-remaining-time-first nnaHnpaxe

« Preemptive Bepcus Ha SJF ce Hapuya shortest-remaining-time-first

Process Arrival Time in ReadyQ  Burst Time
P, 0 8
P, 1 4
P, 2 9
P, 3 5
P| P, P, P, P,
0 1 5 10 17 26

« CpegHo waiting time = [(10-1)+(1-1)+(17-2)+(5-3)]/4 = 26/4 = 6.5
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[TpuopunteTHO NNaHUpaHe

anIOpl/ITeT — UAJ10 4HNCIo, acounnpaHo C BCEKN rpouec

CPU ce 3aema oT npoueca ¢ Hai-BUCOK NPUOPUTET (MO-Marko
YKMCIO = NO-BUCOK NPUOPUTET)

o Preemptive
o Non-preemptive

[Mpobnem = Starvation — HUCKO-NPUOPUTETHUTE NMpoLiecn morat
HMUKOra ga He Ce U3MbITHAT

PelueHne = Aging — NpMopuUTETHT Aa HapacTBa 3a NpoLecH,
Yyakaly AbAro Bpeme
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NMpumep

[lpouecnTte ce nosaBsaBaT BbB Bpeme 0

Process Burst Time Priority
P, 10 3
P, 1 1
P, 2 4
P, 1 5
Ps 5 2
P, Pe . BB
0 1 6 16 18 19

CpegHo waiting time=(0+1+6 + 16 + 18)/5=8.2
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Round Robin (RR)

Bceku npouec nsnonssa CPU kpaTtko Bpeme (time quantum q).
Cnep n3tTnyaHeTo Ha ToBa BpeMe, NpoLEeCHT ce n3Trnackea u ce
nobassi B Kpas Ha ready queue.

3a nnaHupaHe ce n3rnons3saT NPEKbLCBAHUA OT TanMmep
[MpounsBoguTENHOCT
o qeronamo = FIFO

o @ € Marnko = NpeBKIoYBaHETO BOAM A0 rofieMu pasxoau
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[MTpumep RR c KBaHT = 4

Process Burst Time
P, 24
P, 3
P, 3
I:>1 P2 P3 P1 I:>1 I:>1 I:>1 P1

TunnyHo, RR nma no-ronsam cpegeH turnaround ot SJF, HO no-
noobp response

q TpsibBa Ja e ronsiMo B CpaBHEHWe C BPeMeTOo 3a NpeBKMoYBaHe
Ha KOHTeKcTa

g obukHoBeHo € oT 10ms go 100ms, npeBKNOYBaAHETO Ha
KoHTekcTa < 10 usec
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KBaHTU 1 Bpeme 3a npeBKnOYBaHe Ha

KOHTEKCTa
process time = 10 quantum context
switches
12 0
10
6 1
1 9
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Multilevel Queue

Ready queue ce pasgens Ha HAKONKO onaLllku crnopen Buaa npoLecu,
Hanpumep:

o foreground (interactive)
o background (batch)
Bcsaka onawuka uma cobcTtBeH anroputbMm Ha NnaHUpaHe:
o foreground — RR
o background — FCFS
Tpsabea ga ce nnaHupa Mexay onallkuTe:

o Fixed priority scheduling — o6cnyxBaT ce MbpBO BCUYKKU NMPOLIECU OT
foreground onatukaTa, nocrne ot background onawkaTta. Bb3mMoxHa e

starvation.

o Time slice — BcAKka onaluka nony4asa onpegeneHa npogbIKUTENHOCT
oT CPU BpemeTo, KOATO Aa nnaHvpa MeXxay npouecute cu, Harnpumep
80% 3a foreground npu RR 1 20% 3a background npn FCFS
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Multilevel Queue nnaHnpaHe

highest priority

m— batch processes —

E— student processes ————

lowest priority
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Multilevel Feedback Queue

MHOKecTBO onaLuku

Mpouec Moxe aa 6bae NpemecTBaH MeXay pasnuyHu onaLlKu

[MnaHupaHeTo ce 6asupa Ha :

@)

(@)

Bpou onalukn

3non3BaHus MeTof 3a onpeaensaHe B KOsl onatlika rnpoLec Lie
NOCTBLMNM NPU HEOBXOANUMOCT OT ObCnyXBaHe

Bcska onaluka uma otaenen arnropnTbM Ha ninaHmpaHe

M3non3BaHua MeTop 3a onpeensiHe Kora ga ce noctasu Npouec
B MO-NpuopuTeTHaTa onatika

N3non3saHus MeToA 3a onpeaensHe kora a ce Hamanu
npuopuTeTa Ha npoLec

Aging MoXe fa ce peanuaupa 4Ypes yeennyasaHe npuoputerta Ha
npouec
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Mpumep Ha Multilevel Feedback Queue

« Tpwu onawiku:
o Qp—RRckBaHT 8 ms

o Qq;—RRckBaHT 16 ms
o Q-FCFS

- 3

Y

k J

quantum = 8

« [lnaHupaHe

o Hosa 3agaya Bnu3a B onawka Q,,
obcnyxBaHa no FCFS -

v

KoraTto 3aeme CPU, npouecbT
nosiy4asa 8 ms

Y

gquantum = 16

AKO He 3aBbpLUN B paMKuTe Ha
8ms, npouechbT ce npemecTBa B Q,

v

o B Q npouecbT 0THOBO ce 0bcnyxBa
no FCFS n nonyyaBa AonbiHUTENHN
16ms

A

FCFS

AKO BCe oLLe He 3aBbpLun, ce
n3Tnacksea un ce npemectsa B Q,
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[TnaHupaHe B Linux

[Tpnoputetu:
« CTtaTtnyeH
- 3a real-time npouecwu
- J[wnanasoH 0 - 99
« J[nHammn4eH
- 3a KOHBEHLUMOHASTHU MpoLecu
- [unanasoH 100-139

. [MpomeHs ce B 3aBUCMMOCT OT U3MbITHEHNETO Ha
npoueca
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[MpuopuTteT Ha Npouec

« basupaH Ha “nice” HUBO Ha rnpoLleca.

- [lo nogpasbupane 0, ananasoH -20 to +19 (no-
MankKoTo e no-4o0bpo)

« 1/O bound npouecun nony4asaT No-BUCOK NPUOPUTET.

« CPU bound npouecu nonyyaBat manbK NPUOpUTET.
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[MpuopuTteT Ha Npouec

194,141.24.72 - PUTTY - O *
1 running, 137
0 0.0 ni,

VIRT

20540
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[Mpuoputet u Nice

Nice = -20 .. +19
PR =20 + Nice

# nice —-n nice value command
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KBaHT Ha npouec

[1pn cb3gasaHe child nonyyaBa 72 ot timeslice Ha
poauTens

Bucokua npuoputeTt nonyyasa no-ronam timeslice
- Hucbk npmnoputeT/ No-mManko MHTepaKTUBEH

- Bucok npuoputet/ noBevye NHTEPaAKTUBEH
Korato timeslice> 0, npouecbT ctaBa expired

OnepaunoHHN cucTeMun, Xpucmo BrunyaHos



KBaHT 3a KOHBEeHLMOHAaNHU npouecu

Description Static priority Base Time quantum
(timeslice)

Highest static priority 100 800 ms

High static priority 110 600 ms

Default static priority 120 100 ms

Low static priority 130 50 ms

Lowest static priority 139 5ms
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Onawku 3a nanswJiHEeHue

Per CPU runqueue

Flags
CPU
Static_prio
<>
Active
Expired
& 15 /i Priority O
P (P]| [P
o B
__~{r] (P] Priority 139
g ~(p ] Priority 0
Array[1]
~7) () (7
\? Priority 139

OnepaunoHHN cucTeMun, Xpucmo BrunyaHos



[MTnaHnpaHe B Windows

 ba3unpaHo e Ha NpUopuUTETH

* Preepmtive

« 3a BCsKa HULLUKA ce Ha3Ha4vaBa
KBAHT OT BPEME
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Processor Affinity

Affinity — xoHurypupaHe Kou
npoLecopun Morart ga ce usnonsear
OT npouec

OnepaunoHHN cucTeMun, Xpucmo BrunyaHos



[MTnaHnpaHe B Windows

Huesa ot O no 31

[1Ba knaca npuopuUTeTK:

* Real-time (16-31)
« Variable priority (1-15)
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[Mpuoputetn B Windows

+= Ln

Il Tl

=

o o fed lad e L O =d 30

Highest

Above normal

Base priority

MNormal

Process
priority

Below normal

Lowest

Thread’s base  Thread’s dynamic
priority priority
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[Mpuoputetn B Windows

Real-time
priority
classes

Variable
priority
classes

Highest (31)

Lowest ( 16)

Highest (15)

L ]

_I_,._ |

—

—
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[MTnaHnpaHe B Windows

12 Task Manager —
File Options View

Processes Performance App history Startup Users Details Services

Name - PID Status User name CPU Working set (memory) Page faults Base priority Description
[m ApplicationFrameHo.. 4944 Running hwalchan 0o 4740 K 20036 Mormal Application Frame Host
Tlarmsvcexe 1620 Running SYSTEM o0 880 K 1971 Mormal Adobe Acrobat Update Service
cmEviSrvbd.exe 1892 Running SYSTEM 0o 584 K 983 Mormal charismathics smart security service
[55] csrss.exe 664 Running SYSTEM o0 2160 K 5761 MNormal Client Server Runtime Process
[55] csrss.exe 788 Running SYSTEM o0 3020K 1037 824 Mormal Client Server Runtime Process
ctfmon.exe 4164 Running hwalchan 0o 8948 K 24 177 High CITF Loader
dasHost.exe 7704 Running LOCAL SERVICE 0o 936 K 1473 Mormal Device Association Framework Provic
== dilhost.exe 5656 Running hwalchan 0o 2592 K 4178 Mormal COM Surrogate
(55 dwm.exe 1268 Running DWM-1 o0 59076 K 227 891882 High Desktop Window Manager
'~ explorer.exe 4504 Running hwalchan 0o 139640 K 1286909 Mormal Windows Explorer
@ firefoxex~ ATO Razonin hwalchan 00 623 156 K 1000 499 MNormal Firefox
@ firefoxex ~ tndtask hwalchan 00 89152 K 476 712 Normal Firefox
@ firefoxex ~ End process free hwalchan 00 125232 K 428213 Low Firefox
@ firefox.ex Set priority > Realtime 00 106 044 K 120 017 Normal Firefox
@ firefox.ex Set affinity High 00 118228 K 110 350 Mormal Firefox
& firefoxex Analyze wait chain Above normal 0o 201 544 K 2292 658 Normal Firefox
& firefox.ex Debug ®  Normal 0o 70712 K 55913 Mormal Firefox
@ firefox.ex UAC virtualization Below normal 00 40 580 K 11 540 MNormal Firefox
FMAPP.e: Create dump file Low 0o 8436 K 2237 Normal FMAPP Application
(5] fontdrvhe . . UMFD-0 oo 1564 K 1810 Mormal Usermode Font Driver Host
Wlfontdrvhe  OPen file location UMFD-1 00 7712K 34 478 Normal Usermode Font Driver Host
Mlhpgbam(  -carch online hwalchan 00 6772 K 4440 Normal HP CUE Alert Popup Window Obijects
< Properties
] Go to service(s)

Fewer details

T T CITECAUOURAT COGITTEMUD. ADUGITTY DEIT9arUs
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[MTnaHnpaHe B Windows

1&d Task Manager

File Options

View

Processes Performance App history Startup Users Details Services

~

MName

[#] ApplicationFrameHo...

TCarmsvcexe
cmEvtSrved.exe
csrss.exe
csrss.exe
ctfmon.exe
dasHost.exe
dlihost.exe
dwm.exe

'~ explorer.exe
& firefox.exe

@& firefox.exe

& firefox.exe

@& firefox.exe

& firefox.exe

@& firefox.exe

& firefox.exe
FMAPP.exe
fontdrvhost.exe
fontdrvhost.exe
IE hpgbam08.exe

[ hpaapcO1.exe
<

PID Status User name CPU
4944 Running hwalchan 00
18 processor affinity o
18 0
66 Which processors are allowed to run "firefox.exa"? h
78 0
41 <All Processors> 0
77 CPU 0 5
CPU L

56 CFU 2 J
12 CPU 3 D
45 0]
97 2]
37 0]
44 0
29 0]
70 0
T; Cancel ;
7048 Running Awalchan U

608 Running UMFD-0 00
576 Running UMFD-1 00
4480 Running hwalchan 00
8516 Running hwalchan 00

Working set (memory)

4740 K
880 K
584K

2144 K

3000K

8964 K
936 K

2592K

64 492 K
137 236K
58992 K
425 136 K
89 220 K
126 028 K
109 324 K
113 608K
199 108 K

8436K

1564 K

8416 K

6772K

7852K

Page faults

20036
1971
983
5765
1048 341
24 316
1473
4178
227 957 213
1295 235
26 788
1061735
492 678
429 477
121455
123 896
2 356 257
2237
1810

34 846
4440
7237

Base priority
Normal
Normal
Normal
Normal
Normal

High
Normal
Normal

High
Normal

Low
Normal
Normal

Low
Normal
Normal

Low
Normal
Normal
Normal
Normal
Normal

Description
Application Frame
Adobe Acrobat Uy
charismathics sma
Client Server Runti
Client Server Runti
CTF Loader
Device Associatior
COM Surrogate
Desktop Window |
Windows Explorer
Firefox

Firefox

Firefox

Firefox

Firefox

Firefox

Firefox

FMAPP Applicatio
Usermode Font Dr
Usermode Fant Dr
HP CUE Alert PopuL
GPCore COM obie

" Fewer details
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[MTnaHnpaHe B Windows

* Windows 3.1 — non-preemptive

* Windows 95 — onpocteHo preemptive

* Windows NT — Multi-level Feedback Queue
* Windows XT — priority preemptive c
npuoputeTHN HMBa N RR 3a BCAKO OT T4X

* Windows 7 — User-mode scheduling

* Windows 8 — WIinJS

« Widows 10 — Multi-level Feedback Queue
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