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[ToToK ncnonHeHms

» [TOTOK NCMONHEHNS - 3TO KOA U ero cocTosiHue (a.
KOHTEKCT)
» kop - Habop WHCTPYKUWii B NaMATKN, HA KOTOPbII
yka3sbiBaeT peructp RIP;
P KOHTEKCT MOTOKA BK/IOYAET 3HAYEHUS PErucTpoB
namsiTb.

. a.



[ToTokun 1 npoueccsi

» [ToTok paboTaeT B KOHTEKCTE HEKOTOPOro Mpouecca

> T. e. notok "xueet" B nornyeckomM agpecHom

MPOCTPAHCTBE MPOLLECCa;

P HECKOJIbKO MOTOKOB MOryT paboTaTh B pamkax OfHOro

npouecca;
npouecc MMeeT Kak MNHNMYM OAWH NOTOK.



Ctek noToka

» Kaxablli NOTOK WUCMNOSIHEHWS UMEET CBOVi COBCTBEHHbIN
CTeK

P CTek XpaHUT ajpeca BO3BPATOB U JIOKaJIbHblE
nepeMeHHble;

P nnsa npoueccopa CTek - MeCTO B NaMsTU, KyAa yKasblBaeT

RSP.



MHOronoTo4YHOCTb

» B cucteme moryT ogHoBpeMeHHO paboTaTb HECKONBKO
NOTOKOB UCMOJHEHUS
P> Ha HECKOJIbKUX sifpax MpoLeccopa;
» Ha ofgHOM sifpe, CO3haBast U/TO3UHO OLAHOBPEMEHHO
paboTbl.



MHOronoTO4YHOCTb
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[TepekntoyeHune mexxay noTokamu

» [1ns nepekstoHeHnsi Mexay noToKamu HeObXOAUMO:

P COXpaHUTb KOHTEKCT UCMOJIHSIEMOro NOTOKa;
P BOCCTAHOBUTb KOHTEKCT MOTOKA, Ha KOTOPbIA Mbl
NepeKkIr4aemMcsl.



[Tpumep nepekntodernss ans x86

1 . text

2 switch threads:
3 pushq %rbx
4 pushq %rbp
5 pushq %rl12
6 pushq %r13
7 pushq %rl14
8 pushq %rl15
9 pushfq

10

11 movq %rsp , (%rdi)
12 movq %rsi , %rsp
13

14 popfq

15 popq %rl5
16 popq %rl4
17 popq %rl3
18 popq %rl2
19 popq %rbp
20 popq %rbx
21

22 retq



C API

v

void switch threads(void =xprev, void xnext);

no 3aseplueHnn pyHKLMUM *prev byaeT ykasbiBaTb Ha
COXPAHEHHbIN KOHTEKCT;

next yka3blBaeT Ha COXPaHEHHbI KOHTEKCT MOTOKa, Ha
KOTOPbIA Mbl NepektoYaemMcs.



switch threads

1 . text

2 switch threads:

3 /* save contex on stack x/
4 pushq %rbx

5 pushq %rbp

6 pushq %rl12

7 pushq %rl13

8 pushq %rl14

9 pushq %rl15

10 pushfq

11

12 /% rdi — the first argument x/
13 movq %rsp , (%rdi)

14

15 /* rsi — the second argument x/
16 movq %rsi , %rsp

17

18 /* restore from stack =x/
19 popfq

20 popq %rl5

21 popq %rl4

22 popq %rl13

23 popq %rl12

24 popq %rbp

25 popq %rbx

26

27 retq /+ | x/



[lepekntoyeHne NOTOKOB

Thread 0 Thread 1

CALL Y switch_threads

RET i
switch_threads



CospaHune HOBOro MoToKa

» Kak coszgaTb HOBbI MOTOK 1 MEPEKIOYNTLCS HA HEro B
nepsblin pas?
> Ham HY>XHO BbIAE€NNTb MECTO AJ1A XPAHEHUA YKa3aTeNA
Ha KOHTEKCT,;
> Ham HY>XHO BbIAENNTbE MECTO NoL CTEK HOBOIo NMOTOKa,
» Ham HY>XHO COXPaHUTb Ha CTEKe Ha4Ya/IbHbIA KOHTEKCT U
COXPaHWUTb yKa3aTeJlb Ha HEro.



HayanbHbIi KOHTEKCT

1  struct switch_frame {

2 uint64 t rflags;

3 uint64 _t r15;

4 uint64 _t rl4;

5 uint64 _t r13;

6 uint64 _t rl2;

7 uint64 t rbp;

8 uint64 t rbx;

9 uint64 t rip;

10 } _ attribute ((packed));



KoonepaTm BHaA MHOro3aaa4HoOCTb

> HesbiTecHstowasn (KoonepaTuBHas) MHOr03aAa4HoOCTb
P NOTOK JOJ/DKEH CaM BbI3BaTb (PYHKLMIO NEPEKIOYEHIs;
P> 4TO ecnin B KOAe comepmnTcsa ownbka?
» uan Mbl obpataeMcs K bubnnoTteke, KOTopas BbINOAHSAET
JOAryIo onepauunio?



BbiTecHatowas MHOro3aga4yHocTb

» BuiTecHsitowas (preemptive) MHOro3agaqHocTb
» notok cHumaetca OC ¢ CPU "cunon", no ncreyenun
KBaHTa BPEMEHMU;
P CUHXPOHW3aLNs NMOTOKOB MPU 3TOM YCIOXKHSAETCS;
P Kak OpraHM30BaTb BbITECHSIOLLYIO MHOr03a4a4HOCTb?



CHOBO 0 npepbIBaHMAX

» Obpabotunk npepbiBaHus "npepbiBaet" ncnonHsiemslii
Koa
P> HO 0bpaboTumk paboTaeT B KOHTEKCTE MpepBaHHOrO
NOTOKa;
> d.)yHKLLVII'O NEPEKNIOYEHNA KOHTEKCTA MOXHO BbI3BaTb OT
MMEHM NOTOKa N3 obpaboTymka npepbiBaHuUii.



BbiTecHatowas MHOro3aga4yHocTb

Thread 0 Thread 1

Interrupt
Handler 0

Interrup

switch_threads !

Interrupt
Handler 1

Interrup



Talimep

» TaiiMmep MOXET reHepupoBaTb MpepbIBaHUS C 3aJaHHO
NepPUOANYHOCTbIO
» Programmable Interval Timer (PIT, intel 8253) - IBM
PC;
» High Precision Event Timer (HPET);
» Local APIC Timer.



[TnaHnpoBaHMe NOTOKOB

» [Mnanuposiyuk (scheduler) - komnonent OC, koTopbiii
onpegensier
> KOrga nNeEpeEKIto4aTbCA C NOTOKaA,
P Ha Kakoil MOTOK MEPeKI0YaTLCS.



[IpocToe nnaHnpoBaHue

» PaccmoTpumM npocTeiilyto 3agady njaaHMpoBaHUs
> BCe 3aa41 U3BECTHbI 3apaHee;
P Npo Kakayto 3afadvy W3BECTHO, CKOJIbKO BPEMEHMN OHa
3alimMeT;
> 3agayn paboTatoT 6e3 nepeknoYeHNii;
» T. e. HaM OCTaNOCb TOJILKO onpeaennTb NOpsAQOoK.



[TponyckHast cnocobHoCTb

Schedule



[TponyckHast cnocobHoCTb

Schedule



CpeaHee BpeMsi 0XKNAaHUS

» [lycTb BCe 3apa4n NprHaANexaT pa3HbiM NOAb30BATENAM

» nosib30BaTeNO Ba>XHO, CKOJIbKO €MY HYXHO »XXAaTb

3aBepLUeHNs ero 3ajaqu;
P> nagaliTe B Ka4ecTBE METPUKMN UCMONBb30BaTh CpefHee

BpeEMA OXXNOaHWNA.



CpenHee BpeMsi OXuUAaHUS

Schedule



CpenHee BpeMsi OXuUAaHUS

Schedule



[lnHamunyeckoe co3gaHune 3agad

» 3avacTyto BCe 3a4a4M He U3BECTHbI 3apaHee
> 3aja4m MOryT CO34aBaThbCs B MPOU3BOJIbHBIE MOMEHTbI
BPEMEHU;
> Ka)k4asi BHOBb MOSIBMBLLASICS 33343 MOXET U3MEHUTb
pelleHne NaaHNPOBLLMKA.



O onepayun

» 3ajaym MoryT faBaTb KOMaHAbl YCTPOWCTBAM UM XAATb
KaKNX-TO CODBITHIA:
» 3anucb/4yteHne Ha/c HDD (nopsinka Heckonbkux Mc);
> KAaTb BXOASILYMX COEAMHEHUIA MO CETU;
> >KAaTb, NOKa NOMb30BATENb HAXKMET Ha KJIaBuLLY.



O onepayun

» [loka 3apaya xaeT 3aBepwerHus 1O onepaunn, MOXXHO
3abpatb y Hee CPU
> BpeMsi OXNAAHUS MOXKET BbiTb bonbwnm (1Mc - oveHb
mHoro anst CPU);
» ytuauzsauymsa CPU - ckonbko Bpemerun CPU genan
nosiesHyto pabory.



VTunnsauus

Schedule



VTunnsauus

Schedule



Hdbopmauus o 3amave

» 3ayvacTyto Bpemsi paboTel 3agaun u pacnucaHue ee 10 He
N3BECTHBI

> 3a4a4n MOryT BAWUATbL APYr Ha Apyra WinM 3aBUCETb OT
BHELLIHUX O6CTOF|T€J'IbCTB;

P> Mbl MOXXEM OLIEHUBATL STU NapaMeTpbl 1
KnaccndpnumpoBaTh 3a4a4u.



|O-bounded n CPU-bounded

» |0-bounded 3agaum - mHoro 1O, HO Mano BbIYUCAEHNIA:

P Hanpumep, TEKCTOBBIN peaakTop;
> BOODLLE NPUIIOXKEHUS, OXULAIOLNE BBOLA MOJIb30BATENS.

» CPU-bounded 3apaun - mHoro Belaucnennii, Ho mano 10:

» Hanpumep, Hay4Hble BbIYUCIEHUS;
P> KOMNUASLUS NPOrpaMm.



Round Robin

» Round Robin - Bbigaem notokam kBaHT Bpemenu Ha CPU
no oyepeau:

>

| 2

NoTOK, oTpaboTaBLnii CBOl KBaHT, BCTAeT B KOHEL
oyepenn;

KaXKAbli HOBBIA NMOTOK BCTAET B KOHEL, 0OYepeau;

noToku, aoxaasluecs 3asepwenus 1O, BcTaoT B KoHell,
oyepenu;

CPU oTaaetcs noToky B Havase ovepenu.



[octonnctea Round Robin

» K cnucky goctouncts Round Robin moxHo oTHecTu:

P noaxof, 04eHb NPOCT;
» Bpemsi oxuganns CPU orpaHnyeHo - HUKTO He rosiofaer.



Round Robin
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Beibop kBaHTa BpeMeHn

> 3 kakux coobpakeHuli CTOMT BbIOMPaTh KBAHT BPEMeEHN?

» yem bosblue KBaHT

> TeM meHblue 0014 BPEMEHN Ha NEPEKITIOHEHUNE,
> Tem bBonblie BpeEMSA OTKINKA;

> yemM MeHbllue KBaHT

P> Tem Gosiblue A0S BPEMEHUN HA MEPEKIIOHEHNE;
P> TeM MeHblle BPeMsi OTKJIMKA.



Bbibop kBaHTa BpeMeHy



[Tnannposwmk Windows

» [lotokam B Windows Ha3HayeH npuoputer
> NPUOPUTET COCTONT N3 KJlaCCa N NPUOPUTETA BHYTPU
Knacca.
» Ha ucnonHeHue BbIOMpaeTcs NOTOK C HAUBLICLLIUM
NPUOPUTETOM

> ANA NOTOKOB C PaBHbIMU NMPUOPUTETAMU NCNONb3YETCA
RR.



Priority Boost

» Y10bbl n3bexxaTb HEOrpaHNYEHHOTO FONOAAHMNST MOTOKOB,
Windows nHoraa noBbiWwaeT UM NpuopuTeT:
P ecnm NoTok oTBeYaeT 3a Bugumyto Hacto Ul;
» npu nonyyeHuu BBOAA wau 3aseplueHun onepauun 1O;
» nns "cnyyaiino" BbIBpaHHbLIX NOTOKOB.



Mnanuposwk Linux (oguH n3)

» Completely Fair Scheduler (CFS) - yecTHblii
NAaHNPOBLUK:
> NS KaXXAOro NMoToka noagepXueaercs "BupTtyansHoe
Bpems "
» '"BupTyasbHoe Bpemsi" yBenu4mBaeTcs, Koraga noTok
paboTaerT;

» CPU otgaem noToky ¢ HavMeHbwuM "BUpTyanbHbIM
BpeMeHem".



