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MecTo onepaunoHHbIX CUCTEM

* [lpuknagHoe NO B3anMogencTByeT C [puknaaHbie Nnporpammbl
anrnapaTtHbiM obecneyvyeHnem yepes OC .
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DOYHKLUMN onepaLlioHHbIX CUCTEM

 MynbTusagayHbi pexxum padoThbl

* YnpaBneHne onepaTtnBHON NaMATbLIO
* YnpassieHne pannoBon CUCTEMOU

* YnpaBJieHne BBOOOM-BbIBOOOM
 B3anmopencrteme npoLeccoB

 PasrpaHunyeHumne nosIHOMoO4Ynn



[lpoLecchl

IIporpamma — ¢ains1 ¢ MalLIMHHBIMU KOJAMU

IIpouecc — ak3eMILISIp IporpamMMma, KOTopast UICHOoJIHIETC. BKiroyaeT B ce0s
MAIIIMHHbBIN KO Y TEKYIIUI KOHTEKCT (3HAYEHUS PETMCTPOB, ONIEPATUBHOM NAMATH U
npoy.)

Nnentudukarop npouecca (process identifier, PID) — nenoe, unciio koropoe OC
BbIJIAET IIPU 3aITyCKE HOBOI'O IpolEecca.



[Mpmep. Cnncok npoueccos

ps -e
PID TTY TIME CMD
1 7 00:01:52 systemd
49 ? 00:00:00 vballoon
395 7 00:00:16 docker-proxy
407 ? P0:08:08 containerd-shim
426 7? 00:00:00 sh
2805 7 00:00:00 sshd
2841 pts/0 00:00:00 bash
2869 ttyl 00:00:00 agetty
3688 pts/0 00:00:00 ps
6331 ? 00:00:13 nginx
10256 ? 00:02:59 nslcd
10262 7 00:07:18 sshd
11311 ? 00:00:07 kworker/u2:0
15063 ? 00:10:10 containerd-shim
15095 7 00:00:00 run
15387 7 00:06:35 slapd
31192 ? P0:00:00 xfsalloc
31193 7 00:00:00 xfs mru cache
31972 ? ©2:1/7:12 containerd



[lpumvep. U peHTUMUKaTOP npoLecca
man getpid

GETPID(2) BSD System Calls Manual GETPID(2)

NAME
getpid, getppid -- get parent or calling process identification

SYNOPSIS
#include <unistd.h>

pid_t
getpid(void);

pid_t
getppid(void);

DESCRIPTION

getpid() returns the process ID of the calling process. The ID is guaranteed to be unique
and is useful for constructing temporary file names.

getppid() returns the process ID of the parent of the calling process.

ERRORS

The getpid() and getppid() functions are always successful, and no return value is reserved
to indicate an error.



[lpumvep. U peHTUMUKaTOP npoLecca

/* Prints Process ID and exit x/
#include <stdio.h>
#include <unistd.h> // getpid definition

int main()

{

pid t pid = getpid();
printf("%d\n", pid);

return 0:

¥



ABTOMaT COCTOSSHUM npoLiecca

reate

interrupt

running [/O or event completion

exit or kill I/O or event wait
Qerminat@ waiting




[MTpumep. CocTossHuSA npouecca B Linux

ps -eo pid,s,comm

PID S COMMAND
1 S systemd
4179 S sshd

4180 R ps

10262 S sshd

11311 S kworker/u2:0
15063 S contalnerd-shim
15095 S run

15387 S slapd

31192 S xfsalloc

31193 S xfs mru cache
31972 S containerd
32034 S dockerd

man ps
PROCESS STATE CODES

Here are the different values that the s, stat and state output
specifiers (header "STAT" or "S") will display to describe

the state of a process:

D uninterruptible sleep (usually 10)

R running or runnable (on run queue)

S Iinterruptible sleep (waiting for an event to complete)

T stopped by job control signal

t stopped by debugger during the tracing

W  paging (not valid since the 2.6.xx kernel)

X dead (should never be seen)

Z defunct ("zombie") process, terminated but not reaped

by its parent



Nepapxusa npoLeccosB
e NouepHue (child) n poantenbckue (parent) npouecco

* [lpumep BbiBOOA YTUNIUTBLI pstree:

root@pm-test:~# pstree -p

systemd(1)—r—accounts-daemon(6451) {gdbus}(6456)
I—{gmain}(6454)
—acpid(1393)
—agetty(1480)
agetty(2869)
—atd(1366)
——containerd(31972) containerd-shim(407)————sh(426) run(462) run(485) openvpn(490)
—run(486) openvpn(489)
L—tail(488)
—{containerd-shim}(451)
—{containerd}(15880)
——cron(1371)
——dbus-daemon(1383)
—dockerd(32634)—r—docker-proxy(373)—r—{docker-proxy}(374)
L L—{docker-proxy}(382)
{dockerd}(15117)
—sshd(2795) sshd(2805) bash(2841) pstree(2926)
—systemd-udevd(1262)

L —unattended-upgr(1489) {gmain}(1574)



Co3paHve npoueccosB

man fork

NAME
fork -- create a new process

SYNOPSIS
#include <unistd.h>

pid_t
fork(void);

DESCRIPTION
fork() causes creation of a new process. The new process (child process) is an exact copy of the calling process (parent process)
except for the following:

o The child process has a unique process ID.
o The child process has a different parent process ID (i.e., the process ID of the parent process).

o The child process has its own copy of the parent's descriptors. These descriptors reference the same underlying objects, so
that, for instance, file pointers in file objects are shared between the child and the parent, so that an Iseek(2) on a
descriptor in the child process can affect a subsequent read or write by the parent. This descriptor copying is also used
by the shell to establish standard input and output for newly created processes as well as to set up pipes.

o The child processes resource utilizations are set to 0; see setrlimit(2).

RETURN VALUES
Upon successful completion, fork() returns a value of O to the child process and returns the process ID of the child process to the
parent process. Otherwise, a value of -1 is returned to the parent process, no child process is created, and the global variable
errno is set to indicate the error.



Co3paHve npoueccosB

/* Create child process and prints PIDs x/

#include <stdio.h>
#include <unistd.h> //getpid, getppid, fork

int main()

{
pid_t pid = fork();
if (pid > 0) {
printf("Parent process pid: %d\n", getpid());
} else if (pid == 0) {
printf("Child process pid: %d\n", getpid());
printf("Parent process pid: %d\n", getppid());

} else {
perror("fork");
}

return 0;



3aBepLueHue npoilecca

man 3 exit
EXIT(3) BSD Library Functions Manual EXIT(3)
NAME

exit, _Exit -- perform normal program termination

LIBRARY
Standard C Library (libc, -lc)

SYNOPSIS
#include <stdlib.h>

void
exit(int status);

void
_Exit(int status);

DESCRIPTION
The exit() and _Exit() functions terminate a process.



O)XxupaHvie poyepHero rnpotuecca

man 2 wait
WAIT(2) BSD System Calls Manual WAIT(2)
NAME

wait -- wait for process termination

SYNOPSIS
#include <sys/wait.h>

pid_t
wait(int *stat_loc);

DESCRIPTION
The wait() function suspends execution of its calling process until stat_loc information is available for a termi-
nated child process, or a signal is received. On return from a successful wait() call, the stat_loc area contains
termination information about the process that exited as defined below.

RETURN VALUES
If wait() returns due to a stopped or terminated child process, the process ID of the child is returned to the
calling process. Otherwise, a value of -1 is returned and errno is set to indicate the error.



[Mpumep. OXxupgaHne govyepHero npoiecca

/* Print "Hello, world" from child process x/
#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <sys/wailt.h>

int main()
{
pid_t pid = fork();
if ('pid) { /* child process %/
printf("Hello from child process!\n");
ex1t (EXIT_SUCCESS);
} else if (pid == -1)
perror("fork");
ex1t (EXIT_FAILURE);
}
pid = wait(NULL);
if (pid == -1) {
perror("wait");
ex1t (EXIT_FAILURE);
}

return 0;

I3



3amelleHve npouecca

man 3 exec
EXEC(3) BSD Library Functions Manual EXEC(3)
NAME

execl, execle, execlp, execv, execvp, execvP -- execute a file

LIBRARY
Standard C Library (libc, -Ic)

SYNOPSIS
#include <unistd.h>

int

execl(const char *path, const char *argO, ... /*, (char *)0 */);
int

execlp(const char *file, const char *arg0, ... /*, (char *)0 */);
int

execv(const char *path, char *const argv]]);

int

execvp(const char *file, char *const argv());



[Tpumep. 3amelleHue npoilecca

execlp

/* exec s -1l —a command x/
#include <unistd.h>

int main()
{
int retcode = execlp("ls", "1ls", "-1", "-a", NULL);
if (retcode == -1) {
perror("execlp");
return EXIT_FAILURE;

I3
return EXIT SUCCESS;



[Tpumep. 3amelleHue npoilecca

execvp

/* exec s -1l —a command x/
#include <unistd.h>

int main()
{
char *xargs[] = {"1ls", "-1", "-a", NULL};
int retcode = execvp(args[0], args);
if (retcode == -1) {
perror("execlp");
return EXIT_FAILURE;

}
return EXIT SUCCESS;



Peanu3auusa npoLeccoB

 OC noppep>xnBaet Tabnuuy npoLeccoB
* [1lpnmepbl Nonen B Tabnuue NpoLeccoB

e PerncTpbl, cHeTUYMK KOMaHA, COCTOSAHME NpoLecca, NPUOPUTET,
MCNoNIb30BaHHOE NPOLLeCCOPOB BPEMS, MMSA Npouecca

e YKazaTtenum Ha cerMeHTbl .text, .data, .stack, nogeHTndpmkaTop npotecca,
POOUNTENIbCKNIN MPOLECC,

« KopHeBou KaTtanor, paboynmn Katanor, 4ecKpunTopbl dannos,



llepekntoyeHve npoLeccoB

O6paboTKa npepbiBaHUA

1.

© o N O O & Db

CuUeTunK KoMaHO, COXpaHsIeETCS B CTeKe

HoBbIN cHETUMK KOMaHOa 3arpy>xaeTcs U3 BeKTopa npepbiBaHUn
CoxpaHarTca perucTpbil

YcTaHaBMBaeTCA HOBbIN CTEK

3anyckaeTtca obpaboTka npepbiBaHUS

OTmMevaeTcsa roTOBHOCTb nosiydaTenia coobLeHns

[TnaHnpoBLUKMK BbIOBMPaEeT cneayoLmm NpoLece
BoccTaHaBnmBaloTcsa 3Ha4eHNS pPermcTpoB BblIbpaHHOro npouecca

CYeTunK KoOMaHp, 3arpy>kKaeTcsi UX COXpaHeHHOro aasi npouecca 3Ha4YeHns



 lnaHnpoBaHue npoLeccoB

IlnanupoBinuk npoueccoB (process scheduler) — vacte OC, KoTOpast OTBEYaeT 3a
pacrnpeaeaeHue pecypCcoB MpoLeccopa MeXXy 3agadamMmu

Koraa Tpedyercsi njlaHMpoOBaHuUe:
e ()0s3aTEJILHO
e |Ipwu 3aBepiIeHNMN NPOLIECC
e [Ipu GiIOKMpPOBKE IpolEecca
e HeoOs3arenbHo
e [Ipu co3maHnmn HOBOIO mpoliecca
e [Ipu npepsiBaHnM BBOA/BbIBO/IA

e |[Ipu npepbiBaHUM OT Tanmepa



KaTteropuv anropyutTmMoB NJ1aHUpoBaHUSA

 Cuncrtembl NnakeTHoM obpadboTKn
 /IHTepaKTMBHbIE CUCTEMBI

 Cuctembl peanbHOro BPEMEHM



Llenn anroputmoB niaHMpoBaHUS

e Bce cucrtembl

e PaBHOMpaBue - NpeaocTaBfieHne KaXkaoMy npoLeccy crnpaBeanson Oonn
NPOLLECCOPHOro BPEMEHW

e [TpmeHeHne NnonnTuK - HabngeHne 3a cobnogeHne ycTaHOBNEHHON
NOJINTUKIA

 banaHc - obecrneyeHmne paboTon BCEX KOMMOHEHTOB CUCTEMDI



Llenn anroputmoB niaHMpoBaHUS

 Cuncrtembl NnakeTHoM obpadboTKn

e [1ponyckHasa cnoCcoOHOCTb - BbINOSIHEHME MaKCMMabHOIo Yuncna 3agad B
edVNHNLY BPEMEHN

 Bpems obopoTa - MMHUMN3aUus BpeEMEHN, 3aTpavymnBaemMoro Ha oXXungaHume
obcny>XnBaHusa n obpaboTky 3aaaHnS

o KoadhdurumeHT ncnonb3oBaHusa npoLleccopa - obecneyeHme nocTosIHHON
3aHATOCTW npoueccopa



Llenn anroputmoB niaHMpoBaHUS

 /IHTepaKTMBHbIE CUCTEMBI
 Bpems oTknnkKa - 6bicTpas peakuns Ha 3anpochl

e [MponopuUnoOHaNbHOCTbL - COOTBETCTBME OXNOAHUSAM MOSIb30BaTENSA



Llenn anroputmoB niaHMpoBaHUS

 Cucrtembl peanbHOro BpeMeHM
 CooTBETCTBME BPEMEHHbBIM OrpaHNYeHnsaM - n3bexxaHme noTepb gaHHbIX

* [IlpegckasyemMocTb - AeTEPMUHNPOBAHHOE BPpeMSA 00paboTKM B XyOLLEM
clnyyae



AnropuTtmbl NJ1IaHUPOBAHUSA
Cuctembl nakeTHON o0paboTKIN

* [lepBbIiM Npuwen - nepsbiM obcny>XeH (FIFS - First In First Served)
 Camoe kopoTkoe BpeMms - nepsoe (SJF - Shortest Job First)
 3afaHne C HaMMeHbLUNM BPEMEHEM 3aBeEpPLLUEHNS - crieayroLlee
* [pexypoBHEBOE NiaHNpoBaHMe

e [lnaHnpoBLLMK gocTyna

e [1naHNpPOBLUMK NaMATA

* [lnaHnpoBLUKMK NpoLeccopa



AnropuTtmbl NJ1IaHUPOBAHUSA

NHTepaKTuUBHbIe CUCTEMbI

* Llnknnyeckoe nnaHnpoBaHme (RR - Round Robin)

o Kaxxgomy npoueccy NpenocTaBsieTCa BPEMEHHOW NHTEpPBan,
Ha3blBaeMbil KBAHTOM

* [lpmnoputeTHoe nnaHmnpoBsaHue (priority planning)
o Kadxgomy npoueccy npuctpamsaetcs npuoputet (B UNIX - nice)

o [1N9 KaXxgoro NnpnopuTeTa - CBOS o4vepenb NpoLeccoB



AnropuTtmbl NJ1IaHUPOBAHUSA

NHTepaKTuUBHbIe CUCTEMbI

e [[apaHTNpPOBaAHHOE N1aHNPOBAHME
* JloTepenHoe nnaHnpoBaHune

 CnpaBensinBoe njaHnpoBaHne



AnropuTtmbl NJ1IaHUPOBAHUSA
Cuctembl peanbHOro BpemMeHn

 Cuctembl “>xecTtkoro” peasnbHoro spemenun (hard real time) - HapyLleHKe
CPOKOB BbIMNOJIHEHNS HEOOMNYCTUM B XYALUEM Clly4yae

 Cuctembl “mMArkoro” peanbHoOro BpemeHu (soft real time) - HapyLLeHNe CPOKOB
BbINONTHEHNA HEOOMYCTUMO B CPEOHEM



[Tpymep. Linux scheduler
CFS - Completely Fair Scheduler

o https://nihal111.github.io/CFS-visualizer/



https://nihal111.github.io/CFS-visualizer/

[lpymep. Windows scheduler

Processes, Threads, and Jobs in the Windows Operating System

e [lnaHMpoBLMKE HA OCHOBE NMPUOPUTETOB

e 32 ypoBHS npuoputeTtoB (16 real-time, 15 dynamic, 1 reserved by system)


https://www.microsoftpressstore.com/articles/article.aspx?p=2233328&seqNum=7

[Mpmep. QNX RTOS Scheduler

Where Does the Time Go?

o [logpgep>XnBaemMblie anropuTMbl NJIAHNPOBAHUS:
* FIFO
 Round Robin
» Sporadic scheduling
o [leneHune Bpemenun (Time Partitioning)
e [lpouecchbl 06beanHATCA B pa3aenb (partitions)

o [1na KaXxaoro pasaena pesepBupyeTcs Oroa>XeT BPpeEMEHM


https://devblog.blackberry.com/en/2021/02/thread-scheduling-and-time-partitioning-in-a-qnx-neutrino-rtos-system

[Mpumep. FreeRTOS

Real Time Scheduling

e 2 NONIUTUKN N1aHNPOBaHUA
 Round-Robin ¢ BbiaeneHHbIM KBAHTOM BPEMEHN

* [lpnoputeTHOE NNIaHNpPOBaHNE


https://www.freertos.org/implementation/a00008.html

NCTOYHUKN

e O. TaHeHbayM. OnepaumnoHHble cuctemMbl. PaspaboTka n peannsauus
« Man POSIX (getpid, ps, fork, exit, wait, exec)
* Linux CFS Scheduler - kernel.org

* Windows system scheduler - docs.microsoft.com

 MINIX - minix3.org



https://www.kernel.org/doc/html/latest/scheduler/sched-design-CFS.html
https://docs.microsoft.com/en-us/windows/win32/procthread/scheduling
https://www.minix3.org

