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PREEMPT_RT

« RT task= deadline miss& L|st=H %M

« O|& QIS Determinism E27F 22 -> latency X435 2R
- Latency Z|22HE {6l ME =7t F74H2] %[A3}
 PREEMPT_RT: fully preemptible kernel

« Spin lock -> sleeping mutex

« Thread irq handler Real-Time

LINUX

* Priority inheritance
« local_bh_disable XA (t=5)
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RT consideraton — Scheduler

« RT scheduler AHE
« SCHED_FIFO, SCHED_RR, SCHED_DEADLINE &
* sched_setscheduler()
« CFS, EEVDF= =& EEoH| &
* Priority 99 AI83X| ¥ H(watchdog S %|24 kernel thread H &)

e RT task®| CPU =X & 2tE A
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RT consideraton — CPU

« CPU affinity
. EfA3E EXN F0{0| IHAOZ SLtStO 2 M determinismS = &
- Taskset, cgroups, isolcpus & AF&

IRQ Affinity
* RT task&2| coreM| M irq handlerZ Q13+ X| S HiX|
« /proc/irg/[irg-number]/smp_affinity
«  Workqueue GA| affinity X|’3 7= (echo 1 > /sys/devices/virtual/workqueue/cpumask)
NO_HZ_FULL kernel configuration
« FI|IH ticke 2 QI X| A &tHX|

 rcu_nocbs Z& - RCU callbackO| CHE CPUE offloading &

Cpufreq performance governor At&
« CPU state changeZ latency 37}
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RT consideraton — Memory

« Page faultZ QI%t jitter 9X|
« mlockall() AHE
* startup time0f| 2= A4|E 4d
« Memory pool2 O0[&%} malloc/free — 7+&5HH dynamic alloc AHA]|
« Pagefault 7 syscall AFE0| R2| - mmap &
. MOHAL RT Mo YD K| U
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« Non-RT task®| mem op?} RT task 4




RT consideraton — Synchronization

 RT mutex A - Priority inheritance £%&t

pthread_mutexattr_setprotocol(attr, PTHREAD_PRIO_INHERIT);

pthread_mutex_init(mut, attr);

« Spinlock A& Z X!

. OfX0| ATELS OFM
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A preempt-rt <4
« RT priority2 sleep 9= FoFZ AFEF X
« ZZM27FH0|H &7/ - POSIX IPC ArE

- Conditional variable= priorityS 2 &SHA| &3

- Signal AF&2 X[




RT consideraton — I/O
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A OFSHH AKX &
« Determinism?| =X
« H|S7|E AL&StAHLE non-RT taskE 8& A
« VGA 2& 2 A8 a=X

« O 71 latency 7t

+ ZL|E| wakeup O|HIEZ} %[}




Kernel Configuration Optimization

- RTO| =20| &|= 7|5
« NO_HZ_FULL (Timer interrupt Sl+=& & jittert A|AH] overheadE =)
« RCU_NOCB_CPU (NO_HZ_FULLY| 2|3} X}= enable)
- HE BE 4, statistics, CIHE &8 7|s5: HERJ]N BESS 7[=5t= LU E 44
* |RQ_TIME_ACCOUNTING, BSD_PROCESS_ACCT, TASKSTATS, PSI (CPU/Task time and stats accounting)
« CPU_FREQ_STAT (CPU frequency governor®| AEj HZ0| Cist HE 7| E)
« X86_CPA_STATSTICS (huge page mapping & HALIZE S EtE = U= HE +=HE)
- |IDLE_PAGE_TRACKING (2d7|7t=0t M2 E[X| 42 Lf|O|X| =H)
 PERCPU_STATS
« VM_EVENT_COUNTERS
« DEBUG_* ( & debug& 85 =&, HA|X| 28 7|sE
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Kernel Configuration Optimization

e 7|E} AAHZ=2 features: AAE=E QHS|E LA

SCHED_CORE (SMT sibling 1121 task-core assign)
UCLAMP_TASK(E7E EfA 32| min-max utilization
SCHED_AUTOGROUP (AtsL 2 Y& EfAISS

MHE QI$t Utilization clamping 7|s)

£02 20| 22T

SCHED_MC/SCHED_CLUSTER/SCHED_DEBUG/SCHEDSTATS
H Ot

STACKPROTECTOR, STACKPROTECTOR_STRONG

1 2 AESH| e 7lss:

CHECKPOINT_RESTORE

X86_5LEVEL(5 Level page table)
MEMORY_HOTPLUG

HYPERVISOR_GUEST(Guest VMR E ALEL[X| 2
Deprecated, Old, Obsolete, Experimental 7| 5=
ex. SYSFS_DEPRECATED

et H)
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RT consideraton — misc

RT throttling
* RT taskZ I3l CPUZI lockup El=AdE H7] #[3H runtimes 2&~25HH task At
« O|2 QI SEoHA| A2 jitter 2 7Hs7d; runtime -1 AH 22 disable 7ts
clock_nanosleep; TIMER_ABSTIME, CLOCK_MONOTONIC At&
DAY taske HE2TE £3

— =T/ SO

« ZQA| user thread, user level batch S AFE 7=

Vmstat 4137 =2|7]
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RT Performance Evaluation - cyclictest

« OSADL (Open Source Automation Development Lab)2| test command
 cyclictest -1100000000 -m -Sp90 -i201 -h400 -g >output
» 201us F7|2 14 (2000 = 5.56A|7h =
« Lockstep sampling 2 X|
« (switched time — wakeup time) 2 £ schedule latency &8
« Min, average 4t 2Ll max latency?t RT &0 58

. BAE A

« Background stressZ memcpy At&
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Number of latency samples

RT Performance Evaluation - cyclictest

« No RT Vs. RT Vs. optimized

. Latency plot Latency plot Latency plot
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RT Performance Evaluation - cyclictest

* isolcpus & mem fault effects

« CPU 2,3 isolated w/ stress-ng userfault
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Determinism

XA L2 deterministic S OfF &t
o

= 2ol o5 = UNOF

el
=

17




Latencies
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PREEMPT_RT

ol '
- X=X, O ZYO|2te SHSHY =2 F4=
- 2|S20|= o[|0] ArEX} 52 preemptionO] X| &gt

- ElSA AHEES A AHEY T X HE

« gLt AHE RE AN 2dE|= ZEV TR preemptionE == BlS

« PREEMPT_RT IiX|= HE REAM ML= R E FEE preemptiblesty TtE= A0 ZE

« Spin lock -> sleeping mutex
 Interrupt handler -> threaded irg

Pl mutex




Why RT Patch?

why use PREEMPT_RT:
« POSIX/Linux APl => ZtEHst

+ HE=2 StEAN UM AHE 7t

. ABE Ol ST} BT RT Aol S

A Ol ©S
= = [ A DO

« ARLUE[S] =50] &0

why not to use PREEMPT_RT:
« ™M RTOSZ} O

« g|F270 X[Jots EEAH QI SEQ| 0= RTE &S|
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