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CPUIDLEF &% f#R{T 4 [0]RR?

« AARFEESEMK RS L, CPUKE AL T2 AU , PAERIAD NI BI,  cpuss WIS B 2iE 1 81.9%

o CPUZ WK 2HATidlefT%, CPUKIRIEHATIES, FIFESFEH

1 dao_idle{void)

d:::_il:ilE-n:: id)

( Ineed_resched
rmb{ );

local_irqg disable();

« BERMIECPUET N, AFATIRSWE?
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01 CPUIDLEF&Z: un{a] R

o fEfFR I CPUEI’JW#%L?“ et TT HEI’JfJﬂ%‘%EEC state Plintel A4

€1E Ce PLC1E PC2
Core VCC* |_| 1_| = Off off Off off
L1/L2 Cache = = | oo o |
L3 Cache = = — = —
Wake Time* Active i[i‘ |k["‘;| Ii; EI / Q? | )
Idle iner Active ‘_l [] — = e e

. TM’E% 2. MiIdEMWAIT . MONITOR & viJ:CPUiﬁ)\%‘%E‘JC-state

monitorx({const woid *
ong edx)

ox0f, Ox01, Oxfa;™
ecx),

__mwaiﬂ{““_;;'w' long eax,

mds_idle clear_cpu buffers();

".byte OxO0F, Ox01, Oxc9;™
eax), "c© ecx));
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01 CPUIDLEF &L EZS

BT 2R REETUR

sysfs API e kernel sched: eI 4TidlefE5%

* » cpuidle core:

-1 % Hcpuidle device. cpuidle driver. cpuidle governor — > SE4&
-CLeR B AR, W) bR sched BEH iR it 42 1

-Plsysfsiyi, w2 Al 4

-If] 2 Kcpuidle driverst&idl, $24E5 — Kdrivery M ANE BLHE 1
crfresmmrnnn s -1 T 2 BgovernorstBidl, FRAESGE— ) governoryd M A1 EE 4 1
Y * cpuidle governors:

cpuidle core - R E 1 R AR C-statelRZES  (SRBE)

* cpuidle drivers:

cpuidle DR R SACHY,  SEINEE Ny 52 SR CPURIC-state (ML)

RO RIS AE sysfs $% [

do_idle()->
cpuidle idle call->
cpuidle select->
menu_select /sys/devices/system/cpu/cpui

call _cpuidle-> dle/current driver

cpuidle enter->
cpuidle_enter state-> /sys/devices/system/cpu/cpu
Sl Tl 0/cpuidle/state*/time

cpuidle governors

/sys/devices/system/cpu/cpuidl
e/current_governor

cpuidle drivers

mwait_idle with_hints
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01 CPUIDLEF%%: GOVERNOR

governorE #4514 :

struct cpuidle governor {
int (*enable)(struct cpuidle driver *drv, struct cpuidle device *dev);
int (*select)(struct cpuidle driver *drv, struct cpuidle device *dev, bool *stop tick);
void (*reflect)(struct cpuidle device *dev, int index);

5
%0 R i select: K TH G 1% B i C-state HY AT N . B governor HE K :
Ladder
do idle()->
cpuidle idle call-> b G0
cpuidle select-> cpuidle curr governor->select Teo
menu_select (governor)
call cpuidle->
cpuidle enter->
cpuidle enter state-> . - .
intel_idle-> (driver) iL M select S g 21 A 7 AR 44k 2
mwait_idle with hints - ij] A0 ;sz
- TR JEE 7€ fil
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02 BPF #J{AL%

BPFJT K71k
— . {# HbpftraceZs 5 eBPFFE /7
bpftrace -e 'kprobe:do nanosleep { printf("PID %d sleeping...\n", pid); }'

.. ff FlibbpflE K I K eBPFIE /T

o HIEFM:
-WAZYn BEIE T SZ FFCONFIG_DEBUG_INFO BTF=y
KR 22 2% sudo apt install clang llvm bpftool build-essential libbpf1 libbpf-dev

C EﬁU\ Ij\] *Z i?%btf Is -la /sys/kernel/btf/vmlinux
° iﬁ}ivmlinux.h ¢ bpftool btf dump file /sys/kernel/btf/vmlinux format ¢ > vmlinux.h
- HFP Y% 5eBPFFEF:  Chello.bpf.c)

A Bebpfr- 15 il
clang -g -Wall -D_ x86 64  -O2 -target bpf -1 ./vmlinux.h -c hello.bpf.c -o hello.bpf.o

E R BPF BIF-22 (skeleton) A4

bpftool gen skeleton hello.bpf.o > hello.skel.h

25 F P 25 TR R T m#ebp i 7 21 A #%

[H*

JE* % 1 23] . .
 SEIL A kprobe (PIBHRER) 7Edo nanosleep LM A [T, SBIXH 2R G N ebpt/lpecleli i (loadeneaduntbaticn
HER iR
S #include <stdio.h>
#include "vmlinux.h" > S T #include <unistd.h>
#include <bpf/bpf_helpers.h> o HPEFRINE&IEIT #include <signal.h>
#include <bpf/bpf tracing.h> . .
#;Ezlﬁdz <bgf/bgf:cr§rcelf§ead.h> gec hello.c -1bpf -o hello #%nclude <string.h>
#include <errno.h>
/] & X —A4Ado_nanosleeplt] kprobe, 4iit Ado_nanosleepf, & 2#ifilk #include <sys/resource.h>
sEC(”kprobe/do_nanosleep") #include <bpf/libbpf.h>
1{nt BPF_KPROBE(do_nanosleep) e il el e el
pid_t pid;

static int libbpf print fn(enum libbpf print level level, const char *fc

J1 FEICHATHERRG PID. GHEREF ) va_list args)

pid =bpf get current pid tgid() >> 32;

J1 bt printhE SCEE B F o 141 B PID { .
bpf_printk("hello: pid = %d\n", pid); return viprintf(stderr, format, args);
return 0; }
}
/1 7€ XHFATIE, ARV AE N L BT i volatile si . )
char LICENSE[] SEC("license") = "Dual BSD/GPL'; SR WOl bl Gl § 8100
static void sig_int(int signo)
{
FEUOS S ERERGRGE AttRFIFH%EE s 11
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H fE1Ekprobe U+ 2 AR AN BE I /2 I # cpuidle select 50 2 F 7 e BPFAE 7 1) 75 3K

bpf struct_opsf 5] A !
B ] PABHASHE B e N A% P AT B Y "operations structure” (a structure full of function pointers)

& Bistruct_ops & # AT = AR EFBUAFIE, 7T LR N AZ RIS 2E B0 2 2 bpfFE -
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02 BPF STRUCT OPS 4%[4{EFH

o FEWZAE SUHT b struct_ops, cfi stubsfil 7 M AE AR A Heoperations structure
static struct bpf struct ops new_bpf struct ops = {
.verifier_ops = &new_bpf struct verifier_ops,
.reg =new_bpf struct reg,
.unreg =new_bpf struct_unreg,
.update = new_bpf struct update,
.check_member =new_bpf struct member,
.init member = new_bpf struct member,
.init =new_bpf struct nit,
.validate = new_bpf struct validate,
.name = "new_bpf struct ops",

.cfi_stubs = &struct ops_to_be replace,
Ij\j .owner = THIS MODULE,
B };
’ﬂﬂIJ o IERALE WIZ KRS 2bpfRE TR, struct ops to be replace i HL ?
BPF tepealfJ iy = SEH NS HESL A O 125 Mtep_congestion_ops BPF schedulerfffiik: & X —A> 51 B 2RAH L) 25 8 A sched _ext opsfii Ay
%4 struct_ops_to_be replace struct_ops_to_be replace,
== | tep_congests : I Bt extifl B2 R AH R JZ 751 5 Fext i [51 1 e& 20 1 Fsched_ext opsfH]

EIRPSEE

L sche Ps |{

32 (*select_cpu)(st task_struct *p, s cpu, ut4 wake_flags);

1d (*enqueue)(struct ta 164 eng_flags);

id (*dequeue) (st

1d (*dispatch)(:

congestion_ops .
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02 BPF STRUCT OPS 4%[4{EFH

« iTFcpuidle governor i HE Z|bpfFE/F ), struct ops to be replacefJFEHY ?

TR
Z#BPF tepea , L7l {kcpuildetE e & 1 45 4 f& cpuidle_governorfif
struct_ops_to be replace

static struct cpuidle governor ext cpuidel governor;

static struct bpf struct_ops bpf idle gover ext ops = {

.cfi_stubs = &ext_cpuidel governor,

}
A |
*Z Bt T MBS cpuildeHEZEARRL i 25 Ab 31
WJ do_idle()=>

cpuidle idle call->
cpuidle select->
if( ext _cpuidel governor exsit)
do_ext cpuidel governor();
else
do other governor();
call cpuidle->
cpuidle_enter->
cpuidle enter state->
intel _idle-> (driver)
mwait_idle with_hints

X
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TR
275 BPF scheduler, & X —~Ycpuilde governortH B £ 14 f4&
__bpf ops_idle_gover ext opsffiistruct ops to be replace

struct idle_gover_ext_ops{

void (*ops_select)(void)
H
static struct idle_gover _ext ops _ bpf ops idle gover ext ops = {
.ops_select = ops_select _stub,
H

static struct bpf_struct ops bpf idle_gover ext ops = {

.cfi_stubs=& bpf ops idle gover ext ops
i

Frifext governors

static struct cpuidle governor ext _governor = {
.select = ext_select,

§
fEext governorf¥select =] i i £+ i FHlidle_gover ext opsf[A]iff

static int ext_select(struct cpuidle driver *drv, struct cpuidle device *dev,
bool *stop_tick)
{

__bpf ops_idle_gover ext ops.ops_select();



STRUGT_OPS %541

* struct_opsyF it
TE 8 (¥ cpuidle _governor ext _governorZE ) 4f 1 i v it

static struct cpuidle governor ext _governor = {
static int __init init_ext(void)

.name = "ext",
{ rating= 20,
.enable = ext enable device,
register_bpf struct ops(&bpf idle gover ext ops, idle _gover ext ops); select = ext _select, a
return cpuidle register governor(&ext governor); reflect = ext:reﬂect,
} 35
« struct_opsf &t
£ reg [0l FF AT eBPF struct_ops % #: P #struct ops
N static int bpf igx_reg(void *kdata) ] ] )
*Z { static struct idle_gover ext ops  bpf ops idle gover ext ops = {
,ﬂ_”J printk("%s Called\n", lﬁlncl); .OpS_Select = OpS_SeleCt_Stub,
}\ __bpf ops_idle gover ext ops = *(struct idle _gover ext ops *)kdata; H
return 0;
! static struct bpf struct ops bpf idle gover ext ops = {

.reg =bpf igx_ reg,
e struct_ops H1IE Ji .unreg = bpf_igx_unreg,
- .cfi_stubs=~& bpf ops_idle_gover ext ops,

fE.unreg[Rl 1 H i& Jistruct_ops, TEF A% 1EeBPFRE 7 I il & }
static void bpf igx unreg(void *kdata)
{
__ bpf ops_idle gover ext ops.ops select = ops select stub;
return;
}
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BPF STRUCT OPS 434 {EHH

tCBPRRY . AR

SEC("struct_ops/simple_dummy") . .
void BPF_PROG(simple_dummy) intmain){
struct simple igx_bpf *skel;
¢ truct bpf link *link;
bpf printk("simple dummy ENTRY \n"); Struct bpt_link =ink,
return;

| /* BT R AE R BR e/

/¥ INEFFIEAE ebpf N HFEF */

SEC("struct_ops") skel = simple_igx_bpf open_and load();

struct idle_gover ext _ops simple = {

ops._select = (void *)simple_dummy, // bpf map__attach_struct_ops 34 lyF M —A> struct_ops map W% T R 5t

1 link =bpf map attach struct ops(skel->maps.simple}
)Eﬁ while (!stop) {
)il fprintf(stderr, ".");
. - 1 1);
] PRI AR HT , e
N - SEC(".struct_ops")
FI+ BPF 1 2L #e 1Y struct_ops 4514, oty
B0 24w sL B idle gover ext ops simple. LRk

bpf link destroy(link);

_ n "
SEC("struct_ops/xyz") simple_igx_bpf _destroy(skel);

T XA B A R )
idle_gover ext ops simpleff] 1] 1 pR %L
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& B BPF struct ops ,» A4 0] Lt cpuidle select SRS IEFS 2 H M, (BAKIRE J/RFR1E:
- UiRe Z#E:  eBPF iz TR WA Dy Re /48 Bl e& B3 AR B 75 B RE 2 BE 77
RTER: FEESFEHER RPN AZH, 1 eBPF JLiZzH 46 R AL BIX L FE K .

Kfunc (BPF WAZERED #5] A !

BITAE N IZ o XARE 2/ kfune, B LK eBPF HIRE I8 FE 2R FR #i1] 2 4):
- BB TNRE: O] AFRdE eBPF B4 B RN T] T ERAE

- EHT N RIEREREE 7 R e F N %A B,
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02 BPF KFUNC 454t {EH

/* FF4d kfunce & X */
__bpf kfunc_start_defs();
«  eBPFFEf?
/* 5 X kfunc my_bpf kfunc*/
__bpf kfunc int my bpf kfunc(int val)

{
do_something(); /* P BN kfunc */
trace printk("%s %d\n", func , val); extern int my bpf kfunc(int val)  ksym;
return 0;
} SEC("struct_ops/simple_dummy")
int BPF PROG(simple dummy)
/* 255 kfunc & X */ {
__bpf kfunc _end_defs(); int ret;
)EH bpf printk("simple dummy ENTRY \n");
Ij\j /* %€ X BTF kfuncs ID 4 */ . ret = my_bpf kfunc(123456);
; BTF_KFUNCS_START(my_bpf kfunc example ids_set) ):' return ret;
1:2 BTF_ID FLAGS(func, my bpf kfunc) )
BTF_KFUNCS_END(my_bpf kfunc example ids_set) /ﬂj\lu

(il
static const struct btf kfunc id set my_ bpf kfunc example set = {

.owner = THIS MODULE,
.set = &my_ bpf kfunc example ids_set,

b

JH*

* init_ext - initializes the governor
2

static int __init init_ext(void)

{

int ret;
/* £/t BPF_PROG_TYPE_KPROBE [{] BTF kfunc ID £ */
ret = register btf kfunc id set(BPF_PROG _TYPE STRUCT_OPS,
&my bpf kfunc_example set);
}
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02 BPF KFUNC %F%{F

— N EE R D HeE -
1M I ebpfFE 7 ) R iG1EH],  1E$E E W cpufE e FEC-state i s il 3F N &R C-state
eBPFFL
= TR )EE
S A -
% ]
fn vl -, _for_
. HPEF
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02 BPF RBEE

BPFIIX fEcpufreq governor

BPFIi{ BEio schdule

BPFIR EEgpu schdule
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