Linux Cgroups TEfE

T4 zhefwang@gmail.com



mailto:zhefwang@gmail.com

Linux Cgroups Vi T b Copyright (C) 2012 F &k

CBIOUPS FE T A T ettt et e et et e et ee et et e et et ea e et e et eee e ee e et enens 3
CEIOUPS FI LA A 7 oottt ettt ettt ettt as s s eaenenn 3
CroUPS FHTEHE R FLIHETE R oottt ettt 3
T oottt 3
LI ZR 1ottt ses ettt R R 4
CEIOUPS T R GETTZH oottt ettt ettt et e st e s et et et eas s s et et esean s aneteen 4
CEIOUPS TIITZEIML .ottt e et et e et et e e e e eseeeseseee e et eeeseseeeesaneeeseneeeseseeenenas 4
U GERE] oottt 4
CEIOUD SUAEZR T ettt ettt sttt a ettt et anae st aeteanaeas 8
CErouPs T T A THVET HE oottt ettt ettt ettt anneas 8

CErOUP SCAEZRGEITTEEIIL oottt ettt e e e e et e eneneneans 9

T RRGEIET I ettt 11
CPU T ZRG ettt t s s st s s s anas 11

CPUSEE - ZRG0 ettt ettt ettt ettt s ettt ettt ettt eees 15

MEMOTY T 3G ettt ettt ettt ettt et s et et et et es s et et eaeas s et etetene s anans 19
BIKIO 1" ZRZE cevveneeneereeseeseeseeseseseesse et s ettt 23

FFEEZET T 2R ettt ettt sttt ettt et ettt sttt st s s nnanan 24

AEVICES T R v vevereteteteeeete ettt ettt ettt ettt ettt s st s n st s s s s anas 27

1S T R T ettt ettt e ettt et e ettt e et e et et eetete et et et et e et eat et ereateaaeteeeanenaeans 31



Linux Cgroups Vi T b Copyright (C) 2012 F &k

Cgroups &fH4?

Cgroups & control groups N4, & Linux WAZFEAE—FRoT CLRRE]. ds%. B s difedl

(process groups) P A B %P (Ul: cpu,memory,lO Z555) [IHLHI. &I google
TRENEE Y, G RAHE S Linux A%, Cgroups & LXC by SEHL R 4PLAK BT A5 FH #) s )5 i #
FB, W LA cgroups BT LXC.

Cgroups A IS4 ?

Cgroups 511 B Ar A2 A TR BRER AL I — N R —HIHESE, BRHEA LA 1 cpuset 551 R4t

W AR TP EH T R D . DIAER cgroups iEH T2 AN 75, MEABERE

PR, B HERE RS E IRV R (OS Level Virtualization). Cgroups $2ft 7 — FIhfi:

1. BRI 3E R ZH AT LU % U $E (Resource limiting Do Hbfl: memory T R4 A] LA HEFE

HBE— memory {FFH FFR, — HEFR2H AL 1) 4 A7 2 BRAFT HH 8 A7, s ik ooM
(out of memory).

2 REA IS A= (Prioritization Do Lbiin: ATLAEH] cpu 7RG A AN BEREL 2 Bilkr 2

cpu share.
3AC SRR AE T K % JE SR (Accounting Do Ebll: A LU# ] cpuacct 1RG0 sk HEANIERE
ZHAE I cpu I Ja]

A4 HEFRZH IR Gisolation) o Lbn: 4] ns + &40 n] U AN [R] I EFRZH A F A [A] ) namespace,
LERIBE S H I, AFEIERRLIA S B WS, U RG],
5.FFEAHFE ] CcontroD). Hotl: fHiH freezer T RS8R LUK HERE A HHE MK K .

Cgroups fHXHE S L H KR

MRBES

14145 (task). 7E cgroups 1, E45mit RGN—MNERE,

2755 HE (control group). ¥l AE#E A& — AL f2 B A AR UE R 43 O EFE . Cgroups HH %%
P e AR A A B SEI . — N ERE VT LUIDAN B3N 0, A — AR AT
MR — AR . — AN UERRA R R LU cgroups DARE IR A B 23 L V) B U5

[F] I 52 2] cgroups DAF il TAHHE A FRLA T (1) PR

3.2 Chierarchy). ¥EHIIEHER] LAZLZ AL hierarchical FITEZ, BE— Pl RERS o 12 ik
TR b PR3 AR A I A ALY R A BTG (£, AR AR SRt I R o R g e

41 RS (subsytem). —ANF ARG LN HIEEHIA, LW cpu T RGEWIEIEH] cpu BT
B HCH — R . FREWI I (attach) B—ANZEH EAGEEREH, —ATREH
BN ZHLLG, XA R P IR 2 21X 1 RG]
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HEXRR

LARRAE RGP AIASHZ R, ARG I ARSI Z R ITERIN cgroup (FRATTRR
2 root cgroup , McgroupfEAIEEZN HANEIHE, J5IHIEZ)E R DA K cgroupdf & it
cgrouplf)JE ) IRILR R -

2T ARG E KB Ina— N Z4.

3. NEE AT LI N ZA T R 48

4. MMEF AT LLUE Z /N cgroup i, AH & IX Ecgroup U Ji AE AN [A] (1) 22K

5. 2GR (B4 Gl TR (E45) I, 1% FATS B8l JACHEFE T TE cgroup 1)
B ARG TR T LK% TS ) BIANFR) cgroup T, AHIFLRIN S S g 4k A HACAT 55
ffjcgroup.

Cgroups TRAGNH

blkio -- XA T RYA P A BOE N ], L e g (RLEE, [HASEESE, usB 4F
)

cpu - EANT RGAE A ERE PR AN CPU 1 cgroup (E5511M).

cpuacct - XN TR AN cgroup ARSI cPU ik

cpuset - XNT RGN cgroup AT BCAMAT CPU (FEZ L RS FINAET /i
devices -- XA T ARG A SRVFEHIELL cgroup AT 557 Ml 45

freezer - XA RGHER WA KT cgroup THIES

memory - XN FRAWE cgroup RSN ARSI, H 30 AE R IR T55-4d T (1)
WAF B AR o

net_cls -- XA T RGAE S RIRMAET (classid) bric MEE4L, 7] ALY Linux B2 IR
Fr (to) WM EA cgroup A AR KB 6D -

ns - AT RS

Cgroups WA SEHL

BmE

FRATTIERE R R AT cgroups AH IS 4500 L IAIIR) G R o
1F Linux 1, 5 PRUERE IO £ 45 44 42: task_struct, H:A 5 cgroups 1 KK
#ifdef CONFIG_CGROUPS
/* Control Group info protected by css_set_lock */
struct css_set *cgroups;
/* cg_list protected by css_set _lock and tsk->alloc_lock */
struct list head cg_list;
#endif

HorfegroupsREN TR T css_setZhit, TMicss_setfffiti T 5 3EFEAH ] cgroupsfs K. Cg_list
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se MR A list_headZi#e), JHTREE R [Rl— A css_setiERRAH LUk — MR . Nl AR
Ficss_setff)ZhH:
struct css_set {

atomic_t refcount;

struct hlist_node hlist;

struct list_head tasks;

struct list_head cg links;

struct cgroup_subsys_state *subsys[CGROUP_SUBSYS_ COUNT];

struct rcu_head rcu_head;
}s
Hrrefcountitizcss_setM5I %, KA —css_setn DIk 2 AMREREIL], NS ek
(ficgroupsfs AT, Lhln: 72T O O8I 2 G LR #E [F— A~ cgroup B KIEFE o
hlist &k AfJhlist_node, M T css_setHLU—Nhashi, IXFERRZ AT LAPLHE A %
FEZMcss_set.
tasksiBIA T ER I css_set MR RIS
cg_links#g—A Histruct cg_cgroup_linkiE kst .
Subsys & — ™R EF H 4l , A7 it — 41 §8 M cgroup_subsys_state 1 f5 £ . — A
cgroup_subsys_statefi /2R — M E T REAKCIE R @ XN FaE- 84l R
PLSRAF A [F cgroups s B T .
N IRATH KB cgroup_subsys_statelfI 4
struct cgroup_subsys_state {

struct cgroup *cgroup;

atomic_t refcnt;

unsigned long flags;

struct css_id *id;
}s
cgroupfRErfR I T —~cgroup4itt, e tfE T Mcgroup. BEFERZEIF R MEH], SLhs
IR E R I B 2 K cgroupSEBRIK), A b cgroupER e 244 L, T RGO NI 4
W @ B = A gk, #E R s nT BLORI cgroup % B 2 K T .
task_struct->css_set->cgroup_subsys_state->cgroup.
THRA T KE cgroup M 451
struct cgroup {

unsigned long flags;

atomic_t count;

struct list_head sibling;

struct list_head children;

struct cgroup *parent;

struct dentry *dentry;

struct cgroup_subsys_state *subsys[CGROUP_SUBSYS_COUNT];

struct cgroupfs_root *root;

struct cgroup *top_cgroup;

struct list_head css_sets;

struct list_head release_list;

struct list_head pidlists;
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struct mutex pidlist_mutex;
struct rcu_head rcu_head;

struct list_head event_list;
spinlock_t event_list_lock;

s
sibling,childrenflparent =4~k A ) 1ist_head £ 57 % [F] — JZ 2 ) cgroup i& 2 J — i
cgroupt .

subsys it —NREFELAL, 76— 4138 171 cgroup_subsys_state (484t . X444 10 T It
cgroupREN T AFEMKEHE LR, XN css_set P HEHE—FEHT.
rootg 1 T —~cgroupfs_rootMI&ity, Wit cgroupITfEMI 2Nt N &k, IXFECLR, 2
HIR B J LA cgroups B sl e Rk 1
top_cgroupif il T HT{E)Z 4 I cgroup, il & B )2 20 A sh @A~ cgroup.
css_setifli—/NHistruct cg_cgroup linkiZjkfaE#R, Mcss_setdicg links—Ff.
NIHFRATR T — S ess_setlcgroupZ MK R FATEHE—F cg_cgroup_linki)45iHs
struct cg_cgroup_link {

struct list_head cgrp_link_list;

struct cgroup *cgrp;

struct list_head cg link_list;

struct css_set *cg;
}s
cgrp_link_listi# A#l|cgroup->css_setdi L, cgrpll4Rinttcg_cgroup_linkAH5CH
cgroup.
Cg_link_listN#EAF|css_set->cg_links#RnMEER, cgllfi M tbcg_cgroup_link#H %)
css_set.
B A A2 BEXFE B v We ?
A&k cgroupflcss_set it —/ N2 X2 IR, WA IN—>HH 18] 45 A6 KK A 38 16 ARk ok
X R R R BT AN EFE . cg_cgroup_linkH [ cgrpMilcgmlt & 46 AR (I 4, 17
cgrp_link_listflcg link_list%iliEAF|cgroupficss_setHM N HaER, 1157 Mcgroup
Bicss_set#n] LT ik [ 25 i o
W2 cgroupRicss_set it Z £ 1K RN ?
—ANEREX Ncss_set, —A~css_setfefiti T —AERE (VA% v Rag LA EREIL S, BT DU
—4D) IRENTREAKIE R, FEIXLEE DG REAE N — A cgroup B LRI, I —
ANHERE AT LLFINE T LA cgroup, HBEiXScgroup MEFR N2 24011 TAI8IE—4
JAHA, AL T cpuflimemory AN 548, dFEBIE TAMIcgroups AREIRATHGIE —1
JERC, C RN T nsMblkio 1 R 40, HEREBIFRIAEE T-CiUMR cgroup; A REREBIS M ficpu
Fimemory 115 S/ AR cgroup3R 1511, nsfilblkiofs BIJE MCIIR cgroupdifSir. Rk,
—css_setfEfitifficgroup_subsys_staten] LIXf . Z4~cgroup. 5571, cgroupthfFfiE I
—#lcgroup_subsys_state, iX—#lcgroup_subsys_statelll & cgroup M T 1) J2 2 bt
FAREHASN . —Acgroup i I Z AR, XK css_set A—E#BHHIH, BAH
L8 B A RE R N T LAl cgroup o fH 2 [A] — /> cgroup H 1) HE FE 5 % cgroup 5K Ik (1)
cgroup_subsys_state#fi5Z 2 i%cgroup ) B (cgroups i R4 & Ll cgroup i B4 D [,
FrA—A~cgrouopt i LUIXT N 2~ css_set.
A Ay A4 BEXRE— A e 2
METTE 04T, FRATTATLLE B MtaskE| cgroup 2 IR 7% 5 A i), {B2 M cgroup3klititcgroup
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I FTAT I tas kit A ZIE L IX AN G5 T o BEDBEREHR S48 17— AN css_set, M 5iX/Ncss_set Ik
T A R AR 2 BE N B css_set->tasksHEd . 1M cgroup )il ik — AN Al 4544 cg_cgroup_link
KT 52 KB T css_set, MM A LAH 25 cgroup KIB I A7 1EFE o
BOREIRATE — T 2RO RGN N G5 R  2Z00) N (¥ 45 K444 /& cgroupfs_root :
struct cgroupfs_root {
struct super_block *sb;
unsigned long subsys_bits;
int hierarchy_id;
unsigned long actual_subsys_bits;
struct list_head subsys_list;
struct cgroup top_cgroup;
int number_of_cgroups;
struct list_head root_list;
unsigned long flags;
char release_agent_path[PATH_MAX];
char name[MAX_CGROUP_ROOT_NAMELEN];
}s5
Sbi [ 1% J= L ORMK I ST R Gk gk
subsys_bitsHlactual_subsys_bitsJ Al 4a ke BB N2 2 20 1 R G RILAE SE bR b n 2 2
BT RE, £ TREWMENZRNEH
hierarchy_id&iZ/=2ME—1id
top_cgroupiilni%/z= 4 MR cgroup
number_of_cgroupsitski%/Z % cgroup M4
root_list/t—/MkARIlist_head, FTK ARG IZS0E R EER
T RGN MR 45 14 7 & cgroup_subsys :
struct cgroup_subsys {
struct cgroup_subsys_state *(*create)(struct cgroup_subsys *ss,
struct cgroup *cgrp);
int (*pre_destroy)(struct cgroup_subsys *ss, struct cgroup *cgrp);
void (*destroy)(struct cgroup_subsys *ss, struct cgroup *cgrp);
int (*can_attach)(struct cgroup_subsys *ss, struct cgroup *cgrp,
struct task_struct *tsk, bool threadgroup);
void (*cancel_attach)(struct cgroup_subsys *ss, struct cgroup *cgrp,
struct task_struct *tsk, bool threadgroup);
void (*attach)(struct cgroup_subsys *ss, struct cgroup *cgrp,
struct cgroup *old_cgrp, struct task_struct *tsk,
bool threadgroup);
void (*fork)(struct cgroup_subsys *ss, struct task_struct *task);
void (*exit)(struct cgroup_subsys *ss, struct task_struct *task);
int (*populate)(struct cgroup_subsys *ss,
struct cgroup *cgrp);
void (*post_clone)(struct cgroup_subsys *ss, struct cgroup *cgrp);
void (*bind)(struct cgroup_subsys *ss, struct cgroup *root);
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int subsys_id;

int active;

int disabled;

int early_init;

bool use_id;
#define MAX_CGROUP_TYPE_NAMELEN 32

const char *name;

struct mutex hierarchy_mutex;

struct lock_class_key subsys_key;

struct cgroupfs_root *root;

struct list_head sibling;

struct idr idr;

spinlock_t id_lock;

struct module *module;
}s5
Cgroup_subsysi& T —4#AE, iE&A T RGNS AT LI XML T+ %
B, BRE SRR T RGN N.cgroup_subsys ML SIZHL T AH B4R 1) 128 U ARIE
B¢ FHAE T cgroup_subsys_state'l', cgroup_subsys_state fA & XishE B, mREEX T
BT RGHFERNILFEE B, biniZcgroup_subsys_state WEMcgroup. RJG&NT RYE
FRAR S % AR 2 L8 LA OBt mE Bk, & (e & BB S5 AR ok
cgroup_subsys_statefd & #f 2, X AEIE I Linux W A% ) container_of %5 %7 5t v] DLl it
cgroup_subsys_state R 45 k44

Cgroup RS

Cgroups F =B &

Cgroups H P28 BB cgroup SCAE RGN

Eetn A — AN E K

mount -t cgroup -o cpu,cpuset,memory cpu_and_mem /cgroup/cpu_and_mem

EA A — N4 cpu_and_mem 1124, XANZEH EMINT cpu, cpuset, memory =4
TR, HEZHHEER T /cgroup/cpu_and_mem.

B —"> cgroup:

cd /cgroup/cpu_and_mem

mkdir foo

WL CL B4, BATTEAENIA G 290N B T —ANnY foo [¥) cgroup.

k1 cd foo, K)o 1s

PRos RIS, 1K cgroups MG T RGUMIETISCIE, AR AT LABIBOX S6 4 S, X ee
T SCA AT it B R A2 X AH B K cgrouop FOFESHIME B, R AT LS F2 ) SOk BE s il 5 L
XL A, A — A tasks 3CPF, HHAE THTH S TXA cgroup HIREREIHER 5
TENIA G foo F, R cat tasks, MNiZs&ZSM, FENHEIXAS cgroup HLHid A .
% cd /cgroup/cpu_and_mem Fi cat tasks, FRAJLUE BIRG P AR S, X2EH
NI A E R IR, RGP IR A SN2 Z IR cgroup Hiifi. Tasks 3L
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PEAL AT LR, B LVE, R — DR RS B ANBIHEA cgroup HX T tasks Hi,
PR XA R T AR cgroups

Cgroup JLAF RS HISEI

1E9F cgroup SCHF R G SEILZ |, WA /44— Linux VFS.

VFS SRS R, DN WA, FRAEEEY unix PR SO R I 5
GeH . VFS X A SR e — e S 5 SO R AR B 1, S P W S S s BN, R U
IR E SO RGN . HAKIS, STHAENAZ AT 2 — A File Bl 4k K& R 1. XA
AR BT F_op MBI FBT RS T — AR IR € S R LI s B 5. AP
AT read () #RAENT, WA sys_read(),%R)5 sys_read OO EHIR A ZICIFE T3
RN R EGRE, JFEAHE, B file->f_op->read().

VFS SRR, EXH, 05— MRAait, B X8dE e X T2 ElgfE. 471
BOE, Linux JERA R CH+ 2 BINIHNRN R INIES, KM T C gk, SRIG7E4sf AR
8 LT —RA R EFRER, X8 R AR B XN X S 1 7

VFS U R GEE XL T LU R A G

LT % (superblock object)

TEIR 24 A RGN A KT B

Z5 1 S (inode object)

AFTBOR T FARSCAF ) — A5 B

L% (File object)

LT TF SO 5 R 2 TR A LA

H k6% (dentry object)

AEIBCH S5 IS 0 B SO AT BB 1A A R

BT VFS SEBLRSCAE RS, RS E SOX AT B, SR e G b e SCH R R
cgroup ARG AHIAN, THIENKE cgroups HIXLEXT G Lo

cgroup XIF ARG E X:

static struct file_system_type cgroup fs type = {

.name = "cgroup",
.get_sb = cgroup_get_sb,
.kill sb = cgroup_kill sb,
}s
XHRAEX TR, X T ARG DB ASEI T WA A
get_sb,kill_sb, RUIRTFHEHEAIBHGEL L . X MEESTEMTH mount RS H 2K
cgroup S RGENHATH
cgroup BT X
static const struct super_operations cgroup_ops = {
.statfs = simple_statfs,
.drop_inode = generic_delete_inode,
.show_options = cgroup_show_options,
.remount_fs = cgroup_remount,
}s
Cgroup TylHuE X:
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static const struct inode_operations cgroup_dir_inode_operations = {

}s

.lookup = simple_lookup,
.mkdir = cgroup_mkdir,
.rmdir = cgroup_rmdir,
.rename = cgroup_rename,

7E cgroup XA G, 1# 1 mkdir €)% cgroup 5 F rmdir MHIER cgroup I, mi<sifi
AHN (R R B R AR R R Len: fEH mkdir G5 cgroup I, <M cgroup_mkdir,
SRJGHE cgroup_mkdir AR A HAASZEL cgroup_create BRI

Cgroup SCIFHRAEE X:

static const struct file_operations cgroup_file_operations = {

}s

.read = cgroup_file_ read,
.write = cgroup_file_write,
.1lseek = generic_file_llseek,
.open = cgroup file open,

.release = cgroup_file_release,

i cgroup SCAFRGET, % H g TR RIS EATERAE R, S HIZ S MR bR BT 48 1) 11 B
Bo tedn: S SCHESE TR, & cgroup_file_read, fE cgroup_file_read 1,
SRR T B SO R IR cftype SR A SRR 52 R K

BATHKE cgroup MRS cgroups #1314 Cgroups & X —A cftype H4E

R kA BRSO R TRE cftype HIE X:
struct cftype {

char name[MAX_CFTYPE_NAME];
int private; /*

mode_t mode;

size_t max_write_len;

int (*open)(struct inode *inode, struct file *file);
ssize t (*read)(struct cgroup *cgrp, struct cftype *cft,
struct file *file,
char _ user *buf, size t nbytes, loff t *ppos);
u64 (*read _u64)(struct cgroup *cgrp, struct cftype *cft);
s64 (*read_s64)(struct cgroup *cgrp, struct cftype *cft);
int (*read_map)(struct cgroup *cont, struct cftype *cft,
struct cgroup map cb *cb);
int (*read_seq string)(struct cgroup *cont, struct cftype *cft,
struct seq file *m);

ssize t (*write)(struct cgroup *cgrp, struct cftype *cft,

struct file *file,

const char _ user *buf, size t nbytes, loff t *ppos);
int (*write_u64)(struct cgroup *cgrp, struct cftype *cft, u64 val);
int (*write_s64)(struct cgroup *cgrp, struct cftype *cft, s64 val);

10
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int (*write_string)(struct cgroup *cgrp, struct cftype *cft,
const char *buffer);
int (*trigger)(struct cgroup *cgrp, unsigned int event);

int (*release)(struct inode *inode, struct file *file);
int (*register_event)(struct cgroup *cgrp, struct cftype *cft,
struct eventfd ctx *eventfd, const char *args); /*
void (*unregister_event)(struct cgroup *cgrp, struct cftype *cft,
struct eventfd_ctx *eventfd);
¥
cftype R T & S 1) 4 FFAH AU SRR IEAh, B ST R ST 3R 1R ek g
Bt o AR AT LA AR AR, 0 SCPFEAT BRI, ARG RR R S5 ) (1 s B s i
gity I8, cgroups M S2Hl cgroup ARGk N IR HE cgroup T
H, 1 cgroup XHFRGEFET Linux VFS SEHU). AN, cgroups Ml ciFE LT
AN R ER 4544 cftype, X HA5AFE i cgroup U RS0 X BAE S 3, PR cftype
7 SCHHEARSZH

FREHIZIN
cpu TRA

cpu 1 F 48 H T 45 il cgroup P A 3ERE 0T LUAS ] 1 cpu ) 8] o BN T cpu - R
hierarchy I 1f & 37 ¥l cgroup 1) H & N #8457 —>cpu.shares ) SCHF, X5 N SEHE AT LA %
cgroupIRTFIINF[A] o il ZEPSS cgroup HEBHE cpu.shares BE R 1 MIAES544A AH ]
] CPU W], {HZE cgroup "1 cpu.shares &iEN 2 MIATS A H K CPU I ] 2 4F
cgroup 14 cpu.shares BOEN 1 AL HIAEAI) CPU I IRIT S £ o

cpu T ARG I Linux CFSTH % ST o BT LAZE N SHepu T RS 201, Je iR HLiit— RN CFS
LR %IMEEIngo Molnarfiiiik: "CFSTT 22\ TAE v LUT — il Wb . CFSYEELSL i fg 14
R T SE AR 2 AT S AR . A e BRI AT AN FERS R, AEASHEFEHESBE A I gk
FACPUIKIPAT I A o 24 RGP AT BN HERE I, CPUKI SIS IR 4 20 e B 47y, AN 3EFE R 1550%
SRIMAESERRREAE L, 2 — A0y H CPURY, e HERERL 2035 A . T LACFSB 4 31 2 /iy
AR, AL R RS A N O I R T R S BT AR o B ST A R () AR S

CRSTJi 2 &K T A7 R A I RUNABLE FRIBERE AR BAR AN ZL M o AEREAN R BE 5, RS BE #5441
SIIEPRLT PR () B e S A 179 A R — N3 A cpu RS . TRZL B IR BB S T At
SELPIWE 2 21 SR PR SRR A2 ERE BT 1S () MRS AT I 0] o — AN ERE IR B LIS AT I ()2 ERE I ()12
AT (R IN Ta] 42 AN 21 R oh A7 1R A R normalized (1) 45 5

Rk tick BT, CRST 2 A 10 B S g RE ¥ e HUE AT I ), AR R 48 A T R A 20 R
AL, TR SE B an R R I AR AN it d A3 1, PR idneed _resched R,
Hp T IR B B sk 2 1 F scheduler () 58 BERE D15

R, BRI R AR B RS AT R SR . Arfesl T, RRktick 14T,
CFST B2 # BL T bR (1) MBS AT I () o FISIX AN (]2 B ATHER R 2 RS SE 1T Sk A%
I IsF (] 32 4T I 6] delta_exec, 4K J& of & normalized Jii [fY) delta_exec_weighted , i Jii i %F
delta_exec_weighted il 21| dF #2 1) [ U iz 17 0 o) b o B 2E R0 26 S o0 19wt 2

11
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delta_exec_weighted, delta_exec_weighted=delta_exec_weighted*NICE_O_LOAD/se->load, *:
HINICE_O_LOADJE/ M &, TMise->load BRIEFE M nice E i L,  RIIEFEAL e geilim (nicef
H/N) Mse->loadfik, WITHEL H K () delta_exec_weightediffi/)y, SXAEREFEL 20 2 I kR
AL AT LASRAS S 2 () cpultf 1) .

I SECPSIEE RS, AR A cpu T FR G & el 1 1 CRSTF B2 25 S B« CRSTR 28 AN
IR TR S, SRR TRERRAL AL E . CrsHhE LT — A task_group 14 4
AR A BRI %
struct task_group {

struct cgroup_subsys state css;

#ifdef CONFIG_FAIR_GROUP_SCHED
/* schedulable entities of this group on each cpu */
struct sched_entity **se;
/* runqueue "owned" by this group on each cpu */
struct cfs_rq **cfs_rq;
unsigned long shares;

#endif

#ifdef CONFIG_RT_GROUP_SCHED
struct sched _rt_entity **rt_se;
struct rt_rq **rt_rq;

struct rt_bandwidth rt_bandwidth;
#endif

struct rcu_head rcu;
struct list head list;

struct task_group *parent;

struct list_head siblings;

struct list_head children;

¥

task_group "' P ik T — /> cgroup_subsys_state, tH gt & Ui #F R 0] DL AE o
cgroup_subsys_state >k 3k O ‘& Ft £ /) task_group, [ ¥ #i cgroup 8 v DL i@ o
cgroup_subsys_statekKFRHUE XM [l task_group, [ IEFE Rl cgroup B A7AE T — 4
cgroup_subsys_statefq4l .

struct sched_entity **se/&—MEHEA, 7T —4f5 M i%task_groupftfii~cpu
HI SR (Bl—A struct sched_entity).

struct cfs_rq **cfs_rqtl @& —MEEHA, fFE—4T5 M %task_groupftfii~cpu
PR AN T EE R R BA S o

Parent. siblingsfllchildren=~/M154t 1135 ¥ task_group % — ik, X
cgroupM AL,
BT XAEIRE ), TATTRCFSTE P BE I I g (B A AL BEREREAH 1) o FRATIL 2 NCFSXTtick
HH T PR A R4
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CESXTtick P WA #ifEtask tick fair'iH{T, fEtask tick fairtf:
for_each_sched_entity(se) {
cfs_rq = cfs_rq_of(se);
entity_tick(cfs_rq, se, queued);
¥
BATE SR E — TAELUAE RN T, for_each_sched_entity /&4 & X
#tdefine for_each_sched _entity(se) \
for (; se; se = se->parent)
REMCUFTHERE M se T4, Wi task_groupt N K 2| Ex)selfiHentity_tick, BIEEHT#&A>
selP) EFIE 17 I [a]
EARAL LR, #define for_each_sched_entity(se) \
for (; se; se = NULL)
R 20 iy se b 2.
CFSAbFHTEtick T i, WA WER AT, CFSIMAE &ilidpick_next_task_fair
BRHGE R T —ANBATIIERE . fEpick_next_task_fairtf5:
do {
se = pick _next_entity(cfs _rq);
set_next_entity(cfs_rq, se);
cfs_rq = group_cfs_rq(se);
} while (cfs_rq);
TEXAMERF, EENERTIBASE — N se, XAMERARLLE —FER) (40 B0 e 2030 s
RO, FifEseB BT —MEATHse, fMNZsedkiiZsexf N task_groupf cfs_rqg
(R iZsex) N — AR AE— M task_groupffJifi, cfs_rg24CINULL), ZkEaX AN FE
HElcfs_rgh =, BIYseX) N E—itfe.

il &2, [Al—= i task_group R Uk a4 B RIFE 1)1 B SEpA R 3, ik 2 1) &
task_groupitf, NXftask_groupf# ¥ mE XA SR, HBENER NS ke
HMEE — N cgroupffsharesiiiltf, iZcgroup4fF—ANHAAFIE R i EFE e HAb cgroup
4y Fcpultial. el , T AEM cgroup R .cgroup A, ¥ H:shares l 41024, 4 Z.cgroup
B, ¥ sharesi® 42048, FRfF Lt 7l A ZIX A~ cgroupth, WU IR B2 1) 45 SRV
1% EA:B:C=1:2:1 (Wlcpuy ], A2 R G H A BIASBIEERE ),

SR CFSTEMIER T tick ok, A & A B KR I AT s AT AR . CFS
AbFEIX AN LT R S e enqueue_task_fair, fEenqueue_task_fairHifg:

for_each_sched_entity(se) {

if (se->on_rq)

break;
cfs rq = cfs_rq_of(se);
enqueue_entity(cfs_rq, se, flags);
flags = ENQUEUE WAKEUP;

¥
BATHIH O L B idfor_each_sched_entityfE41IHE FHIE X T, XH K YHTseflsef
H AL SH AL B (enqueue_entity), M7ZEARAHERE T, NSk YhT
se RS IMARIAT . dfpaX P 2zE R R IN, 78 T7Epick_next_task_fairtHiFiself, &M
FHTTR, R A seMIHAETT IATELL N T, EAGR A S E . i E AR AL
O, seZ MIFFRAR T KRR, ifseflii &ML, fEpick_next_task_fair, %—

13
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YT I R R, ATRE N FIER.

AN AL BE K AR — P selliF)) (dequeue_task_fair) Flput_prev_task_fairHi.
PL b & cpu RSl it CFSTRFE 25 S0 L cgroup Ay FRAT IR cpult [A] 40 =2, FIHIRATRE— T
CPUTREAE . cpuT RGIE—/Ncgroup_subsys it 1A K P .

struct cgroup_subsys cpu_cgroup_subsys = {

.hame = "cpu",

.Create = Ccpu_cgroup_create,
.destroy = cpu_cgroup_destroy,
.can_attach = cpu_cgroup_can_attach,
.attach = cpu_cgroup_attach,
.populate = cpu_cgroup_populate,
.subsys_id = cpu_cgroup_subsys_id,
.early_init =1,

}s

Cpu_cgroup_subsysH:52 2 1% (f cgroup_subsysiISEHl, b () sk 3 st a1 14
Tepu T RGMSEHL. X F, CgroupsHIHiAiil. 24 S d H cgroup ik 24,
B & cgroup I I i, <31 FH cgroup H sk e /E I mkdirfR £ 45 17 R R 5L, 2R ECH A T
cgroup_create, fficgroup_createii#iniZcgroup KT RSE, 43l X NI+ &
G createfREH R I B RIS T Iy IREHE, — RN R GEIEH i 4 $ cgroup ST &
i, ik Mcgroup IR S8 PR E I RGEI

Cgroups "R 118 H 4 HISCAF 48, AT RFEEA A OGSO, FREWEEE
cftype KB HUX LR HI AT . Cpu RGARF L — A ATl /2 cpu. shares U, BRI HLZ
TH XA S R EUE SR T cgroup BT b H ) cpulif ] . Shares SCAXT W[ cFtype 4 -

#ifdef CONFIG_FAIR_GROUP_SCHED

{
.name = "shares",
.read _u64 = cpu_shares_read u64,
.write u64 = cpu_shares write_ u64,
¥
#tendif

2% cgroup H = T B SCAFBEATHRAR N, 285 R rh i SCR & B 15 1n) B0 s B0t s s i)
N ATRAETE F XA WA R AR S, AT R I shares SCAF AR & an Tk 4 I«
static u64 cpu_shares read u64(struct cgroup *cgrp, struct cftype *cft)

{
struct task_group *tg = cgroup_tg(cgrp);

return (u64) tg->shares;

}

FLic a8, fRi PR E task_group 7t I sharesifT T -

static int cpu_shares write u64(struct cgroup *cgrp, struct cftype *cftype,
u64 shareval)

return sched group set shares(cgroup_tg(cgrp), shareval);

14
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2 % 5 cgroup Xt Wi task_groupffisharesfH.
XN sharesf{li B ARA/EHIKNE? #Esched_group_set_shares 147 :
tg->shares = shares;
for_each_possible_cpu(i) {
/*
* force a rebalance
*/
cfs_rq_set_shares(tg->cfs_rq[i], 9);
set_se_shares(tg->se[i], shares);
¥
cfs_rq_set_sharesigililfit—kcpu SMPH#kIMT. EIFFEAEH K & Eset_se_sharest,
BT __set_se shares, ff__set_se_shares™17:
se->load.weight = shares;
se->load.inv_weight = 0;
FR i 2 BT ERAT T RS B R BE T LLAIIE, load.weightfIMEELK, S HRIERIIZIT
I TR) BN, BEFEBEAE F A cpulf [ . IXFELICK, shares H f 24l & 1l i i B SE4A ¥ 1load
ERAEE T o

cpuset RS

cpuset T R4 A cgroup TPIATS M ECAN. CPU (EZ 4 R 40) FINTET A, Cpuset TR 4E
e XL T —ANY cpuset [REHEEEHIKEHE cgroup HIRAT S5 REREAEFHIY cpu FIAA7TS .
Cpuset & X UIF:
struct cpuset {

struct cgroup_subsys_state css;

unsigned long flags; /* "unsigned long" so bitops work */
cpumask_var_t cpus_allowed; /* CPUs allowed to tasks in cpuset */
nodemask_t mems_allowed; /* Memory Nodes allowed to tasks */
struct cpuset *parent; /* my parent */

struct fmeter fmeter; /* memory_pressure filter */

/* partition number for rebuild_sched_domains() */
int pn;

/* for custom sched domain */
int relax_domain_level;

/* used for walking a cpuset heirarchy */
struct list_head stack_list;

}s

15
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Hrp css FEUHT task 5 cgroup $RHX cpuset 45#4.

cpus_allowed HI mems_allowed & X T 1% cpuset &1 cpu FIPAETT Ao

Parent “FEH T-4E+F cpuset MIBPIRE Y, stack_list W T-# /7 cpuset )= IR45H4
Pn il relax_domain_level & Linux WWHEEAMCIIFE, pn48E T cpuset [FIH B
10X 5, 1 relax_domain_level K/nBHT cpu &y - #2H cpu RN .

Fritbz 4bh, RN task_struct S5HARHE TS —A> cpumask_t cpus_allowed 1,
DA REFR ) cpus_allowed fii B ; — nodemask_t mems_allowed J i, 17k
Tt mems_allowed 15 B,

Cpuset 7RG MISEIEM IS AE WAZARITINA —LE hook fXA%. HFARAGLLEL, FRAT&E S
I3 .

ENRZHIEARS (B start_kernel %) 4N T X cpuset_init A LIS, XA
BT cpuset HIHIERIL .

N RATRE EA R
int _ init cpuset_init(void)
{

int err = 0;

if (lalloc_cpumask_var(&top_cpuset.cpus_allowed, GFP_KERNEL))
BUG();

cpumask_setall(top_cpuset.cpus_allowed);
nodes_setall(top cpuset.mems_allowed);

fmeter_init(&top_cpuset.fmeter);
set _bit(CS_SCHED LOAD BALANCE, &top cpuset.flags);
top_cpuset.relax domain_level = -1;

err = register filesystem(&cpuset fs type);
if (err < 0)
return err;

if (lalloc_cpumask_var(&cpus_attach, GFP_KERNEL))
BUG();

number_of_cpusets = 1;

return 0;
}
cpumask_setall Fll nodes_setall ¥ top_cpuset AEfFHAT cpu FINAETT A E T A
W B, VAL fmeter, ¥ top_cpuset ] load balance Friki. 55 iEM cpuset
VRS, XN T HANE, INAE cgroups Z I cpuset T, AidfE HARSZILRS,
X cpuset ARG EAEARY T € 17 T cgroup KRS,
B T XS4k TAE, cpuset T RGILSE do_basic_setup B (MLERE/E kernel_init
R HAEAN TR cpuset_init_smp U HARAS, FT smp AHSCHIMIAGEAL A%
T IHFRA TR XA R L
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void _ init cpuset_init_smp(void)

{
cpumask_copy(top_cpuset.cpus_allowed, cpu_active mask);
top_cpuset.mems_allowed = node_states[N_HIGH_MEMORY];

hotcpu_notifier(cpuset_track_online_cpus, 0);
hotplug_memory_notifier(cpuset_track_online_nodes, 10);

cpuset_wq = create_singlethread_workqueue("cpuset");

BUG_ON(!cpuset_wq);
}
B4, 4 top_cpuset [T cpu Al memory 15 S B AUITH online M7 5, ZATHIGGEALINIE
AFITEATELE online 9 it LA HE BRI, £ smp HIAAALJ5 wln] LR s e Ty
online WA T . RJGEM AT A hook B %, cpuset_track online cpus Fl
cpuset_track_online_nodes, XA RECKAE cpu Ml memory FAAdFA IS B H -
cpuset_track_online_cpus &% ] H scan_for_empty cpusets pf % $14 25 1)
cpuset, JKIL AU 21 HAEZ 1 parent T, R EH cpuset i cpus_allowed
fZE. cpuset_track_online_nodes fJ4LFEISB.
B cpuset X820 BRI R AE e ? X iR task_struct™cpu_allowed ¥ Bt
HXKT . B, X4 cpu_allowed MR )& K cpuset(fcpus_allowed{RiF—3; HIK,
et R Fork SR (I, REFEGR K T AR cpuset Mcpus_allowed 7Bt ., HE
FEfforkHik )5, BrIEFR € CLONE_STOPPED#RIC, #RE i1 Hwake_up_new_taskMifit,
fEwake_up_new_task"f:

cpu = select task rq(rq, p, SD_BALANCE_FORK, ©);

set_task _cpu(p, cpu);
R4 fork HRIBEFEEFHEITIY cpu, 1M select _task_rq £ HHERE T 1 281
PREL, WFTEEAERE, ORI CFS, CFS M NAHEE select_task_rq_fair. ¢
select_task_rq_fair iR[MZER|H) cpu J5, select_task_rq X455 H cpu_allowed
LA s

if (unlikely(!cpumask_test cpu(cpu, &p->cpus_allowed) ||

Icpu_online(cpu)))
cpu = select fallback rq(task _cpu(p), p);

IXHLPRAIE T8 fork HRIEFE L BEAE cpu_allowed H11) cpu FizfT.
T4 wake up FBEFRER G, ZEME U 2 10, W2 select_task_rq &£ n[iE1T1H cpus.
X ARAIE T BEFAE A IR 25 7F cpu_allowed F11K) cpu FizdT. f)aii—F, Mfl{fiE
task_struct /) cpus_allowd FIZEFEFT S cpuset /) cpus_allowed —3. 197,
1E cpu #UdGILEY, scan_for_empty cpusets & Hi# task_struct " cpus_allowed
L LU cpuset RIS BSOS N ERAER B4 TE 8T task_struct H11# cpus_allowed
O, A AR attach 34 cpuset B, [FFES ST task_struct HH
cpus_allowed 15 5.
7t cpuset Z I, Linux WAZLEAE 145 R0 UISATH cpu 775, @il I
sched_setaffinity nJ LL4REHRE ] LUZATH cpu. Cpuset T HAT T4 e, {RuksbiiH
BEE) cpu 11R7E cpu_allowed KB A . 1E sched_setaffinity ', AN T XFEAT
AMCE
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cpuset_cpus_allowed(p, cpus_allowed);

cpumask_and(new_mask, in_mask, cpus_allowed);
Hrcpuset_cpus_allowediR[FIEFEXS M ¥ cpusetH fflcpus_allowed, cpumask_andl]
# cpus_allowed Fll il ] sched_setaffinity i ) 2 % in_mask l 5 #3 H 3F 72 B 1
cpus_allowed.
W LA EAS RN, Linux NAZSEEL T 6 ERE P FE (R cpu 9% . T AT 12K 6 memory
R
Linux ™ W &% 2 B # ¥ o HE W = ¥ A 6 4
alloc_pages,alloc_page, get free pages, get free_page,get_zeroed_page

__get_dma_pages, X %6 oy # ix & #5101 alloc_pages S B, 1fialloc_pages il i
__alloc_pages_nodemask 52 O, £ __alloc_pages_nodemask ' , i H
get_page_from_freelistzone list/3fic—/>page, fEget_page_from_ freelist
H1ii Fcpuset_zone_allowed_softwallAWr 115 sl & 758 T-mems_allowed. i it i A
IXFE—AN AW, PRAEIERE Mmems_allowedH 115 ﬁAmWﬁo
LinuxfEcpuset L2 A7, LMt Tmbind, set_mempolicy KB & HEFE vl B 1) P 477 A
Cpuset F RGN HAL TH &, ¥ RIMNITILRY JEsched_setaffinityZSl, Wit & H
cpuset_mems_allowed , & [n| 3k % ft J& i) cupset fo VF I N 47 4% £{, X mbind,
set_mempolicyIZ ATl U,
BJEIERATRE T, cpuset+ FRGe = E 1) A6 S

{
.name = "cpus",
.read = cpuset_common_file read,
.write_string = cpuset_write_resmask,
.max_write_len = (100U + 6 * NR_CPUS),
.private = FILE CPULIST,
¥
{
.name = "mems",
.read = cpuset_common_file_read,
.write string = cpuset _write_resmask,
.max_write len = (100U + 6 * MAX_NUMNODES),
.private = FILE MEMLIST,
¥
Tt cpusSCE, AT AR e BERE AT LIMEH ) cpui A1, 1B it mems S, FRATTAT LLFR 2 b FE
A LU i memory 15 55 o

XA SCE I S #B L 8 3T cpuset_common_file readFlcpuset write resmask&ZH
K, Hitprivate@ X 4.

fE cpuset_common_file read " 1 H W H K cpu X memory 15 i ; fE
cpuset_write resmask ' W AR #5 3¢ A 2K A 4 g A H update_cpumask Al
update_nodemask ¥ Hrcpuiimemory 17 sif5 & o
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memory T &%

memory TR LLBGE cgroup ARSI AAEBRE, JF B30 AR H IR EEAE 5548 T Y
RIS . memory T ARG &l i linuxfresource counterALHISEHLK) . N IIFRA TR E
— Fresource counter#/Liil.
resource counters& W% 4§ RGN —FP gt Y BEALH] o XASHLHI SEILALHS T H Tl %
BEUS PRI ECHR 45 R4 FIAH O R 28 Resource counter iE X T —res_counter () 5 14 (AR A Bl 5E BF
U, XA
struct res_counter {

unsigned long long usage;

unsigned long long max_usage;

unsigned long long limit;

unsigned long long soft_limit;

unsigned long long failcnt; /*

spinlock_t lock;

struct res_counter *parent;

}s

Usage FH T30 410 A A% U5, max_usage F T30 s Ad o il s K&, limit FH 1%
BRI BRI, SERRAASREAE DB R XA R B, soft_limit H T 30E — Mk B,
HEFR AL 0 B 5] LB I X AN R, failent F T-id s G Y43 B A ) o 28, 47 BEAT AR AR
EAMR, W EIRAE. Parent $5 A0 1, IXANAR L HH T A0 2 2 O I 08 U5 B
bR T XA R B 451, resource counter 3B5E X T — RIIAHKI KA. FHIEAIKE L
AN S ) BRI
void res_counter_init(struct res_counter *counter, struct res_counter
*parent)
{
spin_lock_init(&counter->lock);
counter->1limit = RESOURCE MAX;
counter->soft_limit = RESOURCE MAX;
counter->parent = parent;
}
XA PR B T 1451 —A res_counter.
BN R BE R R AL int res_counter_charge(struct res_counter *counter,
unsigned long val, struct res_counter **limit fail at). 4% UsF 24 0Bl
i, B YR B i R B A N res_counter BL o IX AN BR B FH a2 1 S Bh AR 40 3 FH A R U
TEXAN BRH AT
for (c = counter; c != NULL; c = c->parent) {
spin_lock(&c->lock);
ret = res_counter_charge locked(c, val);
spin_unlock(&c->lock);
if (ret < 9) {
*limit_fail_at = c;
goto undo;
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}
FERXAMEH I, I HHTres_counterdTdf, W ME LB ERMBEIHAIMETE. TABRE—T
res_counter_charge_lockediXANpR%l, XA pR £ 44 SO0 LRI BT B4 0T 39 in 44 H
o SHLAT:
{
if (counter->usage + val > counter->limit) {
counter->failcnt++;
return -ENOMEM;

counter->usage += val;
if (counter->usage > counter->max_usage)
counter->max_usage = counter->usage;
return 0O;
}
T AEFIW T DA FRR, dn SR i s s n s, 3 (Rl AH DA s 15 W s 1
R, A RXAME Sk Iy s ds KA, SR e KA
EﬁEE"?%ﬁ%H@Zfiﬁﬂzv01d res_counter_uncharge(struct res_counter *counter,
unsigned long val). 4UEHE R RGEMIAR, EAEAHNFres_counteriB B AHMN 1
R XA REBAE e TAET I SELaTT
for (c = counter; c != NULL; c = c->parent) {
spin_lock(&c->lock);
res_counter_uncharge_locked(c, val);
spin_unlock(&c->lock);
¥
M2 BT counter JF MR, M R fE L& Z WM HE, LR HHT
res_counter_uncharge_locked, X~ & 20 AF H & 78 I8 i A5 B0 980> AH R Y
counter {1l H &
A IR G MR K, KA AR AR BC DU R IR, R AR [ charge BRI, RETE
JEIS, FEAAHR Juncharge B3, 5 RE LN BRI T
4 5¢resource counter, AT KEmemory T A4 & FHresource countersZHiXf
i’?ﬁﬁﬁ’] ST o
memory - R4t L T —ANmem_cgroup [ 45 F A K 2 cgroup MG I WA G &, &
X
struct mem_cgroup {
struct cgroup_subsys state css;
struct res_counter res;
struct res_counter memsw;
struct mem_cgroup lru_info info;
spinlock_t reclaim_param_lock;
int prev_priority;
int last_scanned child;
bool use_hierarchy;
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atomic t oom lock;

atomic t refcnt;

unsigned int swappiness;

int oom_kill disable;

bool memsw_is_minimum;

struct mutex thresholds_lock;

struct mem_cgroup_thresholds thresholds;

struct mem_cgroup_thresholds memsw_thresholds;

struct list_head oom_notify;

unsigned long move_charge_at_immigrate;

struct mem_cgroup_stat_cpu *stat;
¥
PRHEAL T 28 —FF, mem_cgroupt i T —/~cgroup_subsys_statejlifi, {fTtaskik
cgroupikiitmem_cgroup.
mem_cgroup L% T P~ res_counterili i, 73l H T P memory ¥t Y Himemory+swap
PP, Wikmemsw_is_minimumytrue, Nires.limit=memsw.limit, RI43EREZLAE )
WAF It memory FIBR I, Afeidd swap k2 .
use_hierarchy Il I >Rpzic P8 P45 il A c s i 2 15 02 2 IR PR
oom_kill_disablell| /R &5 Hoom-killer,
oom_notify#s[—oom notifier event fd#i#.
Jihtmemory T 245k e LT M page_cgrouplif) &k fa 44
struct page cgroup {

unsigned long flags;

struct mem_cgroup *mem_cgroup;

struct page *page;

struct list head 1lru; /* per cgroup LRU list */
¥
R ER AR T DL AR /emem_map 1 — N R, &1 -page_cgroup# T A Hpage ik, il
Hrfimem_cgrouph i, WHfpage 5HFE i mem_cgroup KIKE K .
PATENEAELinux REEH, pagedhita it HIORE BB GTHER), — MPEGIHEXT Y. —>page
giftk, MRS I task_struct P #AH —mm_struct ki B K W AEE B T
mm_struct i e JE T EERE, S A0E PR mem_cgroup, TfE/Npage#BENiE ¢ & T11)
page_cgroup, I Ifij 14118 I J& iXimem_cgroup, 1M AW A748 H & ()15 & 3% cgroup J 5L 1),
XFELIK, WAFBEUE I B T LASEBL T .
memory T R G AR JL il it resource counterSEHLAY, HBH E S AEWNAE DAL BERE T AT
charget®fEff). TFIHFATHAKE — FiXLchargetfff:
1.page fault/RAW, A PRG0N AL T5 B4 BERE 20 RO (0 DOHE o — @ 2R R 3K 1 5T
(demand paging), % —Mjtcopy on write. Wi%fEhandle pte fault iIEfTALEE,
L, do_linear_fault 4t B pte A f¢ & H UU [fl & ¥E wk 55 7 3CAF 0 1% &0,
do_anonymous_page b pte N7 7E H. 0t [ B A WL SO 0L, do_nonlinear_fault
P ptefEer H U AR LR PE i S 500, do_wp_pagelll kb copy on writelf) it .
Hrfdo_linear faultflldo_nonlinear_fault#f< i do_faultKAbH . Memory ¥ &
4] __do_fault. do_anonymous_page. do_wp_pagelt Amem_cgroup_newpage_charge
KT chargeffF.

21



Linux Cgroups V¥fi# TA&%  Copyright (C) 2012 5%

2. Wi fEhandle_pte_fault AT ACERI, AT — P Ol e pte 4 H 00 X &AM S
ARG T ATAE N AR, B S TRt B swap S [A) T« W% do_swap_pagePfi
B #OX MO W, memory T &R 4 ff do_swap_page Ml A T
mem_cgroup_try_charge_swapinpf #{#l1T7 charge. mem_cgroup_try_ charge swapin
FEMFE U B NI chargelf), 44047 swapoff R4 (fiiswap=¥IA]), W HEAHAT
TUHN#AE, [Flkmem_cgroup_try charge swapint A A £ T AN IR T
3. 4 N # ¥ page In A #| page cache W I, 7 % 3 1T charge # 1F ,
mem_cgroup_cache_charge R £ 1F 2 A X PG OL, EHHEAZI RS 4bH page cachell)
add_to_page_cache_lockedpi %1 .
4. IxJamem_cgroup_prepare_migration & H T B N AFILH H FichargefifE .
Bk T charge$fE, memory T R4k T EALBLAH N Fluncharge i ff . FIATEE—TF
unchargefff:
1.mem_cgroup_uncharge_page H T 4 [ 4 11 58 2 unmaped [ I i o {H 2 41 2R 1% page &
swap cachelfJifi, uncharge#/f #EiR ¥|mem_cgroup_uncharge_swapcachef iff H i1 47 .
2.mem_cgroup_uncharge_cache_pagef] T page cacheMradix-treefffHIifE. (H&
Wk iZpagest swap cachelfiffi, unchargef{FiEiR #mem_cgroup_uncharge_swapcache
B IS AT
3.mem_cgroup_uncharge_swapcacheH FT-swap cache Mradix-treeflll5x ) I% . Charge
Bt I 1 5 2 swap_cgroup, UWiRmem+swap controllerfiZEH] T, miAfa ZXAEAL T .
4.mem_cgroup_uncharge_swapH T swap_entry[f] 5] £k 2101 i . X > ef 5 - 57
mem+swap controllern] HIFEHL T AT .
5.mem_cgroup_end_migration] T WAFITH i RIN S uncharget® /.
Charge PA 1 fix & # & i & 8 HI __mem_cgroup_try charge kK 52 ¥l 1y . 1F
__mem_cgroup_try_charget§ ¥, il H res_counter_charge(&mem->res, csize,
&fail_res)*fmemoryiftiTcharge, fiH res_counter_charge(&mem->memsw, csize,
&fail res)Xfmemory+swapitfrcharge.
Uncharge R 3 & 45 m i M do_unchargeks2Biff). £ do_uncharged, 435
H res_counter_uncharge(&mem->res,PAGE_SIZE) H
res_counter_uncharge(&mem->memsw, PAGE_SIZE) 3K uncharge memory Fi
memory+swap.
IRHAB 7RGk, memory T REGHSLHL T cgroup_subsys.
struct cgroup subsys mem_cgroup subsys = {

.name = "memory",

.subsys _id = mem cgroup subsys id,

.Ccreate = mem_cgroup_create,

.pre_destroy = mem_cgroup_pre_destroy,
.destroy = mem_cgroup_destroy,

.populate = mem_cgroup_populate,
.can_attach = mem_cgroup _can_attach,
.cancel attach = mem_cgroup_cancel attach,
.attach = mem_cgroup_move task,
.early_init = 0,

.use id =1,

}s
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Memory J* R4 Hh L ZL X SCAFAT

memsw.limit_in_bytes

{

}s

.name = "memsw.limit_in_bytes",

.private = MEMFILE_PRIVATE(_MEMSWAP, RES_LIMIT),
.write_string = mem_cgroup_write,

.read_u64 = mem_cgroup_read,

IEAN S H T 2 memory+swap R A .
Limit_in_bytes

{

}s

.nhame = "limit_in_bytes",

.private = MEMFILE_PRIVATE(_MEM, RES_LIMIT),
.write_string = mem_cgroup_write,

.read_u64 = mem_cgroup_read,

XA AT g memory | FRAE

blkio TR %

Be 1/0 (blkio) 7 R&&#MIIFE cgroup FFIMEFSXTERBIRE N I/O Vi M HI A 5 A E AT
BT 1) B 9, MK LS e U mT S 1 1/0 #R4E(5 B X3+ blkio.weight 5 AR
ATLUEE cgroup BRIARTIVTFIBE 1/O IADR LG CinkO, Va4 100 2 1000.
ARG cpu.shares SCAFIBL, —AMEFEHEERE S 1 10 IA], — AR HIRERR A1)

cpu HTE] . B SO E X

{

}

blkio 7 &% & L T —MNY blkio_cgroup 1451 K A7fi—A> cgroup 1 block 10 15 .-

.name = "weight",
.read_u64 = blkiocg_weight_read,
.write_u64 = blkiocg_weight_write,

struct blkio_cgroup {

struct cgroup_subsys_state css;

unsigned int weight;

spinlock_t lock;
struct hlist_head blkg list;

struct list _head policy list; /* list of blkio policy node */

}s

HHADL 7RG —FE, WK T — cgroup_subsys_state {1,

weight BN blkio.weight MIME, H Tt cgroup HHEERERT LLT AT IO

i TE]

1F blkiocg_weight_read #1 blkiocg_weight_write #1735l SZHLA weight 7B 5 #:4F
blkio s2ifiid CFQ IO YA SEINM. TO T BEAR I1E 2 AR TO 1K, SR HAL
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AN IR AL HE . TO W BEAR— R T IE I BRI, 1y CFQ b2 b —Fh. CFQ 11
20 AT T, AR B OB IO W SKREAS, &N ERR I BAF 2 (R IF4 IF [] Fr 4 e ke Ak
L, DR UE AN SEFE AR RE A T I3RS 10 1 9% . CFQ BLYESE Linux PIRZERIANIG 1O V532,
Blkio T R4t &l CFQ AL SN, X sl cpu T ARG /&ilik CFS 4118 B SEI AL,
CFQR&E A%, MMRZ, XEMALDIIT .

freezer T R4t

freezer + R2GH THE AWK E cgroup IR freezer 5 — P& HISCLE: freezer.state,
¥ FROZEN 5 N1Z3CHE, WILLKE cgroup " RUBEREHEED, # THAWED 5 AN Z3CfF, wILLKC
FER IR o A SO AT RE T H (AT =M, o p Mg 2 B T 4R 20K FROZEN. Al
THAWED, 7R O RN O IRE QERFIZAT), &FH Ml Bef{E N FREEZING,
INZAER 7R cgroup AT LEEREILAEANRERY frozen. “IXLEANBERY frozen [FHEFE 1% cgroup
HYH IR, FREEZING 4378 FROZEN, (3% T2 FROZEN B THAWED 5 A\ —IK.
Freezer T R 41 FH KA HE cgroup IR M £ H 4544 :
struct freezer {
struct cgroup_subsys_state css;
enum freezer_state state;
spinlock _t lock; /* protects writes to state */
}s
HA Py Hk—A> cgroup_subsys_state, 1T M cgroup ok task $:f3 freezer 4%
¥, B NFBAHE cgroup RTHIRA .
Freezer T R4 BN freezer. state SCHHETE A HRIVERER, ABTRA T
MIXAS SO cftype 5 SCH K o
static struct cftype files[] = {

{
.name = "state",
.read_seq_string = freezer_read,
.write_string = freezer_write,
}J

}s
MO EEUE freezer_read SEHLM, ZRREELELR L, THBZM freezer 4ifyff
MBEHUIRZS, {H X FREEZING IR T 55k AL
state = freezer->state;
if (state == CGROUP_FREEZING) {
/* We change from FREEZING to FROZEN lazily if the cgroup was
* only partially frozen when we exitted write. */
update_freezer_state(cgroup, freezer);
state = freezer->state;
}
WIALE FREEZING RZ, MIFFZEHHORA (B ZHTARE frozen MIEFE ] RECAATE
7). FAIKE update freezer state:
cgroup_iter_start(cgroup, &it);
while ((task = cgroup_iter_next(cgroup, &it))) {
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ntotal++;
if (is_task_frozen_enough(task))
nfrozen++;
}
/*

* Transition to FROZEN when no new tasks can be added ensures
* that we never exist in the FROZEN state while there are unfrozen
* tasks.
*/
if (nfrozen == ntotal)
freezer->state = CGROUP_FROZEN;
else if (nfrozen > @)
CGROUP_FREEZING;

freezer->state
else

freezer->state = CGROUP_THAWED;
cgroup_iter_end(cgroup, &it);
X BT 1% cgroup P A HEREEAR T —i, /gt AR O 4 frozen IEEREEL,
RIGRAEGET SR RS
THEATREX] freezer.state HARITEN, ZEIH freezer_write KAH, %
BRI H P NS NAE IR H F0IR A, K5 ] freezer_change_state(cgroup, goal_state)
KSENHEAE . 7E freezer_change_state 1, 34 goal_state 43 I AN [A] A S0 bR %L
switch (goal state) {
case CGROUP_THAWED:
unfreeze cgroup(cgroup, freezer);
break;
case CGROUP_FROZEN:
retval = try to freeze cgroup(cgroup, freezer);
break;
default:
BUG();
}
BAMVEKE frozen IHTENL, ZIEILH try_to_freeze cgroup KALEE, ZpREH 4 -
freezer->state = CGROUP_FREEZING;
cgroup_iter start(cgroup, &it);
while ((task = cgroup_iter next(cgroup, &it))) {
if (!freeze task(task, true))
continue;
if (is_task_frozen_enough(task))
continue;
if (!freezing(task) && !freezer should skip(task))
num_cant_freeze_now++;

}

cgroup_iter_end(cgroup, &it);
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return num_cant_freeze_now ? -EBUSY : ©;
5K YRR B CGROUP_FREEZING, #XJ5X) cgroup HHfHEFEREATI44K, while
TEFR XU ET Freeze $0E, AFLMRIN B BT F— YOS, MR AR WIAT it
I, SRR CIZ Frozen T, MM ELESIEAT T — %A, WRAE, WHEATHEL,
B JE ARG T B A R AT R A, A R BERR AR ION] Frozen, WIiR[A[ @, 50z [A]-EBUSY %
N HFEANRERE frozen.
THIA KRS free_task XKL, TEIXARECHR task #AT freeze #fE.
if (!freezing(p)) {
rmb();
if (frozen(p))
return false;

if (!sig_only || should_send_signal(p))
set_freeze_flag(p);

else
return false;

if (should_send_signal(p)) {
if (!signal_pending(p))
fake_signal wake up(p);
} else if (sig_only) {
return false;
} else {
wake_up_state(p, TASK INTERRUPTIBLE);

return true;

B R A SR E A S CEWARIC N IELE freezing, WA E FHBCHIMT . Wi R 8ERE © 28t
frozen, Wi [0 false . &1 % 3 FEAS J& sigonly FEL & o] LR 265 S CRIMERE L
PF_FREEZER_NOSIG Fric), W& 'EEFEN TIF_FREEZE brid.

SRR ERE /21545 PF_FREEZER_NOSIG FricHfATHE— D Abs, Wi BiXAFrid, )
HERER G M, WREEIERE, iEHEREACEE TIF_FREEZE, BPHEAT freeze 1, WA XA
Frac, Wan SR IE sig_only 1, JR[] false (RIANRETERN free B4, 75 W B Heme i b FE &
A-PE TIF_FREEZE.

MEE—F, XTRAVIXA freezer F ARG K, sig_only=true, HS-4BERIIIHAT
RS set_freeze flag(p)->fake_signal wake_up(p)-

N kAT R E thaw HEFE MR W, %55 % B unfreeze_cgroup Ab B, 7E
unfreeze cgroup 1H

cgroup_iter_ start(cgroup, &it);

while ((task = cgroup_iter_ next(cgroup, &it))) {

thaw_process(task);
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cgroup_iter_end(cgroup, &it);

freezer->state = CGROUP_THAWED;
1% cgroup T HTAIFEFE I thaw_process, FAI1KE thaw_process. %%

if (__thaw_process(p) == 1) {
task_unlock(p);
wake_up_process(p);
return 1;
}

Hrh thaw_process H

if (frozen(p)) {
p->flags &= ~PF FROZEN;
return 1;

clear freeze flag(p);
WRHFECL frozen, WNEHIL frozen Frid, WHRAERE, W CLKE T
TIF_FREEZE, {Hi&¥A frozen, Ll FG EiE 4 TIF_FREEZE B A,
[1]21] thaw_process H, &l [ AHARIL G, R EMefedbie, RGNz Hahabs.
o, WA KER freezer T RGGE AT E X

struct cgroup subsys freezer subsys = {

.name = "freezer",

.Create = freezer_create,
.destroy = freezer_destroy,
.populate = freezer_populate,
.subsys id = freezer subsys id,
.can_attach = freezer_can_attach,
.attach = NULL,

.fork = freezer_fork,

.exit = NULL,

¥

XN can_attach, can_attach 76— MR IIAE]—A cgroup Z RTA I,
Kt jE Ll attach, freezer_can_attach H1Xf cgroup HT PR T L, Witkd
frozen HLiR[HIE G, XA R — DR IIAZ]—A frozen (1) cgroup.

devices TR %A

ffifdevices T R4 0] LU AT E i dicgroup T MEEFEV M £ . devices T ARG
ZANEHISCH: devices.allow,devices.deny,devices.list. devices.allowH] T¥5
5E cgroup T HERE 1 LA 1N 115 %, devices . deny H] T-45 & cgroup ' I HERR AN BE U 11 1)
W4, devices. listH] T4t cgroup b FEV) 0] () £ - devices.allow CAFrhAd %47
T4 H, 8% HAWUANTE: type. major. minor Fll access. type. major Al minor
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FEOPAE XY, Linux Z3 R %
typefiiE B R

a - NPT wes, LR, WAl Log &

b- FRES &K

c - REFFTEA
majorMiminordi & W& IR BR5 .
access JIF &AM AR :

r - SRVHES IR E B

w - FUVHESEAIRE &

m - VRS A S A R B e S

devices T ARG EIH Lt device whilelist RSZHLH. 5IHAhF RE—FF,
devices TR WH NN T cgroup_subsystem state [ 45H) K& BE % . 7F
devices TR, XL
struct dev_cgroup {

struct cgroup_subsys state css;

struct list head whitelist;

¥
IXANGERIRER T K cgroup_subsystem_state Z4b, it LA —ANBERIRER, XM
FAREHR I T 1% cgroup IR T LAV A1) devices whilelist.

THFATKEE T devices TR UMTEFE whilelist. 7F devices T &4, & X
T/ dev_whitelist_item &5 # K& HL T LAV M) ) device, X1 W T devices.allow
P — N H . XS T
struct dev_whitelist item {

u32 major, minor;

short type;

short access;

struct list head list;

struct rcu_head rcu;

¥
major, minorH TG W& IR &S, typeHl TIEE AR, type B nf LU
#tdefine DEV_BLOCK 1
#define DEV_CHAR 2
#tdefine DEV_ALL 4
XN T2 HI devices.allow SCAFH = Fi
access HIT AN V7 ) BLRR , access HUE AT LA :

#tdefine ACC_MKNOD 1

#tdefine ACC_READ 2

#tdefine ACC_WRITE 4

WA Z AT devices.allow A B BT RY .

List PBJH ¥z 45 M RIFN ) dev_cgroup ' whitelist $5 [ (IEER .

ik DL EEAR S5 M, devices FRAGMAET HL—A cgroup HIHERENT LAV A1) devices T .

N B IEANT, BB BARLINAIT . devices ¥ RS LI A R £ LA
I KL H] cgroup T IEREREME VS M) ) devices. TSCIRATRE — N RdL:

int devcgroup_inode_permission(struct inode *inode, int mask)
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{
struct dev_cgroup *dev_cgroup;
struct dev_whitelist_item *wh;
dev_t device = inode->i rdev;
if (!device)
return 0;
if (!S_ISBLK(inode->i mode) && !S_ISCHR(inode->i mode))
return 0;
rcu_read_lock();
dev_cgroup = task_devcgroup(current);
list _for_each_entry rcu(wh, &dev_cgroup->whitelist, list) {
if (wh->type & DEV_ALL)
goto found;
if ((wh->type & DEV_BLOCK) && !S_ISBLK(inode->i mode))
continue;
if ((wh->type & DEV_CHAR) && !S_ISCHR(inode->i mode))
continue;
if (wh->major != ~0 && wh->major != imajor(inode))
continue;
if (wh->minor != ~0 && wh->minor != iminor(inode))
continue;
if ((mask & MAY_WRITE) && !(wh->access & ACC_WRITE))
continue;
if ((mask & MAY_READ) && !(wh->access & ACC_READ))
continue;
found:
rcu_read_unlock();
return 0;
¥
rcu_read_unlock();
return -EPERM;
}

BARFI AT FIXA KA, e W% inode TN IAE devices, HERF o,
WHRBEASE B WA PR 4%, ikl o, K4 devices H il 4 2R ¥ 45 1)
Vi), AR SUANE A 3R 1S T HERE Y dev_cgroup, 28 J57E dev_cgroup H whitelist
FREFPIBER AR, W R B0 15 £ 1 H. mask 8 52 AR AN B A BCR — S0z A e,
WA R BB [R5
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XA BRHOEE R inode Y RAFAE R DL, R0 FEARARAZ S cgroup I BERERES TS
1] [) devices. A MEILZE inode NFEAE, EIXMIEDLF, — DR E ik
WL ZE T mknod EESZAIN B S0 T TIKBXEXAEOLIER], devices T REET
T AR

int devcgroup_inode_mknod(int mode, dev_t dev)

{
struct dev_cgroup *dev_cgroup;
struct dev_whitelist_item *wh;
if (!S_ISBLK(mode) && !S_ISCHR(mode))
return 0O;
rcu_read_lock();
dev_cgroup = task_devcgroup(current);
list for_each_entry rcu(wh, &dev_cgroup->whitelist, list) {
if (wh->type & DEV_ALL)
goto found;
if ((wh->type & DEV_BLOCK) && !S_ISBLK(mode))
continue;
if ((wh->type & DEV_CHAR) && !S_TISCHR(mode))
continue;
if (wh->major != ~0 && wh->major != MAJOR(dev))
continue;
if (wh->minor != ~@ && wh->minor != MINOR(dev))
continue;
if (!(wh->access & ACC_MKNOD))
continue;
found:
rcu_read_unlock();
return 0;
¥
rcu_read_unlock();
return -EPERM;
}

XA BRH S BLEREE — DRRECRL, XIEABER T .
THFATHKRE—T devices T REAGH LK. RILALTRE—H, devices [FFf
SCHL T — cgroup_subsys:
struct cgroup subsys devices subsys = {
.nhame = "devices",
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.can_attach = devcgroup_can_attach,
.Create = devcgroup_create,
.destroy = devcgroup_destroy,
.populate = devcgroup_populate,
.subsys_id = devices subsys id,

s
devices AH [ —=NEHISC A
static struct cftype dev_cgroup files[] = {

{
.name = "allow",
.write_string = devcgroup_access_write,
.private = DEVCG_ALLOW,

¥

{
.name = "deny",
.write_string = devcgroup_access _write,
.private = DEVCG_DENY,

¥

{
.name = "list",
.read_seq_string = devcgroup_seq_read,
.private = DEVCG_LIST,

¥

}s
H allow Fil deny #F /2l it devegroup_access_write SZHLF), HEH T private 7B
X7y, BN = # s Z 8 A 40 R M H )7 . devegroup_access_write i Z¢im it 8 H
devcgroup_update_access K3ZH . 7F devcgroup_update_access R4 5 A N 2443t
—A~ dev_whitelist_item , #RJEARHE SCAFSSAUMAN IR (1) Ak 2«
switch (filetype) {
case DEVCG_ALLOW:
if (!parent_has_perm(devcgroup, &wh))
return -EPERM;
return dev_whitelist_add(devcgroup, &wh);
case DEVCG_DENY:
dev_whitelist_rm(devcgroup, &wh);
break;
default:
return -EINVAL;
¥
allow fif, #UKF item AN whitelist, deny Hif, Wik item M whitelist il 2.

ns R4

ns T RGUT NLEEFIRI T RS FPRAEMEILIE, H5E ns T RGEAT H ORI
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A, Hikons TRGEAE T HOKRSE R, X EM ns 7RG ns_cgroup [1)5E X AT LA
FH:
struct ns_cgroup {
struct cgroup_subsys_state css;
¥

BEHAH > cgroup_subsys_state J 1.

)G ns TRSEMSLIAW LR R R, oS4t T —/ ns_cgroup_clone %, 7
copy_process fll unshare_nsproxy_namespaces #ifi. 1M ns_cgroup_clone FREA
G SO ARAR 7 5, JURAE M HTH cgroup FEIEE T —/NF cgroup, 1% T cgroup 584 clone
T 407 cgroup MG R, AR JEH AAT I BERE RS BT L 1Y cgroup

XFEE K, ﬁﬂ%{ ns TRGEEA AN, HEAR. BT ns FREKE X, H
L3 HT—F ns_cgroup_clone #AHIINAL T . FATKRE copy_process HHRAUIY:
if (current->nsproxy != p->nsproxy) {
retval = ns_cgroup_clone(p, pid);
if (retval)
goto bad_fork_free_pid;
}
copy_process se{E do_fork H# AT, 1ERTET A FRIEEHSCHEREAHGER. X
BOs AU g R CRPACRERS) FI-FRERR (1) fir 24 2 TAl AR, A ns_cgroup_clone.
XFELK, ns FRAMEHMIERE T, ns T RGELIr 23R40 17— B [F iy 44 2 7] R g R 2R
KIHLH] . FATAH Rl fr 44 7% [ AR 2 e AH R cgroup HY .
AT A, SCHERE Fork 1)1 RERE S A AR (1) Ay 44 25 1A, Xl e vt 2 1 Linux i
AR T, X AN TR UE T TR UioRmie, EIRA fork I, I THF#K flag

CEEZit NEWPID,NEWNS) I, A% 2 4 5~ HERE G AN [R] H) iy 25 )

b 7 X R 5 L 4, ns_cgroup_clone fE unshare_nsproxy namespaces H % 7T .
unshare_nsproxy_namespaces P%# sys_unshare i, SZfr F/E%} unshare R4
M. 45 EAHNARIERS, unshare ZRGEIHH 2 24 18 H I ERE G A [R] 1) i 44 20 A]
R ns_cgroup_clone JyJLEIEHH cgroup.
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