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ABSTRACT

ABSTRACT

Based on the linux operating system, we analyzed the data structure application of
its kernel and focused on analyzing the source code of the process schedule and the
process control so as to apply the data structure in the software development. In the
article, we revealed that Linux2.6 was more practical than Linux2.4 based on analyzing
the two system kernels. The part of process schedule mainly included the Linux clock
interrupt, the timer, the kernel mechanism of Linux and stystem invoking nanosleep and
pause. We further studied the various typical algorithms of process schedule, revealed
the advantages and indicated to continuously search more optimal methods. The article
pointed out the solution strategy according to the defect of real time scheduling of
Linux2.6 and detailedly described the task laying and the modify of important data
structrue. The solution strategy can effectively enhance the real time scheduling based
on analysis of the trial test data.

Key Words: Oprerating System , Data Structrue, Linux, Process , RM, EDF
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BRI — M EABMEZAREE., BN, XANEHECREE RS
HE TR B .

(4) FWIMFETE, ZERERFTHENAAZR; RANEERERT W%
FHERIECER TR TR, BRETEEZNEMILE, EAHEREE
ATREE (AEIREHA) XEARTENAR (BREES W NZT RIHER
EAA) .

XN AR BERME, RTEM—FEA RN “HE” . MRRAEETH
Z&MRENE, SHFKH &R . WREL2REAFTE, BKY “HWEE
7" (kemel thread) "V; TIMPRZAFZRWIHEA “FFER" . ZEEEH
iR “4&2” « FELLTE Linx REHP, #BRALENRSHFFT278, T
HRRE “HE” 2B EEGHRERR— /M FETE, B R ORIE R &
1, BRTFHETUBRLEEHFETR, HE5XERLTHE, BAREFEX L
i5tid

4.1.2 task_struct ZHMHR

task_struct ZHR A ARARVHMEFENE—EIL, A THENEHE
B, AN, UREBNLHNBEEMNELERFNE—S&E. TRHNHT
task struct ZEHKLHER, EEBLEEEX task struct &8 (&R

13
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include\linux\sched. h™) &HORIR 5 LMRE:
struct task_struct {
volatile long state; /% HREEITRE/
struct thread info *thread info; /* HRIHIEM —HiZITHIERE B/

atomic_t usage;

unsigned long flags; [+ BHREIRE*/
unsigned long ptrace;
int lock_depth; /* BKL lock depth */

#ifdef CONFIG_SMP
#ifdef _ ARCH_WANT_UNLOCKED_CTXSW
int oncpu; /*HFRBAT FiAE Mcpule S+/

#endif

#endif
int load_weight; /% HERECPURBFENRFR, HTESAESR */
int prio, static_prio, normal_prio; /*#REMR%ARIRA*/
struct list_head run_list; /*EFEBFI R/
struct prio_array *array; /¥ ERRFTERIZEITB G */
unsigned short ioprio;

#ifdef CONFIG_BLK_DEV_IO_TRACE
unsigned int btrace_seq;

#endif
unsigned long sleep_avg; /* B E T I B AR A [ %/
unsigned long long timestamp, last ran; /*iEF2HIIEAT (BT ) Bx/
unsigned long long sched time; /% BATHE A FE B () {E */

enum sleep type sleep_type; /*FEFRIRHR AR A/
unsigned long policy;
cpumask_t cpus_allowed; /*CPUR B AR 7%/

unsigned int time slice, first time slice; /*FFEBITHIME (8] F*/
#if defined (CONFIG_SCHEDSTATS) || defined(CONFIG_TASK_DELAY_ACCT)

struct sched info sched_info;

#endif
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struct list_head tasks;
/* ptrace_list/ptrace children forms the list of my children
* that were stolen by a ptracer. %/
struct list_head ptrace_children;
struct list_head ptrace_list;
struct mm_struct *mm, *active mm; /*iEFEHPFEHbIERREHE B/
/* task state ¥/
struct linux_binfmt *binfmt; /*HBHATEMCEER*/
long exit_state; /+ifF2iB HIRA*/
int exit_code, exit_signal;
int pdeath_signal; /* The signal sent when the parent dies #*/
unsigned long personality;
unsigned did_exec:1;
pid_t pid;/*#REARRAF*/
pid_t tgid;
#ifdef CONFIG_CC_STACKPROTECTOR
/* Canary value for the -fstack-protector gcc feature */
unsigned long stack_canary;
#endif
/* pointers to (original) parent process, youngest child, younger
sibling, older sibling, respectively. (p->father can be replaced with
p—>parent->pid) */
struct task_struct *real_parent; /¥ real parent process (when being
debugged) */
struct task_struct *parent; /% parent process */
/*children/sibling forms the list of my children plus the
tasks I'm ptracing. */
struct list_head children; /* list of my children */
struct list head sibling; /* linkage in my parent’s children list*/
struct task_struct *group leader; /* threadgroup leader */
/% PID/PID hash table linkage. */
struct pid_link pids[PIDTYPE_MAX];

15
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struct list_head thread_group;
struct completion *vfork_done; /* for vfork() */
int __user *set_child_tid; /* CLONE_CHILD_SETTID */
int __user *clear_child_tid;  /# CLONE_CHILD_CLEARTID */
unsigned long rt_priority; /xR AR e Rx/
cputime_t utime, stime;
unsigned long nvesw, nivesw; /* BT EIHK S/
struct timespec start_time;
/* mm fault and swap info: this can arguably be seen as either
mm-specific or thread-specific */
unsigned long min_flt, maj_flt;
cputime_t it_prof expires, it_virt_expires;
unsigned long long it_sched expires;
struct list_head cpu_timers[3];/* process credentials */
uid_t uid, euid, suid, fsuid;
gid_t gid, egid, sgid, fsgid;
struct group_info *group_info;
i kernel_cap_t cap_effective, cap_inheritable, cap permitted;
l unsigned keep_capabilities:1;
‘ struct user_struct *user;
#ifdef CONFIG_KEYS
1 struct key *request_key_auth;/*assumed request_key authority */
l struct key *thread_keyring; /*keyring private to this thread */
unsigned char jit _keyring; /*default keyring to attach requested keys
to¥/
fendif
i /% fpu_counter contains the number of consecutive context
*switches that the FPU is used. If this is over a threshold, *the lazy fpu
i saving becomes unlazy to save the trap. This is *an unsigned char so that
after 256 times the counter wraps and *the behavior turns lazy again; this

to deal with bursty apps *that only use FPU for a short time */

unsigned char fpu_counter;

16
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int oomkilladj; /* OOM kill score adjustment (bit shift).*/
char comm[TASK_COMM_LEN]; /# executable name excluding path
- access with [gs]et_task_comm (which lock
it with task_lock())
- initialized normally by flush old exec */
/* file system info */
int link count, total link_count;
#ifdef CONFIG_SYSVIPC
/* ipc stuff */
struct sysv_sem Sysvsem;
#endif
/* CPU-specific state of this task %/
struct thread_struct thread;
/* filesystem information %/
struct fs_struct *fs;/*open file information */
struct files_struct *files; /* namespaces */
struct nsproxy #nsproxy; /#* signal handlers */
struct signal_struct *signal;
struct sighand struct *sighand; /*{55AbEREHIk+/
sigset_t blocked, real blocked; /*{5%5 BEk*/
sigset_t saved sigmask; /%To be restored with
TIF_RESTORE_SIGMASK */
struct sigpending pending;  /*¥EHER{ES*/
unsigned long sas_ss_sp;
size_t sas_ss_size;
int (#notifier) (void #priv);
void *notifier data;
sigset_t *notifier mask;
void *security;
struct audit_context *audit_context;
seccomp_t seccomp;

/* Thread group tracking */

17
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ud2 parent_exec_id;
ud2 self exec_id;
/* Protection of (de-)allocation: mm, files, fs, tty, keyrings */
spinlock_t alloc_lock;
/* Protection of the PI data structures: %/
spinlock_t pi_lock;
#ifdef CONFIG_RT MUTEXES
/* PI waiters blocked on a rt_mutex held by this task */

struct plist_head pi_waiters;
/* Deadlock detection and priority inheritance handling */
struct rt_mutex_waiter *pi_blocked_on;

#endif

#ifdef CONFIG_DEBUG_MUTEXES
/* mutex deadlock detection ¥/
struct mutex_waiter *blocked on;

#endif

\ #ifdef CONFIG_TRACE_IRQFLAGS
unsigned int irq_events;
int hardirqgs_enabled;
unsigned long hardirq_enable_ip;
unsigned int hardirq enable event;
unsigned long hardirq_disable_ip;
unsigned int hardirq_disable event;
int softirgs_enabled;
unsigned long softirq_disable ip;
unsigned int softirq_disable_event;
unsigned long softirq_enable_ip;
unsigned int softirqg_enable_event;
int hardirq_context;
int softirq_context;
#endif
#ifdef CONFIG_LOCKDEP
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# define MAX_LOCK_DEPTH 30UL
ub4 curr_chain key;
int lockdep_depth;
struct held_lock held locks[MAX_LOCK_DEPTHI;
unsigned int lockdep_recursion;
#endif
/% journalling filesystem info %/
void *journal_info;
/* VM state */
struct reclaim_state *reclaim_state;
struct backing_dev_info *backing_dev_info;
struct io_context *io_context;
unsigned long ptrace message;
siginfo_t *last_siginfo; /% For ptrace use. */
/*current io wait handle: wait queue entry to use for io waits
If this thread is processing aio, this points at the waitqueue
inside the currently handled kiocb. It may be NULL (i.e. *default to
a stack based synchronous wait) if its doing sync *I0. */
wait_queue_t *io_wait;
/* i/o counters(bytes read/written, #syscalls */
u64 rchar, wchar, syscr, syscw;
struct task_io_accounting ioac;
#if defined(CONFIG_TASK_XACCT)
u64 acct_rss_meml; /# accumulated rss usage */
ub4 acct_vm_meml; /* accumulated virtual memory usage */
cputime_t acct_stimexpd;/* stime since last update */
Hendif
#ifdef CONFIG_NUMA
struct mempolicy #*mempolicy;
short il _next;
Hendif
#ifdef CONFIG_CPUSETS
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struct cpuset *cpuset;
nodemask_t mems_allowed;
int cpuset_mems_generation;
int cpuset_mem_spread_rotor;
#endif
struct robust_list_head _ user #robust_list;
#ifdef CONFIG_COMPAT
struct compat_robust_list_head _ user *compat_robust_list;
#endif
struct list_head pi_state_list;
struct futex_pi_state *pi_state_cache;
atomic_t fs_excl; /* holding fs exclusive resources */
struct rcu_head rcu;
/* cache last used pipe for splice */
struct pipe_inode_info *splice_pipe;
#ifdef CONFIG_TASK_DELAY_ACCT
struct task_delay_info *delays;
#endif
#ifdef CONFIG_FAULT INJECTION
int make_it_fail;
#endif
}
THEBSEER task_struct FHEXHIE,
(—) SHEREARAER
HRENBESI LR —MEFMAMSE, BRI AHEREE X THREREHN
PR, B 4-1 383 T task_sturct PHARHBEHARIE.
(1)  volatile long state:
RAHRYIPRA. Linux REPHESE 6 FRE.
* TASK_RUNNING: IEZEBATERZERZATI run_queve FHERBITHIHE, X
fr2 5#ERE.
* TASK_INTERRUPTIBLE: (tTFEMFRFIFHIHRE, HRIFFHUME, ]
HEEHBEERES (signal) BUE M P ETIHEE j5 FH A B FASI run_queue.
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task sttruc  formats->linux_binfmt linux_binfmt linux_binfmt

current next

N >
state
flags pid

binfmt next next

next

------

B4-1 #EEHER

» TASK_UNINTERRUPTIBLE: 4 F3#AFIH MR, REESUNBRE, A
TR EH#HREIES (signal) B P HHE.,

* TASK_ZOMBIE: RAHBLREMKETH—MRE (BIERE) . MK,
HRECEERET ARSI, EMRBRBHREERIR,

» TASK_STOPPED: #R#E#E, BHEHBNGES T kE. FRXMHR
AMEREH, HERx D) SIGSTOP. SIGSTP, SIGTTIN 2 SIGTTOU /5 5 HIK
B, BiERZHEHIEN ptrace REFANBHITTE N CPU T A B HIHEY,

» TASK SWAPPING: I#2 70 H#AT e th P IR

(2)  unsigned long flags:

BEHERERR:

* PF_ALIGNWARN TN “MF” BERER

* PF_PTRACED # ptrace R4 1H A%,
« PF_TRACESYS IETEREF;

* PF_FORKNOEXEC HERIGIE, BERHIT
« PF_SUPERPRIV B PR

* PF_DUMPCORE dumped core;

« PF_SIGNALED RS2 (signal) K iis

« PF_STARTING HRETHEIR;
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« PF_EXITING BT R KA
« PF_USEDFPU %t F2 4% B FPU(SMP only);
* PF_DTRACE delayed trace (used on m68k).

(3) pit_t pid:

Linux 1, §MHEHEE—FFERIAS pid(process identifier), pid
PIF task_struct H4k, KA K pid_t, EARRAERERE, El, pid &K
INWBKMER 32767 (ERRKMZEXTEE “.

(4)  binfmt:

Linux XFEMAWPTXHER, BHATRTOHERIEEXT MRS
H, RAREFRBmAERARF.

(5) exit_signal #lexit_code:

exit_code 5 exit_signal 2 BIFHAES KB HEMLIHES (MBFEHT %
BiE) , XK THEMEHEES RN,

(6) pdeath_signal:

pdeath_signal R2H#BEHETHNRENES.

(7)  comm:

BEELERSTRA-NTHITEF KRG EHE, LEMSITHATIT
BFPRF, comm (RIFH AFK.

(8) ptrace:

LHBEPITRIESTIRA ptrace (O ZARANEEILE.

LB TRERNGSETUTER:

(Z) EHEREMXHE

HRBEEITR MFAHE B 2MILH cpu, BELEEZMEEILE— cpu,
ATEBITHHFRZEH#ITR, BMERYSREEFEEZTINERR. AW
EHM@ bR, DAEERBENELARS. G2 M EEBCRESERHE
Th, HIRERFRERESTRETEZKNE. AEEFELEE MRS
—AMHE A (timeslice) FMEEZ (priority) REXMAF. BHFHE. BFE
FEXT—MEBREHRE R MERZ B AT EKE. $RHE
ZUE—NEE, EARARERENEERREXF, xRS
B, MEeEGMEMEESMERREEIT. B 4-2 MERESERET RERFHME.
(1) prio: £5E%%, MXF 24 F goodness() MitHLER, # 0~MAX PRIO-1
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Z [AB{E(MAX PRIO & X4 140), ¥+ 0~MAX RT PRIO-1 (MAX RT PRIO
£k 100)ME Fert i #276H, MAX_RT PRIOMX_PRIO-1 BT IEschiifE.

E#K, RrEEREREAD.
task-struct task-struct task_struct

Prio > e
runlist.next ‘l runlist.next J

runlist.prev runlist.prev

task_struct

.

static_prio runlist.next

array
sleep_avg
interactive
credit
timestamp
runlist.next
runlist.prev
policy [—
cpus_allwd
time_slice
activated
rt_priority
NIVCSW
nicsw

runlist.prev

F 3

prio_arry

nr_active

bitmap

---------

queue

B 4-2 SiREMAXIE
Linux2.6 F, BHAMAERABLE—CRERPFEMLE, WEMLI
B, HFHEHRER task_struct P, B#E prioty_array £ BIHF.
prio M EMRELREMK. LHBHEITHN AR AT, EENELHE
TEHERIN ZI 4 %7, HME prio 5T EH AR static_prio FREMEH X, prio
WI{ERTE static_prio MIEERE BN/ 5, BAKHBNALTE, WRRKRTH
KEE#E BavBERHS PREEK: K2, MRETTHLKEE B
ETHER ), BACKEE-5 M E SR,
(2) static prio:
static_prio 5 nice FMEMK, HERIA{E A MAX_PRI0O-20, ®[AH nice ()
REBAEMFHSNER. BRMGAR BB MULE FHEOFHSMRER
B—RARREHNHFRERELHHERE ¥, MARKNESHIHEREMN
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static_prio AEEMELRH.
(3) run_list:

run_list B4RETRF], ER—NMEEFAERERSHEMT], XTFHA
AAREET CREEEPE L REIT.

(4) arry:

arry RIEBITOATIRIREREA, W T
(5) sleep_avg:

RATHEESHAERRER, ERESHERTEPHHATHEHR. HBHN
P Re Rl (Bl nanosecond M A7) , FE 0 P NS_MAX_SLEEP_AVG 2 [a]HX
H, ¥1MER 0, MHTHBEERNESETHBEKZEHE. sleep_avg FIRRKE
XHBFEE, BTATFFMZAEN TERE", NTATFRFZHEFEET
fEiatE. IMERHEHEMELNKEETF, sleep_avg BK, HHERM
BRSEM AL BBE i) U,

(6) time_stamp:

HERREREEMHRIE (BAZ nanosecond, BT) o BIELATJLAK:

o WMREERIETIE] (FF activate_task() F&E) ;

o BB T RMEE (schedule()) ;

o Btk b XM (schedule()) ;

o BEFEHXNRE (L RAERHEXHARTE) .

MEAME S LT o R ZEH AT A 5K B " AR & AT FREIT IR K
" TERBITRK EEMARTEMEXIER. tine_stamp (REED AT HE
K IR BRI T AL 20T sleep_avg BIME.

(7) interactive credit :

ENZERRBEN ZLELEE", & -CREDIT_LIMIT % CREDIT_LIMIT+1
ZIEBE. #EREIELRE, YMEN 0, TERERRMEEM 1 & 1, —
BBt CREDIT_LIMIT (RA#6%F CREDIT LIMIT+1) , BEHMALHHRTR, %
AHBELEE T XA MR, WANRTERAHET . interactive_credit
HF5 sleep avg. activated 3£FH% sleep avg K365, (19
(8) policy:

ZH R AR FE R, Linux RARL=MRE R, RETSHEYE, A
EHIEE:

SCHED_OTHER 0  FELEffE, BETHMARMIHEE (round robin) .
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* SCHED_FIF0 1 SRR, stitkBEE.
« SCHED_RR 2 KRR, ETHRENKREE.
SRR i R R RGBT R R S I A AR R R
(9) time_slice (RfIEF):
time_slice K& XARKEIRMIAE R L1F & A CPU MR KT Rl #ILGERIRYE
HENBSHELRTER. HEN tine_slice HRRHBMEITHE K FI LK
HE, EHBROENSHBEEN, ERfTdE @R, —BH 0, Wik
static_prio HEHR T LidERkME, "HiEKiBE. WA KERNEEER
e lreh AT (sched_tick()) , Bk b, time slice NN T ELLIEH
EAGEREEES.
(10) rt_priority:
rt_priority Bf ERFHBIRER, B—AESME, REEEN shedule O XK
BH, CREERHES I DA BZ.
(11) cpus_allowed:
cpus_allowed 8B I cpu SRAEBZAES, FTUBETXHHFRESLER
4t _E48 7 F LR E A S ETRA cpu HIBAT.
(Z) Hh—SEZH
(1) mm A active_mm
fElinux ', FARFD TR ERFBHIAFERT K. task_struct §
BEAR mn FERXTFHEEEEN mn_struct £, EPEET —NEFNS
mmap, 1§ H#ET vm_area_struct #RMIEFR. VRN, A TREHFEE,
mm ' f) mmap_avl EHF T —/NAVL . FEERF, FTEH vm_area_struct EFHR
Bl AR R AR KL B TR S, GiREtiE MRS AL ESFR, LA 4-3.
K4/ e LA include/linux/sched. h #,
(2) struct fs_struct *fs Ml struct files_struct *files
fs (RF THBEAG 5 VFS X AEE, HA root IEMME XL &, pwd 5H
LEEXS S, unask FHFEXAMNHERX (THRRRA umask EH),
count & Linux (REM B, WA 4-4 Fin. 4#%E X7E include/linux/sched. h
sl
files A4 T M2 ARIPTH FFHISCHF (struct file *fd[NR_OPEN]) . 7 Linux
F, —MNfERL RERBITH NR_OPEN MU, R =2 Ae R E AR
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AERA . AR A A B 3. RS XA RXARLE 4. 4

Task mm_struct vm area struct
count vm_struct
——__ ped
mm vin_operations_struct
— vm_next *open
mmap T
vm_ops
pgd
Mimm‘
pte pte
T3
page page | e
frame |.... frame
Bl 4-3 BEEMuEBST
fs_struct inode
count
umask )
or(2 £l
task_struct *root ©
*pwd >
ks inode
files files_struct file
> = —>
count > { mode
close on cxcc f pos
open fs f flags
£d[0] f count
fd[1] f owner
f inode [—
i file
[255] £ op operation
£ version routines

B 4-4 RSB R
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BT Linx KEBEBREHRRERK, AMUESHBRFTANNEFREE 5
HEXRXAHER, EH—L#BENESHTRNLEER, AR TRETLY
WA TR NBRR R, RAATH—MEG . #BRRBERET—MBEE
WIBUE, % Linux ¥, WESBEAEARL, XHBREM windows F— X5
B 4-5 B THBRIREEEKXR.

do_fork()
%ﬁ] sig_kill B, sig_cont /&

17 wake up() »! TASK_RUNNING [ i i B4 L,
BT e IR A A, I" i 4_l BkEES R
wake_up( )2
wake_up_imterruptible( )

TASK_ TASK_
I[UNINTERRUPTIBLE INTERRUPTIBLE
FERERR | schedule() | HIAMH
_ Sleep.on() Wit d| BAREAR
5 interruptible_sleep_on( Y schedule( )
Schedule( ) 5 CPU
REF RGP, AT syscall_trace( )
sys_exit( )
schedule( ) do_exit()
L— | TASK STOPPED » TASK ZOMBIE

H4-5 HBRREHR
WA EEX LR A PO REFERHT T 4, Fx P BaE4Ew
REPEE M E ST THA.

4.2 HizAD P EIEEMRIN R

4.2.1 %505

WX kB R T TASK_RUNING R A& 1 TASK_INTERRUPTIBLE &
TASK_UNINTERRUPTIBLE R&EZ RIM ¥k . TR GRESERM I —NFH. X
HEERF—AMMBEGREN, RIECNSTAFIMBRHBEIERHAT L. &5
PAFIZ wait_queue_t ZHIHIXNmFER. wait_queue t HEHMMRILRN T IERE
FHETENTERER. S/ MEENBEHI IS RE RS —MER50T)
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. BENERS R HBREREN, AR LETERNAN, RERE
BROEERIR, EMSREAFIMER B O HIEE DR ER TASK_RUNNING, HR#ER
ERGT R THBRYREN, ys_vaitd() REBANEHNFIHTERE. %
BB BN ER (FRAFLTETF ) T84T TASK_INTERRUOTIBLE iR
A, tAESALT TASK_UNINTERRUPTIBLE SR 7&1,

ZAENFI R wait_queue_t MM AEER. wait_queue_t ZHHHIRRHE

W2 task MRS . B/NER U wait_queue_head_t £k, ZEMRTHE
RHLEB, FHHFHME wait_queue_t MIBHEB, BHEBIRTLABTIE wait_queue_t K

BN F A
—6 M H A 45210,
[ 4-6 S T HHISINET o -
wait_queu_t wait_queu_t wait_queu t
flags flags flags
w_q headt
lock task task task
func func func
task list task list task list task list
next »  next next next
prev prev prev prev

Bl 4-6 ZHEBATI
AT & wait_queue_t #1 wait_queue_head_t ZEHIHIHT.

typedef struct _wait queue wait_queue_t;

struct _wait_queue {

unsingned int flags;

tidefine WQ_FLAG_EXCLUSIVE 0X01

struct task_struct *task;

wait_queue_func_t func;

struct 1list_head task list;
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b
struct _wait_queue_head {
spinlock_t lock;
struct list_head task list;
b
typedefine struct _wait_queue_head wait_queue head_t;
wait_queue_t £ B T 534 M
(1Dflags: 715 {E WQ_FLAG_EXCLUSIVE (&4 ¥ &4 1) Bk "WQ_FLAG_EXCLUSIVE (¥
£ 0) . WQ_FLAG_EXCLUSIVE #RS & m st iR o by Rt g, 0
(2) task: —/MEH, WREMAESRIT] EHHBEERHER.
(3) func: FHEHM—NGH, XNMRBERRBESHNT LOHER. X4
BRI K wait_queue_func_t, EXWTF:
typedef int (#wait_queue_func_t) (wait_queue_t *wait ,
unsigned mode, int sync):
T, wait RISMZSAFAIEE, T mode & TASK_INTERRUOTIBLE ¥
TASK_UNINTERRUPTIBLE, sync RiM:BEFERS .
(4) task_list: XNMEHWEETHAMEEH, 43E RS/ FHEIT—MTE
ME—ATEk.
(5) _wait_queue_head: ZEMRERHINFIBRIIRK, HTIIHAEMN:
@ Lock: BAMERE —MH, XM @SR ATH MEM BRI MR EREB F
i
@ task_list: ATHRAFFNIIFE-ANTEARE - TE.
B, #EiE 5 CERMNEREENE— vait_event *EFAA, HEET
PAT T I BRR LI :
O B EH%L RG], B2 DECLARE_WAITQUEUE_HEAD 4% SEREHR .
@ ZHEBFA add_wait_queue() B#H add_wait_queue_exclusive ) IBH T
IMABISEFERAT
® E#FRR A K TASK_INTERRUPTIBLE B TASK_UNINTERRUPTIBLE.
@ MRHNAHEHATRERE, RAWSNBEH AR schedule().
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©® BIMBFMHRER, EHBREREN TASK_RUNING.

® ZHBRELHA remove_wait_queue ) AERBAFIMBRE C.

FHIARBIATH T wait_queue_head t ZHMIFIMHIL:

void init_waitqueue_head (wait_queue_head t *q)

{ spin_lock_init (&q—>lock);
INIT_LIST_HEAD(&q->task_list);
}

TR —4 wake_up EFREP—MRATURERE. XEEBRBENMSRHN
FILRBTEHE, CIEHEE A TASK_RUNING RE, HREBTHG, P

TR % add_wait_queue O FTE ) THEW T -

@ PATESRBFIPBASMEREE. BHEANRRKRET L ERATIE
InEEARHFE, BIE % add_wait_queue () #1 add_wait_queue exclusive() . XFHA
RE MR BRI . M S ERHERRE/RFHREINER,
BANFH RS HAEATE. MEXE/RHRERESH NIRRT
EEFRHEME, XTRITE—ANTFFE.

add_wait_queue () B HEFRHFFBA MM EXMOHRE. G H
BREBLEEETFNEHT, LFERNFFTHANARAZRERERE. XMRH
RESHETILHN (lags B, 0RRBRIRER, RNRESHNTIS, LIBRT
B Rl — NSNS P = R SR 4, ZJRHE wait_queue_head_t ZHIIIAZ]
CHRFIER, FENEFEMTIRES, EREMHRTER.

void add_wait_queue (wait_queue_head_t *q,wait_queue_t *wait)

{

unsigned long flags;
wait->flags&= WQ_FLAG_EXCLUSIVE;
spin_lock_irgsave (&q—>lock, flags);
_add_wait_queue(q, wait);

Spin_unlock_irqrestore (&q->lock, flags);

}

%t add wait_queue () )€ X W F:
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static inline void _add wait_queue(wait_queue_head t *head,
wait_queue_t *new)
{ list add(&new->task_list, &head->task list);
}
add_wait_queue_exclusive () B¥MERMFIBA— Mt ER. ZRH
KEERBEMN flags HMREH 1, HEAE add_wait_queue ) R it
TRERE, BE—RBI5, ERTEASERENENIRRET. XREKR
EE—MERHESHNSIE, pnsRRENE, BaAERERRP.
void add wait_queue_exclusive(wait_queue head_t *q,wait_queue_t *wait)
{
unsigned long flags;
wait->f1ags|=#Q_FLAG_EXCLUSIVE;
spin_lock_irgsave (&q->lock, flags) ;
_add_wait_queue_tail (q,wait);
spin_unlock_irqrestore(&q->lock, flags);
}
3T A BAF o B R AL S5 AR 2 F

void remove wait queue(wait_queue_head t *q, wait_queue_t #*wait)

unsigned long flags;
spin_lock_irgsave(&q->lock, flags);
_remove_wait_queue(q, wait);

spin_unlock irqrestore(&q—>lock, flags);

}
ffi_remove_wait_queue() HIE NI TF:
static inline void _remove wait_queue(wait_queue_head t *head,

wait_queue_t *old)

{
list_del (&old->task_list);
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}
4.2.2 EHEG

Linux REF, WTFEMEBEFTESIENEMH, TTET wait_event*() ¥
AX5%EMH. wait_event*() HEOMIET wait_event(), wait_interruptible()

want_event_interruptible_timeout(), ©

B 4-7 7 T X LR R AHIE AL,

wait_event( ) wait_event_interruptible( ) wait_event_interruptib_timeou( )
y 4
_wait_event( ) _wait_event_interruptible( ) _wait_event_interruptib_timeou( )
\4 y
schedule () schedule_timeout( )

B 4-T BB R
wait_event () B O &X}_wait_event ( ) KR LU ERIEIR A5 AT H %,
N E AR EIR, EFA#%ITH, wait event interruptible timeout ()
HBN=ASHE int KREREIE, ©HTASEREE.
HMRENWT:
#define wait_event (wg, condition)
do{ if(condition) break;
_wait_event (wg, condition):
}while(0)
_wait_event () ¥ O FERFTH B S H RS BE MR KRERN TIE.
ftdefine _wait_event (wq, condition)
do{ wait_queue_t _wait;
init_waitqueue_enttry(& wait, current);
add_wait_queue (&wq, & wait);
for( s 5 )
set_current_state (TASK_INTERRUPTIBLE) ;
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if (condition)  break;

schedule() ;

}

Current->state=TASK_RUNNING;

Remove wait_queue (&wq, & _wait);

}while(0)

ERFHE AN LR BENHUEHITIHERR, FETHRRRMENLE
ERMFRTIF . RERE—NERER, WHEERLN, 4HEER. &
BEXMN4HLEE, BEZAHMA set_current_state FRIERFREN
TASK_INTERRUPTIBLE, XAMESIFI T 80 HaitEaEs, RAEAMEHERFR
fedhe, —BHBEE, BRER schedule ) MIRAARIMBRILE CPU. %%k
PEROLES, WREBIRE KR TASK RUNING GRERFEERAIBTIG) . &EMF
FEBABIMIBRX — T &, FEMRIZTHRRT, remove_wait_queue () KB ERFBAF
B8, MEEREIFIFH.

% F wait_event_interruptible ) B %, EHIER R EEMRE R E R
TASK_UNTERRUPTIBLE JF%f A i#t #255#— signal pending ifH.

fE Linux REBITY, HRIABGRERDECHKERERL. #HZALL
it A CHER, BRAGEREAC. A RIMRBARE T R RGRE L T H 5
BAFI I AR -

FERMR _vake_up() o BUTARINHBAT T HHBHT

void fastcall _wale up(wait_queue_head_t *q, unsigned int mode,
int nr_exclusive)

{ unsigned long flags;
spin_lock_irgsave (&q->lock, flags);
_wake_up_common (g, mode, nr_exclusive, 0);
spin_lock_irgrestore(&q—>lock, flags);

}

K q R—MERSRHFIRTEE, mode BRTNH EMREEMERMAE (hif
FRERAFN) s nr_exclusive, RRTRM &G MeEEIE2IEM & ARE. b
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M (nr_exclusive=0 ) ¥ BR 45 A5 B FT A A2 Oy ORI HE M G
), e e e e iR — M 5 RGE R R S s K.

£ _wake_up_common () Z A EWEEFHIFIMY, UHRESFLZERISK
%,

wakeup B HI K& TYEH H % _wake_up_common () 5

static void _wake_up_common(wait_queue_head_t *q, unsigned int modeint

nr_exclusive, int sunc)
{
struct list_head *tmp , *next;
list_for each_safe(tmp, next, &g—>task_list)
{
wait_queue_t *curr;
unsigned flags;
curr=list_entry(tmp, wait_queue_t, task_list);
flags=curr->flags;
if (curr->func (currmode, sync) && (f1ags&WQ FLAG_EXCLUSIVE)&&! nr_exc

lusive)
break;
}

}

HAW sync RARBRER L. ZREPMEFNIITHOE-R, AH
wait_queve_t K1 func B™ ., AR AL H T, EHATHEFATH
default_wake_function() ®%, M TFERBHIR:

int default_wake function(wait queue_t *curr, unsigned mode, int sync)
{ task_t *p=curr->task;

return try_to_wake up(p, mode, sync);
}

ZEHAE wait_queue_t Z5HIFTIE MM task LiRBE S try_to wake_up(),
CERMELR RS THE, AFETHREAZEITI.
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£ _wake_up_common () ', R B HHERE MK MHRE, WL
&3 EMERERRSXHERBHESHOINER, XARERETHE,
AEBHFHAFIPHBE - MG XHER, HTUHEHKMTEHEHRERE
BERE, BEANZREENT, TNZIEEREARBHER), TR
B Linux B ITHERE,

4.3 INGS
AEZAM TRERETREENEALAEENEH, HEBETHE

FRERESR. &R ER AN BIR SR T B, AR
b, BERXF—EPERN Linux WEEE KRR LHEETHA.
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ERE Linux BB REMR

5.1 FAEBERREBIEEHNNEBFAR

AVWHELHENAERERREAD YRS HERERETHNA, R
XA RSIE SR ERSE. EEREIX linux2. 4 71 2.6 ABMRA KRR
(HRAERRERNBEEUENER) RomEERE S ERSuE.

—NEHBNRERE, FEERINES, HESBNAARE. DR
—AMHEAR, EFNIEWIREN S —NMEEE AR, - MISLR#HE
BITEACHERMIE TR, BRTELZENBEOERMNGIZSTEERIE
.

E-NERNERAYT, #ESTFECRATZRERE. Al HRER
CPU AT EMIES, SARENYENFEREEEFRILEE. RETFNEH
XHREFHMH, ERNENERFRRENYERE. WE-HERSTR
GRRHTDENFN CPU, X TFHAHEERRAAFH, RENFHAEAES
. FrLl Linux DAURBRHBEASNEERANREREUEAFHENEZER
REF SR,

RO R R RIRERZ CPUP. BRIHAMERE CPURS. Linx fEA—4
LHENRERE, ERRIFERREATFMASMFA CPU LHRERETH
BiEfT. —RENBEHBEES T CPU, EHEMRHER DAL Lai Y
CPU B LNEA 81T SHEMBER: — M #E—HET, BEIELA%
5, BEREHF-LRERE(BAENER), HEMETHFHEREUEA T
BEEBIT. E—NEHEMRED, W DS RS CPU HERMBRAEN, X
HEARENNBRSERE. ME— NEHBNERLES, RA—NATLZHEE
AEFHER, S HELRERE, BERGE CPU NLFIHRYHREIA A
R R

F Linux ¥, BNEBEHA— task_struct MZ&MXERR, HHEETHRE
KA B, Linux HEERRETRSHRE. RERBBNBIEEWIRHEBR— M
A, HAKKDERFFRIHERNEE. RERTFER current TRERIEM S
ATBATIHEZ,
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linux AZRZEFHAY, XEKEZEETURNET, REFGE
REAZ PGSR, B AERFREHBRIERAER E N ZEER
—MEFERB RGN cpu.

BERFAREANRNBEZ BT cou BYH, HRESEUEHHRT
KA cpu MRl Linux SREFRERE—H, BDr o BERERF,
LT RAERN, ABRLARELITHBEREEARIMIHELE cpu, ibH
ZRETRB—AHEBRNZRE cpuo FIAE B W7 2 18] B B (8] 8] R K 4 B[R]
Fo

REWHBRAEES AFHEE: TEAMNERERMN. KEXFEFEEK
BT 1/0. Bk, BEFRAATECHBIMES, MRAEpuita btz F
RERABREEKBT cou, BEFEHBSKREIWNER. RERFLATE
XHEMEEBROTR, HFESHHRRENEERRE LB M E TR ERME
%, G AR MIITEAFIZ .

Linux XA H—MERMHRE: THEE. LN HELALNHHIT,
Linux TRESERBHE, EBEMNLTREZENIMS, 8 linux ¥RERFERICH
SER A TR RN L AT R R A . SR HRENTFREHRZL
HEASRBWEE cpu, FHRENBELBF cpu.

BERFEEMFRAEMHEENGENFIEEREPHBENIIT, £ linx
i, ZAMERAFIRNETAG. BTSN EX S RERFEEENNXR.
fE Linux DAGERIRRAS, BEERNERESHENERBELMEXR, B 0M0),
ERERANNZST, REHEIFIR—N2REESH, AESNENTAR
HHEHELR BN IHRLEEN LBV BKFR, FHRENTBA—
RS, linux2. 4 FIBEBFIH R —MEEMEL runqueue_head AFKK
MAGER. B linux 2.6 FRAR, KAT—MHMEESN, FREENN
WEXERBHT 0 (D) . THPOSHRAEE L SERARRATIN LIRS
ML ER X, 7 Linux2.6 9, RERFIRX AN EXBENEESEN
struct runqueve, H#H, RAXRENBHSR, §—/ CPU BHEEF -1 ECD
BB IAFY, KR ES. Linux2. 6 W 0(1) EEFREXBEALS
runqueue XK. AT FHEAMTZEIELEH.

5.1.1 Linux2. 6 #12iAE P RIEIELEH
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HERFRIENNZZ— R BIEITOAF RN QUEVE) 144 . RE+EA
CPU #FEE BCKIBITIAT].  BATBAFI P IR B 4 R B MR PR S AUHEF A
$4. KA—MEETETHE; Z-NESTHRNER. 8%, —MERY
HREAT— BB e Rt 1A (W] KR 0 B A Z R BN XS E
I CPU I, SWEERBA AT, FAERFE SR MBI A R
HRTBIHMA. RE, RERFAHITHEREA+ 042, B 51 #%
BT ZE TSI EA L.

prio_array t *active

spinlock_t lock

task t *curr, *idle

expired timest

prio array t *expired

unsigned long

int best expired prio

prio_arry t *arry[0]

intnr_active

FF 4715 #0447 B (BITMAP_SIZA)

struct list_head_queue[MAX PRIO]

0 1]2 |3 4] 57]...... 138 | 139 | 140
A [Bf.... C I_HX Y | z
(HREZ K 0 BIELFAF) (HREZH 138 LB

prio_arry t *arry[1]

int nr_active

FT AR 49 KA [BITMAP_SIZA]

struct list_head_queue[MAX_PRIO]

0 1{2(3 141516]...... 138 139 | 140

D [E| ... JF| Lyju|v| ... w

(REHH 0 MAELBAFIFRE (R4 138 BIE KBNS HRET BT AR
IBAS) IR AIBAFY)

5-1 BATBAFILH
BB AR TE4TBAFY, Bl run_queve MELEIMHKR. B 5-1 /HTE
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ITRAFIRME A, RAENBAEHEXWNT:

struct prio_array

{ int nr_active;
unsigned long bitmap[BITMAP SIZE];
struct list_head queue[MAX PRIO]; };

Prio_array £HIfFBWTHrEX:

© nr_active 7H2%, ERMENSLAFHHRE.

@ Bitmap AL EBEST 75 I8 F A A RAR AR BB . bitmp BISE
BFRERBTREPERSKERPRD. CHELBFH MAX_PRIO M. {HIX
#, bitmap AHESEK.

@queve FHEEBERNHL. GMERSHRERENMHRE. XK,
queue [O] BEREFTHMRER A 0 HIHEHER; queve[1VRBFTHIAEMEN N 1
MEBMERE. XBEM queve AR task_struct LS, ML
task_struct::run_list, BRNA T _LRERH—MNEIT.

RSN —EHBAER AN BT

@ spinlock_t lock: runqueue HJHIES, UEEX runqueve HITEME
B, AN GHE, EXNMEREREW— CPU ERHENT, Fit, &
FRENMEEPET.

@ task_t *curr , *idle: curr ®/iA (PU EEZEITHIHRE, idle M
CPU B idle 72, #HAF Linux2.4 F init_tasks[this_cpu(] HIfEA.

® int best_expired prio: % expired EHBHTHESRESR (K
HEND) . ZEBEHEHAN expired BAFIHIFHEFER (schedule_tick()).

@ unsigned long expired timestamp: H4F—RMIME S BERFEE, X
—RBURERFRENGEFATH B/ EHRRE (jiffies MAXE, &
schedule_tick() ), EFRETR expired FRLEFROBKEBHNE. ¥
H)fE FI4RBLAE EXPIRED_STARVING (rq) % k.

FWRIHEIRE, A CPU LEF THARET, active GEITEAFI)
expired (RIFIRAF) . —MRBEHT, WA ATHHRNZM active AFI#H
3| expired BAZIF (schedule_tick()) , BB Z#ERETHEAME (BI 1/0
ERD) RE SRS A ERIFE active B\ ELUREE I EE. XA
ANzt KRG #REHFE KA, BRAR, MR expired BAFIFHIHRE
EL%ERFTRSKHET, MFERXAANEBBMNZESE expired AFI L
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¥, #% active B\F. XANEEH AL EXPIRED_STARVING(rq) L. 7
expired_timestamp A1 STARVATION_LIMIT #AZTF 0 WATHRT, mMETHH
AN EAFER% 2, W EXPIRED_STARVING () iR FIE.:

(1) (4BT4XIRTE - expired timestamp) = (STARVATION_LIMIT * A
FInFERERRLE + 1D, AR expired NFIFEDHE-NEBEELE
T RBKHIM )

(D EEBITHERHBEMRLRL expired AFIFBBERERERK
(best_expired prio, HEEKXK) , W HANZRRHEST active V]#F
expired A% L3k,

® unsigned long nr_running: & CPU LHIBEHES, %BHER active
M expired BT HEHIIEN, BRUEME CPU ABBRNEESH.

BRHBEA UM CPU RE EMABERFRAF. EEELELU, 83
TEBSEA Linux2. 6 AR EEEE.

LEHBRNAELEEEEETHENNESR, AAERRRERNARERHE
Sk, Linux2. 49, BF[E ki counter RIBTRR T —MAEIMREL. Linux2. 6
FifiE i RS AR P H tine_slice RN, TIMHELM prio CHEH#FE)
% rt_priority (ER#E) &R,

RERAT— CPULY TR MEEBTIHA: active BAFIF expire AT,
BATHTERREFE-MERMERITITRE . RE—3HF 140 MREMMKE
%, AHXHEMAKRPTR 140, BFEEF LI BRAMRAROBHREN, 2.6
&A% runqueve, TIREHEM active HAPHEE LB METHT
FRE—ANEE. RRAFEHERTESNEL S 50 EREPRAEMER
Ktk &% /NT 50) . MIARE R E BTN active[49], BEULESH A 50 HFEEAF]
feét. BAFIk BB N HERRREPHEE, IHEENEREHR 0(1),
NIRRT 2.4 RERIT RERE. KT LM EREE active HALEF T4
bitmap, HEMEERH LHHBBEEATIRE, AN LR RBEENL.
Sched find first bit() REE W% bitmap, RFELFHE MR SMERNE
MR, ZELBIF sched_find_first_bit G IRIE] 49, 76 1A 4338 EATLUE
i bsfl F184 LI, X TREXEAH MW E, 0(1) HESRMUshAR
RIZRHBRMEY, EXAUT Hk:

BIRETEP tick TP, HRHINE A (time_slice) # 1. 24 time_slice
0 B, FES[FIMLFHBENEL, IRIEXEAFBRNE LHHRE, NEEH
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MEAFFEFEA active BAFl. MEARZEAHBEMMN active BAFIFHE
expired A%, XHELRHEANZEAHRRERINERE CPU. AMXLEHEA
REIAZ TR active PAFIF, BMHN expire BAFIKHERL=ENBIAR. X
HEDZ4A CPU HABEE—AMEEER, PMEERENHRRETLAMER
W% 3 expire AFIP. 4 active AFIFHFIEHEBHEBEE expire PAFIF
J5, WERH active AFIR expire BAFI. LHBEHBA expire AT, S
ROEFHMNME ), FHEFH active AFINIKR THIZHHER, T expire BAFIA
Z, NTFFBEHN—RRE.

NBEXE, REBRFUNRRMEEEELWSTREN—HARE. LR
THERFIFTE B L 4R EE7E kernel /sched. ¢ #1 include/linux/sched. h H1#§
3. ERERFY, £% (3R REBELSHNEHREN 158, AEEF
RSB AT task struct, B linux ABARCZEREBHEEEH.

5.1.2 Linux2. 6 32 FEHLHI BB 2

(=) BET AR

HEENHWFRBIEITAGE, EEANZ, BREX cpu M. HRE
18 cpu MEHIEBBIARERHFE N RER schedule ) M schedule_tick() .
scheduler_tick ) R— N HAB A EANRAER R, CEH#EFCHTE
BEFRE. eNEERER, LERSERERERER, linu WEZEEX cpu f
BHl. EREFERE, linuy WEEE TSR ERBIRERER. R, S50
RENBBREFEATEEFREN, WBEA schdule O KEFEFHEB—A i
B, BHA—SERRERAWEERTHB MR, EAREEERRILTHR
RSB A LHR. ATBABAKER, EELEHT, WZTUM
MERBEHIN, ARG G . AR 30T R 27 8 A2 2 ] e Rk &
TR,

B5ER schedul(), linux WEZFIFEHREMNHRRET REMNT, HKE
scheduler_tick(), WHFAEREBNMFELAMILE cpu. XHNMEHAEH
SR T RERTFPRERIRRE.

[kernel/schedu. c]

asmlinkage void _ sched schedule(void)

{
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struct task_struct *prev, *next;
struct prio_array *array;
struct list_head *queue;
unsigned long long now;
unsigned long run_time;
int cpu, idx, new_prio;
long *switch_count; .
struct runqueue_t *rq;
/*
* Test if we are atomic. Since do_exit() needs to call into
* schedule() atomically, we ignore that path for now.
* Otherwise, whine if we are scheduling when we should not
*be. */

if (unlikely(in_atomic() && !current-Yexit_state))

printk (KERN_ERR “BUG: scheduling while atomic: ”
"%s/0x%08x/%d\n”,
current->comm, preempt_count(), current->pid);
debug_show_held locks(current);
if (irgs_disabled())
print_irqtrace_events(current);
dump_stack () ;
}
profile_hit (SCHED PROFILING, _ builtin_return_address(0));
need_resched:

preempt_disable();

release_kernel lock(prev):
need_resched_nonpreemptible:

rq = this rq();
/% The idle thread is not allowed to schedule!

* Remove this check after it has been exercised a bit.

prev = current;
| )
|
|
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*/
if (unlikely(prev == rq->idle) & prev->state != TASK_RUNNING)

printk (KERN_ERR “bad: scheduling from the idle thread!\n”);
dump_stack();

}

schedstat_inc(rq, sched_cnt);

now = sched_clock();
if (likely((long long) (now - prev->timestamp) < NS_MAX_SLEEP AVG))

run_time = now - prev->timestamp;
if (unlikely((long long) (now - prev->timestamp) < 0))
run_time = 0;
} else
run_time = NS_MAX_SLEEP_AVG;
/*
* Tasks charged proportionately less run_time at high sleep_avg
to

* delay them losing their interactive status

*/
run_time /= (CURRENT_BONUS (prev) ? : 1);

U ERES, HETHECAERF LBUERREKE. MmRBIERE
KRR T B K T S BEHR A 8] (NS_MAX_SLEEP_AVG) , BRIBHIBITH AR ENEK
)P A HR A ) o

XHER Linux AZACKZEHARARED Fr B g R — MRSl (timeslice) o B
V8] BE TR AR R R P W R BB AT IR, XIRSEREAEA cpu MIRTIE. WNRERFRT
CHEEE, CREFABEE, MR (tinestanp) B—MEXNE, TRH
KRHEFREA cpu REKER. RERFFH R EBRE/DSHERT cpu M
FRRIR R 7o

filtn: BAEHEAF S0 MRMARKNE R, BERT 5 AR RN
CPU, #RJENHAHFRILH cpu. AWEFI R BERRE SRR A KRS 18] F B 50 45 4
. ARBHEERITRERATFRLAME, WERHBERTLILRAENE
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RATEFERANERE, BEBHERRE—MBENEITF, COXSHHNRESH
WA, BREHEEFENT, AFFEEHARRENR, UERERWN. XE
AHABRRBFLLEEABET 100(BAE) F#ER, ©FFR run_tine #
(sleep_avg/max_sleep_avg*MAX_BOUNS(10)) .

[kernel/sched. c]
spin_lock_irq(&rq->lock);
switch_count = &prev->nivcsw;
if (prev->state & !(preempt_count() & PREEMPT ACTIVE))

switch_count = &prev->nvesw;
if (unlikely((prev->state & TASK_INTERRUPTIBLE) &
unlikely(signal_pending(prev))))
prev—>state = TASK_RUNNING;
else {
if (prev->state == TASK_UNINTERRUPTIBLE)
rq->nr_uninterruptiblet+;

deactivate_task(prev, rq);

}

U EAREES P, REEARBETIIY, BAEGRE, HHXER
RARES, MRETARRS E—MEETHEA schedule(), B4, EHGES
EHRER, HNMEFL-MBITHHE, SERENZERERS T EENL
B, Wi, KEEHA unlikely O BAEE, WEEEH#F—SHRL, RITHM
BATRAF IR 540 & AR R B T — N EB TR,

(kernel/sched. c]
cpu = smp_processor_id();
if (unlikely(!rg->nr_running))
{ idle_balance(cpu, rg);
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if ('rq~>nr_running)
{  next = rq-didle;
rq-vexpired_timestamp = 0;
wake_sleeping_dependent (cpu);

goto switch_tasks;

array = rq->active;
if (unlikely(!array->nr_active)) {
/%
* Switch the active and expired arrays.
*/
schedstat_inc(rq, sched switch);
rg->active = rq—>expired;
rq->expired = array;
array = rq-vactive;
rq->expired_timestamp = 0;

rq->best_expired prio = MAX_PRIO;

X B ARG, M smp_processor_id () 3R1§ 4 cpu MIFFIATY, BEEEE
AT, MERBATAG ERABE, RRET— RN idle #52, HFRITET
TR RIBREE N 0. EERENERET, EARBERTEHEARE CPU
LEFTIA CPU TTLMIE, HRERBMREFH, ERATHHFE CPU LEHK
TRATTENLENS. ERHEEEE MM CPU B EE, A€ idle REN
BITAIIMT AN EFEE MO R, WRETINFIKEREEANT, &
BE—ANFH BT, SRR R MBI S Rkt

(kermel/sched. c]
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idx = sched_find first_bit(array->bitmap);
queue = array->queue + idx;
next = list_entry(queue->next, struct task struct, run_list);
if(!rt_task(next)&&interactive_sleep(next->sleep_type))
{ unsigned long long delta = now - next->timestamp;
if (unlikely((long long) (now - next->timestamp) < 0))
delta = 0;
if (next->sleep_type == SLEEP_INTERACTIVE)
delta = delta * (ON_RUNQUEUE_WEIGHT * 128 / 100) / 128;
array = next->array;
new_prio = recalc_task_prio(next, next->timestamp + delta);
if (unlikely(next->prio != new _prio)) ({
dequeue_task (next, array);
next—>prio = new_prio;

enqueue_task (next, array);

}
next->sleep_type = SLEEP_NORMAL;
if (rq->nr_running == 1 && dependent_sleeper(cpu, rq, next))

next = rq—>idle;

X8, HERFFA sched_find_first bit( )REULENBEM—NEE
BT, R queve BEENER, XNMERERENCEFRILENEA.,
next AR A queve PHIFE— MR, WRBEREHNHKE T EARIRK
B, BEFT RS, FHEBEE] switch_tasks () b4k
AR,

BRAFHE A, BIRELHE B MRS LR, #72 A EEHFEREB TR
A RBERIT. MBRAERERFEREREA RS, XBAM dependent_sleepr ()
KRIHRE A EEFFHEB, FAEBE— M EHNE RS,
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[kernel/sched. c]
switch_tasks:
if (next == rq->idle)
schedstat_inc(rq, sched_goidle);
prefetch(next);
prefetch_stack(next) ;
clear_tsk_need_resched(prev);
reu_gsctr_inc (task_cpu(prev));
update_cpu_clock(prev, rq, now);
prev->sleep_avg =run_time;
if ((long)prev->sleep avg <= 0)
prev->sleep_avg = 0;
prev—>timestamp = prev->last_ran = now;
sched_info_switch(prev, next);
if (likely(prev != next)) {
next->timestamp = next->last_ran = now;
rq->nr_switches++;
rg->curr = next;
++kswitch_count;
prepare_task_switch(rq, next);
prev = context_switch(rg, prev, next);
barrier();
/% this_rq must be evaluated again because prev may have *moved CPUs since
it called schedule(), thus the 'rq’ on its stack frame will be invalid. */
finish task switch(this_rq(), prev);
}
else  spin_unlock_irq(&rq->lock);
prev = current;

if (unlikely(reacquire kernel lock(prev) < 0))
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goto need_resched_nonpreemptible;
preempt_enable no resched();
if (unlikely(test_thread flag(TIF NEED RESCHED)))

goto need_resched;

}

EE—AT, ZREEHHE task EHHNETRBI CUK LI HEEHE. ¥
Tk, BTEEHTETXUI8, FLUBABMSE CPU, REEEBME, X
8% CPU MR &R R (R EAES 4 CPU HERBERHI LR, XA TR
WA “R-ENEF” .

REREA—MEBBITHIR BRI sleep_avg B, X HEHTA
%, MEHRGARTEABARERER, EHREFARLTRERANER
RZE, BTERERFOERE, RIOBDEHZEGEH, FEHERIR R
ALRNE. IMREFBTRERFTHRACHBECLMERT £ CPU B,
FEBTHEHELUERERH S /D> CPU B A,

MERMNBEERER SR, RREHFHBEREER, BMSTATIRT
3%, HEHABREANGWHE. EEFRBAZEE, BuEith, Rk
BEESZEFAE. WEE, NEIZ schedule ) HIFFk. A context_switch()
RALCHESHREN, BB #HE LT XH T, TR context_switch() 5,
BNTRETEERAE, scheduler tick() HFCREFHERCAHTEETR
BT. &&, SRNEFHEH, FHECEFE. RNAHBEFRFEHRE G
S ETXVH) , BEFIRE-AMMFEEFAERHE. BIT schedule () Ry
BAIXAN CPU AT BB AR.

(Z) #ahikih CPU

Bt AR schedule () I{E3EFE BT CPU, ERERKRIERFESK
EMRZAEEREEHEFF, IXMREMRAAEELE, HHAHEREAE
EEMEA CPU, REERFLAEFEANLE CPU. Linux W EN#BF
CPU, mtiR%ME ILERHER, REPTETENMTLES. Hi, XEEF
Z R schedule_tick( ), BRAKEE—HRHMIF CPUKRL. WR—A
HRIZITHI R, WERBAME CPU MEFIRGR RIS XA, MREAERES
= ER. RTENMREHFABRABAE linux A& IR CH W
/kernel/sched. ¢ EH#&F].
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EXBEKFFEORERNZER AN EHRAESREITG, MR- #HE
EENECHETHRIZMMERET, WeRgB2isrhalmaHgas,
PET—ROBXRAE. BR, YHBETERIEHTEERRERGELT
BIAUSMEMRE, BRIONMZBILHEENSTTIPHER. BiEBREEN
BB R E AN, HEHENRBSRERTN? TERTMBITIF
IR BT R

. FERRFTET LUNIET AT BBR 2
(1) BEEAERSFEEHRERRETRE, HERFEENFES,;
(2) ZESWP WIS, HEESN—NEITRATIRRFEHE RS — BT

k.

F—FEREEREE LSRR CHEISRHING LEIRZ/E, schedule()
BAAGE &, #EE B 2HIE KN 3EE T RE (TASK_INTERRUPTIBLE.
TASK_UNINTERRUPTIBLE, TASK_STOPPED %), ¥ Hi@id MiE1TRASIMERE, WA
B AR CPURITE . e, RN WFTET deactivate_task ) BT
BA B B i R AT R R

[kernel/sched. c]
static void deactivate task(struct task_struct *p, runqueue_t *rq)
{
rq->nr_running——;
if (p->state==TASK_UNINTERRUPTIBLE)
rq->nr_uninterruptible+=;
dequeue_task (p, , p~array);
p—>array=NULL;

HT#RE P AFHET, AERFEERANEREITHERY. WREERNT
hiH), WABREIMBITIGIR AT RS, RN R
BRI OB BE, BFEEHCAMFINGIHER. BEXFHTR, &
Gischr EWEATRATIMER T %R WA poarray SRR R EH HRIEER
FTURRBRERE BT L. EH p-darray AERXAMER, HEHTZE,
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HFRBKFB A1 3T
BRI ASMEE — B TSI A B2/, TR dequeue_task() 405 :

[kernel/sched. c]
static void dequeue_task(struct task_struct *p, prio_array_t *array)
{
array->nr_active——;
list_del (&p—>run_list);
if (list_empty (array->queuet+p->prio))
_clear bit(p->prio, array->bitmap) ;

FEXBAEE, RITAERENSA LHEKERY, #7- p EAEIHK
At REFEREA L. RERE b KNERAREREEA T KR BER T HER
B, MREMBRTSHERNT, WBHE BRI A AL E o A8 RAL
DLk R R B A EEE R EBCh p-dprio() .

BT p-drun_list B—A4* list_head BI%H), list_del QNH—FatEeRE
FrEMMERRIE. NIBATRAFIRMER RN F BT 2 AT HRMME, RX
A4 T TASK_INTERRUBTIBLE B{ TASK_UNINTERRUPTIBLE ‘R7, B AE#kMeEE
FHREBITIAS . ISR #EE4ETF TASK_STOPPED, TASK_ZPMBLE B TASK_DEAD R
&, WERHESHHEMERHES.

5.1.3 Linux2. 6 JHEEENGE

F—WHAANT Linux HBRMAESEH, FEFAT FEOBERD. £k
FHERE—T: Linux2. 6 IRERSGET AERAES Linux2. 4 B RERE,
schedule () B T AYRT B B 2B R MRy 0(n) N EHHY 0(1) o RIHRFHA R
#:

(1) Pick next BiXEBITF active A, AHEFEEE runqueue;
(2) BH T EMEHATE R counter HIBRME, SHAMERNBHRIHEMH
B, B tick FEHUREE —LAGREPHT.

M 2.4 BWIAERME, 2.6 K schedule() RBEF MM H—L, WD TH

BE, MERTEBRERERIIETT . AROHERE cpu MMEBK, 2.4
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FHE Linux MERERR

FREDN R TROHFBREFRER T A cpu LHSHERERT . REROEL
WA LU FE AR P
FELHEITPHER (prev) —EBT—MIABITHHE (next) —iX
EFHBRMBITHAE—PITHE L T X R— %R .
2.6 MAERIAERERETRSE 2.4 RETHNE, HETBRHA TR
5 2.4 £AMRA (f context_switch() FF#R) . FTAMNZ AMEFHFHAZKRAE
HIAR:
(1) HHX8
FERBARENIIDAEIEAN cpu £T, 2.6 BEZPSERNIE
fE: MBS runqueue::lock, &RBLEL kernel_flag. X ELLEAFIBINK
BAERIE T RENFIHBAER—H, BOBHENS 2.4 PHRA: RERER
TR Z G OBIEIT (release_kernel lock()) , TRBERKEBRE
( reacquire kernel lock() ) . H# B M B R EZ KR R F #
task_struct::lock depth B¥EH.
WA AERTRAEAERNIERE, 2.6 AEREASNETERR/LER
HET.
(2) prev
FAERIEYN prev HRNFH/MEM:
Osleepavg BET AR BB E (¥R EBFHEHEE
sleep_avg” B BVTH T RAHRE")
@timestamp FH A LATHE, ERE®™T EMHRE, BT HEHBESR
i LETN
prev WY T KRG, BIMEBHT sleep_ave, BEMENFITHMEDRSS
B, ER—EURREESNIAEEZRERERE (KKK .
(3) next
FEHHENE runqueve FIREMHINR, LT active/expired HA
BRI EH TN SIRE, 2.6 MR SHEEEREN €A =M
AE:
Dactive BREEBNFIPIEL T & B SR A RANERE;
Q%47 runqueve PREREHRET, WENFHFEMAN cpu EEB#
B, BitTHhis (TERBESHEXNORBTE") ;
QUMENMRRFERLEHERE, WA cpu # IDLE HRRARE.
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FEBRIEE next ZJ5, WMRKI next &M TASK_INTERRUPTIBLE fRHRH &2
KEH KB REER (activated>0) , AEBERE next FERLET LEFHM
HKEFABEBRHRER CGEFEARENFIPHHME, F R HEFHEHN
(8 sleep_avg”) .

BT sleep_avg Ml prio BIEH 4, next ) timestamp I Hh Huvat
8, AT T—R#% TR TEETNK.

Linux2. 6 KIRER, BRZONAESNRARERZIS BOEENHAATE
BANEA TEUT =M B3R ESE:

O RS R I E;

Qi BEEF AL (preempt_enable () i@ preempt_schedule()) ;

@xFHAKEKE (Il wait_event_interruptible()#0O) ,

Linux2. 6 AZAEZRZML Linux2. 4 M5 AR EFRFENENNAZXE
. ARRSER 0(1) BE. XA SHIEEBEMER SR AERE
BER W, BEH CPU, FREIRMBRERAREE R REET. XHAK
HARIE T LR AR AT T I (A B B . X" BRI W " B4 AT & K
LR (soft realtime) MIESR, B5”SLBIMIN”HAESLHT (hard realtime) BH
—EiER. HH, Linux2. 6 RERGTIREHRME cpu PLAMA At IR AR5
17, ANEARRESNRECHHERLRBRAEENREZSRE, B
B, RER Linux2. 4 5, BEKMENEFEERIIRBENHEE. BXTF—
THRE BCHBRT R,

5.2 Linux2. 6 #3218 B9 EE 14 e

AEFE AT Linux2. 6 AR 2.4 fAk, ERBREETETRATRER
RS I AR R B SRR 55 o W At R Xt T B M S AN U], (E e T Linux A
B AU B AT EEE, BRERAEXN AR INAFEEREM
ARZAE EERUTF LA REHITE:

(1) AEXRTERERFTIESR, B P A& B AR LS HAE 55 A RESLAD
WRETRENAT. 7 Linx REEATHLREAREENLE, ATRIFA
BERESPATKENEFEE. BIAT RPEF TR, PHIKE KA.
HREMERKHRKAT W, WARERET ALELERHEN TR, &
GHTERN . RN RE P AV I,
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(2) Linux #FEELERE#ROREZRETRE. NTRETHAFE
B, TRENOREZKD, ALERANREEZ— M EAFBUET. B4,
LIRRERAERRBRE BT, BRERNHBIAEICREIEEN
HEFE&RETATREG CPU. ELHRET, FEBHARRERERFHFEM
FAHERIIS .

(3) RERREZAENTHRITIFRS, WARSEERNTHITS. &
WP BRSERF (ISR) WTHEAK, HEPmEZRRLZERNNIT
L.

(4) FELRE AYBRF S B 7R A5 SR (LR T 00 X e LA 2 S e 8L R 0 R B e O
K. PREFHTFEREE/L v s AEHERN, (B Linux2. 6 RAAZF R
AR 2 100z, EIRITR 1-10ms —K, REBR, ms FKEIHEHREA REM 2 L
R A 1 s KRR

AFKERT Linux2. 6 ELFAR TN R Z AR —HBFRTR, BER
FhikRg, B BRMBREMINCASE.

5.2. 1 1R S FH S5 By SR K

FFUEH Linux SBGERHEPREERME T — MR, FRMA KURT-Linux,
RT-Linux #1 Monta-Vista Linux %, *

KURT-Linux i Kansas KEFFHIFFR, ERIEREHHHMEEMERENE
K ZER (one shot mode), BIERMEHTHRE—MEMNIE, REEE
REHE R LR, EREFEHCBERPERRERENN S RE MBI
& (ns) o KURT-Linux F|F Pentium Z2#5 CPU $2ftH) time stamp clock (TSC)
SREE RS IE], LABIHE TSC BHARAI 2480 TSC BHhRZ ZEIEA TGN EREE, o
KW

RT-Linux e BFAEF T#RITR, 70428 W R0 & 77 I I RIS R LT
KURT-Linux f1BAH: @i RAMER R E A BRIKMARS, REFA CPU
MBS RIR AL S CPU AP ARIL AL E KSR . JUECRE Intel8354 E
i 8885 B THETE interrupt-on-termina-count #x,. XHEFLEPHAEREE
1 AR RS .

MontaVista Linux (75 % HardHat Linux) RF S ¥HafE €mfas HRT ( High
Resolution POSIX Tim-ers), {3 Em SaT LAF=EEMMUBRATY, NHHE
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BAMUB R ETE . FERAERNASETE CPU K, NERFERE
I (6] 4 AR — % 7 CPU, Bl one—shot 883, iXFhfg A B BE th 5 KURT- Linux 2441,
MontaVista Linux L3 T e M8 HARE, (BHZ Linux RARIGER, FLinux
B — R — IR o

Linux—SRT R &IHFA% David Ingram M TRHE, BEBMBERT
Linux AR HZ B9, # Linux BRI i 575,100 IRIBRE] T 1024 K. X
EAA KRR PR, BENSPHEEOTRE, XLELTIRAER
s, ESMETIAEENREER. ©

AWML T KIRT BB, HA—AMERZRONHLERSE, LRASHE
Linux ZOR#HATET, H#RXHTEAM Linux B0 XML O
HRZZERE, TIIRARNEHNESBTEN. BdXTRRRE, BANR
RARMREEANE, FAREPXMIHEORHBENAS.

A1 3CF) A Pentium 28 CPU & time stamp clock (TSC) PREZZRZiR|R)4R4L
KRERHE, XTREPHFEMPLEREE NS FEEPHNSHHEXMN
FWEKRAT: RAER#FUERRAF) (timer_irq) 1 HRT W7 iE K A5

(hrt_timer_irq) , BMABMEFEENFHREEF. ™ HAETH
CONFIG_HRT_REQ %€ XHIBMENKT, ERAREHZRBERSREMNEIT.
FERTRET, LWREEAZPEE CONFIC_HRT REQ BOFsHE & i B HLHI T ks
B XEXRBMEFEEH R hrt_tiner. sub_ex-pires. %HIELEHIH FHRE—
MEREER R YR RLEE jiffy EZIMINBRIES AL, HEEEEE
I AR A o

%t hrt_timer. sub_expires HiE &R T :

struct hrt_timer {

struct rb_node node; /xR R AL BT x/
ktime_t sub_expires; /ST B e/

enum hrt_timer_state state; /*TE I B IR/

int (*function) (struct hrt_timer%);

struct hrtimer_base¥base; /*5E I 2R X/
#ifdef CONFIG_HRT REQ

int mode; /e R B/
struct list_head cd_entry; /B R B BA B/

#endif
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}s
ANEEERGENBHAXORERESR. A ENBEEEH
init_timer (). HIEEN 2BHRB add_timer () B BUFHE BT 23 BET AT (8]
H¥ mod_timer( ) %%,

5.2.2 LFHAEELRISUH

HFLinxRHHNERETEREN, AFHMFHERHFEZRNE
Fo L@LinudR GRS B WA — 8 o iR E R ZSRERME
HREEEE:

O EFREZRPEEEEPD (priority driven scheduling), i a%E
REGAERFRT—MESHITHRKIE.

® EFrEEZEEEELT (time driven schedu-ring), ZHEER
FER—FEITHRHE TRNBLNHSRE R ERERTNER, £HH
RETHALRBHELT, HTEMELHFH. DHRURERE ESELAN
R RHER R

®  ETHHILZHBEEESD (share drivenscheduling), HE R
BN EN —AFERENESETRAE, FEITHRAENEZLRE
tho {26]

BELRN AR REP, THRBZEMRER A GER R H—MUE
XE, BATEZSLZREHAR. HUSESEAPARAGTER, HiLaE,
HEEOEES, TAMENRNELEET N, FLEROARBEREERR
BERITROH R LB Bk

AR TEEHSEFESIANTERHOAMETFRERNLHRERE: £T
AR B E R B R AR (Rate Monotonic Analysis, RM) “HIZETFHEM
SR B B 1 WM % B vk (BarliestDeadline First, EDF) ™, REZAHR
LKM (LinuxLoadable Kernel Mod2ule) ™7 R fn#.

RMAEHER —HEANBSMEY R SXRERE. HNEYETHESE
THABRETRE, AYRE, BtragEg, Regss. HLEREES,
REZBRHEBBRENERE. SEFEHT, AHREOHRRERECPU,

RMEEFRE =AM QMBI EAREESAR, SMSEFEECKHH
SMER, ORALNHTEEERNMELHNAYEE, IRERBH: OXH
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TR AEHMEZ AT, MEERERERFESHCPUMARERTE-F
B, MAAESBEHLCNKNR, TAREEMESNIZES 4 MEE
17, MFRETHRNIR, RECPURARMEESHARMER, MEEBRIEX
BIESHBR. THIZHRAT SEEE4 TFCPURFIAZE, HEHZ R HRMHE
EEERTRE. ,

V= G/ <n@™D) ()

i=1

b, CRBIANHBEEAS ARRBRIITE B, T B #EIET AR, C/T,
RCPURIFIFI 2.

FriE Sy MIRMIR E SR SR 4T
(1) 7E3k 3 fsched. hdHEIIRMSHI 22 5E X:

#define RMS 3;
(2) FEE R el task_struct S8 0% F RMIR B S BR BOAE 4 (0 JB 1k«
struct RMS. struct
{

unsigned long period;

unsigned long ready_time;
unsigned long service_time;
unsigned long time_serviced;
b

FEiZE M A\ task_struct 2/, WEBITHHN.:
struct RMS_struct init_rms(struct RMS struct init_rms)
{
Init_rms.period = -1;
Init_rms.ready_time = 0;
Init_rms. service_time = 1;
Init_rms. time_serviced = 0;
b
Q) AN BEREY REES LW sched_params;
struct sched_params

{

int sched priority;
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unsigned long period;
unsigned long service_time;
b
AW IFINBISE A B E L REDF, AR LR a1 3R 3 TR HK (DDS)
R—MEHEREEE. DFRAEEREARN, £5HRERERESKELRN
EEhASE. BILHEBENES, KERSHE. DFAEERCHERRER
R, MARKELM. LENFAREATEI0%. PEERERNIR
W, RETAUATHRM, THERESKEREASR, A—MEFERRNES
BE—EBMESBEER. B CHELREFFHLRMSK™ .
ENAEDFERE S, T T &4

V=% C/T, <1 (1)

i<l

Hoh, CRBIAMFEEMS BRI B ARATHE, ThH1M#ERNETAM, C/T,
RCPURIFI .

6 i EDFE BE 2R MIBUE S T
1) 73k sched. he 18 IEDFAI % & X :
#define EDF 4;
2) ZE B H il S task_struct H48 In K FEDF A B SR A& A5 (B 1
struct EDF_struct{
unsigned long deadline;
unsigned long period;
unsigned long ready_time;
unsigned long service_time;

unsigned long time_serviced;

s
5.2.3 EWMKXRERDH

ST S 77 5 P ) M ——— e A AR B R, REAEERK
P AT T LR R

k&M BHEFECPUNL TG, WFLC: HAEHE Hredhatd. 0, XFELHIHR
FrWELinux2. 6. 18R A B MLinux W% . MR T A ALTT(linux trace
toolkit)0.9. 5,
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Linux trace toolkit® HopersysA @l 5lineo AR E1EF KHILinuxBREE R
2. IMLREFEEIBEEEN EEMRETH, REARFEHEHER.
UEBREARBREDE, FAAFERETHEHRLinES RGNS,
ZIAR—THTRERZHRABTRENRENTR, BEERRAEPIEE
B, LTTR R 4451 1 E5-2.

EUXHRSR Linux W#%

PRERHER | R
E5-2 LIT4MrER

BAERG LN EE T B BT XTI AT ] AP i IR B R A 55 W L B ) %
JNEESHRER. Ko LT XVHREEEERF—MERREHRE, KE5H
—AERRSHR B, RASREEL W RNEEHARES. BHLS, BER
SRR EREEZ MR AREWE, H B#TH SRR T EZ R DT E Rl
RER. RE-1ZE X EELinux2. 6. 18 55 BUL ML nux A A _E T SCHl
(B 0 55 i o B (8] )3 L S R

®5-1 AR
WAXT % £ T 55 HE B 8]
FF#ELinux2. 6. 18 12ms 24ms
BEUEHILinux 276u s 403us

MIASERE, BT Linux2. 68 2UF KA LT TR S W R [H)
H EHARARRENRT, BIFHNEGH T SRAETEFENTE.

5.3 Ihg

ARXUBEFETAELEFN FLinux BB ST, 84
Linux2. 6 LA R — AR FEM PR Z M THR, R TETRAEMNG
FEEABUE FIRM, EDFIR BRSO SR, B HIR T oot 5 i £ E 4R
AT RN .
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ERE GRIF

BAT=A AR EEAMARIFER Linux BBEAN, TEME#HE
AERH RS CERBETRENNS . EER, Linx UERFHER
St RIEMENH. FENRERS. FHREEREEURARFNGRESRS, &
KERLE. KRREE. BRREBZURKAKXRASE ST EAH R HBREE
MFESE S, HMF-AMIREF RERFRFREANRERLRER, EMEIX
—REERE—TE. FURRZATUER linux EARAMRZAERE.

EAAERGENEIL L, I, Rk Linux HKANRERTRE L,
EMRRFEEREFRNFDEL WA, BEBRETRENTR S, R
REE EXRETFHERRRGEN B AER"MIR, RABRRA T HECH
T RRE. REHTFHANIAZS, Linux RIAWHE Windows FRH
BERERSFMED, BAFREARLKRE, INEES BMKAIITRIERE
BFER. ¥F Linx BWHHRHE, REE. BREROBTEETRARRL,
EZED>NRBEREKRE, Linux2. 6 FRAEEZXTE MRRIK, FRIEATHA
R EERARRENEHRER, HNRARXREELH RRREFNER,
M AERE, BT Linux EREMMOTFRIRESTRAFHEAER, A
TOAER Linux BN AETS S & H SR BD .

MNEREX L, @Eid% Linux REERAES, METHEEREFENE
MR, HERRBXLBRTRERZNABINDLE. BN ARRBIIS
T, SRS Linux HRZREMBREH N LILEE T MBS, b
MAFIRT JOR LM IE R IHRIER AR, ATt R 2 R IR 2R
GHERBEERETHHENAE. FHXEHLENEDENEZELIRTT
fERBIRRAIER. R, REBEAGREHEEFRAZERDREY LR
FETH R, XERBLIMAHTT AR FRAIE AL S A ANE B H#H
ERF TR REAMB S, FN, SNARRERTHE, BENLREERET
BAVRE. BRI RS, TXMEEHRTRMA 2 THEFEMN.

REBAY, linux ERARFRONBFE KPR, WEMSHHRA
K=, HERENERGERSEE, AABLN linx BERHHREN,
g5t B AT Linux2. 6 ZEER B A A AR AR T St 3R, 3 BXE I
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ERYRAHON G T REANER.

ERXWH linux ARABRBTELES, REBAFARST LINK EXH—
BRABERZENRATHAL. RNKKECH—REE: £ linx KAEEE
B, BR-EBRONEAAZN, SERAERFEHIS/HBITHAIT (T
LR ARMETEARE) SR T -RRETAIITFRBRET. XE—
K, BER T —MERKHS, EX-FBLERNRES, LRBENORELRE
T T HCHRE A, HENEFHFRAT. BRETRRFTHBENBITR
B, FMABTUFI, BEXEHERMEERBLRE, HLEBRRBNRESR
HE#FAFRHETIFINERBITERABRET, JENREEBRANHEES
ARMRE R FIRN, ERER, 50X —R, TEBITAFIGBRISE, "L
EXR—HRETEACHRERR, FARIEERMABITATINERMTIS,
KR T BIT A FIR T —RERMBITITIF, FETUEKETRE
TREER, JIHEERIETAEHRAEBRNBRBTRE, INMERUTET 4
KL PS5 CPU RS T REIEST.

BE, 7 linux BB, BTEFRERRFHERNE, X, A%
B, RABAEREFHERFT, RUTHRNERN EE, XHR LR
PR FGEITIIIF AR, IENEHRERERN. SRXAHEE
HIE R BATHLHEE —E X R, RTENBRTREFUENHR. ERIEH
WRAF, BAMERHRARNEHRALESITAG, FEREHRE KRR,
WABR AL ERRRE, HITHERE—AFX . Linux WEHLEIESES
EHEXR, HTHEENTROFHLER (REE line ABTRALCHES
REMZX -8, HAXHTHESHL) , BEEANRLEED,, RE Linux
AETENERENIE, ERBRBEIMANKEERLRM, THARENES
PERRMFE. WRHE Linux BB RN AT B RN AL, X
B RRSRTRIERE, TRENWERBETHER (&R . RE LR
M—ERERHT Linux MITRER, RETRFEN, SIALTUMARE
BHRARTRERE, BERUFRXMLBEMARXNTR, RZAMHEES
1B, £ linux AR S BT .

BTAANNMRER, FTUS Linux A ERE XESIENS R,
K, SZEEIAREARE, FHRBHITEEERHEETENLS . BT
i Linux WEEIAHT, BBRASRERGERNES, SRERAKINGESH
ERAKF, RANEEERSLRNES.
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B 16 5 LM R B A E TR E . EEESH Linux BHEHOT
BRAATRAEWL. ARWES, FRRRMAANKN TS, K2R TEN
EEFRANEMR Linux ARETXRBMENER. REFAESETEERI #
RETHAFENERER, EEZEBBIRABRERENIRIT. FANRHR
FEERIA S E B KM

BB LHEREAEERETHXRRNFSERRMNEL, HFERKTNE
THARRRE.

B RO, WAERMH EATFHRE X RER RS RHE OB REL
#®s

R b HE 3 R 58 B A2 AL 18 ST AR R B BT AT,

61



HFRHBCRER 2 A08 3

SE 30

[1]Linux A#IERE v2.6.18 http:// www.kemnel.org

[2] Claudia Salzberg Rodriguz & .31 %1% Linux W HE IR MU Tk i fit , 2006, 78-92

[3] BER, EIEEE Linux BEREEMATFTL: BEBFRERE BT, 2004, 116-139

[4] Kemel Traffic . http://www kerneltraffic.org

(5] B A Linu ARERBERMT (L) WM. BTKZHM, 2006, 231-246

[6] Uresh Vahalia 2 WS8R % UNIX BEHB-RAHANF IR BEEHRE, 1999,
165-166

[7) 6. FEHREE BHE KR AR RS linx A% (B0 AR FEEHHMR,
2004, 76-106

[8] Uresh Vahalia 2 UNIX A Hi4FtE. LR: A RARHE MR, 2005, 92-93

[9) BoesE BUK0, B 80 Linux REBEEF 5. PEEHHMREE, 2005, 379-381

[10] BUKA T linux ARARERFR G S0 [LHA0RI)HM: FMHKE, 2007

[11] BifA linux WA RSEIHESOE: (LRSS0 5. BFHREKE, 2007

[12] AR R AR Linux PEAENT: [RE2#ARRE: FLTkAZ, 2007

(13] B ERRAR Linux BEREMARSEHR: [MLEARLR: ERBHKE,
2006

[14] #1145, LETHAR Linux AREERFIRRASHNT: M2 LE: LEXE
K%, 2007

[15] #h¥&, FMESIR, 3084 Linux AR RZ RT3 FHLE B, 2005, 21(07):27-28.

(16] &, HE KA Linux BERZEKMNABEUZHAR, 2006, 2510):57-64.

[17] E XI&RET Linux FRARREREOTIRDR R K ERE HENSRHA, 2004,
(05):4-6.

(18] % DHEMARR LT Linux PR IAER LT 5 S35 A TREAR I F B R, 2005,
21(12):14-17.

9] xxe, Ex, FEF.HAR Linx BERLEHHFA HILKEFE,
2004,38(04):447-452.

[20] FZE Linux #:1F RGH 2 HIHREE. TN, 2005, (05):38-39.

[21] #%&F%E, ZWEARX Linx BERELHEMS TSR BB ARSNH,

62



%

2005,24(05):40-42.
[22] TEE, X1£R Linux B FRARRZERBARM T HEHUN A, 2005, (05):102-104.
(3] RBEE, TAE, BHES Lnx RARRERENHEIT.HENTE, 2003,

29(18):89-91.

[24] RPE, EXE, PHLinx KARREL TS5 ER G HEHERTR,
2004,(04):200-203.

[25] THIE, R linux26 WEEH S 5B6ET R B/RRELKEFR, 2008,
13(1):24-28.

[26) B, AHEX. Lnx ARP—HEEEEHBNRITESER. HEARRERRE,
2006,16(4):73-78.

63






	数据结构在操作系统进程调度中的应用研究(第1部分)

