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Abstract: Process scheduling is the core function of the operating system, providing critical support for the overall system’s quality assur-
ance. It is essential to carry out relevant functional and performance testing. Existing process scheduling test is mainly based on black box test-
ing methods and glibe library functions, which has the problems of incomplete and redundant test cases, and the performance test results
based on the creation of hypothetical processes are not accurate enough. Therefore, the process scheduling functional test scheme based on sys-
tem calls is proposed in this paper. The scheme adopts white box testing methods and decision coverage criteria, comprehensively considers all
kernel functions in the relevant function call chain. Meanwhile, through functional classification processing and test case streamlining strate-
gies, it reduces the redundancy of test cases while ensuring the completeness of the test. This paper conducts performance tests based on actu-
al processes, systematically analyzes the process state transition time nodes, and uses the kprobes and tracepoint mechanisms of eBPF to accu-
rately detect the corresponding kernel functions and tracepoint addresses, thereby improving the test results of various latency indicators.
Among them, context switch latency of processes such as kworker, gnome and xdg, as well as their child processes, is significantly longer, in-
dicating that there is room for optimization in the relevant system program code or system configuration.
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(1) 5L nice (EAIXRGEH .

int nice(int increment ) ;

TRV : B WGH AR nice (H , AL IUA FERIHS I increment
SELULH :increment A nice FY3E INE

int setpriority (int which, int who, int niceval) ;

TIRE U A < & WUHE R JEAR 1Y nice {H M niceval

Z UL < which FI who 3% [7] 4 72 B i (which 2 PRIO_PRO-
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CESS . PRIO_PGRP . PRIO_USER 43 il 3 W] who JJy # 2 | # 2 2 5
FHPARAT, H who 2 O By 25 Jir 8 A | 24 fiy F A 2 sl 4 i 1
FIPR ) s niceval iy iE B2 nice {, UH K1-20~19

int getpriority (int which, int who) ;

TR : FREGH TR nice (A

ZHULH : which Fl who [/ 5 iR (LA E X IR] 1)

(2) 5 BERE I IR ARG R G o

int sched_setscheduler (pid_t pid, int policy, const struct
sched_param *param) ;

ThRETEH « 1 B A E HERR VR SR M 15 S e

SR L R pid SRR Y HERE I JEE SR M poliey (policy
4 SCHED_NORMAL, SCHED_FIFO, SCHED_RR. SCHED_
BATCH ., SCHED_IDLE , SCHED_DEADLINE 43 %] & CFS. FIFO
RR.BATCH . IDLE , DEADLINE ¥ B 5% g ) | 2E 72 9 B2 2 $0Ch
param , sched_param Z5 #8452 L A1F
struct sched_param {

int sched_priority
fs

sched_priority P 7 5 B ] Ji 5 i SCHED_FIFO . SCHED_RR
PERE S SEGAE R E B 1~99, 1 F/R R e Ji ek, 99 /R e
19 3 4 4 SCHED_DEADLINE 3¢ W 15 8 Jy —1, Al 3 52 3¢ s %
RO

int sched_setparam (pid_t pid, const struct sched_param
*param) 5

iBe e - % B 48 0 R LI 58 2R param 1 sched_priori-
ty

SR RS R pid YRR A9 SR e, param ELAR S S
[

int syscall(SYS_sched_setattr, pid_t pid, struct sched_attr *at-
tr, unsigned int flags) ;

T RETEH - 1 B 2 BRI

SR - BE A8 8 pid SRR Y R LR R attr, flags To R X
BRI

sched_atir Z5 K E LN+
struct sched_attr {

__u32 size;//sched_attr Z5F 4R /)N

__u32 sched_policy ; /7 J& TR W&

__u64 sched_flags ; /P4 bRk

/4*SCHED_NORMAL, SCHED_BATCH */

532 sched_nice;//nice {H

/* SCHED_FIFO, SCHED_RR */

__u32 sched_priority ; //SZHHIE e g

/* SCHED_DEADLINE */

164 sched_runtime ; //DEADLINE & 3 5 W& oE 7212 4715 8]

__u64 sched_deadline ; //DEADLINE 8 & 5 % i s 17 8% 1k
it ]

__u64 sched_period ; //DEADLINE VA EE TR Mg R s AT R

_u32 sched_util_min;//CPU & KF|

_u32 sched_util_max;//CPU /M|

s

int sched_getscheduler(pid_t pid) ;

T RETE : FEHECHE & HEFL I SR

SR pid

int sched_getparam (pid_t pid, struct sched_param *param) ;

IREVEI « SR ISR & AR SR et

SRR BRI A pid F R 1Y SE BT O 58 S 3t 2 7E param H
iR [A], param 2 L[] I

int syscall (SYS_sched_getattr, pid_t pid, struct sched_attr *at-
tr, unsigned int size, unsigned int flags) ;

T REUER « SR URAS S DE AR I8 B S 1

ZHRCUEI < AR S pid HF RV IR 2 B R A S A at TR
,attr . flags & XA, size R attr K/

(3)#EfR 5 CPU RN AHC RG] o

int sched_setaffinity (pid_t pid, size_t cpusetsize, cpu_set_t
*mask ) ;

IREVLIT K45 5 RSB CPU BYHETD mask

SR L f 48 E pid PEFE 6 52 FE (N mask ) CPU, cpu-
setsize HHERY mask 1< 3

int sched_getaffinity (pid_t pid, size_t cpusetsize, cpu_set_t
*mask ) ;

I REVLIT : BRI & RSB 1 CPU BT mask

SR SRBUE E pid HEARZEE 1Y CPU FERS £ AE mask
iR A, cpusetsize AR R

(4) PEREPA BEAR G RGP I 402

int sched_get_priority_max (int policy) ;

T RETEH « SRIBCHE 2 8 i s 1) e K AR e 2k

SR : policy S48 & HEFR IR HE 5K

int sched_get_priority_min (int policy) ;

THRE UL « SRIBCHE 7 8 8 s ) dre /M e 2

ZHUULEH < policy S48 i 1 AR I B SR ms

int sched_rr_get_interval(pid_t pid, struct timespec * tp) ;

T RETEH : FREECHE & HERE BRI IS AT I 1)

SRV PR E pid AR PAUSTT I ) R B 3 AE 2 8
IR 1], timespec 25 ¥4 PR E SCUNTF -
struct timespec |

time_t tv_sec; /* seconds */

long  tv_nsec; /* nanoseconds */
ts

int sched_yield(void) ;
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A SRRSO T BE TP 04 BT A PR eR L, G T eR 00 P BEAH
[7i) 149 22 29 18 P03 P 491, P DR 00 3 5 8 e 4 T g s i />
Tk H 9T Ay o F 3C 38 i X) sched_setscheduler
sched_setparam . sched_setattr A B DL 2 4 A AR S,
R

WA 17, N S kernel/sched/core.c 77, 224818 FH
sched_setscheduler 5 sched_setparam P8 T [ — K%L
do_sched_setscheduler, 1% #8 % N #F 18 F 5% 4+ do_sched_
setscheduler—>sched_setscheduler—-> _sched_setscheduler—>
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__sched_setscheduler, sched_setscheduler . sched_setparam .
sched_setattr 55 72 45 I F D) 25 0L HL U5 RS P9 3 35 2 5 24
F % B sched _attr 227 (1) 48 & atte T avee 1F 0 S 8U1E 35
%4 sched_setscheduler PRIER .

SYSCALL_DEFINE3(sched_setscheduler, pid_t, pid, int, policy, struct sched_param __user *, param)

if (policy < 0) 1)
return -EINVAL;
return do_sched_setscheduler(pid, policy, param);

}
SYSCALL_DEFINE2(sched_setparam, pid_t, pid, struct sched_param __user *, param)
return do_sched_setscheduler(pid, SETPARAM_POLICY, param);

static int _sched_setscheduler(struct task_struct *p, int policy, const struct sched param *param, bool
check)

if ((policy != SETPARAM_POLICY) && (policy & SCHED_RESET_ON_FORK)) { )]
attr.sched_flags [= SCHED_FLAG_RESET_ON_FORK;
policy &=~SCHED_RESET_ON_FORK;
attr.sched_policy = policy;

return __sched_setscheduler(p, &attr, check, true);

Fig. 1 Codes of sched_setscheduler and sched_setparam
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Table 1 Parameter constraints of sched_setattr system call
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processsyscall_test
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T

Makefile

Fig. 2 Directory structure of system call test automation program
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