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Abstract

Using an opened source system, Linux, as the supporting OS is more and more popu-

lar in many fields, and it is regarded as a potential aspect by many users to improve Linux per-

formance to satisfy the real-time requirements.

Inspired mostly by some real time improvements

of Linux, the article gives rise to three methods to improve the prempatibility of Linux kernel:

tasked interrupt handling, modified mutex mechanism and mutex protocol support.

also describe the implementation under version of 2. 2 series.

The authors

The modification is a successful ef-

fort to decrease the grain of kernel trap and as a result,increase the precision of schedule.
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for each hardware IRQ
do
irq desc[ IRQ]Jaction. handler : =
IRQ handler
kernel thread( IRQ task, IRQ, 0 )

done

BT b AR

Hh A B ) S R A (8 A5 IR AR 55 A R R LT
W7 R RGBT R A B EEA PRI
55 PR, TN el 2o i B P A R M AR G R AT, RFR -
TOS 7% Z BEAF i 7 A W7 69 0 72 0L 8 wake up

HardwareLayer:
do
on each IRQ reached
do
wake up(IRQ task[ IRQ])
done
done

(a) "W {42 (top bottom) Ab i 2
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Hh T E AL B9 D0 L T A TR 65 IR 55 B R A
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LA 23X — I SEAT 1 — 2 Y 2 9, BN B Ul
W] v BB B AR A 1 A AR T AR A2 Y.
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H %4815 F spin lock irq /spin unlock irq fJ R 15 5|
B, spin lock irq /spin unlock irq 7£3E SMP A, J&
TR e S

_asm__volatile_("cli":

3.1

:"memory")

_asm__volatile ("sti"; ; :"memory")

HAE A& 0G5 b W7, 3 b B e 4058 5 A% 1k vh i, [l
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IRQ task (IRQ as Param) :
do
while TRUE
schedule()
irq desc[ IRQ]. action. handler( )
end while
done
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struct semaphore{
enum state;
queueType queue;
}
void wait(semaphore s) {
if(s. state==1)
s. state=0;
else{
place this process in s. queue;
block this process;
}
void signal(semaphore s) {
if(s. queue )
s. state =1;
else{
remove a process P from s. queue;
place P on ready list;
}
}

B 3 3R T InfE S R S IR R

struct mutex t {
int state;
struct task struct * prochead

}

3.2 % #;

FATIE RFROS A LB I

HiREN

I TAE 5 | B R PSS struct mutex t: WP
7R ,state 7 A&l 4 (a) ) semaphore [ 52 state,
T A BRI & LOCK UNLOCKED, LOCK
BLOCKED; prochead M 7] task struct A9 i 53 ¥4 A%
T HFEFH ZEBANF) , prochead i 42 JE X Ak T FH 2& BA %1)
FIRT AT ] T 2 P IS L 2 o 7 e i ) P AR

struct mutex t " A prochead i 51 [A] task
struct &5 #4 1 B9 next process block, prev process
block it 74 41 W 3 Bk 43100 2 A\ S5 1 A 40 1 2 AR 20
BUBAF 4 B A PR AT H B procehead 23 4 %
FEPAT I B AR S i IR AR SR A T SR

struct task struct{

struct task struct * next process block;
struct task struct * prev process block;
int lock state;

mutex_t * lock blocked

(a) mutex t I 50551 (b) 155 A XM task struct Bk
B4 B S5 Kotk

lock ((mutex t * lock) {

<Zif (lock—>>state= =LOCK UNLOCKED) {
lock—>>state=LOCK BLOCKED;

}
else {
locking (lock) ;
} >
}

locking (mutex t * lock) {

<Zaddqueue(current, lock) ;

current— >>lock blocked=lock;

current— >>lock state=LOCK BLOCKED ;>
schedule()

(a) HJFBiEAE lock
Kl 5
FE 5 pros.
SEBR A S5 DR AR A [R] L <> 3R Hrh g 4
VR 4.
BT A5 BRG] AL IRATIE T —Fh ik

unlock(mutex_t * lock) {

<Zif (! lock— >>prochead) {
lock— >state=LOCK UNLOCKED;
}
else {
unlocking (lock) ;
} >
if (current— >>need resched) {
current— >flags | =PF PREEMPTED;
schedule() ;
}
}

unlocking(mutex_t * lock) {

adjust runqueue (lock—>>prochead)

(b) HJF#i#4E unlock

BAEE

FRA BHZERES. E task struct Y state Fl lock
blocked J& fifi i 5 1% — R 5 1 il 5%

schedule PRECH , 5 BH 28 MR AR 5C 59 5 23 Fe A1
PIAT 2 FE 1 A0 3 A& 6 )  BH 2R 1) 2R R
MIZAT NS I B 55 22 AR B T 3 T 1 e R
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if ( prev—>>lock blocked +++)

del from queue(prev) ;

Pl 6 R R ECHY R

4 fRSEF YR A& I
4.1 RERLGEFH W IR
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(DTEAESS J BEACHE X E] CS , 2 20 i iif 31 .
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S,#EA CS. J B CS, AR S, 8% J BH 2 1Y i
1o P e AT 55 e W FRA T

L% J 4w Bt e g, |3 7EH Bk
WS PRI CS X JH) A L e AR B JETE S
TR OL R AR5k R PH, BIREE R 1S B
FEM R R Pt gk, T B S CS JR IR R
A CS BRI ek,

(3)Priority Inheritance /&4 5| B &5 09 ; Bl an

struct task struct{
int rt base priority;
mutex t * locks held;

)
(a)PIP #1569 task struct ik

RV WS

Poie gk R n) B 3B A LUT iR

(DFER R BRBFMET ALS J AR ZE
B B ZE min ey D G B IX[A] L 763X B, n 2 7] BB R
TS5 ] HALRPAR TS T AR5 50 m 2]
REPH ZEAE 55 J W9 HR 8 AECH .

(DO TEM G 4% 7K Rate Monotonic 1 B 5B 1 9
SR R SR

. . : Ck
Vz,lélén,; T,

FEATHR SRR 2 7] 94 B2 9. b B, 3t J2 min (ny m)
Gl DX (] Fg B ] S22 58

B 5 G 4k 7 B AT LU PR IE , 7500 56 9 4k 7R 1 2%
T, R R S 9 AR 9 HE 3R B (B KE ZE min Cny m) S 6
B DX R] 22 P 3k A 52 I 1 R 0 AT Y A B2 AT LA 3
TRIE.
4.2 = ;|

HiRE

KT SEBARSE R AR R, task struct 254
AT R B rt base priority # locks held, 43 %) FH F
10 SR A S P Ak R Y P e /N AL s AR 7 A 1Y
HF41, A 7)) frs. 2k struct mutex t H, 0
NBE G owner, HI T 10 SRS #F /8 5 A 4 1 1Y
R, LAETEOL 56 94k 7K i 52 3 b vl LR
B & R OL e . Al 7(b) FR.

Jr,?; <2+ 1D,

struct mutex_t {

struct mutex list t{

struct taskgtruct * proc;

struct mutex list t * next, * prev;
struct mutex t * mutex;

Jmutex list t owners;

} mutex t

(b)PIP # XY mutex t 2 it

Bl 7 PIP AH & i) o

556 9 4k 7 P BOR ¢ 1Y bR 2 inherit prio
Fl recalc prio.

inhert prio PRI T AE 2 78 iF 72 H1 i B % 8ok
RH ZE I AR IR D10 51 9 4k 7 DI 350 B Bl 55 A 43 0 2 1) 0
Fe o T AL TE T, FATTR T A A Al ik Oy =L

el 8Ca) iR,

MMi recalc prio FEEXN IEAH &, B 7E R H B
¥ B VRS2 046 0 1 Pe 9, [R) A R 338 UH 4 34 4
SRR S PG PR, 75 SR S A S R AL A
i — LR iZ AT A S E 8 (b) .
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inherit prio(task struct * proc) {
mtx= proc— ~>lock blocked;
priority= proc— >>rt priority;
if (mtx— >state==LOCK BLOCKED) {
p=mtx— >owners— >>proc;
f(p# T &.&. p—>rt priority << priority){
p— >>rt priority = priority;
if(p— >lock blocked=~ &) {
ajust lock queue of p in a desendent
order of process priority
inherit prio(p) ;
}

else {

wake_up process (p);
}
}
}
}
Ca) Il 2k 7 o B

recalc prio(task struct * proc) {

if(proc— >>rt priority = = proc— >>rt_base priority)

return;
priority= proc— >>rt base priority;

lowered = proc— >>rt priority — priority;

proc— >>rt _priority = priority;

if ((mtx=proc— >>lock blocked) == ) {
adjust runqueue(proc) ;
return;

}

ajust lock queue of proc in a desendent order
of process priority

p=mtx— >>owners— >>proc;

if(p7# D) recalc prio(p);

() L Se ik & v %K

K8 e dimdk R S E

5 X I

5.1 FEFSERE 4ROV E A5

RFROTS By W7 48 2% i F2 AL Y L 3 B, op B
Aib 3 32 B v T AR LR A R I 38 AT 8 25 0 I B 3
PE AN HE AR SCHE VT4 ) ol AR L 3 28 TR K 23 B2 i IR
M) 7 ) 2044, SRy 1 D v R 2k R A el i X R SR AROR
(5% L 3R ATTAE &R GE b B W I 5L O AR
proc SCAF R Ge i 7 2 Il 05t 25 B L A8 B A W I
e FRATTER T SR A A v B ik % B) TSC BB AT SR
AR R R B TSC Wbx, FH = #F 2 22, 3641
A LA 3 v W7 4E SR (1 (]

Bl 58 J5 A% oL RS2 IR A2 0 B F UK Ak B R SEE |, £ )
WK 9 Mg it4sR.

"2 15000

Z —e—RFRTOS
3 10000 —.—Linux

=

£ 5000

JK ./ = = u

IE? () 1 1 1 1

1
0 10 20 30 40 50
1/0 S #

P9 v A B B T

HTERLEMEN ) Linux 8O, H I e R 32 22
m WA Lk TS R A PR HR T e 2 37 3 £ 4
JEH R 1/0 gk i — 2o 5, {0 Bl 2 © 2k i 3% in
M) J37 40 3R 8 T 2% L e K SR FRUE FE Aps 2247, 3K
PREE Linux A W7k #3521 8% 23 07 T 0 & 380 i 78
RFRTOS ., &A1& 3, 4 i+ %4 b, RFRTOS
KB T HE IR A 12 s X5 8803 18 58 W AT #E A) L 32

FRYE L 2Z TN 5 3 A o 1R T 5 T 5 R I 3 ) o SR D) 4
I BE RO, B0 8 3G 0 O R 25 v IR 4 SR A Ok B
() 52 W), BT A2 3R A R FE 3
5.2 fRIEEFRMA
AT R L S T 3 AR, DL
J ZRIR B T AR I R A e 9, FRAT XA
— AR AEW 2 AR5 T X B CS AT T — 13
YE Op » T ik
{t:].0p(CS)},
Hi Op & Lock 8 Unlock Z ¥ ) — A4, 535
F7n BRI AR g
g AT TR ERAE TS .
{ty:J1. Lock(CS1)} — {t;:];. Lock(CS2)} —
{t;:J2. Lock(CS1)} — {t;:]5. Lock (CS2)} —
{t,:J1. Unlock (CS1)}
J1AARE g B — B W R S AR S Ak
AR AR B W E 10 BRI 4

P54
J3
J3. Lock(CS2)
J2
J1. Lock(CS1) J1..UnLock(CS1)
J1
J2. Lock(CS2) J2.Lock(CS1)

Ly ty 1y L3 Ly i) [a]

10 LA akR T iR AL e s 1k

5L B AR PSR ENIE , A XER B T, 78 £, B
ZIMR T T, B B AE oo 20, SGE S T, L 46
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RFRTOS Ay 32 BLAY I 6 Pk iz
60- ,D\ll\i
5.3 AR &KL g
S N > > N St = A0F
A AZ O B AT A L B R R G A A p
- . . N = 20k
A . busy sleep. % Z 4t W T S5 1 — BL i [A) (SE 56 rh ’ a.00
LS TR NN N o) 1 1 1 =R ImEl =N —N N1
B ds) TR —A 8 R eI ) 2 528 F1T. Sh ik E2sz2r=S8 R
AMEET PSR 3333333333;«
e{tsmlinkagc void sys busy sleep() o lfuﬁf_};lﬁlgr?;c)yﬁéﬁﬁ
RFRTOS
busy sleep for 4 second 80
) = 60} ik
50, LU B F P S A B4 X R A 2 aof
FH XA 45 3 o5 7 2 6 5 0 20 ]
TaSkI: O@Iﬂlglglglgl\:ll\l:lﬁgl
S gfs s g g
do $88823S5588 &k

repeat 500 times
do
sleep for 1 s
record current time
done
done
Task2:
do
repeat 100 times
do
call system call busy sleep
done
done
init:
do
threads is type of array of thread
create thread (threads[ 0], Taskl)
create thread (threads[ 1], Task2)
join thread(threads[ 0])
join thread(threads[ 1])

done

Taskl P8 H sleep HEAR 1s, Task2 N 1# & 4818
A busy sleep, i@ id W5 Taskl A9 Mg &3, 7T LA LL
BEAZ Lo A B T A o P D T 2 . FRATT 0 0 AE R 2Bl
A% 0 2. 2. 17 Al RFRTOS FA8CT M3, 45 5% o 5]
11 A& 11(b) Fr7R.

M & 11 ) AT VR B R R B 0 b, BAR
TATEE Taskl &EF 1s M — K, A Task2
TIH T busysleep, FHZE T Taskl BYHAT, SEPRAY
T JE Taskl 78 4s J5 A G890 B2 AT, X 0 IE 2
busy sleep Y 4E 3R B[] , 4 g 2 Uk, — H B AN 2

G JE PR 1] (ms)
(b) RFRTOS X545t 11

Foo11

AL A A 2 TR N BBl R B BhUAT

M E 11(b) FH #l, £ RFRTOS H', Taskl Y
M R R B () D0 5 O v L 4 P T 1s, GIE B A O TR
%5 busy sleep Jf- /A~ fi BH 28 Ho 3 78 (%) I8 B2 75 0K, X
TREL T RO e R DT A T O B R 4R L
— UL T O A B
¥x

=A

6 &
AR W T G Linux AT46 & AR SEA
AL IR E e el B S8 T — AN F Y ol
——RFRTOS &7 T #0465 vk, 52w 17
JENGFE B AENLLHE Linux 2 7 B9 7= 5 IEANE T
#HE) BB, AT %R G R S TR e g Ak R B,
LA B9 TAE ¥ AL 45 52 8 Priority Ceiling Protocol,
TEAE N8 2R 48 0 R M 7 TR AT — BB R
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Background

The paper is mainly focused on the topic of real-time en-
hancement of Linux, an open sourced operating system,
which is a major research direction for many developers as
long as Linux becomes a more and more popular supporting
OS for many architectures and applications. But the design
philosophy of Linux takes little care of the requirement for
applications with real time constraints and as a result, such
concerns as kernel premempablity and resolution of system
services must be considered to improve the real time property
of Linux.

The research has some similarities to KURT and ART-
Linux, which are soft real-time enhanced Linux projects and
have advantages over the other well-known hard real-time
Linux projects, RTLinux and RTAI, in such aspects as fully
available system services, completely functional driver sup-

port and flexibly alternative schedule mechanisms. KURT
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tries to improve Linux real-time property by enhancing the
timer resolution but has little concerns on preemptive schedu-
ling. thus leading to a coarse system responsive granularity.
On the other side, ART-Linux takes little care about real
time scheduling mechanism though it makes effort to build a
preemptive kernel and a rather rough priority inheritance pro-
tocol.

This paper gives rise to a mechanism, tasked interrupt
services, through which preempting at hardware interrupt
level is achieved. Implementations of semaphore are de-
scribed, too, to improve the mutex design of Linux and based
on that, an effective PIP is brought forward. The modifica-
tions prove to be a successful effort to decrease the granulari-
ty of kernel trap and as a result, increase the precision of

schedule for real time applications.



