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Abstract

Applications with real-time constraints are not only growing in the field of embedded system,but gaining

popularity in the desktop environment as well. At the same time, using an opened source system,Linux,as the sup-
ported OS is more and more appealing to many developers. So it is regarded as a potential aspect by many users to im-
prove Linux performance to satisfy the real-time requirements. The article discusses the mutex implementation of
Linux in depth and on the basis of that, gives rise to methods to improve the deficiency. An implementation under

version of 2. 2 series is brought forward.
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Hxedfb iy EIETEL KURT #1 ART-Linux ¥ &,
KURTH HMNEFHEEATM RERET IR T4E
ERXBEHATAENRERGRY TIFRER, 55k EE
F-RERAREH Lo, n S5t EHHE QoS fRIiE, NE
REMMMIERGR F FE ERGELETTLURREH . BHXH
WRENE, IPELE T POSIX1003. 1b, H L EHEKR BB X
;AT RRTUREWE . N TFEEHNXTEN .
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)3T Fray e BB .

KURT # &AM & O MEZMES), BMEZLOITH S
FEHIAERER. XBRETHENBANH Z#.KURT LK
TR EBEREL.

ART-Linux M EESGEZ O SR HAES,. E
EW R O R A Linux B0 B %5 940 5 HTICT Be ke
#, X SRMNOBUGE TR DR . ART-Linux &L E
FHRT Ay M e, A HEd.

BMNAEFROB L RIER S RFRTOS iR+, HE
BB 09 BB 8 o5 1 TR — e pe S B L LA 3 B Linux

AN EMERLE . ETRARERFMNERT &ELOHTT
SRR E X EEREYEEN — MR, Linux &
R FTEOER, ERETRE IR TEEULTHY
T RIGREE

ERFRER BN, ETRIEELFEE, TR %
BEFEM .

Z ML T Linux R EH, FFE XA iR
T —FdcH Linux 9 E R0 ETH Tl
SRVHERS.ETR_TESENEIFAFNELRRK
BEFRTHAXRN TR EHhEENRE, T EHH. 7T
BL 3¢ M R 5c & 2k & t i (Priority Inheritance Protocol,
PIP)IH14R 548 v T B3 i (Priority Ceiling Protocol ,PCP)!*,
WA TTEER.

2 Linux RYHE /-l

Linux WX FSFEFH, BHO¥XR, SFEXTPREIL
/B, BT test and set IHS BN T FPEHNETHS
BMERY.X=FEFASHNEAEE TEXTESR
B9 H /78 7E Linux A9 HEE0 I 8, Y A #6 B AR X e A2, 82 47)
XEREMEWHEFEMEH.

2-1 WHEFRM

B4 T, Linux W] LB AAFFEFH . TR E K
B . XHEFHEINE, B IEFN. M@ LRESIE
B LR . XHFERFAHRITAE SRS

ViR, AR R,

HFAFEGELRATSER . BATHRIERZEWMARE
#imE.

{EFEe, HEHHRNEE R AT H REZTRRTT. B,
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WA RE e ] R .

2.2 TF test and sett" 35S MBI E KN
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#) SMP (Symmetric Multiple Processor) iy APIC (Advanced
Programmable Interrupt Controller)®Ip L4 T ,cli 2 sti i&
R Jg — R A AL AY RAE , FF B R IESZE SMP B R RX
—Bx, BB ARk,

XBeMy BB H . ETFRIEEREZAAFN LTS
SEFERAN . BAXHESEREAFELLYET T
AT (B H BB P cache bR /5, IXFFBAFH R R IERTE
BRFRE BRI AT—IESTREECEH
8 cache 34T 09, Br LA Hr 8 SMP B R T#4/E,. R E S oy
Ui s Intel P65 PV RIE T EIC S5 P00 lock WA IKBH,
lock BT %R 77 BLR iF N #E 2 cache B ¥4k A B4 — B0 ¥ . test
and set #1482 K X R R F84E, RIE# A XEMIBE X A%
YedrE—1E.

B F test and set IS B EFYIE Linux P, KRBT
spin_lock BRI H#HE . TTLARRIDM T RBBE. 5Bk
AR N SEANRBRR lock RHFH; B4, XPHAR
5 R FEALADE SMP TRIEFRE. &—AOFR:

spin—lock
do
1:
if ((testandset(flag,0)))then
critical section:+ -+
fi
repeat while flag
do
done
goto 1
done

E1 SMP T spin_lock JRiE

Linux 3 T {2 if SMP &8, F £ 6t T read_lock 0
write_lock R EME,. EH T — 132 B BB rwcount
ERE . BB REYSEER, —MEHUTUEN A2 —1
AARELRFEA . RNGHHERE, mE2H R,

readlock
do
1:
{{rwcount: =rwcount+41))
if rwcount>>2%—1 then
goto 2
else
; critical section::- -«
1

{{rwcount : =rwcount-1})
repeat
while rwcount>2%—1
do
done
goto 1:
done

E2(a)

write—lock :
do
1.

SMP i 8

’ if1 {{testandset(rwcount, 31)))then
goto 4
fi

if ({rwcount>0 AND rwcount<(2%!)) then
goto 3
critical session*:-

if ((testandset(rwcount,31)}) then
goto 1
fi

repeat while wcount
do
done.
goto 1
done

E2(b) SMP FHEH
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test and set I§SMBHE Z. LTHARWAE, TUEXL L
FTXXHHAE TN MUTRINETFEERNER
R E YA BN CRE"E R BHEFEEUTH
BH 2 Gk B

FEANSAH . EESHTEAGRAX . EATFES/H.4H
FALTE IR,

0] fE HH AR FE (starvation) : E P EBEFFHEABREKE
B, BIER KT A BRSNS ERAEN Hilb, i
BT TTRF R

FE4f (dead lock) FTRE R K : F BIX#HIF &R . PLIEAIGR
X S1,PHi R EBHNERMNER P2IRG AR, P2AHIK
% S1, B R e A4, B P1H P2 RSB RIE. R
RETRIG LR BFIF I S1,. JE R FEHt.

3 EFETRESENERFRH

Linux RETETFEERMEIFHNZF.ER. EMHX
B TR, FfE—m)E.

DEFRERCERENTRER DB, X—STBENIN—
B FEHIGECHIERITR.

DRATHESEHLTATA FEHETEHES—HSE
F, HIRIERNIF O RAIEDAY X FH PIP p E 8l AR
BE—HE_STESENEFY BB RERTX—ME.

NEAMEREIREATHERNT R R EEHRE
ST A LT Linux B FEAZ R, RAEEERORR S
REEmuEEk, frUl A ina i A reing . ERnF
FHM AR ER B IRMRMNA.

HFEit A EAERN Linux BTN E, R
RITUBRKEFIF ERETEHAEE . ERATRR S
NAS, XHEMREFARESE . EBX LN, ZRiHTEE
EEWEENER.

R R g SetERE, B R SBGERBE RN T L
tﬁ:

1) PA S a X3 W44 4, BBl (B 0T BA R /0 B R B R
SIRARSKIER, EFTLLER T SMP 18

DL RERER . X HFZHIO L.

AEFYLRMBUEZRHES BRETFESEEFY
] LA BT Mo e e, A1) B9 B3 BB I RAX PR MY e L R AN
HHEUTEE . 2 TFEFSEMETFYUMERE L, T Linux
REAZOHRH . PHEE. LA ENESLERREES
BRI ETFTEAGEREF. B Linux ZH5HHFES
B RFYUTHBE AR, AR R ENRIE.

XFEAEMRITRE, RIIKAT ART-Linux Frigft
By U R B PETR S A EMES A E R
PR B A M AR AR TR R
X B ORSHBELRERRE.

EECBRSFHEBLHBGEZT RNV RTESRERF
AR LT ET test and set IHS BT FH
EHAEFEER > b, AW & X rHE & A S B
SREEMMEE, RIS T LRSS, SRl
5PN T Sk F R R .

W3 PR state R EFHNARE, HHF=FK
. LOCK_UNLOCKED, LOCK_WRITE, LOCK_READ;
num-—readers B A X8 R H .prochead WHAT
R XD ; 5 FHHh A5 B proto R E .owners R
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WHUNHBRELS, — T RS MERFI AN
HERR owners. TUFR  ERARBS T —1TMHE YUY
HR proc, HIERFFHNFTEAEBRBMHERMA A next |
prev,

struct mutex—t {
int state;
int num—readers;
struct task_stuct " prochead, -+
int proto;
mutex_list_t
owners [CONFIG_MAX_READERS];
}
struct mutex_list_t{
struct task_stuct® proc;
struct mutex_list_t * next, * prev;

E3(a) mutex_t FNIBEH

struct task _struct{
int rt_base priority;

structtask—struct * next—process—block;
struct task_struct ® prev_process—block ;
int lock—state;

mutex—t * lock—blocked

mutex—_t * locks_held ;

E3(b) {(EERARXEM task struct Pt

Pt R task—struct WAT & BB ME 3D R,
1 rt_base_pricrity B A ZE B R &% PIP B E R task_
struct Z¥dHY ne)ft_process_block ,prev_process_block i
RiBHHEFTHEANSHFEPNERBRS — A . lock-
s—held Xt R FFH K Y, X LAY lock—blocked & iz
B EMH.

EEFYHER P, RAT RN SHFFRE, SR
W58, F—nE, SERFEHAERIT LRI X [,
N AT RRERFEALREXE,7E RFRTOS #E 7
LR #HAX B EIAESRNE 16t HXNE K%
YEEEH write_lock 5HHH read_lock B BRMN——NA.
write_lock M ¥:
¥ :lock is type of struct mutex—t

o

current Jb Y ¥iE {7 AR

(if lock. state=LOCK_UNLOCKED then lock. state;: =LOCK—
WRITE
# lock A B current. locks_held FjFE 4

else

do—locking (lock , LOCK_WRITE)
fi)
done

read—lock s
¥ :lock is type of mutex_t

do
current b Y =T YR
(if lock. state#LOCK—WRITE

OR
lock. num_readers 7 B i AR )

then
KB — lock. owners i3 &
X S MA R current. locks—held 7%
lock. num—_readers++
lock. state: =LOCK-READ
else
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; do—locking(lock, LOCK_READ)
i)
done

5 B YR T R B AR S ER1E, 43 B B write_unlock
read_unlock TR - T 2B EHH LR, RINXBLEXE
&

read_lock 1 write_lock B4t do—locking 52 & B4
MEERE  ZFREABRHANMNIRSESS, HH schedule F ¥
HTLENERYT%.
do_locking ¥k
£ :lock is type of struct mutex—t,lock—type of int

d
® carrent % MNIFTHE

¥ 22 current JIAF) lock fyFH E&EE

current. lock_blocked : =lock
current. lock—state : =lock_type

schedule )
done

EBR S RAOERE E, L L PIP 5 PCP %)
.52 F PIP #1 PCP MR, IRTHRE  XRFREITE.

I ST E T i Linux T3 SRR RSB
BHEFEHNEFYESEIFERBHT —MERTER.
B W, fEN4T B Linux AR A9 LR =5 RFRTOS XA T iX—
kTR, REETRE BEENAERTEERIBEN
ER.FEHHMR . ETHRSELFUENRITRERT AEW
R {BEe B FIFRT ESHERR 7 6LE M 0 R AIEY
SYRIEEMRENBEHEHERIME—SHTHE KPP
1539 b 25 FE A9 B 25 .
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