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A Laxity Based On-line Real-Time Scheduling Algorithm for
Multiprocessor Systems

Kyueok Cho' - Yong-Seok Kim"™

ABSTRACT

For multiprocessor systems. Earliest Deadline First (EDF) based on deadline and Least Laxity First (LLF) based on laxitv are not
suitable for practical environment since EDF has low schedulability and LLF has high context switching overhead. As a combining of
EDF and LLF to improve the performance, Earliest Deadline Zero Laxity (EDZL) was proposed. EDZL is basicallv the same as EDF. But
if the laxity of a task becomes zero, its priority is promoted to the highest level. In this paper, we propose Least Laxitv Zero Laxity
(LLZL) which is based on LLF. But context switching is allowed only if the laxitv of a task on rady queue becomes zero. Simulation
results show that LLZL has high schedulability approaching to LLF and low context switching overhead similar to EDF. In comparison
with EDZL, LLZL has better performance in both of schedulability and context switching overhead.

Keywords : On-Line Scheduling, Aperiodic Task, Laxity. Realtime Task. Multiprocessor System

1.M B @2 HAAE o ZRAMAA Agstertel qE Y
of MME AAZEY HFEC JFTE WA "} ol
AN 2] ]S HA Heie] wep A4 EREeE dt dFZ2AA 8FA 9 AA 24

G AN2HANE GFZZANE ALgsH o] As 5 FYo] B ATE Aol AHo oo

l

7

T Qe FAolth ool wel tFZAN BFAMY A 5@ 37149 23 mde) AT AZH Ytk gt
AF 2A%Y gneFd B¢ AFE S WY Fo A gExegH BAMY uFY gaa vl 4L

At GFZ2AN FRFANE DYZZAHA FFolA s}

L

2AZY FneFES Bol st 9X gk 771

Hia BEdoME 23 24 438 & A7 9E

-+ :
F o+

P oo poR 2 g AUS weke. oAf @Aje} gEo] ofye} v Fge ;e 2
= el ata 25 Ap et A 5 = =

g 8 4iumdan gndusizes i A2y oA WAHY 2429 4FES ¥Y 4 9
RS 20004 490 149 aely vFE7H g ol A= vl efe] ejaz w
EEAT AN 4 10 th el W% Y Baa Rdd A e Baa

AARSHR 120000 891 199 AL & = 7] wiEo| FA A3ute mesie 27



438 FEXZEZ=EX A H16-AF H6=(2009.12)

=8 st @t webA Alxgle] L& HA A g
o] MAstE BE el2A0] Ui s FARE 5477
YA =2z HHe 2AEY ¥nFe EAY T+ ¢
cH7].

Gz 2 A 742 49 EDF(Earliest Deadline First)
o} LLF(Least Laxity First)7?} #H o g &2 gldh 2
L OhF Z 2 AA] ?}73‘3“’*1.—‘:- EDFe] 7§ Z9mg v &L
wzut ~AEE HFEe] wou LLFE 2A|1F8 ATE
< E=Ag Fuws g!—r-?’l' wol “’4’2’-‘%”' ’“%"ﬂ# g
= ’I’rﬂr’ﬂ ol gf g *‘“5‘“%?&! dnEFES HA3 =
sl Aeg Mg daaFEol &%?Sl °4'_T‘5] A
t 2 F tﬂﬁ"—*u‘ﬂ Ao EDZL(Earhest Deadline Zero
Laxity)e] 2t} EDZLE #& 9475 &3] EDFe LLF&
o F o d44 Hgo] sMed Aoew A gt B
ErdAE dFZaAg BAdME FHHor deA
& LLF9 ©@3& Hebsle] LLFY 2 2A4E3 A
TES HolWA EDF H|3 F9ng bj&s zts
LLZL(Least Laxity Zero Laxity) ¥¢i12]&< Al¢tsla
of dg 4%& Hriskdch. EDZL#He] vlile] QlejM =
LLZLe] & o Y& 4%& Hlth

2 #y fuy

EEHW gR0A et g2 dFZEAM @A
EH g o ZRAMA AR AUV}, B3I
24 1°ﬂ 1 g Z2AMREY o|FE o¥A & AY7L

& F7H4Q aejAlgte] BA¥T ol¥ ASE <
3o GUIRAA FollA HHoz LA de 2AEH
dNFEE dFZ2AA BHdME 238 F4 42
g RAF E 347t At Baruahs 919 22 AHg
< tEZaAdA @3dxe 2AEY dudF
< T e 89AE 2ol

He
E
_QL
}—J
Ll

AN BAAAE 2AEY 4380 oA ot
Foz @ *WIYZRG AFANE V)EoR
o YTHLs o s SIS )
be 2AY ooz ALAR:
o Ul SlfATel e BAze GeAE EHow
2A%Y & 5 U gok aeu o fAlel ke A
& gujHon 3¢ Yrag use oy Hras

$4doz 2429 oA 99 ERdoz 2AZY @
4 Al |k,

EDFi= €@ Z2AM 873
9 daFolns, 4l °laﬂ% :
To2 ulAzto] ME RS FAHOR téﬁfs}& T4E
#HAsta glch AR el ARE $AE
gong T JF7t ¥A WS
doiez 7He| gol@= EDFe 3
ey ehAIRMEE meste] $AHEE B ﬂHT
of thFZ2AA FFoME= oAfrAIzte] 2 H2A% 3

27t EXe) g 29 HHs 2AFY & 5 gA
3 mets 2AEY YTEE Rk Al BoHs).

LLF =3 ddz2 44 &3 s HHog g8 =

B dugFoltk6]. oJAL HAAE AFAIEE 7]

2 ofAzte] 7HE #He "H2ag -z Ay

ks 4 st glok @A AN 38 @22 S0

A FA Ho2A gFLZaAMA @M=

¥ AEEol 478l o 2y HF7H gz
zdo] °1]-3"T g T e 540 wet GAdZ2 AN §73d
Aot ol HHY AHee HolW YA, FHAHNE UF

sHAl €t rﬂ’—*u"é"l% A d71Fdd &I 2AF
B 7 H2a PP ¢ B H{E 2AES 44
3k ¢ Fe FHHY LS UEdtn PoFHT7]. LLF
o] EHHGoleke P E AFAINE viAIIGE
2l AZte] BEo] wet WEls golng 7 HAa s
AR oAz Aol WIWEA wiA A €t wet
A LLFE 928 37F AYAA golAA s 84
A A gdlE Tzt Al

EDZL-S EDF#4e] o f-Algke] o] = Ej23E F
HHog e ATES ¥ dndFojtH7l. div
Foll of-Alzke] 091 Bl2=7} EAeEA] $oH EDFe vt
A2 2 v el wEl $AEHE Fostd 2AEY
o} o FAIto] 09 A=Az EAEA HE AFE] A
B31x] XE AF vFARE FFFA K] dEdl &
A AP EH*ELE F AfrAlZte] 0Tt WA vihAl
o] 7HE R wj2ag FHugs o] AYPL 5+ Al
gl =3 EDZLS EDF7F 2AE8 & + e g2a
A, F A4FAIzke] 091 Bl&=7F BASHA] @ i
Agtol iz EDFo} TU3HAl 2AZFsHA €t o
fralzte] 091 B2zt RS 5ol o B8R
O 2 FAEE I8 188 dASESF st vt
FAIZEE FEAZ 5 Q7] Wil EDFel dla] AA =
4T 8ol Er} EDZLe] F 79 Z2AA 8RN E &
HAoln 2AEY 4T ET EYu FUAA AFA]
A grol vl FEG ejaaso] disiA ALH A7
sAdel dF €t AcHT-8I.

i)

3. LLZL ¢32|&

¥R molel ZRAA gelA b F714 g3
Ae ez s B4 AAR 2AEYE dED H
23 Age nle Hd ted vF7H Hzag FAH
W B2 TiE (R, G, D)E £d5ck 747 =341 7
AAIZE wEEAIZEE e gkl AR AT Lis DA(T+CHE
Aosln, 37|14 TE A Aela Cie deldle A
Alzrolt}, o] frAlzte EjAe] 7IFE @EE o vl ghel,
o] fFAte] SFold I HlaAE vpAGE 5 F
H&S guista o f-AI3ke] 0o]H FA 1 z—}‘di A 2+t
A e AS vhAzE 25T S QU HEBE FA A



CE

spojo} g},

LLZLe LLFel 7]whetuin Sung 048 Foe%
@ LmelZolth, shollA Aslg A3} ol LLFE #HH
Sol Eulmglo] wiwahA Aojupr] WEe] HAAHoz
Hgatrlols Tzt ek LLZLAME ol SAE o
As] s BHIRS oAFAIe] 02 Bz} A
= Aozt =S sk vl o fAZko] 091 B2
b wAsA gevd Fanse dojux gon] Ay
ZQl B2zt ZaHE AHA 7] FolH offAIzkol
g Re Brag AYHES @k A 02
~as} wAsd A4 ABF BaaE F FALl
% 2 Baag EUass FuHTh o fAt] the
sl REHo & B2z AR AE oRARE $4
Hog melshll ¥ EDZLO) s LLZLE )29 7
Aol A nAHE AfALeR 2AEY 8] WE
ol 2428 4TE] O Bobd 4 k. o B
23 A% {0, 1, 3), (0, 5, 8), (0, 2, 6), (3, 6, 9), (3, 6
9) o ¥ e AN Ao frkd (1Y 1-(a)
ol (2% 1)-(b)elld Ko z3= ZA3} #Zo] EDFe} EDZL2
e opRAE $F8A Rahe B2 HAsl HA
g (28 1D-(0% 2ol LLZLE] A$ RE g2ze] ds)
A oARe 2542 4 A 9o woE EDFY
EDZLE 2A%Fol 7Hsd Adol sty LLZLZE A
Aete B4 A4E EAsAT J@Hoze LLZL o
}EE) B/ et

LLZLY] 2AZY ARe 24 A 717 292 788
o yehd 4 ok WA A2 daazt 24de Ae
wel Blazal @) olx we ZAMT A A%
Wge Baag 1 ZAMdd B9en A@sA
oln] BE LzAMolA Blaazt AhFoletd 2 wa
@ gaat gy Fo AT F Az 493 o
227} 285 LLZLE o4A%E 71202 A5l
Qe 7l FolA 7 BE ARATE MY B2 =
ZANG BEe F AREA doh iRz qFAT
ol 021 Bl2z7h WASE ZA] A@sA koW wigA
o 228 5 glong Ax) TANIA LPFA G2
2% 2 ANl 44 7 BAaE Fohlel olF MA
FEE st AFAIte] 091 B2} VFRAIE FET
4 A @k (2Y 2% LLZLA oig LuZEe wol
Z}.

LLFe] % o) AHol wel wstebe of §A17H

g 7|
o2 2AFYSA NE2 drag $HEH B

<
2] 7}

de Ay

Dy D. o DJ.D$
|
[

D
Task Set 1 |
RIS [TLi] T2 75
T1 {8} EF I - T4 |
T2 [T1] 12 I T4 ]
T3 QRN v TS |
0 1 2z 7 4 5 6 7 8 93 1 1

ST ““‘"ﬂinl 5L L B
(22! 1) EOF, EDZLZ} LLZLS Bl of

w|

| oo raf i fe=

T5] 3

w

SHM ANAHE IS 0IRAIZE 7180l 22101 HBAZ AHED

A0 ) Ao

A
o
n:k
k=
]
0f4
w

if ( a new task T is arrived )
if ( idle processor exists )
assign T to the idle processor
else
insert T into the readv queue

if ( the task on processor P is finished )
select the least laxity task T from the ready queue
assign T to processor P

if ( a task T on ready queue becomes zero laxity )
T preempts the most laxity task
among running tasks
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