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A Balanced Workload Mathematical Model in Heterogeneous Real-time Systems
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Abstract How to improve the systems’ concurrent processing capability in the heterogeneous environment has gotten
the growing attention. The resource allocation of the event driving tasks flow in realtime systems can be used to de-
pict the concurrent processing capability of realtime systems. Many resource allocation policies have emerged to get
this purpose, however some defects still hamper the policies employing. One of them is how to quantify the workload
and how to protect the systems’ cost function without breaking the QOS constraints. We propose a balanced workload

mathematical model to solve this problem. Besides this, BWMM'’s generality make it easily adapt to any heuristic re-

search algorithm.

Keywords Resource allocation,Data driving,Balanced workload

1 Bl®

FHFETHHFRAEELEAFHXREHREED
— M EERE BHEHEEHNARE MR EELITE,
LR ASFHMER S BRLE, SO BEEREREX
BROBERTHFRITBMOHE X BEHENRMBRERT
BRAARGEF B R/ B A (ZHFEHTE
FOILAS B EERFT I T 49 QoS Rl LBt R P
BEHABAT G HLARDTORERHN, & . B, @8
BRAMEAT HMREREH#ITERIFRCENEND . XH
REARGAET AERB KN SEAEL.

RESEHBRERERBTAHEFREROAR
BT 43 30 . 1) B IK Bl (event driving) #12) 48 3% 5 (data
driving) IR A BHREFH RN ESFRARELTELALELES
WEIREYIBRBEC H XFHAAN R EIERETE
LI R G h A9 2 5 WS T30 SR Bh 4E 55 0 9 4E 55 1
FFEMBIRBER L WA DAG EHER # B0 fE
R FHE AR R P (cost function) .8 o /ML KT
BB E ST FERIEE SR QoS BRI LR AU RAAE
HIURERURETHES . ARELHELPRE
ARFTENTERETEAHAENESHORMEREE, H
BTRESNAESE. TR TENREARESEKKE
EH:

# B WiIFnE.An WIWRLEBESR WLESM.
» 222 -

ETFNENFIERB VL IHTERANERRAED
£ IHREBAERETRESE, AROFHERX[3]FE
) MMP Wik, B EHR FER KR E, Flm: MMP 2/
MATIR B L AAEE S HOh AR KR EHRITH L TR.WE
TINZEFREROER, TEERFE. A BEFHE
ER{E L MMP REERBRLE BN ERKAIET &
/N R GBS B (6]

ETRENSERE KIETDERHE—XEXRLA
ERBREENESEMIR - LER L. IFTURKR
BOBGHH AMNREIEH TREAHLL—CEHR
AERES SRONURETREMNES EHRES "
FRESERBEY . ETREANESERRELHT DAG#
HATEDREAHERBMEENES SOEE— 2
LE BN LERNTRHEROHTESOE R Xk
HEBETMAMNERESFRTEOHTHERSBNESH
ENMEERRZEETAERNTHE X — ST X%
REHEHIEREFKINERHRE BTRENT B
W S Res 2l W 3 B TR TR SIEe SRR
i, 24 BB B FUCRE R B R S R C B R & HRX
MTBRFENBRMBETRERRE LG T REEMER
HESE . CRERE-TEBNSFIRE.

S EROEFRE FMEEBLRHFENTERNSEET
MAEESREERNTHERIEERF BB XL RTRR


http://www.cqvip.com

L BARP B U RIS BERML AR — TR
WS IRHE XX FE S BRIRET —HEH TERREN
EEREEAEBAARABER — BWMM(Balanced Workload
Mathematical Model)  EEXMEB FR T AF R AT T £
. ERFTTUSBSECH, Y REAF R A EELH BWMM
CERTEREERLABRUEMWRTHERARNTEH .M
FREHRMEBEH IR/ M EZLESE EHOEFRAIET
Bt R et REIE F . T BWMM HIREMEAE,
B TTE AT &RHERS RN G AR ERERE.

A E2H FEN BWMM R B E [ L RKBHITT
HREIVRAHET —IMEREBNERE, B RHE . T
N AR TAEME .

2 EFRBEARIARRE BWMM)

2.1 (o)

BARENFEHAEGFTH ARG/ REBIFET R
MR FURMNEBLEN—MES J. LD R LUK CR
SEEMATRD) HAPIMFEFFI Gisgor i) T FESF
Je BOBRAT IR L BL T B SR X R BT

BHEBGU.P.F.JREXEHTHENES. AR
RHFES.NAY €T, P REMBRIUHETHTHE
BB EA.p REMER,MABY pEP.fHTES  SHE
p Z AT BEXERMN . BY fEF. EFEF ;& p LITTIE
B A R=1,FN R=0.BEFAEF ; MybraEitHe N
T, BBARM A 6o, ) REFHETSEITEY SEMHEREE
BT, 8G.mBITFESF ;T p LHITHERTEHE, MR
M FEFE o MER, ARPRENA bp MERIFLRTE
%M E X kp MR LB ki € [1, kp I FAEFHAT
BITHRERNB TLRERTHRREHRR p.i€[1.2p)k
FEFHRTH Skt E], M4EF J B RFTHE N T = max
{TLTh, - Ti ), BA BB R AR K R 25 o [ i A7 i By
B 45IHR1,2, - min{k,n} B 178 (B B 5 min{min{T | kp
=1}, min{T[kp=2},-,min{T |kp=min{k,n}}}.

2.2 \ERBUEX

DE={{f,(p, ) EFI (g, (Dsg,pre)=Sf}.g; I—H
B TES  SHEGQ.OFATREXMBER.I=rUD,
hAR—AEE L PO FREFL i BHIBFHICIHE
.

(DRHFEF,R/=RG,(p»v)).H R ¥ GU,P,FFH
BROBEABER . XFES ; EHE (v LHITH,RG,
(£sv))=1,FM RG,(p,v))=0,

o REQpITAPHE p FET S v MERSH.
EFVW R v R TIREERE T 6, Mo<o(p,v)<1, BN
8(p,v) =1,

(DTh= 20 (2 (TR -3 NREIES Tt R A TFES

==! rer,
FEH ks MFESET S v LHHR p PRITETITH.
RX Es; AFAE % B80T R BT A 25 SR AT SRAT RS a0 R 1.8
.
)T =max{TL,TL, . Ti} . T Hh4iTHEFH J R& B
B BN bp M SRR FETHTHEBLRR J B
THEEZBAFTEE - TSt TR ENE XERA]

£ OO0 http://www.cqvip.com|

LR LS T WTFAES RN hp A TIFRBIFIEE X
B kA AT R T FES RS ES,

2.3 BeiFks

(1D 2LR=1.Y jEJ EGMHHRR T, FEF j RT

e
BEHE—MHERT BREIXRFRTRE-—F /=G,
DAHEERBHB.

Ap
@ Z}ks.=k,kpe [1nd ks €[1,k].kp 5 ks, BHE

.
(3)8,€(0,+0),
&
J=.y’ji
W \ ,
F=UI;=Uly
vl v2
@1 Gq.,P,.F)

3 BWMM R R

MALIFR.ERBEFEV R vow. A5 HEEHE
M p(EFREZAE) .25 J BB A=A B/
FEF il H(EOEBD R BV i ERSH S,
=12, ¥R .9 EES RS, =0 8, ATFEFMInRERTH
(a] T,-l=8(ms),T,-z=6(ms),T,-:=5(ms).3,kﬁ min {min{T
[kp=1},min{T |kp=2},min{T |kp=3}} . L ZRFI &4
J& BWMM it S HER A TFEFIET &K . LHETER,
FHEFAIGHNE v LEE— T HBFER, BEFEBMIT
HitE B A ERHFRFORR.RIVEL T SER SR
TR PEF AR EOERN, ST EV S EMEESHE
BB kB, BWMM & 863 i — R 5 7T LA 8 i A et [ & A0,
HEMB PRI HRETHE.

4 BWMM #ERERHALE

4.1 RBREUBANTAERSERE
E B nXn P REAR T T R AU AT B 1) 3 o
S,

A1 &4 n*n B R AEIE
n=(50)/T |n=(100)/T|n=(200)/T|n=(500)/T| &
24(ms) 57(ms) 446(ms) | 9292(ms) | 1.02

machine

KEN &

DELL PE2550 | 18(ms) 46(ms) 257(ms) | 6480(ms) | Q.71

DELL GX240 { 15(ms) 47(ms) 203(ms} | 9360(ms) 1

AUER, TRHERSEFNEESFESHERMRGE
Kt RFEERE,. AL CPU AR AZERE) . MMARES
RABBEEX . EXRARLEFAEFAHLT —FBEN TS

(THF22770O

» 223 -


http://www.cqvip.com

EPWBROBE. ZYATRO LGB RENEISR.

BRSO ATR, ROTUSERAGFHER
AEEFL USRS ABR TSR B RGER, B
THERAHHTT REE, 5 E R IREA R EE ISR,
. BEWiE  JSF{EREH K Web FEHESR EMLSIAA
PEOAHBERREANMLEERE, ATIE Web ARF
WAERETSEENARFOF AL IHER. 1t
bh,ISF B9 M I ETF Java APL 24t T ISP A E NS
BE, % JSF 5 JSP.Servlet &R B H AR LR RFHERRUET
& ELFRAR A L 63 JSF B IREEERAS T EM
—EF R, EXFRYE T —4 ISF 5 ISP.XML #HE 4%
RARNMESEET ISFEAFPRESRHTENTT R
WA ZEEH,

ISF B &iE £ S 6K SUNIBM X AFIEHRSY

£ OO0 http://www.cqvip.com|

BEREHOARSEISFHERT ZURMNFEHHEE
JSF #A A EE Web FABFFEMERER.

2% X R

1 Coward D, Yoshida Y. Java Servlet Specification 2. 4[S/OL].
http://icp. org/aboutJava/communityprocess/final/jsr154/,
2003-11-24/2004-8-2

2 Roth M,Pelegri-Llopart E. JavaServer Pages Specification 2. 0[S/
OL J]. hup://jcp- org/about]ava/communityprocess/final/
jsr152/,2003-11-24/2004-8-2

3 McClanahan C,Burns E,Kitain R. JavaServer Faces Specification
1. 1[S/OL]. http://java. sun. com/j2ee/javaserverfaces/, 2004-
5-27/2004-8-2

4 Burns E,Horwat J. An Introduction to JavaServer Faces[Z/OL]-
http://java. sun. com/j2ee/javaserverfaces/jsfintro. html, 2004-
6-28/2004-8-2

(L $2237)
B 6 P B 2 B £ B MM 04 1 K T S K RATTELS 5 R
Y M fE e L BISR B E S,

4.2 BWMM itH#EEERY

H% BWMM BREZEMBHI GO BRRIMASHE
MR TR R L, 5 51% B RN 103 308t , FEF I
%5510, 15848 H BB [A]

e 2§ —— k=10 -~ k=15:

60
50

5 10 15 20 25 30 g

B2 BWMM i} HitE

ME2FTTUED, EEMNS THES BB NS E15
TR A A R R EOR D R RN RIS H AR
BEAEZH LY HBYEATI20, TEFP V100t EEBK
¥.

ITHPMERFEINE FXHANAFTEINTHXNRLEF
HHBHEFRAFBESERKEORATRET —HEHANES
REEABEARBEE, BWMM FHERT HEEF AN
DARK

W FESXDHFHBNS BWMM UERNRAH R
MEF J#ITFEFUGH T GBI THFH LSS
BUHTFES BUET FESHRTER LRI ML
THXTROM R TRAIAVBEMEF T SOEEER AT
BaFARETRITHE. XERERESNHTESEIHA
HERTFES 7 XBERXAT J OFEFKDFEHZE
b1

QOFESBTEBOISEE.BAMEFE 5T EH
HEFH.ERSHT Wt HERENER. BWMM £ 4
(P ) RBITHRE p IENR v HURSE EEEHEL
it HEHE B — F O FES AR S TES BN
THEE A AR (B R P H MR T AR, £F2EK

S EEk.

Q)i Hbt A A BB AR . B4R BWMM B £ — 4 NP
S ERLHEERFTERRI —HESIHBHFR TR
B [E] AR .

{8 BWMM 4t X B F B E F M AR, (P4 T
BRI M F KR, Bo T FEF AR XK FIm j3
HPIITLAE INHAER) . B T EO RS BHERYE
PREURRERIBEE LR T —HEHTH T,

2% X

1 Kafil M, Ahmad L. Optimal Task Assignment in heterogeneous
Distributed Computing Systems. IEEE Concurrency on Complex
Distributed Systems,1998,6(3):42~51

2 Jaroodi Al,Jiang Hong,Swanson D. A Comparative Study of Par-
allel and Distributed Java Projects for Heterogeneous Systems. In:
Proc. of the 16th Intl. Parallel and Distributed Processing Sympo-
stum, 2002

3  Georgiadis L, Nikolaou C,et al. A fair workload allocation policy
for heterogeneous systems. Journal of Parallel and Distributed
Computing ,2004,64(1) :507~519

4 Rotaru T,Nageli H-H. Dynamic load balancing by diffusion in het-
erogeneous systems. Journal of Parallel and Distributed Comput-
ing,2004,64(4):481~497

5 Ali S,Kim J-K,ete. Greedy Heuristics for Resource Allocation in
Dynamic Distributed Real-Time Heterogeneous Computing Sys-
tems. 2002 International Conf. on Parallel and Distributed Pro-
cessing Techniques and Applications (PDPTA'02), Las Vegas,
NV,2002. 519~530

6 Ravindran B, Li P, et al. Proactive resource allocation for asyn-
chronous real-time distributed systems in the presence of proces-
sor failures. Journal of Parallel and Distributed Computing , 2003,
63(12):1219~1242

7 Ranaweera S, Agrawal D P. A Task Duplication Based Scheduling
Algorithm for Heterogeneous Systems. IPDPS 2002. 445~450

8 Boloni L,Marinescu D C. Robust Scheduling of Metaprograms.
Journal of Scheduling,2002,5(5):395~412

9 Ali S,Maciejewski, et al. Measuring the Robustness of a Resource
Allocation. IEEE Transaction on Parallel and Distributed Sys-
tems, 2004,15(7) : 630~ 641

10 k£, T8, % ETFRERIIZOLHBERER LR K
#18.,2004,15(3):360~370

11 Bajaj R,Agrawal D P. Improving Scheduling of Tasks in a Hetero-
geneous Environment. IEEE Transaction on Parallel and Dis-
tributed Systems,2004,15(2):107~118

12 Bansal S, Kumar P,et al- An Improved Duplication Strategy for
Scheduling Precedence Constrained Graphs in Multiprocessor Sys-
temms. IEEE Transaction on Parallel and Distributed Systems,
2003,14(6):533~544

+ 227 -


http://www.cqvip.com

