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Analysis of utilization bound for rate monotonic tasks assignment algorithms

WANG Tao, LIU Da-xin
( Department of Computer Science and Technology, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: The scheduling strategies and schedulability conditions of RM( Rate Monotonic) tasks allocation algorithms

were analyzed, and the actions that how the tasks allocation algorithms allocate the task to processors were depicted in detail

based on the model of preemptive period task in multiprocessor system. According to the theory of Liu & Layland, the theory

of the minimum utilization bound for task allocation algorithm was presented. The results of simulation show that the utilization

bound of allocation algorithm is the key principle for differently characterized task sets to select different algorithms to allocate

tasks. Through the comparison between the total utilization of the task set and the utilization bound of the algorithm, it can be

judged whether the algorithm will bring out feasible allocation of the task set.
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Input: Task set 7 = {z,,7,,...,7,} and
a set of processors {Pi,...,Py}
Output: j; number of processors required.
1. Obtain D; := log, Tr| log, 7, | log, T; for all tasks 1.
and sort the task set such that 0<D; <...<D, <1
2. i=1;j:=1;/*i=i"task,j=j" processor */
3. D=Dyy;:=0; U =usi=i+1;
4. while (i< n) do
5. v;j:=Di-D ; /* 7y; value is updated */
6
7
8

b wbd

if (U + u<max {In2, 1 - y;In 2} then
U; := U; + u;; /* Task 7; to processor P; */
else

0 ™ N«

Input: Task set 7 = {z,,7,,...,7,} and
a set of processors {Py,...,Ppn}
Output: j; number of processors required.
Partition the task set in two groups:
G ={7|u<13}; Gy={ 7| u;>1/3};
Allocate tasks from the first group using RMST.
Allocate tasks from the second group as follows:
i=1U,=u;
i=itl;
Use heuristic First-Fit to find a processor £ that executes only one task (e.g,
task 7,) and satisfies the following conditions:

|7,/T.T,-C)=C,or T,2[T,/T|C,+C, HTi<T,
|7./7, 41, -C)2Cor T,2[T/T,1C, +C, #T:>T,

j=j+t1;D=D;y;:=0; 7 ifsuch sts th
10. Us = U, + us: /* Task 7t Poi ¥/ . 1f'such processor exists then
1 [ iJ+ " g7 i [ 18SK 7 10 processor £ 8. Uy:= U+ u; /* Allocate task 7; to processor Pyand set it as fully utilized
12.  return()); 9. else ) o
13. end 10.  Uj:=u; /* Allocate task 7; to an idle processor with index /. */
11. goto5

12. Terminate when all tasks from group G, are allocated.
13. return(y) /* j number of processors required in sets G; and G,*/

14. end

RMCT B AR T —MEF AR, B8 BRES
AR RA R 7 AP T R FIARNTHET 173 HIES
{5 RMST B4 38, FI R R T 1/3 8 R BUES fi f e
BEETR, FEAERZIE — % RMST BELS IS 1
AbFEES o

3 BHRAARFM

RIBEAVRE S KB —MES S RBEIFA T
ME , PRI PR W AT SR I OL T MR R , JUIC R RE A 2 4R

FIMERERE R . TR ARA, BEKSES &
BAARGHEERF R R, B2 IR E SR ES
RERCERARE b R R A AT AT O 0 B, st A
Wit A28 BU R AR 55 SR B PRV B IR AT R 200 RGBTSR
A—MES P EE R BRI REEN— MR RE
BREVBEREFRARS . BABEETET LLWC WA AR
FAERIA 0.69, FEZALHAS T , 2T LLWC KRR/ REIA, R
P R—AMUE S JEAL 55 B0 B8 BB 55 FI A R AL B 35 St
Xt Ah B A RM Zp BLB A B2, AS{CZ AT L BEAT DR i AT



2220

AR A

2006

A PR B R AL AT A S EO AT VA B . T T
BB R ET LLWC K5/ RM F 28 5 HE
Hﬂo E%Zﬁﬁ ,%gglA—/l\%‘ﬁ BLLWCO

EX 1 —MEfA RM B3R AES B S RES
FIRZRA « BBRKAEFSE F Buve FRo

51# 1 Buiwe =L mﬁjo

ER Buye A—MEFE, RFEEX 1 MEHE 1K
LLWC %5 Buwca < Buwe (27Pwve - 1) [ fRIZARER,Buwc
< log, (o +1) o 1 F Buuwe AAEFEL ATTRER /N, BB Buiwe

$\_ l(ﬁgzﬂﬁj MRETE L1, Buye + 1 MEFE SRR

B3 LLWC B0 (Buuwe + 1) @ > (Buwe +1) (2 Puwe™ 1)
ﬁ@l’/}$%ﬁ7ﬁﬁm > 1/log, (a+1) -1, EE:FBLLWC jj'ff%&,

AR, B Buve = ooy | 4 E318 L BIE,

BT LLWC, R Z BB R G AL B m, £ 555 n LIS
S FIFZR o, SCHR[8 ] 45 Hh AL AT & B FR R EE B IR
THOAHRA, EHMT

EIE 5 1% RA(Reasonabe Allocation) “H{F & & M/t
By, En > mByyc , B L 2

Upwera(n,m,a) =m,U, + mU, - (m -1)a

Hep

m

o

n+m—1—\_%Jm

m, =m-m,

n+m-1

L= [ )
n+m-1

0 o[ )

SEHS 4 AR — & B FCBE AR R T R i e
RAZREENARRNANER . EMEE FEn -1
MEFEUAFH T BLLE m DMEHERIE, m, DR F

[(n = Vy/m| S ,m, = (m = m,) A4k 3255

| (= V) /m | MES U, B m, MEHER G- EZ—A

U EAES WAL B R AR AR, U, B my, bR E— 1
Z—AL RS AR F SRR

BT LLWC RIEAES A MA AR BIRE R T8 H
9, BT LM B A BE A8 RM AT BE B0 FE 0 N B A, B
MEH 5 LR BRBIRER TR AR, FdaR
IR T —/NR i, Z 40 FEEE RM Al AR KT 2 B %
& TRESHFEER NS AR B AR/NAARA, HiL
b FRBN R S0 3 AR ) SR RN AE ) RM AT B R A
MEFM BRXZ AL FEEE RM Fl R B % A M-S 82
WHE I, ESPTHRBR AT

Dhall 1 Liu 7£32 4 RMFF #1 RMNF B3 FEMAE T
RM BSEE A BB m > 3 B, MRS NGB RMFF &
BAEm - 1 MR T AT R E, A EFEMARERT
U>m/(1+27), CER[9]H#F LLWC &%+ T RMFF
1 RMBF B3, 3F46 i, R m MESEm - 1 ME3ESE B
RMFF 5 ¥ N fE 7= & ") 47 B, W4T & & Fl A %
U>m/(1+2"%), SCER[10] oM T7EAL AR B m = 2 B

U

RM BEEERAEENERFER&E/DAHAER R
m(2"? =1) < Uy, < (m+1)/(1 +27™0)

4 GRER

4.1 SREJREMESZEHR

PR B 30 MbEAS I RENES £ S &
AL FRES b A IR R 5 B R Bk, b 3 AR A B AR ) AR
[l R PRIEAE 55 SR AT R 43, FR ) B RAE 55 52 & 250
MES, BT AR 5 5 K 2 80E 55 50 AR R 5 0 fi 78
307250 =0. 12LAN , R J5 i R A [7] e AT 38 ) ) 3 4 2 1
ROTE, N EBEES RREE TS ARES CREES
ERTE—E B/ NG R A 2 533K B 4 41 B K AT SR R BRI 0K,
BTG4 R R BEE s 4% B Rl — AR 45 SR i I, AR IE
SEESERARM 2V S B A R 4B B RE

EFERBERRTEMARIHN=Z4, « = 0.3,
a =0.6,a = 0.9, 84 F7E[25,250] FF4ERE 25 B 1 ME, ™=
A 10 MRNAF RS 8 o B MES S S A BUETEE
R 1<T, <1000,7E[1,1000] =4 250 N45] 5370 W 1EL, 4E
FPATRERYE C; = T, * u, 7HE ,u, MEFSFIAR WRIE
ZRUEFEAE S FIAZE/PNT 0.12, 5514 0. 12/250 LLAE Sy [H]
W, 760. 12 A=A 250 DA R u, o ARIBALERGR TR VAR AT
T JUANFI R 35 3 A 2 K PR R 389 A RE A R 4
250 MES , THE AT [ R A E R L. S T s>
25 MES FEFBHPF L 10 MEF K, ZHARRKIE
FIRARBES I E 30 MRADARIRAES K. LKA
XML A8 RAE MRS E B, TEREBHTHREE N
Windows2000 advanced server,PIV1.8,512M RAM,
4.2 MEREFEIR

B TR ALK 43 B db B AR B kT, BT LA A5
& BRI UERRI P A B8 50 M T 5, BRI S 55
EROTE UANIRE — MERETR 15 SO 52 bl A AL 22
B SR S R B A R HE,
Hp MR E P f PR BEER AL, U MRS SR BRI
4.3 ZBRERKRIW

LI EARREA , HEE 5 58 5 I T A R AR BHE A 55 0% n
T3 hn, RMGT F1 RMST 58 R B A0 57 B9 PERE , RIAF K /ME
FE TR EE D, AR R #0k, LHTE o
=0.3 HAEF R o R B R KRR, fFa A R EIE
W%, B2 RMGT HIETE o < 0.3 WHEE A RMST R /ME54% .
£ a =0.6 i ,RMCT ¥ERER BT T [, FOV BT Z 4 &R 5k
A 77 AL BA R AT 0.3 B4R S5 T7 Z 85 i ab 22
%o o =0.9 i, RMST S B RERA B TR IEBI/ME S5 3 3 3
FERE S TRAFHBEAARES R, A& = FH
FAEHSE, 535 =% RMBF ,RMNF RMFF B A KRR T
AR PERE , 468 R IR 7T R B2 R (R A BB AR

B3 BEWR T =4 ESE S ER X RN,
M 3(a) # RMBF .RMNF .RMFF =FpE :PEER AR , #h
LEH; RMGT fl RMST Bt E &, RAL AR R, BE
FIRRER , SRR A ES , RAEX LS £ THIE



%9 H

P LN FE VI OS XSV ET L O

2221

BAEXT BT HBZEN . B 3(b) HERRY RMNF Bk
AT BEHEK A, NTTEE R R, B 3(c) HILH
DEFHHML, RABEN R ARESESHES THEE
¥, JUH RMST BILTEAE S5 58/ T 125 LIRTH B T & T
HAb 7 5 =R R BR, R E & RMST BIEAE S A

REUNIESERI57
30—
E —&— RMBF ]
25+ —&— RMGT b
r —»—  RMNF «=03 A
L —— RMFF ]
20f | —+— RMST

100 125 150 175 200 225 250

25 50 75

L5551
(@
30 T T
—&— RMBF /
25 | 5 RMGT /
- | = RMNF| =06 ]
—— RMFF / 1
—— RMST //”/

s p
10+
SE— 1 1 L 1 1 1 Il 1
25 50 75 100 125 150 175 200 225 250
HE5%
®)
30[ ' ' 1
r —— RMBF o ]
st —&— RMGT / ]
i —— RMNF| «=09 A
I / ]
—— RMFF & ]

" —— RMST ;/x
?é N /ﬂ/

100 125 150 175 200 225 250
£S5
©

B3 AESECS PRI B R MR

x1 HE&GR

5 1 L
25 50 75

1 RAR RN RAMRESS, SRR R LM AL
BB SESE B FRBIEL . Bk p (R ZFEBKF
FAZRIE IS 0, B AMAAES FEAE 55 SR B LB R R
ESMNY LT ST S F R, LR SRS HL
— B A AR p IR R B HBVR KRB, FEIE R EE Z
W E—ERE BB SRR R, SHEIE LK
R, = N,,ll,i,’l‘w N/Nop, HOEE, B FAEST 56 P 2 HUE 55 R B/ A

R BB p A IETRAFIFIRAR,
5 #iE

SEITHFFOMSE R A7 225 LT JLAGAR, (1) S 4058
SIES HRA AT AL AR, = Tim N/, FKFE 532

HERERFIR, B ARG AR R R AR B ER AT AT I I S5 4R

BB — RS S LR, BT RERRRR, 9 (E, R T RE

HEEBERR,; (2) SLBEREEHE XK, A TR

EABTESAT SR 2 i B F R AR IR , R R BIRL , ER &

R AT BE AR AS, T AR S B A HE 55 SR 4 R, 12

RS ATREBESR; (3) EE LKA RRF MRS EEE

ST EBARO AR, TR AR FIRHEAE 55 SR A [ 43 B

BHHITES R 5 GEEIAE 5 & B F R SEEFARA

FY ELRE, W TR BRI 5 SR R W] LA AR AT AT A L) o

AR TAEREIES B R IRA TR T M2 A2 3 55 R BE 7]

B 5, 5 BT AR R B Bl (R R, 4R R R B s R AR O

% =, ZBERBYUES 2B R BEIET

SEH:

[1] LEUNG JYT, WHITEHEAD J. On the complexity of fixed-priority
scheduling of periodic, real-time tasks[ J]. Performance Evaluation,
1982,2(4):237 -250.

[2] LIU CL, LAYLAND JW. Scheduling algorithms for multiprogram-
ming in a hard-real-time environment[ J]. Journal of ACM, 1973,
20(1):174 —189.

[31 KW, BRBkE. SRR R Hy R vk i ] YR BEHE R E [ ] - 8K
1241 2004, 15(6) : 799 - 814.

[4] OH Y, SON SH. Allocating fixed-priority periodic tasks on multi-
processor systems[ J]. Real-Time Systems, 1995, 9(3): 207 -239.

[5] BURCHARD A, LIEBEHERR J, OH Y, et al. New strategies for
assigning real-time tasks to multiprocessor systems| J]. IEEE Trans-
actions on Computers, 1995, 44(12).

[6] LEHOCZKY JP, SHA L, DING Y. The rate-monotonic scheduling
algorithm: exact characterization and average behavior[ A]. IEEE
Real-Time Systems Symposium[ C], 1989. 166 —171.

[7] KUO TW, MOK AK. Load adjustment in adaptive real time systems
[A]. Proceedings of IEEE Real Time Systems Symposium|[ C],
1991.

[8] LOPEZ JM, DIAZ JL, GARCIA DF. Minimum and maximum utili-
zation bounds for multiprocessor rate monotonic scheduling[ J].
IEEE Transactions on Parallel and Distributed Systems, 2004, 15
(7):642 -653.

[9] OHY, SON SH. Preemptive scheduling of periodic tasks
on multiprocessor: dynamic algorithms and their perform-
ance[ R]. Technical Report No. CS-93-26. University Of

42 PRMBF PRMGT PRMNF PRMFF

Virginia. Dept. of Computer Science, 1993.

PRMST

«=0.3 [1.41,1.66] [1.13,1.47] [1.41,1.66] [1.41,1.66] [1.13,1.47]
«=0.6 [1.40,1.54] [1.16,1.70] [1.42,1.54] [1.40,1.54] [1.15,1.54]
«=0.9 [1.20,1.41] [1.13,1.35] [1.28,1.41] [1.20,1.41] [1.13,1.48]

[10] DONG-IK OH, BAKER TP. Utilization bounds for n-pro-
cessor rate monotone scheduling with stable processor as-
signment[ J]. Real Time Systems Journal, 1998, 15(2):
183 -193.




