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Abstract: In practice, the schedulability of static priority scheduling may be reduced when priority levels of the
system are insufficient. If atask set requires more priority levels than the system can support, severa tasks must be
assigned the same priority level. This causes the priority mapping problem. To solve it, a priority mapping
algorithm and necessary and sufficient conditions for analyzing the schedulability of a task after priority mapping
are needed. There are three kinds of priority mapping algorithms: decreasing priority assignment algorithm,
increasing priority assignment algorithm, and threshold segment mapping algorithm. This paper presents
implementation and analyzing conditions of algorithms. Properties of the algorithms are also described and showed.
Performance of the algorithms is compared through simulations. Simulation results and conclusions are useful for
designing and implementing real-time embedded systems.

Key words: priority mapping; DPA(decreasing priority assignment) algorithm; IPA(Increasing priority

assignment) algorithm; preemption threshold; TSM (threshold segment mapping) algorithm

3 (1) DPA (decreasing priority assignment) (2
IPA(Increasing priority assignment) (3 (threshold segment
mapping, TSM). 3
, 3

) ’

» Supported by the National High-Tech Research and Development Plan of China under Grant No.2002AA 172302 (
(863))
Received 2004-12-17; Accepted 2005-05-18

© R

http:/ www. jos. org. cn




603

:DPA JTPA ; TSM
: TP316 CA
, - ,
MSI STD BUS 3l POSIX 32
,VxWorks 256 . )
( )- , (FIFO)
: ( )
(1) /(2
(3l : , - 14
FIFO , ,
. [4] ,
[5] [4] : : : FPA
, , [4]
[6] RM(rate monotonic) , (RAN)
, - (8l
——LOFP ,
[4] .LOFP FPA
(7] :
. 9.20] TSM(threshold segment
mapping) , [9] .TSM FPA  LOFP ,
, FPA,LOFP TSM .LOFP ,

) , IPA(increasing priority
assignment) . , , FPA DPA (decreasing priority
assignment)

1 3 . 2 .3 DPA TSM ,
IPA ,
1
T={7,7,...., 70} n (sporadic) ,
5=(T;,G;,Di)(i=1,2,...,n) ) o Ti T ( ),Ci I
lDi T . ’ 1—; 1,
n.
1.1 DPA IPA

© PEBREBALTU bt/ www. jos. org. cn



604 Journal of Software Vol.17, No.3, March 2006

TH{m,m,,...,m} ¥V me I1<i<n),V m e TI(1<)<n), i#, m#m.

f,
VmellVzell,  m<m=i(m<i(z)  f(m=fz), |
DPA IPA , RM  DM(deadline monotonic)
.DPA , ,
FIFO , ,
IPA ,
, DPA
12 TSM
, S 7 mel1,2,..,n],
Vs w<y.  yelm,...,n]. ,
4 i T % , % . 4
T, >
(1) 4 g, <A<, el
(2) G:{ 711721"'111}1 Ti Z] '
(non-preemptive group, NPG).
( JNPG . 3
NPG . , . )
NPG m, Gi(1<i<m) NPG. ,
NPG 1 , ,
NPG Gi Gia ) G - Gi
Gl—l ’ NPG ’
, NPG ,
) TSM . , NPG , NPG
., NPG , ,
NPG , ( VxWorks)
, NPG , ,
, , TSM

© PEBREBALTU bt/ www. jos. org. cn



605

2
2.1 DPA | PA
IThigher,7) 7 [I{same, 7 7
I{same,other, ;) T , T .
[4] (1] , Di<T; , DPA IPA 7
Jl?ig‘.(w‘ (t)/)ﬂ (1)
Wi(t |74nNe d 2
( ) rqef(hzgher,r)’V/rq—‘ a g rpef(éme,rr:) ( )
k(k=0) M, g k S(K) 7 k
[ @ Wi(l) Wi()-(1+1)Ti<0
[5]. Di>T; ,DPA T , :
max W(t) <Di+k-T; ®)
Wi(1)—(1+1)-T;<0 (4
_ C W(Kk)/ |, S(k) .
VVI(k) (k+1) CI+ rqel'(;ghef,ri)[ A—I Cq v rpel'(sagaother,ri)ﬂ; %pJ +1J Cp (5)
S(K)=kT; (6)
()~ (6) IPA , D>T, _
2.2 TSM
TSM ,
ol : Di<T,  D>T;
7
B(r)= mjaX{Cj Ly gmo> ) (7
level-i 4 Ei(k) (k>1) 4 k Fi(k)
(k=1)-T, k , k=1,2,3,..., Ek) Fi(K), k=m
F,(k)ﬁkT, y T
R=, _max (F(k)-(k-1)-T;) (€)
(= E : Fk)/ | E;i (k) C
=B T G % ] (1{ % JD c, ©
(K= B(£)+(k1) -C. EK/|].c
(k)= B(n)+(k-D) C'+sz>ﬂ.[1{ % D c, (10)
R<D;, T



606

Journal of Software

Vol.17, No.3, March 2006

3
3.1 DPA I PA
,DPA |PA TSM ,
FIFO , TSM DPA
IPA . [5] DPA ,
D , FIFO ,DPA
2 , FIFO ,
DPA
IPA :
1. , FIFO JPA
I IPA , m,1 ,m
ry(s<lsm)  IPA . FIFO A T
, m'(m'<m), IPA I (1<I€m), A
() 1 -1 -1
. IPA -1 . 1 i+ ,
) M+ ) . IPA My i+
I1+1) M+2). A IPA
, m'<m IPA O
2. , FIFO ,
,  IPA .
FIFO r m.  7{1)(1<I<m)
12 T2 Jowest ny ,
(1) 112) D~ (6).712) 72 lowest FIFO ,
(2 ) T2 lowest IT1) 72 lowest ] I11) T2 lowest
) 72,lowest FIFO (1~ (6), )
(3 T2 lowest- (O~ (6), Tojowet ~ FIFO .
72,lowest ) JIPA 72,lowest 12
2 Jowest : , 12 112) 7).
I(3) [I(m) , IPA JPA
O
32 TSM
f, :
VmellVmell,  m<m=>f(m)<i(zm)  f(m)=f(m), f(m)=f(m) o f
f(m)=f(m) , f )
,DPA IPA TSM , 17 T
NPG ,  frou(m)=fraw(7). )
NPG, m<m, fram(7m)<frsm(7). TSM

© PEEREBEAD

http:/ www. jos. org. cn



607

4
DPA IPA FIFO : ,
DPA IPA ,TSM , ,
[10] , 100 100 14.3
4.1
1~ (6 ,DPA 7 ,
) T ; ’
m, n , o I+2+. . +(n-1)=(n-(n-1))/2. n
m ((n/m)-(n/m=1)-m)/2=((n-(n—m))/2m. ,DPA
o’y (5] : 7,
Hi= min| t - / 1-0 (11)
: 0<t<Di[ rqer(hzig:her,rij Tq d
7 I(z) , H= min (H)). H< >'C,, 7
Hzj)=I(zi) rpel (sames;)
] , H . , , 1 1
H h o(n).
2 JPA 5 ,
, T 7 . JPA on).TSM
4.2
42.1
, ) 3
(max) (min) (ave). DPA IPA DM
422
, (D) total Tasks, 5 , 5
50;(2) maxPeriod, 100 1000 . ,
Q) [1,maxPeriod] T..
(2 [0.1/totoal Tasks,2.0/total Task] U;. Ci=U;xT,.
©)] Di=T;
, 100
DM ,
423
(1) maxPeriod=100
1(a) maxPeriod=100 DPA IPA . , ,DPA IPA

© PEEREBEAD

http:/ www. jos. org. cn



608 Journal of Software Vol.17, No.3, March 2006

. 1(b)
maxPeriod=100 DPA TSM . ,TSM DPA ,
) ) . 50 ,TSM DPA
5TSM , DPA . 50
) 5.
) 3 . ,DPA IPA
TSM
(2) maxPeriod=1000
2(a) maxPeriod=1000 DPA IPA .
2(b) IPA TSM . , maxPeriod=100 DPA TSM
DPA IPA , , TSM
1 I
I S-Mm IH" Al
o Ay v [H'-Alan
= Ty E WL
TR L IPen L ¥ 3 I54k-Ain
i 1P A-hlre 4 LR
r ([ AMT™ - I541-4e
EII : n I
£
73 = 7
(1} 1]
i ] Wi i) M o 7 b ko ] (] i L]
Smmher of [sks Mg of Tasks
(a) Number of priority levels used by DPA (b) Number of priority levels used by DPA
as compared to | PA, with maxPeriod=100 as compared to TSM, with maxPeriod=100
(a) maxPeriod=100 DPA (b) maxPeriod=100 DPA
IPA TSM
Fig.1
1
. FA-hlm
. IFA-Glay = .
L _: % '
£ ;
'1.; : i
3 £
¥ iz
% 1 ] 0 # ] 1 H ¥ i iy
N b of Tk N ke @ Tirks
(@) Number of priority levels used by DPA (b) Number of priority levels used by IPA
as compared to IPA, with maxPeriod=1000 as compared to TSM, with maxPeriod=1000
(a) maxPeriod=1000 DPA (b) maxPeriod=1000 IPA
IPA TSM
Fig.2
2
3) maxPeriod ,
maxPeriod=1000 , maxPeriod=100
MaxDif,MinDif  AveDif . 3(a) 3 MaxDif . ,DPA
IPA MaxDif , TSM . , 10 ,
, TSM ,DPA IPA

©

CEIFIFFUI  hitps// www. jos. org. cn




maxPeriod 3(b)
IPA MinDif ,
AveDif DPA IPA
IPA
, ,DPA IPA
,DPA  IPA
]
* Ll
3 Y s e
__.I [ Ted s Ma s Tl
E
;u 5
. 1] k] ¥ i
Nk @ Tk
(a) MaxDif value of algorithms
@3 MaxDif
(5] DPA
1
4.3
VxWorks ,
IPA . , )
FIFO ,
, TSM ,
TSM
(VxWorks ) )
5
FIFO ,

609

3 MinDif  AveDif , DPA
TSM . 0. ,DPA IPA
maxPeriod . 20 ,TSM
20 ,DPA |PA AveDif TSM ,
, TSM , ,DPA
, maxPeriod , . ,
TSM maxPeriod
TSM
:{
[E RIS
. [[EETTE
'_:- = T b i T
k] [ e Lts b
T T
1] T v el
E &
iy 1] i i) 1] 1 5]
Wb ol Tadks

(b) MinDif and AveDif values of algorithms

(b) 3 MinDif  AveDif
Fig.3
3
(3l :
2, IPA DPA ,
DPA IPA ’ )
, . DPA
. VxWorks
VxWorks .
, VxWorks
) DPA IPA , ,
, NPG
VxWorks
DPA,IPA TSM .DPA IPA
TSM
, .TSM
DPA IPA

© PEEREBEAD

http:/ www. jos. org. cn



610 Journal of Software Vol.17, No.3, March 2006

References:

[1] Lehoczky JP, Shal, Ding Y. The rate monotonic scheduling algorithm: Exact characterization and average case behavior. In: Proc.
of the Real-Time Systems Symp. Santa Monica: |EEE Computer Society Press, 1989. 166-171.

[2] Liu CL, Layland JW. Scheduling algorithms for multiprogramming in a hard-real-time environment. Journal of the ACM,
1973,20(1):46-61.

[3] Lehoczky JP, Sha L. Performance of real-time bus scheduling algorithms. ACM SIGMETRICS Performance Evaluation Review,
1986,14(1):44-53.

[4] Katcher DI, Sathaye SS, Strosnider JK. Fixed priority scheduling with limited priority levels. IEEE Trans. on Computers,
1995,44(9):1140-1144.

[5] Bin XL, Yang YH, Jin SY. Optimal fixed priority assignment with limited priority levels. LNCS 2834, Springer-Verlag, 2003.
194-203.

[6] Orozco J, Cayssias R, Santos J, Santos R. On the minimum number of priority levels required for the rate monotonic scheduling of
real-time systems. In: Proc. of the 10th EUROMICRO Workshop on Real Time Systems. 1998. http://www.mrtc.mdh.se/emrt98/
wip/proceedings/5.ps

[71 Guo CG, Wang HM, Zou P, Wang F. Priority mapping in real-time middleware. Journal of Software, 2003,14(6):1060-1065 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/1060.html

[8] Dpippo LC, Wolfe VF, Esibov L, Cooper G, Bethmangalkar R, Johnston R, Thuraisingham BM, Mauer J. Scheduling and priority
mapping for static real-time middleware. Real-Time Systems, 2001,20(2):155-182.

[9] Wang Y, Saksena M. Scheduling fixed-priority tasks with preemption threshold. In: Gakkai JS, ed. Proc. of the 6th Int’| Conf. on
Real-Time Computing Systems and Application. Los Alamitos: |IEEE Computer Society, 1999. 328-335.

[10] Saksena M, Wang Y. Scalable real-time system design using preemption threshold. In: Jeffay K, ed. Proc. of the 21st |IEEE Real-
Time Systems Symp. Los Alamitos: IEEE Computer Society Press, 2000. 25-34.

[11] Lehoczky JP. Fixed priority scheduling of periodic task sets with arbitrary deadlines. In: Proc. of the 11th Real-Time Systems
Symp. |EEE Computer Society Press, 1990. 201-213.

[7 , , , . . ,2003,14(6):1060-1065. http://www.jos.org.cn/1000-9825/14/1060

2974 ), , , , (1944 ), , , ,

(196 ), , . ,
,CCF ,

© R

BEAKPHIEFTIT  hitp:/ www. jos. org. cn



http://www.mrtc.mdh.se/emrt98/
http://www.jos.org.cn/1000-9825/14/1060

	算法描述
	DPA算法和IPA算法
	TSM算法

	算法使用的判定条件
	DPA算法和IPA算法使用的判定条件
	TSM算法使用的判定条件

	算法特性
	DPA算法和IPA算法的特性
	TSM算法的特性

	算法比较
	计算复杂度的比较
	性能比较
	性能指标
	仿真条件
	结果分析

	算法的适用环境

	结  语

