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Abstract: One of the key issues in real-time theory is the schedulable analysis of a given task set with fixed
priority. All the proposed schedulability test methods can be classified into two types: polynomial time methods and
exact methods. Polynomial time methods use a sufficient schedulability condition, and several least upper bounds of
the processor utilization under ideal assumptions have been developed. Exact methods based on the necessary and
sufficient schedulability condition guarantee that the test result for every task set is correct. However, the
pseudo-polynomial complexity of the exact tests is too complex to be executed online for large task sets. This paper
presents a novel ISTA (improved schedulability test algorithm) for analyzing the schedulability of periodic task sets
under Rate Monotonic priority assignment. A pruning theorem for the Task i space is derived, the schedulability
correlation among tasks and its effect on the schedulability test are investigated, and the related theorems are proven.

Based on the above results, a new improved pseudo-polynomial schedulability test algorithm is developed, and
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several comparative simulation experiments among the three methods are conducted. Extensive simulations show
that the average schedulability test performance as a function of number of the tasks can be significantly improved.
Key words:  real-time system; schedulability; real-time scheduling; RM (rate monotonic) algorithm; hard real-time

system
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IE BH AR 5, AT 40 Sk PRI
() An>2808 T, <20 A p, (T,)=p,,(T, )T} BEE SR tep, (T,), I Htep,,(T,),
SEHL T, () =T = f, ()=T B 55, mE =T, WA
Y 2C,+C, <T, =YY" /C,+C, /25T, /2= Y " C, <T, ,.
FE B 1 AT, 7, TR RE. DL HE, v] BN 2548 « PR S
(2) n=2 H.T, =2T, , 0tWf p,(T,) ={T,}, XFE, R £,(T,) =T, "3 2C, +C, <T,, 8% C, <T,/2=T, &
AR BARATSS R « WA
25 B b, E PRARIE. O
EIR10. Bl tep (T), A f,¢)=T, RN T,/T_ <2, R e<T_, W4,
tep,(T,), fiu@®=T.

513 3. bep,(b),Viep,(b),t<b.
& XA p,(b) = {b} € p, (b), HRHEE| P 2,45 O
FEEE 10 B IE W e BRATUE A 2 ¢ < T, ROLA, t e p,, (T,) .HER 6,5
P TP (T)=pin(T).
HERE 534 T, /T, <2 I,
P =po (T T L) U (1) = pa(T) U p o (T)
Ehltep, (), WMEtep, (T ) WL —EH tep, ,(T) WIETIHE 3 MEH 4.4 ¢>T,_,, T, 08 ¢ F4
BT X 5 B G R, € p,, (T,) THIE.
T AR 7,0R £, =T, WH £, ) =T. % 5,2 10 5iF. O

32 & il

h T AE TR bR e L FRAT 4 T 46
B 30 B X I M, (3,8,20,30) , HH B R 3,4 AMT 4 T B A AT
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p5(30) = {15,16,18,20,24,30}, p, (20) = {15,16,18,20}, p, (8) = {6,8}, p, (3) = {3}.
iz e BE 7 AE B8, ny LAAG Bt M AT 55 18] () ) o LA DG

A5 =T= f,(15)=T; £A6)=T= f,16)=T= f,(8)=T;
HA8)=T= f,A8) =T = f1(6)=T; f;(20)=T= f,(20)=T;
£,(30)=T=f,(15)=T.

280 Bk, AT 55 oy R BE AN 10— J0 % 16 AT 55 o) RM AT BERS, AT AT 51 o, F 7, 8 RM AT .
Bl 4 BEAT BT 554 v = {0,007, ) HRAE R AT 55 2 (1 52 X PLICIN AT Viie[Ln-1], T,|T,,, &
T, =kT +e, IRBARVie, =0 M5 3,7, € p (), T, € p,,(T,), BAH

> iT]c, Zl C,

T,

AR E 1, CPUR IR U =3 c/T,<1Hff f,(T)=T,AF% ¢, RM A . e 8K N T, , |7,
MAVi=l,n=1LT,|T, , U328 £, (T, )=T, A% ¢, , RM Al LIS HE AT 45452 RM ] i (1. }}\
T UE B T SCHRES, 13170 B8 o AR R AR 5546, R U = D7 C I T, <1 B AR AR5 852 RM AT i BE ).

=X AT, k)= C/T,.

3.3 M BIRMAT A E M4 H £ 8 5%, BIFRISTA(improved schedulability test algorithm)

55 SCHRI9TH (9 HET SVAAS ], ISTA SR FH i i 428 04 A QA% 401 F
boolean RMTest(7) {
for(int i=n;i>0;i--) {
if(!isSched(?)) //Test each task’s schedulability backward
return false; //Task 7; is not schedulable
elseif (7. /7, <2)
return true; //Theorem 9 is applied here
}
return true; //Task set is schedulable

I}E_ﬁ%’ﬁ( isSched(int i) T 7 AF: 55 7, & i e Jo A B0 A XA B Boh O T 85— VDA s SR U4,
BRBRPAT U A0 4 ) AR R DR AE, bR IO T R R R
Step 1. div=T,,/T;
Step 2. If div<2 && latest t<T,, return true; //Theorem 10 is applied here
Step 3. read one element? from p, (T)); /ITheorem 4 is applied here
Step 4. if latest _t=kt, k is anintegerand Vj=L..,i,t/T, =n+¢e;,&; >1-1/k or &,=0
return true; /ITheorem 8 is applied here
Step 5.if (X [¢/7,]C, <6){  //Theorem 1 is applied here
latest _t =t,; //Global variable to remember the executing flow
Step 6. if all elements of p,_, (T;) have been tested, return false, otherwise, go to Step 3.
3.4 BIRMEREDHT
TSI TR S U 00 S — AN B co-NP-hard [ UL 03 2 U6, WTSR P = NP I AS AT A 26 2 T
I J5) SRR B 22 T I [R) 550923 7R 50 1.1 719 BAR ) RM I BE R o O T A A 454 0 I 20 i 3R HAT 45
b U955 07 SR AR 25 3 R — Al B A L U ) R0 S I R 48 BARUAH 25 N4 H 77 33 iy ik 592 i 22 48 1)
J&2 A 5 T 88 1) 2 2 AT SR AR R BB BEATT BT 5 IO PR s 2 PR B9 0 Oy 22 TSI T 5735 3K HL 45t ISTA (R 1
RE T S SE LT 4.
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WH AW =t st} ST 7, =(C,, T,), W48 = SURER I8, JLR B 2= ) e 24 2" AN Je S et &5
P R AN Gh RGBT R T AT n UARAE AT 55 «, W AR I S R 2 I 0 02" ) Dl i Bt
TSk 9z be b LR S I e BB L A T, B T, << 2" JITLAFLSE IR SE N N o(nT,) LB O 2 351 2 I i)
Bk eI n MESISTA IS E 288 H o(n®T,) %L IAT I 8] ARAY 5 ) U AR 56, i BSR4 4 ¢
W KA 55 I T, A0 DG, BT LA —F £ 22 2005 I () 35095 R, 7 S 3L IS TA I, 3 A7 75 P 7 T 1) SE T4 — =2
T2 o(nlogn) IR JFAY WHAT 4548 ¢ BHATHER S T < Ty <. < T, s TR I o(T,) I TR WHT 45 ¢, B =S
i) BEAT — SCAR I ).

4 XFEEITEMREELE

BFRESCHR[7145 H R AL RM 0] 38 B 1 4 8 78 2 450, SCIR (9142 tH I HET 55036 DA A SCHE H 1Y) ISTA,
XN 3 BRI 38 P B L AE SCHRO] b i o S5 A2 2% JEE 1 1 R i b A2 SRV A B PR R UL A S &
ISTA [ SE BRI, S0k BE i b o2 X & 5090 v A CPU AR s 18] 38 8 FT LAA K B3 5 ] CPU RS [ S 4
125 PRI R CH) 3 3 R B B AT

CPUElapsedTime= f(nTimes) .

X nTimes &SR ELVE N AGIR R IR BCRIE, 2 0y > 0, WELE £(n) > f(ny) JXFEASCE T REFG b
W55 SCHR[9] 1k BE T s AH —EL.

SE I B AL AR S AME S, AT S T R T, BE AL L A [1,10000]H 77 2 & AT 45 I BAT I 1) €, Bl AL AR
[0,6T 1(g =1/(ym),w € (0,1) =43 B X Ty & — AR, n RAT S WAL S A0 LB R I Wk C, & —
ANLE0, T, P IR B ATLE, I A $E /T 55 B2 248 B 40 A2 AN vl 8 J5 190, BT AFRATT 38 X T — AN SRS R AT 1 55 5
JSC I A R DR o A4S T R B AT 5% A 1 A v DR L TR AR R Ay BN R DR ¢ Bk oK, T R B AR
FARR D> R 2R B w BRI R T ¢ N, AT R B AT S5 R O T AR 8 — A3 Rl St T A
(R R /N (R AH I 45 B DR R M AN — 5 RS- S48 R 14D ) 208 30, % TR DR /SRR S5 R IR IR 5 AN FE AR BEAT Bt A
[ RN AR AR 55 B BT B AT S5 AN B Z2 0 2,8 S AT 55 B2 K/ AN 0~100, 3% A4 1K 2 36— L RE ML ™ A= 250 A~
{155 45 A) IR £ 4E Window 2000, Pentium 1T 600,256M RAM R385 347 (1), [F) N R 45— AN 9256, - 89838 47
IREEAH [F], LAGRAIE SR M Re (] L,

Jr A SR IR v, SR T o CPU Ak 3 1 [ (1] It 3 A 9% B I 29 A1 45 5000 o 00 S 36 45 A ()5 T [ 7
T LN IR 35 PE B Ll 8 4 SR A0 N TR B A Bl 2 1) ol i AR b 2 SRR AT 55 4R 9 BT 2 AT 45 N AE SR 3 b AT 5542
Fr AL I B KA 25N H0Z 10090 AABR A & S5VETE H) 8 A [R] R AF 45 £R 5 it o FH ) CPU IS [, num 375 SIE38 R AN
AT S TR AT 55 4R AN 250 RM AR I FH A 17 4 1) RIM 70 B2 4% A AT ] O 58 1 240 58 20 A PR B0, AT T SR 3R
7 ISTA S0 PERE, U 2638 7R HET S0 2k fe BT 26 R R AR R4 11 RM 78 22 40 Bk i Pk e

WERAEBWT, /T, <2WESR S ECHGEZEZEMTREZTR TAETUAEHR T n=2,T, =2T, XFfF
WRAE LA 6 BT AT 545,886 S, = po (T) ={T,, Ty ..., T, ) AR U, 54T 45U 3 25 1R) JE V0 2D AT 45 4R T 1
JEX Ik M, ok A N 3 AR B I R TR AT LR

L6 RTS8 AT EER T, /T, <2 AT 41033 Sk BT T, 7E[1,10000]58 [l P33 F i o 5 75 & K 2
H) T B 75 SR ELAT U IR S R, p (T)) /2 S, 10T, AT 45 W 5 25 1) i 1) 4, 45 AT 45 4 vl i JE X
WM, > S A R 6 .

M 6(a)s Bl 6(b) T LUF HE X T3 A AT T S AT 55 TR AT 5 82, ISTA Z24F T AR fRi4k 19 RML n i S5 1 4 5, )
AR T HET &k JLR R ISTA 5 HET 8910 % /M 25 0% 25 ()35 /b TR 4k (1) RM A 8 J5 04 280 52 16 1 )%
) ISTA — 7 TR A 85 A% BRAR AR A T A 25 1 B 2 A )48 20 72, o0 — 5 T o0 i 7 B @ 4 570 R AT
25 1) () RT3 B PEAR P, T AL T 388 20 5 0, e IR T HET S35k (78 20 AS 2 M0 T 18] 20 22 1 s (R) /) HET
SR E B /NI e FE A, gt R0 S K PR 3R 2 45 T 2 num = 99 IN AT 4546 T F CPU Ak
BN i) £ Ll A &5 2R
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9 9
— A — ISTA ~
e HET | gt|--- HET J
81— Rm f\ — RM {\/
7 Al v f /\l
/—\/ ; L sy b
@s oo a6 N
E AW £ [y
P} J e = 5 J
b B —
&4 s - &4 ’
5 — ; A/
z /
%3 S 5 9 /u/
2 2 Vs
7
1 1 /\
~
. . » - : : o . S . L L . .
[t} 10 0 0 40 50 B0 il a0 90 100 0 10 20 30 40 0 60 70 80 90 100
Task get size from 0 ta 100 Task set size from Oto 100

(a) w=0.65,¢=1/(0.65n),num=173 (b) v =0.75,¢=1/(0.75n), num =12
Fig.6 Average performance comparison among three algorithms with any periodic task sets

Ko AERFINMES I 3 BRIk RELL R

Table 2 Comparison on CPU elapsed time among different task sets (s)
R 2 AFAESES Y CPU A EL ("
Task set size 20 30 40 50 60 70 80 90 100
RM 1.842 3 2.3333 3.1510 4.726 7 4.773 7 5.8920 7.050 0 8.001 3 8.696 0
HET 0.067 0 0.136 7 0.2470 0.507 3 0.6377 0.8410 1.1353 1.5823 1.7523
ISTA 0.060 3 0.113 7 02270 0.4240 0.3500 0.7677 0.927 7 09717 1.4420
Ratio igprby 10 16.83 8.10 16.42 45.12 8.72 18.29 38.59 17.71

ISTA vs. HET (%)

M 2 0T LU HISTA ~- 3 PERE L HET S35 - 3 PR RE L4 fe K- S PR BE S il 45.12%, PE RESR i %
SR EIE 19.98%. 10 HAT 45 8K~ 35 M B 42 bl 22 W] I ] 6(b)3d w] LA H AN T 8 32 (AT 25 4 2 i i /b,
TR RE SR e R

SRS N 6 T LU AN [ K/ AR AR A 95 4R 2 [~ B PERE RO AR A0S 3 Ak Al R BB B L i 2 A
R SES AT R A (A 55 SR PE AN — Lt AT S AARAE 55 4 L MESS SR 80 MES, ) MESSE
WA 82 MESS WURE 1 MESSH TS 2 MES AL IF HEE 2 MEFSELKIER 10 MEF AT,
RS AR O LA K AN T 3 PR A 55 L B8 I TR o 3 B2 1 0 S0 oy PR A A BELATL I ) RO £ 5
Wi [ I AT 55 SR OK, 22 Tl U RE K S0 30 A L HET 13 AN REAR U b A BT 55 48 o 5 ELATAH [ A 004 45 11
FRRNE DL, 0 ISTA MURTRIAL I RM ] i B4 ) e 21 REAS 21 IE A K 45 2R

5 % it

ASCAEARGEN) RM U BE 78 B4 (B ik, 4565 — SORE PR, 45 Y 77 A8 55 ) 3 22 18] PR MR 2, ] = SO T X
RTR T ARSS B2 0] JU 3R 2 ()38 Rl K 0% A8 Y T AT N K B B BE AR AR SRR 1 Bk — DB T TAESS SRR
ATIZ L7 OC AR (K LA 55 2 18 (0 AT AR S, B 7 38 TR R A 1) R 8 B2 S92 1) — ol £ 5 £ J 39 4k
55 5 (1 A R JEE A ) g 253X — SR A Ol U8 S8 72 18] P ) IS, SHE BT 1 %A 45 2 T FR) R 8 E AR S Ak A7 R0t e
M T AL RM HE A HET S5 HOAS L AEA SC R EAT IO 07 B0 B SE B8 25 B 78 1 ISTA A0t AT,
a5 2 (2800 RM AT B2 A 5 22 10 S0k O 22 DUSRA AT SR A IR

P2 SERE 2D IR T AR T 17, SE I R G A AN o 4 i B D0 B MDA B vt — T T SRR N 1. BARIT Y
TAR R Z 2 T RAME S (K Jm PR TR AL D, 2R 10 X F ANRE 58 A AR T AT 10 S B I A 0. L o g4
155 I RAT IR 18] 55 22 S DB A, A« PR IR S B A% B AN T 5 ANAR 1 A g 1) BAT () PR i 3 S R
GERIPEAL BT A — M SO AR

BUft 1T R RS e AT S B LI R AR R S = S AR SR A (e R R AR R
LU sz & HA I FU AL AR T S5 A 3 A i 18
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