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Abstract: Existing weakly hard real-time scheduling algorithms can not guarantee the meeting ratio of executing
sequence of which the length islarger than fixed window-size. Therefore, this paper, based on the (m,p) constraint,
proposes an algorithm which is named as CDBS (cut-down based scheduling). Since the discrimination of the
satisfiability of (m, p) constraintneeds to go over the whole executing sequence of the task, it is very difficult and
infeasible. For this reason, this paper introduces an efficient algorithm of cutting down the sequence, proves the
correctness of the algorithm. This paper uses proper data structures so that the complexity of judgment is irrelevant
to the length of sequence. Experimental results show the efficiency. Furthermore, this paper compares CDBS with
other classical algorithms, such as EDF (earliest deadline first), DBP (distance-based priority), DWCS (dynamic
window constraint schedule), and the results show its competence.

Key words: weakly hard real-time; dynamic failure; executing sequence; CDBS (cut-down based scheduling);
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B A7 5 S A 1 e e R ) 8% 3 AR 1) 37 R, 555 i i I %) 7 ) R B 92, 8 T ST I P 2 A . 22 T AR A L
TGS A% I 205 00 20 45 28 250 0 o T 5 A S o 8 88 02 11 S 45 DR AP 5 959 Al ST W) 8 R SRR AT R X

1995 4, HamdaouiflRamanathan & 2% 51 N T (m,k)-firm& 5k B U A7 BRI ) 1A o34 3840 25 2k 1 301 66 8
JE SRR IR 9 8% 22 G54 (1) B 45 5 o ) B, 9 45 Y T R 0 06 42 (distance-based  priority, fij #X DBP) (1) 517 [A]
4 Korenfl Shasha#ft H! T Skip-Over$ i5: 5k 3L T BE R B 1, B0 AR 76 BF A I A 0T S5 B s—1 M55 3E 4
T LA

1997 4E, Wedde M Lind$2 T —F 20 41 IR AE R GiMelody™ 75 R G h 2 1 T 555 1 MRS I &, R 8¢
MR AT 55 1) OC B S R AT 82, S B b A R AT 55 T2 S e 1) e DR U I (H i I8 AT DR UIE AT 25 A2 Al 1 0T ) L
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Bernathf FLAT & 210 (1 52 I8 R 48 5 XA 5518 521N (weakly hard real-time) R 451,52 ST 4 J548 L (1 1) ]
LI (nm)(1E m AMES A SEBRATTE n Ay (nam) (1E m AT 505 ZAT n TS BRI (nm)(1E m AME
SRS SERR 1 AR (nmy (T m MES R E LA n AT 5 B S48 11 07), 96 5 SCIR[6] 4 it T
BMS(bi-modal schedule) 3%, F L5 T repattern 17 5K AT 55 RS 70 0 B SUIRES A — BOIR S MR R 5
u-pattern VIO 5 R A2 R ELAT ] E T 1R

Richard West® \JE T (x,0) 2 U454 T Bernatii 119 (n,m) £ 50 H2 HDWCSHIL T 1 T (40F 3 25 5 1
T AT 55 10 25 2 B0 SRR T 25 2R oy SR A1 I8 3R 0 00 AT 45 ol bk L 30 ) 70 2008 1 A P b Bk 3y v s LA e 41,
fl AT — 25 AR W T IR 45 1 d5e K 4E B . Zhang %% A ZEDWCS(dynamic window constraint schedule) & fili [ 2 H T
— PR B 1R (ko) A5 TR DA 25 8 b A RHAT: 55 140 6 10 24 R S5 S R 0 o 10, 30 v 44+ R 0048 1 391 S (virtual
deadline schedule, fif #rVDS)!.

JRVE AR 99 0 S I U BE LI S AN T BRI R H S, o SR AR T e R 1, D s A2
FUAT 55 2 S W A JE AT IR S8 B0 2 AR 0 AT 25 1R 4 5 2R 0 L 1B AT 8 88 80 25 2% JE AT 55 T 4 T 2R FH
AN ) DX 38k AT 45 25 K SR HH O R AR AR HE T — Pl (0 99 0 2 i 29 IR (e, p) V2L RIAT 45 A ST RS 4 % 1
TESE RO W BRI L m vk, FLE S A BT EE AN T p.

TX L AT ) TR N P 45 58— AT 55 B R TR AT 5 SR AT QT K VRS O A AR i

O AR S R RS RE AR I m ORI, R T A e B 56 8 3 BRI A 5% S 401 il A 4k 1 U PR B80S B — 5 )
P A L 52, B A 559 10 52 IRF 24 R A8 2 D T s B3 H 10,4600 401 (o)~ firm AR FEAR A E N & 1R 410 P4 3 A2 A Ry
m/k, 1 DWCS HIE W AEAT A JE A y 174 Nl A2 LA (v—x) /v A2, ER BRI AR P 51K P KT o 1K 3 B 4R
TCVEARAE IR L 75 88 7 4. B 4, P 41 00111111110011111111 5% 2 DWCS HIZ93(2,10), B AT 7 51 P AL &
KN 10 855095 2 EE AR T 80%, 1H & AT AT LUE B, R JF A F 7 — AN KER 12 BITF 75
001111111100, i 12 482 1 T LA 66.7%.

I T P S48 U W SR e DA ] s B D R A R AT R R, AT RE S SR AN O N SER PR RE SR N IR
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E T S B L, SE R R R AT 55 S 4 B30 AR K, TR b 78 B0 R S A B AR ATAT AR SO T — ML
() BY B BAT e A1 1R 07 0%, D 3 — 25 1 A >4 1R B8040 25 4 A A 50 2 B 5 e UK B TG O S B 2 SRR W BV
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ASCEE AT AT EN VRIS UL 2 1 BRI SRR UE WA B B I IE A M T T BRI A R
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EX 2. HE TN EA (0,1 P ITEER, I K IERT 0 19 EHIFF 54, KT Al — B 5104 4
TAE— 751 we 2" 1% 5 51 10K FE 1 )= of, 2 12205 910 9T AL PR 1) — 345 0 90 00 01 R o 27, W co)=n, BRI 4 /7 31
K F I ol K B kil 514 25 84 (o).

EX 3.l o 1 AN EEER N (@),0 BN EER ().
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l-p
B ELBIAS N T p, B4 n 5 ool R LI (2, p) B BEAE WA U 46 F 1T :
I'(0)

Mp =1, 0| -(m, p) & Vo' e S* (0),0" ¢ 5™ (w'),ﬂﬁz D;
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2p =1, 0| -(m, p) = I'(®) = n.
E X 4. TS5 o EEAET H RN e X
Iy 2, il
Vi S L’ P, #1°
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FEX S, AE BT A B 1 AN 0 1 0 (AL B AR A FE 4T .

EX 6. (EARILHF AT S oI 1) S H0w U R T3 7™ AT 45 1 A 1, D3 /- AT 55 B A 81, C 3R R AT 25 11
THES (8] m M p A A 7E— R IR CDBSHIE (m,, p;) &9 W m Fl ke, 404 76— R IR DBPEIE I (m k) 49 x;
Fly A4 R R DWCSH LI (xy) A .
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I AAEEBT 5 KT 751 o Wb RAFAE I T 40R (my, p,) (1151,

TE A AT Y 81 B A A 55 S B 4 3058 32 o 19 K A A B IR Bllw, 2 BT AN AE B TS LA 1 e 91, I AN AR AE
it

LEPAT P A L TE 2w, LG MR 5 3 3T 5005 1 JE A R SR AN 2 il a2 LU 91/ Tp 1 e 47 H 2> B
AE R SR AN AN Frowy DR ke, B85 S0 AS 2o et Py 210 P 1 20 R0 1 e S0 AR 5 B 2, SR X 571
WEEEARN T IBA—EEE DR 0 KB LR 1 Fe 71 sl K AE T w, 1E S 4RI 17
F1, PR,y B IR A AN 2 R A

R BEAEAT S5 (0 b — S B2 s, e AR SR i e A A 3 15 A R 7 R 81 I8 A L 28 AR I R 41 A
SAT T LRI P ), D8Ik, P — A7 AT A R IO S P Jt DRt 3 AR 1 e ) AT A N D ), B
DL 1A AR A Al R 0, T 23 99 A B T Al 17 L AN T e HE IR

i ¢——  Violating sequence —— | «4—— Violating sequence ————P|
fof @, 23 o @ 3 @4
Sequence pid pig chltltm:jcc pid¢ pig »
cutted Sequence after| Sequence cutte Sequence after| Sequence
cutting down ' not entered cutting down ' not entered
(a) (b)

Fig.1 Partial violating sub-sequence enters into test sequence

K1 B A e 51 N DI 21 R 15 L

I (w0,05) ll(wzws)

XFTE 1) s O, BT B 1 R B R mg A <p JBABIRA p. BN 0, w3
(e w,0;) (@, 0,
i
KER T wi, BRI, 0 cos 02— AT 5 20 SR 1) 7 470, B Rl 5 0 ] LGB 470 00 i R 30

T B 1(b) 1 250, R 8 B e R 0 e A1 R 0 A7 AR DL A

ll(w1w2)>ll(w3) Zl(wla)z)> ll(a)za)3a)4)

lww,) ) | l(o,0,) - l(w,0;0,)

gy L0 5 i 1 DO 5 o T, T o LR 2 A0 T 510,08 4 AT
l(wy0,) @

l(@,)

Ay

ll(w]) > ll(a)la)z) > ll(a)3) > ll(a)za)3)
o) low) o) (o0)
JRENE T ML A B 3 R T R A B B B R A A oy, T AS A2 oy 0, RRAS T BE HR A L.
G5 b AT S A R B SRR R AR SR L A R AN S I AR T R AT A O
22 MAERSE
ST G, p) , T B IR B 2 R ANl 248 10 300 0% 0 BRI 2 A - 0 Ll A3, A T A ARV B 2 AN i
130T S A AT 55 U0 5 2 (1 53 W), SRR AR 0 B R 82 o R S A o S0 ) B B R s SO S 4, B BB A S 2R
%, 2 0 m=2 I PR FE .
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o T |

1
W),
Fig.2 State transition diagram of m=2
2 m=2 PR H
FES5 it BB K R m A1 IHAT 155 s 7 FIF A et e i 1 BORLE, R e h AT 1R A

si(a)y=m+1 0,35 T 299 (2,0.8) ,5,(001)=1,75,(000)=3. 55K ,m+1—s;( ;) A IS I (28 342 468 Y 3k 482 1 1 309 70
29, R 58 AT 55 o I e S

OO

r;

:{m[ +l=s,(a;), Ua)>m, +1 3)
m, +1-1(e;), l(a,))<m, +1

B4 T REAL T 4 PR

(1) LA I O A T 28005 A

(2) LRSI RO T AN

(3)  MELAN L AN AL, I8 T 223

(4) LA BRI AL I 2 AN

TEFT A AT S50 %8 4,3,2,1 B0 SE M7 BEAT 1 B AL T R — FioIR S I AR 45 AP 38 1 AT R L.

Table 1 Precedence rules are applied top-to-bottom for the tasks in the same state
F 1 RS TR G T R ) R

Pariwise job ordering
Highest priority first
Equal priority, earliest deadline first
Equal priority and equal deadline, the smallest the difference between the current success ratio and the target success ratio first
All other cases: First-Come-First-Serve

2.3 EiEiiA

BT S F s )

typedef enum {
MISS=0; /7% i A 2
MEET=1, 1135 /e 48k 1 30

} STATUS; 1T DL

struct TestSequence { RN
int nTotalTask; /AR 31 F AT 45 S48 F s
STATUS arrayStatus[BASE_SIZE]; IRAE B G w IR IAT 15 DL ) Sl
TurnPoint*pTurnPoint; 1IN B v I A A U R

}
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struct TurnPoint{

int nTotal Task; 1A BT RIS TR - e 2 v A B R A 5% i 4
int nSuccessTask; JASEEHTT 15 R T 17 0 R A5 ) R IAT 55 30
TurnPoint*pNext; /G ST R
TurnPoint*pPre; 11T A 4T R

}

CDBS HiEM4 3 /N #:CreateTurnPoint,CalculateProbability F1 CutDown.

6% CreateTurnPoint: 1) #: F£ 47 /5.

N AT 55 SE AT R AT 5 S i
1 g 51 (A 45 Sl s o 1,585 4 b (B array Status:;
2. W RAE S S BT, I8 A, 7 R Y b B A e T R S5 BN L DA 25 E0m 1
30 WIRAT S SEBIAS LI, IR A
) R IR H IR 1 AT ST 5 I BT 0,008 2, o005 41 rh BT A7 3 47 s (AT 25 3
o 1;
2) ALK AR P ST AN ST BB LRI 55 E00 0), 5 F 4T AURE R I BE o7, 7,0
IR P A T BT 55 O 1.
¥4 CalculateProbability: J& [BIFAAT J5 51 H K FEAS /N T (15 17 91 vl de /I 1y il A2 B 481
BN AT S5 ST i
B 1 < 0 R BT BB (K AR /N T B 7 T B0 v e /I PR3 A L 481
1 4% B AR 91 v e 4 SR 3 (0 307 T S T AT 2, S T BT 45 B0 T4 1
2. VS AR B S w N 2R A B T AT R
30 RE B 2 BT AT 2 A ML A SRR B A BN T, JUR [E] 100%.
PREL CutDown: 74145 81
MINAT S5 i
L 405 24 R 470 1R K BE AN K T, MRV
- TR SRR SR N 3 U F 6,
- IR R 7 e AT B R IR A O AR T R T SR R 2 65
- AR BT AT 05 AT 45 S8 U T, e 1 6,
- TR AT RCHT IO ARAT P S0 IR AR AT 208 p!,J5 T e B A S D AT 3 0 p:
1) Wi p'=p", i Hp'2p,, W82 M B BT U BT s 110 BT A % T R B 2 3,
2) R p'<p” W F| 3;
6. WK 7 41 v dse Jiw, A A 55 S A 1 1 B AT 25 4 p! T T ¥4 43 FE) G D AT 2 S pr, i R p'2p” 15 Hop'2p;, 8
2 M) T TR 5 20 T B 55 (A e T
7. BkE k.
BEEE.
1. AR 2.2 AT S
2. MRHATS5 i 1S40 A ARAT BT B I, B AT 45 IR
1) KEREEAT 5, Create TurnPoint(i,status);
2)  FHEGHATIE Y, CutDown(i);
3)  VEHAT NI, CalculateProbability(i);
4) WA RG) I EAT S 4
3. %3 1.

(O I NV A S
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24 BERENH

WHEME T TSN w BT i B keom 520 m 7 S IBA,

B 1) 52 20% J32 - Q) g 6 T s 1) B D) 52 25 B35 O Ok, U 552 B T 4AAT 38 100 B 1) 52 3% B2 24 O(k)+O(w), I 51V 332 BY (1
) 52 23% 5 A O(k)+O(w), T BEAT 55 AL S 4 1A I 1) 52 2% B2 2 O(m+ 1) R AT 55 75— 25 YR B2 TR I ) 52 2% 35 A

O(k)H(O(k)TO(w))HOlk)+O(w)+O(m+1)=O0(k;) +O(w;)+O(m;).

AV 2R BE AT 55 o o IR 25 18] 2 O(w))+O(ky).

SR w3 T — AT 55 K Bl i B TR I, 55 i) 53 24 85 1) 3 2 DR 3 ey, RV ARV 1 2 2% JE2 5 R 471 v 11
AT SN EUE RRME R R T R R T S M B AT B

3 BTG ER

30 BEEERELRE

(1) BEHLEE 100 HAT55, A A5 20 AMT55 [ @ AT 55 W VH B 0] C Ry L AR AR -39 D=T, KL 53 B AT %%
1) JE ) T A8 FLAE[1,100] 1% 171 P 25 £k, [7] 55 A5 454 AT 45 (R R T 238w AE[0.7,1. 511K ) Iy 8 4k [ 58 m=3, H b e D4R
T3 p=70%. & 3. B 4 45 H T 3L T3 80 (CDBS)FIA AT H BY (NO_CUT)TE i T 1) % 4 mi Bt A8 Ak [ 52 6 25 31
T UFI AR u<t AT AT 55 SE 0 B2 8 B, BT DU AN KR 0,35 F 808y 5 AN B AT 8B 11 52 2% BE A 1) 24
I<u<l.4 FF AT BT RHEGHT AN BB ARG, /N T BEE B 1A B2, 1T AN AT 3BT I 7 s A O AR P 3zt iz K
TEEME R KLY w> 1.4 Bt T IX I wep> 1, BV R G002 QR PT 6 75 1) CPU RIS O i 1, PRtk X i 528
AT 55 M0 5 T 3 1 240 o, 3 SO T o AR O (H 3 T BT I 1 B AR T AN AT B BY 10 1 . s B & SRR Y
u-p<l I ,CDBS 535 [ 5 2% F5F vy J v 7 1048 w2, B O(1); 111524 wep>1 I} ,CDBS 532 10 42 2% 55t e 3 5 B vk
s, H A5 54T 55 Bk e L.

The change of the average turnpoint count

The change of the maximum turnpoint count

1800 = 7000
E 1600 v g 6000 =
2 1400 ° F
£ 1200 5 000 DS y |
= - CDBS 8, /
8 1000———_ o cut # £ 4000 No_cuUT b -
E 800 - : 2 3000
g, 600 7 2 2000 4
& 400 £ B f
2 200 4 Z 1000 — :
< 0 . _— . / = 0 . . K ’ T
0.7~ 0.8~ 09~ 1.0~ 1.1~ 1.2~ 13~ 14~ 0.7~ 0.8~ 09~ 1.0~ 1.1~ 12~ 13~ 1.4~
08 09 1.0 1.1 1.2 1.3 14 1.5 0.8 09 1.0 1.1 1.2 1.3 14 1.5
Utilization Utilization

Fig.3 Change of the average turnpoint count Fig.4 Change of the maximum turnpoint count

Bl 3 et m AN B (LA Bl 4 et mise KA BRI

(2) BEHLILEL 100 ZHAT 55, B 7 20 A4S, B e AR 45 1S I ) C o L ARX # 0 E I D=T Kbl 5 AT 45
(9 3] T A8 FEAE[1, 10010 1] Py AR Ak, [ B A 4555 4LAT 45 O R 26w A 1.2 BT AR 4k, m A1 3 3 284k, H AR Bh A
175 p M\ 50%54 2] 90%, 5 X8I 5%. B 5. B 6 45 L T8 BY (CDBS) MIAHEAT # B (NO_CUT) I vt K, 4T
SBCEBE m A p (AR BU B AT DU 2 wep<) B IAT BB I 417 057 B A B0 TS A R B T
23 KA B A G215 T AN AT R BT B HT 2 (07 3 AN SO S5 KA BB i K F 36T 10529 wep>1 W T A
SIS ORI S5z AN OB, BAT 3B (15 AT AR AR T AN BAT 8 B9 1 45 150.CDBS . S0 IR R 2 T 55 5836 1)
11y &5 SR AH [
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