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Abstract: Due to the variation of the tasks’ attributes, the behavior of soft real-time systems, such as multimedia
application, is becoming increasingly unpredictable. Under this circumstance, the scheduling algorithms, which
depend on the tasks’ static attributes, can’t give a usable and efficient resource allocation to those soft real-time
systems. This paper presents an elastic scheduling algorithm for flexible workload. Based on sampling the total
number and lost number of the task instances, this algorithm adjusts the number of task instances executing in the
next sampling period to guarantee the tasks’ basic QoS (quality of service) and to improve the system resource
utilization and concurrency in the next sampling period. This paper analyzes the model and evaluates its
performance. Simulation results show that, besides improving resource utilization, this algorithm has good stability
and convergence.
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Fig.1 Model of dynamic feedback elastic scheduling
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1,045 585 ke AN SRAE JE ok BIE AT BOAVE M B B D Key AN 18 R 48 17 1E FOR SIS, K 72 BERBUEHIE 7, K K
FEEET LATE L4 T AR

i1 AMERKAL

task_queue[n]; /In—=1 A~ ] 2 EAF Rl — AN 1 B BA 51

float K; /IK & 2% SR PR

int min_num; //min_num & & /N ST

int T,P; JIT 2 W AL KA S A, P ol 1P 384T 45 IR A M ) 3
/1) ST T A 39 A T ok /)

extend_period(lost) /Nost & T RAT 55

{ if (lost<min_num) lost=min_num;

e=K*lost;

result = get a task node from task _queue[i]; // task_queue[7]72& FAF 5 f i (1) A 25 AT AR BA )
while(result==true&&i!=0)
{
e=e—(T/P,_—-T/P));
P=P.y;
insert the adjusted node into a task queue[i—1];
result = get a task node from task _queue[i];
if (e<=0) return;
if (task_queue[i/| N 7T) i=i-1;
}

get a task node from task queue[0] with lowest critical;
do

{ e=e—T/Py;
give up this node;
get a task node from task queue[0] with lowest critical;
}while(e>0)
}
JE SIS A 5305 I BA B 5 di v £ A 25 T A2 BA B T 46,38 — S 2% DA 510 0 AT 55 1) A0 Ml Jo] 391, o 50 2 78 £ L 2
I SBT e, 98 e s IR B 5 AR 55 IR — 20T A2 BRI AR R 24 B T 22 BAA 30 2, Ho e AN O I, JA AR KA
T 3 T R B B AR AT 55 9D T SRAE TR AR b e o T PR A B3, AR 3 il A TR
(1) AARNE 25 2R B /N I A 554 B R AE 55 (K T 48 ) FE B, BUR SO S I SIUE A 2218 A [E R 4t
WSRO BTG O T 1 RERLR M S5 A ST N T /I AR 4L,
{ek =ey, ke, = min_num @)
e, =min_num, Wike, < min_num
(2) % 3.3.4 THINEE 1 AEE 2 W JI1LEDF ST 7] 8 2 18 1 8 56 U S AR M, A 55 7 JLAGS A 1) 45 4
PER T S T R AT 55, B 5 AT 28O B2 TR B SRR IR R e oR T B0 25 S At R 9T R 1) A 45 A R AN A0, 355 A L T e
P, R R T BUR 25 T SEBL R HEAIL. A DRk e T 1R A5 4 A1 T 2GR A 4 P AN 5 4 SR T e oK 1Y
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S RS 5 3.3.4 AT 458 3, A SR I BOR KR 2 R HUE R I8 7

(3) Bhas BB U B2 SR P SO SR I SC B 2 M T A A TG VR A AR S A I R RS I A 5
GBS U 55 SR B PR AT Dy A TBOST B 73 SR B A PR A 55 L AL FUARAT: 55 B b ) 8 0 SR 7 24 H 2,
HEINZ BT 55 ) SR P K L v 58T A6 I 55 17 SR B0 O B AT 55 B8 AN BE D 17 2 MAUHT 1) e 55 17 3R i 7
BN KA 55

XFFE bR 2,8 0 RS LUSE K — 1A SRR SR 30T m (0 B U5 P 3 D0 i N s 4 08 70 DAY A 55 1 ol 3 34, ok
55 I ASSRAE U B Al B BT SR B v A ke SR A S0 A B UM AR RO 45 BRI H LR 2 ST

JE I R 4 50
k2 AW RS
task_queue[n]; I1n=1 AT A8 BA B FI— A PR BA 571
int count; /lcount 72 il FE
int T,P; T F2 WS AW KA A 3, P Sl 1 AT 45 132 4T B 34

/1 F 1B K T s

compress_period(count)

Jj=count;
while(/>08& &AK T iz i AT A& BAF1 4 4%)
{
get a task node from task_queue[i]; //task_queue[ ]2 1 38 2 il A A AE 2 A1
P=P;,;
insert the adjusted node into a task queue[i+1];
J—s
}

}
Ji 393 s 4 53 A BA A7) S A1 B0 A 22 BA A7 O 4 38— T 45 2% B 5 9 A 55 A0 b 38, 0F SEDRT IC B count, 2%

Je R B S AT S5 I R — G NS IR R R TS iR A, FL 1 count 24y 0,554k ¢ vy 2 mI AR BA A AN A1 BA 31134

HI%E 3.3.4 1 A S5 18 4 RTHN A kAT BEBCRAE 1 52 M 17 A3k % R B RAE ARG . M fff e b I3, B AT T KE
103 REAN SR A 00 A A1 Ml At 28 80 K 50A A SR R A SR T 3T P A b 5 SR P O 80 BITS o 28 7 AN SR A 30
K S TR R b 0y B, 3k 1 4 1) 8 U 0 S AR 18 . 55 A M (R 590 2 2 BORR B 22 TR Ml 0 45 R TR BUAE R
EIa AT eGP A RS WS A IEHRE.

B 7 A 2 AT 55 5 TH A 55 TR 5T DA AR AT 55 A7 T 445 300 7 S A0 BT IR IR 5540 S AT 55 B s AR R
SR JE YT PR320 5 K0 BT 1) I 95 17 SR, LA E S SR Jo) U3 PN A 55 1A 30 25 S INOGT Ji A A 45 B/ k= 2 B 3 4
TR S R R SR B AN [ FR GRS AL B 2 AT 55 G 0T AR I 55135 K 1) D ARG S B

BOR 3. ARSI

request_queue; 116551 Sk A %1
float g I exe ¥l 22
int step,T,P; IIstep & P E K, T J2 W AN R AF J8 3, P2 o R 48 AR 55 BUH i SR (03B 4T 4
Adjust_algorithm(lost,U,request_queue)
if (lost>0)
{
extend_period(/ost); /B SR AT S AR I R sk
while(request_queue!=NULL) 114 BT 1) 1 2515 3K
{

get a request from request_queue;
e=K*(T/Py);

While(n] 142 A 51 A2 25 & &e>0)
{
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get a adjustable node;
e=e-T/P;;
insert the adjusted node into a task queue[i—1];

if (e<=0) insert the new node into a task_queue[0];
if (F2EBA 1] %) return;

}
}
else
{
if (lost=0&&U<=1-¢)
{
count=step;
while(count>0&&rquest_queue!=NULL) 1178 SE A BB AT 55 10 oK
{
get a request from request_queue; //task_queue[i] A& IR 4E 2 ] B AR ¥ E 25 BAF7)
P=P0;
insert the requested node into a task_queue[0];
count—;
if (count>0) compress_period(count);
return;
}
else
{
return;
b
b

}

Bk 3 IR T AR AR T RN J U R S SR Rl T SR O BT A 55 1A Al A 0 ok R —
ANSRAE L SYIFR A b 25 O . G SR A 55 240 Ak 1 A0 B BA A7), AR b 30 9 R 38 38 5 5 ) 300 9 88 0k LU 55K
SRR o v DU T 94 23 S BR PR R A 55 AR T SRR LT ) A M A A T 5 M. B3R A S5 A, A 34 i
RS O S A Ak T RT AR A B A 55 B4R S S 9 2 A S S, LS 7 2900 £ M 551 SRR 55308 SR 42 I s K J 0
T SFT HEAE Y B AR T — S A IR T B AT 55 2D (0 1 Ml 25055 T M 95 155 SKOBT 18 7 b B 24 B 24 AT 55 B Ak
TR R A B I, J) 30 0 FSE 3 45 1 e 52 ) I 95 SR BT AT 95 1) S B A A v T R 25345 SR 1R S B AT 55 B
A ANBEA T HOHT IR AR 55 V8 SR M0 RUF 24 AT AR 45

BEIEA AR R 16 DUR I, J 300 8 500 v 50 AR BT 1O I 2577 SR M 20 KK step /& /1R Ji 34 5
P52 B0 P 3 SR B R 7 IR 55 17 SR S BN T step, JA R RE ST T 4 DA AT 55 0 4 b 30T DL e LR 45
AR GE AR5 BE T step LIRSS SR S B 2E,1E 0 count.

et JEL Y B2 S0 At A A 2. 2 R G B RN ] 25 A 1IN, b AR AT N ) AN o, R SR A T BEAE#E
A6 AR O B 1) e ), T U 55 B B A6 AR QBRI A PR AT P YT S A s A 45 A Dy ik D X — BB 1)
UM, AT 5 LN i 22 & U M SRR R PR B 1-sLL R AT 4580 B 288 A 12 52 390 10 I 45 17 oK, Bl s 44 4 i 4T
55 PR b o] SU0. B AR S R B0 AT 25 RS AN A0 55 32 4T I [) J 4 38 A7 e A vt AN 2% R A M R PAET I ) L2
RGN BTt e TRSE AN VA 55 10 BE R P < DAL, O LAk oA AR AR iy 22 10 i 22 .24 B A 55 () T 5 R D R e
R v I, T 45T 0.1, Jo 0T U R SRV I s O 2 K T 0. L AR I P AR 0 A 45 B2 1) W VR FH S T e WA T 90%
JEAT R G BHIRANREAT B 78 70 F) AR A5 U S 1A S5 S B I o A 55 10 R R P A e (4 T FE 2/ T 0.01.5%)
T BN BE & = 0.02 455 5 10 BRI T R RERS DR$5 75 98% L.

TREL A step PSR SRAY ST YT A B8 o F6) A 55 £, LARE S iy 18 o DA 5 5028 4 5 ORI Y 3 R 4k i
PN 25 2R 3 8 e SR MR R A 55 140 5% M) R 4 0 A £ Al V00, B 2 T A0 A S ST 8 o S0 42 JR T O K s
B A 55 MU 45 DUAT A 55, 2800 22 AN SRR FR L A AR e B8 IR T R BRI 1-6
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55 8 PLERE 0 A A5 21 b B0 PP 335 SR PR 28 AR BA S o P 3 SRR AT I R 1) S5 A5 I IR 2 2R 37 SR AE 28 A
I BRE B8R IS A7 R A 80 Ak B AT 55 B R O A0 SR, O 1) Y R AT N 1) R 44 IR

FEER 4 ST FRATTRE A ek BEAE S 56 VA 31 2 S i st Fo S R S0k ) R B 2 B —— 5 R U B, DA
AL 1038 SRR G RE 1 52 .

4 BULBRERDN

)2 5 ST R S0 — i ia R S A R S, SEVE S BT 55 TR 1 B A AR A A R R S i SR
136 11 = DR 3R AN ol A0 S I O VAR £ PO, A T S AR L 5 6 W 1 2 MO A SR
(¥I 5.

FERAL LI oh BN INAT 55 IR A R PE LR 38 MES A 3 A ml T ROARL S 0] B S I AR 55 R A
PUAT IR 150 7 e R PIAT IR 15 1 g A AT IR ) 22 1) - 34 93 A1 AT 55 5t 28 T, e 8 JSEABE 400 8 6 AUAT I 11 i B P BB LR
FEAR NN AT IR

Table 3 The basic parameters of soft real-time tasks

3 ORI EA S I
Parameters Period 1 Period 2 Period 3 Executing time (Max) Executing time (Min)
Value 600 450 350 4 1

R 35 KK U 8 VR B I R G 1) 2 s AT 45 S (R A U e K R 7 SR A 200, R JE 28K T AT AT 45 1 1
b 38 5 SCh 450, AL Hh R DA A R 2R R T R D I SI T TR AR KT TR D KAl S 4 VR R
— YA A M R 22 & =0.04, T HE5 K 40 I, R G5 1) B U50R) T R A 4800 AMIK T 96%, S0 4k 2L 1 3%
AT 45 WA b A 9,45 B07E [4800,6000] (8] HH BRLAE Y 25 2k LD K2 20 A0 30 3 Rl o bk 4 0l i) R 2B R,
A 52 o N FH R BE T T LUK U 3 DK AT 43 B R R SR AR B R K 1 R 3D K v MR S
GEURF F 2 1- & IF, R /N I R0 KT o R e 4.

1.05 1

1
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g 09 —— Step=20
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Fig.2 Resource utilization under different adjusting steps
2 ANFRHED AT BB ]

AT 55 Z5 B Wi TR 0 18 B2 SR M K S R T 181 3 7 735 AT 25 AR I 4R e K B8 U5 SR 200%, 1 B2 45 K
AT BN S 3R 5 Xy 350 NP ] LU HE 2 K=10 B, U8 R 30 40 3o — RO A0 U 3 5 A B 0 e A Ml 25
RGO 0 R EVER R G AT RS AR AR B3, M ¥ K=1.2 1 K=1.5 I, R GEREW DL SR 03 B 1E N E
IBATARAS 3L LARL BEBEARAT 55 (1) QoS AR K.

MIEL 2 FEL 3 A A T3 m] LU 31, 3R e AN B IR i, R 48 B ORI R A ARG (RT3 0 1) I i
3.2 AR % R I R SR T o o A AR e M E RS

5 ZRRRE

AN SR R B0 25 5 st i ] SO0 JRE A AR e TR 0 SR —— T UL U R S BT AR A B S IR 55k
W EERT G, It bR 2 AR AL S IR 55 HUE QoS RS I, SC 5 T RE 2 [0 A e 5% 18 B AR 48 B K 78 70
M ) 303 o SR ) P o SR AR A B b 8 )i, AR ol 25 2R B5OM B 5 P 3, 0 o A8 5UAE 55 BRI A 3,38

© HHEREBAAIGUT http:/ www. jos. org. cn



HhF T K AR AR B SRR 189

1.05

Ll

8

g 095

5 o9 —e—K=1

K12

0-85 —A—K-1.5
0.8 1 1 1 1 1 1 1 1

1200 2400 3600 4800 6000 7200 8400 9600 10800 12000

Time (ms)
Fig.3 Resource utilization under different lost factors

B3 AN 2 R E IR 7 (0 B R ]

PP HIESS BEIR oR L A BB AR GBI H BRI IN R AR AR RSO FE RN IR T AR E
P VPP Bl 2 S s ) SO0 U8 P SV RE 1) 2 A

T o AR5 0 A AR UL S 36 W 0, SR 2 BN 55 s 1k 2l 2R A (R B2 2 56 i ) 28 B Bt s vk A U S ik kg
() 3= 2 DX 2R AR N HE I 1118 4T 2 B, A 5500k DU R IR Ak REAZ AT A2 SVA BN S B azs AT T W 14 3 2 ) L. 3 2 J
e P o) 30T R SR P A e K R JRE BV, 2 B R AT i 0 K R B S 56 84 2 B R U 5 47
A SEfR] L[ 7 VAW ST A A 55 s 1A A BEASE Y A I A o B 0 e v A R A o 4% o B e 0 A BRI ik
SRV FEE RERZ AT T 2P TR A

VMl T2 R 05 AR 58 BRACZ TR AEAT 100 AR I AR A 5C 38, A ORI Jia e 2R BE, 1 A7 L 6 At
ATIRANTIE TR AR, 1 TRURE B0 187 A A2 58 0 SRV RE RO — A TE 2L R AE S 5 (9 AR 0, ARl i K s, A
F AR GEAR R J5 3%, )3 nT BEME A 1 3 02 A1 b 25 SR 049 1l e A 1) (R R 3R M D it — D A Sk L S Bk
P RE (5L A.

Buft AL BT DA ST AR 4 SRR AR TR R AT R s g
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