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Search_Queue_H:
for Hi in Queue_H
if Allot_time(H) > 0
and Prior(H) > High_prior_H
Hs = Hi
if Hs is not Null and E4 > 0
begin
Execute(Allot_time(Hs));
En = Ex - Allot_time(Hs);
CHs = CHs - Allot_time(Hs):
Aliot_time(Hs) = 0;
if CHs = 0 Kill(Hs);
else Queue(Hs) in Queue_H;
end
goto Search_Queue_H;
for M; in Queue_M
if Prior(M) > High_prior_M
Ms = M;
if Ms is not null and Ew > 0
begin
Execute(Ms);
if Hnew arrives
Preempt(Ms) and Queue(Hnew) in Queue_H;
Em = Em — Execute_time(Ms)
CMs = CM; - Execute_time(Ms);
if CMs = 0 Kill(Msh
else Queue(Ms) in Queue_M:
end
goto Search_Queue_H;

a7 1, AHLFI MY gunelF

gneEAA Prior(H)E 49
AZAA $HAEA MY =xd A AA
B2 X+ High_prior H9 ¥lm€d. H
E A9 g% Azt Allot_time(Hs) o] 3te] Alztgt
F CPUE A3 o HAALS ¥ 194
Execute(Allot_time(HNE PG, ol%F H,9 A3

_542...



20034 SIS YE|D|C]ojEt8 FAGSUR S =2E

AZF CHoY 00 8 A% ZH09(Kill(H) Aoz
71€9) 02 2 ZA9E tg A A8e 3y o
Al Queue_Hl #¢8tHQueue(Hs) in Queue H 4
oz 5389

ol A¥WE Queue HE t©A Z4sto(goto
Search_Queue_ H #AHoz 7ed) =dd Rigsis
34 AN da"ge] P A4S HEvY g
2359 W] PAA Queue M BMFc) Ay
Queue Mol EAsl= B23E F SHEY7 213
¥2 A& High_prior MO2Z AdA BE g
AES B3 FEAGO] F ol HaAa ME
AARe] HAYstA @HExecute(MN)Z 714 8). o]
W oA Mo AA Ade Aol HF AYAz
CM:ET AAE= A$dE A% CPUE A48 4 9
o A FrRelA Eng 238 £ ¢

s A EF A2E A AN "3

Hoew7t  Alz=de]  Z3sls 49 AAEY
(Preempt(Ms)Z 71&€) olA7t=1e] Als AlzHM 7}
A#d A& Execute time(Ms)2 71€3)L Ewdt
CMAA 742 23t Al Bk Heew?} 1Y A S =
M7l A8z 488 NS EmT CMOA g2
#ZatA . CMoE 00 A ASodE 9 2E
Ho] el M9 Ao Fadn ANxageA zA
H3 CM7t 029 & A9 oe W e 325
9 AP EE Queue Mo THA] ¢ Ect

3. 45 97}
31 AlEHH 2

AANE FH 2AEF 219 F717 Ao)@ 5 A
o A AN Baasmg 5 Ao dEudoe] ga
AES WAL Aol FAHJY AXN A AA
F HaAEY Fr)eh Hoto A9 tiF A A
(29 ms)e o &3} o] Fojgn}

H=(30, 3), H = (50, 5), Hs = (70, 7),

Ha = (90, 9), Hs = (110, 11)
WEuHo] Baage] F19 B A9 AL o
<3 2o

M) = (40, 4), Mz = (60, 6), Ms= (80, 8),

Mg = (100, 10), Ms = (120, 12)
dEjuciol B2AEo AA A AN 17 HHYF
AP AZE -1 Alojol] ExatE Qe o]l AL
& @F BX g7t ol &EHAT. A AN iz
7 HEridoe] g23E8L 44 (1)o Ao ur)
CPU Agel i3t &%= 10 ©37F g9 2= g

2380 274539 4 98¢ duiaTh Ha 7]
7} 30 msdl Hisl F718 Awel 712 4¥% o
A4 4N H2283) AR daase 4
@% #4 @9 AR st 242 15 msBEe
4% Az Enst Ewg 27 7HR5 2tk

Ey = -glCHiXTI‘%ST
S CMpx e _
Ev = & 7 TM; = 15 ms

2 AgelA CPUY W@ EBl2age 9 mg
(context switching)A] o]¢] $HlglE= QW= =
At Fgch ANE HAFE7 My A2AFH Wy
< 14 WEE 2A%%9(CBS; Constant Bandwidth
Scheduling)[3] 7193 A5l vlm BAHYC) CBS
1ML dEutel gxas gF Ay ANz F7)
g 7|wtez RE FHEude gaznt W@xe] A
W7t AR JE AGE ZgshE CPU AHE A7t
of 838 AL AWY g W@ F/Q o8 F43
= 2AE9 Wiyelr).

= 15 ms

32 4% ¥4

AANE 2AZY 71Y(c18 DS 71Hez 714
9 HExE A AN H23E5Y FEAGE BE
B delvde] g3 ge] F3Age] A
He AME HaA9E ot 2 A= A
4 AN d23 5709 dElude] gxa 508 &
d AN2=gddA 2AEYFo2AN HEu oo g
459 FsAEd g NG AL 484 DS
7193 CBS 71¥ 2% A AN gl2as9 £8
NS Ags Bgste 43 290 495y

——-0S % cBS

1500

1000 +

500 T

Xt Al2H(ms)

0 T
BTl BT R
A2H(ms)

J" 2. ZrAISt0 Z2HE X[ A2

- 543 -



20034 SIS HE|o|C]oigts] FASSY RS =R

a9 2& Z2E9 Yo "g2ase disiA o 2000
ms vt} F8AIg0] A Azt & 2 %El
e Blaage 2 Y 3T AQ AL &
& ZAgo|t). AAE DS 71¥L CBS NWETY F8
A@E 2F3= Ho AF Azo] Ho L& Aoz
AU F W A A 2IsiE He vy
o]l 238 HAF7] AUl dEuvY B2as
of A48 43 A En HAWNA 7t A
Hoz A3l Aol FRAM AFYHE AL
22 £ 9&¢ ddvidh CBS /¥ A% 34
F7lvel 2R FZ ALV AT H2AE 2
AZEY3l7] W DS 71HWEtt FEA%e] B
£ AQ Nzl AANA B

E 1 cadE =zage #

ot AIZE ms

Al Zk
1 2000 |14000| 6000 | 8000 | 10000 | 12000
DS 141 (284 422 | 567 | 711 | 852
CBS 131 1236|403 | 545 | 674 | 816

£ 12 v 2000 ms AlZtetek FE 0o} B2A g
ga A2 "add ZHJY £& Yetdu o
HAE DS 7Igel CBS 7IMud $4& Al 14
A O g £ ZYdES dadste A0 i
ot Atk Anl e Frlvir} W vjtje} BlaAE] Al
£ F dE 49 ALE Hdig g4 AR £
Mgt

4 HE
HEogel A bolHE Ao Brez B4
4 e B4 AN HEDGY A" A

AN H22EF A4 HAITH HEvbo] Baz
To] F&3A Hoh F F79 AN H22EL &
gHoz 2AEYY 5 e FFH 7Yl & =&
A AAEAD. HAASY F73 AF AL Aol A
el Frlz AAsY FrAWAA FAd 4AT Hx
as7% ZEuite B3 Ee] CPUE ALY + 3
Alzrol 24zt dAdEct 53 HA AAY H=3AE
Aulel Frlvigt dF AlEw A"
Elvdel g23EL ARY HF A}RT CPU
o Bol AHgslels Az HEvite W23
of g A 48 A WA E AT Hx=2

s

te sy eE o rlr

7 Asdez 499 & AEE FHoZ 2AF
931 o ARHoE AH AA HraAse B
FEABN F2Y 4 yow BEEe) Haz
& FEABOIE Ygo] YBHE AQ Aze] 3
B9 & ok AA Zade FAsE ol 27]
7 dgnT & AT sbesd Hud 2du:
Azre) HAHHNES FozH B wBY 2759
Ade BEuel Baze] APl BAHE B

2 Ao @70 A48 Aoz JgaT

1~> m],n 41 ok

D]

[1]JH. Kaneko, and et al, “Integrated Scheduling of
Multimedia and Hard Real-time Tasks,” In proc.
of IEEE Real-Time Systems Symposium, Dec.
1996.

[2]10. Gonzalez and et al, "Incorporation of
Multimedia Capabilities in Distributed Real-time
Applications,” Workshop on Databases: Active
and Real-Time, Nov. 1996.

[3]IL. Abeni

Applications in Hard Real-time Systems,” In

and et al, “Integrating Multimedia
proc. of IEEE Real-Time Systems Symposium,
Dec. 1998.

[4]C. L. Liu and J. Layland, "Scheduling Algorithms
for Multiprogramming in a Hard Real-time
Environment,” Journal of the ACM, Vol. 20, No.
1, 1973.

[5IK. Jeffay, “Scheduling Sporadic Tasks with
Shared Resources in Hard Real-time Systems,”

IEEE Real-Time
Symposium, Dec. 1992.

[6]L. Sha and et al.,
an Approach to Real-time Synchronization,”
IEEE Transactions on Computers, Vol. 39, No. 9,
1990.

[7JC. W. Mercer and et al, Processor Capacity

In proc. of Systems

"Priority Inheritance Protocols:

Reserves for Multimedia Operating Systems,
Technical Report CMU-CS-93-157,
Mellon University, May 1993.

[8]L. Abeni and G. Buttazzo, "Adaptive Bandwidth
Reservation for Multimedia Computing,” In proc.
of IEEE Conf. on
Systems and Applications, Dec. 1999.

Carnegie

Real-Time Computing

_544_



