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Hierarchical Scheduling with Delayed Activation of Tasks
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Many hierarchical scheduling algorithms have been proposed for integrating
independently developed real-time applications into one processor. This paper
presents a new hierarchical scheduling based on the Bandwidth Sharing Server
(BSS). The presented algorithm supports fixed-priority local scheduler with
delayed activation of tasks. Simulation results indicate that if an application is
schedulable with fixed-priorities, then the application is in isolation also schedu-
lable without modification of priority of each tasks when it is integrated with
other applications into the same processor by using the proposed scheduling
algorithm.

0O O 0O [gfbr2

1. 0000

oooo0oOo0oOooooOoDOOO0U0U0 10o0ooooooDooUoUoooooooooo
000o0doooooooooooo0o0ooooooooooooo0ooo0O0O0goggECU
O Electronic Control UnitsOO OO O0O0O0OO0OOOO0OOECUOOOOOOOOOOOOGOO
o0o0o00o0o0ooooOoO0o0o0o0oooOooOOoOooooOoODOoUoUoUOooooooDooOoo
000000ooooooooooooooo0oC0o0o0o0o0oUoOoUoUooUoooooooo
o00o0o0o0o0odooOoO0OO0o00oU0ooOooO0o00ooOoooODOOooUooooooooDoo
ECUOOODOOODOOOOO

gdooodooooooooo0oUoUoooOoUOoUUgUlIboooUOoUgoooD ECU
go00O0o00oOo0o0ooooeCcv0bOOoO0O0oOOoOoOoOoOOoUOOoOOoOoOoDoOOOoDoDOD
0000000000000 0000000000000ooooooooooooooog
000000000000 000D000000000000000000000OoOO00Q
00000000ooO0o0o0ooo00ooDoOd0ooODOU0ECUDODOOOOOOOOOoOooOO
0000000ooooooooooooon

0000oo00O0oo Ecl0dooooooooooooooooooooooooo
0000000000000 00000000 ECUD000O0oooooooooon
godooobooooooooooboooooooooooobbooooooooooooo
dododooobooodoooooooooboobobooooooooooooooog
dodoodoobooobooooobooboodoooboodoooooooooooa
ooo0o0o0oo0oopoooOooOodoooOoOoOoDoOoOoDOoOoOoUOOoooooOoDOoOoO
0o00oooOobo ECU00000oOooooooOoOoDooOoOooOoooOoooooooog
ooo0ooOoO0o0oooooooooooooooooooOoDoOoOoOooogoooooog
oooo0O0o0OO000000ooooo0o0o0oooUooooooooOOO0 ECcUOoOOO
000 oStU0O00o0oo0ooooooooooooooooooooooooo

0000o0o00o0U0000o0obO00o0DU0ooOooOooOoooUooDooUoOooooooDO
0000000000ooOooO0ooO0O0000oooooDOooooOoOOoDoOoOOoooooDO

flooo0o0o0ooooooooooooooooooooooooo
Center for Embedded Computing Systems, Nagoya University
t200000000000000O0
Graduate School of Information Science, Nagoya University

(© 2011 Information Processing Society of Japan



2388 U0O0O0O0OO0OO0OO0OCOOOOO0OO0OOOOOOOOO0OO0O0O0O0OOOCOOO

0000000000000 000000000000000000000000000
000000000 Lipari 00 BSSO Bandwidth Sharing Server¥ 000000000
PShEDO Processor Sharing with Earliest Deadlined 00000000000000DO
000000000000 00000 EDFO Earliest Deadline First 0 00 0000000
000000000000 00000000000000000000000000000
000000000000000000FPSO00C0D00000O0O0D0O000OOOO0
000000000000000000®00000000000 OSO FPSOOOOO
0000000000000000000000000000 BSSO PShEDOODOOO
0000000000000 00D00D000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000 0000 EDFO0ODOOOO0OO0O00O000000000DO0DO0
000000000000 00000000000000000 FPSODOOO0ODOO
0000000000000 000000000000000000000000000
000000000000

0000000000000 0000000000000 EDFOOOOO0OOOODOD
0000 FPSOOODDODODOOODODODOOODODODOOODODODOO0DOD Deng 00O
Open System 000000000000 000000000000 000O000O0OO0
oDoYooOo0D00O0O000D000D00000000000000000000000
0000000000000 00000000000000000000D00000000
000000000D000D0000000

ShinO 0 Lipari 0000000000000 000D0000O00000000O0000O0
0000000000000000000000000Y000000000000n
00000000000 (P,Q)U0D000OD00ND0OON00NONOD POOOODOO
0QDO0000000000D000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000000000000000000000000MMO0
0000000000000 0000000000000000000000000000
0004£000000000000000000000000000000000000

000oooooog Vol 52 No. 8 2387-2401 (Aug. 2011)

0000000000%00000000000%000000000000000000
goboooboobooooboooobooooboo

00000000000 0000000000 BSSOOOOOOoooOOO FpPSOODO
goooooooooooooooboooooboboboobooooooooooooooboonoa
gooobootododooooooboooooboooOoooooooooooboOoooooboo
0000000000 EDFO00O0O0O0O0OO0O0O0O0O0O0OO FPSOOOOOOOOOO
goboooobooboooboobooooooooboooOooOobooOobOoUoOOoOoDO 20
obobiboooooobooooooboooooooOoboOoooOoboOooooboboOoOooDbono
000o0o0oooUo0OoU wol)yooooooooUooooooUooUoOooooo
gobobobooooooboooooooo2000000000O0DOOC0O00O0OCOOODOO
goooobooooooooooooooobooooooOooooooboobooooooDooo
gooooooooooobooboooooooOooooooooooooooOoooooboon
000000000000000000000000UO0O0 %0 00000000000
0000 14)015)000000000000000000000O000O0O0000%
gboooobooooooooboooobooobooboooooooOooooobooooDo
0050%00000000000000000000D0000D00O00DOO0DOUODOOOOO
goooooooooooooobooooooboooboobo0oooooboobobooooDooDo
gobooooboobooooobooooboooboooboooooooDo

goooooboooooooooooooboooooboooooboboooooDoboo
Oo0000ooooooo0ooOo0ooooooooocoo0ooooooooBSSOOO
000000000000000000BSSOOOO0O0O0O00OO0OO0OO00O00OO0O0000O
gobodooboooooooboooboooooboooboooooooboooobooooon

gbbodooobooboobocobooboooooo200000b000b0O0ObOOOO3000
ocoooooOoooooooooooooOODbOOOO0O0Ob0OO04000000000O0O0O00
goboosbOboooooobooooobooobobootbeoobooboboOooboOoboOoOoDboa
000000700000 00000000000O00O00OOOOBSSOO0OOOOOO
goboooobooboosuoboooobooooooobooooboo

x1 0000000000000000000000000000 Y0

(© 2011 Information Processing Society of Japan



2389 O00O0O0O0O0OO0OCOO0OOOO0O0OOOOOOOOO00O0O0O0OO0O0COOO

2. 0000

0000000000000 000000000000000000000000000
00000000000000000002®00000000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 0000000000000000D0000000000000
0000000000000 0000D000000000000000000000000
00000000000 000001000000000000000000D0000DO00
0000000000000 0000000000000000000000000000
0000000000000D0000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
oDoooDo

Lipari 0 O BSSO Bandwidth Sharing Server’ 000000000 PShEDD Processor
Sharing with Earliest Deadlinell 0000000000000 O0000O000O000OO
000000000000 000000000000 EDFO0O0OODO0O00O0O00
0000000000000 00D0000D000000000000 FPSOOOODOO
0D000000000000000D0000000000%0
0000000000000 0000000000000 EDFOOOOO0OODODOD
0000 FPSODOOO0DOOODOOOOOOODOODOO0DO0O0DO000ODDeng 00
Open System ¥ 000000000000 O00O0O0O0OO0O0OOOOOOOOOOOO0
ooo'YOo0000O0000000000000000000000000000000
000000000000 000D0000000000000000000000000
0000000000000 0000000000000000000000000000
0000000 O0SO0O00000000Oonooo!™o

ShinOO LipariD0 0000000000000 00D0000O000O000ODO00
0000000000000 0000000000000000000000000000
0000000000000 000000000000"®»Ooo00000000o0onn
00000000000000000000000000000000000000000
0000000000000000000000000000000M 00000000

000oooooog Vol 52 No. 8 2387-2401 (Aug. 2011)

00000000000000000000000000000000000000000
0000000000000000000000000000000000000 30%0 0
0000000000000000Y000000000000000000000000
000000000000 00000000000D000000000000Kerstan 00
000000000000000'Y 000000000000 IMAO Integrated Modular
AvionicsD0 000000000000 O0O0O0O0O0 ARINC 6539 0000000 O
ooog

3. 00oOooooo

gooooooooooooooooooOooooboooOooooooobooboD 10000
Oo0o0o00o0ooooooooobo0o00oooooooooob0O00oooono ecuoon
oooooooo MHzOOOO MHzOOOOOOOOOODODOOOOOOOOOOO
goooooooooboooooobooooboooooooOobooooooboobooooooboo
Oo00o00oooooo0o0oooooO0Ob0O0OO0 MHzOOOOOO 1GHzO0O0O0O0O00OO
oobooooobooooooooo

gooooooooooobooooobooobooooooooooooDbooDbOo011ID0
gobooooooooooooobooooooooboboooooooobooOoboUoooDoo

RTOS RTOS RTOS
with FPS with FPS with FPS

CcPU1 CcPU2 CPU3
(10MHz) (20MHz) (50MHz)

llntegration of Real-time Applications

ERENEs
(U,;=10%) (U,=20%) (U;=50%)

Local Local Local
scheduler scheduler cheduler
Global scheduler ]
CPU4
/ l (100MHz) J
RTOS with the proposed hierarchical scheduler

01 0boo0oO0oooOoO0oOoO0oO0oO0OO0OO0OOOO0OOOOOOODO

Fig.1 Integration of real-time applications using hierarchical scheduling.
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Fig.3 A scheduling of A; and Ay by BSS with FPS local schedulers.
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Fig.7 A scheduling of A; and Az by the proposed scheduling algorithm.
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