BIEF =R EE Vol.57 No.8 1752-1764 (Aug. 2016)

7TAXRY M EETu s Ik S
VTN AALOSAT Y 2 —FDHARATA X

JFH M) PR LT g BELD) AL 2R

ZftH 2015F11A190, #*$}H 2016 F5/17H

BE HAA Y AT AIMAGHBIHHENDL 2D, 77V r—a i lkoTREELRL) TV A
2 OS DWEBEIZ R B 2 W%\, Lo L, VY —AHMcky, 7705 =3 3 Yi2o U TLER/NNRD
BEZMAZ D) TV E AL 08 2T A2 ENEINE. KFHLTIE, VTNVE 1L 0SDHEREE LT
FAG AT a—=1) RN B, TAXZ MRATO T I 72w bZ LT, BffoY—Aa—
FEEBEBIEEFIS, 7)) 75— a VIGHLZAT Y2 =) Y ZIZhH A <A XT 5 THEICOVTHRR
5. BARBZ G AT EHE BT 0 OSEK OS xR0, AR THRE SN EEBELEAr YV a—1 »
7% EDF $72 13 RMCL A7 Y a—Y VY FICHAIRARTHEL BT, VI—AT7EA7H a2 L%
ENHDOTNTY ALMFIZEET 57 AR MARET L. 2L C, EHEMEL =S~y e R
EYHBEECEENETHL I L 2R,

F—T— R HAART AT L, VTVIAL0S, AFTa—YryTTLVI) AL, JVI)—AT7EAT70
Majn, TAXRZ MemTOrsI 07

Aspect-oriented Customization of the Scheduler of a Real-time
Operating System

YUsuKE HARADAL®  Kazuki ABELTT MyoNcGRYUN Yool'P) TAKANORI YOKOYAMAL:®)

Received: November 19, 2015, Accepted: May 17, 2016

Abstract: Embedded systems are used in various domains and the required functionalities of real-time
operating systems (RTOSs) are different depending on applications. Most RTOSs adopt just fixed prior-
ity scheduling. Some applications, however, require dynamic scheduling algorithms. The paper presents
a method to customize the scheduling algorithm and the resource access protocol of an OSEK OS using
aspect-oriented programming (AOP). We define aspects to replace the fixed priority scheduling mechanism
of the OSEK OS with an EDF (Earliest Deadline First) scheduling mechanism or a RMCL (Rate Monotonic
Critical Laxity) scheduling mechanism. We also define aspects to customize the resource access protocol for
EDF scheduling and RMCL scheduling. By using the aspects, we can customize the scheduling algorithm and
the resource access protocol without modifying the original source codes. This improves the maintainability
of the RTOS family. The evaluation results show that the overhead of AOP is small enough.

Keywords: embedded system, real-time operating system, scheduling algorithms, resource access protocols,
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Fig. 1 Feature model of a real-time operating system family.
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Table 1 Aspects for customization of scheduling algorithm and

resource access protocol.

Aspect EDF
Ready Queue Operation
Selection of Task to Run

RMCL

Preemption
Scheduler Call

Remaining Execution Time -

R

Scheduling

I I e e

Maintenance
Absolute Deadline Update X

Task Initialization X X

Resource Management X X

Ceiling Priority Maintenance X -

Resource Search Shared Resource - X

Resource Occupation X

Maintenance

Resource Initialization X x

<file> ::=
<OIL_version>
<implementation/definition>
<application_definition>

<parameter_ list> ::=

/* empty definition */

| <parameter>

| <parameter_ list><parameter>
<parameter> ::=

<attribute_name> = <attribute_value><description>”;”
<attribute_name> ::= <name> | <object>
<attribute_value> ::=

<name>

| <number>
<name> ::=

<number> ::= <dec_number> | <hex_number>

B 2 OIL DX
Fig. 2 Syntax of OIL description.

RMCL A7 ¥ a—1 Yy ZiFicd 11 HOT7 AT b &%
T2, HYL2lOT Ay MILETHS.
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OSEK OS Ci&, 77U r—va iZuliikeE (3~
T4 F¥alb—Tary) O OIL (OSEK Implementa-
tion Language) [20] * V2%, ¥ A7 DEFRANY D
ER % OIL Tigik L, SG (System Generator) |ZiH
TIET, TV = a VREOR T — ¥ ik L7z
V—Aad— N&f354. Rif7ETl, EDF B XU RMCL A
FYVa—=0) e A 72912 OIL 245 T 5.

M 2 (& OIL OH 3% BNF sl CEiL L2 DTH 5.
OS M/3F *—% (parameter) |3EH4 (attribute_name) &
ZDfH (attribute_value) DAY TR T L., ATV a—
Vo TZT7NT) AL ERIRT 572000847727 D
B4 L LT SCHEDULER ZBN9 4. F7/fE& LT
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/* Definition of OS object */
OS sample os {
STATUS = EXTENDED;
STARTHOOK = TRUE;
/* Attribute to select
scheduling algorithm */
SCHEDULER = RMCL;

/* Definition of task object */
TASK sample_taskl {
AUTOSTART = TRUE {
APPMODE = sample_model;
Y
RESOURCE = sample_resl;

/* Attribute to declare

relative deadline and Worst Case Execution Time */
DEADLINE = 10;
WCET = 3;

3 OIL 7iikfl
Fig. 3 Example OIL description.
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cution Time) Z3ENNT 5. 3 I2¥EHE L 72 OIL DL fl
RS, ZOFITIZTOS ATV 27 NTRMCL A7 Y 2 —
7 RBEIRLTWAS, ¥ A7 T 7Y 7 FTld sample_taskl
DR T v N T4 v % 10, REFITREME 3 IC3EL T
W5,

%72, OIL #7465 EDF A% ¥ 2 — 7 £ 7213 RMCL %
T a—3THWAY AV DTy RIAL v b% 5 A2
v ha—)7ua>y 2 (Task Control Block, TCB) ~EN
T 572012 SG FHFEL 72,
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1 X

3.1 EEBEEX T 2-V>27

X 4 |2 TOPPERS/ATKI OREEBEREAYT V2 —1)
YO RY . ET RO & 2 7 1F, BEREC

CHESNL LT 4 Fa—1MShb. ¥ 27 0%
FEIXTCB IZRES A, FEFAIPRTIHE, H
1 search_schedtsk() 2VELREF RO HWL T4 F2—D
WY A7 B BEOPESTT L. VAT LT — )V Activate-
Task(), ChainTask() £7:137 7 — 2L >Tyr 2 s
HEE)T 5 L, %K make_active() 2SFRIE NS . RIZEIEL
make_runnable() 3% A 7 & FEATUREIREIZ L, BEREIC
B L2V T4 Fa—~ &N 5. BE)T 55 27 DB
ERFEATH S A7 OBEREL ) b EWIEEIEI T YT
YarhsEET s, STy T Y a YIZBI preempt() B°
frv, VI T MENTy A7 R BRES LV T4

— T 5.
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Fig. 4 Fixed priority scheduling mechanism.
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Fig. 5 EDF scheduling mechanism.
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A7 DOMxT Y FI9A4 138G I2Eharyrs 7L -3
CF=ZIIEBREINEEEN TS, EDF Ar Va2 -5
7 A7 REEC, Ty K94 02 &7y F
FA v ERDTTCBIZEEEL, Y AZOBERELE LTH
W5,

EDF A7 vV a—Y) Y 7OELZR 5 |IRT. YAV %
RE) T 2 L % update_deadline() 25, % A 7 Ot T v
FoALvmdbell, FAZDMTTy b4 v 2EHL
TCB IZRET 5. £ LT, B make_active() 272
% make_runnable_edf() 2SEEE) & A 7 & FEAT [ EAREE~E
B, BEY A7 EEGTRY R OMTY FIA v &
WL, #xf7y o4 VWY A7 2 FETF A7 &L,
D)~ HDIY AT FZH—L T4 F2—~KEiHT5.

WZ&D, A7 PETURIRREEIC R B &, #dT
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N, ETHFOF A7 LI TR TV Ty K74 2 &

1755



BIEF =R EE Vol.57 No.8 1752-1764 (Aug. 2016)

K2 EDF A7 TVa—=1) 7DD T AT b
Table 2 Aspects for EDF scheduling algorithm.

Aspect Join Point Advice
EDF-Based execution(make_runnable()) | around
Ready Queue
Operation
EDF-Based execution(search_schedtsk()) | around
Selection of Task
to Run
EDF-Based execution(preempt()) around
Preemption
EDF Scheduler execution(Schedule()) around
Call
Absolute Deadline execution(make_active()) before
Update
Task Initialization execution(task-initialize()) around
for EDF

/* replace the fixed-priority-based
ready queue operation for the ready task
with the deadline-based ready queue operation */
BOOL around (TaskType tskid) :
execution (BOOL make_runnable (TaskType))
&& args (tskid) {
return (make_runnable_edf (tskid));
/* make the state of the task ready and
enqueue the task into the ready queue
accoording to the absolute deadlines */

M 6 EDF [A)\J L7 1 Fa—HED7zdbn7 ARy b
Fig. 6 Aspect for EDF-based ready queue operation.

DYAIHBLTAFa—DRHEHIIRL., )L Tvary
MFEAT B YA 13 preempt_edf() SFETH Y A7 # Hi—L
FAF2—~EHL T T3 RGN, Ty R
FTAVDENY A #H—L T4 F 2 —DEHEI S H
LEMYAZICHET D, FATHOY A PRT 72037
Jx 7 hENb L, search_schedtsk edf() 757 NJ A
YOFVIEFIZY — P LIH—L T Fa—DKHNL Y
A7 WYL, FITYAZIRET A, 7V T
NIHZ A7 E VT4 Fa—0fxd 7y N7 4 2 12e L7zfE
BT 5.

X 4 OFEEBTREAr Y 2—1) v 7% X 5 © EDF
AT T a—) v TR A YA XT BI2DDT ANRY
FO—E%FK 2 |Z/RT. Join Point DL T A7 F DR
A Y MDEEL2Y a A VEAL L P ERRL, Advice
DOWNE 7 N 20 /RL TV 5,

EDF A} L7 1 F 2 —#ED 7 A7  (EDF-Based
Ready Queue Operation) OV —AI— F%[X 6 |Z/R7.
DT AT M around 7 NN ATHEE ¥ A 7 x FEfT
WREIREEIC L, FEATY A7 % e % % make_runnable()
% make_runnable_edf() OO L ICHE 22 5.

EDF [iJ5247 % A 7 IO 7 A7 + (EDF-Based Se-
lection of Task to Run) (& around 7 KN4 AT, i E5G)E
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/* update the absolute deadline of the activated task */
before (TaskType tskid) :
execution (BOOL make_active (TaskType)) && args(tskid) {
update_deadline (tskid) ;

B 7 #x7y NI EHFOT AT b
Fig. 7 Aspect for absolute deadline update.

PLERE S % BA%L search _schedtsk() % search_schedtsk_edf()
OIFOH LICHE &z 5.

EDF [\ 7)) v 7Y a v DD 7 A7 + (EDF-
Based Preemption) (& aroud 7 K734 AT, BA%L preempt()
% preempt_edf() OIFOH LIZHE &z 5.

EDF [(JIJ A7 V2= FFHLD7Z20DT AT b
(EDF Scheduler Call) 1 around 7 K/34 AT, A7 Y 2 —
) ¥ 7 &AT) ¥ AT A3 =)V Schedule() % Schedule_edf()
OO LICE &3 2 5. Schedulei_edf() 13, / » 71 =
YTTATEAVRET DY, T ILY Ty a v R
SRS Ty RIA DL A7 B FEITH AT \ZRGE
T5.

HxF 7y NI A4 VEHDOZZDDOT A7 b (Absolute
Deadline Update) ®V—A2—F%H 7 IIRT. 2O7
A7 N before 7 KN4 AT, #2H) ¥ A 7 OiE) LI %
17 9 BI% make_active() DFEATHIIZ %L update_deadline()
2. 207 A7 M EDF & RMCL 3t TH
W5,

EDF [(JlJ D% A7 7= 5 L b LB DT, £D728
DT A2 b (Task Initialization for EDF) & around 7
KN4 AT EDF [ D% A2 7 — % Ot 2479 .

3.3 RMCL X4 1—-Y>%9

RMCL A7 Va—=) Y737y RI74 ETORMEE
B FEATRER D= TH 5w 2 AT 5. didko &9
\2, OIL THEE L7724 A7 O Ty N7 4 ¥ LiREFEAT
BEfIZ SGlckVav 7 sy L= arF—2128lsh
RUESIN TS, FR D ETHERMIE TCB ICRET 5. ¥ A
7 REENRFIC, EEATRE A Y A 7 OF% ) TR & LT
BT AL LB, ATV a—TFHhY A7 DT FATHR
ZHEH 4. RMCL TIEETHO Y A7 O FEATHRH
L0 EMFEH NS WY A7 PSR LIEE, Tk 7Y
TANNY AT LW, TOBRErREGELEL T 5.
RMCL A7 Y a—0 Y 7OiEzR 8 IZ/Rd. ¥ A7
BT % L 8 update_deadline() 254 A 7 Oiffixt 7 v
FIA U &FERETSH. LT, B make active() AL
721%, make_runnable rmcl() 2SEE) ¥ A 7 & FEATHHEIR
RRICL, EfThy A7 LIV T4 Fa—~EMNT 5.
ZOBRLTAF2—FNE T )T AN AT OBREEAT
WEATY A7 b b, % LT, search_schedtsk_rmel() 7%
LTAFa—hns 7 )74 0NV A7 DEREIT, H
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Highest Ready Task

Priorty o [ [
Queue

make_
runnable_rmcl()|

make_
active()

update_
Priority high-- deadline()
search_schedtSk_mcl() Preempted
B Task

preempt() ActivateTask

Processor —¢ civate Task(

e cuear [
Suspended Tasks

8 RMCL A7 Y a—Y 7Ok
Fig. 8 RMCL scheduling mechanism.

K3 RMCL AT Va—=Yr7DizbDTARY b
Table 3 Aspects for RMCL scheduling algorithm.

Aspect Join Point Advice
RMCL-Based execution(make_runnable()) | around
Ready Queue

Operation
RMCL-Based execution(search_schedtsk()) | around
Selection of Task

to Run

RMCL-Based execution(preempt()) before
Preemption

RMCL execution(Schedule()) around

Scheduler Call
Remaining execution(make_runnable()) | before
Execution Time execution(search_schedtsk()) | before
Maintenance execution(search_schedtsk()) after
Absolute Deadline execution(make_active()) before

Update
Task Initialization execution(task_initialize()) before
for RMCL

WA )T A NN AT IZEREEINT WS Y —AD
ZEERREMWRT 5. HATOEEEZ )T AV E A
EREEREL T A X~ MEML, VY- AR ERLT
WY AT DBRERTE P THRIZFEITY A7 IRET
L, FOH, L4 X a—mb 2 ) T4 AV A7 EHD
WLTHETT L. 20T 4 ANV A7 DAL OSEK
OS DEEBEREAr Va—1) v 7L FAEOEEZ4T) .

X 4 OREIEEREAT Y a—1) v 7% 8 ® RMCL
A7 a—=1) Y TR A YA RS HI200DT ARy
FO—EERFER 3 IIRT.

RMCL [J L7 4 F 2 —#HEOT A7 b (RMCL-
Based Ready Queue Operation) 13 around 7 KN4 AT,
REN Y A7 B FEITREIRAEIC L, 475 A7 230 B %
make_runnable() % make_runnable_rmcl() IZ{E 2z 5.

RMCL [E)\} 947 % A 7 RO 7 A<~ b (RMCL-Based
Selectioin of Task to Run) & around 7 /¥4 AT,

© 2016 Information Processing Society of Japan

EERNERL Y A 7 % 3R % B #L search_schedtsk() %
search_schedtsk_rmcl() OF-OH LICHE X2 5.

RMCL A/} 7)) v 7 a v O 7 A7 + (RMCL-
Based Preemption) |3 before 7 KN4 AT, )L 7
¥ a v 2479 Bk preempt() ORICRIZFATT B 7 A7 D
BREOEFZATHI WL EBINMLTND, 7T A4 NS
A7 DERFEET) LT a yOUENTIT) 7290 TH 5.

RMCL [ A7 ¥ 22— F OHO 7 A~x2 b (RMCL
Scheduler Call) 1% around 7 KN4 AT, A Ja—1)
7 %AT ) ¥ AT 53— )V D Schedule() % Schedule_rmcl()
12 22 5. Schedulermcel() 3 ELE 5 A 7 & i
FTETHELDI, 2VTANNVI AT BHEFELETY A
BRD 5.

¥ A7 DR FEATREM OEWD 7 A2 & (Remaining
Execution Time Maintenance) & before 7 K734 X T
# make_runnable() FATHTIREFATRER TS 2 7 DFRD
FEATHM 272 T 5. F 72 before 7 R34 A & after 7 F
INA AT search_schedtsk() DFEATRINIFE Y FEATEER O FH
ATV, FEATRIZY A 7 OFATRBRZOREZIT). 2
NHIEY A7 OEBBEHMOBELICHAVS N TH 5.

Hxt Ty 874 YHEHFOT A7 b (Absolute Deadline
Update) 13 EDF &3L@O7 AX7 N T b,

RMCL [WiF D% A2 7= 5 PIHL b LE L DT, D7
DT A2 b (Task Initialization for RMCL) I3 before
7 KN4 ZATRMCL [T D% A2 57— % Q@b E 47 .

4, YY—XF77€X70rJAILVDHAE~T
14X

4.1 OSEK#BEELER7O b2

OSEK OS DV YV —=AT7 7 7tvA7Oa raniy, A% v 7
)Y =R ¥ [21] &= A BSEEE U I fRE L L
725 DT, OSEK e IR0 ~ 20 (OSEK Priority
Ceiling Protocol) L IEHEN S, V)V —AD LIREEEEIZZ
DYV —=AZT 7 EAT B Y A7 ORH LD W ED#
EEINAD, VAT LT—) GetResource() 12L& ) )V —A
2R, FATHY AT OBILENY) v — 2D FRRERRE
L0 bIERWEE, YA OBLERY) V- A0 FIRERRE
~G&E LEIFS. ¥ A7 43— ) ReleaseResource() 12L& D
VY —2AEBIT 5 &7 A7 OB v — A ST
BHTOBEREIR S .

B 9 12 OSEK G LR 71+ 2V OETH 2R 7.
TaskA, TaskB, TaskC 13V —Z Res AL T 5.
TaskA OEESEEEIE TaskB £ 1) 5 {, TaskB OEGEIL
TaskC & O dEV. UV — & Res D FRREEIEE 1L TaskA O
B LR UM E 20 5. t1 T TaskC ASEEE) S 11 5. TaskB
A3t2 CHREEE N, TaskC 2 7Y 27 M55, t3 C TaskB
%% GetResource(Res) ZI-UNH 9 &, TaskB OEEEE L Res
O _FBREREEIZT] & EASA . TaskA %S t4 TRET S LA 7S,
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ActivateTasl;l GetResourceu/ ReleaseResource
Priority Level (TaskA (Res) (Res)
of TaskA - TaskB TaskA l TaskC
(Ceiling Priority
of Res) GetResource| ReleaseResource

(Res) 2 (Res)

Priority Level

of TaskB TaskB .. B B Release
ActivateTask GetResource| Resource
(TaskB) (Res) (Res)
Prgr_g;(egel ..... TaskCI ;Taskc e TaskC |-
ActivateTask
(TaskC)
Time —L 1 1 1 1 Ll 1 1 1 1 !
t1 t2 t3 t4 t5 t6 {7 8 t9 10 t11 t12

9 OSEK A LR 71 b oy
Fig. 9 OSEK priority ceiling protocol.

TaskB (7)) = 7 b M7z, KIZ t5 T TaskB 7% Re-
leaseResource(Res) # UM § &, TaskB DL D &
DEFENREDY, TaskA 57V 0 T hL, EAVMHET 5.
TaskA 25T % &, t8 T TaskB OETHHHT 5. 9
T TaskB 23 T3 % & TaskC OFEATHFHT 5. t10 T
TaskC 2% GetResource(Res) ZMH-OME§ & TaskC (& FFREE
JEEEIZHI & LAY, t11 T TackC 2% ReleaseResource(Res)
IO T & b L OELENRES.

4.2 EDF |HMBEELRZTO o

EDF A% YV a—1) 7 CTld, ¥ A7 OEEEITHT 7
FIA4rTREN, BIWICEA LTS, £2C, VYV —RA%
FOR L7728 A7 O THXT Ty FIA4 VA RbEny A7
DTy R4 0& FREREEL LTY) V- ADFEHELT).

FTV V20 FREREERICOWTHIT S, ¥ A
IR ARERETLEE, TOYATOELELY)
V= AD FRBEEICEREST S, )V A% AT 510
DY ATPEEISN, FDF¥ A7 DEREDIT) En
T FRREEE R ER TS, )Y — A0 FIREEEIT Y X
IR = AEMTAHTT, VAR ET LI A
DR CTIREBOBREDRESNSL, EDFRATH) VU —A
FEALTWEWE XIZ) Y — 20 FRESGEITIET L
2\,

RKIZH A7 DBFEEFICOWTEHT L. ¥ A7 0%
TS L72) vV — A0 EIRBLEIC—-HSE5. 1)
V=A% EETHIEDPDOI A DRE I L E, )=
OEREEEZ5E ELE LIS, ZOBETY V-2 %
R LT Y A7 OB % FIREEICE £ C—Riicy]
ELRFAD. FAIHPTRTODY V—AEMTHE, —
MICHIE BTSNy 27 OBFEEITS & OBEENES.

X 10 |2 EDF i 5k LR 70~ 2V O shES] 2 775,
TaskA, TaskB, TaskC ¥ vV — A Res #AF L T35,
TaskA O#ixf 7 K 4 213 TaskB & ) $ . <, TaskB
#aixt 7y NI 4 21d TaskC & 0 b F v, t1 T TaskC 25
B b L Res O LRI E TaskC & FAEDEIZZ: 5.
TaskB 7% t2 CleE) XL b & Res @ _FFREIGE (X TaskB
BEERE L IRARIC 7 A . t3 C TaskB 7% GetResource(Res) %
IFONH 9. TaskA 45 t4 TREH S5 & Res O LB
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ActivateTask | GetResource ReleaseResource
(TaskA) (Res)[l/ (Res) ‘Deadlme
Priority of TaskA ] TaskB TaskA | e Y OT TASKA
(Ceiling Priority of Res
When TaskA Activated)  GetResource ReleaseResource X
(Res)u/ (Res) Deadline
Priority of TaskB __.........] TaskB [ Tasks] of TaskB
(Ceiling Priority of Res 1 |
When TaskB Activated) ActivateTask GetResource Release
(TaskB) (Res)[l/ H/Resource
Priority of TaskC __ ['156c] I Taskc ILR‘:{S)..
(Ceiling Priority of Res i | L )
When TaskC Activated) AC"V(H_:_‘:Z;(S:'; 39?3228
! 1 L I 1 I L 1 I L
Time t1 t2 t3 4 t5 t6 7 t8 9 t10t11 t12

10 EDF [ ER7 1 b 2y
Fig. 10 Priority ceiling protocol for EDF.

K44 EDFIJY Y —AT7 27270 R aVDizdDT ANRY b

Table 4 Aspects for resource access protocol for EDF.

Aspect Join Point Advice
Resource execution(GetResource()) around
Management
for EDF execution(ReleaseResource()) | around
Ceiling Priority | execution(update_deadline()) after
Maintenance
Resource execution(GetResource()) before
Occupation
Maintenance execution(ReleaseResource()) before
Resource execution(resource_initialize()) | before
Initialization
for EDF

/* replace the original resource management functions
with the resource management functions
for EDF scheduling */

StatusType around(ResourceType resid)
execution(StatusType GetResource (ResourceType))
&& args(resid) {
return (GetResource_edf (resid)) ;
/* function to get the resource based on the
resource access protocol for EDF scheduling */

}

StatusType around(ResourceType resid) :
execution (StatusType ReleaseResource (ResourceType))
&& args(resid) {
return (ReleaseResource_edf (resid)) ;
/* function to release the resource based on the
resource access protocol for EDF scheduling */

}

11 EDF M ESeE LR7O b avoizdo7 A< b
Fig. 11 Aspect forpriority ceiling protocol for EDF.

(¥ TaskA & [F UAEIZZ 1), TaskB OBSEE 1 EIREERE
1251 & EA5%. TaskB A% t5 T ReleaseResource(Res) % I
OHi§ &, TaskB OBSEREIX D L IZRE D, TaskA DFEATAS
HE 5.

OSEK 1856 EBR 71 b 2V % EDF [ R LR 7
OFIVIZEESHRZ DT ANRY PER 4R,

EDF [l ) V= ZAEHD 720D T A2 b (Resource
Management for EDF) &V —Z2 32— FZ[X 11 IZ/R7.
ZOTANY MEaround 7 FNA AT, V)V — ADHELS
119 ¥ A7 42— )b GetResource() % GetResource_rmcl()
I &2 5. GetResource() 34 L7 v — A 1D (2
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JIBECTEY b~y T2HEH LTy FIAL %2V —AD
FRREEREEAN—FIZE & BT 4. F 72[FA£IC around 7
FNA AT, VY= ADMRET) ¥ AT 53—V Re-
leaseResource() % ReleaseResource_rmel() ([Zf& &2 5.
ReleaseResource() (&35 V—AID 2 CTE v b
Xy TEREHL, RG] E BTy X7 o BB
b EDOBEREANRET.

EDF )i} ERBEGEEH OO T A7 b (Ceiling
Priority Maintenance) (& after 7 K754 A CT# A 7 Oifix}
T KT 4 v & HHT 5B update_deadline() 4712
ref_deadline() ZI-UNH§. ref_deadline() (7Y K7 A >~
WHFEINIIAZ L)V —A %G LTWDL T AT,
VY= RAEBEL TRV RN THL. T2
Dy A7 H) ) = A HELTVT, ZDIATDT Y
RIA VW EATIRREIZ R B 7 A7 LD BEWEE, VY —A
AL TV AT DT Y KT A V& B THELT & ki
THMEHAT) .

)V = ZfFHRRERDI2DDT A7 b (Resource
Occupation Maintenance) (& before 7 N N4 ZC, 1)V —
ANELG:HAT ) GetResource() 72130 V — A DR %479
ReleaseResouece() D FEATHINZ ) ¥ — A O AR O
AT, )V — AOWERRHZY) V — A R R ER L,
EDEZATH) V= A RGT LN eRET A, VY —A
DIFREIREE ) V) — 2 R RRCURTEICER L, )V — AD3ZEWn
TWVLIREBICERET A, 20T AXZ I RMCL O#%
FEERTH b A eIl T ANRT b TH L.

EDF [()lF DY) YV = A7 = ¥ QLD 720 DT AX 7 |+
(Resource Initialization for EDF) & before 7 K234 AT
EDF [AiJ D) vV — A7 — % OPHL AT .

4.3 RMCL HHMEEE LR O )L

RMCL A 22— Y7 T7LIT) ALTD) ) —AT Y
A7 8 FaliE OSEK B LR7a b ajlzx—2R
WZEEENT B, 2 ) T4 AV Y A7 WA lE OSEK 0S
I2B1F 5 OSEK EAE LR 7ae ba Ve F LEfEr 5 5.
ST IV TANIVE AT DS DLEEOEFICOWTH
H55.

9, VY20 EREBEEERIZOWTHATS. &
LYAIWINTFAHINT AT bE, ERLTWSY)
V=AM D Y A7 EIEFLTWDBEY Y — 2D EIRIEE
T, JVTANNY AT OB EFRICY A7 O Th
EOBEEICEETA. VY —ARBIRTHE )V —AD
FIREEEZ D L ICRT.

RKIZ, ¥ A7 OBEEBIZOWTHHET A, 7 74
NG AT — A %GRS A58, ¥ A7 OBkE
X5 A7 NTORBELEDEIERIN L. HDHF A
ORI TAANY AR BRI, VY= AERLELT
WHLMD T A7) ) — ARFER LT DAL, § A
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ReleaseResource

GetResourceu/
(Res)

(Res)

The Highest

..................................................... |
Priority Level TaskB TaskC |
GetResourceu/ [I/ReleaseResource
Priority Level (Res) (Res)
of TaskA TaskB ! TaskA B
Ceiling Priorit i
¢ gof Re:) GetResource Activate|ReleaseResource
Priority Level ,M (TaskA) (Res) l
riority Leve
s TaskB [ Taske}
ActivateTask
(TaskB)
Priority Level o S becomes critical
of TaskC TaskC l
ActivateTask
(TaskC)
Time —L 1 1 1 I I 1 I L1 1 1
! 1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

X 12 RMCL [ EEE ER 7 2
Fig. 12 Resource access protocol for RMCL scheduling.

&5 RMCLIFY Y —=AT 27 EATH NI NDIZDHDT ARY N
Table 5 Aspects for resource access protocol for RMCL.

Aspect Join Point Advice
Resource execution(GetResource()) around
Management
for RMCL execution(ReleaseResource()) | around
Search call(Search_schedtsk()) after
Shared Resource
Resource execution(GetResource()) before
Occupation
Maintenance execution(ReleaseResource()) before
Resource execution(resource_initialize()) | before
Initialization
for RMCL

WO VTAHNT AT bl 5T, 27)T 4NV A
7E) VAR FE LTI AT DBEREY Y A7 NT
DIREEREICHE EIFD. 20 T4 VI A7 &)Y —
AT DE AN ) — A EMT H EEEEIRD &
DEEFRFERSL. 20T A ANE ATH) Y — AR
B LIRS A NTORGELED L AT I THE
T2 AT 5.

X 12 (2 RMCL ek LR 70 b 2 v osifEpl %R,
A7 L)Y =AM 10 LEAKTH L. ZOBITIE 14 T
TaskA 2827 ) 74 BV F A 7127 5. TaskC % ik B E
1251 & RIF AR, TaskB OFLE 2 s B IC7 & k
T4, 243 TaskB 7" Res 2R L TV A 72O TH S, t5
T TaskB 7% ReleaseResource(Res) Z IF-UNH1 9 &, TaskB
DFEIFETS L DBHRENRED, TaskC DEFTHVIEE 5.
T8 T TaskC #1793 % &, TaskA OFESTHUEE S, t11 T
TaskA 258175 5 &, TaskB 7°FET 5.

OSEK 6 LR 71 b 2V % RMCL A} B 5ERE LR
TUMINVICEESPEZ LT AR 2R 5 IR,

RMCL i) vV — ZEHD 7 A7 b (Resource Man-
agement for RMCL) OV — A 32— F%2[H 13 |Z/R"7. &
DT AT MF around 7 FXA AT, V)V —ADMESE%
179 ¥ A7 53— GetResource() & GetResource_rmcl()
12 &2 5. GetResourcermel() &2 ) 74 BV E A7
DYEIZ) Y —AD LREREZ 2 )T 4 Ay A7 D
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FEEEFERD Z A7 W TORESELREICHEET 5. £72H
B2 around 7 KN4 AT, VY —ADFMEAIT) VAT
23— )b ReleaseResource() & ReleaseResource_rmel() 12
& X2 5. ReleaseResourcermcel() &, 774 7%
A7 DEEX) V- AR REBEEENPSEHEL &
V., Z)TAANI A L) = ARG LTWE Y RS
DYEL, YA OEREIZIB UL T4 F o=~ L
VT ANNE AT iRESETREL T4 F 22—
LIATY AV ICRET 5.

RMCL [ iJ 341 vV — ZAEHDO 7 A2 b (Search
Shared Resources) & after 7 F/¥ A AT, RMCL [A]l}
FATE AT EIROT ARY FAD 7 ) T4 HNVEY A7 &R
9 5 A% search_criticaltsk() DFEATZRIZZ ) T 4 VY
AZICREEINTWBILH ) Vv — 2 D22 X IR % D L8
FEEHEZAT) .

) — AERIRIE D 720D 7 A7+ (Resource
Occupation Maintenance) (& EDF OE5GE FIR 7' 0 b o
WESBDOT AT N THD.

RMCL [l D) v — A7 =¥ PO 720 DT 27 T
(Resource Initialization for RMCL) (& before 7 K734 X

/* replace the original resource management functions
with the resource management functions
for RMCL scheduling */

StatusType around(ResourceType resid) :
execution(StatusType GetResource (ResourceType))
&& args (resid) {
return (GetResource_rmcl (resid)) ;
/* function to get the resource based on the
resource access protocol for RMCL scheduling */

}

StatusType around(ResourceType resid)
execution (StatusType ReleaseResource (ResourceType))
&& args (resid) {
return (ReleaseResource_rmcl (resid)) ;
/* function to release the resource based on the
resource access protocol for RMCL scheduling */

X 13 RMCL 7Y V= ZEHD 720D T A7 b
Fig. 13 Aspect resource management for RMCL.

TRMCL AT D) v — 27— % Ot 2179 .
5. E&EH L OFHM

5.1 EERIREE

ARIFFE CRHmICH W72 EBRBRE 2 LN IR, ¥4 71
a2 b — 7 H8S/2638F % #5# L 725 iR — F&fiH L
7z. H8S/2638F 1 256 kB ® ROM, 16kB ® RAM % Mg
L, 7oy 7 [HE#HE20MHz THAE. BAYIA AT 5
RTOS & L T TOPPERS/ATK1 Releasel.0 # {27z, C
234 713 GCC 3.4.6, fxwifb4 7+ 3 »id ATK1 @
Makefile TIREL TW5D 02 # H\Ww7z. T AR MEAEE
FEICIE ACC ver0.9 % 72,

5.2 F—/\~Nvy KO

TANZ MBAITOY TSI 7k ATt =AYy R%EF
g 570, TAXRY MEIZE YA AT <A X L7
WD B AT L T— VIOV TETFREMAREL, ¥V —
ATd— P EHEHFEMHZ TEELZF—EED) TV s A
2 OS OFEATHEM & i3 5. FEATHREM OMIEI2I1E 5 MHz
DN—=R7 774 <%,

K6 VAT LI )VOFETHMZRT. RMCL O
EE7 )T AN AT DFTET B5GE EAIEL WG
T TR, 72 ActivateTask ICDWTIZY A7 A4 v
FOFET DG L RE LR WA ORYT. %0
728, 41 Y F I d TOPPERS/ATKI T EEEIGE D
WADFEITHRER O RS, RIRLAHEIIEZE Y AT LIT— )L
DFATH ST T TIHhH LR % 100 BIFHA L 72 P4
Thhb.

SAFLA—NE VAT LA I- VOISR AR T
IZRL, ZOETHMEZER 8 IIRT.

EDF ® Rewrite & RMCL ® Rewrite & Fixed D Z N Z
NOENST IV T XL DENIZ L L FETHMOEZ RT.
T/, HBAT TV 2—FTO AOP OFEITHF & Rewrite D
FATREE DT AR MEWTH 77 IV 712X b4 —

£ 6 VAT LI )VOFELTHH

Table 6 Execution time of system call.

System Call Execution Time [usec]

EDF RMCL Fixed
with a critical task | without a critical task
AOP  Rewrite | AOP Rewrite AOP Rewrite

ActivateTask() with task switch 74.0 66.5 138.8 132.2 123.1 116.6 49.2
without task switch | 64.8 57.2 149.5 143.0 - - 40.5
TerminateTask() 29.7 27.3 149.5 143.0 61.1 56.6 40.5
ChainTask() 81.0 70.4 180.5 168.9 162.5 150.8 60.4
Schedule() 56.6 53.6 104.2 98.9 88.5 83.3 51.2
WaitEvent/() 36.8 33.8 90.6 85.4 67.6 64.6 45.2
GetResource() 27.1 27.1 31.2 31.2 31.1 31.1 20.7
ReleaseResource() 36.3 36.3 133.7 128.5 115.0 109.8 21.7
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KT VAT LI VARRDH LB

Table 7 Functions in system call.

VAT AT IO L %K
ActivateTask() make_active()
make_runnable()
TerminateTask() | search_schedtsk()
ChainTask() search_schedtsk()
Schedule() preempt()
search_schedtsk()
WaitEvent() search_schedtsk()

&8 VAT ATV LB O FEITREH

Table 8 Execution time of function in system call.

Function Execution Time [usec]
EDF RMCL Fixed
AOP Rewrite | AOP Rewrite
make_active() 26.8 22.4 18.6 18.6 7.4
make_runnable() | 25.6 22.6 1186  112.0 20.8
search_schedtsk() | 9.2 6.2 42.2 37.2 20.4

preempt() 23.8 20.8 76.2 71.0 26.6

NNy R&RT.

RMCL A7 ¥ 2 — 7 CRREEBTBEA T V2 — T & —
AR L T A 728, RMCL A7 ¥ 2 — 7 OFEATHEH O
TREw., =7, BEBEEEAT Y 2—F L EDF 27
Va—J LI RL L, FECTRERIEBEEAS Y 2 —
7 & EDF A7 ¥V 22— F OFEATRER OE I DWW CHHT
5. EEBEREAS Y2 =)y 7L EDF ArYa—1 v
TDF =N~y FEWET L, §A7REDOY AT LT —
)V ActivateTask(), ChainTask() (ZB8%% make_active() &
make_runnable() ZIF-UNE . EDF 27 ¥ 2 — 7 O 5[
EBSEEA T V2 — 7 L) FATRM 2SRV DI, EDF A7
Va—) TR AIOTy KAy EHEBL, 7
FIA YORGIEIZL T4 F 2 —~EMT DLEDD 572
9, REMLEOFHEEIKE (5. Schedule() 13, BI%K
preempt() & search_schedtsk() ZIF-UNMEd. 7w KT A~
DB AT, TV T 52T 5089 xRy 2 0%
D& % 72 EDF O D5t &K E V. GetResoruce(),
ReleaseResource() CTIIEEELREA T ¥ 2 —1) ¥ 7 TFf
v Y= ZRUSIRRZEH L TWh 70, FHEENR
& {7 %. £72, TerminateTask() (£ EDF A7 ¥ 2 —1)
YTORDVEEBEBLEAT V2= v 7 L) b =Ny
FA/NS W, T, A7 Fa—DEEHNPL Y A7 ZHL
DHT7ZTD-0THs. BMEBLEEAT Y2 -7k,
REBEEEZRL, TOBEEDOL T4 X2 —05KIC
FAT LA WY KT 720, BEEERET VT XL
LD QEHEEIVNS V.

TARY MR TO TS IS )EET DL E, ACC
MHOWMDNEINDET AR MIRRL7ZT NS 20— i
C 22— F® inline BRI EI SN D, 20720, BEIFO
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®9 XEVHHEE

Table 9 Memory consumption.

RTOS Memory Consumption [Byte]
Scheduling | Customized | Code Data Data
by (ROM) (RAM)

EDF AOP 15080 832 144
Rewrite 13672 832 144

RMCL AOP 15948 848 139
Rewrite 14124 848 139

Fixed Original 12436 812 133

HWLOREAHEZ 2 Eidmw. Lael, 7R8NS 2a—
FTHE e w258, §18E —RERICKERLTrbS
Wy 20BuemsEh, ROEZLEE§ A8, —RER
WKWRVEEZHEH L Tro ) ¥ — i LTRT 20, 47—
NNy RPERETL, #0720, MR Ny N TT
AR D EBERED AL E NNy FAEKEL L, L
L, TANRZ FCTHHEEHFEEHEZTY GIER EERY
T) EHEHEHPZ-HOLFE LI — NIl 5, we{bs®
SN 2D, a— FHPHEATREARE O RE{LA T RE
WA LI, I— RO CEBREDRBELATE
WG IIEEE S G A RSN, TARS b
o oA I3 RELE NV ENH 5.

EDF & RMCL @ GetResource() & EDF & ReleaseRe-
source() TT7T AR MRIAITH ST IV T THAYIA X
L72a L, HEESM A TR UETRRIICE 20
i, ML &) ICR#EfLEnzrbTH5S.

TANRY MR TU 7T Iy 72 ) EELGEAEDOE
FTREM S E e E Z 0 2 CHE%E L2354 12 R ChainTask()
T I5%UTOEATHY 10 usec BBETH 5. 10 usec 1
EEEREAT V2= DY ABRETY A2 AL v FH
HHYE LR VEOELFARET, Y A7 AL v F 11
SO TH 5. %72 ChainTask() IFEED ¥ A 7 2
B 457202 1 EZTIER, EHREFIENS L DT
e, EREMELZVEELEZS.

5.3 XXV HBEDFHIb

TARZ MR TO 7T I 7L b X)) HERTRT
flits. 2912, AEUHBEELRT.

TANRY NEHWTAFETHAY A A L7208 &
T5E, a— N4 R 10~15%EQHWINE 2 5. Zh
X, 7TARY b & CEila— FAERT L8, WHNE %
LR L727 FNA 22— FEBEICEIST 5720T, B
OSDOIA—FAFEXHFZLLD AT HEBERIIRE LS
L. BREIZ 14kB~18kB T, 77U r—v 3 v 2 &0
72V AT LEROXE) HHEEEE RS E (H8S/2638F O
Witr, 33— K& EAFN S5 ROM HF&ED 256kB (24 L
TIRLLT), FFEHITHL EEZD.

VLEDFt S, TAXRZ bW AT <A X TD
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AT HEEOWINE, FEHEMELRVHEHEER 5.

54 TANY MER7ATZIJICL2R

V= A= FiHEEEIWRZTHIAIAXLGE
X, A7 2= DbDLEDTHLE 7 7 4 IVHF 1)
TFIV)T NI AL OS, EDF A7 Y a—S458) 7V
A2 08, RMCL A7 Y 2—J##UVTNVF A2 0SD3
DOTE&, Y YF Ik EDF, 9 Y+ ek RMCL, EDF
& RMCL TOM@EHa»EENn LTV, FHYL 7 7
ANPIRECRY), EHICEHEI-FIEEINTVwL T
O, HRERAREEIC RS, TARY FTHAYYAXT
LI EIZhoT, B OLVT A NVDARERY, R
AT a—FMTEETLY—ZAT—FDOFy NI 4 VW
&)Y — AR E B & Sl RE T A XS b & L CTorE
SHEDLZ LI EAESE, BREREZESICL
TW5h,

72, RWgED L HIZ, =TI —=AD)TNVEF A L
OS W AT <A XTEYLHEIE, TAXRYZ MRIAI70 7T
SVIUWERTH L. BEBETLE, T VIOV —
Ad—=RPN=T 3 7 v T EINTENOFIIZ LD
W5, T ANRY NTRB U ZEES A & 2> THIBATE
b,

6. BIEMZR & DR

Afonso 5%, VTV ¥ A & OS & FICFEL (HEfd )
) LuFy 7T AR bER@EALTWwA 3. LaLg
MHEY (FHMbkE) eaFxr s, 77V r—-vars
075 MMIBWTTTIZT AR MUK RENRTEY, T
ARG MZE DML ES BB TH 5.

Park 5%, N—Fo = 7HKGEHZ) 7V 5 4 4 OS »
SoaEEL, Tur g3 v SRR R T ARy MEaT
0773y 78 AOX %L, #AY~ A Xu[ER)
TNE AL OS~DBAZHREL TW5 [4]. %72 Beuche
5, TAXRZ MEH 7077 I v Zeflnwin—Fox
THIERE L, 7T—%T7 27 FXYIFEGELR) T VT A L
OS * EHT HFHEEIBELTVL 6. LALY TS A
L OSDON—FY 2 TIRFHOESHZIE, ChEFTY”
TIZEBTU A NVAAL v FCTIECERENTETRS,
—fEIZ, /O TEBTELIEET AR FTHEHIC
FEHTE 5.

Saito 5%, EHEDVTNVI AL 0SDY—AI2— K%
BIEE$1Z, BIMOEREE LTO) 7V A 2 08 B
IR 27200 T AR M RERL (5. ORI %E
FBRLZFEE, LWL AZBINT 22 L, KA My
M X280 AAREFTOFESTENL, TAXT P TO
FHIFFITEEEL <3k,

Lohmann &1 AUTOSAR OS O#REx® 7 AXRZ b & L
TEY 2= bL, ZIhSLERIERED A % BRI RE
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YTV AL OS 77 I —OFEFEL L7z [10], [11]. L
L, BUNST AN MRATR T T I 27128 5%
#HE L THETENTBY (Lohmann 5 id Aspect-Aware
Development & A T %), FREFRFICHEE L TV ik
e BT A I L3R E LTV,
LEDOBEAFRIE L, RfETIE, "= L) 7
VE A L OS DEERIIIME SN TR WHRERE L 7
BHLLbiZ, BEFEETHFZIRZ LLIELT 2 HE
BHISNTWARY, A7V 2—=) 7 TILITY XLR)
V—=AT 7 E2ATUMANVOERET> TN,
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VAT 7 ATabaveERT L0, TNHEDOAT
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THLVIFHAMICHAEDETERT20ATIE, RIFSE
DHMIZZER T & %\,

7. BbHYIC

AFi L Tld OSEK OS fh#£12 %5 < TOPPERS/ATK1
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LSHBOMBELE LT, MOAFr Va2 =)y 77V T) XL
RNV —=AT 7R ATARNANDT ART FDOIRE, Tz
AT <A ZDOWGREREZBER L, JVEL DY AT A
T ICIRBILTEL Y T VI A L 0S ZEHT LI LD
FToNns.

HE AR T L7 TOPPERS/ATK1 OR5E#E &
ACC DBHZEE &S+ 5. AKf72i1d JSPS BHilFE: 2450046
B LU 15K00084 DI % 2T 72 DTH 5.
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