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BEFORE_ADVICE() \ | | #define BEFORE_ADVICEQ) _BfaLiE_
HBELE \ #define AFTER_ADVICE(Q) _#40L3E_

e \ #define BEHLEQ
AFTER_ADVICEQ) \ TYTL—RFRART NG A=5, )

}
#define BEFORE_ADVICEQ)
#define AFTER_ADVICEQ)
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#define Template_PnDRTOSCom_Aspect(SYSTEMCALL, SYSNAME,

FORMAL, FUNCARG, ASPARG, CLCHECK, LOGVAL)
StatusType around(FORMAL):execution(StatusType SYSTEMCALL(FUNCARG))&&args(ASPARG)
{

BEFORE_ADVICEQ)

ercd = E_OK;

CHECK_CALLEVEL(CLCHECK)

AFTER_CHECK_CALLEVEL()

Tock_cpuQ);

if( NODE_ID(glbtskid) == MY_NODE_ID ) {
LOCAL_SYSTEM_CALLO)

} else {
glbtskid_store = glbtskid;
BEFORE_SET_TSK_LOCATIONC)
tsk_location = check_target_location(glbtskid_store);

}
AFTER_ADVICEQ)

exit:
unlock_cpu(Q);
LOG_##SYSNAME##_LEAVE(LOGVAL) ;
return(ercd);

error_exit:
Tock_cpuQ);

d_error_exit:
_errorhook_parl.tskid = TSKID(glbtskid);
ERRHOOK2();
call_errorhook(ercd, 0SServiceld_ ## SYSTEMCALL );
unlock_cpu(Q);
goto exit;

P i B P i S S i S

}
#define BEFORE_ADVICEQ)

#define AFTER_ADVICEQ)

#define LOCAL_SYSTEM_CALLQ)
#define BEFORE_SET_TSK_LOCATION()
#define ERRHOOK2()

6 IHEHT Y TV — T AT Mk

#include "Template_PnDRTOSCom_Aspect.h"
#include "_activateTask.h"
Template_PnDRTOSCom_Aspect(
/* YAFLA-IE */
ActivateTask,
/% YAFLI—ILRBERR */
ACTTSK,
/* FARYG NS */
GlbTaskType glbtskid,
/* args3|¥ */
GlbTaskType,
/* call3l¥ */
gtbtskid,
/* A=LRILFT YT */
TCL_TASKITCL_ISRZ,
/* QY0318 */
ercd

)

7 FET AT M

#define LOCAL_SYSTEM_CALLQ)
if (tcb_tstat[TSKID(glbtskid)] == TS_DORMANT) {
if ((make_active(TSKID(glbtskid))) && (callevel == TCL_TASK)) {
dispatchQ);

}

else if (tcb_actent[TSKID(glbtskid)] < tinib_maxact[TSKID(glbtskid)]) {
tcb_actent[TSKID(glbtskid)] += 1;

} else {
ercd = E_OS_LIMIT;
goto d_error_exit;

P R AR

8 ActivateTask [MJ O —A)Y A5 L3 —)L AL

F2THNHEFTET 5.

M e zd@oTry L — b7 ARY bk &R
T. 7V TV = T ARY M EXRT YV OB Tem-
plate_ PnDRTOSCom_Aspect 1252 2 /35 A —& %, ¥
AT L5 T—=)V# 0D SYSTEMCALL, BZ2'¥ 27 1#0—Hh
IZHWS Y A7 A3 —)VIEFRO SYSNAME, around 7 N
NA ADFIEITE 2 58 & 258044 D FORMAL, execution
ALY NIY FNATY AT LI—INVIZEZB5[8 0D FUN-
CARG, args RA1 ¥ M Aw MTE X 558D ASPARGS,
=NV LRV F v 7DE&MED CLCHECK, BJ/ <70
25225180 LOGVAL TH 5. 7 AR hDT RN
o AIZIK, YATAI-INEOLEEI R TS, ¥
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K1 AFVa— U7V ITY)VAAEY)VY—AT7 7k A7 k1 #define Template_Schedule_Aspect() \
o StatusType around() : execution(StatusType Schedule(void)) \
NDEODT ANRDT b { \
T ARY R EDF | RMCL BEFORE_ADVICE() \
= - StatusType ercd = E_OK; \
VI Fa—BE | x x LOG_SCHED_ENTERQ); \
FATR A IR x x CHECK_CALLEVEL(TCL_TASK); \
N RN CHECK_RESOURCE(tcb_lastres[runtsk] == RESID_NULL); \
Ty Ivay X x Tock_cpuO); \
ArTa—=Yvs | ArTa—JIEH x x SCHEDULEQ) \
s TR | - x o FTER-ADVICEQ) N
FvRIA VHEE x unlock_cpuQ); \
2 27 g1 < LOG_SCHED_LEAVE(ercd); \
return(ercd); \
VY — A x x error_exit: \
R e ey x - Lock_cpu(); . \
call_errorhook(ercd, 0SServiceId_Schedule); \
VY —2A HHY Y —AFHR - x goto exit; \
EHRAE eAF) ) — AL x . o
N - #define BEFORE_ADVICE:
VY- AUMMEE | x x #define AFTER_ADVICEQ)
#define SCHEDULEQ)
<<aspect>> 10 7\’7"‘}1—‘55“\/701/_‘1\77\’\07 I\%ﬂiﬁ
TemplateSchedule_Aspect
SCHEDULE
S #include "Template_Schedule_Aspect.h"
J/ N #include "_edf_schedule.h"
J/ AN Template_Schedule_Aspect()
<<aspect> <<aspect>> = g — Sk e =13k
Implement_EDF Implement_RMCL 11 27> TRET AT Rk
Schedule_Aspect Schedule_Aspect
. #define SCHEDULEQ) \
9 AU Va—I557 TV — b7 AR DERFET ANRT b Ticklype curval; N
1cklype H
if (nexttsk != TSKID_NULL ){ \
curval = cntcb_curval[tskent]; \
- dl = tcb_deadline[nexttsk]; \
7 D Fﬁﬁ LOCALstSTEMchLL() L‘ lj‘ ﬁ & 7\ 7 IJEU Lj'o) if(Ccurval < dl & (curval < tcb_deadline[schedtsk] && \
N _ o tcb_deadline[schedtsk] < dl )) |1 \
‘/X E L\ a —‘]]/&&EE, AFTER?CHECK?CALLEVEL() L_ Ccurval > dl & (curval < tcb_deadline[schedtsk] |1 \
tcb_deadline[schedtsk] < dl ))){ \
= L AOVBSORIEF v 7 %175 720 DULHE, i .
o \
BEFORE_SET_TSK_LOCATION() iZi&4& A7 1D % B4t }
A HALE ZIE I —7> o=
DAL, ERRHOOK2() IZI3EMDT T —7 v 2 H 12 EDF B ASY o 5 uE
WAL Z TR T B,
. s o —p — 3 =R L
7 12 ActivateTask [ 1} DEE T AR 7 b Edik % R x2 TANY hiid
. _ 0os FYT V= RTARY Mk | kT AN bk
9. Template_.PnDRTOSCom_Aspect 12, ¥ A5 A I—)V (L)
. > — AiF - 43K RTOS 272 257 (160)
~ a— _
# (SYSNAME) ActivateTask, > A7 A 3 —)VIEFR (SYS oAt % . 219 (100)

NAME)ACTTSK, around 7 RN ADF[HUT G AR L
ZH % (FORMAL) GlbTaskType glbtskid, ¥ A7 A 3d—
MO DB (FUNCARG)GIbTaskType, args K1 > b
A s DFIE(ASPARG) glbtskid, I —J)L L N)VF v
» (CKCHECK) TCL_TASK | TCLISR2, T2~ 2 0|
# (LOGVAL) ercd 2518 LT5H5 X%, Y7 HEHKLO-
CAL.SYSTEM_CALL() ([ % 27 [ O & 2 2 £8)
WA FR T 22, WRENLVAZORPTIEZEZEL
8 IZRTAY X T 7 A ) activateTask.h 127k 5.
Template_ PnDRTOSCom_Aspect % ¥ 7 O EFA$ 5 Z &
T, TARZ FA—R&2HEKT5.

3.3 AT TV1—FARYIIAZXDIHDT ARY k

OSEK OS DALARTED 5N T\ D EEBEEAT Y 2 —
VY Z7N3IY AL%, EDF ArYa—1) v 27 & RMCL
AT a—=V Y TIAAEIA XG272DT AT hD
—¥ %R 1IZRT. EDF A7 Ya—Y I 10 {f
D, RMCL A7 Y a—) VY JIHI 1L EDO T AR - (S
H2MEHDT AT MIdkiE) 2 EETD.

EDF & RMCL O 7 A% Mk, ATV a—JH0H
UY AT A 3—)V Schedule(), VYV —AEHY AT AI—
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)V GetResource() & ReleaseResource() (ZEEFLR A H B
A, B TEDDOEFEIIFHDTI—Fyv s —
WETHD. B OIZATYa—FDFT YT — K T AR
7 b ERFET AR bOBRERY. BTy IPT
T E TV TV — N7 ART hTiEfb L, £AT
Va—Y) IO EFET AR NIRRT S.

10 |2 EDF & RMCL oft@ui % k525> 7
V=R T AR N&RT. 7V T V= T ART &Y
< 7 0% Template_Schedule_Aspect 1Z5- X % 51 #37%
W, ¥ 7 OB SCHEDULE() & AT Y 2— Z [l DL
HEATS. B 11ICEDF A AT Y a—FDEET
AR Nl %R Y. EDF A7 Y a—F QUM% Gk §
%~ 7 0B SCHEDULE() I&flid &% 2, HPd
XEEBL, 12 IZRTAY &7 7 1 ) _edf schedule.h
WZEd 9 5. v 7 OB Template_Schedule_Aspect % &
dHIETTARY ha—REEKTS.
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F 3 i) - o RTOS D347 R HIFHAM R4 AT Ya—I NARYA XDETREHFE
System | Optimizing Execution Time[usec] System Call Optimizing Execution Time[usec]
Call Option Local Inter-Node Inter-Core Option EDF RMCL Fixed
AOP Rewrite | AOP  Rewrite | AOP  Rewrite AOP  Rewrite | AOP  Rewrite
Activate none 1.83 1.89 6.28 5.89 5.58 5.26 ActivateTask() 00 140.7 117.8 263.6 220.8 75.4
Task() size 1.47 1.47 4.97 4.79 3.93 3.76 o1 92.6 81.3 1729 139.1 51.0
speed 1.47 1.39 4.86 4.64 4.00 3.19 02 84.0 675 163.4 1374 53.9
size&speed | 1.47 1.47 5.43 4.63 4.29 3.55 03 76 62.7 1541 108.3 443
Chain none 2.28 2.92 6.06 6.06 6.12 6.12 ChamTask() 00 614 1292 | 3613 2967 051
Task() size 2.01 2.16 6.39 6.41 6.45 6.45 o1 1100 ss9 | 2376 1855 644
speed 1.86 2.01 6.51 6.48 6.51 6.51 oo 00.6 5.1 o185 1777 2.8
size&speed | 2.01 2.16 6.36 6.45 6.45 6.45
GetTask none 0.91 0.93 6.24 5.86 5.62 5.23 03 93.3 68.2 272 | 1514 53.9
State() size 0.79 0.78 5.08 a7 £.00 371 TerminateTask() 00 190.7 166.1 418.7 361.1 118.6
speed 0.70 0.69 4.67 4.38 3.46 3.14 o1 1240 1040 | 2652 218.7 66.4
size&speed | 0.76 0.78 5.44 4.57 4.24 3.51 02 H7.7 - 985 2463 2092 62.2
Set none 110 116 | 635 589 | 556 538 03 167 879 | 2515 2078 | 576
Event () size 0.78 0.83 5.14 4.91 4.00 3.81 Schedule() 00 106.5 906 | 201.5  170.9 | 27.3
speed 0.70 0.83 4.67 4.59 3.43 3.28 01 72.2 57.5 1333 109.1 13.0
size&speed | 0.78 0.77 5.31 4.80 4.11 3.65 02 68.3 55.5 125.2 104.0 15.3
Get none 0.86 1.01 6.31 5.88 5.62 5.33 03 68.3 49.2 124.6 97.9 12.4
Event() size 0.68 0.79 5.01 4.77 4.01 3.79 GetResource() 0o 54.6 43.3 58.0 46.0 37.3
speed 0.84 0.85 4.66 4.54 3.81 3.29 o1 32.5 22.5 35.4 25.8 20.2
size&speed | 0.84 0.80 5.04 4.76 3.78 3.64 02 32.5 22.0 36.6 26.1 20.7
03 32.2 22.3 36.6 27.8 21.7
ReleaseResource() 00 67.1 56.2 224.6 188.4 39.3
T ANRY NERAWET ANRY Nk /RO T AR K o1 416 343 | 1510 1202 | 219
Sy N . e 6 3. 5.9 P
BRI DV, I (3 K07 &5 5. Sl Bl Pl P
TARY Ml EER 21TRY. kY AR MElR WaitEvent() 00 570 491 | 1756 1526 | 63.8
. o1 42.5 35.8 115.2 96.7 45.5
DFy ARIERT AR b TE<HEHUS UL IE—H»E 02 415 350 | 1075 956 | 428
BLTOBFROTRTHD. Fiatbiks s 5 L1725 05 |46 s |ner w2 | w

XERRETH B P, AUF - 28 RTOS Tld 160 17, A7
Va—7 TR 100 TOEERRE T TV — KT ART b
ZHWBZ L THIRT X 7~.

4.2 AOP IZ& 24—~y RO
4.2.1 RRRE

A4 - 38 RTOS DFHiiZ ik, 5 - 58 RTOS DR
F& 18] ICHWT X7z, 2 D0 SH2A-FPU 27 225 2
TIaA7 Tty SHT205 % ##k U 72 #-4fi R — K M3-
HS50 2 W3, 70w 2 FEBUL 200MHz THB. 2
N7 —2Z12IE CAN 2l 3. C 281 1213 C/C++
compiler package for SuperH RISC engine family 9.04.03
VS, BE{bA 7Y a itk e EEL, Rt
BU, YA RBEROD size, A — REED speed, i 1E
FeD size&espeed DEGHIZDWTHETT 5.

AT T a—FGHARIA ADFMIZIE, TNETART
Va—FDHARIA X11], [12) THWTE v (7D
a1 hB—7 H8S/2638F = #ifli U /-3 HliA— RZ2 W5,
710 7 I 20MHz TH2. C 2V /3A F12iE GCC
346 23, REAATVavIckEEEEEL,
TOPPERS/ATK1 @ makefile T L T\ 3 FadifbA 7
Yav 02 MmA, mEbEfFbERVEA (00), 01, 03
DLEITDOWTIHEYT .

4.2.2 CPU Z17HH

NARTA AUFHEEICED D Y AT AT —)ZDNT
CPU Ef7HMZHEL, V—A21— RZ2EEERITE
BURGARLHKTD I TAOP L&D A=Y RE
T4 D, T 3I3iH - HERTOS IZH1F D CPU FEAT
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W (BAT 5T ETORM%Z 100 BHE U 72 ¥ 4E)
%579 . Local IZWRAZ ALY H[E— /) — KE— CPU D
&, Inter-Node 13t/ — R _EdD CPU D¥%54, Inter-Core
I&H—/ — Rl CPU DA TH D, Inter-Node I& CAN
OBEEREZRNZMETHS. AOP L AOP THARY
A4 AU754, Rewrite I3V — A2 — R2EEBIEL 2
B CHIHDETHER D2 AOP 12L& B A —3y REH
T, Bl L ETOROKHIRE A —/3NY RPAKEIVDIE
ft Inter-Node @ SetEvent() T, 8%FE (0.46usec) DK
THd. BELETIRHIRE T =AY REREIVDIE
Inter-Node @ GetTaskState() T, 19%F2E (0.87usec) D
WRIZMZZZENTES.

KRAWZATIa—FNARYA RZBT S CPU EfTH
WEmRd. 2FDAO, AV I dD TOPPERS/ATKI
DEEBEGE Y a—Y ¥ T 056 0DETRMZ Fixed
IR, B b THhROGRICHRE A =Sy ROKEW
DIE RMCL A7 ¥ 2 —1) ¥ 27D ChainTask(), T 22%%&
JZ (64psec) FREM KT 5. 02 b z4T> &, 23%FEE
(40pusec) FREDMEMIZIMZA D Z LN TX 3.

DAEDREMA S, Bofift %17 2 2R TIE, AOP DA —
Ny RIGER EREZRVHIFAE B X 5.
4.2.3 *XTVUHEE

AOP IZL D ARV MHERED A —NANY RZF{iT 5.
£ 512, il - 9EK RTOS TO I — R4EIE, ROM LD
T— R, RAM EOT— RO AT ) HERERT.
BEAETDRVEGAIE, 3— NEEKT 20%Ff2E (6.8kB
TR, Blifbx175 & 7%~ 13%FEE (1.6kB~2.9kB FEEE)
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% 5 A% - HECRTOS O AE ) Rl

Optimizing Memory Consumption [Byte]
Option Code RAM ROM
AOP Rewrite AOP Rewrite | AOP  Rewrite
none 40432 33572 10988 10964 3839 3823
size 21060 18680 10988 10964 3819 3803
speed 25932 24244 10988 10964 3819 3803
size&speed 21570 19174 10988 10964 3819 3803

K6 ATTJa—IFHARTA XD AEY HE Rl

Scheduling | Optimizing Memory Consumption [Byte]
Option Code RAM ROM
AOP  Rewrite | AOP  Rewrite | AOP  Rewrite
EDF 00 22180 18424 | 868 868 1799 1797
o1 18208 14560 | 856 856 1799 1797
02 17056 13760 856 856 1799 1797
03 18692 15188 | 856 856 1799 1797
RMCL 00 24040 19816 | 891 891 1799 1796
o1 18832 15448 | 879 879 1795 1796
02 17352 14240 | 879 879 1795 1796
03 19568 17120 879 879 1795 1796
FIXED 00 17208 859 1793
o1 13804 847 1793
02 12684 847 1793
03 14456 847 1793

DEME 2. T—REBIZ DOV TIXEFEE THARIZ A,
F£6IZ, ATVaA—FHAZIAATOI— REE,
ROM kD7 —&4Hi%, RAM ED T — XKD A€V HE
BERT., Rl ETDRVRIIRED A=Y RDOKX
WODIE RMCL O 32— REEI% T 21 %L (4kB FEEE) 8409
5. kxR O L, I— REIT 22% % (3kB f2%) O
Wine s, F—REBIZOVWTIRFABETHS.

TNV r—2avEaEdiy AT AEDOAT ) HEE
ICHTBEMEIX 1%ATTHE. I— REBD AT )W
BHEOHKIIEHT I ETIERVD, ACC LB RIZ X
5D THEDORMMDHY, SHOFETHD.

5 &hHYIC

RTOS 7 7 3V —ODBKIZIE, BEFD RTOS DY — A
I— REBEFEBET DR HARTA XA]REZL AOP
WHHTHD. KX TIEC FSFERN—ADT ARY MEF
SBICB 2 EHILBOHIEE B, 7Y T LV—RT A
R NORBEERELUAZ. T UT, IIVF a7 AH0LE
HEES L O BULIEBEE 28I 272D T AT K, A
ra—y) v 77 IY A% EDF ® RMCL IZHAXY
A AT HT AR MZ#MAL, BEL b2 KRS HIT
TE3Z %LU

SHOPEE LT, AT HEREHIKY 2 FHEOMRG
NETFOLND.

BiEr AT L2 TOPPERS/ATKL OB ¥ #H
¥ ACC OBIFEHE IKH T 5. AWseid JSPS Bk 2
JP15K00084 DBhk%E 5 1326 DTH 5.

SE

[1] Kiczales, G., Lamping, J., Mendhekar, A., Maeda, C.,
Lopes, C., Loingtier, J.-M. and Irwin, J.: Aspect-
oriented programming, FCOOP’97 — Object-Oriented
Programming, Vol. 1241, pp. 220-242 (1997).

(© 2017 Information Processing Society of Japan

2]

3]

(4]

[5]

(6]

(7]
(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]
(17]

(18]

Vol.2017-ARC-225 No.32
Vol.2017-SLDM-179 No.32
Vol.2017-EMB-44 No.32
2017/3/10

Afonso, F., Silva, C., Montenegro, S. and Tavares, A.:
Applying Aspects to a Real-time Embedded Operat-
ing System, 6th Workshop on Aspects, Components,
and Patterns for Infrastructure Software, ACP4IS *07
(2007).

Park, J. and Hong, S.: Building a Customizable Em-
bedded Operating System with Fine-grained Joinpoints
Using the AOX Programming Environment, 2009 ACM
Symposium on Applied Computing, SAC ’09, pp. 1952—
1956 (2009).

Beuche, D., Frohlich, A. A., Meyer, R., Papajewski, H.,
Schon, F., Schroder-Preikschat, W., Spinczyk, O. and
Spinczyk, U.: On Architecture Transparency in Oper-
ating Systems, 9th Workshop on ACM SIGOPS Euro-
pean Workshop: Beyond the PC: New Challenges for
the Operating System, EW 9, pp. 147-152 (2000).
AUTOSAR: Specification of Multi-Core OS Architec-
ture V1.1.0 R4.0 Rev 2 (2010).

Lohmann, D., Spinczyk, O., Hofer, W. and Schroder-
Preikschat, W.: Transactions on Aspect-Oriented Soft-
ware Development IX, Berlin, Heidelberg, chapter The
Aspect-aware Design and Implementation of the CiAO
Operating-system Family, pp. 168-215 (2012).
OSEK/VDX: Operating System, Version 2.2.3 (2005).
Saito, N., Yoo, M. and Yokoyama, T.: A distributed
real-time operating system built with aspect-oriented
programming for distributed embedded control systems,
2014 20th IEEE International Conference on Parallel
and Distributed Systems, pp. 436-443 (2014).

Liu, C. L. and Layland, J. W.: Scheduling Algorithms for
Multiprogramming in a Hard-Real-Time Environment,
J. ACM, Vol. 20, No. 1, pp. 46-61 (1973).

INEEESE, 1547 : Linux A—2VHY TIVE A LAT
Ja—Y v rZEYVa-), BRUEZESHGEI Y a—
T4 VIV AT A (ACS), Vol. 2, No. 1, pp. 75-86 (2009).
Harada, Y., Abe, K., Yoo, M. and Yokoyama, T.:
Aspect-Oriented Customization of the Scheduling Algo-
rithms and the Resource Access Protocols of a Real-
Time Operating System Family, 2015 IEEE Interna-
tional Conference on Smart City, pp. 87-94 (2015).
A, B, RULE, ML 7 AR MEW
TRIIIVIIEBIVTINVEALOS ATV a—7D
AAZYA X, 1SRN F 25 CEE, Vol. 57, No. 8, pp.
1752-1764 (2016).

Gong, M. Zhang, C. and Jacobsen, H. A.: Systems
Development with AspeCt-oriented C (ACC), Connec-
tions 2007 (ECE Graduate Symposium, University of
Toronto) Talk 5.6 (2007).

AsceCt-oriented C: https://sites. google. com/ a/
gapp. msrg. utoronto. ca/ aspectc/.

Kiczales, G., Hilsdale, E., Hugunin, J., Kersten, M.,
Palm, J. and Griswold, W. G.: An Overview of As-
pectJ, 15th European Conference on Object-Oriented
Programming, ECOOP 01, pp. 327-353 (2001).
TOPPERS Project: http: //www. toppers. jp/.
Kang, K., Cohen, S., Hess, J., Novak, W. and Peterson,
A.: Feature-Oriented Domain Analysis (FODA) Feasibil-
ity Study, Technical Report CMU/SEI-90-TR-021, Soft-
ware Engineering Institute, Carnegie Mellon University
(1990).

Yokoyama, K., Saito, M., Yoo, M. and Yokoyama, T.:
A real-time operating system with location-transparent
inter-core and inter-node system calls for distributed em-
bedded control systems, TENCON 2015 - 2015 IEEE
Region 10 Conference, pp. 1-4 (2015).



