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֓ཁɿࠐΈγεςϜ༷ʑͳ༻్ʹ༻͞ΕΔͨΊɼඞཁͱͳΔϦΞϧλΠϜ OS(RTOS)ͷػΞϓ

ϦέʔγϣϯʹΑͬͯҟͳΔ͜ͱ͕ଟ͍ɽͦ͜ͰɼϦιʔε੍ͷ͋ΔࠐΈγεςϜͰɼΞϓϦέʔ

γϣϯʹԠͯ͡ඞཁ࠷খݶͷػΛඋ͑Δ RTOSΛఏ͢ڙΔ͜ͱ͕·ΕΔɽզʑ͜Ε·ͰʹΞεϖΫ

τࢦϓϩάϥϛϯά (AOP)Λ༻͍ͯ RTOSΛΧελϚΠζ͢Δख๏ΛఏҊ͠ɼࢄॲཧػͷՃ

εέδϡʔϦϯάΞϧΰϦζϜͷஔ͖͑Λ͍ߦɼRTOSͷϑΝϛϦʔԽΛ͖ͨͯͬߦɽ͔͠͠طଘͷ C

ΒΕݟΒΕΔͳͲվྑͷ༨͕ݟΛ༻͍͓ͯΓɼΞεϖΫτؒʹॏෳ͕ޠݴࢦϕʔεͷΞεϖΫτޠݴ

ͨɽͦ͜ͰຊจͰɼॏෳͷগͳ͍ϞδϡʔϧԽʹ༏Εͨهड़ΛՄͱ͢ΔςϯϓϨʔτΞεϖΫτΛ

ఏҊ͢Δɽ࣮ͦͯ͠ࡍʹ RTOSϑΝϛϦʔʹద༻͠ɼॏෳهड़ΛݮͰ͖Δ͜ͱΛࣔ͢ɽ·ͨ AOPʹΑ

ΔΦʔόϔου͕࣮༻্ͳ͍ఔʹ͑ΒΕΔ͜ͱࣔ͢ɽ

ΩʔϫʔυɿࠐΈγεςϜɼϦΞϧλΠϜ OSɼΞεϖΫτࢦϓϩάϥϛϯάɼࢄॲཧɼฒྻॲཧɼ
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1. ͡Ίʹ

ࠐΈγεςϜ༷ʑͳ༻్ʹ༻͞ΕΔͨΊɼඞཁͱ

ͳΔϦΞϧλΠϜ OS(RTOS)ͷػΞϓϦέʔγϣϯ

ʹΑͬͯҟͳΔ͜ͱ͕ଟ͍ɽ͔͠͠ɼϦιʔεফඅྔͷ੍

͕େ͖͍ࠐΈγεςϜʹ͓͍ͯɼͦΕΒશͯͷػ

Λඋ͑ͨ RTOSΛ͢ࡌΔࣄࠔͰ͋Δɽͦ͜ͰΞϓ

ϦέʔγϣϯͷཁٻʹԠͯ͡ඞཁ࠷খݶͷػΛඋ͑ͨ

RTOSΛఏ͢ڙΔ͜ͱ͕·ΕΔɽͦΕʹɼඞཁͳػ

ͷΈΛඋ͑ͨ RTOSΛબͰ͖Δ RTOSϑΝϛϦʔ͕༗

ޮͰ͋Δɽ·ͨɼͦΕʹͱͳ͍ɼRTOSϑΝϛϦʔԽΛ

ޮతʹ࣮͢ݱΔख๏͕ٻΊΒΕ͍ͯΔɽ

ԣஅతؔ৺ࣄΛͯ͠ϞδϡʔϧԽͰ͖ΔΞεϖΫτ

ϓϩάϥϛϯάࢦ (AOP)[1]Λ༻͍ͯɼRTOSΛΧελ

1 ౦ژࢢେֶ
Tokyo City University, Tokyo 158–8557, Japan

†1 ձཱࣾγεςϜζࣜגɼࡏݱ
Presently with Hitachi Systems, Ltd.

a) g1581519@tcu.ac.jp
b) myoo@tcu.ac.jp
c) tyoko@tcu.ac.jp

ϚΠζ͢Δ͕ڀݚͳ͞Ε͍ͯΔɽAfonsoΒɼRTOSͷಉ

ظ (ഉଞ੍ޚ)ϩΪϯάʹΞεϖΫτΛద༻͍ͯ͠Δ [2]ɽ

ParkΒɼϓϩάϥϛϯάޠݴඇґଘͳ AOPڥ AOX

Λ։ൃ͠ɼΧελϚΠζՄͳ RTOSͷద༻ΛఏҊ͠

͍ͯΔ [3]ɽBeucheΒɼAOPΛ༻͍ͯΞʔΩςΫνϟ

ඇґଘͳ RTOSΛ࣮͢ݱΔख๏ΛఏҊ͍ͯ͠Δ [4]ɽ·ͨ

LohmannΒɼRTOSϑΝϛϦʔͷ։ൃʹ࠷ॳ͔ΒΞε

ϖΫτΛҙࣝͨ͠ઃ͕ܭඞཁͱͯ͠ Aspect-Aware Design

Λఏএ͠ɼAUTOSAR OS[5] ͷػͷऔࣺબ͕Մͳ

RTOSϑΝϛϦʔΛ։ൃ͍ͯ͠Δ [6]ɽ

զʑɼOSEK OS[7]ΛରʹɼࢄॲཧػΛՃ͢ΔΞ

εϖΫτ [8]ɼݻఆ༏ઌεέδϡʔϦϯάΛEDF(Earliest

Deadline First)[9] εέδϡʔϦϯά·ͨ RMCL(Rate

Monotonic Critical Laxity)[10]εέδϡʔϦϯάʹஔ͖

͑ΔΞεϖΫτ [11], [12]Λఆٛ͠ΧελϚΠζΛͨͬߦɽ

͔͠͠ɼ࣮ʹ༻͍ͨ CޠݴϕʔεͷΞεϖΫτޠݴࢦ

ACC (AspeCt-oriented C)[13], [14]ͷ੍͔Βɼԣஅతؔ

৺ࣄͷϞδϡʔϧԽඞͣ͠ेͰͳ͘ɼΞεϖΫτؒ

ʹॏෳͨ͠هड़͕͋Γվྑͷ༨͕ݟΒΕͨɽ
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<<bind>>
T :: 

BEFORE_ADVICE()
AFTER_ADVICE()

<<aspect>>
Template_Aspect

T

<<aspect>>
Implementation_Aspect

ਤ 1 ςϯϓϨʔτΞεϖΫτͱ࣮ΞεϖΫτ

ͦ͜ͰຊจͰɼΑΓϞδϡʔϧԽʹ༏Εͨςϯϓ

ϨʔτΞεϖΫτͷهड़๏ΛఏҊ͢Δɽͦͯ͜͠Ε·Ͱ։

ΛՃػͼϚϧνίΞฒྻॲཧٴΞεϖΫτه্ͨ͠ൃ

͢ΔΞεϖΫτʹςϯϓϨʔτΞεϖΫτΛద༻͠ɼॏෳ

Ͱ͖Δ͜ͱΛࣔ͢ɽݮड़Λه

จͷߏҎԼͷͱ͓ΓͰ͋Δɽୈ 2 અͰςϯϓ

ϨʔτΞεϖΫτͷهड़๏ʹ͍ͭͯઆ໌͢Δɽୈ 3 અͰ

ɼςϯϓϨʔτΞεϖΫτهड़ʹΑΔฒྻɾࢄ RTOS

ͷ࣮ٴݱͼεέδϡʔϥͷΧελϚΠζʹ͍ͭͯड़Δɽ

ୈ 4અͰهड़ݮͷޮՌͱ AOPʹΑΔΦʔόϔουΛ

ධՁ͢Δɽޙ࠷ʹ 5અͰຊڀݚͷ݁Λड़Δɽ

2. ΞεϖΫτهड़๏ͷ֦ு

2.1 ΞεϖΫτޠݴࢦACCʹΑΔΞεϖΫτهड़

Cޠݴϕʔεͷ ACCɼδϣΠϯϙΠϯτϞσϧʹج

ͮ͘ΞεϖΫτޠݴࢦͰɼѻ͑ΔδϣΠϯϙΠϯτؔ

ͷݺͼग़͠ (call)ͱ࣮ߦ (execution)ɼมͷͷॻ

Έࠐ͖ (set)ͱͷಡΈग़͠ (get)Ͱ͋ΔɽΞεϖΫτ

ϙΠϯτΧοτ (pointcut)ͱΞυόΠε (advice)͔Βͳ

ΔɽϙΠϯτΧοτδϣΠϯϙΠϯτͷू߹Λࢦఆ͢Δ

ͷͰɼΞυόΠεϙΠϯτΧοτʹ߹க͢ΔδϣΠϯ

ϙΠϯτͰ࣮͢ߦΔॲཧΛهड़ͨ͠ͷͰ͋ΔɽACC

beforeɼafterɼaroundͷ̏ͭͷΞυόΠεΛαϙʔτͯ͠

͓ΓɼରδϣΠϯϙΠϯτͷલ͋ޙΔ͍ͦͷΘΓʹɼ

ΞυόΠείʔυΛ࣮͢ߦΔ͜ͱ͕Ͱ͖Δɽ

͔͠͠ ACC ʹΦϒδΣΫτޠݴࢦϕʔεͷ As-

pectJ[15]ʹ͓͚ΔΞεϖΫτͷܧঝநΞεϖΫτ

ͷػͳ͘ɼѻ͑ΔδϣΠϯϙΠϯτݶΒΕ͍ͯΔͨ

Ίɼॏෳͯ͠هड़ͤ͟ΔΛಘͳ͍߹͕͋Δɽ

2.2 ςϯϓϨʔτΞεϖΫτͷಋೖ

ຊจͰɼॏෳهड़ͷݮʹ༗ޮͳςϯϓϨʔτΞε

ϖΫτΛఏҊ͢Δɽͨͩ͠ɼ৽ͨʹΞεϖΫτޠݴࢦॲ

ཧܥΛ։ൃ͢Δ͜ͱෛ୲͕େ͖͍ͷͰɼϚΫϩʹΑΔς

ϯϓϨʔτΞεϖΫτهड़Λ࠾༻͢Δɽ͜ΕʹΑΓɼACC

ͷॲཧܥΛͦͷ··ར༻Ͱ͖Δɽ

ຊख๏ͰɼෳΞεϖΫτͷڞ௨෦ΛςϯϓϨʔτ

ΞεϖΫτʹهड़͠ɼͦΕΛϕʔεʹ֤ΞεϖΫτݻ༗ͷ

෦Λ࣮ΞεϖΫτʹهड़͢ΔɽςϯϓϨʔτΞεϖ

Ϋτͱ࣮ΞεϖΫτͷؔΛදͨ͠ UMLͷΫϥεਤΛ

#define \
  ( , …) \

() : ()       \
{                                 \
    BEFORE_ADVICE()               \
                           \

                       \
    AFTER_ADVICE()                \
}
#define BEFORE_ADVICE()
#define AFTER_ADVICE()

ਤ 2 ςϯϓϨʔτΞεϖΫτ

#include” .h”
#define BEFORE_ADVICE() _ _
#define AFTER_ADVICE()  _ _
#define ()

( , …)

ਤ 3 ࣮ΞεϖΫτ

ਤ 1 ʹࣔ͢ɽςϯϓϨʔτΞεϖΫτ Template Aspect

ʹύϥϝʔλͷ TΛ༩͑Δ͜ͱͰΞεϖΫτΛ࣮͢Δɽ

bindͷԼͷ T::෦ʹύϥϝʔλΛهड़͢Δɽ

ਤ 2ʹςϯϓϨʔτΞεϖΫτͷهड़ࣜܗΛࣔ͢ɽςϯ

ϓϨʔτΞεϖΫτϔομϑΝΠϧͱͯ͠ఆٛ͢ΔɽϚ

ΫϩؔͷςϯϓϨʔτΞεϖΫτ ड़͢ه௨ॲཧΛڞʹ()

ΔɽҾʹจྻࣈΛ༩͑ɼτʔΫϯԋࢠࢉ##Λ༻͍ͯɼΞ

εϖΫτίʔυதͷจྻࣈΛҾͷจྻࣈʹஔ͖͑Δɽ

ϝΠϯͷॲཧͷલޙʹॲཧΛ͢هΔͨΊͷۭͷϚΫϩؔ

 BEFORE ADVICE()ͱ AFTER ADVICE()ఆٛ͠

͍ͯΔɽਤ 3ʹ࣮ΞεϖΫτͷهड़ࣜܗΛࣔ͢ɽςϯϓ

ϨʔτΞεϖΫτͷϔομϑΝΠϧΛΠϯΫϧʔυ͠ɼς

ϯϓϨʔτΞεϖΫτͷҾͰύϥϝʔλͷΛఆٛ͢Δɽ

ϝΠϯͷॲཧͷલޙʹॲཧΛՃ͢Δ߹ɼϚΫϩؔ

BEFORE ADVICE()·ͨɼAFTER ADVICE()ʹهड़

͢Δɽ

ACCτϥϯεϨʔλͱ࣮ͯ͠͞Ε͓ͯΓɼ͡Ί

ʹϕʔεͱ͢ΔϓϩάϥϜͷ CιʔεϑΝΠϧͱΧελϚ

ΠζͷͨΊͷΞεϖΫτϑΝΠϧ͓Αͼ CιʔεϑΝΠϧ

ͷϚΫϩهड़Λ CίϯύΠϥͷϓϦϓϩηοαΛ༻͍ͯ

ల։͢Δɽ͜ͷ࣌ʹςϯϓϨʔτΞεϖΫτ ()͕ϚΫϩల

։͞ΕɼACCͷΞεϖΫτ͕ੜ͞ΕΔɽϚΫϩల։͞

ΕͨϑΝΠϧΛ ACCτϥϯεϨʔλʹೖྗ͠ɼ৫ΓࠐΈ

ΛޙͨͬߦɼCͷιʔεϑΝΠϧΛग़ྗ͢Δɽग़ྗ͞Εͨ

ϑΝΠϧΛ CίϯύΠϥʹΑΓίϯύΠϧ͢Δ͜ͱͰΦϒ

δΣΫτίʔυΛੜ͢Δɽ

3. RTOSϑΝϛϦʔͷ࣮ݱ

3.1 RTOSϑΝϛϦʔͷػ

ຊڀݚͰɼࣗಈं੍ޚͷඪ४Ͱ͋Δ OSEK OS

༷ [7] Φʔϓϯιʔεͷͮ͘جʹ RTOS Ͱ͋Δ TOP-

PERS/ATK1[16]Λରͱͯ͠ػΛ֦ு͢Δɽ

RTOSϑΝϛϦʔ͕ఏ͢ڙΔػϑΟʔνϟϞσϧ [17]

Ͱද͢ݱΔ͜ͱ͕Ͱ͖ɼͦͷҰ෦Λਤ 4ʹࣔ͢ɽਤͷഁઢ

͕ OSEK OS༷ͷϑΟʔνϟͰ͋Δɽ

εέδϡʔϦϯάΞϧΰϦζϜͷΧελϚΠζͰɼΦ

ϧλφςΟϒϑΟʔνϟͰද͞ݱΕ͍ͯΔݻఆ༏ઌεέ

δϡʔϦϯάɼEDFεέδϡʔϦϯάɼRMCLεέδϡʔ

Ϧϯάͷ͍ͣΕ͔ΛબՄͰɼͦΕʹԠͯ͡ϦιʔεΞ
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RTOS

EDF

. . .

. . .

OSEK OS

Alternative

RMCL
EDF RMCL

 

require

require
require

 

OSEK 

Optional

. . .

require
require

ਤ 4 RTOS ϑΝϛϦʔͷϑΟʔνϟϞσϧ

ਤ 5 ௨෦ςϯϓϨʔτΞεϖΫτͱ֤࣮ΞεϖΫτڞ

Ϋηεϓϩτίϧͷ OSEK༏ઌ্ݶϓϩτίϧɼEDF

ϦιʔεΞ͚ϦιʔεΞΫηεϓϩτίϧɼRMCL͚

ΫηεϓϩτίϧΛબ͢Δɽ

ฒྻࢄ RTOS࣮ݱͷͨΊͷΧελϚΠζͰɼλε

ΫཧͷΦϓγϣϯϑΟʔνϟͷίΞؒԕִλεΫཧɼ

ϊʔυؒԕִλεΫཧΛબՄͱ͢Δɽ·ͨɼΠϕϯ

τ੍ޚͷΦϓγϣϯϑΟʔνϟͷίΞؒԕִΠϕϯτ੍

ΛબՄͱ͢ΔɽޚɼϊʔυؒԕִΠϕϯτ੍ޚ

3.2 ฒྻɾࢄRTOS࣮ݱͷͨΊͷΞεϖΫτ

OSEK OS͕ఏ͢ڙΔγεςϜίʔϧͷ͏ͪɼλεΫ

ཧͷActivateTask()ɼChainTask()ɼGetTaskState()ͱɼΠ

ϕϯτ੍ޚͷ GetEvent()ɼSetEvent()ΛΧελϚΠζ͠

ͯɼฒྻɾࢄ RTOSΛ࣮͢ݱΔɽ ਤ 5ʹγεςϜίʔ

ϧͷڞ௨෦ςϯϓϨʔτΞεϖΫτͱɼ֤࣮ΞεϖΫτ

ͷؔΛࣔ͢ɽڞ௨෦ςϯϓϨʔτΞεϖΫτʹɼର

γεςϜίʔϧͯ͢ʹڞ௨͢ΔɼରλεΫͷҐஔఆ

ͱϩʔΧϧλεΫ͚ͷγεςϜίʔϧॲཧΛهड़͢Δɽ

ͦͯ͠ɼ͜ΕΛϕʔεʹͦΕͧΕͷγεςϜίʔϧͰඞཁ

ͳॲཧΛ࣮ΞεϖΫτʹهड़͢Δɽ۩ମతʹฒྻॲཧ

ࢄ༝ϝοηʔδૹ৴ΛɼܦΞεϖΫτͱͯ͠ϝϞϦ͚

ॲཧ͚ΞεϖΫτͱͯ͠ωοτϫʔΫܦ༝ϝοηʔδૹ

#define Template_PnDRTOSCom_Aspect(SYSTEMCALL, SYSNAME,                            \
                                        FORMAL, FUNCARG, ASPARG, CLCHECK, LOGVAL)  \
StatusType around(FORMAL):execution(StatusType SYSTEMCALL(FUNCARG))&&args(ASPARG)  \
{                                                                                  \
  BEFORE_ADVICE()                                                                  \
  ercd = E_OK;                                                                     \
  CHECK_CALLEVEL(CLCHECK);                                                         \
  AFTER_CHECK_CALLEVEL()                                                           \
  lock_cpu();                                                                      \
  if( NODE_ID(glbtskid) == MY_NODE_ID ) {                                          \
    LOCAL_SYSTEM_CALL()                                                            \
  } else {                                                                         \
    glbtskid_store = glbtskid;                                                     \
    BEFORE_SET_TSK_LOCATION()                                                      \
    tsk_location = check_target_location(glbtskid_store);                          \
  }                                                                                \
  AFTER_ADVICE()                                                                   \
exit:                                                                              \
  unlock_cpu();                                                                    \
  LOG_##SYSNAME##_LEAVE(LOGVAL);                                                   \
  return(ercd);                                                                    \
error_exit:                                                                        \
  lock_cpu();                                                                      \
d_error_exit:                                                                      \
  _errorhook_par1.tskid = TSKID(glbtskid);                                         \
  ERRHOOK2();                                                                      \
  call_errorhook(ercd, OSServiceId_ ## SYSTEMCALL );                               \
  unlock_cpu();                                                                    \
  goto exit;                                                                       \
}
#define BEFORE_ADVICE()
#define AFTER_ADVICE() 
#define LOCAL_SYSTEM_CALL()
#define BEFORE_SET_TSK_LOCATION()
#define ERRHOOK2()

ਤ 6 ड़ه௨෦ςϯϓϨʔτΞεϖΫτڞ

#include "Template_PnDRTOSCom_Aspect.h"
#include "_activateTask.h"
Template_PnDRTOSCom_Aspect(
/* システムコール名 */

ActivateTask,
/* システムコール名略称 */

ACTTSK,
/* アスペクト引数 */

GlbTaskType glbtskid,
/* args引数 */

GlbTaskType,
/* call引数 */

gtbtskid,
/* コールレベルチェック */

TCL_TASK|TCL_ISR2,
/* ログマクロ引数 */

ercd
)

ਤ 7 ࣮ΞεϖΫτهड़

#define LOCAL_SYSTEM_CALL()                                             \
if (tcb_tstat[TSKID(glbtskid)] == TS_DORMANT) {                         \

if ((make_active(TSKID(glbtskid))) && (callevel == TCL_TASK)) {   \
dispatch()i                                                \

}                                                                 \
}                                                                       \
else if (tcb_actcnt[TSKID(glbtskid)] < tinib_maxact[TSKID(glbtskid)]) { \

tcb_actcnt[TSKID(glbtskid)] += 1i                                 \
} else {                                                                \

ercd = E_OS_LIMITi                                                \
goto d_error_exiti                                                \

} 

ਤ 8 ActivateTask ϩʔΧϧγεςϜίʔϧॲཧ͚

৴Λ͏ߦॲཧΛهड़͢Δɽ

ਤ 6 ड़Λࣔه௨෦ͷςϯϓϨʔτΞεϖΫτڞʹ

͢ɽςϯϓϨʔτΞεϖΫτΛද͢ϚΫϩؔ Tem-

plate PnDRTOSCom Aspect ʹ༩͑Δύϥϝʔλɼγ

εςϜίʔϧ໊ͷ SYSTEMCALLɼϩάϚΫϩ໊ͷҰ෦

ʹ༻͍ΔγεςϜίʔϧུশͷ SYSNAMEɼaroundΞυ

όΠεͷҾʹ༩͑Δܕͱม໊ͷ FORMALɼexecution

ϙΠϯτΧοτͰγεςϜίʔϧʹ༩͑ΔҾͷ FUN-

CARGɼargsϙΠϯτΧοτʹ༩͑ΔҾͷ ASPARGSɼ

ίʔϧϨϕϧνΣοΫͷ݅ͷ CLCHECKɼϩάϚΫϩ

ʹ༩͑ΔҾͷ LOGVAL Ͱ͋ΔɽΞεϖΫτͷΞυό

Πε෦ʹɼγεςϜίʔϧڞ௨ͷॲཧΛهड़͢ΔɽϚ
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ද 1 εέδϡʔϦϯάΞϧΰϦζϜͱϦιʔεΞΫηεϓϩτί

ϧͷͨΊͷΞεϖΫτ
ΞεϖΫτ EDF RMCL

ϨσΟΩϡʔૢ࡞ x x

λεΫબߦ࣮ x x

ϓϦΤϯϓγϣϯ x x

εέδϡʔϦϯά εέδϡʔϥݺग़ x x

ཧؒ࣌ߦΓ࣮ - x

σουϥΠϯߋ৽ x

λεΫॳظԽॲཧ x x

Ϧιʔεཧ x x

༏ઌཧݶ্ x -

Ϧιʔε ࡧ༗Ϧιʔε୳ڞ - x

ཧػ ֫ಘϦιʔεཧ x

ϦιʔεॳظԽॲཧ x x

SCHEDULE

ਤ 9 εέδϡʔϥςϯϓϨʔτΞεϖΫτͱ֤࣮ΞεϖΫτ

Ϋϩؔ LOCAL SYSTEM CALL()ʹࣗλεΫ͚ͷ

γεςϜίʔϧॲཧɼAFTER CHECK CALLEVEL()ʹ

ίʔϧϨϕϧҎ֎ͷঢ়ଶνΣοΫΛͨ͏ߦΊͷॲཧɼ

BEFORE SET TSK LOCATION()ʹλεΫ IDΛҎ֎

ͷͷ֨ೲॲཧɼERRHOOK2()ʹՃͷΤϥʔϑοΫ

ॲཧΛهड़͢Δɽ

ਤ 7 ʹ ActivateTask ड़Λࣔهͷ࣮ΞεϖΫτ͚

͢ɽTemplate PnDRTOSCom AspectʹɼγεςϜίʔϧ

໊ (SYSNAME) ActivateTaskɼγεςϜίʔϧུশ (SYS-

NAME)ACTTSKɼaroundΞυόΠεͷҾʹ༩͑Δܕͱ

ม໊ (FORMAL) GlbTaskType glbtskidɼγεςϜίʔ

ϧͷҾͷܕ (FUNCARG)GlbTaskTypeɼargsϙΠϯτ

ΧοτͷҾ (ASPARG) glbtskidɼίʔϧϨϕϧνΣο

Ϋ (CKCHECK) TCL TASK | TCL ISR2ɼϩάϚΫϩҾ

 (LOGVAL) ercdΛҾͱͯ͠༩͑ΔɽϚΫϩؔ LO-

CAL SYSTEM CALL() ʹࣗλεΫ͚ͷλεΫىಈ

ॲཧΛهड़͢Δ͕ɼهड़ྔ͕ଟ͍ͨΊݟ͢͞Λྀ͠ߟ

ਤ 8 ʹࣔ͢ϔομϑΝΠϧ activateTask.h ड़͢Δɽهʹ

Template PnDRTOSCom Aspect ΛϚΫϩల։͢Δ͜ͱ

ͰɼΞεϖΫτίʔυΛੜ͢Δɽ

3.3 εέδϡʔϥΧελϚΠζͷͨΊͷΞεϖΫτ

OSEK OSͷ༷ͰఆΊΒΕ͍ͯΔݻఆ༏ઌεέδϡʔ

ϦϯάΞϧΰϦζϜΛɼEDFεέδϡʔϦϯάͱ RMCL

εέδϡʔϦϯάʹΧελϚΠζ͢ΔͨΊͷΞεϖΫτͷ

ҰཡΛද 1ʹࣔ͢ɽEDFεέδϡʔϦϯά͚ʹ ݸ10

ͷɼRMCLεέδϡʔϦϯά͚ʹ ͷΞεϖΫτݸ11 (͏

ͪ ௨)Λఆٛ͢ΔɽڞͷΞεϖΫτݸ2

EDFͱ RMCLͷΞεϖΫτʹɼεέδϡʔϥݺͼग़

͠γεςϜίʔϧ Schedule()ɼϦιʔεཧγεςϜίʔ

#define Template_Schedule_Aspect()                                             \
StatusType around() : execution(StatusType Schedule(void))                     \
{                                                                              \
  BEFORE_ADVICE()                                                              \
  StatusType  ercd = E_OK;                                                     \
  LOG_SCHED_ENTER();                                                           \
  CHECK_CALLEVEL(TCL_TASK);                                                    \
  CHECK_RESOURCE(tcb_lastres[runtsk] == RESID_NULL);                           \
  lock_cpu();                                                                  \
  SCHEDULE()                                                                   \
  AFTER_ADVICE()                                                               \
exit:                                                                          \
  unlock_cpu();                                                                \
  LOG_SCHED_LEAVE(ercd);                                                       \
  return(ercd);                                                                \
error_exit:                                                                    \
  lock_cpu();                                                                  \
  call_errorhook(ercd, OSServiceId_Schedule);                                  \
  goto exit;                                                                   \
}
#define BEFORE_ADVICE()
#define AFTER_ADVICE()
#define SCHEDULE()

ਤ 10 εέδϡʔϥςϯϓϨʔτΞεϖΫτهड़

#include "Template_Schedule_Aspect.h"
#include "_edf_schedule.h"                                                                
Template_Schedule_Aspect()

ਤ 11 εέδϡʔϥ࣮ΞεϖΫτهड़

#define SCHEDULE()                                                                  \
  TickType curval;                                                                  \
  TickType dl;                                                                      \
  if (nexttsk != TSKID_NULL ){                                                      \
    curval = cntcb_curval[tskcnt];                                                  \
    dl = tcb_deadline[nexttsk];                                                     \
    if((curval < dl && (curval < tcb_deadline[schedtsk] &&                          \

tcb_deadline[schedtsk] < dl )) ||                                              \
(curval > dl && (curval < tcb_deadline[schedtsk] ||                            \
tcb_deadline[schedtsk] < dl ))){                                               \

      preempt_edf();                                                                \
      dispatch();                                                                   \
    }                                                                               \
  }

ਤ 12 EDF εέδϡʔϥॲཧ͚

ද 2 ΞεϖΫτهड़ྔ
OS ςϯϓϨʔτΞεϖΫτهड़ ैདྷΞεϖΫτهड़

(ॏෳهड़ྔ)

ฒྻɾࢄ RTOS 272 257 (160)

εέδϡʔϥΧελϚΠζ 212 219 (100)

ϧ GetResource()ͱ ReleaseResource()ʹॏෳهड़͕͋Δ

͕ɼڞ௨ԽͰ͖ΔͷओʹҾͷΤϥʔνΣοΫͱΤϥʔ

ॲཧͰ͋Δɽਤ 9ʹεέδϡʔϥͷςϯϓϨʔτΞεϖ

Ϋτͱ֤࣮ΞεϖΫτͷؔΛࣔ͢ɽҾνΣοΫΤ

ϥʔॲཧΛςϯϓϨʔτΞεϖΫτͰڞ௨Խ͠ɼ֤εέ

δϡʔϦϯάͷॲཧΛ࣮ΞεϖΫτʹهड़͢Δɽ

ਤ 10 ʹ EDF ͱ RMCL ͷڞ௨ॲཧΛهड़͢Δςϯϓ

ϨʔτΞεϖΫτΛࣔ͢ɽςϯϓϨʔτΞεϖΫτΛද͢

ϚΫϩؔ Template Schedule Aspectʹ༩͑ΔҾͳ

͍ɽϚΫϩؔ SCHEDULE()ʹ֤εέδϡʔϥ͚ͷॲ

ཧΛهड़͢Δɽ ਤ 11ʹ EDF͚εέδϡʔϥͷ࣮Ξ

εϖΫτهड़Λࣔ͢ɽEDFεέδϡʔϥͷॲཧΛهड़͢

ΔϚΫϩؔ SCHEDULE()هड़ྔ͕ଟ͍ͨΊɼݟ͢

͞Λྀ͠ߟɼਤ 12ʹࣔ͢ϔομϑΝΠϧ edf schedule.h

ड़͢ΔɽϚΫϩؔهʹ Template Schedule AspectΛల

։͢Δ͜ͱͰΞεϖΫτίʔυΛੜ͢Δɽ

4. ධՁ

4.1 ΞεϖΫτهड़ྔͷධՁ

ιʔείʔυͷอकੑΛධՁ͢ΔͨΊʹɼςϯϓϨʔτ
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ද 3 ฒྻɾࢄ RTOS ͷ࣮ؒ࣌ߦධՁ
System Optimizing Execution Time[µsec]

Call Option Local Inter-Node Inter-Core

AOP Rewrite AOP Rewrite AOP Rewrite

Activate none 1.83 1.89 6.28 5.89 5.58 5.26

Task() size 1.47 1.47 4.97 4.79 3.93 3.76

speed 1.47 1.39 4.86 4.64 4.00 3.19

size&speed 1.47 1.47 5.43 4.63 4.29 3.55

Chain none 2.28 2.92 6.06 6.06 6.12 6.12

Task() size 2.01 2.16 6.39 6.41 6.45 6.45

speed 1.86 2.01 6.51 6.48 6.51 6.51

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

State() size 0.79 0.78 5.08 4.77 4.00 3.71

speed 0.70 0.69 4.67 4.38 3.46 3.14

size&speed 0.76 0.78 5.44 4.57 4.24 3.51

Set none 1.10 1.16 6.35 5.89 5.56 5.38

Event() size 0.78 0.83 5.14 4.91 4.00 3.81

speed 0.70 0.83 4.67 4.59 3.43 3.28

size&speed 0.78 0.77 5.31 4.80 4.11 3.65

Get none 0.86 1.01 6.31 5.88 5.62 5.33

Event() size 0.68 0.79 5.01 4.77 4.01 3.79

speed 0.84 0.85 4.66 4.54 3.81 3.29

size&speed 0.84 0.80 5.04 4.76 3.78 3.64

ΞεϖΫτΛ༻͍ͨΞεϖΫτهड़๏ͱैདྷͷΞεϖΫτ

ड़ྔهड़๏ʹ͍ͭͯɼه (ίʔυͷߦ)Λൺֱ͢Δɽ

ΞεϖΫτهड़ྔΛද 2ʹࣔ͢ɽैདྷΞεϖΫτهड़

ͷΧοίෳΞεϖΫτͰશ͘ಉ͘͡͠Ұ෦͕ॏ

ෳ͍ͯ͠Δهड़ͷߦͰ͋Δɽ྆هड़๏Λൺֱ͢Δͱߦ

ಉఔͰ͋Δ͕ɼฒྻɾࢄ RTOSͰ ɼεέߦ160

δϡʔϥͰ ड़ΛςϯϓϨʔτΞεϖΫτهͷॏෳߦ100

Λ༻͍Δ͜ͱͰݮͰ͖ͨɽ

4.2 AOPʹΑΔΦʔόϔουͷධՁ

4.2.1 ڥݧ࣮

ฒྻɾࢄ RTOSͷධՁʹɼฒྻɾࢄ RTOSͷ։

ൃ [18]ʹ༻͍͖ͯͨɼ2ͭͷ SH2A-FPUίΞΛͭ࣋σϡ

ΞϧίΞϓϩηοα SH7205 Λͨ͠ࡌධՁϘʔυ M3-

HS50Λ༻͍ΔɽΫϩοΫप 200MHzͰ͋Δɽωο

τϫʔΫʹ CANΛ༻͍ΔɽCίϯύΠϥʹ C/C++

compiler package for SuperH RISC engine family 9.04.03

Λ༻͍Δɽ࠷దԽΦϓγϣϯʹΑΔӨڹΛྀ͠ߟɼ࠷దԽ

ͳ͠ɼαΠζ༏ઌͷ sizeɼεϐʔυ༏ઌͷ speedɼ྆ऀ༏

ઌͷ size&speedͷ߹ʹ͍ͭͯධՁ͢Δɽ

εέδϡʔϥΧελϚΠζͷධՁʹɼ͜Ε·Ͱεέ

δϡʔϥͷΧελϚΠζ [11], [12]Ͱ༻͍͖ͯͨϚΠΫϩ

ίϯτϩʔϥ H8S/2638FΛͨ͠ࡌධՁϘʔυΛ༻͍Δɽ

ΫϩοΫप 20MHzͰ͋ΔɽCίϯύΠϥʹGCC

3.4.6 Λ༻͍Δɽ࠷దԽΦϓγϣϯʹΑΔӨڹΛྀ͠ߟɼ

TOPPERS/ATK1ͷ makefile Ͱࢦఆ͍ͯ͠Δ࠷దԽΦϓ

γϣϯ O2ʹՃ͑ɼ࠷దԽΛߦΘͳ͍߹ (O0)ɼO1ɼO3

ͷ߹ʹ͍ͭͯධՁ͢Δɽ

4.2.2 CPU࣮ؒ࣌ߦ

ΧελϚΠζͨ͠ػʹؔΘΔγεςϜίʔϧʹ͍ͭͯ

CPU࣮ؒ࣌ߦΛଌఆ͠ɼιʔείʔυΛॻ࣮ͯ͑

ͨ͠߹ͱൺֱ͢Δ͜ͱͰ AOPʹΑΔΦʔόϔουΛ

ධՁ͢Δɽද 3ʹฒྻɾࢄ RTOSʹ͓͚Δ CPU࣮ߦ

ද 4 εέδϡʔϥΧελϚΠζͷ࣮ؒ࣌ߦධՁ
System Call Optimizing Execution Time[µsec]

Option EDF RMCL Fixed

AOP Rewrite AOP Rewrite

ActivateTask() O0 140.7 117.8 263.6 220.8 75.4

O1 92.6 81.3 172.9 139.1 51.0

O2 84.0 67.5 163.4 137.4 53.9

O3 77.6 62.7 154.1 108.3 44.3

ChainTask() O0 161.4 129.2 361.3 296.7 93.1

O1 110.0 88.9 237.6 185.5 64.4

O2 99.6 85.1 218.5 177.7 62.8

O3 93.5 68.2 217.2 151.4 53.9

TerminateTask() O0 190.7 166.1 418.7 361.1 118.6

O1 124.0 104.0 265.2 218.7 66.4

O2 117.7 98.5 246.3 209.2 62.2

O3 116.7 87.9 251.5 207.8 57.6

Schedule() O0 106.5 90.6 201.5 170.9 27.3

O1 72.2 57.5 133.3 109.1 13.0

O2 68.3 55.5 125.2 104.0 15.3

O3 68.3 49.2 124.6 97.9 12.4

GetResource() O0 54.6 43.3 58.0 46.0 37.3

O1 32.5 22.5 35.4 25.8 20.2

O2 32.5 22.0 36.6 26.1 20.7

O3 32.2 22.3 36.6 27.8 21.7

ReleaseResource() O0 67.1 56.2 224.6 188.4 39.3

O1 41.6 34.3 151.0 120.2 21.9

O2 41.6 31.2 143.0 116.9 21.2

O3 42.0 31.2 145.1 111.3 23.0

WaitEvent() O0 57.0 49.1 175.6 152.6 63.8

O1 42.5 35.8 115.2 96.7 45.5

O2 41.5 35.0 107.5 95.6 42.8

O3 40.6 30.8 119.7 92.2 38.6

ؒ࣌ Λؒ࣌Βऴྃ·Ͱͷ͔ߦൃ) 100ճଌఆͨ͠ฏۉ)

Λࣔ͢ɽLocalରλεΫ͕ಉҰϊʔυಉҰ CPUͷ

߹ɼInter-Nodeଞϊʔυ্ͷ CPUͷ߹ɼInter-Core

ಉҰϊʔυଞ CPUͷ߹Ͱ͋ΔɽInter-Node CAN

ͷ௨৴ؒ࣌Λআ͍ͨͰ͋ΔɽAOP AOPͰΧελϚ

Πζͨ͠߹ɼRewriteιʔείʔυΛमਖ਼ͨ͠

߹Ͱ྆ऀͷ࣮ؒ࣌ߦͷ͕ࠩ AOPʹΑΔΦʔόϔουΛද

͢ɽ࠷దԽΛߦΘͳ͍࠷ʹ࣌Φʔόϔου͕େ͖͍ͷ

ଞ Inter-Nodeͷ SetEvent()Ͱɼ8%ఔ (0.46µsec)ͷ૿େ

Ͱ͋Δɽ࠷దԽΛ࠷ʹ࣌͏ߦΦʔόϔου͕େ͖͍ͷ

Inter-Nodeͷ GetTaskState()Ͱɼ19%ఔ (0.87µsec)ͷ

૿େʹ͑Δ͜ͱ͕Ͱ͖Δɽ

ද 4ʹεέδϡʔϥΧελϚΠζʹ͓͚Δ CPU࣮࣌ߦ

ؒΛࣔ͢ɽߟࢀͷͨΊɼΦϦδφϧͷ TOPPERS/ATK1

ͷݻఆ༏ઌεέδϡʔϦϯάͷ߹ͷ࣮ؒ࣌ߦΛ Fixed

ʹࣔ͢ɽ࠷దԽΛߦΘͳ͍࠷ʹ࣌Φʔόϔουͷେ͖͍

ͷ RMCLεέδϡʔϦϯάͷ ChainTask()ɼͰ 22%ఔ

 (64µsec)ఔ૿େ͢ΔɽO2࠷దԽΛ͏ߦͱɼ23%ఔ

(40µsec)ఔͷ૿Ճʹ͑Δ͜ͱ͕Ͱ͖Δɽ

Ҏ্ͷධՁ͔Βɼ࠷దԽΛ͑ߦΔঢ়گͰɼAOPͷΦʔ

όϔου࣮༻্ͳ͍ൣғͱ͑ߟΔɽ

4.2.3 ϝϞϦফඅྔ

AOP ʹΑΔϝϞϦফඅྔͷΦʔόϔουΛධՁ͢Δɽ

ද 5ʹɼฒྻɾࢄ RTOSͰͷίʔυྖҬɼROM্ͷ

σʔλྖҬɼRAM্ͷσʔλྖҬͷϝϞϦফඅྔΛࣔ͢ɽ

Θͳ͍߹ɼίʔυྖҬͰߦదԽΛ࠷ 20%ఔ (6.8kB

ఔ)ɼ࠷దԽΛ͏ߦͱ 7%ʙ13%ఔ (1.6kBʙ2.9kBఔ)
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ද 5 ฒྻɾࢄ RTOS ͷϝϞϦফඅྔධՁ
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

ද 6 εέδϡʔϥΧελϚΠζͷϝϞϦফඅྔධՁ
Scheduling Optimizing Memory Consumption [Byte]

Option Code RAM ROM

AOP Rewrite AOP Rewrite AOP Rewrite

EDF O0 22180 18424 868 868 1799 1797

O1 18208 14560 856 856 1799 1797

O2 17056 13760 856 856 1799 1797

O3 18692 15188 856 856 1799 1797

RMCL O0 24040 19816 891 891 1799 1796

O1 18832 15448 879 879 1795 1796

O2 17352 14240 879 879 1795 1796

O3 19568 17120 879 879 1795 1796

FIXED O0 17208 859 1793

O1 13804 847 1793

O2 12684 847 1793

O3 14456 847 1793

ͷ૿ՃͱͳΔɽσʔλྖҬʹ͍ͭͯಉఔͰ૿େͳ͍ɽ

ද 6 ʹɼεέδϡʔϥΧελϚΠζͰͷίʔυྖҬɼ

ROM্ͷσʔλྖҬɼRAM্ͷσʔλྖҬͷϝϞϦফඅ

ྔΛࣔ͢ɽ࠷దԽΛߦΘͳ͍࠷ʹ࣌Φʔόϔουͷେ͖

͍ͷ RMCLͷίʔυྖҬͰ 21%ఔ (4kBఔ)૿Ճ͢

Δɽ࠷దԽΛ͏ߦͱɼίʔυྔ 22%ఔ (3kBఔ)ͷ

૿ՃͱͳΔɽσʔλྖҬʹ͍ͭͯಉఔͰ͋Δɽ

ΞϓϦέʔγϣϯΛؚΊͨγεςϜશମͷϝϞϦফඅྔ

ʹର͢Δ૿Ճྔ 1%ҎԼͰ͋ΔɽίʔυྖҬͷϝϞϦফ

අྔͷ૿େແࢹͰ͖ΔྔͰͳ͍͕ɼACCॲཧܥʹΑ

ΔͷͰվળͷ༨͕͋Γɼޙࠓͷ՝Ͱ͋Δɽ

5. ͓ΘΓʹ

RTOSϑΝϛϦʔͷ։ൃʹɼطଘͷ RTOSͷιʔε

ίʔυΛमਖ਼͢Δ͜ͱͳ͘ΧελϚΠζՄͳ AOP

͕༗ޮͰ͋ΔɽຊจͰ CޠݴϕʔεͷΞεϖΫτࢦ

ΛతʹɼςϯϓϨʔτΞεݮड़ͷهΔॏෳ͚͓ʹޠݴ

ϖΫτͷهड़๏ΛఏҊͨ͠ɽͦͯ͠ɼϚϧνίΞฒྻॲཧ

ΛՃ͢ΔͨΊͷΞεϖΫτɼεػॲཧࢄ͓Αͼػ
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