
Code Gear ͱ Data Gear Λͭ࣋
Gears OS ͷઃܭ

ٶ (a,رޫ Տ ਅ1࣏,b)

֓ཁɿݱͷ OS Ͱ֦ுੑͱ৴པੑΛཱ྆ͤ͞Δ͜ͱ͕ཁ͞ٻΕ͍ͯΔɻ৴པੑΛϊʔϚ

ϧϨϕϧͷࢉܭʹରͯ͠อূ͠ɺ֦ுੑΛϝλϨϕϧͷࢉܭͰ࣮͢ݱΔ͜ͱΛඪʹ Gears

OS ΛઃܭதͰ͋ΔɻGears OS  Continuation based C(CbC) ʹΑͬͯΞϓϦέʔγϣϯ

ͱ OS ͦͷͷΛهड़͢ΔɻOS ͷԼͰϓϩάϥϜͷهड़௨ৗͷॲཧͷଞʹɺϝϞϦ

ཧɺεϨουͷͪ߹ΘͤωοτϫʔΫͷཧɺΤϥʔϋϯυϦϯάͷهड़͠ͳ͚Ε

ͳΒͳ͍ॲཧ͕ଘ͢ࡏΔɻ͜ΕΒͷࢉܭΛϝλࢉܭͱݺͿɻϝλࢉܭΛ௨ৗͷ͔ࢉܭΒ

Γͯ͠هड़͢ΔͨΊʹɺCode GearɺData Gear ͱ͍͏୯ҐΛఏҊ͍ͯ͠ΔɻCbC ͜

ͷ Code Gear ͱ Data Gear ͷ୯ҐͰϓϩάϥϜΛهड़͢ΔɻCode GearɺData Gear ʹ

ͦΕͧΕϝλϨϕϧͷ୯ҐͰ͋Δ Meta Code GearɺMeta Data Gear ͕ଘ͢ࡏΔɻCode

Gear ؒͷଓ࣍ͷ Code Gear ͷ൪߸ͱ thread structure ʹ૬͢Δ Context ʹΑͬͯ

ϓϩάܕଓΛ༻͍ͨؔܧΔ͜ͱͳ͘ɺݟΛߏΘΕΔɻϢʔβʔϨϕϧͰϝλߦ

ϥϛϯάʹ͑ݟΔɻϝλϨϕϧ͔Βͨݟ Data Gear ΛϢʔβʔϨϕϧͷ Code Gear ʹଓ

͢Δʹ stub ͱ͍͏ Meta Code Gear Λ༻͍Δɻstub ͱ Meta ϢʔβʔϨϕϧ Code

Gear ͱ Data Gear ͔ΒεΫϦϓτʹΑΓ࡞͞ΕΔɻมʹඞཁͳใϓϩάϥϜΛߏ

͢Δ Code Gear ͱ Data Gear ͷू·Γ͔ΒಘΔɻ͜ͷू·ΓΛ Interface ͱͯ͠ఆٛ͠

͍ͯΔɻຊจͰɺInterfaceΛ༻͍ͨϓϩάϥϛϯάͱɺϝλࢉܭͷ࣮ྫΛࣔ͢ɻ

ΩʔϫʔυɿOS, ϓϩάϥϛϯάޠݴ, ίϯύΠϥ, CbC, Gears OS

1. OS ͷ֦ுੑͱ৴པੑͷཱ྆

͞·͟·ͳίϯϐϡʔλͷ৴པੑͷجຊϝϞ

ϦͳͲͷݯࢿཧΛ͏ߦ OS Ͱ͋ΔɻOS ͷ৴པ

ੑΛอূ͢Δࣗࣄମ͕͍͕͠ɺ࣌ͱͱʹਐ

า͢ΔɻϋʔυΣΞɺαʔϏεʹରԠͯ͠ OS

ࣗମ͕֦ு͞ΕΔඞཁ͕͋ΔɻOS ඇܾఆతͳ

ɺͦͷ৴པੑΛอূ͢Δʹɺैདྷͷͪ࣋Λߦ࣮

ςετͱσόοάͰෆेͰ͋Γɺςετ͖͠

1 ใॲཧֶձ
a) mir3636@cr.ie.u-ryukyu.ac.jp
b) kono@ie.u-ryukyu.ac.jp

Εͳ͍෦͕ͯͬ͠·͏ɻ͜Εʹରॲ͢ΔͨΊ

ʹɺূ໌Λ༻͍Δํ๏ͱϓϩάϥϜͷՄͳ࣮

Λ༻͍Δํ๏͕ࠪݕΛ্ͯ͑͛͢ΔϞσϧߦ

͋ΔɻϞσϧࠪݕແݶͷঢ়ଶͰͳͯ͘ڊେ

ͳঢ়ଶΛௐΔ͜ͱʹͳΓɺঢ়ଶΛ༗͠ݶ੍ʹݶ

ͨΓঢ়ଶΛநԽͨ͠Γ͢Δํ๏͕༻͍ΒΕ͍ͯ

Δਤ 1ɻ

ূ໌ϞσϧࠪݕΛ༻͍ͯ OS Λ͢ূݕΔํ๏

͞·͟·ͳͷ͕ݕ౼͞Ε͍ͯΔɻূݕҰ

Ͱ͢ΉͷͰͳ͘ɺΞϓϦέʔγϣϯαʔϏ

εɺσόΠε͕৽͘͠ͳΔ͜ͱʹূݕΛΓ͢
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Application

OS

Verification
by Proofs

Verification
by Model
Checking

ਤ 1: ূ໌ͱϞσϧࠪݕʹΑΔ OS ͷূݕ

ඞཁ͕͋Δɻͭ·Γ৴པੑͱ֦ுੑΛཱ྆ͤ͞Δ

͜ͱ͕ॏཁͰ͋Δɻ

ίϯϐϡʔλͷࢉܭϓϩάϥϛϯάޠݴͰه

ड़͞ΕΔ͕ɺͦͷޠݴͷ࣮ߦૢ࡞తҙຯͷఆ

ٛͳͲͰنఆ͞ΕΔɻϓϩάϥϛϯάޠݴͰهड़

͞ΕΔ෦ΛϊʔϚϧϨϕϧͷࢉܭͱݺͿɻίʔ

υ͕࣮͞ߦΕΔ࣌ʹɺॲཧܥͷৄࡉ༻͢Δ

ҎޠݴͳͲͷܕ༷ɺ͋Δ͍ɺίʔυͷݯࢿ

֎ͷ෦͕ଐ͢Δɻ͜ΕΛϝλϨϕϧͷࢉܭͱ

͍͏ɻ͜ͷೋͭͷϨϕϧΛಉ͡ޠݴͰهड़Ͱ͖Δ

Α͏ʹͯ͠ɺϊʔϚϧϨϕϧͷࢉܭͷ৴པੑΛϝ

λϨϕϧ͔ΒอূͰ͖ΔΑ͏ʹ͍ͨ͠ɻϊʔϚϧ

ϨϕϧͰͷਖ਼ੑΛอূͭͭ͠ɺ৽͚͘͠Ճ͑

ΒΕͨσόΠεϓϩάϥϜΛؚΉਖ਼ੑΛূݕ

͍ͨ͠ɻ

ຊจͰɺϊʔϚϧϨϕϧͱϝλϨϕϧΛڞ

௨ͯ͠දݱͰ͖Δޠݴͱͯ͠ Continuation based

C(ҎԼCbC)[6]Λ༻͍ΔɻCbCؔݺग़࣌ͷ҉

ͷڥ (Environment) ΛΘͣʹɺίʔυͷ୯

ҐΛ͖ߦདྷͰ͖ΔҾ͖ gotoจ (parametarized

goto)Λͭ࣋ C ͱੑޓͷ͋ΔޠݴͰ͋Δɻ͜Ε

Λ༻͍ͯɺCode Gear ͱ Data Gearɺ͞Βʹͦͷ

ϝλߏΛಋೖ͢Δɻ͜ΕΒΛ༻͍ͯɺ͞ূݕΕ

ͨ Gears OS Λߏங͍ͨ͠ɻਤ 2ɻ

ຊจͰɺGears OSͷཁૉͰ͋Δ Code Gearɺ

Data Gearɺͦ ͯ͠ɺMeta Code GearɺMeta Data

Gear ͷߏΛࣔ͢ɻ͜ΕΒɺCbC ʹม͞Ε

ΕΔɻGears͞ߦ࣮ͯ OS ɺTask Scheduler Λ

CPU  GPU ຖʹͪ࣋ɺҰͭͷ Task ʹରԠ͢Δ

Context ͱ͍͏ Meta Data Gear Λ༻͠ͳ͕Β

Δɻ͢ߦΛ࣮ࢉܭ

Meta Gear ΛೖΕ͔͑Δ͜ͱʹΑΓɺϊʔϚϧ

Ϩϕϧͷ Gear ΛϞσϧࠪ͢ݕΔ͜ͱ͕Ͱ͖ΔΑ

Code Gear

Data Gear

Data Gear

Code Gear

Code Gear

Data Gear

Data Gear

Code GearMeta Gear

Meta Gear

Meta Gear

Meta Gear

ਤ 2: Gears ͷϝλࢉܭ

͏ʹ͍ͨ͠ɻϊʔϚϧϨϕϧͰͷ Code Gear ͱ

Data Gear ܧଓΛجຊͱͨؔ͠ܕϓϩάϥϛ

ϯάతͳهड़ʹରԠ͢Δɻ͜ͷهड़Λఆཧূ໌ࢧ

ԉܥͰ͋Δ Agda Λ༻͍ͯʹূ໌Ͱ͖ΔΑ͏

ʹ͍ͨ͠ɻ

ैདྷͷڀݚͰϝλࢉܭΛ༻͍Δ߹ɺؔܕ

Ͱޠݴ MonadΛ༻͍Δ [4]ɻ͜Ε HakellͰ

ΘΕ͍ͯΔɻจͱͯ͠ߏड़͢ΔهΛڥͷ࣌ߦ࣮

OS ͷڀݚͰɺϝλࢉܭͷهड़ʹ͖ͭܕΞηϯ

ϒϥ (Typed Assembler)Λ༻͍Δ͜ͱ͕͋Δ [7]ɻ

Python  Haskell ʹΑΔهड़ΛϊʔϚϧϨϕϧ

ͱͯ͠࠾༻ͨ͠ OS ͷূݕͷڀݚ͋Δ [1], [2]ɻ

SMIT ͳͲͷϞσϧࠪݕΛ OS ͷূݕʹ༻͍ͨྫ

͋Δ [5]ɻ

ຊڀݚͰ༻͍ΔMeta Gear੍͞ݶΕͨMonad

ʹ૬͠ɺ͖ͭܕΞηϯϒϥΑΓେ͖ͳදݱ୯

ҐΛఏ͢ڙΔɻHaskell ͳͲͷؔܕϓϩάϥϛϯ

άޠݴͰ࣮͕ڥߦෳࡶͰ͋Γɺ࣮࣌ߦͷݯࢿ

Λ໌֬ʹ͢Δ͜ͱ͕Ͱ͖ͳ͍ɻCbC༺ ελο

Ϋ্ʹӅ͞ΕͨڥΛͨ࣋ͳ͍ͷͰɺϝλϨϕϧ

Ͱ༻͢ΔݯࢿΛ໌֬ʹͰ͖Δͱ͍͏ར͕͋Δɻ

ͨͩ͠ɺGear ͷϓϩάϥϛϯάελΠϧɺैདྷ

ͷؔݺग़Λத৺ͱͨ͠ͷͱ͔ͳΓҟͳΔɻ

ຊڀݚͰɺGears ͷهड़ΛϞδϡʔϧ͔͢Δͨ

ΊʹΠϯλʔϑΣʔεΛಋೖͨ͠ɻ͜ΕʹΑΓɺ

௨͠ͷྑ͍ϓϩάϥϛϯά͕Մʹͳͬͨɻݟ

2. ϝλࢉܭͷॏཁੑ

ϓϩάϥϜΛهड़͢ΔࡍɺϊʔϚϧϨϕϧͷॲ

ཧͷଞʹɺϝϞϦཧɺεϨουཧɺCPU 
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GPU ͷݯࢿཧɺهड़͠ͳ͚ΕͳΒͳ͍ॲཧ

͕ଘ͢ࡏΔɻ͜ΕΒͷࢉܭΛϝλࢉܭͱݺͿɻ

ैདྷͷ OS ͰɺϝλࢉܭγεςϜίʔϧ

ϥΠϒϥϦʔίʔϧͷ୯ҐͰߦΘΕΔɻ࣮࣌ߦʹ

ϝλࢉܭͷมߋΛ͏ߦ߹ʹɺOS ෦ͷύϥ

ϝʔλͷมߋΛ༻͠ɺ࣮͞ߦΕΔϢʔβʔϓϩ

άϥϜࣗମͷมߋݶఆతͰ͋Δɻ͔͠͠ɺϝ

λࢉܭੑଌఆ͋Δ͍ϓϩάϥϜূݕɺ͞Β

ʹฒྻࢉܭࢄͷνϡʔχϯάͳͲ͍͔ࡉॲཧ͕

ඞཁͰ࣮ࡍͷγεςϜίʔϧ୯ҐͰෆेͰ͋

Δɻྫ͑ɺϞσϧࠪݕͰΞηϯϒϥ͋Δ͍

όΠτίʔυɺΠϯλϓϦλϨϕϧͰͷϝλࢉܭ

͕ඞཁʹͳΔɻ͔͠͠ɺόΠτίʔυϨϕϧͰ

ཻ͕͔ͯ͗͢ࡉѻ͍͕ࠔʹͳ͍ͬͯΔɻ۩ମ

తʹϝλࢉܭͷ࣮͕ؒ࣌ߦେ͖͘ͳͬͯ͠·͏ɻ

ϝλࢉܭΛ௨ৗͷ͔ࢉܭΒΓͯ͠هड़͢Δ

ͨΊʹॲཧΛ͔͘ࡉׂ͢Δඞཁ͕͋Δɻ͔͠

͠ɺؔΫϥεͳͲͷ୯Ґ༰қʹׂͰ͖ͳ

͍ɻͦ͜ͰࣨڀݚͰϝλࢉܭΛॊೈʹهड़͢

ΔͨΊͷϓϩάϥϛϯάޠݴͷ୯Ґͱͯ͠ Code

GearɺData Gear ͱ͍͏୯ҐΛఏҊ͍ͯ͠Δɻ͜

ΕʹΑΓγεςϜίʔυΑΓ͔͘ࡉόΠτίʔ

υΑΓେ͖ͳϝλࢉܭͷ୯ҐΛఏڙͰ͖Δɻ

Code Gear ॲཧͷ୯ҐͰ͋Δɻؔʹൺͯ

ʹΛΑΓॊೈࢉܭׂ͞Ε͍ͯΔͷͰϝλ͔͘ࡉ

ड़Ͱ͖ΔɻCodeه GearɺData GearʹͦΕͧΕ

ϝλϨϕϧͷ୯ҐͰ͋Δ Meta Code GearɺMeta

Data Gear ͕ଘ͠ࡏɺ͜ΕΒΛ༻͍ͯϝλࢉܭΛ

Δɻ͢ݱ࣮

Continuation based C (CbC)[6] ͜ͷ Code

Gear ୯ҐΛ༻͍ͨϓϩάϥϛϯάޠݴͱͯ͠։ൃ

͍ͯ͠Δɻ

CbC ܰྔܧଓʹΑΔભҠΛ͏ߦͷͰɺܧଓલ

ͷ Code Gear ʹΔ͜ͱͳ͘ɺঢ়ଶભҠϕʔε

ͷϓϩάϥϛϯάʹద͍ͯ͠Δɻ

·ͨɺࣨڀݚͰ։ൃ͍ͯ͠Δ Gears OS[8] 

Code Gearɺ Data Gear ͷ୯ҐΛ༻͍ͯ։ൃ͞Ε

͓ͯΓɺCbC Ͱهड़͞Ε͍ͯΔɻCbC Ͱͷهड़

ϝλࢉܭΛؚ·ͳ͍ϊʔϚϧϨϕϧͰͷهड़ͱɺ

Code GearɺData Gear ͷهड़ΛؚΉϝλϨϕϧ

ͷهड़ͷ 2छྨ͕͋ΔɻϝλϨϕϧͰ͞Βʹɺ

ϝλࢉܭΛ༻͍Δ͜ͱ͕Մʹͳ͍ͬͯΔɻ͜ͷ

2ͭͷϨϕϧϓϩάϥϛϯάޠݴϨϕϧͰͷม

ΕΔɻCbC͞ݱͱ࣮ͯ͠  LLVM[3] ্Ͱ࣮

͞Ε͓ͯΓɺϝλϨϕϧͰͷมܥຊจͰɺ

Perl ʹΑΔมεΫϦϓτʹΑΓ࣮͞Ε͍ͯΔɻ

Code Gear ͱ Data Gear  Interface ͱݺΕ

Δ·ͱ·Γͱͯ͠هड़͞ΕΔɻInterface ༻͞

ΕΔ Data Gear ͷఆٛͱɺͦΕʹର͢Δૢ࡞Λߦ

͏ Code Gear ͷू߹Ͱ͋ΔɻInterface ෳͷ

࣮Λͭ࣋͜ͱ͕Ͱ͖ɺMeta Data Gear ʹΑͬ

ͯఆٛ͞ΕΔɻInterface ͷૢ࡞ʹରԠ͢Δ Code

Gear ͷҾ Interface ʹఆٛ͞Ε͍ͯΔ Data

Gear Λ௨ͯ͠ߦΘΕΔɻ

ैདྷͷؔݺͼग़͠ͰҾΛελοΫ্ʹ

͠ɺؔͷ࣮ΞυϨεΛߏ Call ͢ΔɻGears

OS ͰҾ Context ্ʹ༻ҙ͞Εͨ Inter-

face ͷ Data Gear ʹ֨ೲ͞Εɺૢ࡞ʹରԠ͢Δ

Code Gear ʹ goto ͢ΔɻContext ͱ༻͞Ε

Δ Code Gear ͱ Data Gear Λશͯ֨ೲ͍ͯ͠Δ

Meta Data Gear Ͱ͋Δɻ͜ΕैདྷͷεϨου

ମʹରԠ͢Δɻͭ·Γߏ Gears OS Ͱैདྷ

ίϯύΠϥ͕ఆٛ͢Δ ABI(Application Binary

Interface) Λ Meta Data Gear ͱͯ͠ CbC Ͱදݱ

͠ɺϝλࢉܭͱͯ͠ૢ͢࡞Δ͜ͱ͕Ͱ͖Δɻ

ϊʔϚϧϨϕϧͰ Context ΛݟΔ͜ͱ

Ͱ͖ͣɺҾ Code Gear ͷҾΛ໌ࣔ͢Δඞཁ

͕͋Δɻ͜ͷݺʹ࣌ͼग़͠ଆͷҾΛෆఆҾ

ͱͯ͠Ճ͢ΔߏจΛ CbCʹՃͨ͠ɻ͜ΕʹΑ

Γ Interface ؒͷݺͼग़͠Λ؆ܿʹهड़͢Δ͜ͱ͕

ग़དྷΔΑ͏ʹͳͬͨɻϝλϨϕϧͰ Code Gear

ͷҾ୯Ұ·ͨෳͷ Data Gear ͱͯ͠ݟΔ

͜ͱ͕Ͱ͖Δɻ͜Ε Context Λૢ͢࡞Δ͜

ͱ͕Ͱ͖Δ͜ͱΛҙຯ͢Δɻ͜ͷ෦ϊʔϚϧ

Ϩϕϧͷ Code Gear Λݺͼग़͢ stub ͱͯ͠ੜ

͞ΕΔɻϊʔϚϧϨϕϧͰͷ goto จϝλࢉܭ

ͷ goto Ͱஔ͖͑ΒΕΔɻGears OS Ͱͷϝλ

ࢉܭ stub ͱ goto ͷϝλࢉܭͷ 2ՕॴͰ࣮͞ݱ

ΕΔɻ

ϝλࢉܭͷྫͱͯ͠ฒྻॲཧ͕͋ΓɺContext

ΛΓସ͑Δ͜ͱʹΑͬͯෳͷεϨουΛ࣮ݱ

͍ͯ͠ΔɻContext Λෳͷ CPU ʹׂΓͯΔ
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͜ͱʹΑΓฒྻ࣮ߦΛՄʹ͍ͯ͠Δɻ

3. Continuation based C (CbC)

CbC  Code Gear ͱ͍͏ॲཧͷ୯ҐΛ༻͍ͯ

Ͱ͋ΔɻCodeޠݴड़͢Δϓϩάϥϛϯάه Gear

 CbC ʹ͓͚Δ࠷جຊతͳॲཧ୯ҐͰ͋Δɻ

Code Gear ೖྗͱग़ྗΛͪ࣋ɺCbC ͰҾ

͕ೖग़ྗͱͳ͍ͬͯΔɻCbC Ͱ Code Gear 

code ͱ͍͏ܕΛؔͭ࣋ͷߏจͰఆٛ͞ΕΔɻ

ͨͩ͠ɺ͜Ε code ͷΓΛฦ͢ͱ͍͏ҙܕ

ຯͰͳ͘ɺCode Gear Ͱ͋Δ͜ͱΛࣔ͢ϑϥά

Ͱ͋ΔɻCode Gear ΓΛͨ࣋ͳ͍ͷͰɺC

ͷؔͱҟͳΓ return จଘ͠ࡏͳ͍ɻ

Code Gear͔Β࣍ͷ Code GearͷભҠ goto

ʹΑΔܧଓͰॲཧΛ͍ߦɺ࣍ͷ Code Gear Ҿ

ͱͯ͠ೖग़ྗΛ༩͑Δɻਤ 3 Code Gear ؒͷॲ

ཧͷྲྀΕΛද͍ͯ͠Δɻ

goto

code 
segment

B

code 
segment 

A

code 
segment

C

code 
segment

D
gotogoto goto

goto goto

goto

ਤ 3: goto ʹΑΔ Code Gear ؒͷܧଓ

CbC ͷ goto ʹΑΔܧଓ Scheme ͷܧଓͱҟ

ͳΓݺͼग़͠ݩͷ͕ڥͳ͍ͷͰɺ͜ͷܧଓ୯

ͳΔ͖ߦઌͰ͋Δɻ͕ͨͬͯ͜͠ΕΛܰྔܧଓͱ

ɺؔޚଓʹΑΓɺฒྻԽɺϧʔϓ੍ܧͿɻܰྔݺ 

ίʔϧͱελοΫͷૢ࡞Λҙࣝͨ͠࠷దԽ͕ιʔ

είʔυϨϕϧͰ͑ߦΔΑ͏ʹ͢Δɻ

4. Gears OS

Gears OS  Code Gear ͱσʔλͷ୯ҐͰ͋Δ

Data Gear Λ༻͍ͯ։ൃ͞Ε͓ͯΓɺCbC Ͱهड़

͞Ε͍ͯΔɻGears OS Ͱɺฒྻ࣮͢ߦΔͨΊ

ͷ Task Λɺ࣮͢ߦΔ Code Gear ͱɺ࣮ߦʹඞཁ

ͳ Input Data Gear ɺOutput Data Gear ͷͰ

ද͢ݱΔɻGears OS  Input/Output Data Gear

ͷґଘ͕ؔղܾ͞Εͨ CodeGear Λฒྻ࣮͢ߦ

ΔɻData Gear σʔλͷ୯ҐͰ͋Γɺint จ

ͳͲͷྻࣈ Primitive Type Λ͍ͯͬ࣋ΔɻCode

Gear ҙͷͷ Input Data Gear Λࢀরͯ͠

ॲཧΛ͍ߦɺOutput Data Gear Λग़ྗ͠ॲཧΛऴ

͑Δɻ·ͨɺଓ͞Εͨ Data Gear Ҏ֎ʹࢀর

ΛߦΘͳ͍ɻॲཧσʔλͷߏ͕ Code Gearɺ

Data Gear ʹด͍ͯ͡ΔͨΊɺ͜ΕʹΑΓ࣮࣌ߦ

ؒɺϝϞϦ༻ྔͳͲΛ༧ଌՄͳͷʹ͢Δ͜

ͱ͕Ͱ͖Δɻ

Gears OS Ͱ ϝλࢉܭ Λ Meta Code Gearɺ

Meta Data GearͰද͢ݱΔɻMeta Code Gear

௨ৗͷ Code Gear ͷޙʹભҠ͞ΕɺϝλࢉܭΛ

Δɻ͜ΕΛਤࣔͨ͠ͷ͕ਤ͢ߦ࣮ 4Ͱ͋Δɻ

CS

MetaDS

DS

MetaDS

DSMeta CS Meta CS

ਤ 4: Gears Ͱͷϝλࢉܭ

Gears OS ContextͱݺΕΔ༻͞ΕΔ͢

ͯͷ Code GearɺData Gear͍ͯͬ࣋ΔMeta Data

Gear Λͭ࣋ɻGears OS ඞཁͳ Code Gearɺ

Data Gear Λࢀর͍ͨ͠߹ɺ͜ͷ Context Λ௨

͢ඞཁ͕͋Δɻ

͔͠͠ Context Λ௨ৗͷ͔ࢉܭΒѻ͏ͷ

ηΩϡϦςΟ্·͘͠ͳ͍ɻͦ͜Ͱ Context ͔

ΒඞཁͳσʔλΛऔΓग़ͯ͠ Code Gear ʹଓ͢

ΔMeta Code Gear Ͱ͋Δ stub Code Gear Λఆ

ٛ͠ɺ͜ΕΛհͯؒ͠తʹඞཁͳ Data Gear ʹ

ΞΫηε͢Δɻstub Code Gear  Code Gear ຖ

ʹੜ͞Εɺ࣍ͷ Code Gear ͱܧଓ͢Δલʹૠ

ೖ͞ΕΔɻgoto ʹΑΔܧଓΛ͏ߦͱɺ࣮ࡍʹ࣍

ͷ Code Gear ͷ stub Code Gear Λݺͼग़͢ɻ

5. Gears OS ͷߏ

Gears OS ҎԼͷཁૉͰߏ͞ΕΔɻ

• Context
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• TaskQueue

• TaskManager

• Worker

ਤ 5 ʹ Gears OS ͷߏਤΛࣔ͢ɻ

TaskManager

CreateTask
Get Task

Read Data

Exec Task

Data 
Commit

Workers

goto

Workers TaskQueue

create

Task(Context)

idg count

Input Data Gear

Output Data Gear

Code Gear

take Task

Read ID

Task 
Spawn

put Task

task tasktask

Wait List
Resolve wait list 

Resolved Task Send

ਤ 5: Gears OS ͷߏਤ

Code1  Context ͷఆٛͰ Code2  Context

ͷੜͰ͋Δɻ

enum Code {

C_cs1,

C_cs2,

};

enum DataType {

D_Meta,

D_TaskManager,

...

};

struct Context {

enum Code next;

struct Worker* worker;

struct TaskManager* taskManager;

int codeNum;

__code (**code) (struct Context*);

void* heapStart;

void* heap;

long heapLimit;

int dataNum;

int idgCount;

int idg;

int maxIdg;

int odg;

int maxOdg;

int workerId;

int gpu;

struct Context* task;

struct Queue* tasks;

union Data **data;

};

union Data {

struct Meta {

enum DataType type;

long size;

struct Queue* wait;

} meta;

struct Task {

enum Code code;

struct Queue* dataGears;

int idsCount;

} Task;

...

};

Code 1: Contextͷఆٛ

void initContext(struct Context* context) {

context->heapLimit = sizeof(union Data)*

ALLOCATE_SIZE;

context->code = (__code(**) (struct

Context*)) NEWN(ALLOCATE_SIZE, void*)

;

context->data = NEWN(ALLOCATE_SIZE, union

Data*);

context->heapStart = NEWN(context->

heapLimit, char);

context->heap = context->heapStart;

context->code[C_cs1] = cs1_stub;

context->code[C_cs2] = cs2_stub;

context->code[C_exit_code] =

exit_code_stub;

context->code[C_start_code] =

start_code_stub;

ALLOC_DATA(context, Context);

...

}

Code 2: Contextͷੜ

Data Gear unionͱ structʹΑͬͯද͞ݱΕ

ΔɻContext ʹ Data Gear ͷ Data Type ͷ

ใ͕֨ೲ͞Ε͍ͯΔɻ͜ͷใ͔Β֬อ͢Δ Data

Gear ͷαΠζͳͲΛܾఆ͢Δɻ

Context TaskͰ͋ΓɺTask௨ৗͷOSͷ

εϨουʹରԠ͢ΔɻTask࣮͢ߦΔ Code Gear

ͱ Data Gear Λ͍ͯͯͬ࣋͢ΔɻTaskManager

ʹΑͬͯ Context͕ੜ͞Ε TaskQueueૠೖ͢

ΔɻGears OS ʹ͓͚Δ Task Queue  Synchro-

nized QueueͰ࣮͞ݱΕΔɻWorker TaskQueue

͔Β Task Ͱ͋Δ Context Λऔಘ͠ɺ Input/Out-

put Data Gear ͷґଘ͕ؔղܾ͞Εͨͷ͔Β
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ฒྻ࣮͞ߦΕΔɻ

6. Interface

Interfaceݺͼग़͠ͷҾʹͳΔ Data Gearͷ

ू߹Ͱ͋Γɺͦ͜Ͱݺͼग़͞ΕΔ Code Gear ͷΤ

ϯτϦͰ͋Δɻݺͼग़͞ΕΔ Code Gear ͷҾͱ

ͳΔ Data Gear ͜͜Ͱશͯఆٛ͞ΕΔɻ

Code3  stack ͷ Interface Ͱ͋ΔɻCode

GearɺData Gear ʹর͢ΔͨΊࢀʹ Context Λ௨

͢ඞཁ͕͋Δ͕ɺInterface Λهड़͢Δ͜ͱͰσʔ

λߏͷ api ͱ Data Gear Λ݁ͼ͚ͭΔ͜ͱ͕ग़

དྷΔɻ

typedef struct Stack<Impl>{

union Data* stack;

union Data* data;

union Data* data1;

__code whenEmpty(...);

__code clear(Impl* stack,__code next(...))

;

__code push(Impl* stack,union Data* data,

__code next(...));

__code pop(Impl* stack, __code next(union

Data*, ...));

__code pop2(Impl* stack, union Data** data

, union Data** data1, __code next(

union Data**, union Data**, ...));

__code isEmpty(Impl* stack, __code next

(...), __code whenEmpty(...));

__code get(Impl* stack, union Data** data,

__code next(...));

__code get2(Impl* stack,..., __code next

(...));

__code next(...);

} Stack;

Code 3: Stackͷ Interface

Code4 stack ͷ Implement ͷྫͰ͋Δɻcre-

ateImpl ؔݺͼग़͠Ͱݺͼग़͞ΕɺImplement

ͷॳظԽͱ Code GearͷεϩοτʹରԠ͢Δ Code

Gear ͷ൪߸ΛೖΕΔɻ

Stack* createSingleLinkedStack(struct Context

* context) {

struct Stack* stack = new Stack();

struct SingleLinkedStack*

singleLinkedStack = new

SingleLinkedStack();

stack->stack = (union Data*)

singleLinkedStack;

singleLinkedStack->top = NULL;

stack->push = C_pushSingleLinkedStack;

stack->pop = C_popSingleLinkedStack;

stack->pop2 = C_pop2SingleLinkedStack;

stack->get = C_getSingleLinkedStack;

stack->get2 = C_get2SingleLinkedStack;

stack->isEmpty =

C_isEmptySingleLinkedStack;

stack->clear = C_clearSingleLinkedStack;

return stack;

}

__code clearSingleLinkedStack(struct

SingleLinkedStack* stack,__code next(...)

) {

stack->top = NULL;

goto next(...);

}

__code pushSingleLinkedStack(struct

SingleLinkedStack* stack,union Data* data

, __code next(...)) {

Element* element = new Element();

element->next = stack->top;

element->data = data;

stack->top = element;

goto next(...);

}

Code 4: SingleLinkedStackͷ Implement

7. stub Code Gear ͷੜ

Gears OS Λ CbC Ͱ࣮͢Δ্Ͱϝλࢉܭͷه

ड़͕ࡶͰ͋Δ͜ͱ͕Θ͔ͬͨɻ͜ΕΒͷϝλܭ

Λࣗಈੜ͢Δ͜ͱʹΑΓࢉ Gears OS Λهड़͢

Δ্ʹ͓͍ͯΑΓྑ͍ߏจΛϢʔβʔʹఏ͢ڙΔ

͜ͱʹͨ͠ɻ

stub Code Gear  Code Gear ؒͷܧଓʹڬ·

ΕΔ Code Gear ͕ඞཁͳ Data Gear Λ Context

͔ΒऔΓग़͢ॲཧΛ͏ߦͷͰ͋ΔɻCode Gear

ຖʹهड़͢Δඞཁ͕͋Γɺͦͷ Code Gear ͷҾ

ΛͯݟऔΓग़͢ Data Gear Λબ͢Δɻstub

Code Gear Λ ࣗಈੜ͢Δ generate stub Λ Perl

εΫϦϓτͰ࡞͢Δ͜ͱʹΑͬͯ Code Gear ͷ

ड़ྔΛʹ͢Δ͜ͱ͕Ͱ͖Δɻه

stub Λੜ͢ΔͨΊʹ generate stub ࢦఆ͞

Εͨ cbc ϑΝΠϧͷ codeܕͰ͋Δ Code Gear

Λऔಘ͠ɺҾ͔Βඞཁͳ Data GearΛબ͢Δɻ
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generate stub Ҿͱ interface ΛরΒ͠߹Θͤɺ

Gearef ·ͨ GearImpl Λܾఆ͢Δɻ·ͨɺ͜ͷ

ʹط࣌ stub Code Gear ड़͞Ε͍ͯΔه͕ Code

Gear ແ͞ࢹΕΔɻ

cbcϑΝΠϧ͔Βɺੜͨ͠ stub Code GearΛՃ

͑ͯ stub ΛՃ͑ͨίʔυʹมΛ͏ߦɻ(Code5)

__code clearSingleLinkedStack(struct Context

*context,struct SingleLinkedStack* stack,

enum Code next) {

stack->top = NULL;

goto meta(context, next);

}

__code clearSingleLinkedStack_stub(struct

Context* context) {

SingleLinkedStack* stack = (

SingleLinkedStack*)GearImpl(context,

Stack, stack);

enum Code next = Gearef(context, Stack)->

next;

goto clearSingleLinkedStack(context, stack

, next);

}

Code 5: stub Code Gear ΛՃ͑ͨίʔυ

8. Context ͷੜ

generate context  Context.hɺInterface.cbcɺ

generate stub Ͱੜ͞Εͨ Impl.cbc Λͯݟ Con-

text Λੜ͢Δ Perl εΫϦϓτͰ͋Δɻ

Interface.cbc Impl.cbcContext.h

generate_context

enumCode.h enumData.h init-context.h dataGearInit.cextern.h

ਤ 6: generate context ʹΑΔ Context ͷੜ

Context  Meta Data Gear ʹ૬͠ɺCode

Gear  Data Gear Λཧ͍ͯ͠Δɻ

generate context  context ͷఆٛ (Code1) Λ

ಡΈએ͞ݴΕ͍ͯΔ Data GearΛऔಘ͢ΔɻCode

Gear ͷऔಘࢦఆ͞Εͨ generate stub Ͱੜ͞

Εͨίʔυ͔Β code ɻऔಘͨ͠͏ߦͯݟΛܕ

Code GearɺData Gear ͷ enum ͷఆٛ enum-

Code.hɺenumData.h ʹੜ͞ΕΔɻ

Code/Data Gear ͷ໊લͱϙΠϯλͷରԠ

generate contextʹΑͬͯੜ͞ΕΔ enum Codeɺ

enum Data Λࢦఆ͢Δ͜ͱͰଓΛ͏ߦɻ·ͨɺ

generate context औಘͨ͠ Code/Data Gear ͔

Β Context ͷੜΛ͏ߦίʔυ (Code6) ੜ

͢Δɻ

Context ʹ Allocation Ͱੜͨ͠ Data

Gear ͷϙΠϯλ͕֨ೲ͞Ε͍ͯΔɻCode Gear

 Context Λ௨ͯ͠ Data Gear ΞΫηε͢

ΔɻData Gear ͷ Allocation Λ͏ߦίʔυ

dataGearInit.cʹੜ͞ΕΔɻ

Data Gear  union Data ͱͦͷதͷ struct ʹ

Αͬͯද͞ݱΕΔɻContext ʹ Data Gear ͷ

Data Type ͷใ͕֨ೲ͞Ε͍ͯΔɻ͜ͷใ͔

Β֬อ͞ΕΔ Data GearͷαΠζͳͲΛܾఆ͢Δɻ

#include <stdlib.h>

#include "../context.h"

void initContext(struct Context* context) {

context->heapLimit = sizeof(union Data)*

ALLOCATE_SIZE;

context->code = (__code(**) (struct

Context*)) NEWN(ALLOCATE_SIZE, void*)

;

context->data = NEWN(ALLOCATE_SIZE, union

Data*);

context->heapStart = NEWN(context->

heapLimit, char);

context->heap = context->heapStart;

context->code[C_cs1] = cs1_stub;

context->code[C_cs2] = cs2_stub;

context->code[C_exit_code] =

exit_code_stub;

context->code[C_start_code] =

start_code_stub;

#include "dataGearInit.c"

}

__code meta(struct Context* context, enum

Code next) {

// printf("meta %d\n",next);

goto (context->code[next])(context);

}

__code start_code(struct Context* context) {

goto meta(context, context->next);

}

__code start_code_stub(struct Context*

context) {
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goto start_code(context);

}

__code exit_code(struct Context* context) {

free(context->code);

free(context->data);

free(context->heapStart);

goto exit(0);

}

__code exit_code_stub(struct Context* context

){

goto exit_code(context);

}

Code 6: Perl ε Ϋ Ϧ ϓ τ Ͱ ੜ  ͞ Ε ͨ
initContext

9. ൺֱ

ैདྷͷϓϩάϥϛϯάελΠϧͱͷൺֱɻGears

ͷϓϩάϥϛϯάؔݺग़Λத৺ͱ͢Δϓϩά

ϥϛϯάͱ͔ͳΓҟͳΔɻGears ؔݺग़Λ

ޚͷ੍ݯࢿΔ͢༺ΔΘ͚Ͱͳ͘ɺ͍ͯ͠ࢭې

ʹ͕ͳ͍ͳΒී௨ʹؔݺग़ͯ͠ྑ͍ɻLinux

kernel ͳͲͰؔݺग़ͷେΠϯϥΠϯల։

͞ΕΔ͜ͱΛظͯ͠ϓϩάϥϛϯά͞Ε͓ͯΓɺ

ؔݺग़Ͱ༧ଌͰ͖ͳ͍ελοΫͷരൃ CPU

ͳ͍Α͏ʹϓϩάϥϛϯά͞Ε͖ىͷ࿘අ͕ݯࢿ

͍ͯΔɻGears Ͱ Gears ؒͷϓϩάϥϛϯά

Γઌ༻͢ΔݯࢿΛ໌ࣔ͢Δඞཁ͕͋Δɻ

goto จͰͷҾ௨ৗͷؔݺग़ͱҟͳΓɺε

λοΫ (ڥ) ʹੵΉ͜ͱ͕Ͱ͖ͳ͍ɻҾʹඞ

ཁͳใΛؚΉ Data GearΛͪ࣋า͘ελΠϧͱ

ͳΔɻҰͭͷΠϯλϑΣʔε෦Ͱɺ͜ΕΒ

ɺ͜ΕΒϝλϨϕϧͰɺࡍ௨͍ͯ͠Δɻ࣮ڞ

Context ͱ͍͏Meta Data Gear ʹͯ֨͢ೲ͞

Ε͍ͯΔɻϝλϨϕϧɺData Gear ͷৄࡉͳܕ

༻͞Εͳ͍ɻϊʔϚϧϨϕϧʹҠ͢ߦΔࡍʹ

stub Code Gear Λ௨ͯ͠ৄࡉͳ͕ܕଓ͞ΕΔɻ

ΠϯλϑΣʔεΛ࠶ར༻͢Δࡍʹɺݺͼग़͢

ΠϯλϑΣʔε͕ͭ࣋Ҿอଘ͞ΕΔඞཁ͕͋

Δɻ͜ΕΒɺ࣮ࡍʹ Context ʹ͋ΔͷͰࣗ

ಈతʹอଘ͞Ε͍ͯΔɻϊʔϚϧϨϕϧͷهड़Ͱ

ɺ... ͷ෦ʹͦͷҙຯ͕ࠐΊΕ͍ͯΔɻ͜Εɺ

ՄมҾͷ...ͱಉ͡ҙຯͩͱͯ͑ߟྑ͍ɻͨ

ͩɺLLVM/GCC ϨϕϧͰͦΕΛ࣮͢Δͷൺ

ֱత͍͠ɻͳͷͰɺࠓճ ScriptʹΑΔมΛ

Δɻ͍ͯ͠༺࠾

ϊʔϚϧϨϕϧͷهड़ͱؔܕϓϩάϥϛϯά

ͷهड़ͷൺֱɻGear ඞͣܧଓΛ͢ඞཁ͕͋

Δɻ͜ΕҰஈͷؔݺग़Λ͍ͯ͠ڐΔͷͱಉ

Ͱ͋Δɻ70ͷ Fortan ͷؔݺग़ܾ·ͬͨ

ॴʹΓઌΛ֨ೲ͢ΔͷͰݺى࠶ग़͕Ͱ͖ͳ͔ͬ

ͨͷͱಉ͡Ͱ͋Δɻྫ͑ Code Gears ҎԼͷΑ

͏ͳܕΛͭ࣋ɻ͜͜Ͱ t ܧଓͷܕͰ͋ΔɻStack

 StackΛड͚ͱΔ Stack -> tͱ͍͏ Code Gear

Λܧଓͱͯ͠ҾͰड͚ͱΔɻpopStack ͜ͷҾ

Λݺͼग़͢ɻ

popStack : {a t : Set} -> Stack

-> (Stack -> t) -> t

ͭ·ΓɺCode Gear ੍͞ݶΕͨؔͷࣜܗΛ

ΔɻData͍ͯͬ࣋ Gear ɺؔޠݴܕͷੵ

ഉଞతཧ (Sum)ΛؚΉσʔλܕʹରԠ͢Δɻ

͔͠͠ɺҰͭͷ Context Ͱ࣮͞ߦΕΔ Data Gear

ɺҰͭͷڊେͳ Sumʹؚ·ΕΔΑ͏ʹͳ͍ͬͯ

Δɻ͜ΕΛϝλϨϕϧͰɺதͷܕͷৄࡉʹཱͪ

ೖΔ͜ͱͳ࣮͘͢ߦΔɻ

Context ϊʔϚϧϨϕϧ ͷ Data Gear ͷଞ

ʹ༷ʑͳϝλใΛͭ࣋ɻྫ͑ɺϝϞϦཧ

ใ࣮͞ߦΕΔ CPU ɺ͋Δ͍ɺTask ͷঢ়ଶɺ

ͪ߹Θ͍ͤͯΔ Data Gear ͳͲͰ͋Δɻ͜ΕΒ

ͷใ C ΞηϯϒϥͷϨϕϧͰ࣮͞ΕΔͷ

ͱಉ࣌ʹɺ௨ৗͷ Gear ͷϓϩάϥϛϯάʹର

Ԡ͢Δɻྫ͑ɺCPU Λ͔ͦ͏͖ͯʹ Gears Ͱ

ɺ͠ݱΛ࣮ߦड़͢ΕιϑτΣΞతͳฒྻ࣮ه

ͷࡍ࣮ GPU Λ༻͍Ε GPU ʹΑΔฒྻ࣮ߦͱ

ͳΔɻ͜ͷ࣮ߦΛϞσϧࠪݕతͳঢ়ଶ্͑͛ʹ

ରԠͤ͞ΕϞσϧࠪݕΛ࣮ߦͰ͖Δɻ

Haskell ͳͲΛ࣮ߦՄه༷ड़ͱͯ͠༻͍Δ

OS ͷূݕ [1], [2]ͱɺCode Gear Λ༻͍Δख๏

Δ͕ɺCode͍ͯ͠ࣅྨ Gear ͷ߹ɺهड़Λ੍

ɺCode͠ݶ ͱ༷ͷରԠɺ͞Βʹ Codeͱݯࢿͷ

ରԠ͕໌֬ʹͳΔར͕͋Δɻ

Ξηϯϒϥ͖ͭܕ [7]ɺΑΓϨϕϧͷؔܕ

ͷهड़Ͱ͋Δͱ͑ݴΔɻΞηϯϒϥͷهड़ࣗମ

খ͘͞ѻ͍͍͕͢ɺOS Ϩϕϧ͋Δ͍ΞϓϦ

έʔγϣϯϨϕϧ͔Βͷڑ͕େ͖͍ɻܕͷ߹

第59回プログラミング・シンポジウム 2018.1.19-21

204



ੑΛอূ͢Δ͚ͩͰ OS ͷূݕͱͯ͠ෆे

ͳͷͰɺূ໌ϞσϧࠪݕΛ༻͍Δ͜ͱʹͳΔ͕ɺ

ͱͳΔɻCodeܽʹࡍड़ྔ͕ଟ͍ͷ͕ɺͦͷه

Gear ɺΑΓେ͖ͳ୯ҐͰ͋Γɺϓϩάϥϛϯ

άϨϕϧͷநԽ͕Մʹͳ͍ͬͯΔͷͰɺ͜Ε

Βͷهड़ͷେ͖͞ͷܽΛΧόʔͰ͖ΔՄੑ͕

͋Δɻ

ূ໌ख๏ɺैདྷͰ Hoare Logic [1]ͷΑ͏ͳ

Post Condition / Pre Condition Λ༻͍Δํ๏͕

ͷࡏݱΘΕ͍ͯΔɻ GearsɺAgda ͷม

͍ͯ͑ߟΔ͕ɺͦͷ্ͷ۩ମతͳূ໌ํ๏·

ͩ༻ҙ͞Ε͍ͯͳ͍ɻ

10. ͷ՝ޙࠓ

ຊจͰ Code Gearɺ Data Gear ʹΑͬͯ

͞ΕΔߏ Gears OS ͷϓϩτλΠϓͷઃܭɺ࣮

ɺCbC ϑΝΠϧ͔Β Gears OS ͷهड़ʹඞཁͳ

Context ͱ stub ͷੜΛ͏ߦ Perl εΫϦϓτͷ

ੜΛߦͳͬͨɻCode Gear ɺData Gear Λॲཧ

ͱσʔλͷ୯Ґͱͯ͠༻͍ͯ Gears OS Λઃ͠ܭ

ͨɻCode GearɺData Gear ʹϝλࢉܭΛهड़

͢ΔͨΊͷ Meta Code GearɺMeta Data Gear ͕

ଘ͢ࡏΔɻϝλࢉܭΛ Meta Code GearɺʹΑͬ

ͱ͕Ͱ͜͏ߦΛ֊Խͯ͠ࢉܭͱͰϝλ͜͏ߦͯ

͖ΔɻCode Gear ؔΑΓ͔͘ࡉׂ͞ΕͯΔ

ͨΊϝλࢉܭΛॊೈʹهड़Ͱ͖Δɻ

Code Gear ͱ Data Gear  Interface ͱݺΕ

Δ·ͱ·Γͱͯ͠هड़͞ΕΔɻInterface ༻͞

ΕΔ Data Gear ͷఆٛͱɺͦΕʹର͢Δૢ࡞Λ

͏ߦ Code Gear ͷू߹Ͱ͋ΔɻInterface ෳ

ͷ࣮ΛͪɺMeta Data Gear ͱͯ͠ఆٛ͞Ε

Δɻैདྷͷؔݺͼग़͠ͰҾΛελοΫ্ʹ

͠ɺؔߏ ͷ࣮ΞυϨεΛ Call͢Δ͕ɺGears

OS ͰҾ Context ্ʹ༻ҙ͞Εͨ Interface

ͷ Data Gear ʹ֨ೲ͞Εɺૢ࡞ʹରԠ͢Δ Code

Gear ʹ goto ͢Δɻ

Context ༻͢Δ Code GearɺData Gear Λ

ͯ֨͢ೲ͍ͯ͠Δ Meta Data Gear Ͱ͋Δɻ௨

ৗͷ͔ࢉܭΒ Context Λѻ͏͜ͱηΩϡ

ϦςΟ্·͘͠ͳ͍ɻ͜ͷͨΊ Context ͔Βඞ

ཁͳσʔλΛऔΓग़ͯ͠ Code Gear ʹଓ͢Δ

Meta Code Gear Ͱ͋Δ stub Code Gear Λఆٛ

ͨ͠ɻstub Code Gear  Code Gear ຖʹهड़͞

ΕɺCode Gear ؒͷભҠʹૠೖ͞ΕΔɻ

͜ΕΒͷϝλࢉܭͷهड़ࡶͰ͋ΔͨΊ Perl

εΫϦϓτʹΑΔࣗಈੜΛߦͳͬͨɻ͜ΕʹΑ

Γ Gears OS ͷίʔυͷ͞ࡶվળ͞ΕɺϢʔ

βʔϨϕϧͰϝλΛҙࣝ͢Δඞཁ͕ͳ͘ͳͬͨɻ

ͷ՝ޙࠓ Code Gear ͔ΒϝλࢉܭΛ͏ߦ

meta Code Gear ΛੜͰ͖ΔΑ͏ʹ͠ɺϢʔβʔ

͕ϝλϨϕϧͷॲཧΛҙࣝͤͣʹίʔυΛهड़

Ͱ͖ΔΑ͏ʹ͢Δɻ·ͨɺࠓճ Perl εΫϦϓτ

ʹΑͬͯ Context  stub ͷੜΛߦͳ͕ͬͨɺ

LLVM/clang ্Ͱ࣮͠ίϯύΠϥͰ CbC

Λ࣮ߦͰ͖ΔΑ͏ʹ͢Δ͜ͱΛతͱ͢Δɻ
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