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1. OS ͷ֦ுੑͱ৴པੑͷཱ྆

͞·͟·ͳίϯϐϡʔλͷ৴པੑͷجຊϝϞϦͳ
ͲͷݯࢿཧΛ͏ߦ OS Ͱ͋ΔɻOS ͷ৴པੑΛอূ
͢Δࣗࣄମ͕͍͕͠ɺ࣌ͱͱʹਐา͢Δϋʔυ
ΣΞɺαʔϏεʹରԠͯ͠ OS ࣗମ͕֦ு͞ΕΔඞ
ཁ͕͋ΔɻOS ඇܾఆతͳ࣮ߦΛͪ࣋ɺͦͷ৴པੑ
Λอূ͢ΔʹɺैདྷͷςετͱσόοάͰෆे
Ͱ͋Γɺςετ͖͠Εͳ͍෦͕ͯͬ͠·͏ɻ͜Ε
ʹରॲ͢ΔͨΊʹɺূ໌Λ༻͍Δํ๏ͱϓϩάϥϜ
ͷՄͳ࣮ߦΛ্ͯ͑͛͢ΔϞσϧࠪݕΛ༻͍Δ
ํ๏͕͋ΔɻϞσϧࠪݕແݶͷঢ়ଶͰͳͯ͘ڊ
େͳঢ়ଶΛௐΔ͜ͱʹͳΓɺঢ়ଶΛ༗ͨ͠ݶ੍ʹݶ
Γঢ়ଶΛநԽͨ͠Γ͢Δํ๏͕༻͍ΒΕ͍ͯΔɻ(ਤ
1)

ূ໌ϞσϧࠪݕΛ༻͍ͯ OS Λ͢ূݕΔํ๏͞
·͟·ͳͷ͕ݕ౼͞Ε͍ͯΔɻূݕҰͰ͢Ή
ͷͰͳ͘ɺΞϓϦέʔγϣϯαʔϏεɺσόΠε
͕৽͘͠ͳΔ͜ͱʹূݕΛΓ͢ඞཁ͕͋Δɻͭ·
Γ৴པੑͱ֦ுੑΛཱ྆ͤ͞Δ͜ͱ͕ॏཁͰ͋Δɻ
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ਤ 1: ূ໌ͱϞσϧࠪݕʹΑΔ OS ͷূݕ

ίϯϐϡʔλͷࢉܭϓϩάϥϛϯάޠݴͰهड़͞
ΕΔ͕ɺͦͷޠݴͷ࣮ߦૢ࡞తҙຯͷఆٛͳͲͰ
ड़͞ΕΔ෦ΛهͰޠݴఆ͞ΕΔɻϓϩάϥϛϯάن
ϊʔϚϧϨϕϧͷࢉܭͱݺͿɻίʔυ͕࣮͞ߦΕΔ࣌
ʹɺॲཧܥͷৄࡉ༻͢Δݯࢿɺ͋Δ͍ɺίʔ
υͷ༷ܕͳͲͷޠݴҎ֎ͷ෦͕ଐ͢Δɻ͜Ε
ΛϝλϨϕϧͷࢉܭͱ͍͏ɻ͜ͷೋͭͷϨϕϧΛಉ͡
ࢉܭड़Ͱ͖ΔΑ͏ʹͯ͠ɺϊʔϚϧϨϕϧͷهͰޠݴ
ͷ৴པੑΛϝλϨϕϧ͔ΒอূͰ͖ΔΑ͏ʹ͍ͨ͠ɻ
ϊʔϚϧϨϕϧͰͷਖ਼ੑΛอূͭͭ͠ɺ৽͚͘͠
Ճ͑ΒΕͨσόΠεϓϩάϥϜΛؚΉਖ਼ੑΛূݕ
͍ͨ͠ɻ
ϊʔϚϧϨϕϧͱϝλϨϕϧΛڞ௨ͯ͠දݱͰ͖
Δޠݴͱͯ͠ Continuation based C(ҎԼ CbC)1) Λ
༻͍ΔɻCbC ؔݺग़࣌ͷ҉ͷڥ (Environ-

ment)ΛΘͣʹɺίʔυͷ୯ҐΛ͖ߦདྷͰ͖ΔҾ



͖ goto จ (parametarized goto)Λͭ࣋ C ͱޓ
ੑͷ͋ΔޠݴͰ͋Δɻ͜ΕΛ༻͍ͯɺCode Gear ͱ
Data Gearɺ͞ΒʹͦͷϝλߏΛಋೖ͢Δɻ͜ΕΒ
Λ༻͍ͯɺ͞ূݕΕͨ Gears OS Λߏங͍ͨ͠ɻਤ
2ɻূݕʹఆཧূ໌ࢧԉܥͰ͋Δ Agda Λ༻͍Δɻ
Gears ͷهड़ΛϞδϡʔϧԽ͢ΔͨΊʹ Interface Λ
ಋೖͨ͠ɻ͞Βʹฒྻॲཧͷهड़༻ʹ par goto จߏ
Λಋೖ͢Δɻ͜ΕΒͷػ Agda ্ͰܧଓΛ༻͍ͨ
ؔܕϓϩάϥϜʹରԠ͢ΔΑ͏ʹͳ͍ͬͯΔɻ

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

ຊจͰ Interface ͱ par goto ͷ࣮ͷৄࡉΛ
ɻϚϧνͨͬߦड़͠ධՁΛه CPU ͱ GPU ্Ͱͷ
par goto จͷ࣮ߦΛ֬ೝͨ͠ɻ

2. Gears ʹ͓͚Δϝλࢉܭ

Gears OSͰϝλࢉܭΛॊೈʹهड़͢ΔͨΊͷϓϩ
άϥϛϯάޠݴͷ୯Ґͱͯ͠ Code GearɺData Gear

ͱ͍͏୯ҐΛ༻͍ΔɻCode GearɺData Gear ʹ
ͦΕͧΕϝλϨϕϧͷ୯ҐͰ͋Δ Meta Code Gearɺ
Meta Data Gear ͕ଘ͠ࡏɺ͜ΕΒΛ༻͍ͯϝλࢉܭ
Λ࣮͢ݱΔɻ(ਤ 3)

CS

MetaDS

DS

MetaDS

DSMeta CS Meta CS

ਤ 3: Gears Ͱͷϝλࢉܭ

CbC ܰྔܧଓ (gotoจ) ʹΑΔભҠΛ͏ߦͷͰɺ
ଓલͷܧ Code GearʹΔ͜ͱͳ͘ɺঢ়ଶભҠϕʔ
εͷϓϩάϥϛϯάʹద͍ͯ͠ΔɻCbC  LLVM2)

ͱ GCC3) ্Ͱ࣮͞Ε͍ͯΔɻϝλϨϕϧͷهड़

 Perl εΫϦϓτʹΑͬͯੜ͞ΕΔ stub ͱ goto

meta ʹΑͬͯ Code Gear Ͱهड़͞ΕΔɻ
Code Gear ͱ Data Gear  Interface ͱݺΕΔ
·ͱ·Γͱͯ͠هड़͞ΕΔɻInterface ༻͞ΕΔ
Data Gear ͷఆٛͱɺͦΕʹର͢Δૢ࡞Λ͏ߦ Code

Gear ͷू߹Ͱ͋ΔɻInterface ʹ࣌࡞ Code Gear

ͷू߹Λࢦఆ͢Δ͜ͱʹΑΓෳͷ࣮Λͭ࣋͜ͱ͕
Ͱ͖ΔɻInterface ͷૢ࡞ʹରԠ͢Δ Code Gear ͷҾ
 Interface ʹఆٛ͞Ε͍ͯΔ Data Gear Λ௨͠
ΘΕΔεϨουͰߦఆ͞ΕΔɻҰͭͷ࣮ࢦͯ In-

terface ͷ Code Gear ͱ Data Gear  Meta Data

Gear ʹ֨ೲ͞ΕΔɻ͜ͷ Meta Data Gear Λ Con-

text ͱ͍͏ɻϊʔϚϧϨϕϧͰ Context Λݟ
Δ͜ͱͰ͖ͳ͍ɻ
Code Gear ͷܧଓؔܕϓϩάϥϛϯά͔ΒΈ
Δͱܧଓઌͷ Context ΛؚΉ Closure ͱͳ͍ͬͯΔɻ
͜ΕΛهड़͢ΔͨΊʹܧଓʹෆఆҾΛՃ͢Δߏ
จΛεΫϓϦτͷมػͱͯ͠༻ҙͨ͠ɻCode 1

ϝλࢉܭଆͰ͜ΕΒͷ Context Λৗʹͪ࣋า͍ͯ
͍ΔͷͰ goto จͰҾΛ༻͍Δ͜ͱͳ͘ɺ͖ߦઌ
 Code Gear ͷ൪߸ͷΈͰࢦఆ͞ΕΔɻ

__code popSingleLinkedStack(struct SingleLinkedStack*
stack, __code next(union Data* data, ...)) {

if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;

} else {
data = NULL;

}
goto next(data, ...);

}

Code 1: ෆఆҾΛܧͭ࣋ଓ

͜ΕʹΑΓ Interface ؒͷݺͼग़͠Λ C++ ͷϝ
ιουݺͼग़͠ͷΑ͏ʹهड़͢Δ͜ͱ͕Ͱ͖ΔɻIn-

terface ͷ࣮ɺContext ʹ֨ೲ͞Ε͍ͯΔͷͰɺ
ΦϒδΣΫτ͝ͱʹ࣮Λม͑Δଟ༷ੑΛ࣮ݱͰ͖ͯ
͍Δɻݺͼग़͞Εͨ Code GearඞཁͳҾΛ Con-

text͔ΒऔΓग़͢ඞཁ͕͋Δɻ͜ΕεΫϦϓτͰੜ
͞Εͨ stub Meta Code Gear ͰߦΘΕΔɻGears

OS Ͱͷϝλࢉܭ stub ͱ goto ͷϝλࢉܭͷ 2 Օ
ॴͰ࣮͞ݱΕΔɻ
Context Λෳͯ͠ෳͷ CPU ʹׂΓͯΔ͜ͱ
ʹΑΓฒྻ࣮ߦΛՄʹͳΔɻ͜ΕʹΑΓϝλࢉܭͱ
ͯ͠ฒྻॲཧΛهड़ͨ͜͠ͱʹͳΔɻGears ͷεϨο
υੜ Agda ͷؔܕϓϩάϥϛϯάʹରԠͯ͠ߦ
ΘΕΔͷ͕·͍͠ɻͦ͜Ͱɺpar goto จΛಋೖߏ
͠ɺAgda ͷܧଓݺͼग़͠ʹରԠͤ͞Δ͜ͱʹͨ͠ɻ
par goto Ͱ Context ͷෳɺೖྗͷಉظɺλεΫ
εέδϡʔϥʔͷ Context ͷొͳͲ͕ߦΘΕΔɻ
par goto จͷܧଓͱͯ͠ɺεϨουͷ join ʹ૬͢
Δ exit Λ༻ҙͨ͠ɻ exit ʹΑΓ par goto Ͱذ
ͨ͠ Code Gear ͷग़ྗΛݩͷεϨουͰड͚औΔ͜



ͱ͕Ͱ͖Δɻ
ؔܕϓϩάϥϜͰϝϞϦཧ GCͳͲΛ௨͠
ͯ҉ʹߦΘΕΔɻGears OS ͰϝϞϦཧ stub

ͳͲͷϝλࢉܭ෦Ͱॲཧ͞ΕΔɻྫ͑ɺण໋ͷ
͍εϨουͰࣺ͍ͯͷઢܗΞϩέʔγϣϯΛ༻
͍Δɻ

3. Gears OS ͷߏ

Gears OS ҎԼͷཁૉͰߏ͞ΕΔɻ
• Context

• TaskQueue

• TaskManager

• Worker

ਤ 4 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 4: Gears OS ͷߏਤ

Data Gear  union ͱ struct ʹΑͬͯද͞ݱΕ
ΔɻContext ʹ Data Gear ͷ Data Type ͷใ
͕֨ೲ͞Ε͍ͯΔɻ͜ͷใ͔Β֬อ͢Δ Data Gear

ͷαΠζͳͲΛܾఆ͢Δɻ
Context  Task Ͱ͋ΓɺTask ௨ৗͷ OS ͷ
εϨουʹରԠ͢ΔɻTask ࣮͢ߦΔ Code Gear

ͱ Data Gear Λ͍ͯͯͬ࣋͢ΔɻTaskManager
Task Λ࣮͢ߦΔWorker ͷੜɺཧɺTask ͷૹ৴
Λ͏ߦɻGears OSʹ͓͚Δ Task Queue Synchro-

nized Queue Ͱ࣮͞ݱΕΔɻWorker  TaskQueue

͔Β Task Ͱ͋Δ Context Λऔಘ͠ɺTask ͷ Code

GearΛ࣮͠ߦɺOutput Data Gearͷॻ͖ग़͠Λͬߦ
͍ͯΔɻInput/Output Data Gear ͷґଘ͕ؔղܾ
͞Εͨͷ͔Βฒྻ࣮͞ߦΕΔɻ

4. Interface

Interface ݺͼग़͠ͷҾʹͳΔ Data Gear ͷ
ू߹Ͱ͋Γɺͦ͜Ͱݺͼग़͞ΕΔ Code Gear ͷΤϯ
τϦͰ͋Δɻݺͼग़͞ΕΔ Code Gear ͷҾͱͳΔ
Data Gear ͜͜Ͱશͯఆٛ͞ΕΔɻ
Code2 stack ͷ Interface Ͱ͋ΔɻCode Gearɺ

Data Gear ʹর͢ΔͨΊࢀʹ Context Λ௨͢ඞཁ͕
͋Δ͕ɺInterfaceΛهड़͢Δ͜ͱͰσʔλߏͷ API

ͱ Data Gear Λ݁ͼ͚ͭΔ͜ͱ͕ग़དྷΔɻ

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 2: Stack ͷ Interface

Code3 stack ͷ࣮ͷྫͰ͋ΔɻcreateImpl 
ؔݺͼग़͠Ͱݺͼग़͞ΕɺॳظԽͱ Code Gear ͷ
εϩοτʹରԠ͢Δ 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 3: SingleLinkedStack ͷ࣮

5. stub Code Gear ͷੜ

stub Code Gear  Code Gear ؒͷܧଓʹڬ·Ε
Δ Code Gear ͕ඞཁͳ Data Gear Λ Context ͔Β
औΓग़͢ॲཧΛ͏ߦͷͰ͋ΔɻCode Gear ຖʹه
ड़͢Δඞཁ͕͋Γɺͦͷ Code Gear ͷҾΛͯݟऔ



Γग़͢ Data Gear Λબ͢Δɻstub Code Gear Λ
ࣗಈੜ͢Δ generate stub Λ Perl εΫϦϓτͰ࡞
͢Δ͜ͱʹΑͬͯ Code Gear ͷهड़ྔΛʹ
͢Δ͜ͱ͕Ͱ͖Δɻ
stub Λੜ͢ΔͨΊʹ generate stub ࢦఆ͞Ε
ͨ cbc ϑΝΠϧͷ codeܕͰ͋Δ Code Gear Λऔ
ಘ͠ɺҾ͔Βඞཁͳ Data GearΛબ͢Δɻgener-
ate stub Ҿͱ interface ΛরΒ͠߹ΘͤɺGearef

·ͨ GearImplΛܾఆ͢Δɻ·ͨɺ͜ͷط࣌ʹ stub

Code Gear ड़͞Ε͍ͯΔه͕ Code Gear ແ͞ࢹ
ΕΔɻ
cbc ϑΝΠϧ͔Βɺੜͨ͠ stub Code Gear ΛՃ
͑ͯ stub ΛՃ͑ͨίʔυʹมΛ͏ߦɻ(Code4)

__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 4: stub Code Gear ΛՃ͑ͨίʔυ

6. Context ͷੜ

generate context  Context.hɺInterface.cbcɺ
generate stub Ͱੜ͞Εͨ Impl.cbc Λͯݟ Con-

text Λੜ͢Δ Perl εΫϦϓτͰ͋Δɻ

generated fileContext.h

generate_context

enumCode.h enumData.h target-
context.c dataGearInit.hextern.h

ਤ 5: generate context ʹΑΔ Context ͷੜ

ContextMeta Data Gearʹ૬͠ɺCode Gear

 Data Gear Λཧ͍ͯ͠Δɻ
generate context context.hΛಡΈએ͞ݴΕ͍ͯ
Δ Data Gear Λऔಘ͢ΔɻCode Gear ͷऔಘࢦఆ
͞Εͨ generate stubͰੜ͞Εͨίʔυ͔Β code

ɻऔಘͨ͠͏ߦͯݟΛܕ Code GearɺData Gear ͷ
enumͷఆٛ enumCode.hɺenumData.hʹੜ͞
ΕΔɻ
Code/Data Gearͷ໊લͱϙΠϯλͷରԠ gener-

ate context ʹΑͬͯੜ͞ΕΔ enum Codeɺenum

Data Λࢦఆ͢Δ͜ͱͰଓΛ͏ߦɻ·ͨɺgenerate

context औಘͨ͠ Code/Data Gear ͔Β initCon-

text ͷੜ͏ߦɻ
Context ʹ Allocation Ͱੜͨ͠ Data Gear

ͷϙΠϯλ͕֨ೲ͞Ε͍ͯΔɻCode Gear  Con-

textΛ௨ͯ͠ Data GearΞΫηε͢ΔɻData Gear

ͷ Allocation Λ͏ߦίʔυ dataGearInit.cʹੜ
͞ΕΔɻ

7. Gears OS ͷฒྻॲཧ

Gears OS Ͱ࣮ߦͷ Task Λ Code Gear ͱ In-

put/Output Data GearͷͰද͢ݱΔɻInput/Out-

put Data Gear ʹΑͬͯґଘܾ͕ؔఆ͠ɺͦΕʹ
ͦͬͯฒྻ࣮ߦΛ͏ߦɻGears OS Ͱ ฒྻ࣮͢ߦΔ
Task Λ Context Ͱද͢ݱΔɻContext ʹ Task ༻
ͷใͱͯ͠ɺ࣮͞ߦΕΔ Code GearɺInput/Out-

put Data Gear ͷ֨ೲॴɺ͍ͬͯΔ Input Data

Gear ͷΧϯλΛ͍ͯͬ࣋Δ Task ͷ Input Data

Gear ͕ଗ͍ͬͯΔ͔Λ TaskManager Ͱஅ͠ɺ࣮
Մͳߦ Task Λ Worker ʹૹ৴͢ΔɻWorker 
ૹ৴͞Εͨ Task ఆͨ͠ࢦ͕ Code Gear Λ࣮͠ߦɺ
Output Data Gear Λॻ͖ग़͢ɻ

8. SynchronizedQueue

SynchronizedQueue  Worker ͷ Queue ͱͯ͠
ΕΔɻWorker͞༺ ͷ Queue  TaskManager Λ
༝ͯ͠ܦ Task Λૹ৴͢ΔεϨουͱ Task Λऔಘ
͢Δ Worker ࣗͷεϨουͰѻΘΕΔɻͦͷͨΊ
SynchronizedQueue ϚϧνεϨουͰσʔλͷ
Ұ؏ੑΛอূ͢Δ Queue Λ࣮͢Δඞཁ͕͋Δɻ
σʔλͷҰ؏ੑΛอূ͢Δղܾྫͱͯ͠ͷ 1 ͭͱ͠
ͯϩοΫΛͨͬղܾํ๏͕͋Δɻ͔͠͠ɺϩοΫΛ
৽ͨ͠߹ɺಉ͡ߋσʔλΛͯͬߦ Queue ʹରͯ͠
ͪ߹Θ͕ͤൃੜ͠ɺશମͷฒྻ͕ʹࡍ͏ߦΛ࡞ૢ
Լ͕ͬͯ͠·͏ɻͦ͜ͰɺGears OS ͰσʔλͷҰ
؏ੑΛอূ͢ΔͨΊʹ CAS(Check and SetɺCom-

pare and Swap) Λར༻ͨ͠ Queue Λ࣮͍ͯ͠Δɻ
CAS ͷൺֱɺߋ৽ΛΞτϛοΫʹྩ໋͏ߦͰ͋
ΔɻCAS Λࡍ͏ߋ৽લͷͱߋ৽ޙͷΛ͠ɺ
͞Εͨߋ৽લͷΛ࣮ࡍʹอଘ͞Ε͍ͯΔϝϞϦ
൪ͷͱൺֱ͠ɺಉ͡ͳΒσʔλڝ߹͕ͳ͍ͨΊɺ
σʔλͷߋ৽ʹޭ͢ΔɻҟͳΔ߹ଞʹॻ͖ࠐΈ
͕͋ͬͨͱΈͳ͞Εɺͷߋ৽ʹࣦഊ͢Δɻ
Gears OS Ͱ͜ͷ CAS Λͨ͏ߦΊͷ Interface

Λఆ͍ٛͯ͠Δ (Code5)ɻ͜ͷ Interface ͰɺData

Gear શͯΛแ͍ͯ͠Δ Data ମͷϙΠϯλͷ༺ڞ
Λߋ৽͢Δ CAS Λఆ͍ٛͯ͠Δ (Code5 )ɻߦ6

typedef struct Atomic<Impl>{
union Data* atomic;



union Data** ptr;
union Data* oldData;
union Data* newData;
__code checkAndSet(Impl* atomic, union Data** ptr

, union Data* oldData, union Data* newData,
__code next(...), __code fail(...));

__code next(...);
__code fail(...);

} Atomic;

Code 5: AtomicInterface

AtomicInterface Ͱͷ CAS ͷ࣮ࡍͷ࣮Λ Code6

ʹࣔ͢ɻ࣮ ͷ࣮Ͱࡍ sync bool compare and swap

ؔΛݺͼग़͢͜ͱͰ CAS Λ͏ߦ (Code6 )ɻߦ2
͜ͷؔୈҰҾʹ͞ΕͨΞυϨεʹରͯ͠ୈೋ
Ҿͷ͔ΒୈࡾҾͷϔ CAS Λ͏ߦɻCAS ʹ
ޭͨ͠߹ɺtrue Λฦ͠ɺࣦഊͨ͠߹ false Λ
ฦ͢ɻCode6 Ͱ CAS ʹޭͨ͠߹ͱࣦഊͨ͠
߹ͦΕͧΕʹରԠͨ͠ Code Gear ܧଓ͢Δɻ

__code checkAndSetAtomicReference(struct
AtomicReference* atomic, union Data** ptr,
union Data* oldData, union Data* newData,
__code next(...), __code fail(...)) {

if (__sync_bool_compare_and_swap(ptr, oldData,
newData)) {

goto next(...);
}
goto fail(...);

}

Code 6: CAS ͷ࣮

SynchronizedQueueͷData GearͷఆٛΛ Code7

ʹࣔ͢ɻSynchronizedQueue σʔλͷϦετͷઌ
಄ͱɺऴͷϙΠϯλΛ͍ͯͬ࣋ΔɻQueue Λૢ͢࡞
Δࡍ͜ͷϙΠϯλʹରͯ͠ CAS Λ͢Δ͜ͱͰσʔ
λͷૠೖͱऔΓग़͠Λ͏ߦɻ

struct SynchronizedQueue {
struct Element* top;
struct Element* last;
struct Atomic* atomic;

};

// Singly Linked List element
struct Element {

union Data* top;
struct Element* next;

};

Code 7: SynchronizedQueue ͷఆٛ

9. ฒ ྻ ߏ จ

Gears OS ͷฒྻߏจ par goto จͰ༻ҙ͞Εͯ
͍Δ (Code8)ɻ

__code code1(struct Integer* integer1, struct Integer
* integer2, struct Integer* output) {

par goto add(integer1, integer2, output, __exit);
goto code2();

}

Code 8: par goto ʹΑΔฒྻ࣮ߦ

par gotoͷҾʹ Input/Output Data Gearͱ࣮
ଓ͢Δܧʹޙߦ exit Λ͢ɻpar goto Ͱੜ͞Ε
ͨ Task  exit ଓ͢Δ͜ͱͰऴྃ͢Δɻܧʹ
͜ͷ par goto จ௨ৗͷϓϩάϥϛϯάͷؔݺ
ͼग़͠ͷΑ͏ʹѻ͏͜ͱ͕Ͱ͖Δɻ
Code9  par goto Ͱ͋Δ Code8 Λ perl εΫϦϓ
τʹΑͬͯมߦ͕ΘΕͨίʔυͰ͋Δɻ

__code code1(struct Context *context,struct Integer*
integer1, struct Integer* integer2, struct
Integer* output) {

struct Element* element;
context->task = NEW(struct Context

);
initContext(context->task);
context->task->next = C_add;
context->task->idgCount = 2;
context->task->idg = context->task

->dataNum;
context->task->maxIdg = context->

task->idg + 2;
context->task->odg = context->task

->maxIdg;
context->task->maxOdg = context->

task->odg + 1;
GET_META(integer1)->wait =

createSynchronizedQueue(context);
GET_META(integer2)->wait =

createSynchronizedQueue(context);
GET_META(output)->wait = createSynchronizedQueue(

context);
context->task->data[context->task->idg+0] = (

union Data*)integer1;
context->task->data[context->task->idg+1] = (

union Data*)integer2;
context->task->data[context->task->odg+0] = (

union Data*)output;
element = &ALLOCATE(context,

Element)->Element;
element->data = (union Data*)

context->task;
element->next = context->taskList;
context->taskList = element;

Gearef(context, TaskManager)->taskList = context
->taskList;

Gearef(context, TaskManager)->next1 = C_code2;
goto meta(context, C_code2);

}

__code code1_stub(struct Context* context) {
Integer* integer1 = Gearef(context, Integer);
Integer* integer2 = Gearef(context, Integer);
Integer* output = Gearef(context, Integer);
goto code1(context, integer1, integer2, output);

}

Code 9: perl εΫϦϓτʹΑΔ par goto ͷม

par goto จͰ ௨ৗͷ goto จͱಉ༷ʹϝλͷ
goto จஔ͖͑ΒΕΔ͕ɺpar goto จͰ௨ৗͷ
goto จͱҟͳΔϝλͱܧଓ͢ΔɻGears OS ͷ
Task  Output Data Gear Λੜͨ࣌͠Ͱऴྃ͢
ΔͷͰɺpar gotoͰ exitʹܧଓ͢ΔͷͰͳ
͘ɺOutput Data Gear ͷॻ͖ग़͠ॲཧ (Commit)

ଓ͞ΕΔɻܧʹ
Code Gear Inputʹࢦఆͨ͠ Data Gear͕શͯ



ॻ͖ࠐ·ΕΔͱ࣮͞ߦΕɺ࣮݁ͨ͠ߦՌΛ Output ʹ
ఆͨ͠ࢦ Data Gear ʹॻ͖ग़͠Λ͏ߦɻCode Gear

ͷҾͰ͋Δ next͕ͭ࣋Ҿͷ Data Gear͕ Out-

put Data Gear ͱͳΔɻ
ॻ͖ग़͠ॲཧ Data Gear ͷ Queue ͔Βɺґଘ
Δ͋ʹؔ Task Λࢀর͢Δɻࢀরͨ͠ Task ͕ͭ࣋
ඞཁͳʹߦ࣮ Input Data Gear ΧϯλͷσΫϦϝ
ϯτΛ͏ߦɻΧϯλ͕ 0ʹͳΔͱ Task ͕͍ͬͯ
Δ Input Data Gear ͕ଗͬͨ͜ͱʹͳΓɺͦͷ Task

Λ TaskManager ༝Ͱܦ ΕΔ͞ߦ࣮ Worker ʹૹ৴
͢Δɻ

10. Gears OS ͷධՁ

10.1 ࣮ ݧ  ڥ
ճࠓ TwiceɺΛ CPUɺGPUڥͰ Gears OS ͷ
ଌఆΛ͏ߦɻ
ΛදڥݧΔ࣮͢༺ 1ɺ GPU Λදڥ 2 ʹࣔ
͢ɻ·ͨɺࠓճ LLVM/Clang Ͱ࣮ͨ͠ CbC ί
ϯύΠϥΛ༻͍ͯ Gears OS ΛίϯύΠϧ͢Δɻ

Model Dell PowerEdgeR630

OS CentOS 7.4.1708

Memory 768GB

CPU 2 x 18-Core Intel Xeon 2.30GHz

ද 1: ڥߦ࣮

GPU GeForce GTX 1070

Cores 1920

Clock Speed 1683MHz

Memory Size 8GB GDDR5

Memory Bandwidth 256GB/s

ද 2: GPU ڥ

10.2 Twice

Twice ༩͑ΒΕͨྻͷͯ͢ͷཁૉΛ 2ഒ
ʹ͢ΔྫͰ͋Δɻ
Twice ͷ Task  Gears OS ͷσʔλฒྻͰ࣮ߦ
͞ΕΔɻCPU ͷ߹ྻ͋Δఔͷൣғʹׂ͠
ͯ TaskΛੜ͢Δɻ͜Εཁૉຖʹ Task Λੜ͢
Δͱͦͷͷ Context Λੜ͢ΔͨΊʹؒ࣌Λऔͬ
ͯ͠·͏͔ΒͰ͋Δɻ
Twice ฒྻ࣮ߦͷґଘؔͳ͘ɺσʔλฒྻͰ
ͷ࣮ߦʹదͨ͠՝Ͱ͋ΔɻͦͷͨΊɺ ௨৴ؒ࣌Λ
ͳ͚Εྀ͠ߟ CPU ΑΓίΞ͕ଟ͍ GPU ͕༗ར
ͱͳΔɻ
ཁૉ 227 ͷσʔλʹର͢Δ Twice ͷ࣮݁ߦՌ
Λ ද 3ɺਤ 6 ʹࣔ͢ɻCPU ࡍͷߦ࣮ 227 ͷσʔ
λΛ 64 ͷݸ Task ʹׂͯ͠ฒྻ࣮ߦΛ͍ͯͬߦ
ΔɻGPU Ͱ ͷݩ࣍1 block Λ 215ɺ block ͷ

thread Λ 210 Ͱ kernel ͷ࣮ߦΛͨͬߦɻ͜͜Ͱͷ
“GPU“  CPUɺGPU ؒͷσʔλͷ௨৴ؚؒ࣌Ί
ɺؒ࣌ͨ “GPU(kernel only)“  kernel ͷΈͷ࣮ߦ
Ͱ͋Δɻؒ࣌

Processor Time(ms)

1 CPU 1181.215

2 CPUs 627.914

4 CPUs 324.059

8 CPUs 159.932

16 CPUs 85.518

32 CPUs 43.496

GPU 127.018

GPU(kernel only) 6.018

ද 3: 227 ͷσʔλʹର͢Δ Twice
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ਤ 6: 227 ͷσʔλʹର͢Δ Twice

͋ΔఔͷޮՌ͕͋Δͱ͑ߟΒΕΔɻ
GPUͰͷ࣮ߦ kernelͷΈͷ࣮ؒ࣌ߦ 32 CPU

ʹൺͯ  7.2 ഒͷݟ্͕ΒΕͨɻ͔͠͠ɺ௨
৴ؒ࣌ΛؚΊΔͱ 16 CPU ΑΓ͍݁Ռͱͳͬͯ͠
·ͬͨɻCPUɺGPU ͷ௨৴͔ؒ࣌Φʔόʔϔουʹ
ͳ͍ͬͯΔ͕ࣄΘ͔Δɻ
10.3 Go ͱͷൺֱޠݴ
Go ޠݴ  Google ͕ࣾ։ൃ͍ͯ͠Δϓϩάϥϛ
ϯάޠݴͰ͋ΔɻGo ΑΔʹޠݴ Twice ͷ࣮ྫΛ
code 10ʹࣔ͢ɻ

func main() {
c := make(chan []int)
for i :=0; i < *split; i++ {

// call goroutine
go twice(list, prefix, i, c);

}

for i :=0; i < *split; i++ {
// join twice routins
<- c

}



}

func twice(list []int, prefix int, index int, c chan
[]int) {

for i := 0; i < prefix; i++ {
list[prefix*index+i] = list[prefix*index+i] *

2;
}
c <- list

}

Code 10: Go Ͱͷޠݴ Twice

Go Λߦฒྻ࣮ޠݴ “go function(argv)” ͷΑ͏
ͳߏจͰ͏ߦɻ͜ͷฒྻ࣮ߦΛ goroutine ͱݺͿɻ
Goޠݴ goroutinؒͷσʔλૹड৴Λνϟωϧͱ
͍͏σʔλߏͰ͏ߦɻνϟωϧʹΑΔσʔλͷૹड
৴ “<-”ΛߦͯͬΘΕΔɻྫ ͑νϟωϧͷσʔλ
Ͱ͋Δߏ channelʹରͯ͠ “channel <- data”ͱ͢
Δͱɺ data Λ channel ʹૹ৴Λ͏ߦɻ“<- channel”

ͱ͢Δͱɺ channel ͔Βૹ৴͞ΕͨσʔλΛ 1 ͭऔ
Γग़͢ɻchannel ʹσʔλ͕ૹ৴͞Ε͍ͯͳ͍߹
channel ʹσʔλ͕ૹ৴͞ΕΔ·Ͱ࣮ߦΛϒϩοΫ͢
ΔɻGo ؆νϟωϧʹΑΓɺσʔλͷૹड৴͕ޠݴ
ܿʹॻ͚Δɻ͔͠͠ɺνϟωϧෳͷ goroutine Ͱ
ਪଌͮ͠Β͍ɻ͕ݩরͰ͖ΔͨΊσʔλͷૹ৴ࢀ
Gears OS Ͱ goroutine  par goto จͱ΄΅ಉ
ʹѻ͏͜ͱ͕ग़དྷΔɻ·ͨɺCode Gear par goto

จͰॻ͖ग़͢ Output Data Gear Λࢦఆ࣮ͯ͢͠ߦ
ΔͨΊɺData Gear ͷॻ͖ग़͕͠ݩਪଌ͍͢͠ɻ
Go Ͱͷޠݴ OpenMP ͱಉ༷ʹ Twice Λ࣮͠

Gears OS ͱൺֱΛ͏ߦɻͪ͜Β࣮ڥߦ ද 1ɺ
227 ͷσʔλʹର͍ͯ͠ߦɺGears OSɺGo ํ྆ޠݴ
ͱྻΛ ͷݸ64 Taskɺ goroutineʹׂͯ͠ฒྻ
ɻͨͬߦΛߦ࣮
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ਤ 7: vs Go

Ռͱͯ݁͠ߦ࣮ Go ޠݴ 1CPUͱ 32CPU Ͱ
4.33 ഒͷݟ্͕ΒΕͨɻ

11. ݁ 

ຊจͰ Gears OSͷϓϩτλΠϓͷઃܭͱ࣮ɺ
ϝλࢉܭͰ͋Δ Contextͱ stubͷੜΛ͏ߦ Perlε
ΫϦϓτͷهड़ɺฒྻ࣮ߏػߦͷ࣮ΛͨͬߦɻCode
Gear ɺData Gear Λॲཧͱσʔλͷ୯Ґͱͯ͠༻͍
ͯ Gears OSΛઃͨ͠ܭɻCode GearɺData Gearʹ
ϝλࢉܭΛهड़͢ΔͨΊͷMeta Code GearɺMeta

Data Gear͕ଘ͢ࡏΔɻϝλࢉܭΛMeta Code Gearɺ
ʹΑͬͯ͜͏ߦͱͰϝλࢉܭΛ֊Խͯ͜͠͏ߦͱ͕
Ͱ͖ΔɻCode GearؔΑΓ͔͘ࡉׂ͞ΕͯΔͨ
ΊϝλࢉܭΛॊೈʹهड़Ͱ͖ΔɻGears OS  Code

Gear ͱ Input/Output Data Gear ͷΛ Task ͱ
͠ɺฒྻ࣮ߦΛ͏ߦɻ
Code Gear ͱ Data Gear  Interface ͱݺΕΔ
·ͱ·Γͱͯ͠هड़͞ΕΔɻInterface ༻͞ΕΔ
Data Gear ͷఆٛͱɺͦΕʹର͢Δૢ࡞Λ͏ߦ Code

Gear ͷू߹Ͱ͋ΔɻInterface ෳͷ࣮Λͪɺ
Meta Data Gear ͱͯ͠ఆٛ͞ΕΔɻैདྷͷؔݺͼ
ग़͠ͰҾΛελοΫ্ʹߏ͠ɺؔͷ࣮Ξυ
ϨεΛ Call ͢Δ͕ɺGears OS ͰҾ Context

্ʹ༻ҙ͞Εͨ Interface ͷ Data Gear ʹ֨ೲ͞Εɺ
ରԠ͢Δʹ࡞ૢ Code Gear ʹ goto ͢Δɻ
Context ༻͢Δ Code GearɺData Gear Λ͢
ͯ֨ೲ͍ͯ͠Δ Meta Data GearͰ͋Δɻ௨ৗͷܭ
Β͔ࢉ ContextΛѻ͏͜ͱηΩϡϦςΟ্·
͘͠ͳ͍ɻ͜ͷͨΊ Context ͔ΒඞཁͳσʔλΛऔ
Γग़ͯ͠ Code Gearʹଓ͢Δ Meta Code Gear Ͱ
͋Δ stub Code Gear Λఆٛͨ͠ɻstub Code Gear

 Code Gear ຖʹهड़͞ΕɺCode Gear ؒͷભҠʹ
ૠೖ͞ΕΔɻ
ฒྻॲཧΛࡍ͏ߦ Context Λੜ͠ɺ Code

Gear ͱ Input/Output Data Gear Λ Context ʹઃ
ఆͯ͠ TaskManager ༝Ͱ֤ܦ Worker ͷ Synchro-

nizedQueue ʹૹ৴͞ΕΔɻContext ͷઃఆϝλϨ
ϕϧͷهड़ʹͳΔͨΊɺϊʔϚϧϨϕϧͰ par goto

จͱ͍͏ CbC ͷ goto จʹ͍ۙهड़ͰฒྻॲཧΛߦ
͑Δɻ͜ͷ par goto ௨ৗͷϓϩάϥϛϯάͷؔ
ͼग़͠ͷΑ͏ʹѻ͑Δɻݺ
͜ΕΒͷϝλࢉܭͷهड़ࡶͰ͋ΔͨΊ PerlεΫ
ϦϓτʹΑΔࣗಈੜΛߦͳͬͨɻ͜ΕʹΑΓ Gears

OS ͷίʔυͷ͞ࡶվળ͞ΕɺϢʔβʔϨϕϧͰ
ϝλΛҙࣝ͢Δඞཁ͕ͳ͘ͳͬͨɻ
Twice ͷྫͷଌఆ݁ՌͰ 1CPU ͱ 32CPU Ͱ
 27.1 ഒɺͷݟ্͕ΒΕͨɻ·ͨɺGPU ࣮
ɺkernel͍ߦͷଌఆߦ ͷΈͷ࣮ؒ࣌ߦͰ 32 CPU

ΑΓ 7.2 ഒͷ্͕ΈΒΕɺGPU ͷੑΛ׆
͔͢͜ͱ͕Ͱ͖ͨɻ
ͷ՝ɺGoɺͱͷൺֱ͔Βɺޙࠓ Gears OS ͕

1CPU Ͱͷಈ͕࡞͍ͱ͍͏͜ͱ͕Θ͔ͬͨɻGears



OS  par goto จΛ༻͢Δ͜ͱͰ Context Λੜ
͠ɺฒྻॲཧΛ͏ߦɻ͔͠͠ɺContext ϝϞϦۭؒ
ͷ֬อ༻͢Δશͯͷ Code/Data Gear Λઃఆ͢
Δඞཁ͕͋Γɺੜʹ͋Δఔͷ͔͔͕ͯͬؒ࣌͠·
͏ɻͦ͜Ͱɺ par goto ͷίϯύΠϧλΠϛϯάͰ࣮
Δ͢ߦ Code Gear ͷϑϩʔΛϞσϧࠪݕͰղੳ͠ɺ
ॲཧ͕͍ܰ߹ Context Λੜͤͣʹɺؔݺͼ
ग़͠Λ͏ߦͷ࠷దԽΛߦͳ͏ͱ͍ͬͨνϡʔχϯά
͕ඞཁͰ͋Δɻ
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