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ཁ ࢫ

ࣨڀݚͰσʔλΛ Data SegmentɺλεΫΛ Code Segment ͱ͍͏୯ҐͰׂͯ͠ه
ड़͢Δख๏Λఏএ͍ͯ͠ΔɻData SegmentจྻࣈߏମͳͲͷجຊతͳσʔ
λͷू·ΓͰ͋ΔɻCode SegmentೖྗͱͳΔData Segment͕શͯଗͬͨΒฒྻʹॲ
ཧΛ։݁ࢉܭ࢝͠Ռͷ Data SegmentΛग़ྗ͢ΔλεΫͰ͋Δɻ͜ͷख๏Λ༻͍ͯɺε
έʔϥϒϧͳࢄϓϩάϥϜΛ৴པੑه͘ߴड़Ͱ͖Δ͜ͱΛతͱͨ͠ฒྻࢄϑϨʔ
ϜϫʔΫAliceΛ։ൃͨ͠ɻ
AliceͰ௨ৗͷॲཧͷؒʹMeta Computationͱ͍͏ॲཧΛڬΉ͜ͱͰɺίʔυΛେ

͖͘มڍʹͣͤߋಈมߋΛՄʹ͍ͯ͠Δɻ
Alice͕࣮༻తͳࢄΞϓϦέʔγϣϯΛهड़Ͱ͖ɺMeta Computation͕༷ͷมߋΛ

͑ͨ৴པੑͷ֦͍ߴுΛՄʹ͢Δͱ͍͏͜ͱTreeVNCͷྫͳͲ͔Β֬ೝ͞Εͨɻ
͔͠͠ɺNATӽ͑ͳͲͷMetaComputationΛ࣮͠Α͏ͱͨ͠ࡍɺݱঢ়Ͱ֦ு͕ࠔ

Ͱ͋Γ࠶ઃ͕ܭ·͍͜͠ͱ͕໌ͨ͠ɻ·ͨɺͦΕʹ͍AliceͷײతͰͳ͍API

Λվળ͠ɺܕͷ߹ੑΛอূ͢Δ͜ͱͰ৴པੑΛ্ͤ͞Δ͖ͩͱͨ͑ߟɻ
ຊڀݚͰ AliceͰಘΒΕͨݟΛݩʹࢄϑϨʔϜϫʔΫ ChristieͷઃܭΛͨͬߦɻ

ChristieͰɺAPIʹ JavaͷΞϊςʔγϣϯΛ༻͍Δ͜ͱͰγϯϓϧͳهड़Ͱ৴པੑͷ
Δɻ·ͨɺData͢ݱϓϩάϥϛϯάΛ࣮͍ߴ Gear ManagerΛෳ্ཱͪ͛ΒΕΔΑ͏
ʹͨ͜͠ͱͰNATӽ͑ͳͲͷ֦ுʹରԠͨ͠ɻͦͯ͠ଞϑϨʔϜϫʔΫͱAPIͷൺֱΛ
ɻͨͬߦ
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ୈ1ষ ࢄϓϩάϥϛϯάͷ৴པੑ্

εϚʔτϑΥϯλϒϨοτͷීٴ͕૿Ճ͍ͯ͠ΔɻͦΕʹ͍Πϯλʔωοτར
༻ऀ૿Ճ͓ͯ͠ΓɺωοτϫʔΫ্ͷαʔϏεʹɺ৴པੑͱεέʔϥϏϦςΟʔ͕
ཁ͞ٻΕΔɻ͜͜Ͱ͍͏৴པੑͱɺఆΊΒΕͨڥԼͰ҆ఆ༷ͯ͠ʹैͬͨಈ࡞Λߦ
͏͜ͱΛ͢ࢦɻ·ͨεέʔϥϏϦςΟʔͱɺࢄιϑτΣΞʹରͯ͠୯७ʹϊʔυΛ
Ճ͢Δ͚ͩͰੑΛઢܗతʹ্ঢͤ͞Δ͜ͱ͕Ͱ͖Δੑ࣭Ͱ͋Δɻ͔͠͠ɺ͜ΕΒΛ
ͭࢄϓϩάϥϜΛϢʔβʔ͕Ұ͔Βهड़͢Δ͜ͱ༰қͰͳ͍ɻ
͜ΕΒͷΛղܾ͢ΔͨΊʹɺࣨڀݚͰσʔλΛData SegmentɺλεΫΛCode

Segmentͱ͍͏୯ҐͰهड़͢Δϓϩάϥϛϯάख๏Λಋೖͨ͠ࢄϑϨʔϜϫʔΫAlice

Λ։ൃͨ͠ɻ
Alice͕࣮༻తͳࢄΞϓϦέʔγϣϯΛهड़Ͱ͖ɺ༷ͷมߋΛ͑ͨ৴པੑͷ͍ߴ

֦ுΛՄʹ͢Δͱ͍͏͜ͱɺਫؗͷྫTreeVNCͷྫ͔Β֬ೝ͞Εͨɻ͔͠
͠ɺAliceʹNATӽ͑ͷػΛ࣮͠Α͏ͱͨ͠ࡍɺData Segment Manager͕ 1͔ͭ͠
Ͱɺࡶ͕ܭͰ͋Δ͜ͱ͕͔ͬͨɻ·ͨɺAliceͰAPIઃࠔͳ͍ͨΊʹ֦ு͕ͯ࣋
ϓϩάϥϚ͕ॲཧͷॱ൪σʔλͷܕΛྀͯ͠ߟॻ͘ඞཁ͕͋ͬͨɻ͜ΕͰόάΛҾ͖
ߟ͖ͩͱ͢ܭઃ࠶తͳAPIͰײΊɺ৴པੑΛ্͛ΔʹΑΓ͍ͨߴՄੑ͕͢͜ى
͑ͨɻ
ຊڀݚͰɺAlice͔ΒಘΒΕͨݟΛͱʹɺࢄϑϨʔϜϫʔΫChristieͷઃܭΛ

࡞ϓϩάϥϜͷࢄεέʔϥϒϧͳ͍ߴड़Ͱ৴པੑͷهɻChristieͰɺγϯϓϧͳ͏ߦ
ΛՄʹ͢Δɻ·ͨɺࣨڀݚͰ։ൃ͍ͯ͠ΔޠݴCbCͱޓՄͳઃܭΛ͢ࢦɻ
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ୈ2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.1 CodeSegmentͱDataSegment

AliceͰCode SegmentʢҎԼCSʣͱData SegmentʢҎԼDSʣͷґଘؔΛهड़͢
Δ͜ͱͰϓϩάϥϛϯάΛ͏ߦɻ
CS࣮ߦʹඞཁͳDS͕શͯଗ͏ͱ࣮͞ߦΕΔɻCSΛ࣮͢ߦΔͨΊʹඞཁͳೖྗ͞Ε

ΔDSͷ͜ͱΛ InputDSɺCS͕ࢉܭΛޙͨͬߦʹग़ྗ͞ΕΔDSͷ͜ͱΛOutput DSͱ
Ϳɻݺ
σʔλͷґଘؔʹͳ͍CSฒྻ࣮͕ߦՄͰ͋Δʢਤ 2.1ʣɻCSͷ࣮ߦʹ͓͍ͯDS

͕ଞͷCS͔ΒมߋΛड͚Δ͜ͱͳ͍ɻͦͷͨΊAliceͰσʔλ͕ଞ͔Βม͞ߋΕ
߹ੑ͕ͱΕͳ͘ͳΔ͜ͱͳ͍ɻ

Code
Segment

Data
Segment

Code
Segment

Data
Segment

Data
Segment

Data
Segment

Data
Segment

Data
Segment

Code
Segment

Code
Segment

ਤ 2.1: CodeSegmentͷґଘؔ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

Alice JavaͰ࣮͞Ε͓ͯΓɺDS Java Objectʹ૬͢ΔɻCS Runnableͳ
Object(void run()Λͭ࣋Object)ʹ૬͢ΔɻϓϩάϥϚ͕CSΛهड़͢ΔࡍɺCode-

SegmentΫϥεΛܧঝ͢Δɻ
DSจྻࣈͳͲͷجຊతͳσʔλͷू·ΓΛ͠ࢦɺAlice͕෦ʹͭσʔλ

ϕʔεʹΑͬͯཧ͞Ε͍ͯΔɻ͜ͷσʔλϕʔεΛAliceͰDS ManagerͱݺͿɻ
CSෳͷDS ManagerΛ͍ͯͬ࣋ΔɻDSʹରʹͳΔ Stringܕͷ key͕ଘ͠ࡏɺͦ

ΕͧΕͷManagerʹ keyΛࢦఆͯ͠DSʹΞΫηε͢ΔɻҰͭͷ keyʹରͯ͠ෳͷDS

Λ put͢ΔͱFIFOతʹॲཧ͞ΕΔɻͳͷͰData Segment Manager௨ৗͷσʔλϕʔ
εͱҟͳΔɻ

ฒྻࢄϑϨʔϜϫʔΫChristieͷઃܭ 3



େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.2 DataSegmentManager

DS ManagerʢҎԼDSMʣʹ Local DSMͱRemote DSM͕ଘ͢ࡏΔɻLocal DSM
֤ϊʔυݻ༗ͷσʔλϕʔεͰ͋Δɻ
Remote DSMଞϊʔυͷ Local DSMʹରԠ͢Δ proxyͰ͋Γɺଓ͍ͯ͠Δϊʔυ

ͷ͚ͩଘ͢ࡏΔʢਤ 2.2 ʣɻଞϊʔυͷLocal DSMʹॻ͖ࠐΈ͍ͨ߹Remote DSM

ʹରͯ͠ॻ͖ࠐΊྑ͍ɻ

Local
DSM

Remote
DSM

“nodeB”

NodeA

Remote
DSM

“nodeC”

Remote
DSM

“nodeD”

Local
DSM

Local
DSM

Local
DSM

NodeB NodeC NodeD

ਤ 2.2: Remote DSMଞͷϊʔυͷ Local DSMͷ proxy

Remote DSMΛ্ཱͪ͛ΔʹɺDataSegmentΫϥε͕ఏ͢ڙΔ connectϝιουΛ
༻͍Δɻଓ͍ͨ͠ϊʔυͷ ipΞυϨεͱ port൪߸ɺͦͯ͠ҙͷManager໊Λࢦఆ
͢Δ͜ͱͰཱͪ͋͛ΒΕΔɻͦͷޙManager໊Λࢦఆͯ͠Data Segment APIΛ༻͍
ͯDSͷΓऔΓΛͨ͏ߦΊɺϓϩάϥϚManager໊͑͞ҙࣝ͢ΕLocalͷૢ࡞
Remoteͷૢ࡞ಉ༷͡ʹѻ͑Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.3 Data Segment API

DSͷอଘɾऔಘʹAlice͕ఏ͢ڙΔAPIΛ༻͍Δɻputͱ updateɺflipOutput DS

APIͱݺΕɺDSΛDSMʹอଘ͢Δࡍʹ༻͍Δɻpeekͱ take Input DS APIͱݺ
ΕɺDSΛDSM͔Βऔಘ͢Δʹࡍ༻͢Δɻ

• void put(String managerKey, String key, Object val)

DSΛDSMʹՃ͢ΔͨΊͷAPIͰ͋ΔɻୈҰҾ Local DSM͔Remote DSM͔ͱ
͍ͬͨManager໊Λࢦఆ͢Δɻͦͯ͠ୈೋҾͰࢦఆ͞Εͨ keyʹରԠ͢ΔDSͱͯ͠ୈ
ҾͷΛՃ͢Δɻࡾ

• void update(String managerKey, String key, Object val)

updateDSΛDSMʹՃ͢ΔͨΊͷAPIͰ͋Δɻputͱͷҧ͍ɺqueueͷઌ಄ͷDS

Λআ͔ͯ͠Β DSΛՃ͢Δ͜ͱͰ͋ΔɻͦͷͨΊ API࣮ߦલޙͰ queueͷதʹ͋Δ
DSͷݸมΘΒͳ͍ɻ

• void flip(String managerKey, String key, Receiver val)

flipDSͷసૹ༻ͷAPIͰ͋Δɻऔಘͨ͠DSʹରͯ͠ԿͤͣʹผͷKeyʹର͠อଘ
Λ͍͍ͨߦ߹ɺҰ୴ΛऔΓग़͢ͷແବͰ͋ΔɻflipDSΛड͚औͬͨࣜܗͷ··
సૹ͢ΔͨΊແବͳίϐʔͳ͘DSͷอଘ͕Ͱ͖Δɻ

• void take(String managerKey, String key)

takeDSΛಡΈࠐΉͨΊͷAPIͰ͋ΔɻಡΈࠐ·ΕͨDSআ͞ΕΔɻཁͨ͠ٻDS

͕ଘ͠ࡏͳ͚ΕɺCSͷͪ߹ΘͤʢBlockingʣ͕͜ىΔɻput updateʹΑΓDSʹ
ΕΔɻ͞ߦ࣮ʹ৽͕͋ͬͨ߹ɺtake͕ͪߋ

• void peek(String managerKey, String key)

peekDSΛಡΈࠐΉ APIͰ͋Δɻtakeͱͷҧ͍ಡΈࠐ·ΕͨDS͕আ͞Εͳ͍͜
ͱͰ͋Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.4 CodeSegmentͷهड़ํ๏
CSΛϢʔβʔ͕هड़͢ΔࡍʹCodeSegmentΫϥεΛܧঝͯ͠هड़͢Δ (ιʔείʔ

υ ?? , 2.2)ɻ
ঝ͢Δ͜ͱʹΑΓܧ Code SegmentͰ༻͢Δ Data Segment APIΛར༻͢Δ͕ࣄͰ

͖Δɻ
Alice ʹɺStart CS (ιʔείʔυ 2.1 )ͱ͍͏ C ͷ main ʹ૬͢ΔΑ͏ͳ࠷ॳʹ

ΕΔ͞ߦ࣮ CS ͕͋ΔɻStart CSͲͷDSʹґଘ͠ͳ͍ɻͭ·Γ Input DSΛͨ࣋ͳ
͍ɻ͜ͷCSΛmainϝιουͰ new͠ɺexecuteϝιουΛݺͿ͜ͱͰ࣮ߦΛ։ͤ࢝͞
Δ͜ͱ͕Ͱ͖Δɻ

1 public class StartCodeSegment extends CodeSegment {
2

3 @Override
4 public void run() {
5 new TestCodeSegment();
6

7 int count = 0;
8 ods.put(”local”, ”cnt”, count);
9 }

10

11 }

Ϧετ 2.1: StartCodeSegmentͷྫ

1 public class TestCodeSegment extends CodeSegment {
2 private Receiver input1 = ids.create(CommandType.TAKE);
3

4 public TestCodeSegment() {
5 input1.setKey(”local”, ”cnt”);
6 }
7

8 @Override
9 public void run() {

10 int count = input1.asInteger();
11 System.out.println(”data = ” + count);
12 count++;
13 if (count == 10){
14 System.exit(0);
15 }
16 new TestCodeSegment();
17 ods.put(”local”, ”cnt”, count);
18 }
19 }

Ϧετ 2.2: CodeSegmentͷྫ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

ιʔείʔυ 2.1 ɺ5ߦͰ͍ͨͤ͞ߦ࣮ʹ࣍CSʢιʔείʔυ 2.2 ʣΛ࡞͍ͯ͠
Δɻ8ߦͰOutput DS APIΛ௨ͯ͠ Local DSMʹରͯ͠DSΛ put͍ͯ͠ΔɻOutput

DS API CSͷ odsͱ͍͏ϑΟʔϧυΛ༻͍ͯΞΫηε͢Δɻods putͱ updateͱ
flipΛ࣮͢ߦΔ͜ͱ͕Ͱ͖ΔɻTestCodeSegment͜ͷ”cnt”ͱ͍͏ keyʹରͯ͠ґଘؔ
ͰߦΓɺ8͕͋ put͕ߦΘΕΔͱTestCodeSegment࣮͞ߦΕΔɻ
CSͷ Input DSɺCSͷ࡞ࢦʹ࣌ఆ͢Δඞཁ͕͋ΔɻࢦఆCommandType(PEEK

͔ TAKE)ɺDSM໊ɺͦͯ͠ key ΑͬͯߦΘΕΔɻInput DS API  CSͷ idsͱ͍͏
ϑΟʔϧυΛ༻͍ͯΞΫηε͢ΔɻOutput DSɺods͕ఏ͢ڙΔ put/update/flipϝ
ιουΛͦͷ··ݺΑ͔͕ͬͨɺInput DSͷ߹ idsʹ peek/takeϝιουͳ͘ɺ
create/setKeyϝιουͰCommandTypeΛࢦఆ࣮ͯ͢͠ߦΔɻ
ιʔείʔυ 2.2ɺ0͔Β 9·ͰΠϯΫϦϝϯτ͢ΔྫͰ͋Δɻ2ߦͰɺInput

DS API͕ͭ createϝιουͰ Input DSΛ֨ೲ͢Δड͚ࡼ (Receiver)Λ͍ͯͬ࡞Δɻ
Ҿʹ PEEK·ͨ TAKEΛࢦఆ͢Δɻ

• Receiver create(CommandType type)

͔Βߦ4 ͷϓϩࢦίϯετϥΫλͰ͋ΔɻίϯετϥΫλΦϒδΣΫτߦ6
άϥϛϯάޠݴͰ৽ͨͳΦϒδΣΫτΛੜ͢Δݺʹࡍͼग़͞Εͯ༰ͷॳظԽΛ͏ߦ
ؔͰ͋Δɻ
TestCodeSegmentͷίϯετϥΫλ͕ݺΕͨࡍʹɺ

1. CS͕ͭ࣋ϑΟʔϧυม Receiver inputʹ ids.create(CommandType.TAKE)͕
Խ͞ΕΔɻظΘΕɺinput͕ॳߦ

2. ΕΔɻ͞ߦʹ͋ΔTestCodeSegmentͷίϯετϥΫλͷTAKE͕࣮ߦ5

ͷߦɺ2ߦ5 createͰ࡞ΒΕͨReceiver͕ఏ͢ڙΔ setKeyϝιουΛ༻͍ͯLocal

DSM͔ΒDSΛऔಘ͍ͯ͠Δɻ

• void setKey(String managerKey, String key)

setKeyϝιου peek/takeͷ࣮ߦΛ͏ߦɻͲͷDSMͷͲͷ keyʹରͯ͠ peek·ͨ
takeίϚϯυΛ࣮ͤ͞ߦΔ͔ΛࢦఆͰ͖ΔɻίϚϯυͷ݁Ռ͕Ϩεϙϯεͱͯ͠ಧ͖࣍
ୈCS࣮͞ߦΕΔɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

ΕΔ͞ߦ࣮ runϝιουͷ༰

1. Ͱऔಘ͞ΕͨDSΛߦ10 Integerܕʹมͯ͠ countʹೖ͢Δɻ

2. Ͱߦ12 countΛΠϯΫϦϝϯτ͢Δɻ

3. ͷCS࣍Ͱ࣌ΒΕΔɻʢ͜ͷ࡞ΕΔCS͕͞ߦ࣮ʹ࣍Ͱߦ16 Input DSͷͪ
ঢ়ଶʹೖΔʣ

4. Ͱߦ17 countΛ Local DSMʹ put͢ΔɻInput DS͕ଗ͍ͪঢ়ଶ͕ղܾ͞Εͨ
ͨΊɺ࣍ͷCS͕࣮͞ߦΕΔɻ

5. ͕ऴྃ݅Ͱ͋Γɺcountͷ͕ߦ13 10ʹͳΕऴྃ͢Δɻ

ͱͳ͍ͬͯΔɻ
1.Ͱ༻͍ΒΕ͍ͯΔ asInteger() asClassϝιουͷҰ෦Ͱ͋ΓɺasClass take/peek

Ͱऔಘͨ͠DSΛObject͔ܕΒҙͷܕͰऔಘ͢ΔͨΊͷAPIͰ͋Δɻ

• <T> T asClass(Class<T> clazz)

CSͰDSͷσʔλΛѻ͏ʹɺਖ਼͍͠ܕΛҙࣝ͠ͳ͕Β͜ͷ asClassϝιουΛΘ
ͳ͚ΕͳΒͳ͍ɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.5 AliceͷMeta Computation

AliceͰɺॲཧΛComputationͱMeta Computationʹ֊Խ͠ɺίΞͳ༷ͱෳࡶ
ͳྫ֎ॲཧʹ͢ΔɻAliceͷComputationɺkeyʹΑΓDSΛͪ߹ΘͤɺDS͕ଗͬ
ͨ CSΛฒྻʹ࣮͢ߦΔॲཧͱଊ͑ΒΕΔɻͦΕʹରͯ͠ɺAliceͷMeta Computation

ɺRemoteϊʔυͱͷ௨৴τϙϩδʔͷߏɺ௨৴͢Δσʔλࣜܗͷมͱ͑ݴΔɻ
AliceͷػΛՃ͢Δͱ͍͏͜ͱϓϩάϥϚଆ͕͏Meta ComputationΛՃ͢

Δͱ͍͑ݴΒΕΔɻAliceͰMeta Computationͱͯ͠ڥࢄͷߏஙͷػΛఏ
گଓͱ͍͏ঢ়࠶அɺߏτϙϩδʔʹࡍड़͢ΔهΔͨΊɺϓϩάϥϚCSΛ͢ڙ
Λ༧Ίఆͨ͠ॲཧʹ͢Δඞཁͳ͍ɻϓϩάϥϚతͷॲཧ͚ͩهड़͠ɺஅ࠶
ଓ͕ͨͬ͜ى߹ͷॲཧΛMeta Computationͱͯ͠ࢦఆ͢Δ͚ͩͰΑ͍ɻ
͜ͷΑ͏ʹϓϩάϥϜ͢Δ͜ͱͰɺ௨ৗॲཧͱྫ֎ॲཧΛ͢Δ͜ͱ͕Ͱ͖ΔͨΊɺ

Λ͑ͯϓϩάϥϜߋͷม༷ड़Ͱ͖ΔɻهΛ͑ͨγϯϓϧͳϓϩάϥϜΛߋͷม༷
ͷ֦ு͕Ͱ͖Δͱ͍͏͜ͱɺίʔυΛഁյ͠ͳ͍ͨΊมߋҎલͷ৴པੑΛอͯΔͱ͍͏
͜ͱͰ͋Δɻ
ػɺϊʔυͷੜଘ֬ೝػɾཧߏɺτϙϩδʔͷػAliceʹɺσʔλͷѹॖࡏݱ

ɺϊʔυͷஅɾ࠶ଓ࣌ͷॲཧཧػͳͲͷMeta Computation͕༻ҙ͞Ε͍ͯΔɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.5.1 Aliceͷѹॖػ

ϦϞʔτϊʔυʹେ͖ͳσʔλΛૹΔͨΊʹɺσʔλΛѹॖ͍ͨ͠߹͕͋Δɻͦ͜
ͰɺAliceѹॖΛαϙʔτ͍ͯ͠Δɻ͔͠͠ɺ୯ʹѹॖͷϝιουΛ༻ҙͨ͠Θ͚Ͱ
ͳ͍ɻѹॖσʔλͷల։ͱɺѹॖͨ͠··ผϊʔυͷసૹΛಉ͍ͨ͠ݱ࣮ʹ࣌߹͕͋
ΔͨΊɺMeta ComputationΛհ͢͜ͱͰDSʹѹॖͱඇѹॖͷσʔλΛಉͯ࣋ʹ࣌ΔΑ
͏ʹ͍ͯ͠Δʢਤ 2.3ʣɻ

DataSegmentManager

key1 DS DS

key2 DS DS

圧縮 非圧縮メ
タ
C
S

メ
タ
C
S

Code
Segment

Code
Segment

Code
Segment

Code
Segment

Code
Segment

DS

DS

DS

DS

DS

ਤ 2.3: DS͕ѹॖͱඇѹॖͷ྆ํΛͭ࣋

1ͭͷDSʹҎԼͷ̏ͭͷදݱΛͤͨ࣋Δ͜ͱͰσʔλʹଟଶੑΛͤͨ࣋ɺඞཁʹԠ
ͰDSΛѻ͏ɻࣜܗͨ͡

1. Ұൠతͳ JavaͷΫϥεΦϒδΣΫτ

2. MessagePack for Java []ͰγϦΞϥΠζԽ͞ΕͨόΠφϦΦϒδΣΫτ

3. 2Λѹॖͨ͠όΠφϦΦϒδΣΫτ

Local DSMʹ put͞Εͨ߹ɺ(1)ͷҰൠతͳ JavaΫϥεΦϒδΣΫτͱͯ͠Ճ
͞ΕΔɻRemote DSMʹ put͞Εͨ߹ɺ௨৴࣌ʹ (2)ͷ byteArrayʹม͞ΕͨόΠ
φϦΦϒδΣΫτʹม͞ΕͨDS͕Ճ͞ΕΔɻLocal/Remote DSMʹDSΛѹॖͯ͠
อଘ͍ͨ͠߹ (3)ͷѹॖࣜܗΛ༻͍Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

σʔλͷѹॖΛࢦఆ͢Δʹɺput͢ΔDSMͷ໊લͷલʹ”compressed”Λ͚ͭΔ͚ͩ
ͰΑ͍ɻ2.3,2.4௨ৗͷDSͱѹॖͷDSΛѻ͏ࡍͷهड़ͷྫͰ͋Δɻ

1 ods.put(”remote”, ”num”, 0);

Ϧετ 2.3: ௨ৗͷDSΛѻ͏CSͷྫ

1 ods.put(”compressedremote”, ”num”, 0);

Ϧετ 2.4: ѹॖͨ͠DSΛѻ͏CSͷྫ

͜ͷΑ͏ʹίʔυͷมߋΛ͑ͯѹॖͰ͖ΔͨΊɺଞͷࢉܭ෦Λม͑ͣʹσʔλܗ
ࡍఆͰ͖Δɻ·ͨɺDSΛऔΓग़͢ࢦ͕ࣜ asClass()෦ͰࣗಈͰల։͕ߦΘΕΔͨΊɺ
ίʔυͷม͕ߋͳ͘ɺϓϩάϥϚ͕σʔλͷల։Λ͑ߟΔඞཁ͕ͳ͍ɻ

2.5.2 TopologyManager

AliceͰɺϊʔυؒͷଓཧτϙϩδʔͷߏཧΛɺTopology ManagerͱTopol-

ogy Nodeͱ͍͏Meta Computation͕ఏ͍ͯ͠ڙΔɻϓϩάϥϚτϙϩδʔϑΝΠϧ
Λ༻ҙ͠ɺTopology ManagerʹಡΈࠐ·ͤΔ͚ͩͰτϙϩδʔΛߏ͢Δ͜ͱ͕Ͱ͖Δɻ
τϙϩδʔϑΝΠϧDOT Language []ͱ͍͏ޠݴͰهड़͞ΕΔɻDOT Languageͱɺ
ϓϨʔϯςΩετΛ༻͍ͯσʔλߏͱͯ͠ͷάϥϑΛද͢ݱΔͨΊͷσʔλهड़ޠݴ
ͷҰͭͰ͋Δɻιʔείʔυ 2.5 3ͷϊʔυͰϦϯάτϙϩδʔΛΉͱ͖ͷτϙϩ
δʔϑΝΠϧͷྫͰ͋Δɻ

1 digraph test{
2 node0 −> node1[label=”right”]
3 node0 −> node2[label=”left”]
4 node1 −> node2[label=”right”]
5 node1 −> node0[label=”left”]
6 node2 −> node0[label=”right”]
7 node2 −> node1[label=”left”]
8 }

Ϧετ 2.5: τϙϩδʔϑΝΠϧͷྫ

DOT LanguageϑΝΠϧ dotίϚϯυΛ༻͍ͯάϥϑͷը૾ϑΝΠϧΛੜ͢Δ͜ͱ
͕Ͱ͖ΔɻͦͷͨΊɺهड़ͨ͠τϙϩδʔ͕ਖ਼͍͔͠ՄࢹԽ͢Δ͜ͱ͕ՄͰ͋Δɻ
Topology ManagerτϙϩδʔϑΝΠϧΛಡΈࠐΈɺࢀՃΛද໌ͨ͠ΫϥΠΞϯτʢҎ

ԼɺTopology Nodeʣʹଓ͢Δ͖ΫϥΠΞϯτͷ IPΞυϨεϙʔτ൪߸ɺଓ໊
ΛૹΔʢਤ 2.4ʣɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 2ষ ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

Topology
Manager

ring.dot

read

Topology
Node

Topology
Node

Topology
Node

ਤ 2.4: Topology Manager͕هड़ʹै͍τϙϩδʔΛߏ

τϙϩδʔϑΝΠϧͰ lavelͱͯ͠ࢦఆ໊ͨ͠લRemote DSMͷ໊લͱͯ͠Topology

Nodeʹ͞ΕΔɻͦͷͨΊɺTopology Node Topology Managerͷ IPΞυϨε͑͞
͍ͬͯΕࣗͷଓ͖͢ϊʔυͷσʔλΛड͚औΓɺϊʔυؒͰͷਖ਼͍͠ଓΛ࣮
Ͱ͖Δɻݱ
·ͨɺ࣮ࡍͷࢄΞϓϦέʔγϣϯͰࢀՃ͢Δϊʔυͷ͕༧Ίܾ·͍ͬͯΔͱݶ

Βͳ͍ɻͦͷͨΊTopology ManagerಈతτϙϩδʔʹରԠ͍ͯ͠Δɻτϙϩδʔͷ
छྨΛબͯ͠Topology ManagerΛ্ཱͪ͛Εɺ͋ͱ৽͍͠Topology Node͕ࢀՃ
ද໌͢ΔͨͼʹɺTopology Manager͔Β Topology Nodeʹରͯ͠ଓ͖͢ Topology

Nodeͷใ͕ put ͞Εଓॲཧ͕ॱߦ࣍ΘΕΔɻͦͯ͠Topology Manager͕ͭ࣋τϙ
ϩδʔใ͕ߋ৽͞ΕΔɻࡏݱTopology ManagerͰಈతͳτϙϩδʔλΠϓͱͯ͠ೋ
ʹରԠ͍ͯ͠Δɻ
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ୈ3ষ Aliceͷ

AliceΛ֦ு͍ͯ͘͠தͰ͍͔ͭ͘ͷ͕໌Β͔ʹͳΓɺ͜ΕΒΛղܾ͢ΔʹAlice

ࣗମΛ࠶ઃ͢ܭΔඞཁ͕͋ΔͱΘ͔ͬͨɻ

3.1 ײతͰͳ͍API

2.4Ͱࣔͨ͠Α͏ʹɺCSͰ͏DSΛ take/peekͷϝιουΛݺͼग़ͤͳ͍ɻҰ
ϑΟʔϧυͰReceiverΛ createͯ͠ɺͦͷޙReveiverʹରͯ͠ setKeyͰͪ߹ΘͤΔ
keyΛࢦఆ͠ͳ͚ΕͳΒͳ͍ɻ͜ΕͰख͕͔͔ؒΔ্ɺίʔυΛಡΜͩࡍʹͲͷKey

ʹରͯͪ͠߹ΘͤΛ͍ͯͬߦΔͷ͔ײతʹ͔Βͳ͍ɻ͞ΒʹɺsetKeyͦͷDSΛ
ͪ߹Θ͍ͤͯΔCSҎ֎͔Βݺͼग़ͤͯ͠·͏ 3.1ɻ

1 public class StartCodeSegment extends CodeSegment {
2 @Override
3 public void run() {
4 TestCodeSegment cs = new TestCodeSegment();
5 cs.input.setKey(”data”);
6 ods.put(”local”, ”data”, 1);
7 }
8 }

Ϧετ 3.1: setKeyΛ֎෦͔Βݺͼग़͢ྫ

1 public class TestCodeSegment extends CodeSegment {
2 private Receiver input = ids.create(CommandType.TAKE);
3

4 @Override
5 public void run(){
6 System.out.println(”data = ” + input.asInteger());
7 }
8 }

͜ͷΑ͏ͳॻ͖ํΛ͞ΕΔͱɺCS͚ͩΛͯݟͲͷ keyʹରͯͪ͠߹ΘͤΛ͍ͯͬߦ
Δͷ͔Θ͔Βͳ͍ͨΊɺsetKeyΛݺͼग़͍ͯ͠ΔίʔυΛ୧Δඞཁ͕͋ΔɻՄಡੑͷ
͍ίʔυϓϩάϥϚͷෛ୲ͱͳΔͨΊɺCS͕ԿΛͪ߹Θ͍ͤͯΔͷ͔ͦͷ CSΛݟ
͚ͨͩͰཧղͰ͖ΔΑ͏ʹAPIΛվળ͖͢Ͱ͋Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

3.2 setKeyݺʹޙ࠷ͳ͚ΕͳΒͳ͍
setKeyϝιουΛίϯετϥΫλͰݺͿࡍɺsetKeyϝιουΛඞͣݺʹޙ࠷ͳ͚Ε

ͳΒͳ͍ɻ
CS෦Ͱ࣮ߦʹඞཁͳDSΛ͍͑ͯΔɻDSͷऔಘʹޭ͢Δͱ͜ͷ͕ɺσΫϦ

ϝϯτ͞Εɺ0ʹͳΔͱඞཁͳDS͕શͯଗͬͨ͜ͱͱஅ͞ΕThread poolૹΒΕΔɻ
setKeyҠߦʹॲཧΛهड़ͨ͠߹ɺͦ ͷॲཧ͕ߦΘΕͳ͍Մੑ͕͋ΓThread pool

ͱૹΒΕNullPointerExceptionΛҾ͖͢͜ىɻ

1 public class ShowData extends CodeSegment{
2 private Receiver[] info;
3

4 public ShowData(int cnt) {
5 info = new Receiver[cnt];
6 for (int i= 0;i < cnt; i++) {
7 info[i] = ids.create(CommandType.TAKE);
8 info[i].setKey(SetInfo.array[i]);
9 }

10 }
11

12 @Override
13 public void run() {
14 int size = 0;
15 for (Receiver anInfo : info) {
16 DataList dlist = anInfo.asClass(DataList.class);
17 dlist.showData();
18 }
19 }
20 }

Ϧετ 3.2: NullPointerExceptionʹͳΔՄੑ͕͋Δ

ιʔείʔυ 3.2ɺforจͰ setKeyͱ ids.createΛ cntͷճݺͼɺಈతʹDSͷऔಘ
ΛܾΊΑ͏ͱ͍ͯ͠Δɻ͔͠͠ɺsetKey͕࠷ॳʹݺΕͨࡍʹɺDSͷऔಘʹޭ͢Δ
ͱ࣮ߦՄͱஅ͞Εͯ͠·͏ɻrunͷதͰ infoͷྻͷཁૉ͚ͩதΛදࣔͤ͞Α͏ͱ
ͯ͠Δ͕ɺ2ճͷ asClassͰNullPointExceptionΛҾ͖͢͜ىɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

ճͷ߹ɺίϯετϥΫλΛιʔείʔυࠓ 3.3ͷΑ͏ʹهड़͢Δඞཁ͕͋Δɻ

1 public ShowData(int cnt) {
2 info = new Receiver[cnt];
3 for (int i= 0;i < cnt; i++) {
4 info[i] = ids.create(CommandType.TAKE);
5 }
6

7 for (int i= 0;i < cnt; i++) {
8 info[i].setKey(SetInfo.array[i]);
9 }

10 }

Ϧετ 3.3: NullPointerExceptionʹͳΒͳ͍هड़

͜ͷΑ͏ʹهड़ͷॱংΛ͑ߟͳ͕Βϓϩάϥϛϯά͠ͳ͚ΕͳΒͳ͍ઃܭͰɺόά
ΛҾ͖͜͠ى৴པੑΛଛͳ͏͜ͱʹ͕ܨΔɻΑΓࣗવʹѻ͑ΔAPIઃܭʹ͢Δ͖ͩͱ
Δɻ͑ߟ

3.3 ಈతͳ setKey

setKeyCSͷίϯετϥΫλͰࢦఆ͢Δ͜ͱ͕ଟ͍ɻ͜ͷͱ͖ɺࢦఆ͢Δ keyҾ
ͳͲ͔Βಈతʹड͚औΓɺηοτ͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ɺͦͷํ͍Ͱɺput͢Δ
෦ͳͲɺ֘͢Δ keyΛѻ͏શͯίʔυΛม͠ߋͳ͚ΕͳΒͳ͍ɻࡏݱͷAliceͰ
setKey͕ॊೈʹ͑Δ͕ͨΊʹɺ৻ॏʹॻ͔ͳ͚ΕϓϩάϥϜͷ৴པੑ͕อͯͳ͍ɻͦ
ͷͨΊɺಈతͳ setKeyͰ͖ͳ͍Α͏ʹ੍ͨ͠ݶ΄͏͕ྑ͍ͱ͑ߟΔɻ

3.4 ਪଌͰ͖ͳ͍͕ܕ
inputDSΛड͚औΔReceiverσʔλΛObjectܕͰ͓ͯͬ࣋ΓɺͦͷσʔλΛCS

Ͱѻ͏ʹਖ਼͍͠ܕʹΩϟετ͢Δඞཁ͕͋Δɻ͔͠͠ɺinputDSͰࢦఆ͢Δͷ keyͷ
ΈͰ͋Γɺͦͷσʔλͷܕ·Ͱ͔Βͳ͍ɻͦͷͨΊɺDSͷܕΛΔʹ put͍ͯ͠
Δ෦·Ͱ୧Δඞཁ͕͋Δɻ୧ͬͯ flip͞Ε͍ͯΔՄੑ͋ΔͨΊɺ࠷ॳʹͦͷDS

Λ put͍ͯ͠Δ෦Λ͚ͭݟΔͷࠔͰ͋Δɻैͬͯɺͪ߹Θ͍ͤͯΔ keyʹͲͷ
Α͏ͳܕͷσʔλ͕ରԠ͍ͯ͠Δͷ͔ΛͦͷCSΛ͚ͩͨݟͰ͔ΔΑ͏ʹ͢Δ͖ͱߟ
͑Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

3.5 key໊ͱม໊ͷෆҰக
2.4ͷCodeSegmentͷྫͰ͋Δ௨Γɺkey໊ͱͦͷ keyͰͪ߹ΘͤͨDSΛड͚औ

Δ Receiver໊ҟͳΔ͜ͱ͕͋Δɻ͠ϓϩάϥϚ͕దʹ໋໊ͯ͠͠·͑ޙʑࠞཚ
Λটͨ͘Ίɺͪ߹ΘͤΔ key໊ͱ input DS ͷม໊ҰகΛ੍͍ͨͤ͞ڧɻ

3.6 DataSegmentͷ໌ྎੑ
2.5.1Ͱࣔͨ͠Α͏ʹɺAliceʹѹॖͷMeta ComputationΛ࣮ͨ͠ࡍɺDSʹෳ

ͷܕΛಉͤͨ࣋ʹ࣌ΔΑ͏ʹͨ͠ɻ
͔͜͠͠ΕͰɺDS͕ࠓͲͷࣜܗΛ͍ͯͬ࣋Δͷ͔ɺͲͷঢ়ଶʹ͋Δͷ͔͕Θ͔Γͮ

Β͍ɻ·ͨɺDS͕ byteArrayܕΛड͚औͬͨ߹ɺσʔλͰ͋ΔObjectܕͱͯ͠͞Ε
ͨͷͳͷ͔ɺMessagePackѹॖͰม͞Εͨͷͳͷ͔Λผ͢ΔॲཧΛೖΕͳ͚Ε
ͳΒͳ͔ͬͨɻޙࠓDSʹΑΓଟ༷ͳࣜܗΛಉͤͨ࣋ʹ࣌Δ͜ͱʹͳΕɺ͞Βʹͦͷ
ผͷॲཧ͕૿͑Δ͜ͱʹͳΔɻ
Aliceࣗମͷ֦ுɾσόοάΛ͘͢͢͠ΔͨΊʹɺDS͕ͲͷܕΛ͍ͯͬ࣋Δͷ͔Λ

ͻͱͰ͔ΔΑ͏ʹ͍ͨ͠ɻ

3.7 LocalDataSegmentManagerΛෳͯ࣋ͳ͍
AliceͰ 1ͭͷϊʔυʹ͖͔ͭ̍ͭ͠ LocalDSMΛ্ཱͪ͛ΒΕͳ͍࡞Γʹͳ͍ͬͯ

ΔɻͦͷͨΊʹҎԼͷΑ͏ͳ͕ൃੜͨ͠ɻ

3.7.1 ̍ͭͷϊʔυͰෳDSMಉ࢜ͷςετ͕͑ߦͳ͍

ࣨڀݚͰࢄσʔλϕʔε Jungle []Λ։ൃ͓ͯ͠Γɺͦͷࢄ௨৴෦ʹAlice

͕༻͍ΒΕ͍ͯΔɻJungleͷΑ͏ͳࢄΞϓϦέʔγϣϯͷ։ൃͰɺ̍ͭͷϚγϯ্
ͰෳͷٙࣅϊʔυΛཱͯͯςετΛ͍͍ͨߦ߹͕͋ͬͨɻ͔͠͠ɺAliceͰҰͭͷ
ΞϓϦέʔγϣϯʹ LocalDSMҰͭͱܾ·͍ͬͯͨͨΊɺςετʹඞཁͳϊʔυ
͚ͩΞϓϦέʔγϣϯΛผͰ্ཱͪ͛ͳ͚ΕͳΒͳ͍ͱ͍͏ख͕ؒ͋ͬͨɻ͜ͷͨ
ΊͷγΣϧεΫϦϓτΛϓϩάϥϚ͕ॻ͔ͳ͚ΕͳΒͳ͍ͷຊ࣭తͳۀ࡞Ͱͳ͍ɻ
ΑΓܰؾʹςετ͕Ͱ͖ΔΑ͏ɺಉҰϓϩάϥϜͰ LocalDSMΛෳ্ཱͪ͛ΒΕΔ
Α͏ʹ͖ͩ͢ͱͨ͑ߟɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

3.7.2 TopologyManagerͷ֦ு͕ࠔ

AliceͰΑΓࣗ༝ͷ͍ߴ௨৴Λͨ͏ߦΊʹɺTopologyManagerʹ͔ͭزͷػΛ
Ճ͢Δ͜ͱ͍ͨͯ͑ߟɻ
ͦͷҰ͕ͭNATӽ͑ͷػͰ͋ΔɻNATӽ͑ࢄΞϓϦέʔγϣϯߏஙʹ͓͚Δ՝

ͷ 1ͭͰ͋Δ͕ɺϓϩάϥϚʹͱͬͯͦͷ࣮༰қͰͳ͍ɻTopology Manager

ʹNATΛӽ͑ͨϊʔυؒ௨৴ػΛ͚ͭΔ͜ͱʹΑΓɺωοτϫʔΫΛؾʹͤͣʹ௨৴
ΔΑ͏ʹ͍ͨ͠ɻ͑ߦ͕
ਤ 3.1TopologyManagerΛ༻͍ͯNATӽ͑Λ͢ΔͨΊͷઃܭͰ͋Δɻ

A0

A1 A2

A3 A4 A5 A6

Private 
TopplogyManager : Tree

10.0.0.2

Private 
TopologyManager : Tree

10.1.0.3

Grobal 
TopologyManager : Tree

133.13.1.2

Private Network A Private Network B

B0

B1 B2

B3 B4 B5 B6

1 : where to
connect

2 : connect to
A1,A2

1 : where to
connect

3 : connect to
B1,B2

4 : connect 
to A0

3 : where to
connect

5 : connect 

ਤ 3.1: ෳͷTopologyManagerʹΑΔNATӽ͑ͷ࣮ݱ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

·ͨɺผτϙϩδʔͰ্ཱͪ͛ͨΞϓϦέʔγϣϯಉ࢜Λଓ͢ΔػՃ͍ͨ͠ͱ
ɻTreeTopologyͷVNCΞϓϦͱ͍ͨͯ͑ߟ StarTopologyͷνϟοτΞϓϦΛ࿈ͨ͠ܞ
͍ͱ͍͏ཁ͕ੜ·ΕͨͨΊͰ͋ΔɻผτϙϩδʔͷΞϓϦέʔγϣϯ͕ଓՄʹͳΕ
ɺVNCը໘ͷεφοϓγϣοτΛ Chat্ʹͨͤࡌΓɺVNC্ʹ Chatͷ༰Λίϝ
ϯτͱͯ͠ྲྀ͢ͱ͍֦ͬͨு͕༰қʹͳΔ (ਤ 3.2)ɻ

A B

TopologyManager : Tree
192.168.1.3

TopologyManager : Star
192.168.1.4

AliceVNC AliceChat

3 : connect 

1 : where to 
　connect

2 : connect to
 nodeA 

ਤ 3.2: ผτϙϩδʔͷΞϓϦέʔγϣϯͷଓ

TopologyManagerωοτϫʔΫ͝ͱɺτϙϩδʔ͝ͱʹଘ͢ࡏΔͨΊɺ͍ͣΕͷػ
ෳͷTopologyManagerΛ্ཱͪ͛ɺ࿈ͤ͞ܞΔ͜ͱͰ࣮ݱՄͱͳΔɻ
ͰͷAliceͰɺ1ͭͷϊʔυʹରͯ͠Topology·ࠓ Manager̍ͭͱܾΊΒΕ͍ͯͨɻ

Topology Managerͱ֤ϊʔυͷΓऔΓΛ͢Δͷɺϊʔυ͝ͱʹ࣮͞ߦΕΔTopology

Nodeͱ͍͏Meta ComputationͰ͋ΔɻTopology Managerଓ͞Εͨ nodeͷใ
ʢnodeNameͱ IPΞυϨεͷHashMapʣΛ”nodeTable”ͱ͍͏KeyʹରԠ͢ΔDSͱͯ͠อ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

ଘ͍ͯ͠Δɻͦͯ͠Topology NodeTopology Manager͔ΒׂΓͯΒΕͨ nodeName

Λ”hostname”ͱ͍͏Keyʹอଘ͢Δɻͭ·Γɺଓ͢Δ Topology Manager͕૿͑Ε
TopoloyNodeʹׂΓͯΒΕΔ nodeName૿͑ΔͨΊɺࠓ·ͰͷΑ͏ʹ”hostname”ͱ
͍͏ 1ͭͷKey͚ͩͰରԠͰ͖ͳ͍ɻ̍ͭͷϊʔυʹෳͷTopologyManagerΛରԠ
ͤ͞ΔʹɺTopologyNode͕ෳͷ nodeNameΛͭ࣋ඞཁ͕͋ΔɻTopologyNode͕ෳ
ͷTopologyManagerʹରԠͰ͖ΔΑ͏ʹ͠ͳ͚ΕͳΒͳ͍ɻ
ͦ͜ͰɺMeta Computationͱͯ͠ɺ௨ৗͷLocal DSMͱผʹTopology Manager͝

ͱͷMeta Local DSMΛ্ཱͪ͛Δํ๏͕͑ߟΒΕΔ (ਤ 3.3)ɻ

Topology
Manager 1

Topology
Manager 2

node0 192.168.1.2

node1 192.168.1.3

node2 192.168.1.4

"nameTable"

"hostname""hostname"
node0

192.168.1.2133.13.10.5

node1

node0 133.13.10.5

node1 192.168.1.2

"nameTable"

"hostname"
node0

manager1
manager1

manager2

DSM1 DSM1 DSM2

nameName IPnameName IP

ਤ 3.3: ෳͷTopologyManagerʹෳͷ LocalDSM͕ରԠ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 3ষ Aliceͷ

ͦΕͧΕͷTopology ManagerʹରԠ͢ΔLocalDSMΛ࡞Γɺͦ ΕͧΕʹରԠͨ͠node-

NameΛ֨ೲ͢Δ͜ͱͰɺDSMΛΓସ͑Δ͚ͩͰ TopologyNodeͷ༷ม͑ͣʹෳ
ͷTopology ManagerʹରԠͰ͖Δͱ͍͏ઃܭͰ͋Δɻ
͔͠͠ɺࡏݱͷAliceͷίʔυͰDSMΛཧ͢Δ class͕ static classͰ͋ͬͨͨΊɺ

ෳͷ Local DSMΛͭ࣋͜ͱͰ͖ͳ͔ͬͨɻstaticΛऔΓআ͜͏ͱͨ͠ͱ͜ΖɺAlice

ͷେ෦ͷίʔυΛमਖ਼͢Δඞཁ͕͋Δ͜ͱ͕Θ͔ͬͨɻΑͬͯɺ࠶ઃܭͷࡍʹ static

classͷͳ͍࣮Λ͍ߦɺDSMΓସ͑ʹΑΔํࣜΛ࣮͍ͨ͠ݱɻ
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ୈ4ষ ࢄϑϨʔϜϫʔΫChristieͷ
ઃܭ

4.1 Christieͷඞཁ݅
3ষͰͷ AliceͷΛ౿·͑ɺ৽ͨʹϑϨʔϜϫʔΫΛ࡞Γ͖ͩ͢ͱͨ͑ߟɻ

ຊষͰɺ৽ͨʹͨͬ࡞ࢄϑϨʔϜϫʔΫChristieͷઃܭΛઆ໌͢ΔɻChristieʹඞཁ
ͳཁ݅ҎԼͷΑ͏ʹ͑ߟΔɻ

• create/setKeyͷΑ͏ͳࡶͳ APIΛγϯϓϧʹ͠ՄಡੑΛ্ͤ͞Δ

• ϓϩάϥϚ͕ܕΛਪଌ͠ͳ͘ͱ߹ੑ͕ͱΕΔΑ͏ʹܕΛղܾ͠ɺ৴པੑΛ্
ͤ͞Δ

• staticͳ LocalDSMΛͳ͘͠ɺෳͷΠϯελϯεΛಉ࣌ʹ্ཱͪ͛ΒΕΔΑ͏ʹ
͢Δ͜ͱͰεέʔϥϏϦςΟΛ্ͤ͞Δ

4.2 Christieͷجຊઃܭ
ड़͠ɺهΛ୯Ґʹׂͯ͠ґଘ͍͔ؔࡉຊతʹAliceͱಉ͡ɺλεΫͱσʔλΛج

ೖྗ͕ଗͬͨॱ͔Βฒྻ࣮͢ߦΔͱ͍͏ϓϩάϥϛϯάख๏Λ༻͍Δɻ
Christie Aliceͱಉ͘͡ JavaͰॻ͔Ε͍ͯΔɻ͔͠͠কདྷతʹ͕ࣨڀݚ։ൃ͢Δ

GearsOSʹऔΓೖΕ͍ͨͨΊɺGearsOSΛߏ͢ΔޠݴͰ͋ΔContinuation based C(CbC)

ɻ͢ࢦΛܭՄͳઃޓʹ
GearsOSͰCodeSegment/DataSegmentͱಉ༷ͷ֓೦ͱͯ͠CodeGear/DataGearͱ

͍͏໊শΛ༻͍͍ͯΔͨΊɺChristieͰͦΕʹ฿͍CodeGear/DataGear(ҎԼɺCG/DG)

ͱݺͿ͜ͱͱ͢Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 4ষ ࢄϑϨʔϜϫʔΫChristieͷઃܭ

DG Aliceͱಉ༷ʹ DataGearManagerʢҎԼ DGMʣ͕ཧ͢ΔɻDGM Localͱ
Remote͕͋ΓɺશͯͷDGMCodeGearManagerʢҎԼCGMʣͰཧ͞ΕΔɻGearsOS

ͰContextͱ͍͏શͯͷCG/DGΛҰׅཧ͢Δϓϩηε͕͋ΓɺAliceͷCGM͜
ͷContextʹ૬͢ΔɻશͯͷCGMThreadPoolͱଞͷCGMશͯͷϦετΛڞ༗͠
͍ͯΔͨΊɺશͯͷCG/DGʹΞΫηεՄͰ͋Δʢਤ 4.1ʣɻ

DGM List DGM List

                         CGMList

ThreadPool

DG

key1 key2

DG DG

LocalDGM RemoteDGM1 RemoteDGM2

CGM1 CGM2

key1 key2

DG DG

LocalDGM RemoteDGM

CGM1 CGM2

ਤ 4.1: CGMCGMͱDGMΛཧ͢Δ

CGΛهड़͢ΔࡍAliceಉ༷CodeGear.classΛܧঝ͢ΔɻCodeGear
void run(CodeGearManager cgm)Λͭ࣋ classͰ͋ΓɺϓϩάϥϚ runϝιουʹ

ॲཧΛهड़͢ΔɻΠϯϓοτͰࢦఆͨ͠ keyʹରԠͨ͠DG͕શͯଗͬͨͱ͖ɺrunʹॻ
͔Εͨॲཧ͕࣮͞ߦΕΔɻChristieͷAPIʹ runͷҾͰड͚औͬͨCGMΛܦ༝ͯ͠
ΞΫηε͢ΔɻGearsOSͰ CGؒͰ ContextΛड͚͢͜ͱʹΑͬͯ CG DGʹΞ
Ϋηε͢ΔͨΊɺChristieͰͦͷهड़ํ๏Λ࠾༻ͨ͠ɻৄ͍͠هड़ํ๏ʹ͍ͭͯɺ4.4
ষͰઆ໌͢Δɻ
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4.3 APIͷվળ

4.3.1 TAKE/PEEK

InputAPIʹAliceͱಉ͘͡TakeͱPeekΛ༻ҙͨ͠ɻChristieͰ Input DG ͷࢦఆ
ʹΞϊςʔγϣϯΛ͏ɻΞϊςʔγϣϯͱɺΫϥεϝιουɺύοέʔδʹର͠
ͯՃใΛهड़Ͱ͖Δ JavaͷMeta ComputationͰ͋Δɻઌ಄ʹ@Λ͚ͭΔ͜ͱͰه
ड़Ͱ͖ɺΦϦδφϧͷΞϊςʔγϣϯΛఆٛ͢Δ͜ͱͰ͖Δɻ
AliceͰ Inputͷड͚ࡼͰ͋ΔReceiverΛ࡞Γ͔ޙΒkeyΛηοτ͍͕ͯͨ͠ɺChristie

Ͱ InputͷͨΊͷDGΛ࡞Γɺͦͷ্ʹΞϊςʔγϣϯͰKeyΛࢦఆ͢Δʢ8.1ʣɻ

1 @Take(”count”)
2 public DataGear<Integer> count = new DataGear<>();

Ϧετ 4.1: Takeͷྫ

ΞϊςʔγϣϯͰࢦఆͨ͠ InputDGɺCGΛੜͨ͠ࡍʹCodeGear.classͰͪ
߹Θͤͷॲཧ͕ߦΘΕΔɻ͜Εʹ Javaͷ reflectionAPIΛར༻͍ͯ͠ΔɻΞϊςʔγϣ
ϯͷࢦఆRUNTIMEͰͰ͖ͳ͍ͨΊɺಈతͳ keyͷࢦఆ͙͜ͱ͕Ͱ͖Δɻ
8.1ͷ ఆ͕ඞཁͱͳΔɻࢦͷܕඞͣʹࡍΔ͢ݴʹ͋ΔΑ͏ʹɺInputDGΛએߦ2

DataGear༷ʑͳܕͷσʔλΛѻ͏ͨΊʹ Javaͷ૯শܕͰड͚औΔΑ͏ʹ͓ͯ͠Γɺ
<>ʹࢦఆͨ͠ܕͰσʔλͷܕΛݶఆͰ͖Δɻ͜ͷΑ͏ʹهड़͢Δ͜ͱͰɺChristieͰ
ଞͷ෦Λ୧Βͳͯ͘CGΛݟΔ͚ͩͰΠϯϓοτ͞ΕΔσʔλͷ͕ܕ͔ΔΑ͏ʹ
ՄಡੑΛ্ͨͤ͞ɻ·ͨɺऔಘ͖ͯͨ͠DG͕ࢦఆͱҧ͏ܕͰ͋ͬͨ߹Τϥʔͱͳ
ΔͨΊɺܕͷ߹ੑΛอͪͳ͕Β৴པੑͷ͍ߴϓϩάϥϛϯά͕Մͱͳͬͨɻ
·ͨɺAliceͰ keyͱม໊ͷෆҰக͔ΒՄಡੑ͕͘ͳ͍ͬͯͨɻ͔͠͠ Christie

Ͱ keyͱม໊͕Ұக͠ͳ͍ͱΤϥʔͱͳΔͨΊɺࣗવͱಡΈ͍͢ίʔυ͕ॻ͚ΔΑ
͏ʹͳ͍ͬͯΔɻ͜ͷ෦ʹؔͯ͠ɺJavaͷϝλϓϩάϥϛϯάAPIͰ͋Δ javassist []

Λ༻͍ͯΞϊςʔγϣϯ͔ΒมͷࣗಈੜࢼΈ͕ͨɺjavassistͰมੜͷલʹ
ଞͷͲͷΫϥεੜͯ͠ͳΒͳ͍ͱ͍͏੍͕ͨͨͬ͋ݶΊɺChristieͰ࣮ݱͰ͖ͳ
͔ͬͨɻ
ϦϞʔτϊʔυʹରͯ͠ Take/Peek͢ΔࡍɺRemoteTake/RemotePeekͷΞϊςʔ

γϣϯΛ༻͍Δ (8.2)ɻͦͷͨΊͪ߹Θͤઌ͕Local͔Remote͔Ξϊςʔγϣϯͷҧ
͍͔ΒͻͱͰΘ͔ΔΑ͏ʹͳͬͨɻ

1 @RemoteTake(dgmName = ”remote”, key = ”count”)
2 public DataGear<Integer> count = new DataGear<>();

Ϧετ 4.2: RemoteTakeͷྫ
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ͳ͓ɺѹॖΛࢦఆ͢ΔࡍAliceಉ༷DGM໊ͷલʹ compressedΛ͚ͭΔɻLocal͔Β
ͷ TAKEͰDGM໊ͷࢦఆ͕ͳ͍͕ɺͦΕ LocalͰͷѹॖجຊఆ͍ͯ͠ͳ͍ͨ
ΊͰ͋Δɻ͔͠͠ɺLocalͰͷѹॖΛ͠Α͏ͱ͑ࢥRemoteTakeΛ༻͍ͯؒతʹ͢Δ
͜ͱՄͰ͋Δʢ4.3ʣɻ

1 @RemoteTake(dsmName = ”compressedlocal”, key = ”count”)
2 public DataGear<Integer> count = new DataGear<>();

Ϧετ 4.3: Localͷѹॖͷࢦఆͷྫ

4.3.2 PUT/FLIP

OutputAPIʹ put/flipΛ༻ҙͨ͠ɻput/flipͷϝιουDGMʹ༻ҙ͞Ε͍ͯΔɻ
cal.java CodeGear.classʹDGMΛऔಘ͢Δϝιου͕͋ΓɺͦΕΛ༻͍ͯॻ͖ࠐΈͨ
͍DGMΛࢦఆͯ͠ put͢ΔɻͦͷͨΊ Local/RemoteͷΓସ͑DGMͷΓସ
͑ʹΑͬͯ͏ߦɻιʔείʔυ 4.4ɺ4.5 LocalͱRemoteʹ put͢Δهड़ͷྫͰ͋Δɻ

1 getLocalDGM().put(”count”, 1);

Ϧετ 4.4: Local put͢Δྫ

1 getDGM(”remote”).put(”count”, 1);

Ϧετ 4.5: Remote put͢Δྫ

flipಉ༷ʹDGMʹDGΛ͢ (4.6)ɻ

1 public class Flip extends CodeGear {
2

3 @RemoteTake(dgmName = ”remote1”, key = ”name”)
4 public DataGear<String> name = new DataGear<>();
5

6 @Override
7 protected void run(CodeGearManager cgm) {
8 getDGM(”remote2”).put(”name”, name);
9 }

10 }

Ϧετ 4.6: Remote flip͢Δྫ

ChristieͰDGMʹରͯ͠put͢ΔͨΊɺAliceͷODSʹ͋ͨΔ෦ͳ͍ɻODS

Λܦ༝͢ΔΑΓ DGMʹॻ͖ࠐΉΑ͏ͳهड़ͷ΄͏͕ײతͰ͋Δͱͨͨ͑ߟΊͰ
͋Δɻ
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4.3.3 getData()

Aliceͷ asClassʹ૬͢Δͷ͕ getDataͰ͋Δɻιʔείʔυ 4.7 getDataΛ༻͍ͯ
InputDG͔ΒσʔλΛऔಘ͢ΔྫͰ͋Δɻ

1 public class GetData extends CodeGear{
2

3 @Take(”name”)
4 public DataGear<String> name = new DataGear<>();
5

6 @Override
7 protected void run(CodeGearManager cgm) {
8 System.out.println(”this name is : ” + name.getData());
9 }

10 }

Ϧετ 4.7: getDataͷྫ

Aliceͱҧ͏ɺϓϩάϥϚ͕ܕΛࢦఆ͠ͳͯ͘ྑ͍Ͱ͋Δɻ4.2.1Ͱࣔͨ͠Α͏ʹɺ
InputDGΛੜ͢ΔࡍʹܕΛࢦఆ͢Δɻ͜ͷܕ෦Ͱอଘ͞ΕɺϦϞʔτϊʔυͱ
௨৴͢ΔࡍอͨΕΔɻ͜ͷΑ͏ʹ getData͢Δ͚ͩͰϓϩάϥϚ͕ࢦఆ͠ͳ͘ͱਖ਼͠
Β͠৴པੑΛอূ͢Δ͜ͱ͕Ͱ͖ΔɻݮͰऔಘͰ͖ΔͨΊɺϓϩάϥϚͷෛ୲Λܕ͍

4.4 CodeGearͷهड़ํ๏
ҎԼͷίʔυ LocalDSMʹ putͨ͠DGΛऔΓग़ͯ͠දࣔ͢ΔͷΛ 10ճ܁Γฦ͢ྫ

Ͱ͋Δɻ

1 public class StartTest extends StartCodeGear{
2

3 public StartTest(CodeGearManager cgm) {
4 super(cgm);
5 }
6

7 public static void main(String args[]){
8 StartTest start = new StartTest(createCGM(10000));
9 }

10

11 @Override
12 protected void run(CodeGearManager cgm) {
13 cgm.setup(new TestCodeGear());
14 getLocalDGM().put(”count”, 1);
15 }
16 }

Ϧετ 4.8: StartCodeGearͷྫ
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1 public class TestCodeGear extends CodeGear {
2

3 @Take(”count”)
4 public DataGear<Integer> count = new DataGear<>();
5

6 public void run(CodeGearManager cgm){
7 System.out.println(hoge.getData());
8

9 if (count.getData()!= 10){
10 cgm.setup(new TestCodeGear());
11 getLocalDGM().put(”count”, count.getData() + 1);
12 }
13 }
14 }

Ϧετ 4.9: CodeGearͷྫ

Aliceಉ༷ɺChristieͰ InputDGΛͨ࣋ͳ͍ StartCG͔ΒॲཧΛ։࢝͢ΔɻStartCG

 StartCodeGear.class Λܧঝ͢Δ͜ͱͰهड़Ͱ͖ΔɻAlice Ͱ StartCS  CodeSeg-

ment.classΛܧঝͯ͠ॻ͔Ε͍ͯͨͨΊɺͲΕ͕ StartCSͳͷ͔ผͮ͠Β͔͕ͬͨɺ
ChristieͰͦͷ৺ͳ͍ɻ
StartCGΛهड़͢Δࡍʹ createCGMϝιουͰCGMΛੜͯ͠ίϯετϥΫλʹ

͢ඞཁ͕͋Δɻιʔείʔυ 4.8ͷ ʹΘΕ͍ͯΔɻcreateCGMͷҾߦͰͦΕ͕ߦ8
ϦϞʔτϊʔυͱιέοτ௨৴͢Δ͏ࡍϙʔτ൪߸Λࢦఆ͢ΔɻCGMΛੜͨ͠ࡍ
ʹ LocalDGMϦϞʔτͱ௨৴Λͨ͏ߦΊͷDaemon࡞ΒΕΔɻ
CGʹରͯ͠Ξϊςʔγϣϯ͔Βͪ߹ΘͤΛ࣮͢ߦΔॲཧ setupϝιου͕͏ߦɻ

ͦͷͨΊιʔείʔυ 4.8ͷ ɺ4.9ͷߦ13 ͷΑ͏ʹɺnewͨ͠ߦ10 CGΛ CGMͷ
setupϝιουʹ͢ඞཁ͕͋ΔɻAliceͰ new͢ΕCG͕ͪʹೖ͕ͬͨɺChristie

ͰҰCGΛ new͠ͳ͍ͱΞϊςʔγϣϯ͔Βͪ߹ΘͤΛ͏ߦॲཧ͕Ͱ͖ͳ͍ͨΊɺ
newͷޙʹ setupΛ͏ߦɻͦͷͨΊɺCGͷੜʹඞͣCGM͕ඞཁʹͳΔɻrunͰCGM

Λड͚͢ͷ͜ͷͨΊͰ͋Δɻͳ͓ɺStartCGΠϯϓοτΛͨ࣋ͳ͍ͨΊɺsetupΛ
Ͱ࣌ඞཁ͕ͳ͘ɺnew͞Εͨ͏ߦ run͕࣮͞ߦΕΔɻ
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4.5 DataGearManagerͷෳ্ཱͪ͛
AliceͰ LocalDGM͕ staticͰॻ͔Ε͍ͯͨͨΊෳͷ LocalDGMΛ্ཱͪ͛Δ͜

ͱ͕Ͱ͖ͳ͔ͬͨɻ͔͠͠ ChristieͰ CGMΛ̎ͭੜ͢Ε LocalDGM̎ͭ࡞Β
ΕΔɻෳͷLocalDGMಉ࢜ͷΓͱΓɺRemoteͷଓͱಉ͡Α͏ʹRemoteDGM

Λ proxyͱ্ཱͯͪ͛͠ΞΫηε͢Δʢਤ 4.2ʣɻ

Local
DSM

Remote
DSM

CGM1

Local
DSM

Remote
DSM

CGM2

node : A

Local
DSM

Remote
DSM

CGM1

Local
DSM

Remote
DSM

CGM2

node : B

ਤ 4.2: RemoteDGMΛհͯ͠ଞͷ LocalDGMΛࢀর
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ιʔείʔυ??ɺLocalDSMΛ 2্ཱͭͪ͛ɺ͓͍ޓΛϦϞʔτʹཱͯͯݟ௨৴͢Δ
ྫͰ͋Δɻ11ߦʹ͋ΔΑ͏ʹɺRemoteDGMΛ্ཱͪ͛ΔʹCGM͕ͭ࣋ createRe-

moteDGMϝιουΛ༻͍ΔɻҾʹRemoteDGM໊ͱଓ͢ΔϦϞʔτϊʔυͷ IP

ΞυϨεɺϙʔτ൪߸Λ͍ͯ͠Δɻ

1 public class StartRemoteTakeTest extends StartCodeGear{
2

3 public StartRemoteTake(CodeGearManager cgm) {
4 super(cgm);
5 }
6

7 public static void main(String args[]){
8 CodeGearManager cgm = createCGM(10000);
9 new StartRemoteTake(cgm);

10

11 cgm.createRemoteDGM(”remote”, ”localhost”, 10001);
12 cgm.setup(new RemoteTakeTest());
13

14 CodeGearManager cgm2 = createCGM(10001);
15 cgm2.createRemoteDGM(”remote”, ”localhost”, 10000);
16 cgm2.setup(new RemoteTakeTest());
17 }
18 }

Ϧετ 4.10: LocalDGMΛ Δྫ࡞2ͭ

ϦϞʔτͷ߹ͷಉ͡Α͏ʹΞΫηεͰ͖Δ͜ͱͰɺίʔυͷมߋΛͤͣʹɺಉҰϚγϯ
্ͷ̍ͭͷΞϓϦέʔγϣϯͰࢄΞϓϦέʔγϣϯͷςετ͕Ͱ͖ΔΑ͏ʹͳͬͨɻ
·ͨɺCGM෦ʹCGMͷϦετΛ staticͰ͓ͬͯΓɺෳੜͨ͠CGMΛશ

ͯཧ͍ͯ͠Δɻͭ·ΓɺϝλϨϕϧͰRemoteDGMΛհͣ͞ʹ֤ LocalDGMʹ૬ޓ
ΞΫηεՄͰ͋ΔɻͦͷͨΊɺChristieͰ༰қʹNATӽ͕࣮͑Ͱ͖Δ͜ͱ͕ظ
Ͱ͖Δɻ

4.6 DataGearͷ֦ு
AliceͰσʔλͷଟଶੑΛ࣮͢ݱΔͨΊʹ DSʹෳͷσʔλࣜܗΛอ͍ͯ࣋͠

ͨɻ͔͠͠ChristieͰσʔλࣜ͝ܗͱʹผͷ classʹ͚͍ͯΔɻDataGearΛܧঝͨ͠
MessagePackDataGearͱɺͦΕΛܧʹߋঝͨ͠CompressedDataGearΛ༻ҙͨ͠ɻͦͷ
ͨΊࢠΫϥεΫϥεͷσʔλࣜܗΛอ࣋͠ͳ͕Β৽͍͠σʔλࣜܗΛܗͭ࣋ʹͳͬͯ
͍ΔɻΫϥεΛݟΔ͚ͩͰࠓͲͷࣜܗΛอ͍ͯ࣋͠Δ͔Θ͔ΔΑ͏ʹͳͬͨͨΊɺσόο
ά͕͘͢͠ͳͬͨɻ
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ୈ5ষ ChristieͷධՁ

5.1 Aliceͱͷੑࢄଌఆ

5.2 ଞϑϨʔϜϫʔΫͱͷൺֱ

5.2.1 Akka

5.2.2 Corba

5.2.3 Erlang

5.2.4 Hazelcast
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ୈ7ষ ͷ՝ޙࠓ

7.1 TopologyManagerͷ࣮
Aliceͱಉ͘͡ɺ੩తɾಈతͳτϙϩδʔཧͷͰ͖Δ TopologyManagerͷ࣮͕ඞ

ཁͰ͋ΔɻChristieͰෳͷ LocalDSM্ཱ͕ͪ͛ՄͳͨΊɺTopologyManagerͰ
ͷ NAT࣮࣮͑͠༻ੑ͕͋Δ͔Λ͢ূݕΔ·ͨɺ௨৴ͷ৴པੑΛอূ͢ΔͨΊʹɺ
TopologyManager͕μϯͨ͠ࡍʹ৽ͨͳTopologyManagerΛ্ཱͪ͛Δػ͋Δ
͖ͩͱ͑ߟΔɻ

7.2 ͷಋೖʁߏػূݕ

7.3 ࣮༻ੑͷূݕ

7.4 GearsOSͷҠߦ
GearsOS·ͩ։ൃ్தͰ͋ͬͨͨΊɺຊจͷ࡞࣌ͰChristieͷΑ͏ͳػࢄ

Λ࣮͢Δ͜ͱ͕Θͳ͔ͬͨɻGearsOSʹChristieΛҠ͢ߦΔʹɺGearsOSʹ Java

ͷΞϊςʔγϣϯʹ૬͢ΔMeta ComputationΛ࣮͢Δඞཁ͕͋Δɻͦͯ͠Christie

Ͱ࣮ݱͰ͖ͳ͔ͬͨΞϊςʔγϣϯ͔Βͷมͷࣗಈੜ͕͑ߦΕߋʹϓϩάϥϛ
ϯά͍͢͠APIʹͳΔͱ͑ߟΒΕΔɻ
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ୈ8ষ 

8.1 ಠࣗͷΞϊςʔγϣϯఆٛ
ChristieͷΞϊςʔγϣϯͷ࣮ํ๏ͱɺͦͷΞϊςʔγϣϯ͔Β takeΛ࣮͢ߦΔ෦

Λղઆ͢Δɻ
ιʔείʔυ 8.1ɺ8.2͕ChristieಠࣗͷΞϊςʔγϣϯͷఆٛͰ͋Δɻ

1 @Target(ElementType.FIELD)
2 @Retention(RetentionPolicy.RUNTIME)
3 public @interface Take {
4 String value();
5 }

Ϧετ 8.1: Takeͷ࣮

1 @Target(ElementType.FIELD)
2 @Retention(RetentionPolicy.RUNTIME)
3 public @interface RemoteTake {
4 String dgmName();
5 String key();
6 }

Ϧετ 8.2: RemoteTakeͷ࣮

@Target@RetentionΞϊςʔγϣϯఆٛͷͨΊͷΞϊςʔγϣϯɺϝλΞϊςʔ
γϣϯͰ͋Δɻ@TargetʹɺϑΟʔϧυϝιουɺίϯετϥΫλͳͲɺ͜ͷΞϊ
ςʔγϣϯͷՃରͱͳΔߏจཁૉ͕Կ͔Λهड़͢Δɻ@RetentionʹɺSOURCEɾ
CLASSɾRUNTIME͕બͰ͖ɺΞϊςʔγϣϯͰՃ͞Εͨใ͕Ͳͷஈ֊·Ͱอ࣋
͞ΕΔ͔Λఆٛ͢ΔɻreflectionAPIΛར༻͢ΔʹRUNTIMEͰͳ͚ΕͳΒͳ͍ͨΊɺ
ChristieͷΞϊςʔγϣϯͷ@RetentionશͯRUNTIMEͰ͋Δɻ
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େֶେֶӃֶҐจٿླྀ (म࢜) ୈ 8ষ 

ఆٛͨ͠Ξϊςʔγϣϯͷ͕ྫ༷ιʔείʔυ 8.3ɺ8.4Ͱ͋Δɻ

1 @Take(”count”)
2 public DataGear<Integer> count = new DataGear<>();

Ϧετ 8.3: TakeΞϊςʔγϣϯͷ༻ྫ

1 @RemoteTake(dgmName = ”remote”, key = ”count”)
2 public DataGear<Integer> count = new DataGear<>();

Ϧετ 8.4: RemoteTakeΞϊςʔγϣϯͷ༻ྫ

ΞϊςʔγϣϯΛࡍ͏ɺ()ʹهड़͢Δ͕ 8.1ͷ value 8.2ͷ dsmNameͱ͍ͬͨ
Ωʔʹอଘ͞ΕΔɻ௨ৗΩʔʹରͯ͠ΛೖΕΔ߹ɺιʔείʔυ 8.4ͷΑ͏ʹ key=

ͷܗͰهड़͠ͳ͚ΕͳΒͳ͍͕ɺTakeͷΑ͏ʹΩʔ͕ 1ͭͷ߹ɺΩʔ໊Λ valueʹ͢
Δ͜ͱͰͦͷهड़Λলུ͢Δ͜ͱ͕Ͱ͖Δɻ
setupϝιουͰੜ͞ΕͨϑΟʔϧυʹରͯ͠ΞϊςʔγϣϯΛؚΊͨใΛॲ

ཧ͍ͯ͠Δɻ͜Εʹ Javaͷ reflectionAPI͕༻͞Ε͍ͯΔɻreflectionAPIͰର
ͱͳΔΫϥεͷϑΟʔϧυϝιουɺͦΕʹର͢ΔΞϊςʔγϣϯΞϊςʔγϣϯ
͕อ࣋͢ΔΩʔʹΞΫηε͢Δ͜ͱ͕Ͱ͖Δɻιʔείʔυ 8.5 setupϝιουͰ
reflectionAPIΛ༻͍ͯΞϊςʔγϣϯ͔ΒTakeίϚϯυΛ࡞͢Δ෦Ͱ͋Δɻ

1 for (Field field : this.getClass().getDeclaredFields()) {
2 if (field.isAnnotationPresent(Take.class)) {
3 Take ano = field.getAnnotation(Take.class);
4 setTakeCommand(”local”, ano.value(), initDataGear(field, ano.value()));
5 } else if (field.isAnnotationPresent(RemoteTake.class)) {
6 RemoteTake ano = field.getAnnotation(RemoteTake.class);
7 setTakeCommand(ano.dgmName(), ano.key(), initDataGear(field, ano.key()));
8 }
9 }

Ϧετ 8.5: reflectionAPIͰϑΟʔϧυͷใΛऔಘ

ϑΟʔϧυ͔Βऔಘͨ͠DGͱΞϊςʔγϣϯ͔Βऔಘͨ͠ key͔ΒΠϯϓοτίϚϯ
υʢTAKE/PEEKʣΛੜ͠ɺDGMૹ࣮ͬͯ͢ߦΔɻ
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8.2 ௨৴ϑϩʔ
͍͔ͭ͘ྫΛ͋͛ͯChristieͷ௨৴ͷϑϩʔΛγʔέϯεਤΛ༻͍ͯղઆ͢Δɻਤ 8.1

 LocalDGMʹTakeΛ͍ߦɺLocalDGMʹDG͕͋ͬͨͱ͖ͷॲཧͷྲྀΕͰ͋Δɻ

main CodeGearManager StartCodeGear CodeGear Local
DataGearManager

createCGM

new StartCS
new CS

new LocalDGM

setup
create Command
by Annotation

set counter

alt [DG is exist]

[DG is not exist]
Command
addWaitList

run Take

take

decrement
counter

execute
run()

opt [counter = 0]

DG

put

ਤ 8.1: LocalDGMʹTakeͨ͠ͱ͖ͷϑϩʔ

ϓϩάϥϚmainͰCGMͱ StartCGΛੜ͢ΔɻCGMͱಉ࣌ʹLocalDGM࡞Β
ΕΔɻCG͕ੜ͞Εɺsetupϝιου͕ݺΕΔͱΞϊςʔγϣϯ͔ΒTAKEίϚϯυ
ͱͨ͠ΧϯλظΕΔɻCGੜͨ͠ΠϯϓοτίϚϯυͷ૯Λॳ͞ߦΒΕ࣮࡞͕
Λ͓ͯͬ࣋ΓɺίϚϯυ͕ղܾ͞ΕΔʢInputDG͕ଗ͏ʣͨͼʹΧϯλ͖͍ͯͬݮɺ
0ʹͳΔͱ runͷॲཧ͕ThreadPoolૹΒΕΔɻ
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ਤ 8.2ɺLocalDGMʹTakeΛ͕͏ߦɺLocalDGMʹDG͕ͳ͔ͬͨͨΊʹPutͷ
ͪ߹ΘͤΛ͢Δͱ͖ͷॲཧͷྲྀΕͰ͋ΔɻmainͳͲͷ࠷ॳͷॲཧਤ 8.1ͱಉ༷ͷͨ
Ίলུ͢Δɻ

CodeGear Local
DataGearManager

create Command
by Annotation

set counter

alt [DG is exist]

[DG is not exist]
Command
addWaitList

run Take

Other Remote
DataGearManager

execute
run()

opt [counter = 0]

opt [waitCommand 
is exist]

resolve
waitCommand

decrement
counter

remote put

DG

take

Other
StartCodeGear

create
remoteCommand

put

create
RemoteDGM

ਤ 8.2: RemoteDGMʹ Putͨ͠ͱ͖ͷϑϩʔ

ਤ 8.1ͱಉ༷ʹɺsetupϝιου͔ΒTAKEίϚϯυΛੜ࣮͢͠ߦΔɻ͜ͷͱ͖ཁ͠ٻ
ͨσʔλ͕DGMʹͳ͍߹waitListʹೖΔɻLocal·ͨϦϞʔυϊʔυ͔ΒPUT

ίϚϯυ͕࣮͞ߦΕͨࡍɺ͠ waitListʹ Putͨ͠DGΛ͍ͬͯΔίϚϯυ͕͋Ε
ΕΔɻ͞ߦ࣮
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ਤ 8.3ɺRemoteDGMʹTakeΛͨͬߦͱ͖ͷॲཧͷྲྀΕͰ͋Δɻ

StartCodeGear CodeGear Remote
DataGearManager

new CS

setup

create
RemoteDGM

create Command
by Annotation

set counter

Other Local
DataGearManager

take

create Remote
Command

Command
addWaitList

remote take

alt [DG is exist]

[DG is not exist]

Command
addWaitList

create
Reply Commandreply

resolve
waitCommand

execute
run()

opt [counter = 0]

decrement
counter

DG

Other
StartCodeGear

put

ਤ 8.3: RemoteDGMʹTakeͨ͠ͱ͖ͷϑϩʔ

StartCGͰࣄલʹRemoteDGMΛੜ͓ͯ͘͠ɻRemoteTakeΞϊςʔγϣϯ͔ΒRe-

moteDGMʹର͢Δ TakeίϚϯυΛੜ࣮͢͠ߦΔɻRemoteTakeͷΑ͏ʹϦϞʔτ͔
ΒͷԠΛͭίϚϯυRemoteDGMͷwaitListʹೖΔɻͦͯ͠ɺMessagePackࣜܗ
ʹมͨ͠RemoteCommandΛ࡞͠ɺͦΕΛRemoteDGM͕ࢀর͍ͯ͠Δผϊʔυͷ
LocalDGMʹૹΔɻͦΕΛड͚औͬͨଆͷLocalDGMɺDG͕͋ΕREPLYίϚϯυ
Λੜͯ͠ૹΓฦ͢ɻ͠DG͕ͳ͚ΕɺϦϞʔτ͔ΒདྷͨίϚϯυϩʔΧϧͷ߹
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ͱಉ༷ʹ LocalDGMͷ waitListʹೖΔɻREPLYΛड͚औΔͱ RemoteDGM waitList

ʹೖ͍ͬͯͨίϚϯυΛղܾ͢Δɻ
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ୈ9ষ ँࣙ

ຊڀݚͷߦɺ·ͨຊจͷ࡞ʹ͋ͨΓɺ͝ଟʹؔΘΒͣऴ࠙࢝ͳΔࢦޚಋͱޚ
ɻ͢·ͨ͠͠ँײ͘ਂʹतڭ।࣏ΘΓ·ͨ͠ՏਅࣀतΛڭ
ͦͯ͠ɺʑͷوॏͳޚॿݴͱٕज़తࢦಋΛଷ͍ͨҏཱथ͞ΜɺଞϑϨʔϜϫʔΫ

ͷௐࠪʹͨͬͩͯ͘͞͠ྗڠਗ਼ਫོത͞ΜɺງوҰ͞Μɺ༟ᏻ͞Μɺେ༝͞
Μɺฒͼʹ৴པࣨڀݚͷօ༷ʹ͍ͨ͠ँײ·͢ɻઌڀݚߦͰ͋ΔAlice, Federated Linda,

Jungle, TreeVNC͕ͳ͚Εຊڀݚ͋Γ·ͤΜͰͨ͠ɻ ͜ΕΒઌڀݚߦͷઃܭ࣮
ʹؔΘͬͨશͯͷઌഐํʹ͍ͨ͠ँײ·͢ɻ
·ͨɺຊϑϨʔϜϫʔΫͷ໊લͷ༝དྷͱͳͬͨΫϦεςΟʔࣜઓंͷੜΈͷɺδϣ

ϯɾWɾΫϦεςΟʔʹܟҙΛධ͠·͢ɻ
ՊֶΜɺඛాਖ਼͞Μɺใ͞ࢠถਢஐͨͬͩͯ͑͘͞ࢧΛ׆ੜڀݚɺʑͷʹޙ࠷

ͷํʑɺͦͯ͠Ոʹ৺ΑΓ͍ͨ͠ँײ·͢ɻ
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