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଄Λ͓࣋ͬͯΓɺRDBߏͳࡶΘΕΔσʔλ͸ɺෳ࢖୅ͷΠϯλʔωοτ΍ΞϓϦέʔγϣϯͰݱ
ͷୈҰਖ਼ܥنʹ͸ೲ·Βͳ͍Α͏ʹͳ͖͍ͬͯͯΔɻ·ͨɺRDBͰ͸ɺฤूதʹϩοΫ͕͔͚ΒΕɺ
ෳࡶͳߏ଄ʹର͢Δม͍͍ͯ޲ʹߋͳ͍ɻ͜ΕΒͷ໰୊͸ɺෆఆܗͷσʔλߏ଄ͱ RDBͷදߏ଄ͷ
ϛεϚονͰ͋Δɻ͜ΕΛ DBͷΠϯϐʔμϯεϛεϚονͱ͜͏ݴͱ͕͋Δɻͦ͜Ͱ౰ࣨڀݚͰ͸ɺ
ඇഁյత໦ߏ଄σʔλϕʔε JungleΛ։ൃ͍ͯ͠ΔɻJungleͰ͸ɺෆఆܗͷσʔλߏ଄Λɺ௚઀໦
ΘΕɺ໦ͷϧʔߦͷ൛Λอଘ͢ΔඇഁյͰڈ͸ɺաߋ଄ͷมߏ଄ͱͯ֨͠ೲ͢Δ͜ͱ͕Ͱ͖Δɻ໦ߏ
τΛ AtomicʹೖΕସ͑Δૢ͕࡞τϥϯβΫγϣϯʹͳΔɻ͜ΕʹΑΓɺෳࡶͳߏ଄Λ DBͱͯ͠ૉ
௚ʹऔΓѻ͏͜ͱ͕Ͱ͖Δɻ໦ߏ଄ͷมߋ͸ɺ໦ͷܗʹґଘ͍ͯ͠ΔɻαʔϏε΍ΞϓϦέʔγϣϯ
ʹదͨ͠໦ͷ͕͋ܗΓɺͦΕʹରԠͨ͠໦ͷมํߋ๏Λ࠾༻͢Δඞཁ͕͋ΔɻຊڀݚͰ͸ Jungle ͷ
໦ͱ Index ͷฤूػೳͷվળΛ͏ߦɻ௚ઢతͳϦετߏ଄ʹదͨ͠ Push/Pop ͱࠩ෼ϦετΛఏҊ
͠ɺ࣮૷ͱධՁΛߦͳͬͨɻڊେͳ໦͕ඞཁͳ৔߹͸ɺ໦Λಛఆͷ Key Λ༻͍ͯ balance ͤ͞Δ͜
ͱʹΑΓɺมߋΛ O(log n)ʹ͢Δ͜ͱ͕Ͱ͖ΔɻJungle͸෼ߏࢄ଄ΛऔΔ͜ͱ΋Ͱ͖Δɻෳ਺ͷ໦
Λෳ਺ͷ෼ͨ͠ࢄ Jungle ϊʔυؒͰ௨৴͢Δ͜ͱʹΑΓɺJungle Λεέʔϧͤ͞ΔɻJungle ͷ໦
ͷมߋ Log Λ౰ࣨڀݚͰ։ൃͨ͠෼ࢄϑϨʔϜϫʔΫ Alice1) Λ༻͍ͯ௨৴͢ΔɻͦΕͧΕͷ໦͸ɺ
ϧʔτϊʔυʹू໿͞Εɺू໿ͷաఔͰɺڝ߹͢ΔมߋͷMergeΛ͏ߦɻ෼ࢄ JungleͷੑೳΛଌఆ
͢Δख๏ʹ͍ͭͯड़΂Δɻ

Shinji KONO †1

1. ෼ࢄΞϓϦέʔγϣϯͱϑϨʔϜϫʔΫ

୅ͷαʔϏε͸ݱ Internetͱ੾Γ཭ͤͳ͍ܗͰఏڙ
͞Ε͍ͯΔɻͦΕΒ͸ൺֱత ad-hocʹ։ൃൃలͯ͠
͖ͨ HTTP্ʹߏங͞Ε͍ͯΔɻҰํͰɺ෼ࢄσʔ
λϕʔε΍෼ࢄϓϩάϥϜΛαϙʔτ͢ΔϑϨʔϜ
ϫʔΫͷڀݚ΋͔͘ݹΒߦΘΕ͖͍ͯͯΔɻྫ͑͹ɺ
MySQL ΍ Postgress ͳͲͷΦʔϓϯιʔεσʔλ
ϕʔεͰ΋ϦϓϦέʔγϣϯͳͲͷ෼ٕࢄज़Λ࠾༻͢
ΔΑ͏ʹͳ͖͍ͬͯͯΔɻHTTP ΋ηΩϡϦςΟΛ
ॏͨ͠ࢹ HTTPS΍ɺHTTP্ͷϑΝΠϧมߋϓϩ
τίϧͰ͋ΔWebDAV ͳͲ͕ಋೖ͞Ε͖͍ͯͯΔɻ
ϑϨʔϜϫʔΫ͸ࢄ೦ͳ͕Βɺ͍·ͩʹఆ൪ͷ෼࢒
ଘͣͤࡏɺ෼ࢄσʔλϕʔε΋࢖͘޿ΘΕΔΑ͏ʹ͸
ͳ͍ͬͯͳ͍ɻ͘ݹʹఏҊ͞Εͨ෼ࢄϑϨʔϜϫʔΫ
CORBA΍ɺKVSͱͯ͠ಋೖ͞Εͨ Cassandra͋Δ
͍͸ HDFS ͳͲ΋ۀا಺ωοτϫʔΫͰ࢖ΘΕΔʹ
ཹ·͍ͬͯΔɻ
୅ͷݱ OSʹ͸֊૚ܕϑΝΠϧγεςϜ͕ඞਢͳ΋
ͷͱͯ͠උΘ͓ͬͯΓɺϑΝΠϧγεςϜͷ෼ࢄ൛͕

†1 Պֶ޻෦৘ใֶ޻େֶٿླྀ
Information Engineering, University of the Ryukyus.

-΋͋ͬͨɻAnظ଴͞Εͨ࣌ظΘΕΔΑ͏ʹͳΔͱ࢖

drew File SystemͳͲ͕ઃ͞ܭΕ͕ͨɺ࢖͘޿ΘΕΔ
ʹ͸͍ͨΒͳ͔ͬͨɻຊ࿦จͰ͸ɺ౰ࣨڀݚͰ։ൃ͠
͖ͯͨ෼ࢄϑϨʔϜϫʔΫ AliceͱɺͦΕΛ༻͍࣮ͯ
૷͞Εͨ෼ࢄ໦ߏ଄σʔλϕʔε JungleΛݟ௚͢͜
ͱʹΑΓɺ෯࢖͘޿ΘΕΔ෼ࢄαʔϏεΛߏங͢Δͨ
ΊͷϑϨʔϜϫʔΫͷ͋Δ΂͖࢟ʹ͍ͭͯ͢࡯ߟΔɻ

2. ෼ࢄϑϨʔϜϫʔΫAlice

ωοτϫʔΫ্ͷαʔϏεʹ͸ɺར༻ऀ਺ͷരൃత
ͳ૿ՃΛड͚ೖΕΔεέʔϧΞ΢τ (αʔόͷ਺Λ૿
΍͢͜ͱʹΑΓαʔϏεͷ࣭Λҡ࣋͢Δख๏) ͕ඞਢ
Ͱ͋Δɻ҆ఆͨ͠ωοτϫʔΫαʔϏεΛఏ͢ڙΔͨ
Ίʹ͸ɺ෼ࢄϓϩάϥϜʹ৴པੑͱεέʔϥϏϦςΟ
͕ཁ͞ٻΕΔɻ͜͜Ͱ͍͏৴པੑͱ͸ɺఆΊΒΕͨ؀
ɻ͢ࢦͱΛ͜͏ߦΛ࡞ಈͨͬैʹ༷࢓ԼͰ҆ఆͯ͠ڥ
෼ࢄϓϩάϥϜʹ͸ҎԼͷ̏ͭͷཁૉ͕͋Δ2)ɻ
• ϊʔυ಺ͷࢉܭ
• ϊʔυؒ௨৴
• ஍ཧతʹ෼ͨ͠ࢄϊʔυ
ຊࣨڀݚͰ։ൃ͞Εͨ෼ࢄϑϨʔϜϫʔΫAlice͸ɺ
λεΫΛCode SegmentɺσʔλΛData Segmentͱ



͍͏୯ҐͰهड़͠ɺCode Segment͸ΠϯϓοτͱͳΔ
Data Segment͕શͯଗ͏ͱฒྻʹ࣮͞ߦΕΔɻData

Segment ͸ରʹͳΔ key ͕ଘ͠ࡏɺData Segment

Manager ͱ͍͏ϊʔυ͝ͱʹଘ͢ࡏΔಠࣗͷσʔλ
ϕʔεʹΑͬͯ؅ཧ͞Ε͍ͯΔɻ௨৴͢Δ֤ϊʔυʹ
ରԠ͢Δϥϕϧ෇͖ͷϓϩΩγͰ͋Δ Remote Data

Segment ManagerΛཱͯɺϥϕϧͱ keyΛࢦఆͯ͠
σʔλΛ take/put͢ΔɻLindaͷTuple spaceΛϊʔ
υຖʹ༻ҙͨ͠Α͏ͳߏ଄ʹͳ͍ͬͯΔɻLinda ͱҟ
ͳΓɺTuple space͕શੈքͰҰͭͱ͍͏͜ͱ͸ͳ͍ɻ
AliceͰ͸TopologyManagerͱ͍͏͕ߏػ෼ࢄϊʔ
υΛ؅ཧ͓ͯ͠Γɺ੩తɾಈతͳτϙϩδʔΛࣗಈߏ
੒͢Δɻ੩తτϙϩδʔͰ͸ϓϩάϥϚ͕τϙϩδʔ
Λਤͱͯ͠هड़Ͱ͖ΔͨΊɺΑΓ෼͔Γ΍͘͢ৄࡉͳ
ઃఆ͕Ͱ͖ΔɻTopologyManager಺ʹ͸ KeepAlive

ͱ͍͏ػೳ͕͋Γɺৗʹϊʔυ͕ੜ͖͍ͯΔ͔Heart-

beat Λૹ৴͓ͯͯ͠͠ࢹ؂ΓɺͲ͔͜ͷϊʔυʹো
੒͢Δͱ͍ͬͨରԠ͕ߏ࠶Ε͹τϙϩδʔΛ͜ى͕֐
Ͱ͖Δɻ

3. ໦ߏ଄෼ࢄσʔλϕʔε Jungle

Web্ͷ৘ใ͸ෳࡶͳ໦ߏ଄Λ͍࣋ͬͯͯɺͦΕΛ
૬ࢀʹޓর͢ΔࣜܗΛ͍࣋ͬͯΔɻWeb ্ͷ૬ࢀޓ
র͸ URIʹΑΔ΋ͷ͕ͩɺURIͷଘࡏ͸อূ͞Εͯ
͍ΔΘ͚Ͱ͸ͳ͘ɺϦϯΫ੾ΕͳͲ͕ଘ͢ࡏΔɻ͘޿
ΘΕΔΑ͏ʹͳͬͨ࢖ RDB͸ɺجຊతʹ͸ωετߏ
଄Λ࣋ͨͳ͍දͷू·ΓͰ͋ΓɺWeb ্ͷ৘ใʹ͸
௚઀͸ରԠ͠ͳ͍ɻͦ͜ͰɺຊࣨڀݚͰ͸໦ߏ଄Λ௚
઀ѻ͏σʔλϕʔε Jungle ΛఏҊ͍ͯ͠ΔɻJungle

Ͱ͸ɺ໦ߏ଄Λѻ͑Δ͜ͱʹΑͬͯɺैདྷͷ RDBͱ
͸ҟͳΓɺXML ΍ Json Ͱهड़͞Εͨߏ଄Λɺσʔ
λϕʔεΛઃ͢ܭΔ͜ͱͳ͘ಡΈࠐΉ͜ͱ͕ՄೳͰ͋
ΔɻJungle Ͱ͸ඇഁյత໦ߏ଄Λ࠾༻͍ͯ͠Δɻσʔ
λͷݩͷ໦Λ௚઀ॻ͖ͣ͑׵ʹอଘ͠ɺ৽͘͠ߏங͠
ͨ໦ͷσʔλߏ଄Λฤू͢Δํ๏Ͱ͋Δɻ໦ߏ଄͸ɺ
ͦͷϧʔτΛ Atomic ʹॻ͖͑׵Δ͜ͱʹΑΓɺͦͷ
มߋͷ੔߹ੑΛҡ࣋͢Δɻϧʔτෳ਺ଘ͠ࡏURIʹ૬
౰͢ΔϥϕϧΛ͍࣋ͬͯΔɻ໦ʹର͢ΔมߋΛ logͱ
࿥͠ɺͦΕΛهͯ͠ AliceʹΑͬͯ௨৴͠ɺ෼ࢄσʔ
λϕʔεΛߏ੒͍ͯ͠Δɻ
Jungle Ͱ͸ɺ໦ͷϊʔυͷҐஔΛ NodePath Ϋϥ
εΛͯͬ࢖ද͢ɻ NodePath Ϋϥε͸ϧʔτϊʔυ
͔Βελʔτ͠ɺର৅ͷϊʔυ·Ͱͷܦ࿏Λ਺ࣈΛ༻
ɻ·ͨɺϧʔτϊʔυ͸ྫ֎ͱͯ͠-1ͱࣔ͢͠ࢦ͍ͯ
ද͞هΕΔɻNodePath ΫϥεΛ༻͍ͯ <-1,0,2,3 >

Λද͍ͯ͠ΔࡍͷྫΛ (ਤ 1)ʹࣔ͢ɻ
໦ͷϊʔυΛଞͷ໦͔Βࢀর͢Δ͜ͱ͕ඞཁͳ৔߹
ʹ͸ɺϊʔυʹ Index ΛுΔ͜ͱ͕Ͱ͖ΔɻJungle

͸ɺඇഁյత໦ߏ଄ͱ͍͏σʔλߏ଄্ɺաڈͷ൛ͷ
໦ߏ଄Λશͯอ͍࣋ͯ͠ΔɻΑͬͯɺ͢΂ͯͷ൛ʹಠ

root
-1

0 1 ... n

0 1 2 3

0 1 2 3
編集対象

NodePath<-1,1,2,3>

tree_name

ਤ 1 NodePath

ཱͨ͠ Index ͕ඞཁͱͳΔͨΊɺલͷ൛ͷ Index Λ
ഁյ͢Δ͜ͱແ͘ɺIndexΛߋ৽͢Δඞཁ͕͋Δɻͦ
ͷͨΊʹඇഁյͳ Red Black Tree Λ Java্ʹ։ൃ
ͨ͠ɻ
Jungle ͸ɺಡΈࠐΈ͸ߴ଎ʹ͑ߦΔ൓໘ɺॻ͖ࠐ
Έͷखؒ͸໦ͷܗɾେ͖͞ʹґଘ͍ͯ͠Δɻ௨ৗͷม
Ґஔ·Ͱͷϊʔυͷෳ੡͏ߦͰ͸ϧʔτ͔ΒฤूΛߋ
Λ͏ߦɻͦͷͨΊɺ໦ͷฤूͷखؒ͸ɺ໦ߏ଄ͷܗʹ
ΑͬͯҟͳΔɻಛʹઢܗͷ໦͸ɺશͯͷϊʔυͷෳ੡
Λͨ͏ߦΊɺมߋͷख͕ؒ O(n)ʹͳͬͯ͠·͏ɻͦ
Εʹରॲ͢ΔͨΊʹɺ໦ͷมߋΞϧΰϦζϜΛࡾछఏ
Δɻ͍ͯ͠ڙ
ઢܗͷ໦Λ O(1)Ͱม͢ߋΔ PushPop ͸ɺϧʔτ
ϊʔυͷ্ʹ৽͍͠ϧʔτϊʔυΛ෇͚Ճ͑Δ API

Ͱ͋Δɺ໦ͷෳ੡Λ͏ߦඞཁ͕ແ͍ͨΊɺ໦ͷมߋͷ
ख͕ؒ O(1)Ͱϊʔυͷ௥ՃΛ͑ߦΔɻ
͔͠͠ɺPushPop ͸ϧʔτϊʔυΛ௥Ճ͍ͯ͘͠
ͨΊɺϊʔυͷฒͼ͕ٯॱʹͳͬͯ͠·͏ɻLogͳͲ
ͷਖ਼ॱΛཁ͢ٻΔ৔߹ʹରॲ͢ΔͨΊʹɺDifferential

Jungle Tree ͷ࣮૷Λߦͳͬͨɻ Differential Jungle

Tree ͸ɻ໦ͷόʔδϣϯ͝ͱʹɺࣗ਎ͷ໦ͷޙ࠷ඌΛ
ද͢຤ඌϊʔυΛอ࣋͢Δɻ໦ͷฤू͸ɺผ్ߏங͠
ͨ Sub Tree ʹରͯ͠ഁյతʹߋ৽Λ͍ߦɺCommit

࣌ʹ຤ඌͷϊʔυʹ Sub Tree Λ Append ͢Δ͜ͱ
Ͱ͏ߦɻ͜ͷ৔߹͸໦͕ഁյతʹม͞ߋΕ͍ͯΔΑ͏
Δ͕ɺલͷ൛ͷ຤୺෦෼Λ௒͑ͯΞΫηε͢Δ͑ݟʹ
͜ͱ͕ͳ͚Ε͹ෳ਺ͷ൛Λಉ࣌ʹ࢖༻͢Δ͜ͱ͕Ͱ
͖Δɻ
େͳ໦ʹରͯ͠ඞཁͳ৔ڊ͕ߋશʹϥϯμϜͳม׬
߹ʹ͸ɺJungleͷ໦ͦͷ΋ͷΛRed Black Tree ͱ͠
ͱ͕Ͱ͖Δɻ͜ͷ৔߹͸໦ͷ͜͏࢖ங͢Δख๏Λߏͯ
ఆ͢Δ͜ͱ͸Ͱ͖ͳ͍͕ɺO(logݻ଄Λߏ n) Ͱͷ໦
ͷม͕ߋՄೳʹͳΔɻ͜Ε͸දߏ଄ͦͷ΋ͷʹͳΔɻ
͜ΕʹΑΓɺJungle Λ RDB ʹͱ΋Մೳ͜͏࢖ͯ͠
ͳͬͨɻReb Black Jungle Tree ༻ʹ͸ઐ༻ͷ Node

Path͕ఏ͞ڙΕΔɻ



4. Jungleͷ෼ߏࢄ੒

Jungle Ͱ໦ߏ଄Λ෼ͤ͞ࢄΔͨΊʹɺAlice ʹΑΔ
௨৴Λ࢖༻͢Δɻ໦΁ͷมߋΛίϚϯυϩάͱͯ͠ه
࿥͠ɺͦΕΛ Alice Λ༻͍ͯଞͷϊʔυʹసૹ͢Δɻ
ଞͷϊʔυ͸ϩάʹैͬͯࣗ෼ͷ͍࣋ͬͯΔ໦Λมߋ
͢Δɻෳ਺ͷϊʔυͰมߋΛڞ༗͢Δख๏͸༷ʑͳ΋
ͷ͕։ൃ͞Ε͖͍ͯͯΔ͕ɺࡏݱ͸ҎԼͷΑ͏ͳ؆୯
ͳ΋ͷΛ࣮૷͍ͯ͠Δɻ
·ͣɺϊʔυΛ໦ߏ଄ʹ઀ଓ͢ΔɻมߋϩάΛࣗϊʔ
υʹ઀ଓ͞Ε͍ͯΔϊʔυʹ͔ͯͬ޲ૹ৴͢Δɻड͚
ͱͬͨϊʔυ͸ࣗ෼ͷ໦Λมͨ͠ߋͷͪɺૹΒΕ͖ͯ
ͨϊʔυҎ֎ͷࣗ෼ͷϊʔυʹ઀ଓ͞Ε͍ͯΔϊʔυ
ʹมߋϩάΛసૹ͢Δ (Split Horizon)ɻ͜ͷํ๏Ͱ
͸શ෦ͷϊʔυʹ୯७ʹม͕ߋ఻ൖ͢Δɻม͕ߋিಥ
ͨ͠৔߹͸ɺMerge ॲཧΛ͏ߦɻMerge ॲཧ͸ࣦഊ
͠ͳ͍ͱԾఆ͢ΔɻMergeॲཧʹΑΔมߋ͸ଞϊʔυ
ʹసૹ͠ͳ͍ɻࣦഊ͠ͳ͍ Merge ͸Ұൠతͳ੔߹ੑ
Λอূ͢Δ͜ͱ͸Ͱ͖ͳ͍͕ɺSNS΁ͷ౤ߘͳͲͷ৔
߹Ͱ͸े෼ʹػೳ͢Δɻࠓճ͸෼࣮ࢄ૷ͷ֬ೝͷͨΊ
ʹ؆୯ͳํ๏Λ࣮૷ͨ͠ɻଟ਺ܾͳͲͷෳࡶͳ෼ػࢄ
Δ͜ͱ΋কདྷతʹ͸ՄೳͰ͋Δɻ௨৴෦෼͸ͤࡌΛߏ
AliceΛ༻͍࣮ͯ૷͞Ε͍ͯΔͷͰɺJungleͷ෼ߏࢄ
੒͸ Alice ͷ Toplogy Manager ʹΑͬͯಈత͋Δ͍
͸੩తʹߏ੒͞ΕΔɻ

Server
node 0

Server
node 1

Server
node 2

Server
node 3

Server
node 4

Merge

① ①

②

③③

④ ④

ਤ 2 πϦʔܕͷτϙϩδʔ

(ਤ 2ʣͷ໼ҹͷྲྀΕΛҎԼʹࣔ͢ɻ
( 1 ) servernode 1, servernode 2 ͔Β͖ͨσʔλ͕

servernode 0 Ͱিಥɻ
( 2 ) িಥͨ͠σʔλͷMerge͕ߦΘΕΔɻ
( 3 ) Merge ͞Εͨσʔλ͕ servernode 1,servernode

2΁఻ൖ
( 4 ) servernode1͔ΒMerge͞Εͨσʔλ͕ servern-

ode 3ɺservernode 4΁఻ൖɻશମͰσʔλͷ੔
߹ੑ͕औΕΔɻ

5. JungleͱAliceͷ໰୊఺

Jungle ͷ෼࣮ࢄ૷Λ࣌͏ߦʹɺAlice Ͱ෼ࢄϓϩ
άϥϜΛهड़ͤ͞Δ࣌ͷ໰୊఺͕͍͔ͭ͘໌Β͔ʹ
ͳͬͨɻ
·ͣɺJungle ͱ Alice ͷػೳͷॏෳ͕͋ΔɻAlice

Λ࠾༻ͨ͠ͷ͸؆୯ʹ Jungleͷ෼ߏࢄ੒Λ࣮͢ݱΔ
ͨΊ͕ͩɺJungle ΋ Alice ΋ɺҰछͷσʔλϕʔε
Ͱ͋ΓɺΩʔʹΑΓ໦ߏ଄͋Δ͍͸ΦϒδΣΫτΛ֨
ೲ͍ͯ͠Δɻࠩ͸ѻ͏σʔλ͕໦ߏ଄͔Ͳ͏͔ͱɺτ
ϥϯβΫγϣϯͷऔѻ͍ͷҧ͍Ͱ͋Δɻ
Alice ͸ DataSegment ΛΩʔʹΑΓ௨৴͢Δ͕ɺ
͜ͷΩʔ͸ϓϩάϥϜͷ೚ҙͷҐஔ͔ΒΞΫηε͢
Δ͜ͱ͕Ͱ͖Δɻͭ·ΓେҬม਺తʹѻ͏͜ͱ͕Մೳ
Ͱ͋ΔɻDataSegment ΁ͷΞΫηε͸ΩʔΛऔಘ͠
ͨ CodeSegmentͷΈͰ͋Γɺมߋ͸Ωϡʔʹ֨ೲ͞
ΕɺಡΈग़͠͸ΩϡʔʹԊͬͯߦΘΕΔɻैͬͯɺ௨
ৗͷେҬม਺ͱҧ͍ɺฒྻ࣮࣌ߦʹෆ੔߹͕͖ىΔ͜
ͱ͸ͳ͍ɻ͔͠͠ɺΩʔ͕େҬతʹ͍ͯ͑ݟΔͷͰɺ
DataSegment΁ͷΞΫηεΛϞδϡʔϧ಺ͳͲʹ੍
Δ͜ͱ͸೉͍͠ɻ͢ݶ
ঢ়ͷݱ Jungleͷ໦ͷϊʔυʹ͸ଐੑͱ஋ͷ૊͕͋
ΓɺDBͷϨίʔυͱͯ͠ػೳ͢Δ͕ɺ஋ͱͯ͑͠࢖
Δͷ͸ ByteBufferͰ͋ΓܕΛ͍࣋ͬͯͳ͍ɻJungle

ͷτϥϯβΫγϣϯ͸ Eitherͱ͍͏ํ๏Ͱ࣮૷͞Ε
͓ͯΓɺ͍͔ࡉΤϥʔνΣοΫΛ͏ߦඞཁ͕͋Γ൥ࡶ
Ͱ͋Δɻ
Alice ͷ DataSegmentͷ؅ཧ͸ Singleton Ͱ࣮૷
͞Ε͓ͯΓɺಉҰϓϩηε্Ͱෳ਺ͷ AliceͷΠϯε
λϯεΛ্ཱͪ͛Δ͜ͱ͕Ͱ͖ͳ͍ɻ͜ΕʹΑΓ෼ࢄ
ΞϧΰϦζϜͷςετΛ୯ҰϓϩηεͰ͜͏ߦͱ͕Ͱ
͖ͳ͍ͱ͍͏໰୊͕͋Δɻ·ͨɺNATӽ͑ͷ࣮૷Λ
΋ෳ਺ͷϓϩηε͕ඞཁʹͳͬͯ͠·͏ɻʹ࣌͏ߦ
ঢ়ͷݱ Alice ͷهड़ํ๏͕൥ࡶͰɺܕͷ੔߹ੑΛί
ϯύΠϧ࣌ʹࢦఆͰ͖ͳ͍ɻ͜Εʹ෇͍ͯ͸࣍અͰ͞
Βʹৄ͘͠ड़΂Δɻ

6. CodeSegmentͷهड़ํ๏

CSΛϢʔβʔ͕هड़͢Δࡍʹ͸CodeSegmentΫϥ
εΛܧঝͯ͠هड़͢Δ (ιʔείʔυ 1 , 2)ɻܧঝ͢Δ
͜ͱʹΑΓCode SegmentͰ࢖༻͢ΔData Segment

APIΛར༻͢Δ͕ࣄͰ͖Δɻ
Alice ʹ͸ɺStart CS (ιʔείʔυ 1 )ͱ͍͏ C

ͷ main ʹ૬౰͢ΔΑ͏ͳ࠷ॳʹ࣮͞ߦΕΔ CS ͕
͋ΔɻStart CS ͸Ͳͷ DS ʹ΋ґଘ͠ͳ͍ɻͭ·Γ
Input DS Λ࣋ͨͳ͍ɻ͜ͷ CS Λ main ϝιου಺
Ͱ new͠ɺexecuteϝιουΛݺͿ͜ͱͰ࣮ߦΛ։࢝
ͤ͞Δ͜ͱ͕Ͱ͖Δɻ

public class StartCodeSegment extends CodeSegment {



@Override
public void run() {

new TestCodeSegment();

int count = 0;
ods.put("local", "cnt", count);

}

}

Code 1 StartCodeSegment

public class TestCodeSegment extends CodeSegment {
private Receiver input1 = ids.create(CommandType.

TAKE);

public TestCodeSegment() {
input1.setKey("local", "cnt");

}

@Override
public void run() {

int count = input1.asInteger();
System.out.println("data␣=␣" + count);
count++;
if (count == 10){

System.exit(0);
}
new TestCodeSegment();
ods.put("local", "cnt", count);

}
}

Code 2 CodeSegment

ιʔείʔυ 1 ͸ɺ5 ͍ͨͤ͞ߦ࣮ʹ໨Ͱ࣍ߦ
CS(ιʔείʔυ 2 )Λ࡞੒͍ͯ͠Δɻ8ߦ໨Ͱ Out-

put DS APIΛ௨ͯ͠Local DSMʹରͯ͠DSΛ put

͍ͯ͠ΔɻOutput DS API͸CSͷ odsͱ͍͏ϑΟʔ
ϧυΛ༻͍ͯΞΫηε͢Δɻods͸ putͱ updateͱ
flipΛ࣮͢ߦΔ͜ͱ͕Ͱ͖ΔɻTestCodeSegment͸
͜ͷ”cnt”ͱ͍͏ key ʹରͯ͠ґଘ͕ؔ͋܎Γɺ8 ߦ
໨Ͱ put ΘΕΔͱߦ͕ TestCodeSegment ͸࣮͞ߦ
ΕΔɻ
CS ͷ Input DS ͸ɺCS ͷ࡞੒࣌ʹࢦఆ͢Δඞཁ
͕͋Δɻࢦఆ͸ CommandType(PEEK ͔ TAKE)ɺ
DSM໊ɺͦͯ͠ keyΑͬͯߦΘΕΔɻInput DS API

͸ CS ͷ ids ͱ͍͏ϑΟʔϧυΛ༻͍ͯΞΫηε͢
ΔɻOutput DS͸ɺods͕ఏ͢ڙΔ put/update/flip

ϝιουΛͦͷ··ݺ΂͹Α͔͕ͬͨɺInput DSͷ৔
߹ idsʹ peek/takeϝιου͸ͳ͘ɺcreate/setKey

ϝιου಺Ͱ CommandTypeΛࢦఆ࣮ͯ͢͠ߦΔɻ
ιʔείʔυ 2 ͸ɺ0 ͔Β 9 ·ͰΠϯΫϦϝϯτ
͢Δྫ୊Ͱ͋Δɻ2ߦ໨Ͱ͸ɺInput DS API͕΋ͭ
create ϝιουͰ Input DS Λ֨ೲ͢Δड͚ࡼ (Re-

ceiver)Λ͍ͯͬ࡞ΔɻҾ਺ʹ͸ PEEK·ͨ͸ TAKEΛ
ఆ͢Δɻࢦ
• Receiver create(CommandType type)

໨͔Βߦ4 ໨͸ίϯετϥΫλͰ͋Δɻίϯεߦ6
τϥΫλ͸ΦϒδΣΫτ޲ࢦͷϓϩάϥϛϯάޠݴͰ
৽ͨͳΦϒδΣΫτΛੜ੒͢Δݺʹࡍͼग़͞Εͯ಺༰
ͷॳظԽΛؔ͏ߦ਺Ͱ͋Δɻ
TestCodeSegmentͷίϯετϥΫλ͕ݺ͹Εͨࡍ
ʹ͸ɺ
( 1 ) CS ͕࣋ͭϑΟʔϧυม਺ Receiver input

ʹ ids.create(CommandType.TAKE) ΘΕɺߦ͕
input͕ॳظԽ͞ΕΔɻ

( 2 ) ໨ʹ͋Δߦ5 TestCodeSegmentͷίϯετϥΫ
λͷ TAKE͕࣮͞ߦΕΔɻ

5 ໨͸ɺ2ߦ ໨ͷߦ createͰ࡞ΒΕͨ Receiver͕
ఏ͢ڙΔ setKeyϝιουΛ༻͍ͯ Local DSM͔Β
DSΛऔಘ͍ͯ͠Δɻ
• void setKey(String managerKey, String key)

setKey ϝιου͸ peek/take ͷ࣮ߦΛ͏ߦɻͲͷ
DSM ͷͲͷ key ʹରͯ͠ peek ·ͨ͸ take ίϚϯ
υΛ࣮ͤ͞ߦΔ͔ΛࢦఆͰ͖ΔɻίϚϯυͷ݁Ռ͕Ϩ
εϙϯεͱͯ͠ಧ͖࣍ୈ CS͸࣮͞ߦΕΔɻ



ΕΔ͞ߦ࣮ runϝιουͷ಺༰͸
( 1 ) ໨Ͱऔಘ͞ΕͨDSΛߦ10 Integerܕʹมͯ͠׵

countʹ୅ೖ͢Δɻ
( 2 ) ໨Ͱߦ12 countΛΠϯΫϦϝϯτ͢Δɻ
( 3 ) ΕΔ͞ߦ࣮ʹ໨Ͱ࣍ߦ16 CSΛ࡞Δɻrun಺ͷॲ

ཧΛऴ͑ͨΒ CS͸ഁ͞غΕΔͨΊɺॲཧΛ܁Γ
ฦ͍ͨ͠৔߹͸͜ͷΑ͏ʹ৽͍͘͠ CSΛ࡞Δඞ
ཁ͕͋Δɻ͜ͷ࣌఺Ͱ࣍ͷ CS͸ Input DSͷ଴
ͪঢ়ଶʹೖΔɻ

( 4 ) ໨Ͱߦ17 countΛ Local DSMʹ put͢ΔɻIn-

put DS͕ଗ͍଴ͪঢ়ଶ͕ղܾ͞ΕͨͨΊɺ࣍ͷ
CS͕࣮͞ߦΕΔɻ

( 5 ) ໨͕ऴྃ৚݅Ͱ͋Γɺcountͷ஋͕ߦ13 10ʹͳ
Ε͹ऴྃ͢Δɻ

ͱͳ͍ͬͯΔɻ
1.Ͱ༻͍ΒΕ͍ͯΔ asInteger()͸ asClassϝιο
υͷҰ෦Ͱ͋ΓɺasClass͸ take/peekͰऔಘͨ͠DS

Λ Object Ͱऔಘ͢ΔͨΊͷܕΒ೚ҙͷ͔ܕ API Ͱ
͋Δɻ
• <T> T asClass(Class<T> clazz)

CS಺ͰDSͷσʔλΛѻ͏ʹ͸ɺਖ਼͍͠ܕΛҙࣝ͠
ͳ͕Β͜ͷ asClassϝιουΛ࢖Θͳ͚Ε͹ͳΒͳ͍ɻ
͜ͷΑ͏ʹɺInputDSΛهड़͢Δʹ͸ɺҰ౓ϑΟʔ
ϧυͰ Receiver Λ create ͯ͠ɺͦͷޙ Reveiver ʹ
ରͯ͠ setKeyͰ଴ͪ߹ΘͤΔ keyΛࢦఆ͠ͳ͚Ε͹
ͳΒͳ͍ɻ͜ͷΑ͏ʹΠϯϓοτͷॲཧ͕෼཭͞Εͯ
͠·͍ͬͯͯ͸ɺهड़͕൥ࡶͳ্ʹίʔυΛಡΜͩࡍ
ʹͲͷ keyʹରͯ͠଴ͪ߹ΘͤΛ͍ͯͬߦΔͷ͔௚ײ
తʹ෼͔Βͳ͍ɻ
͞ΒʹɺsetKey ͸໌֬ͳهड़৔ॴ͕ܾ·͍ͬͯͳ
͍ͨΊɺͦͷ DSΛ଴ͪ߹Θ͍ͤͯΔ CSҎ֎͔Β΋
͏·ͼग़ͤͯ͠ݺ (ιʔείʔυ 3)ɻ

public class StartCodeSegment extends CodeSegment {
@Override
public void run() {

TestCodeSegment cs = new TestCodeSegment();
cs.input.setKey("data");
ods.put("local", "data", 1);

}
}

Code 3 setKey

public class TestCodeSegment extends CodeSegment {
private Receiver input = ids.create(CommandType.

TAKE);

@Override
public void run(){

System.out.println("data␣=␣" + input.asInteger
());

}
}

Code 4 Seprated
setKey

͜ͷΑ͏ͳॻ͖ํΛ͞ΕΔͱɺCS͚ͩΛͯݟͲͷ

keyʹରͯ͠଴ͪ߹ΘͤΛ͍ͯͬߦΔͷ͔Θ͔Βͳ͍
ͨΊɺsetKey Λݺͼग़͍ͯ͠ΔίʔυΛ୧Δඞཁ͕
͋Δɻ͜ΕͰ͸ݟ௨͕͠ѱ͍ͨΊɺͲ͜Ͱ keyΛࢦఆ
͢Δͷ͔໌֬ʹ͢΂͖Ͱ͋Δɻ
Մಡੑͷ௿͍ίʔυ͸ϓϩάϥϚͷෛ୲ͱͳΔͨΊɺ

CS͕ԿΛ଴ͪ߹Θ͍ͤͯΔͷ͔ͦͷ CSΛ͚ͩͨݟ
ͰཧղͰ͖ΔΑ͏ʹهड़ͷ෼཭໰୊Λվળ͠ͳͯ͘͸
ͳΒͳ͍ɻ
setKey͸CSͷίϯετϥΫλͰࢦఆ͢Δ͜ͱ͕ଟ
͍ɻ͜ͷͱ͖ɺࢦఆ͢Δ key͸Ҿ਺ͳͲ͔Βಈతʹड
͚औΓɺηοτ͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ɺͦΕͰ͸
ΘΕ͍ͯΔͷ͔Θ͔ΓͮΒ͘ɺߦͲΜͳॲཧ͕ʹࡍ࣮
·ͨɺput ͢Δ෦෼ͳͲͷ֘౰͢Δ key Λѻ͏શͯ
ίʔυΛม͠ߋͳ͚Ε͹ͳΒͳ͍ɻ͜ͷΑ͏ʹɺAlice

Ͱ͸ CS Λ͍࢖·Θ͢͜ͱΛྀͯ͠ߟಈతͳ setKey

ΛՄೳʹͯ͠͠·͍ͬͨͤͰɺ৻ॏʹॻ͔ͳ͚Ε͹ϓ
ϩάϥϜͷ৴པੑ͕อͯͳ͍Α͏ʹͳͬͯ͠·͍ͬͯ
ΔɻͦͷͨΊɺಈతͳ setKey͸Ͱ͖ͳ͍Α͏ʹ੍ݶ
͠ɺίʔυͷݟ௨͠Λྑ͘͢Δඞཁ͕͋ΔɻCSʹର
ͯ͠ΠϯϓοτͱͳΔ key͕੩తʹܾ·Ε͹ɺ଴ͪ߹
Θ͍ͤͯΔ key ʹରͯ͠ͷ put ͷ͠๨ΕͳͲͷ໰୊
ΛίϯύΠϧ࣌ͷϞσϧࠪݕͳͲͰൃ͢ݟΔ͜ͱ͕Ͱ
͖Δͱ͑ߟΒΕΔɻ
inputDS Λड͚औΔ Receiver ͸σʔλΛ Object

Ͱ͓࣋ͬͯΓɺͦͷσʔλΛܕ CS಺Ͱѻ͏ʹ͸ਖ਼͠
Ωϟετ͢Δඞཁ͕͋Δɻ͔͠͠ɺinputDSͰʹܕ͍
ఆ͢Δͷ͸ࢦ keyͷΈͰ͋Γɺͦͷσʔλͷܕ·Ͱ͸
෼͔Βͳ͍ɻͦͷͨΊɺDSͷܕΛ஌Δʹ͸ putͯ͠
͍Δ෦෼·Ͱ୧Δඞཁ͕͋Δɻ୧ͬͯ΋ flip͞Ε͍ͯ
ΔՄೳੑ΋͋ΔͨΊɺ࠷ॳʹͦͷDSΛ put͍ͯ͠Δ
෦෼Λ͚ͭݟΔͷ͸ࠔ೉Ͱ͋Δɻैͬͯɺ଴ͪ߹Θͤ
͍ͯΔ keyʹͲͷΑ͏ͳܕͷσʔλ͕ରԠ͍ͯ͠Δͷ
͔Λͦͷ CSΛ͚ͩͨݟͰ෼͔ΔΑ͏ʹ͢Δ΂͖ͱߟ
͑Δɻ
key ໊ͱͦͷ key Ͱ଴ͪ߹Θͤͨ DS Λड͚औΔ

Receiver ໊͸ҟͳΔ͜ͱ͕͋Δɻ΋͠ϓϩάϥϚ͕
ద౰ʹ໋໊ͯ͠͠·͑͹ޙʑࠞཚΛটͨ͘Ίɺ଴ͪ߹
ΘͤΔ key ໊ͱ input DS ͷม਺໊ҰகΛ੍ͤ͞ڧ
͍ͨɻ

7. ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

Ҏ্ͷ໰୊Λ౿·͑ɺ৽͍͠෼ࢄϑϨʔϜϫʔ
Ϋ Christie ͷઃܭͱϓϩτλΠϓͷ࣮૷Λͨͬߦɻ
Christieʹඞཁͳཁ݅͸ҎԼͷΑ͏ʹͨ͑ߟɻ
• create/setKeyͷΑ͏ͳ൥ࡶͳ APIΛγϯϓϧ
ʹ͠ՄಡੑΛ্ͤ͞޲Δ

• ฒྻ෼ڥ؀ࢄԼͰͷܕͷ੔߹ੑΛอূ͢Δߏจͱ
Δ͢ڙ૊ΈΛఏ࢓

• Ұͭͷϓϩηε಺Ͱෳ਺ͷΠϯελϯεΛಉ࣌ʹ
্ཱͪ͛ΒΕΔ



• ໦ߏ଄ͳͲͷσʔλߏ଄ΛωοτϫʔΫ্Ͱ΍Γ
ͱΓͰ͖Δ

• ௨৴ʹ༻͍ΔΩʔͷ֊૚త؅ཧΛఏ͢ڙΔ
• ͜ΕΒͷ࢓૊ΈΛ࣮͢ݱΔϝλߏػࢉܭΛఏڙ
͢Δ

Chirstie Ͱ͸ɺCodeSegment/DataSegment ͱݺ
͹ͣʹɺCodeGear/DataGear ͱݺͿɻ͜Ε͸কདྷత
ʹ͸ Gears OSʹΑΓ࣮૷͢ΔͨΊͰ͋Δɻ
Alice ͷ APIͷ໰୊͸ɺૹ৴͢ΔΦϒδΣΫτͷܕ
Λલ΋ͬͯࢦఆͰ͖ͳ͍͜ͱͱɺهड़͢Δ৔ॴʹࣗ༝
౓͕͋Δ͜ͱ͕໰୊ʹͳ͍ͬͯΔɻͦ͜ͰɺDataGear

Λ Java ͷ AnnoationΛ༻͍ͯએ͢ݴΔ͜ͱʹͨ͠ɻ
͜Εʹؔͯ͠͸ɺ࣮૷Λߦͳ͍ɺଥ౰ͳ APIΛܾఆ
ͨ͠ɻ͜Εʹ͍ͭ͸࣍અͰઆ໌͢Δɻ
Aliceͷ Singleton͸ൣ޿ғͰ࢖ΘΕ͓ͯΓɺRefac-

toring Ͱ͸मਖ਼Ͱ͖ͳ͍ɻͦ͜ͰɺChristie Ͱ͸جຊ
తͳ෦෼Λ࣮࠶૷͢Δ͜ͱʹͨ͠ɻ
Jungle ͱͷ੔߹ੑͰ͸ɺAlice ͱ Jungle ͷ྆ํʹ
ΦϒδΣΫτͷσʔλϕʔε͕ଘ͢ࡏΔ͜ͱ͕ྑ͘ͳ
͍ɻJungle Ͱ͸มߋϩάΛ Alice ʹΑΓૹ৴͍ͯ͠
Δ͕ɺ͜Ε͸Ϧετߏ଄Λૹ৴͢Δ͜ͱʹ૬౰͢Δɻ
JungleͰ͸໦ͷมߋΛ఻ൖͤ͞Δ͕ɺ͜Ε͸໦ߏ଄ͦ
ͷ΋ͷΛ௨৴͍ͯ͠Δͷͱಉ౳Ͱ͋Δɻͭ·ΓɺAlice

ͷ௨৴Λ໦ߏ଄Λ࣋ͭΦϒδΣΫτʹ·Ͱ֦ு͢Δ͜
ͱ͕Մೳͩͱ͑ߟΒΕΔɻ
Jungleͷ໦ߏ଄ͱɺAliceͷ Tupleۭؒͷҧ͍͸ɺ
ม࣌ߋͷಉํظ๏ʹ͋ΔɻJungleͰ͸໦͸ϥϕϧʹΑ
Γࢦఆ͞Εͯɺͦͷมߋ͸τϥϯβΫγϣϯͱࣦͯ͠
ഊͱ੒ޭ͕͋ΔܗͰ௚ྻԽ͞ΕΔɻAlice ͷಉߏػظ
͸ɺData Segment ͷ଴ͪ߹ΘͤʹΑͬͯߦΘΕΔɻ
୯ҰͷData Segment Λ଴ͪ߹ΘͤΕ͹ɺͦΕ͸୯Ұ
ͷτϥϯβΫγϣϯͱಉ౳ʹͳΔɻෳ਺ͷ Data Seg-

ment Λ଴ͪ߹ΘͤΔܗͷಉظ͸ Jungle Ͱ͸࣮ݱͰ
͖ͳ͍ɻJungleͷ໦ΛΩʔʹରԠ͢Δ Data Segment

ͱ͢Δ͜ͱΑͬͯɺAlice ʹΑΓ Jungle ͷτϥϯβ
ΫγϣϯΛ࣮ݱͰ͖Δɻ
Jungleͷ໦ͷϥϕϧ͸େҬతͳ IDͰ͋Δඞཁ͕͋
Δ͕ɺಛʹߏ଄Λ͍࣋ͨͤͯͳ͍ɻAlice ͷϥϕϧ͸ɺ
઀ଓ͞Εͨ 2఺ؒͰͷΈ༗ޮʹͳ͍ͬͯΔɻैͬͯɺ
Jungle ͷ໦ͷϥϕϧ͸෼ࢄγεςϜͷதͰ؅ཧ͢Δ
ඞཁ͕͋Δɻ௨ৗͷURIͷΑ͏ʹ໦ߏ଄Λ࣋ͬͨߏ଄
ͱͯ͠෼؅ࢄཧ͢Δ͜ͱ͕๬·͍͠ɻͭ·ΓɺJungle

ͷ໦ͷϥϕϧ͸ Jungle ࣗମͰ؅ཧ͞ΕΔ໦ߏ଄Ͱ͋
Δ΂͖ͩͱࢥΘΕΔɻ͜Ε͸ϑΝΠϧγεςϜͷύε
ʹ૬౰͢ΔɻChristie ͸Gears OSͰͷ෼ࢄϑΝΠϧ
γεςϜͱͯ͑͠࢖Δͷ͕๬·͍͠ɻ

8. Ξϊςʔγϣϯͷಋೖ

InputAPI ʹ͸ Alice ͱಉ͘͡ Take ͱ Peek Λ༻
ҙͨ͠ɻChristieͰ͸ Input DG ͷࢦఆʹ͸Ξϊςʔ

γϣϯΛ͏࢖ɻΞϊςʔγϣϯͱ͸ɺΫϥε΍ϝιο
υɺύοέʔδʹରͯ͠෇Ճ৘ใΛهड़Ͱ͖Δ Java

ͷ Meta Computation Ͱ͋Δɻઌ಄ʹ@Λ͚ͭΔ͜
ͱͰهड़Ͱ͖ɺΦϦδφϧͷΞϊςʔγϣϯΛఆٛ͢
Δ͜ͱ΋Ͱ͖Δɻ
Alice Ͱ͸ Input ͷड͚ࡼͰ͋Δ Receiver Λ࡞Γ
Β͔ޙ keyΛηοτ͍͕ͯͨ͠ɺChristieͰ͸ Input

ͱͳΔܕͷม਺Λ௚઀એ͠ݴɺม਺໊ͱͯ͠ key Λ
ͷ্ʹΞϊςʔγϣϯͰݴड़͢Δɻͦͯ͠ɺͦͷએه
Take·ͨ͸ PeekΛࢦఆ͢Δ (ιʔείʔυ 5)ɻ

@Take
public String name;

Code 5 Take
ͷ
ྫ

ΞϊςʔγϣϯͰࢦఆͨ͠ InputDG͸ɺCGΛੜ
੒ͨ͠ࡍʹ CodeGear.class಺Ͱ଴ͪ߹Θͤͷॲཧ͕
ΘΕΔɻ͜Εʹ͸ߦ Java ͷ reflectionAPI Λར༻͠
͓ͯΓɺΞϊςʔγϣϯͱಉ࣌ʹม਺໊΋औಘͰ͖Δ
ͨΊɺม਺໊ʹΑΔ keyࢦఆ͕࣮ͨ͠ݱɻ
Christieͷ͜ͷΠϯϓοτΞϊςʔγϣϯ͸ϑΟʔ
ϧυʹର͔ͯ͠͠هड़Ͱ͖ͳ͍ͨΊɺkey ͷࢦఆͱ
Take/Peek ͷࢦఆΛඞͣҰՕॴͰॻ͘͜ͱ͕໌֬ʹ
ܾ·͍ͬͯΔɻͦͷͨΊ AliceͷΑ͏ʹ֎ͷ CS͔Β
ͷ key΁ͷׯবΛ͞ΕΔ͜ͱ͕ͳ͍ɻ͜ͷΑ͏ʹɺΞ
ϊςʔγϣϯΛ༻͍ͨ͜ͱͰɺAliceͷهड़ͷ෼཭໰
୊͕ղܾ͞Εͨɻ·ͨɺkey Λม਺໊ʹͨ͜͠ͱͰɺ
ಈతͳ keyͷࢦఆ΍ɺkeyͱม਺໊ͷෆҰகʹΑΔՄ
ಡੑͷ௿ԼΛ๷͙͜ͱ͕Ͱ͖ͨɻ
ϦϞʔτϊʔυʹରͯ͠ Take/Peek ͢Δࡍ͸ɺ

TakeFrom/PeekFrom ͷΞϊςʔγϣϯΛ༻͍Δ
(ιʔείʔυ 6)ɻ

@TakeFrom("remote")
public String name;

Code 6 TakeFrom

ͳ͓ɺѹॖͷ Meta Computation ͸ Alice ͱಉ༷
Ͱɺࢦఆ͢ΔࡍʹDGM໊ͷલʹ compressedΛ͚ͭ
Δ (ιʔείʔυ 7)ɻ

@TakeFrom("compressedremote")
public String name;



Code 7 Remote
͔
Β
ѹ
ॖ
͠
ͯ
ड
͚
औ
Δ
ྫ

OutputAPIʹ͸ put/flipΛ༻ҙͨ͠ɻجຊతͳγ
ϯλοΫε͸Aliceͱಉ༷͕ͩɺChristieͰ͸ put/flip

ͷϝιου͸ CodeGear.classʹ༻ҙ͞Ε͍ͯΔɻͦ
ͷͨΊ CodeGear.classΛܧঝ͢Δ CGͰ௚઀ putϝ
ιουΛݺͿ͜ͱ͕Ͱ͖Δ (ιʔείʔυ 8)ɻ

put("remote", "count", 1);

Code 8 put

ͦͷͨΊɺChristieʹ͸ Aliceͷ ODSʹ͋ͨΔ෦
෼͕ͳ͍ɻODSΛܦ༝͢ΔΑΓ௚઀ DGMʹॻ͖ࠐ
ΉΑ͏ͳهड़ͷ΄͏͕௚ײతͰ͋Δͱͨͨ͑ߟΊͰ͋
ΔɻѹॖΛࢦఆͯ͠ͷ put΋ɺAliceಉ༷ DGM໊ͷ
લʹ compressedΛ͚ͭΔɻ
্޲ͷ੔߹ੑͷܕ
Christie Ͱ͸ Receiver ݴͰ͸ͳ͘௚઀ม਺Λએܕ
͢ΔɻͦͷͨΊଞͷ৔ॴΛ୧Βͳ͘ͱ΋ CGΛݟΔͩ
͚ͰΠϯϓοτ͞ΕΔσʔλͷ͕ܕ෼͔ΔΑ͏ʹͳͬ
ͨɻ·ͨɺม਺Λ௚઀એ͢ݴΔͨΊɺͦ΋ͦ΋ Alice

ͷΑ͏ʹ asClassϝιουͰܕͷऔΓग़͢ඞཁ͕ͳ͍ɻ
ιʔείʔυ 9͸ InputDGͷσʔλΛѻ͏Ͱ͋Δɻ

public class GetData extends CodeGear{

@Take
public String name;

@Override
protected void run(CodeGearManager cgm) {

System.out.println("this␣name␣is␣:␣" + name);
}

}

Code 9 InputDG
Λ
ѻ
͏
ྫ

InputDG ͱͯ͠એͨ͠ݴม਺ͷܕ͸ɺreflection-

APIʹΑΓ಺෦Ͱอଘ͞ΕɺϦϞʔτϊʔυͱ௨৴͢
Δࡍ΋ద੾ͳมߦ͕׵ΘΕΔɻ͜ͷΑ͏ʹϓϩάϥϚ
ͰऔಘͰ͖ΔͨΊɺϓϩάܕఆ͠ͳ͘ͱ΋ਖ਼͍͠ࢦ͕
ϥϚͷෛ୲ΛݮΒ͠৴པੑΛอূ͢Δ͜ͱ͕Ͱ͖Δɻ
ҎԼͷίʔυ͸ LocalDSMʹ putͨ͠ DGΛऔΓ
ग़ͯ͠දࣔ͢ΔͷΛ 10ճ܁Γฦ͢ྫ୊Ͱ͋Δɻ

public class StartTest extends StartCodeGear{

public StartTest(CodeGearManager cgm) {
super(cgm);

}

public static void main(String args[]){
StartTest start = new StartTest(createCGM

(10000));
}

@Override
protected void run(CodeGearManager cgm) {

cgm.setup(new TestCodeGear());
put("count", 1);

}
}

Code 10 StartCodeGear
ͷ
ྫ

public class TestCodeGear extends CodeGear {

@Take
public count;

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

if (count != 10){
cgm.setup(new TestCodeGear());
put("count", count + 1);

}
}

}

Code 11 CodeGear
ͷ
ྫ

Alice ಉ༷ɺChristie Ͱ΋ InputDG Λ࣋ͨͳ͍
StartCG ͔ΒॲཧΛ։࢝͢ΔɻStartCG ͸ Start-

CodeGear.classΛܧঝ͢Δ͜ͱͰهड़Ͱ͖ΔɻAlice

Ͱ͸ StartCS΋ CodeSegment.classΛܧঝͯ͠ॻ͔
Ε͍ͯͨͨΊɺͲΕ͕ StartCSͳͷ͔൑ผͮ͠Β͔ͬ
͕ͨɺChristieͰ͸ͦͷ৺഑͸ͳ͍ɻ
StartCG Λهड़͢Δࡍʹ͸ createCGM ϝιου
Ͱ CGM Λੜ੒ͯ͠ίϯετϥΫλʹ౉͢ඞཁ͕͋
Δɻιʔείʔυ 10 ͷ 8 ΘΕ͍ͯߦ໨ͰͦΕ͕ߦ
ΔɻcreateCGMͷҾ਺ʹ͸ϦϞʔτϊʔυͱιέο
τ௨৴͢Δ͏࢖ࡍϙʔτ൪߸Λࢦఆ͢ΔɻCGMΛੜ
੒ͨ͠ࡍʹ LocalDGM΍ϦϞʔτͱ௨৴Λͨ͏ߦΊ
ͷ Daemon΋࡞ΒΕΔɻ
CGʹରͯ͠Ξϊςʔγϣϯ͔Β଴ͪ߹ΘͤΛ࣮ߦ
͢Δॲཧ͸ setup ϝιου͕͏ߦɻͦͷͨΊιʔε
ίʔυ 10ͷ ໨ɺιʔείʔυߦ13 11ͷ ໨ͷߦ10
Α͏ʹɺnewͨ͠ CGΛ CGMͷ setupϝιουʹ
౉͢ඞཁ͕͋ΔɻAliceͰ͸ new͢Ε͹ CG͕଴ͪʹ
ೖ͕ͬͨɺChristieͰ͸Ұ౓ CGΛ new͠ͳ͍ͱΞ
ϊςʔγϣϯ͔Β଴ͪ߹ΘͤΛ͏ߦॲཧ͕Ͱ͖ͳ͍ͨ
Ίɺnewͷޙʹ setupΛ͏ߦɻͦͷͨΊɺCGͷੜ੒



ʹ͸ඞͣ CGM͕ඞཁʹͳΔɻrunͰ CGMΛड͚౉
͢ͷ͸͜ͷͨΊͰ͋Δɻͳ͓ɺStartCG͸Πϯϓοτ
Λ࣋ͨͳ͍ͨΊɺsetupΛ͏ߦඞཁ͕ͳ͘ɺnew͞Ε
ͨ࣌఺Ͱ run͕࣮͞ߦΕΔɻ

9. UnixϑΝΠϧγεςϜͱͷൺֱ

Christie Λ෼ࢄϑΝΠϧγεςϜͱͯ͠͏࢖ͷͱɺ
UnixϑΝΠϧγεςϜ্ͷ෼ࢄϑΝΠϧγεςϜͱ
ͷҧ͍ʹ͍ͭͯ͢࡯ߟΔɻ
Christie ʹ֨ೲ͞ΕΔͷ͸ΦϒδΣΫτͰ͋Γɺܕ
ͷͳ͍ςΩετϑΝΠϧͱ͸ҟͳΔɻ΋ͪΖΜɺจࣈ
ྻΛͦͷ··֨ೲ͢Δ͜ͱ΋Ͱ͖Δ͕ɺڊେͳจྻࣈ
ʹ͸ͳΜΒ͔ͷߏ଄Λ༩͑ͯϥϯμϜΞΫηεͳͲ͕
Ͱ͖ΔΑ͏ʹ͢ΔɻͦͷҙຯͰɺUnixϑΝΠϧγε
ςϜͰ΋ϑΝΠϧʹ͸ඞͣߏ଄͕ೖ͍ͬͯΔɻ
Unix ϑΝΠϧʹ͸σΟϨΫτϦߏ଄͕͋ΓɺσΟ
ϨΫτϦͷߏ଄ʹ͸τϥϯβΫγϣϯ͕ಋೖ͞Ε͍ͯ
ΔɻChristieͷ৔߹͸ɺChristie ͷಉߏػظͱͯ͠τ
ϥϯβΫγϣϯ͕ఆٛ͞ΕΔɻ
UnixϑΝΠϧશମ͸ iϊʔυΛͨͬ࢖ B-Treeߏ଄
Λ࣋ͭɻ͜ΕΒ͸σΟϨΫτϦߏ଄ʹΑΔ໦ߏ଄ͷύ
εͰΞΫηε͞ΕΔɻChristie Ͱ͸ύεͱσΟϨΫτ
Ϧ͸໦ߏ଄ͷσʔλϕʔεͱͯ͠ఆٛ͞ΕΔɻ
Unix ϑΝΠϧͷ࣋ଓੑ͸σΟεΫ্ͷ i ϊʔυͷ
࣋ଓੑʹΑ࣮ͬͯ͞ݱΕΔɻChristie͸࣋ଓੑͷ͋Δ
ϊʔυʹ໦ߏ଄Λෳ੡͢Δ͜ͱʹΑͬͯ࣋ଓੑΛ࣮ݱ
͢Δɻ
UnixϑΝΠϧ͸ read/writeʹΑΓΞΫηε͢Δ͕ɺ

Christie Ͱ͸ϝϞϦ্ͷΦϒδΣΫτͰ͋Γɺread-

/writeͰ͸ͳ໊͘લͰࢦఆ͞Εͨ໦ʹର͢Δ get/put

ͰมߋΛ͏ߦɻ
࣋ଓੑͷ͋Δϊʔυʹෳ੡͞Εͨ Christie ͷΦϒ
δΣΫτ͸ϝϞϦ্͔Β࡟আͯ͠΋ྑ͍ɻ࠶౓ඞཁͳ
৔߹͸ɺύεΛ༻͍ͯ࣋ଓੑͷ͋Δϊʔυ͔Βෳ੡
͢Δɻ

10. · ͱ Ί

෼ࢄ໦ߏ଄σʔλϕʔε Jungleͱɺ෼ࢄϑϨʔϜ
ϫʔΫ Alice Ͱɺܗɺ྆ऀΛ౷Ұ͢Δ͠࡯ߟ͍ͯͭʹ
෼ࢄϑϨʔϜϫʔΫ ChristieΛఏҊͨ͠ɻ
Christie Ͱ͸ΞϊςʔγϣϯΛ༻͍ͯɺAliceͷܽ
఺Ͱ͋ͬͨهड़ͷ෼཭ͱܕͷ੔߹ੑΛίϯύΠϧ࣌ʹ
ղܾͰ͖ͳ͍໰୊Λղܾͨ͠ɻ
Jungle ͷߏ଄Λ Christie ʹ಺ଂ͢Δ͜ͱʹΑΓɺ

Christieͷ Data Gear ͸ɺ෼ڥ؀ࢄͰڞ༗ɺ͋Δ͍
͸ɺ࣋ଓੑΛ࣋ͭ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɻͦͷData

Gear ΁ͷΞΫηεʹɺେҬతͳ໦ߏ଄Λ࣋ͭϥϕϧ
Λ༻ҙ͢Δ͜ͱͰɺChristie ͷ Data Gear ΛϑΝΠ
ϧγεςϜͷΑ͏ʹ͑࢖ΔΑ͏ʹͳΔɻ
কདྷతʹ͸ Gears OS ͰͷϑΝΠϧγεςϜͱͯ͠

ChristieΛ͑࢖ΔΑ͏ʹɺ࣋ଓੑɺDataGearʹΞΫ
ηε͢Δύεͱͯ͠ͷ໦ߏ଄ɺ෼ڥ؀ࢄͰͷಉظख๏
Λ͍ͯ͘͠ڀݚ༧ఆͰ͋Δɻ

ࢀ ߟ จ ݙ

1) র԰ͷͧΈɼՏ໺ਅ࣏ɿ෼ࢄϑϨʔϜϫʔΫAl-
iceͷ PCը໘഑৴γεςϜ΁ͷԠ༻ɼୈ 57ճϓ
ϩάϥϛϯάɾγϯϙδ΢Ϝ (2016).

2) ҆ଜ Ұګ andՏ໺ਅ࣏ɿಈతϧʔςΟϯάʹΑ
Γλϓϧ഑৴Λߦͳ͏෼ࢄλϓϧεϖʔε Fed-
erated Lindaɼ೔ຊιϑτ΢ΣΞՊֶձୈ 22ճ
େձ࿦จू (2005).


