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ཁ ࢫ

Πϯλʔωοτ͕͕޿ΓɺIoT(Internet of Things)Ͱ௨৴͢ΔαʔϏε͕࢖͘޿ΘΕΔ
Α͏ʹͳΓɺ෼ࢉܭࢄͷॏཁੑ͸૿͍ͯ͠Δɻ෼ࢉܭࢄͰ͸ࢀՃ͢Δ୆਺ʹدΒͣαʔ
Ϗεͷ࣭Λҡ࣋͢ΔεέʔϥϏϦςΟɺཁ͞ٻΕ༷ͨ࢓Λຬͨ͢৴པੑͱͱ΋ʹɺ֦ுੑ
͕ཁ͞ٻΕΔɻಛʹϋʔυ΢ΣΞ͸೔ਐ݄าͰ͋Γɺಉ͡αʔϏεͰ͋ͬͯ΋ɺ࢖༻͢Δ
ϋʔυ΢ΣΞʹద༻͢ΔͨΊͷ֦ு͕ඞਢͱͳ͍ͬͯΔɻ
͜Ε·Ͱʹ։ൃ͖ͯͨ͠ฒྻ෼ࢄϑϨʔϜϫʔΫAliceͰ͸ɺσʔλΛ Data Segmentɺ

λεΫΛ Code Segmentͱ͍͏୯ҐͰ෼ׂͯ͠هड़͍ͯ͠ΔɻAliceͰͷ௨৴͸ϊʔυຖͷ
Data SegmentͷϓʔϧʹΩʔΛ༻͍͓͍ͯޓʹॻ͖ࠐΉͱ͍͏ख๏Λ༻͍͍ͯΔɻCode

Segment͸ඞཁͱ͢ΔData SegmentͷΩʔΛࢦఆͯ͠औಘ (take)·ͨ͸ࢀর (peek)͠ɺͦ
ΕΒ͕ͦΖͬͨ࣌఺Ͱ࣮ߦΛฒྻʹ͏ߦɻAliceͰ͸௨ৗͷॲཧͷؒʹMeta Computation

ͱ͍͏ॲཧΛڬΉ͜ͱͰɺίʔυΛେ͖͘มڍʹͣͤߋಈมߋΛՄೳʹ͍ͯ͠Δɻ෼ܕࢄ
ը໘ڞ༗γεςϜ TreeVNCͳͲͷ࣮૷ʹΑΓͦͷ༗ޮੑ͕֬ೝ͞Ε͍ͯΔɻಛʹNode

ͷ TopologyΛ੩త·ͨ͸ಈతʹϝλࢉܭͱͯ͠ࢦఆͰ͖ΔTopology Manager͕༗ޮͰ
͋ͬͨɻ
͔͠͠ɺJavaͰ࣮૷͞ΕͨAliceͰ͸ΩʔͱऔಘϞʔυͷઃఆΛ JavaͷΦϒδΣΫτͷ

੒͞ΕΔଆ࡞ (constructor)ͰͨͬߦΓɺ࡞੒ଆͰߦͳͬͨΓ͢Δࣗ༝౓͕͋ΓɺΩʔʹΑ
Δ௨৴ͷݟ௨͕͠ྑ͘ͳ͍ͱ͍͏͜ͱ͕൑໌ͨ͠ɻ·ͨɺAlice ͸Data Segment΍Code

Segmentͷ؅ཧΛେҬม਺తͳ SingletonͰߦͳ͓ͬͯΓɺෳ਺ͷAliceͷΠϯελϯεΛ
ಉҰϓϩηε্ͰىಈͰ͖ͳ͍ɻ͜ΕʹΑΓɺ୯Ұϓϩηε಺Ͱͷ෼ࢉܭࢄͷςετ΍ɺ
ෳ਺ͷ Topology managerʹ઀ଓ͢Δඞཁ͕͋ΔNATӽ͑ͳͲͷMeta ComputationΛ
࣮૷͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨɻେҬ Singleton͸ɺͦͷੑ্࣭ɺͲ͔͜ΒͰ΋ΞΫηεͰ
͖ΔͨΊʹআڈ͸ࠔ೉Ͱ͋Δͱ൑໌ͨ͠ɻ͞ΒʹɺAliceͷ௚ײతͰͳ͍APIΛվળ͠ɺ
ɻͨ͑ߟΔ΂͖ͩͱ্ͤ͞޲ͷ੔߹ੑΛอূ͢Δ͜ͱͰ৴པੑΛܕ
ຊڀݚͰ͸ AliceͰಘΒΕͨ஌ݟΛݩʹ෼ࢄϑϨʔϜϫʔΫ ChristieͷઃܭΛͨͬߦɻ

ChristieͰ͸Segmentͷ୅ΘΓʹGearͱ͏໊শΛ࢖༻͢Δɻ ChristieͰ͸JavaͷAnno-

tation Λ༻͍ͯΩʔͱऔಘϞʔυͷهड़Λ͏ߦɻ͜ΕʹΑΓΩʔͰࢦఆ͞ΕͨData Gear

ͷܕΛ໌ࣔ͢Δ͜ͱ͕Ͱ͖ɺAlice Ͱඞཁ࣮ͩͬͨ࣌ߦͷܕม׵ΛӅ͢͜ͱ͕Ͱ͖ΔΑ͏
ʹͳͬͨɻ·ͨɺෳ਺ͷ Code/Data Gear ManagerΛ࢖༻͢Δ͜ͱͰ୯ҰϓϩηεͰͷ
ςετ΍NATӽ͑ͳͲͷ֦ு͕Մೳʹͳͬͨɻຊ࿦จͰ͸ɺଞͷฒྻ෼ࢄϑϨʔϜϫʔ
ΫͰ͋ΔAkka΍Hazelcastͱͷൺֱ΋͏ߦɻ



Abstract

The importance of distributed computers is increased as widely used Internet or IoT

(Internet of Things). Distributed computations include scalability which keeps quality of

service on larger number of nodes, reliability which assures the specification of the service,

and expand-ability. If if the service itself is not changed, the hardware of platform shall

be changed, which is necessary to adapt by the service.

We developed a distributed computation framework called Alice, which uses Data Seg-

ments and Code Segments as units of computation. Alice uses pools of Data Segments,

whose Data Segments are accessed by keys from computation nodes. A Code Segments

takes or peeks Data Segments by keys, and when all Data Segments are ready, the Code

Segment is executed in a concurrent way.

In Alice besides Code Segment and Data Segments, Meta Code Segments and Meta

Data Segments can be inserted. Using Meta Code Segments and Meta Data Segment,

we can change the behavior without changing the normal level code. In the example

of distributed screen sharing system called TreeVNC, usefulness of Meta computation of

Alice is confirmed such as Data Segment Compression and failure node managements. A

topology manger which controls topology of distributed node in both static and dynamic

way is also useful meta computation in Alice.

Keys and access modes in Alice are described in Java implementations, which are some-

times put in the separated places, such as Java object constructor or other. This makes

the communication protocol using keys untraceable. In Alice implementations, Code and

Data Segment manager is implemented as a global singleton, as a result, we cannot use

multiple instance of Alice in a process. So it is impossible to simulate distributed compu-

tation in a process. It is also difficult to implement communication over NAT (Network

Address Translations), which have to handle two different networks at a node. Type

correctness is not so clear in Alice, since dynamic cast is used. It better to define more

intuitive APIs.

In this research, we designed a new distributed framework Christie from Alice expe-

riences. Christie use name Gears instead of Segment which is sometimes confusing. A

simple key and access mode description using Java Annotation is introduces. Also, mul-

tiple Data or Code Gear Managers are supported which makes possible to simulating

distributed computation in a node or NAT handling.

Comparisons with other framework such as Akka or Hazelecast are also shown.
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ୈ1ষ ෼ࢄϑϨʔϜϫʔΫ΁ͷཁ߲ࣄٻ

εϚʔτϑΥϯ΍λϒϨοτ୺຤ͷීٴ཰͕૿Ճ͍ͯ͠ΔɻͦΕʹ൐͍Πϯλʔωοτ
ར༻ऀ਺΋૿Ճ͓ͯ͠ΓɺωοτϫʔΫαʔϏεʹ͸ͦΕʹର͢Δॲཧೳྗ͕ٻΊΒΕ
ΔɻαʔόͷॲཧೳྗΛ૿͢ڧΔΞϓϩʔνͱͯ͠ɺεέʔϧΞοϓͱεέʔϧΞ΢τ͕
͋ΔɻεέʔϧΞοϓ͸αʔόͦͷ΋ͷΛ૿͢ڧΔ͜ͱͰॲཧೳྗΛ্ͤ͞޲Δख๏Ͱ
͋ΓɺεέʔϧΞ΢τ͸ෳ਺ͷαʔόΛ઀ଓ͢Δ͜ͱͰॲཧೳྗΛ্͛Δख๏Ͱ͋Δɻε
έʔϧΞ΢τ͸҆ՁͳαʔόͰ࣮ݱͰ͖ɺαʔό͕ނোͯ͠΋ผͷαʔόͰΧόʔͰ͖Δ
ͨΊɺγεςϜΛ҆ఆӡ༻ͤ͞΍͘͢ɺݱ୅ͷωοτϫʔΫαʔϏεͷཁٻʹ߹͍ͬͯΔ
ͱ͑ݴΔɻ
εέʔϧΞ΢τͷΑ͏ʹෳ਺ͷαʔόͰॲཧΛ·͙ͨ৔߹ɺαʔόʹ͸෼ࢄϓϩάϥϜ

͕ඞཁʹͳΔɻ෼ࢄϓϩάϥϜͱ͸ɺϓϩάϥϜͷݸʑͷ෦෼͕ෳ਺ͷϊʔυ্Ͱฒྻʹ
͢ߦͳ͕ΒશମͷॲཧΛਐ͍ߦ௨৴Λʹ͍ޓΕɺ֤ϊʔυ͕ωοτϫʔΫΛհͯ͠͞ߦ࣮
Δࢉܭख๏ͷ͜ͱͰ͋Δɻ҆ఆͨ͠ωοτϫʔΫαʔϏεΛఏ͢ڙΔͨΊʹ͸ɺ෼ࢄϓϩ
άϥϜʹ৴པੑͱεέʔϥϏϦςΟ͕ཁ͞ٻΕΔɻ
͜͜Ͱ͍͏৴པੑͱ͸ɺఆΊΒΕͨڥ؀ԼͰ҆ఆ༷ͯ͠࢓ʹैͬͨಈ࡞Λ͜͏ߦͱΛࢦ

͢ɻ͜Εʹ͸༷࢓Λهड़͠΍͢͞΋ؚ·ΕɺՄಡੑ͕͍ߴ΄ͲόάΛ཈͑ͨ৴པੑ͕͍ߴ
ͱ͑ݴΔɻ·ͨεέʔϥϏϦςΟʔͱ͸ɺ෼ࢄιϑτ΢ΣΞʹରͯ͠୯७ʹϊʔυΛ௥Ճ
͢Δ͚ͩͰੑೳΛઢܗతʹ্ঢͤ͞Δ͜ͱ͕Ͱ͖Δੑ࣭Ͱ͋Δɻ
͔͠͠ɺ͜ΕΒΛ΋ͭ෼ࢄϓϩάϥϜΛϢʔβʔ͕Ұ͔Βهड़͢Δ͜ͱ͸༰қͰ͸ͳ

͍ɻͳͥͳΒɺฒྻͰಈ͘෼ݯࢿͨ͠ࢄΛҙࣝ͠ͳ͕Βهड़͢Δͷ͸༰қͰ͸ͳ͘ɺ·
ͨɺͲͷΑ͏ʹ෼ͨ͠ࢄϊʔυͷબ୒Λ͑ߦ͹ྑ͍ͷ͔໌֬Ͱ͸ͳ͍͔ΒͰ͋Δɻ
෼ࢄϓϩάϥϜʹ͸ҎԼͷ̏ͭͷཁૉ͕͋Δ [1]ɻ

• ϊʔυ಺ͷࢉܭ

• ϊʔυؒ௨৴

• ஍ཧతʹ෼ͨ͠ࢄϊʔυ

ϊʔυ಺ͷࢉܭʹ͸௨৴ϓϩτίϧ΍σʔλϕʔεؚ͕·ΕΔɻ·ͨϊʔυؒ௨৴ʹ
͸ɺτϙϩδʔͷߏ੒΍௨৴ͷ৴པੑ΍଎౓ɺσʔλͷసૹ΍σʔλͷѹॖͳͲͷཁૉ͕
͋Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 1ষ ෼ࢄϑϨʔϜϫʔΫ΁ͷཁ߲ࣄٻ

͜ΕΒͷཁૉΛαϙʔτ͢Δͷ͕෼ࢄϑϨʔϜϫʔΫͰ͋Δɻ͢ͳΘͪ෼ࢄϑϨʔϜ
ϫʔΫʹ͸ɺϓϩτίϧͷఆٛɺͦΕʹΑͬͯΞΫηε͞ΕΔσʔλϕʔεɺτϙϩδʔ
ͷܾఆ͍ͬͨ෼ࢄΞϧΰϦζϜ΍ɺ৴པੑͱ֦ுੑͷ͍ߴ௨৴ͷఏٻ͕ڙΊΒΕΔɻ
ຊষͰ͸ɺ͜ ΕΒͷ߲໨ผʹ෼͚ͯɺ෼ࢄϑϨʔϜϫʔΫͰ͋ΔAkka [2]ɺHazelcast [3]

ͱ౰ࣨڀݚͰ։ൃͨ͠Alice [4] [5]Λൺֱ͠ɺຊ࿦จͰઃ͢ܭΔChristieͷઃܭ໨ඪΛड़
΂Δɻ
Akka͸ Scala͓Αͼ Java͚޲ͷΦʔϓϯιʔεͷฒྻ෼ࢄॲཧϑϨʔϜϫʔΫͰ͋Γɺ

Hazelcast͸Hazelcast͕ࣾ։ൃͨ͠ Java͚޲ͷΦʔϓϯιʔεΠϯϝϞϦσʔλάϦο
υͰ͋Δɻ

1.1 ैདྷͷ෼ࢄϑϨʔϜϫʔΫ
AkkaͰ͸ΞΫλʔϞσϧͱ͍͏ɺΞΫλʔͱݺ͹ΕΔΦϒδΣΫτಉ͕࢜ฒྻͰඇಉ

͓ͯͬ࣋༗ͷΞυϨεݻΔɻΞΫλʔ͸͍ͯ͠༺࠾ϝοηʔδΛૹड৴͢ΔϞσϧΛظ
ΓɺϩʔΧϧͷΞΫλʔʹ΋ϦϞʔτͷΞΫλʔʹ΋ಉ͡Α͏ʹΞυϨεΛࢦఆ͢Δ͜ͱ
ͰϝοηʔδΛૹΓ͋͑Δͱ͍͏ϓϩτίϧʹͳ͍ͬͯΔɻΞΫλʔ͸ͦΕͧΕϝʔϧ
ϘοΫεͱ͍͏ΩϡʔΛ͓ͯͬ࣋ΓɺϝʔϧϘοΫεʹड͚औͬͨϝοηʔδΛύλʔ
ϯϚονͰॱ࣍ॲཧ͍ͯ͘͠ɻ͜ͷύλʔϯϚονʹ͸ Scalaͷ case classΛ༻͍ΒΕΔɻ
case classͱ͸ɺσʔλߏ଄ͱσʔλ໊ܕΛಉͭ࣋͜ʹ࣌ͱ͕Ͱ͖ɺͦͷ྆ํΛҰׅͯ͠
ύλʔϯϚονͤ͞Δ͜ͱ͕Ͱ͖ΔΫϥεͰ͋ΔɻϝοηʔδΛ case classͰهड़͢Δ͜
ͱʹΑΓɺҟͳΔϝοηʔδΛϝʔϧϘοΫε্Ͱ࢖༻͢Δ͜ͱ͕͖Δɻ
Hazelcast͸ɺΩʔͱ஋ͷ 1ର 1ͰσʔλΛ؅ཧ͢ΔΠϯϝϞϦɾσʔλάϦουͰ͋Δɻ

ΠϯϝϞϦɾσʔλάϦουͱ͸ɺෳ਺ͷϊʔυʹ෼ͨͤ͞ࢄσʔλΛɺΞϓϦέʔγϣ
ϯଆ͔Β͸Ծ૝తͳ 1ͭͷϝϞϦۭؒʹஔ͔Ε͍ͯΔΑ͏ʹͤݟΔϞσϧͰ͋Δɻͦͷͨ
ΊɺϓϩάϥϚ͕αʔόΛҙࣝͤͣʹڞ༗ͷλϓϧεϖʔεʹରͯ͠σʔλΛ get/putͰ
͖Δϓϩτίϧͱͳ͍ͬͯΔɻڞ༗ͷλϓϧεϖʔεʹॻ͖ࠐΉͱͦΕʹ઀ଓ͍ͯ͠Δ
ϊʔυʹσʔλΛ͖ߦ౉ΒͤΔɺϚϧνΩϟετϕʔεͷ௨৴Λ࠾༻͍ͯ͠Δɻ
Alice͸ɺλεΫΛCode SegmentɺσʔλΛData Segmentͱ͍͏୯ҐͰهड़͠ɺCode

Segment͸ΠϯϓοτͱͳΔData Segment͕શͯଗ͏ͱฒྻʹ࣮͞ߦΕΔɻData Seg-

ment͸ରʹͳΔ key͕ଘ͠ࡏɺData Segment Managerͱ͍͏ϊʔυ͝ͱʹଘ͢ࡏΔಠ
ࣗͷσʔλϕʔεʹΑͬͯ؅ཧ͞Ε͍ͯΔɻ֤ϊʔυʹ͸ϥϕϧ෇͖ͷϓϩΩγͰ͋Δ
Remote Data Segment ManagerΛཱͯɺϥϕϧͱ keyΛࢦఆͯ͠σʔλΛ take/put͢Δ
ϓϩτίϧͱͳ͍ͬͯΔɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 1ষ ෼ࢄϑϨʔϜϫʔΫ΁ͷཁ߲ࣄٻ

ຊతʹϝοηʔδΛجड़ͷ໘ʹ͓͍ͯɺAkkaͰ͸ه FIFOతʹॲཧ͢ΔͨΊɺෳ਺ͷ
ΠϯϓοτΛ଴ͪ߹ΘͤΔ৔߹͸ɺ଴ͪ߹ΘͤͷॲཧΛϓϩάϥϚ͕֤ඞཁ͕͋ͬͨɻ͠
͔͠Alice͸ෳ਺ͷΠϯϓοτΛ 1Օॴʹهड़͢ΔΔͨΊɺͦͷΑ͏ͳ൥͕͞ࡶͳ͍ɻ
ϓϩτίϧͷઃํܭ਑ʹ͓͍ͯɺAkka΍ Hazelcast͸෼ࢄ௨৴ͷෳᯑ͞Λந৅౓Λߴ

ΊΔ͜ͱͰӅ͢ํ਑Ͱ͋ΔͨΊɺϩέʔγϣϯಁաੑ͕͘ߴɺϓϩάϥϚ͔Β͸ॲཧͷྲྀ
ΕΛ೺Ѳ͠ʹ͘͘ͳ͍ͬͯͨɻҰํͰAliceͰ͸໌ࣔతʹ෼ੑࢄΛҙࣝ͢Δ୅ΘΓʹɺܭ
Λճආ͍ͯ͠͞ࡶड़ͷෳهͱͯ͠෼཭͢Δ͜ͱͰࢉܭΔϝλ͑ࢧͱͦΕΛࢉܭΛ௨ৗࢉ
Δɻ͜ΕʹΑΓॲཧͷྲྀΕΛ໌֬ʹ͠ɺ෼ࢉܭࢄͷνϡʔχϯάΛ͠΍͍ͯ͘͢͠Δɻ
·ͨɺAliceͷ෼ࢄϊʔυؒͷ௨৴͸ϥϕϧΛ༻͍ͯϦϞʔτϊʔυΛબ୒͢Δ͜ͱʹ

Αͬͯࢦఆ͢Δɻ͜Ε͸AkkaͰૹΓઌΛυϝΠϯͰࢦఆ͍ͯ͠Δͷͱಉ༷Ͱ͋ΔɻAlice

Ͱ͸ϥϕϧͷ໋໊ΛToplogy ManagerʹΑͬͯࣗಈతʹࢦఆ͢Δ͜ͱ΋Ͱ͖Δɻ

1.2 τϙϩδʔͷߏ੒
AkkaͰ͸Akka Streamͱ͍͏ػೳͰॲཧͷྲྀΕ͕هड़Ͱ͖ΔɻNೖྗ 1ग़ྗɺ1ೖྗ

Nग़ྗɺग़ྗͷΈɺͳͲ͕༻ҙ͞Εͨ Junctionsͱݺ͹ΕΔཁૉΛίʔυ্Ͱ໼ҹͰͭͳ
͗߹ΘͤΔ͜ͱͰτϙϩδʔΛهड़͢Δɻ
Hazelcastʹ͸Map΍Queueͱ͍ͬͨϝϞϦۭؒ಺ͷσʔλߏ଄͸ࢦఆͰ͖Δ͕ɺ۩

ମతͳϊʔυؒτϙϩδʔΛهड़͢Δ͕ߏػͳ͍ɻ
AliceͰ͸TopologyManagerͱ͍͏͕ߏػ෼ࢄϊʔυΛ؅ཧ͓ͯ͠Γɺ੩తɾಈతͳτ

ϙϩδʔΛࣗಈߏ੒͢Δɻ੩తτϙϩδʔͰ͸ϓϩάϥϚ͕τϙϩδʔΛਤͱͯ͠هड़Ͱ
͖ΔͨΊɺΑΓ෼͔Γ΍͘͢ৄࡉͳઃఆ͕Ͱ͖Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 1ষ ෼ࢄϑϨʔϜϫʔΫ΁ͷཁ߲ࣄٻ

1.3 ৴པੑɾ֦ுੑͷ͍ߴ௨৴ͷఏڙ
͜͜Ͱ͸৴པੑɾ֦ுੑͷ͍ߴ௨৴ͷࢦඪͱͯ͠ɺো֐଱ੑɺѹॖɾసૹ௨৴ɺNATӽ

͑ʹ͍ͭͯΛൺֱ͢Δɻ

ো֐଱ੑ

෼ࢄϓϩάϥϜͰ͸ɺ1ͭͷϊʔυ͕μ΢ϯͯ͠΋γεςϜશମ͸ಈ͖ଓ͚ͳ͚Ε͹ͳ
Βͳ͍ͨΊɺϑΥʔϧτɾτϨϥϯτͰ͋Δ͜ͱ͕ॏཁͰ͋Δɻ
AkkaͰ͸਌܎ؔࢠΛߏ੒Ͱ͖ɺ਌ΞΫλʔ͸ࢠΞΫλʔΛ͠ࢹ؂োࡍͨͬ͜ى͕֐ʹ

ఆͰ͖Δɻࢦಈ΍ऴྃͱ͍ͬͨॲཧΛى࠶
·ͨɺHazelcast͸ɺ1ͭͷαʔόͰো͖ͯى͕֐΋ଞͷαʔό͕σʔλΛڞ༗͍ͯ͠

ΔͨΊɺσʔλΛࣦ͏͜ͱͳ͘ૉૣ͘෮͕چͰ͖Δɻ
AliceͰ͸ɺTopologyManager಺ʹKeepAliveͱ͍͏ػೳ͕͋Γɺৗʹϊʔυ͕ੜ͖ͯ

͍Δ͔HeartbeatΛૹ৴͓ͯͯ͠͠ࢹ؂ΓɺͲ͔͜ͷϊʔυʹো͜ى͕֐Ε͹τϙϩδʔ
Λߏ࠶੒͢Δͱ͍ͬͨରԠ͕Ͱ͖Δɻ

ѹॖɾసૹ௨৴

ϊʔυؒ௨৴ͰαʔϏεʹԊͬͨॊೈͳ௨৴Λ͢ΔͨΊʹ͸ɺૹ৴͢ΔσʔλΛѹॖ͢
Δػೳ΍ɺड͚औͬͨσʔλΛͦͷ··΄͔ϊʔυ΁సૹ͢Δػೳ͕ٻΊΒΕΔ͜ͱ͕
͋Δɻ
σʔλͷѹॖΛࢦఆ͍ͨ͠৔߹ɺAkkaɺHazelcast͸γϦΞϥΠβ͕༻ҙ͞Ε͍ͯΔͨ

ΊɺͦͷϝιουΛݺͼग़͢͜ͱͰѹॖ৳௕Λ͏ߦɻ·ͨɺసૹΛࢦఆ͍ͨ͠৔߹ɺAkka
ʹ͸ forwardϝιου͕͋ΔͨΊͦΕΛݺͼग़͢͜ͱͰड͚औͬͨσʔλͷసૹ͕Մೳͩ
͕ɺHazelcast͸ҰͭͷMap΁ͷΞΫηεʹཱ͍ͯͯݟΔͨΊɺసૹʹ΋ putΛ༻͍Δɻ
ҰํͰAlice͸ѹॖͷ৳௕ͱసૹΛಉ͜͏ߦʹ࣌ͱΛ૝ఆͨ͠ѹॖɾసૹػೳΛͯͬ࣋

͍ΔɻData Segment಺ʹѹॖͱඇѹॖͷ྆ࣜܗΛಉͯ࣋ʹ࣌ΔͨΊɺड͚औͬͨѹॖσʔ
λΛ৳௕Λ͠ͳ͕Βѹॖͨ͠··ผϊʔυʹసૹ͢Δ͜ͱ͕Ͱ͖Δɻ·ͨɺѹॖ͢Δʹ͸
ૹ৴͢ΔѼઌϥϕϧʹ”compressed”ͱ͚ͭΔ͚ͩͰΑ͘ɺσʔλऔಘ࣌ʹࣗಈͰ৳௕΋͞
ΕΔͨΊɺϓϩάϥϚ͕ϝιουͷݺͼग़͠Λ௥Ճ͢Δඞཁ͕ͳ͘ѹॖɾඇѹॖΛ؆୯ʹ
੾Γସ͑ΒΕΔɻ
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NATӽ͑

ωοτϫʔΫؒ௨৴ͷେ͖ͳ໰୊ͷҰͭʹɺNAT͕͋ΔɻNATͱ͸ɺWANͱLANͷ
ؒʹ͋Δ IPΞυϨεͷมߏػ׵Ͱ͋ΔɻNATΛִͯͨϓϥΠϕʔτωοτϫʔΫ಺Ͱ
͸ɺLAN಺͚ͩͰϢχʔΫͳϓϥΠϕʔτ IPΞυϨεΛ͓ͯͬ࣋ΓɺWANଆ͔Β͸ͦ
ͷ IPΞυϨεΛ௚઀ࢦఆͯ͠ΞΫηεͰ͖ͳ͍ͨΊΞυϨεม׵Λ͏ߦඞཁ͕͋Δɻͦ
ͷͨΊNATΛӽ͑ͨϊʔυؒ௨৴͸༰қͰ͸ͳ͘ɺ෼ࢄϑϨʔϜϫʔΫͰͦΕΛαϙʔ
τͰ͖Δ͜ͱ͕๬·͍͠ɻ
͔͠͠HazelcastͰ͸NATӽ͑Λαϙʔτ͢Δػೳ͕ͳ͘ɺϓϩάϥϚ͕ࣗલͰॻ͔

ͳ͚Ε͹ͳΒͳ͍ɻAkkaͰ͸ϊʔυͷઃఆʹάϩʔόϧΞυϨεͱϓϥΠϕʔτΞυϨ
εΛ྆ํొ࿥͢Δ͜ͱͰNATΛӽ͑ͨ௨৴ΛՄೳʹ͢ΔɻAliceʹNATӽ͑ͷػೳ͸ͳ
͍͕ɺTopologyManager͕֤ϊʔυͷData Segment Managerͱ௨৴ͯ͠τϙϩδʔ؅
ཧΛ͓ͯ͠ΓɺTopologyManager/Data Segment ManagerΛෳ਺্ཱͪ͛Δ͜ͱʹΑΓ
ϓϥΠϕʔττϙϩδʔͱάϩʔόϧτϙϩδʔͷಉߏ࣌੒͕Մೳͩͱͨ͑ߟɻ͔͠͠ɺ
Alice͕ෳ਺ͷData Segment ManagerΛͯ࣋ͳ͍࣮૷ͩͬͨͨΊɺAliceͷ··ͰNAT

ӽ͑Λ࣮૷͢Δ͜ͱ͸ࠔ೉Ͱ͋Δͱ൑໌ͨ͠ɻΑΓεέʔϥϒϧͳ෼ڥ؀ࢄΛఏ͢ڙΔͨ
Ίʹ΋ɺAliceΛ࠶ઃ͢ܭΔඞཁ͕͋Δɻ
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ୈ2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

AliceͰ͸Code Segment(ҎԼCS)ͱData Segment(ҎԼDS)ͷґଘؔ܎Λهड़͢Δ͜ͱ
ͰϓϩάϥϛϯάΛ͏ߦɻCS͸࣮ߦʹඞཁͳDS͕શͯଗ͏ͱ࣮͞ߦΕΔɻCSΛ࣮͢ߦ
ΔͨΊʹඞཁͳೖྗ͞ΕΔDSͷ͜ͱΛ InputDSɺCS͕ࢉܭΛޙͨͬߦʹग़ྗ͞ΕΔDS

ͷ͜ͱΛOutput DSͱݺͿɻ

2.1 CodeSegmentͱDataSegment

σʔλͷґଘؔ܎ʹͳ͍CS͸ฒྻ࣮͕ߦՄೳͰ͋Δ (ਤ 2.1)ɻCSͷ࣮ߦʹ͓͍ͯDS

͕ଞͷCS͔ΒมߋΛड͚Δ͜ͱ͸ͳ͍ɻͦͷͨΊAliceͰ͸σʔλ͕ଞ͔Βม͞ߋΕ੔
߹ੑ͕ͱΕͳ͘ͳΔ͜ͱ͸ͳ͍ɻ

Code
Segment

Data
Segment

Code
Segment

Data
Segment

Data
Segment

Data
Segment

Data
Segment

Data
Segment

Code
Segment

Code
Segment

ਤ 2.1: CodeSegmentͷґଘؔ܎

ฒྻ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ 6



େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

Alice͸ JavaͰ࣮૷͞Ε͓ͯΓɺDS͸ Java Objectʹ૬౰͢ΔɻCS͸ Runnableͳ
Object(void run()Λͭ࣋Object)ʹ૬౰͢ΔɻϓϩάϥϚ͕CSΛهड़͢Δࡍ͸ɺCode-

SegmentΫϥεΛܧঝ͢Δɻ
DS͸਺஋΍จྻࣈͳͲͷجຊతͳσʔλͷू·ΓΛ͠ࢦɺAlice͕಺෦ʹ΋ͭσʔλ

ϕʔεʹΑͬͯ؅ཧ͞Ε͍ͯΔɻ͜ͷσʔλϕʔεΛAliceͰ͸DS ManagerͱݺͿɻ
CS͸ෳ਺ͷDS ManagerΛ͍ͯͬ࣋ΔɻDSʹ͸ରʹͳΔ Stringܕͷ key͕ଘ͠ࡏɺͦ

ΕͧΕͷManagerʹ keyΛࢦఆͯ͠DSʹΞΫηε͢ΔɻҰͭͷ keyʹରͯ͠ෳ਺ͷDS

Λ put͢ΔͱFIFOతʹॲཧ͞ΕΔɻͳͷͰData Segment Manager͸௨ৗͷσʔλϕʔ
εͱ͸ҟͳΔɻ

2.2 DataSegmentManager

DS Manager(ҎԼDSM)ʹ͸ Local DSMͱRemote DSM͕ଘ͢ࡏΔɻLocal DSM͸
֤ϊʔυݻ༗ͷσʔλϕʔεͰ͋Δɻ
Remote DSM͸ଞϊʔυͷ Local DSMʹରԠ͢Δ proxyͰ͋Γɺ઀ଓ͍ͯ͠Δϊʔυ

ͷ਺͚ͩଘ͢ࡏΔ (ਤ 2.2 )ɻଞϊʔυͷ Local DSMʹॻ͖ࠐΈ͍ͨ৔߹͸Remote DSM

ʹରͯ͠ॻ͖ࠐΊ͹ྑ͍ɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

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 DSM͸ଞͷϊʔυͷ Local DSMͷ proxy

Remote DSMΛ্ཱͪ͛Δʹ͸ɺDataSegmentΫϥε͕ఏ͢ڙΔ connectϝιουΛ
༻͍Δɻ઀ଓ͍ͨ͠ϊʔυͷ ipΞυϨεͱ port൪߸ɺͦͯ͠೚ҙͷManager໊Λࢦఆ
͢Δ͜ͱͰཱͪ͋͛ΒΕΔɻͦͷޙ͸Manager໊Λࢦఆͯ͠Data Segment APIΛ༻͍
ͯDSͷ΍ΓऔΓΛͨ͏ߦΊɺϓϩάϥϚ͸Manager໊͑͞ҙࣝ͢Ε͹Local΁ͷૢ࡞΋
Remote΁ͷૢ࡞΋ಉ༷͡ʹѻ͑Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.3 Data Segment API

DSͷอଘɾऔಘʹ͸Alice͕ఏ͢ڙΔAPIΛ༻͍Δɻputͱ updateɺflip͸Output DS

APIͱݺ͹ΕɺDSΛDSMʹอଘ͢Δࡍʹ༻͍Δɻpeekͱ take͸ Input DS APIͱݺ͹
ΕɺDSΛDSM͔Βऔಘ͢Δ࢖ʹࡍ༻͢Δɻ

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

DSΛDSMʹ௥Ճ͢ΔͨΊͷAPIͰ͋ΔɻୈҰҾ਺͸ Local DSM͔Remote DSM͔ͱ
͍ͬͨManager໊Λࢦఆ͢Δɻͦͯ͠ୈೋҾ਺Ͱࢦఆ͞Εͨ keyʹରԠ͢ΔDSͱͯ͠ୈ
Ҿ਺ͷ஋Λ௥Ճ͢Δɻࡾ

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

update΋DSΛDSMʹ௥Ճ͢ΔͨΊͷAPIͰ͋Δɻputͱͷҧ͍͸ɺqueueͷઌ಄ͷDS

Λ࡟আ͔ͯ͠Β DSΛ௥Ճ͢Δ͜ͱͰ͋ΔɻͦͷͨΊ API࣮ߦલޙͰ queueͷதʹ͋Δ
DSͷݸ਺͸มΘΒͳ͍ɻ

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

flip͸DSͷసૹ༻ͷAPIͰ͋Δɻऔಘͨ͠DSʹରͯ͠Կ΋ͤͣʹผͷKeyʹର͠อଘ
Λ͍͍ͨߦ৔߹ɺҰ୴஋ΛऔΓग़͢ͷ͸ແବͰ͋Δɻflip͸DSΛड͚औͬͨࣜܗͷ··
సૹ͢ΔͨΊແବͳίϐʔͳ͘DSͷอଘ͕Ͱ͖Δɻ

• void take(String managerKey, String key)

take͸DSΛಡΈࠐΉͨΊͷAPIͰ͋ΔɻಡΈࠐ·ΕͨDS͸࡟আ͞ΕΔɻཁͨ͠ٻDS

͕ଘ͠ࡏͳ͚Ε͹ɺCSͷ଴ͪ߹Θͤ (Blocking)͕͜ىΔɻput΍ updateʹΑΓDSʹߋ
৽͕͋ͬͨ৔߹ɺtake͕௚ͪʹ࣮͞ߦΕΔɻ

• void peek(String managerKey, String key)

peek΋DSΛಡΈࠐΉ APIͰ͋Δɻtakeͱͷҧ͍͸ಡΈࠐ·ΕͨDS͕࡟আ͞Εͳ͍͜
ͱͰ͋Δɻ

ฒྻ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ 9



େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.4 CodeSegmentͷهड़ํ๏
CSΛϢʔβʔ͕هड़͢Δࡍʹ͸CodeSegmentΫϥεΛܧঝͯ͠هड़͢Δ (ιʔείʔ

υ 2.1 , 2.2)ɻ
ঝ͢Δ͜ͱʹΑΓܧ Code SegmentͰ࢖༻͢Δ Data Segment APIΛར༻͢Δ͕ࣄͰ

͖Δɻ
Alice ʹ͸ɺStart CS (ιʔείʔυ 2.1 )ͱ͍͏ C ͷ main ʹ૬౰͢ΔΑ͏ͳ࠷ॳʹ

ΕΔ͞ߦ࣮ CS ͕͋ΔɻStart CS͸ͲͷDSʹ΋ґଘ͠ͳ͍ɻͭ·Γ Input DSΛͨ࣋ͳ
͍ɻ͜ͷCSΛmainϝιου಺Ͱ 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 }

ιʔείʔυ 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 }

ιʔείʔυ 2.2: CodeSegmentͷྫ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

ιʔείʔυ 2.1 ͸ɺ5ߦ໨Ͱ͍ͨͤ͞ߦ࣮ʹ࣍ CS(ιʔείʔυ 2.2 )Λ࡞੒͍ͯ͠
Δɻ8ߦ໨ͰOutput DS APIΛ௨ͯ͠ Local DSMʹରͯ͠DSΛ put͍ͯ͠ΔɻOutput

DS API͸ CSͷ odsͱ͍͏ϑΟʔϧυΛ༻͍ͯΞΫηε͢Δɻods͸ putͱ updateͱ
flipΛ࣮͢ߦΔ͜ͱ͕Ͱ͖ΔɻTestCodeSegment͸͜ͷ”cnt”ͱ͍͏ keyʹରͯ͠ґଘؔ
໨ͰߦΓɺ8͕͋܎ put͕ߦΘΕΔͱTestCodeSegment͸࣮͞ߦΕΔɻ
CSͷ Input DS͸ɺCSͷ࡞੒ࢦʹ࣌ఆ͢Δඞཁ͕͋Δɻࢦఆ͸CommandType(PEEK

͔ TAKE)ɺDSM໊ɺͦͯ͠ key ΑͬͯߦΘΕΔɻInput DS API ͸ CSͷ idsͱ͍͏
ϑΟʔϧυΛ༻͍ͯΞΫηε͢ΔɻOutput DS͸ɺods͕ఏ͢ڙΔ put/update/flipϝ
ιουΛͦͷ··ݺ΂͹Α͔͕ͬͨɺInput DSͷ৔߹ idsʹ peek/takeϝιου͸ͳ͘ɺ
create/setKeyϝιου಺ͰCommandTypeΛࢦఆ࣮ͯ͢͠ߦΔɻ
ιʔείʔυ 2.2͸ɺ0͔Β 9·ͰΠϯΫϦϝϯτ͢Δྫ୊Ͱ͋Δɻ2ߦ໨Ͱ͸ɺInput

DS API͕΋ͭ createϝιουͰ Input DSΛ֨ೲ͢Δड͚ࡼ (Receiver)Λ͍ͯͬ࡞Δɻ
Ҿ਺ʹ͸ PEEK·ͨ͸ TAKEΛࢦఆ͢Δɻ

• Receiver create(CommandType type)

໨͔Βߦ4 ͷϓϩ޲ࢦ໨͸ίϯετϥΫλͰ͋ΔɻίϯετϥΫλ͸ΦϒδΣΫτߦ6
άϥϛϯάޠݴͰ৽ͨͳΦϒδΣΫτΛੜ੒͢Δݺʹࡍͼग़͞Εͯ಺༰ͷॳظԽΛ͏ߦ
ؔ਺Ͱ͋Δɻ
TestCodeSegmentͷίϯετϥΫλ͕ݺ͹Εͨࡍʹ͸ɺ

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

2. ΕΔɻ͞ߦ໨ʹ͋ΔTestCodeSegmentͷίϯετϥΫλͷTAKE͕࣮ߦ5

໨ͷߦ໨͸ɺ2ߦ5 createͰ࡞ΒΕͨReceiver͕ఏ͢ڙΔ setKeyϝιουΛ༻͍ͯLocal

DSM͔ΒDSΛऔಘ͍ͯ͠Δɻ

• void setKey(String managerKey, String key)

setKeyϝιου͸ peek/takeͷ࣮ߦΛ͏ߦɻͲͷDSMͷͲͷ keyʹରͯ͠ peek·ͨ͸
takeίϚϯυΛ࣮ͤ͞ߦΔ͔ΛࢦఆͰ͖ΔɻίϚϯυͷ݁Ռ͕Ϩεϙϯεͱͯ͠ಧ͖࣍
ୈCS͸࣮͞ߦΕΔɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

ΕΔ͞ߦ࣮ runϝιουͷ಺༰͸

1. ໨Ͱऔಘ͞ΕͨDSΛߦ10 Integerܕʹมͯ͠׵ countʹ୅ೖ͢Δɻ

2. ໨Ͱߦ12 countΛΠϯΫϦϝϯτ͢Δɻ

3. ΕΔ͞ߦ࣮ʹ࣍໨Ͱߦ16 CSΛ࡞Δɻrun಺ͷॲཧΛऴ͑ͨΒ CS͸ഁ͞غΕΔͨ
ΊɺॲཧΛ܁Γฦ͍ͨ͠৔߹͸͜ͷΑ͏ʹ৽͍͘͠ CSΛ࡞Δඞཁ͕͋Δɻ͜ͷ࣌
఺Ͱ࣍ͷCS͸ Input DSͷ଴ͪঢ়ଶʹೖΔɻ

4. ໨Ͱߦ17 countΛ Local DSMʹ put͢ΔɻInput DS͕ଗ͍଴ͪঢ়ଶ͕ղܾ͞Εͨ
ͨΊɺ࣍ͷCS͕࣮͞ߦΕΔɻ

5. ໨͕ऴྃ৚݅Ͱ͋Γɺcountͷ஋͕ߦ13 10ʹͳΕ͹ऴྃ͢Δɻ

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

Ͱऔಘͨ͠DSΛObject͔ܕΒ೚ҙͷܕͰऔಘ͢ΔͨΊͷAPIͰ͋Δɻ

• <T> T asClass(Class<T> clazz)

CS಺ͰDSͷσʔλΛѻ͏ʹ͸ɺਖ਼͍͠ܕΛҙࣝ͠ͳ͕Β͜ͷ asClassϝιουΛ࢖Θ
ͳ͚Ε͹ͳΒͳ͍ɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.5 AliceͷMeta Computation

AliceͰ͸ɺॲཧΛComputationͱMeta Computationʹ֊૚Խ͠ɺίΞͳ༷࢓ͱෳࡶ
ͳྫ֎ॲཧʹ෼཭͢ΔɻAliceͷComputation͸ɺkeyʹΑΓDSΛ଴ͪ߹ΘͤɺDS͕ଗͬ
ͨ CSΛฒྻʹ࣮͢ߦΔॲཧͱଊ͑ΒΕΔɻͦΕʹରͯ͠ɺAliceͷMeta Computation

͸ɺRemoteϊʔυͱͷ௨৴τϙϩδʔͷߏ੒΍ɺ௨৴͢Δσʔλࣜܗͷม׵ͱ͑ݴΔɻ
AliceͷػೳΛ௥Ճ͢Δͱ͍͏͜ͱ͸ϓϩάϥϚଆ͕͏࢖Meta ComputationΛ௥Ճ͢

Δͱ͑׵͍ݴΒΕΔɻAliceͰ͸Meta Computationͱͯ͠෼ڥ؀ࢄͷߏங౳ͷػೳΛఏ
گ઀ଓͱ͍͏ঢ়࠶੒΍੾அɺߏτϙϩδʔʹࡍड़͢ΔهΔͨΊɺϓϩάϥϚ͸CSΛ͢ڙ
Λ༧Ί૝ఆͨ͠ॲཧʹ͢Δඞཁ͸ͳ͍ɻϓϩάϥϚ͸໨తͷॲཧ͚ͩهड़͠ɺ੾அ΍࠶઀
ଓ͕ͨͬ͜ى৔߹ͷॲཧΛMeta Computationͱͯ͠ࢦఆ͢Δ͚ͩͰΑ͍ɻ
͜ͷΑ͏ʹϓϩάϥϜ͢Δ͜ͱͰɺ௨ৗॲཧͱྫ֎ॲཧΛ෼཭͢Δ͜ͱ͕Ͱ͖ΔͨΊɺ

Λ཈͑ͯϓϩάϥϜߋͷม༷࢓ड़Ͱ͖ΔɻهΛ཈͑ͨγϯϓϧͳϓϩάϥϜΛߋͷม༷࢓
ͷ֦ு͕Ͱ͖Δͱ͍͏͜ͱ͸ɺίʔυΛഁյ͠ͳ͍ͨΊมߋҎલͷ৴པੑΛอͯΔͱ͍͏
͜ͱͰ͋Δɻ
Meta Computation΋ CS/DSͰ࡞ΒΕ͓ͯΓɺϓϩάϥϚଆ͔Β͑ݟͳ͍͜ΕΒͷ

CS/DS͸Meta CS/Meta DSͱݺ͹ΕΔɻ
ೳɺϊʔυͷੜଘ֬ೝػ੒ɾ؅ཧߏೳɺτϙϩδʔͷػAliceʹ͸ɺσʔλͷѹॖࡏݱ

ೳͳͲͷMetaػͷॲཧ؅ཧ࣌઀ଓ࠶ೳɺϊʔυͷ੾அɾػ Computation͕༻ҙ͞Ε͍ͯ
Δɻ͜ΕΒͷ༗༻ੑ͸ਫ଒ؗͷྫ୊ [6]΍TreeVNCͷྫ୊ [7] [8]ʹΑͬͯࣔ͞Εͨɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

2.5.1 Aliceͷѹॖػೳ

ϦϞʔτϊʔυʹେ͖ͳσʔλΛૹΔͨΊʹɺσʔλΛѹॖ͍ͨ͠৔߹͕͋Δɻͦ͜
ͰɺAlice͸ѹॖΛαϙʔτ͍ͯ͠Δɻ͔͠͠ɺ୯ʹѹॖͷϝιουΛ༻ҙͨ͠Θ͚Ͱ͸
ͳ͍ɻѹॖσʔλͷ৳௕ͱɺѹॖͨ͠··ผϊʔυ΁ͷసૹΛಉ͍ͨ͠ݱ࣮ʹ࣌৔߹͕͋
ΔͨΊɺMeta CSΛհ͢͜ͱͰDSʹѹॖͱඇѹॖͷσʔλΛಉͯ࣋ʹ࣌ΔΑ͏ʹ͍ͯ͠
Δ (ਤ 2.3)ɻ

DataSegmentManager

key1 DS DS

key2 DS DS

圧縮
メタDS

非圧縮
メタDS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

1ͭͷDS಺ʹMeta DSͱͯ͠ҎԼͷ̏ͭͷදݱΛͤͨ࣋Δ͜ͱͰσʔλʹଟଶੑΛ࣋
ͨͤɺඞཁʹԠͨࣜ͡ܗͰDSΛѻ͏ɻ

1. Ұൠతͳ JavaͷΫϥεΦϒδΣΫτ

2. MessagePack for Java [9]ͰγϦΞϥΠζԽ͞ΕͨόΠφϦΦϒδΣΫτ

3. 2Λѹॖͨ͠όΠφϦΦϒδΣΫτ

Local DSMʹ put͞Εͨ৔߹͸ɺ(1)ͷҰൠతͳ JavaΫϥεΦϒδΣΫτͱͯ͠௥Ճ
͞ΕΔɻRemote DSMʹ put͞Εͨ৔߹͸ɺ௨৴࣌ʹ (2)ͷ byteArrayʹม͞׵ΕͨόΠ
φϦΦϒδΣΫτʹม͞׵ΕͨDS͕௥Ճ͞ΕΔɻLocal/Remote DSMʹDSΛѹॖͯ͠
อଘ͍ͨ͠৔߹͸ (3)ͷѹॖࣜܗΛ༻͍Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

σʔλͷѹॖΛࢦఆ͢Δʹ͸ɺput͢ΔDSMͷ໊લͷલʹ”compressed”Λ͚ͭΔ͚ͩ
ͰΑ͍ɻιʔείʔυ 2.3,2.4͸௨ৗͷDSͱѹॖͷDSΛѻ͏ࡍͷهड़ͷྫͰ͋Δɻ

1 ods.put(”remote”, ”num”, 0);

ιʔείʔυ 2.3: ௨ৗͷDSΛѻ͏CSͷྫ

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

ιʔείʔυ 2.4: ѹॖͨ͠DSΛѻ͏CSͷྫ

͜ͷΑ͏ʹίʔυͷมߋΛ཈͑ͯѹॖͰ͖ΔͨΊɺଞͷࢉܭ෦෼Λม͑ͣʹσʔλܗ
΋ࡍఆͰ͖Δɻ·ͨɺDSΛऔΓग़͢ࢦ͕ࣜ asClass()಺෦ͰࣗಈͰ৳௕͕ߦΘΕΔͨΊɺ
ίʔυͷม͕ߋͳ͘ɺϓϩάϥϚ͕σʔλͷ৳௕Λ͑ߟΔඞཁ͕ͳ͍ɻ

2.5.2 TopologyManager

AliceͰ͸ɺϊʔυؒͷ઀ଓ؅ཧ΍τϙϩδʔͷߏ੒؅ཧΛɺTopology ManagerͱTopol-

ogy Nodeͱ͍͏Meta Computation͕ఏ͍ͯ͠ڙΔɻϓϩάϥϚ͸τϙϩδʔϑΝΠϧ
Λ༻ҙ͠ɺTopology ManagerʹಡΈࠐ·ͤΔ͚ͩͰτϙϩδʔΛߏ੒͢Δ͜ͱ͕Ͱ͖Δɻ
τϙϩδʔϑΝΠϧ͸DOT Language [10]ͱ͍͏ޠݴͰهड़͞ΕΔɻDOT Languageͱ
͸ɺϓϨʔϯςΩετΛ༻͍ͯσʔλߏ଄ͱͯ͠ͷάϥϑΛද͢ݱΔͨΊͷσʔλهड़ݴ
ͷҰͭͰ͋Δɻιʔείʔυޠ 2.5͸ 3୆ͷϊʔυͰϦϯάτϙϩδʔΛ૊Ήͱ͖ͷτϙ
ϩδʔϑΝΠϧͷྫͰ͋Δɻ

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 }

ιʔείʔυ 2.5: τϙϩδʔϑΝΠϧͷྫ

DOT LanguageϑΝΠϧ͸ dotίϚϯυΛ༻͍ͯάϥϑͷը૾ϑΝΠϧΛੜ੒͢Δ͜ͱ
͕Ͱ͖ΔɻͦͷͨΊɺهड़ͨ͠τϙϩδʔ͕ਖ਼͍͔͠ՄࢹԽ͢Δ͜ͱ͕ՄೳͰ͋Δɻ
Topology Manager͸τϙϩδʔϑΝΠϧΛಡΈࠐΈɺࢀՃΛද໌ͨ͠ΫϥΠΞϯτ (Ҏ

ԼɺTopology Node)ʹ઀ଓ͢Δ΂͖ΫϥΠΞϯτͷ IPΞυϨε΍ϙʔτ൪߸ɺ઀ଓ໊Λ
ૹΔʢਤ 2.4ʣɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 2ষ ෼ࢄϑϨʔϜϫʔΫAliceͷ֓ཁ

Topology
Manager

ring.dot

read

Topology
Node

Topology
Node

Topology
Node

ਤ 2.4: Topology Manager͕هड़ʹै͍τϙϩδʔΛߏ੒

τϙϩδʔϑΝΠϧͰ lavelͱͯ͠ࢦఆ໊ͨ͠લ͸Remote DSMͷ໊લͱͯ͠Topology

Nodeʹ౉͞ΕΔɻͦͷͨΊɺTopology Node͸ Topology Managerͷ IPΞυϨε͑͞
஌͍ͬͯΕ͹ࣗ෼ͷ઀ଓ͢΂͖ϊʔυͷσʔλΛड͚औΓɺϊʔυؒͰͷਖ਼͍͠઀ଓΛ࣮
Ͱ͖Δɻݱ
·ͨɺ࣮ࡍͷ෼ࢄΞϓϦέʔγϣϯͰ͸ࢀՃ͢Δϊʔυͷ਺͕༧Ίܾ·͍ͬͯΔͱ͸ݶ

Βͳ͍ɻͦͷͨΊTopology Manager͸ಈతτϙϩδʔʹ΋ରԠ͍ͯ͠Δɻτϙϩδʔͷ
छྨΛબ୒ͯ͠Topology ManagerΛ্ཱͪ͛Ε͹ɺ͋ͱ͸৽͍͠Topology Node͕ࢀՃ
ද໌͢ΔͨͼʹɺTopology Manager͔Β Topology Nodeʹରͯ͠઀ଓ͢΂͖ Topology

Nodeͷ৘ใ͕ put ͞Ε઀ଓॲཧ͕ॱߦ࣍ΘΕΔɻͦͯ͠Topology Manager͕ͭ࣋τϙ
ϩδʔ৘ใ͕ߋ৽͞ΕΔɻࡏݱTopology ManagerͰ͸ಈతͳτϙϩδʔλΠϓͱͯ͠ೋ
෼໦ʹରԠ͍ͯ͠Δɻ
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ୈ3ষ Aliceͷ໰୊఺

AliceΛ֦ு͍ͯ͘͠தͰ͍͔ͭ͘ͷ໰୊఺͕໌Β͔ʹͳΓɺ͜ΕΒΛղܾ͢Δʹ͸Alice

ࣗମΛ࠶ઃ͢ܭΔඞཁ͕͋ΔͱΘ͔ͬͨɻ

3.1 APIͷهड़ͷ෼཭
2.4Ͱࣔͨ͠Α͏ʹɺInputDSΛهड़͢Δʹ͸ɺҰ౓ϑΟʔϧυͰReceiverΛ create͠

ͯɺͦͷޙReveiverʹରͯ͠ setKeyͰ଴ͪ߹ΘͤΔ keyΛࢦఆ͠ͳ͚Ε͹ͳΒͳ͍ɻ͜
ͷΑ͏ʹΠϯϓοτͷॲཧ͕෼཭͞Εͯ͠·͍ͬͯͯ͸ɺهड़͕൥ࡶͳ্ʹίʔυΛಡΜ
Ͳͷʹࡍͩ keyʹରͯ͠଴ͪ߹ΘͤΛ͍ͯͬߦΔͷ͔௚ײతʹ෼͔Βͳ͍ɻ
͞ΒʹɺsetKey͸໌֬ͳهड़৔ॴ͕ܾ·͍ͬͯͳ͍ͨΊɺͦͷDSΛ଴ͪ߹Θ͍ͤͯΔ

CSҎ֎͔Β΋ݺͼग़ͤͯ͠·͏ (ιʔείʔυ 3.1)ɻ

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 }

ιʔείʔυ 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 }

ιʔείʔυ 3.2: ֎෦ setKeyʹΑΓͲͷ keyΛ଴͍ͬͯΔ͔͕Θ͔Βͳ͍CSͷྫ

͜ͷΑ͏ͳॻ͖ํΛ͞ΕΔͱɺCS͚ͩΛͯݟͲͷ keyʹରͯ͠଴ͪ߹ΘͤΛ͍ͯͬߦ
Δͷ͔Θ͔Βͳ͍ͨΊɺsetKeyΛݺͼग़͍ͯ͠ΔίʔυΛ୧Δඞཁ͕͋Δɻ͜ΕͰ͸ݟ
௨͕͠ѱ͍ͨΊɺͲ͜Ͱ keyΛࢦఆ͢Δͷ͔໌֬ʹ͢΂͖Ͱ͋Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

Մಡੑͷ௿͍ίʔυ͸ϓϩάϥϚͷෛ୲ͱͳΔͨΊɺCS͕ԿΛ଴ͪ߹Θ͍ͤͯΔͷ͔
ͦͷCSΛ͚ͩͨݟͰཧղͰ͖ΔΑ͏ʹهड़ͷ෼཭໰୊Λվળ͠ͳͯ͘͸ͳΒͳ͍ɻ

3.2 setKey͸ݺʹޙ࠷͹ͳ͚Ε͹ͳΒͳ͍
setKeyϝιουΛίϯετϥΫλͰݺͿࡍɺsetKeyϝιουΛඞͣݺʹޙ࠷͹ͳ͚Ε

͹ͳΒͳ͍ɻ
CS͸಺෦Ͱ࣮ߦʹඞཁͳDSΛ਺͍͑ͯΔɻDSͷऔಘʹ੒ޭ͢Δͱ͜ͷ஋͕ɺσΫϦ

ϝϯτ͞Εɺ0ʹͳΔͱඞཁͳDS͕શͯଗͬͨ͜ͱͱ൑அ͞ΕThread pool΁ૹΒΕΔɻ
setKeyҠߦʹॲཧΛهड़ͨ͠৔߹ɺͦ ͷॲཧ͕ߦΘΕͳ͍Մೳੑ͕͋ΓThread 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 }

ιʔείʔυ 3.3: NullPointerExceptionʹͳΔՄೳੑ͕͋Δ

ιʔείʔυ 3.3͸ɺforจͰ setKeyͱ ids.createΛ cntͷճ਺ݺͼɺಈతʹDSͷऔಘ
਺ΛܾΊΑ͏ͱ͍ͯ͠Δɻ͔͠͠ɺsetKey͕࠷ॳʹݺ͹ΕͨࡍʹɺDSͷऔಘʹ੒ޭ͢Δ
ͱ࣮ߦՄೳͱ൑அ͞Εͯ͠·͏ɻrunͷதͰ infoͷ഑ྻͷཁૉ͚ͩத਎Λදࣔͤ͞Α͏ͱ
ͯ͠Δ͕ɺ2ճ໨ͷ asClassͰNullPointExceptionΛҾ͖͢͜ىɻ͜ͷ໰୊΋Πϯϓοτ
APIͷهड़ͷ෼཭ʹΑΓҾ͖͜͞ىΕΔΤϥʔͰ͋Δɻ

ฒྻ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ 18



େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

ճͷ৔߹ɺίϯετϥΫλ಺Λιʔείʔυࠓ 3.4ͷΑ͏ʹهड़͢Δඞཁ͕͋Δɻ

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 }

ιʔείʔυ 3.4: NullPointerExceptionʹͳΒͳ͍هड़

͜ͷΑ͏ʹهड़ͷॱংΛ͑ߟͳ͕Βϓϩάϥϛϯά͠ͳ͚Ε͹ͳΒͳ͍ઃܭͰ͸ɺόά
ΛҾ͖͜͠ى৴པੑΛଛͳ͏͜ͱʹ͕ܨΔɻΑΓࣗવʹѻ͑ΔAPIઃܭʹ͢Δ΂͖ͩͱ
Δɻ͑ߟ

3.3 ಈతͳ setKey

setKey͸CSͷίϯετϥΫλͰࢦఆ͢Δ͜ͱ͕ଟ͍ɻ͜ͷͱ͖ɺࢦఆ͢Δ key͸Ҿ਺
ͳͲ͔Βಈతʹड͚औΓɺηοτ͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ɺͦΕͰ͸࣮ࡍʹͲΜͳॲ
ཧ͕ߦΘΕ͍ͯΔͷ͔Θ͔ΓͮΒ͘ɺ·ͨɺput͢Δ෦෼ͳͲͷ֘౰͢Δ keyΛѻ͏શͯ
ίʔυΛม͠ߋͳ͚Ε͹ͳΒͳ͍ɻ͜ͷΑ͏ʹɺAliceͰ͸ CSΛ͍࢖·Θ͢͜ͱΛྀߟ
ͯ͠ಈతͳ setKeyΛՄೳʹͯ͠͠·͍ͬͨͤͰɺ৻ॏʹॻ͔ͳ͚Ε͹ϓϩάϥϜͷ৴པ
ੑ͕อͯͳ͍Α͏ʹͳͬͯ͠·͍ͬͯΔɻͦͷͨΊɺಈతͳ setKey͸Ͱ͖ͳ͍Α͏ʹ੍
௨͠Λྑ͘͢Δඞཁ͕͋ΔɻCSʹରͯ͠ΠϯϓοτͱͳΔݟɺίʔυͷ͠ݶ key͕੩త
ʹܾ·Ε͹ɺ଴ͪ߹Θ͍ͤͯΔ keyʹରͯ͠ͷ putͷ͠๨ΕͳͲͷ໰୊ΛίϯύΠϧ࣌ͷ
ϞσϧࠪݕͳͲͰൃ͢ݟΔ͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɻ

3.4 ਪଌͰ͖ͳ͍͕ܕ
inputDSΛड͚औΔReceiver͸σʔλΛObjectܕͰ͓ͯͬ࣋ΓɺͦͷσʔλΛCS಺

Ͱѻ͏ʹ͸ਖ਼͍͠ܕʹΩϟετ͢Δඞཁ͕͋Δɻ͔͠͠ɺinputDSͰࢦఆ͢Δͷ͸ keyͷ
ΈͰ͋Γɺͦͷσʔλͷܕ·Ͱ͸෼͔Βͳ͍ɻͦͷͨΊɺDSͷܕΛ஌Δʹ͸ put͍ͯ͠
Δ෦෼·Ͱ୧Δඞཁ͕͋Δɻ୧ͬͯ΋ flip͞Ε͍ͯΔՄೳੑ΋͋ΔͨΊɺ࠷ॳʹͦͷDS

Λ put͍ͯ͠Δ෦෼Λ͚ͭݟΔͷ͸ࠔ೉Ͱ͋Δɻैͬͯɺ଴ͪ߹Θ͍ͤͯΔ keyʹͲͷ
Α͏ͳܕͷσʔλ͕ରԠ͍ͯ͠Δͷ͔ΛͦͷCSΛ͚ͩͨݟͰ෼͔ΔΑ͏ʹ͢Δ΂͖ͱߟ
͑Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

3.5 key໊ͱม਺໊ͷෆҰக
2.4ͷCodeSegmentͷྫ୊Ͱ͋Δ௨Γɺkey໊ͱͦͷ keyͰ଴ͪ߹ΘͤͨDSΛड͚औ

Δ Receiver໊͸ҟͳΔ͜ͱ͕͋Δɻ΋͠ϓϩάϥϚ͕ద౰ʹ໋໊ͯ͠͠·͑͹ޙʑࠞཚ
Λটͨ͘Ίɺ଴ͪ߹ΘͤΔ key໊ͱ input DS ͷม਺໊ҰகΛ੍͍ͨͤ͞ڧɻ

3.6 DataSegmentͷܕͷ໌ྎੑ
2.5.1Ͱࣔͨ͠Α͏ʹɺAliceʹѹॖͷMeta ComputationΛ࣮૷ͨ͠ࡍɺDS಺ʹෳ਺

ͷܕΛಉͤͨ࣋ʹ࣌ΔΑ͏ʹͨ͠ɻ
͔͜͠͠ΕͰ͸ɺDS͕ࠓͲͷࣜܗΛ͍ͯͬ࣋Δͷ͔ɺͲͷঢ়ଶʹ͋Δͷ͔͕Θ͔Γͮ

Β͍ɻ·ͨɺDS͕ byteArrayܕΛड͚औͬͨ৔߹ɺσʔλͰ͋ΔObjectܕͱͯ͠౉͞Ε
ͨ΋ͷͳͷ͔ɺMessagePack΍ѹॖͰม͞׵Εͨ΋ͷͳͷ͔Λ൑ผ͢ΔॲཧΛೖΕͳ͚Ε
͹ͳΒͳ͔ͬͨɻޙࠓDSʹΑΓଟ༷ͳࣜܗΛಉͤͨ࣋ʹ࣌Δ͜ͱʹͳΕ͹ɺ͞Βʹͦͷ
൑ผͷॲཧ͕૿͑Δ͜ͱʹͳΔɻ
Aliceࣗମͷ֦ுɾσόοάΛ͠΍͘͢͢ΔͨΊʹ΋ɺDS͕ͲͷܕΛ͍ͯͬ࣋Δͷ͔Λ

ͻͱ໨Ͱ෼͔ΔΑ͏ʹ͍ͨ͠ɻ

3.7 LocalDataSegmentManagerΛෳ਺ͯ࣋ͳ͍
AliceͰ͸ 1ͭͷϊʔυʹ͖͔ͭ̍ͭ͠ LocalDSMΛ্ཱͪ͛ΒΕͳ͍࡞Γʹͳ͍ͬͯ

ΔɻͦͷͨΊʹҎԼͷΑ͏ͳ໰୊͕ൃੜͨ͠ɻ

3.7.1 ̍ͭͷϊʔυͰෳ਺୆DSMಉ࢜ͷςετ͕͑ߦͳ͍

౰ࣨڀݚͰ͸෼ࢄσʔλϕʔεJungle [11]Λ։ൃ͓ͯ͠Γɺͦ ͷ෼ࢄ௨৴෦෼ʹ͸Alice

͕༻͍ΒΕ͍ͯΔɻJungleͷΑ͏ͳ෼ࢄΞϓϦέʔγϣϯͷ։ൃͰ͸ɺ̍ͭͷϚγϯ্
Ͱෳ਺ͷٙࣅϊʔυΛཱͯͯςετΛ͍͍ͨߦ৔߹͕͋ͬͨɻ͔͠͠ɺAliceͰ͸Ұͭͷ
ΞϓϦέʔγϣϯ಺ʹ LocalDSM͸Ұͭͱܾ·͍ͬͯͨͨΊɺςετʹඞཁͳϊʔυ਺
෼͚ͩΞϓϦέʔγϣϯΛผͰ্ཱͪ͛ͳ͚Ε͹ͳΒͳ͍ͱ͍͏ख͕ؒ͋ͬͨɻ͜ͷͨ
ΊͷγΣϧεΫϦϓτΛϓϩάϥϚ͕ॻ͔ͳ͚Ε͹ͳΒͳ͍ͷ͸ຊ࣭తͳۀ࡞Ͱ͸ͳ͍ɻ
ΑΓܰؾʹςετ͕Ͱ͖ΔΑ͏ɺಉҰϓϩάϥϜ಺Ͱ LocalDSMΛෳ਺্ཱͪ͛ΒΕΔ
Α͏ʹ͢΂͖ͩͱͨ͑ߟɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

3.7.2 TopologyManagerͷ֦ு͕ࠔ೉

AliceͰ͸ΑΓࣗ༝౓ͷ͍ߴ௨৴Λͨ͏ߦΊʹɺTopologyManagerʹ͔ͭزͷػೳΛ௥
Ճ͢Δ͜ͱ͍ͨͯ͑ߟ [12]ɻ
ͦͷҰ͕ͭNATӽ͑ͷػೳͰ͋ΔɻNATӽ͑͸෼ࢄΞϓϦέʔγϣϯߏஙʹ͓͚Δ՝

୊ͷ 1ͭͰ΋͋Δ͕ɺϓϩάϥϚʹͱͬͯͦͷ࣮૷͸༰қͰ͸ͳ͍ɻTopology Manager

ʹNATΛӽ͑ͨϊʔυؒ௨৴ػೳΛ͚ͭΔ͜ͱʹΑΓɺωοτϫʔΫΛؾʹͤͣʹ௨৴
ΔΑ͏ʹ͍ͨ͠ɻ͑ߦ͕
ਤ 3.1͸TopologyManagerΛ༻͍ͯ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

2 : connect to
B1,B2

4 : connect 
to A0

3 : where to
connect

5 : connect 

ਤ 3.1: ෳ਺ͷTopologyManagerʹΑΔNATӽ͑ͷ࣮ݱ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

·ͨɺผτϙϩδʔͰ্ཱͪ͛ͨΞϓϦέʔγϣϯಉ࢜Λ઀ଓ͢Δػೳ΋௥Ճ͍ͨ͠ͱ
ɻTreeTopologyͷVNCΞϓϦͱ͍ͨͯ͑ߟ StarTopologyͷνϟοτΞϓϦΛ࿈ͨ͠ܞ
͍ͱ͍͏ཁ๬͕ੜ·ΕͨͨΊͰ͋ΔɻผτϙϩδʔͷΞϓϦέʔγϣϯ͕઀ଓՄೳʹͳΕ
͹ɺVNCը໘ͷεφοϓγϣοτΛ Chat্ʹͨͤࡌΓɺVNC্ʹ Chatͷ಺༰Λίϝ
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: ผτϙϩδʔͷΞϓϦέʔγϣϯͷ઀ଓ

TopologyManager͸ωοτϫʔΫ͝ͱɺτϙϩδʔ͝ͱʹଘ͢ࡏΔͨΊɺ͍ͣΕͷػ
ೳ΋ෳ਺ͷTopologyManagerΛ্ཱͪ͛ɺ࿈ͤ͞ܞΔ͜ͱͰ࣮ݱՄೳͱͳΔɻ
ͰͷAliceͰ͸ɺ1ͭͷϊʔυʹରͯ͠Topology·ࠓ Manager͸̍ͭͱܾΊΒΕ͍ͯͨɻ

Topology Managerͱ֤ϊʔυͷ΍ΓऔΓΛ͢Δͷ͸ɺϊʔυ͝ͱʹ࣮͞ߦΕΔTopology

Nodeͱ͍͏Meta ComputationͰ͋ΔɻTopology Manager͸઀ଓ͞Εͨ nodeͷ৘ใ
(nodeNameͱ IPΞυϨεͷHashMap)Λ”nodeTable”ͱ͍͏KeyʹରԠ͢ΔDSͱͯ͠อ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

ଘ͍ͯ͠Δɻͦͯ͠Topology Node͸Topology Manager͔ΒׂΓ౰ͯΒΕͨ nodeName

Λ”hostname”ͱ͍͏Keyʹอଘ͢Δɻͭ·Γɺ઀ଓ͢Δ Topology Manager͕૿͑Ε͹
TopoloyNodeʹׂΓ౰ͯΒΕΔ nodeName΋૿͑ΔͨΊɺࠓ·ͰͷΑ͏ʹ”hostname”ͱ
͍͏ 1ͭͷKey͚ͩͰ͸ରԠͰ͖ͳ͍ɻ̍ͭͷϊʔυʹෳ਺ͷTopologyManagerΛରԠ
ͤ͞Δʹ͸ɺTopologyNode͕ෳ਺ͷ nodeNameΛͭ࣋ඞཁ͕͋ΔɻTopologyNode͕ෳ
਺ͷTopologyManagerʹରԠͰ͖ΔΑ͏ʹ͠ͳ͚Ε͹ͳΒͳ͍ɻ
ͦ͜ͰɺMeta Computationͱͯ͠ɺ௨ৗͷLocal DSMͱ͸ผʹTopology 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: ෳ਺ͷTopologyManagerʹෳ਺ͷ LocalDSM͕ରԠ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 3ষ Aliceͷ໰୊఺

ͦΕͧΕͷTopology ManagerʹରԠ͢ΔLocalDSMΛ࡞Γɺͦ ΕͧΕʹରԠͨ͠node-

NameΛ֨ೲ͢Δ͜ͱͰɺDSMΛ੾Γସ͑Δ͚ͩͰ TopologyNodeͷ༷࢓͸ม͑ͣʹෳ
਺ͷTopology ManagerʹରԠͰ͖Δͱ͍͏ઃܭͰ͋Δɻ
͔͠͠ɺࡏݱͷAliceͷίʔυͰ͸DSMΛ؅ཧ͢Δ class͕ static classͰ͋ͬͨͨΊɺ

ෳ਺ͷ Local DSMΛͭ࣋͜ͱ͸Ͱ͖ͳ͔ͬͨɻstaticΛऔΓআ͜͏ͱͨ͠ͱ͜ΖɺAlice

ͷେ෦෼ͷίʔυΛमਖ਼͢Δඞཁ͕͋Δ͜ͱ͕Θ͔ͬͨɻΑͬͯɺ࠶ઃܭͷࡍʹ͸ static

classͷͳ͍࣮૷Λ͍ߦɺDSM੾Γସ͑ʹΑΔํࣜΛ࣮͍ͨ͠ݱɻ
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ୈ4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷ
ઃܭ

4.1 Christieͷඞཁ৚݅
3ষͰͷ Aliceͷ໰୊఺Λ౿·͑ɺ৽ͨʹϑϨʔϜϫʔΫΛ࡞Γ௚͢΂͖ͩͱͨ͑ߟɻ

ຊষͰ͸ɺ৽ͨʹͨͬ࡞෼ࢄϑϨʔϜϫʔΫChristieͷઃܭΛઆ໌͢ΔɻChristieʹඞཁ
ͳཁ݅͸ҎԼͷΑ͏ʹ͑ߟΔɻ

• create/setKeyͷΑ͏ͳ൥ࡶͳ APIΛγϯϓϧʹ͠ՄಡੑΛ্ͤ͞޲Δ

• ϓϩάϥϚ͕ܕΛਪଌ͠ͳ͘ͱ΋੔߹ੑ͕ͱΕΔΑ͏ʹܕΛղܾ͠ɺ৴པੑΛ্޲
ͤ͞Δ

• staticͳ LocalDSMΛͳ͘͠ɺෳ਺ͷΠϯελϯεΛಉ࣌ʹ্ཱͪ͛ΒΕΔΑ͏ʹ
͢Δ͜ͱͰεέʔϥϏϦςΟΛ্ͤ͞޲Δ

4.2 Christieͷجຊઃܭ
ड़͠ɺهΛ܎୯Ґʹ෼ׂͯ͠ґଘ͍͔ؔࡉຊతʹ͸Aliceͱಉ͡ɺλεΫͱσʔλΛج

ೖྗ͕ଗͬͨॱ͔Βฒྻ࣮͢ߦΔͱ͍͏ϓϩάϥϛϯάख๏Λ༻͍Δɻ
Christie͸ Aliceͱಉ͘͡ JavaͰॻ͔Ε͍ͯΔɻ͔͠͠কདྷతʹ౰͕ࣨڀݚ։ൃ͢Δ

GearsOS [13]ʹऔΓೖΕ͍ͨͨΊɺGearsOSΛߏ੒͢ΔޠݴͰ͋Δ Continuation based

C(CbC)ʹ׵ޓՄೳͳઃܭΛ໨͢ࢦɻ
GearsOSͰ͸CodeSegment/DataSegmentͱಉ༷ͷ֓೦ͱͯ͠CodeGear/DataGearͱ

͍͏໊শΛ༻͍͍ͯΔͨΊɺChristieͰ΋ͦΕʹ฿͍CodeGear/DataGear(ҎԼɺCG/DG)

ͱݺͿ͜ͱͱ͢Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

DG͸Aliceͱಉ༷ʹDataGearManager(ҎԼDGM)͕؅ཧ͢ΔɻDGM͸LocalͱRe-

mote͕͋ΓɺશͯͷDGM͸CodeGearManager(ҎԼCGM)Ͱ؅ཧ͞ΕΔɻGearsOSͰ
͸Contextͱ͍͏શͯͷCG/DGΛҰׅ؅ཧ͢Δϓϩηε͕͋ΓɺAliceͷCGM΋͜ͷ
Contextʹ૬౰͢Δɻશͯͷ CGM͸ ThreadPoolͱଞͷ CGMશͯͷϦετΛڞ༗ͯ͠
͍ΔͨΊɺશͯͷCG/DGʹΞΫηεՄೳͰ͋Δ (ਤ 4.1)ɻ

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: CGM͸CGMͱDGMΛ؅ཧ͢Δ

CGΛهड़͢Δࡍ͸Aliceಉ༷CodeGear.classΛܧঝ͢ΔɻCodeGear͸
void run(CodeGearManager cgm)Λͭ࣋ classͰ͋ΓɺϓϩάϥϚ͸ runϝιου಺ʹ

ॲཧΛهड़͢ΔɻΠϯϓοτͰࢦఆͨ͠ keyʹରԠͨ͠DG͕શͯଗͬͨͱ͖ɺrunʹॻ
͔Εͨॲཧ͕࣮͞ߦΕΔɻChristieͷAPIʹ͸ runͷҾ਺Ͱड͚औͬͨCGMΛܦ༝ͯ͠
ΞΫηε͢ΔɻGearsOSͰ͸ CGؒͰ ContextΛड͚౉͢͜ͱʹΑͬͯ CG͸ DGʹΞ
Ϋηε͢ΔͨΊɺChristieͰ΋ͦͷهड़ํ๏Λ࠾༻ͨ͠ɻ
௨ৗͷRunnableΫϥεͰ͸͜ͷΑ͏ʹҾ਺Λ͏͚ͱΔ͜ͱ͕Ͱ͖ͳ͍͕ɺCodeGearEx-

ecutorͱ͍͏RunnableͷMeta ComputationΛڬΜͩ͜ͱͰ͜ͷΑ͏ʹCGMΛड͚౉
͠ͳ͕Βͷهड़ΛՄೳʹͨ͠ɻ
ৄ͍͠CodeGearͷهड़ํ๏ʹ͍ͭͯ͸ɺ4.4ষͰઆ໌͢Δɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

4.3 APIͷվળ
͜͜Ͱ͸ Aliceͷ APIͷ໰୊Λ౿·͑ͯઃͨ͠ܭ Christieͷ APIʹ͍ͭͯɺΠϯϓο

τɺΞ΢τϓοτɺσʔλͷऔΓग़͠ʹ෼͚ͯઆ໌͢Δɻ

ΞϊςʔγϣϯͷಋೖʹΑΔΠϯϓοτͷهड़

InputAPIʹ͸Aliceͱಉ͘͡TakeͱPeekΛ༻ҙͨ͠ɻChristieͰ͸ Input DG ͷࢦఆ
ʹ͸ΞϊςʔγϣϯΛ͏࢖ɻΞϊςʔγϣϯͱ͸ɺΫϥε΍ϝιουɺύοέʔδʹର͠
ͯ෇Ճ৘ใΛهड़Ͱ͖Δ JavaͷMeta ComputationͰ͋Δɻઌ಄ʹ@Λ͚ͭΔ͜ͱͰه
ड़Ͱ͖ɺΦϦδφϧͷΞϊςʔγϣϯΛఆٛ͢Δ͜ͱ΋Ͱ͖Δɻ
AliceͰ͸ Inputͷड͚ࡼͰ͋ΔReceiverΛ࡞Γ͔ޙΒkeyΛηοτ͍͕ͯͨ͠ɺChristie

Ͱ͸ InputͷͨΊͷDGΛ࡞Γɺͦͷ্ʹΞϊςʔγϣϯͰKeyΛࢦఆ͢Δ (ιʔείʔ
υ 7.1)ɻ

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

ιʔείʔυ 4.1: Takeͷྫ

ΞϊςʔγϣϯͰࢦఆͨ͠ InputDG͸ɺCGΛੜ੒ͨ͠ࡍʹCodeGear.class಺Ͱ଴ͪ
߹Θͤͷॲཧ͕ߦΘΕΔɻ͜Εʹ͸ Javaͷ reflectionAPIΛར༻͍ͯ͠Δɻ
Christieͷ͜ͷΠϯϓοτΞϊςʔγϣϯ͸ϑΟʔϧυʹର͔ͯ͠͠هड़Ͱ͖ͳ͍ͨ

ΊɺInputDGͷੜ੒ͱTake/Peekͷࢦఆͱ keyͷࢦఆΛඞͣҰՕॴͰॻ͘͜ͱ͕໌֬ʹ
ܾ·͍ͬͯΔɻͦͷͨΊAliceͷΑ͏ʹ֎ͷCS͔Βͷ key΁ͷׯবΛ͞ΕΔ͜ͱ͕ͳ͍ɻ
·ͨɺΞϊςʔγϣϯͷࢦఆ͸RUNTIMEͰ͸Ͱ͖ͳ͍ͨΊɺಈతͳ keyͷࢦఆ΋๷͙
͜ͱ͕Ͱ͖Δɻ͜ͷΑ͏ʹɺΞϊςʔγϣϯΛ༻͍ͨ͜ͱͰɺAliceͷهड़ͷ෼཭໰୊͕
ղܾ͞Εͨɻ
ιʔείʔυ 7.1ͷ ఆ͕ඞࢦͷܕ͸ඞͣʹࡍΔ͢ݴ໨ʹ͋ΔΑ͏ʹɺInputDGΛએߦ2

ཁͱͳΔɻDataGear͸༷ʑͳܕͷσʔλΛѻ͏ͨΊʹ Javaͷ૯শܕͰड͚औΔΑ͏ʹ
͓ͯ͠Γɺ<>಺ʹࢦఆͨ͠ܕͰσʔλͷܕΛݶఆͰ͖Δɻ͜ͷΑ͏ʹهड़͢Δ͜ͱͰɺ
ChristieͰ͸ଞͷ෦෼Λ୧Βͳͯ͘΋CGΛݟΔ͚ͩͰΠϯϓοτ͞ΕΔσʔλͷ͕ܕ෼
͔ΔΑ͏ʹՄಡੑΛ্ͨͤ͞޲ɻ·ͨɺऔಘ͖ͯͨ͠DG͕ࢦఆͱҧ͏ܕͰ͋ͬͨ৔߹͸
ΤϥʔͱͳΔͨΊɺܕͷ੔߹ੑΛอͪͳ͕Β৴པੑͷ͍ߴϓϩάϥϛϯά͕Մೳͱͳͬͨɻ
·ͨɺAliceͰ͸ keyͱม਺໊ͷෆҰக͔ΒՄಡੑ͕௿͘ͳ͍ͬͯͨɻ͔͠͠ChristieͰ

͸ keyͱม਺໊͕Ұக͠ͳ͍ͱΤϥʔͱͳΔͨΊɺࣗવͱಡΈ΍͍͢ίʔυ͕ॻ͚ΔΑ͏
ʹͳ͍ͬͯΔɻ͜ͷ෦෼ʹؔͯ͠͸ɺJavaͷϝλϓϩάϥϛϯάAPIͰ͋Δ Javassist [14]

Λ༻͍ͯΞϊςʔγϣϯ͔Βม਺ͷࣗಈੜ੒΋ࢼΈ͕ͨɺJavassistͰ͸ม਺ੜ੒ͷલʹ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

ଞͷͲͷΫϥε΋ੜ੒ͯ͠͸ͳΒͳ͍ͱ͍͏੍͕ͨͨͬ͋ݶΊɺChristieͰ͸࣮ݱͰ͖ͳ
͔ͬͨɻ
ϦϞʔτϊʔυʹରͯ͠ Take/Peek͢Δࡍ͸ɺRemoteTake/RemotePeekͷΞϊςʔ

γϣϯΛ༻͍Δ (ιʔείʔυ 7.2)ɻͦͷͨΊ଴ͪ߹Θͤઌ͕ Local͔ Remote͔͸Ξϊ
ςʔγϣϯͷҧ͍͔Βͻͱ໨ͰΘ͔ΔΑ͏ʹͳͬͨɻ

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

ιʔείʔυ 4.2: RemoteTakeͷྫ

ͳ͓ɺѹॖͷMeta Computation͸Aliceͱಉ༷Ͱɺࢦఆ͢ΔࡍʹDGM໊ͷલʹ com-

pressedΛ͚ͭΔ (ιʔείʔυ 4.3)ɻ

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

ιʔείʔυ 4.3: Local΁ͷѹॖͷࢦఆͷྫ

Local͔ΒͷTAKEͰ͸DGM໊ͷࢦఆ͕ͳ͍͕ɺͦΕ͸ LocalͰͷѹॖ͸جຊ૝ఆ͠
͍ͯͳ͍ͨΊͰ͋Δɻ͔͠͠ɺLocalͰͷѹॖΛ͠Α͏ͱ͑ࢥ͹RemoteTakeΛ༻͍ͯؒ
઀తʹ͢Δ͜ͱ͸ՄೳͰ͋Δɻ

DGMΛࢦఆͯ͠ͷΞ΢τϓοτͷهड़

OutputAPIʹ͸ put/flipΛ༻ҙͨ͠ɻput/flipͷϝιου͸DGMʹ༻ҙ͞Ε͍ͯΔɻ
cal.java CodeGear.classʹ͸DGMΛऔಘ͢Δϝιου͕͋ΓɺͦΕΛ༻͍ͯॻ͖ࠐΈͨ
͍DGMΛࢦఆͯ͠௚઀ put͢ΔɻͦͷͨΊ Local/Remoteͷ੾Γସ͑͸ࢦఆ͢ΔDGM

ͷ੾Γସ͑ʹΑͬͯ͏ߦɻιʔείʔυ 4.4ɺ4.5͸ LocalͱRemoteʹ put͢Δهड़ͷྫ
Ͱ͋Δɻ

1 getLocalDGM().put(”count”, 1);

ιʔείʔυ 4.4: Local΁ put͢Δྫ

1 getDGM(”remote”).put(”count”, 1);

ιʔείʔυ 4.5: Remote΁ put͢Δྫ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

flip΋ಉ༷ʹDGMʹ௚઀DGΛ౉͢ (ιʔείʔυ 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 }

ιʔείʔυ 4.6: Remote΁ flip͢Δྫ

ChristieͰ͸DGMʹରͯ͠௚઀put͢ΔͨΊɺAliceͷODSʹ͋ͨΔ෦෼͸ͳ͍ɻODS

Λܦ༝͢ΔΑΓ௚઀ DGMʹॻ͖ࠐΉΑ͏ͳهड़ͷ΄͏͕௚ײతͰ͋Δͱͨͨ͑ߟΊͰ
͋Δɻ

ఆ͠ͳ͍σʔλͷऔΓग़͠ࢦΛܕ

Aliceͷ asClassʹ૬౰͢Δͷ͕ 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 }

ιʔείʔυ 4.7: getDataͷྫ

Aliceͱҧ͏఺͸ɺϓϩάϥϚ͕ܕΛࢦఆ͠ͳͯ͘ྑ͍఺Ͱ͋Δɻ4.3Ͱࣔͨ͠Α͏ʹɺ
InputDGΛੜ੒͢Δࡍʹ͸ܕΛࢦఆ͢Δɻ͜ͷܕ͸಺෦Ͱอଘ͞ΕɺϦϞʔτϊʔυͱ
௨৴͢Δࡍ΋อͨΕΔɻ͜ͷΑ͏ʹ getData͢Δ͚ͩͰϓϩάϥϚ͕ࢦఆ͠ͳ͘ͱ΋ਖ਼͠
Β͠৴པੑΛอূ͢Δ͜ͱ͕Ͱ͖ΔɻݮͰऔಘͰ͖ΔͨΊɺϓϩάϥϚͷෛ୲Λܕ͍
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

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 }

ιʔείʔυ 4.8: StartCodeGearͷྫ

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 }

ιʔείʔυ 4.9: CodeGearͷྫ

Aliceಉ༷ɺChristieͰ΋ InputDGΛͨ࣋ͳ͍ StartCG͔ΒॲཧΛ։࢝͢ΔɻStartCG

͸ StartCodeGear.class Λܧঝ͢Δ͜ͱͰهड़Ͱ͖ΔɻAlice Ͱ͸ StartCS ΋ CodeSeg-

ment.classΛܧঝͯ͠ॻ͔Ε͍ͯͨͨΊɺͲΕ͕ StartCSͳͷ͔൑ผͮ͠Β͔͕ͬͨɺ
ChristieͰ͸ͦͷ৺഑͸ͳ͍ɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

StartCGΛهड़͢Δࡍʹ͸ createCGMϝιουͰCGMΛੜ੒ͯ͠ίϯετϥΫλʹ
౉͢ඞཁ͕͋Δɻιʔείʔυ 4.8ͷ ʹΘΕ͍ͯΔɻcreateCGMͷҾ਺ߦ໨ͰͦΕ͕ߦ8
͸ϦϞʔτϊʔυͱιέοτ௨৴͢Δ͏࢖ࡍϙʔτ൪߸Λࢦఆ͢ΔɻCGMΛੜ੒ͨ͠ࡍ
ʹ LocalDGM΍ϦϞʔτͱ௨৴Λͨ͏ߦΊͷDaemon΋࡞ΒΕΔɻ
CGʹରͯ͠Ξϊςʔγϣϯ͔Β଴ͪ߹ΘͤΛ࣮͢ߦΔॲཧ͸ setupϝιου͕͏ߦɻ

ͦͷͨΊιʔείʔυ 4.8ͷ ໨ɺιʔείʔυߦ13 4.9ͷ ໨ͷΑ͏ʹɺnewͨ͠CGߦ10

ΛCGMͷ setupϝιουʹ౉͢ඞཁ͕͋ΔɻAliceͰ͸ new͢Ε͹CG͕଴ͪʹೖͬͨ
͕ɺChristieͰ͸Ұ౓CGΛ new͠ͳ͍ͱΞϊςʔγϣϯ͔Β଴ͪ߹ΘͤΛ͏ߦॲཧ͕Ͱ
͖ͳ͍ͨΊɺnewͷޙʹ setupΛ͏ߦɻͦͷͨΊɺCGͷੜ੒ʹ͸ඞͣCGM͕ඞཁʹͳ
ΔɻrunͰCGMΛड͚౉͢ͷ͸͜ͷͨΊͰ͋Δɻͳ͓ɺStartCG͸ΠϯϓοτΛͨ࣋ͳ
͍ͨΊɺsetupΛ͏ߦඞཁ͕ͳ͘ɺnew͞Εͨ࣌఺Ͱ run͕࣮͞ߦΕΔɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

4.5 DataGearManagerͷෳ਺্ཱͪ͛
AliceͰ͸ LocalDGM͕ staticͰॻ͔Ε͍ͯͨͨΊෳ਺ͷ LocalDGMΛ্ཱͪ͛Δ͜

ͱ͕Ͱ͖ͳ͔ͬͨɻ͔͠͠ ChristieͰ͸ CGMΛ̎ͭੜ੒͢Ε͹ LocalDGM΋̎ͭ࡞Β
ΕΔɻෳ਺ͷLocalDGMಉ࢜ͷ΍ΓͱΓ΋ɺRemote΁ͷ઀ଓͱಉ͡Α͏ʹRemoteDGM

Λ proxyͱ্ཱͯͪ͛͠ΞΫηε͢Δ (ਤ 4.2)ɻ

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 4.10͸ɺLocalDSMΛ 2্ཱͭͪ͛ɺ͓͍ޓΛϦϞʔτʹཱͯͯݟ௨৴
͢ΔྫͰ͋Δɻ11ߦ໨ʹ͋ΔΑ͏ʹɺRemoteDGMΛ্ཱͪ͛Δʹ͸ CGM͕ͭ࣋ cre-

ateRemoteDGMϝιουΛ༻͍ΔɻҾ਺ʹ͸RemoteDGM໊ͱ઀ଓ͢ΔϦϞʔτϊʔυ
ͷ IPΞυϨεɺϙʔτ൪߸Λ౉͍ͯ͠Δɻ

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 }

ιʔείʔυ 4.10: LocalDGMΛ Δྫ࡞2ͭ

ϦϞʔτͷ৔߹ͷಉ͡Α͏ʹΞΫηεͰ͖Δ͜ͱͰɺίʔυͷมߋΛͤͣʹɺಉҰϚγϯ
্ͷ̍ͭͷΞϓϦέʔγϣϯ಺Ͱ෼ࢄΞϓϦέʔγϣϯͷςετ͕Ͱ͖ΔΑ͏ʹͳͬͨɻ
·ͨɺCGM͸಺෦ʹCGMͷϦετΛ staticͰ΋͓ͬͯΓɺෳ਺ੜ੒ͨ͠CGMΛશ

ͯ؅ཧ͍ͯ͠Δɻͭ·ΓɺϝλϨϕϧͰ͸RemoteDGMΛհͣ͞ʹ֤ LocalDGMʹ૬ޓ
ΞΫηεՄೳͰ͋ΔɻͦͷͨΊɺChristieͰ͸༰қʹNATӽ͕࣮͑૷Ͱ͖Δ͜ͱ͕ظ଴
Ͱ͖Δɻ

4.6 DataGearͷ֦ு
AliceͰ͸σʔλͷଟଶੑΛ࣮͢ݱΔͨΊʹ DS಺ʹෳ਺ͷσʔλࣜܗΛอ͍ͯ࣋͠

ͨɻ͔͠͠ChristieͰ͸σʔλࣜ͝ܗͱʹผͷ classʹ෼͚͍ͯΔɻDataGearΛܧঝͨ͠
MessagePackDataGearͱɺͦΕΛܧʹߋঝͨ͠CompressedDataGearΛ༻ҙͨ͠ɻͦͷ
ͨΊࢠΫϥε͸਌ΫϥεͷσʔλࣜܗΛอ࣋͠ͳ͕Β৽͍͠σʔλࣜܗΛܗͭ࣋ʹͳͬͯ
͍ΔɻΫϥεΛݟΔ͚ͩͰࠓͲͷࣜܗΛอ͍ͯ࣋͠Δ͔Θ͔ΔΑ͏ʹͳͬͨͨΊɺσόο
ά͕͠΍͘͢ͳͬͨɻ

ฒྻ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ 33



େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 4ষ ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭ

4.7 ௨৴ϑϩʔ
ຊষͰઆ໌ͨ͠ ChristieͷઃܭΛ͍͔ͭ͘ྫΛ͋͛ͯ Christieͷ௨৴ͷϑϩʔΛγʔ

έϯεਤΛ༻͍ͯղઆ͢Δɻਤ 4.3͸ LocalDGMʹTakeΛ͍ߦɺLocalDGM಺ʹDG͕
͋ͬͨͱ͖ͷॲཧͷྲྀΕͰ͋Δɻ

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 4.3: LocalDGMʹTakeͨ͠ͱ͖ͷϑϩʔ

ϓϩάϥϚ͸mainͰCGMͱ StartCGΛੜ੒͢ΔɻCGMͱಉ࣌ʹLocalDGM͸࡞Β
ΕΔɻCG͕ੜ੒͞Εɺsetupϝιου͕ݺ͹ΕΔͱΞϊςʔγϣϯ͔ΒTAKEίϚϯυ
஋ͱͨ͠Χ΢ϯλظΕΔɻCG͸ੜ੒ͨ͠ΠϯϓοτίϚϯυͷ૯਺Λॳ͞ߦΒΕ࣮࡞͕
Λ͓ͯͬ࣋ΓɺίϚϯυ͕ղܾ͞ΕΔ (InputDG͕ଗ͏)ͨͼʹΧ΢ϯλ͸͖͍ͯͬݮɺ0
ʹͳΔͱ run಺ͷॲཧ͕ThreadPool΁ૹΒΕΔɻ
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ਤ 4.4͸ɺLocalDGMʹTakeΛ͕͏ߦɺLocalDGM಺ʹDG͕ͳ͔ͬͨͨΊʹPutͷ
଴ͪ߹ΘͤΛ͢Δͱ͖ͷॲཧͷྲྀΕͰ͋ΔɻmainͳͲͷ࠷ॳͷॲཧ͸ਤ 4.3ͱಉ༷ͷͨ
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 4.4: RemoteDGMʹ Putͨ͠ͱ͖ͷϑϩʔ

Local·ͨ͸ϦϞʔυϊʔυ͔Β PUTίϚϯυ͕࣮͞ߦΕͨࡍɺ΋͠ waitListʹ Put

ͨ͠DGΛ଴͍ͬͯΔίϚϯυ͕͋Ε͹࣮͞ߦΕΔɻ
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ਤ 4.5͸ɺRemoteDGMʹTakeΛͨͬߦͱ͖ͷॲཧͷྲྀΕͰ͋Δɻ

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 4.5: RemoteDGMʹTakeͨ͠ͱ͖ͷϑϩʔ

StartCGͰࣄલʹRemoteDGMΛੜ੒͓ͯ͘͠ɻRemoteTakeΞϊςʔγϣϯ͔ΒRe-

moteDGMʹର͢Δ TakeίϚϯυΛੜ੒࣮͢͠ߦΔɻRemoteTakeͷΑ͏ʹϦϞʔτ͔
ΒͷԠ౴Λ଴ͭίϚϯυ͸RemoteDGMͷwaitListʹೖΔɻͦͯ͠ɺMessagePackࣜܗ
ʹมͨ͠׵RemoteCommandΛ࡞੒͠ɺͦΕΛRemoteDGM͕ࢀর͍ͯ͠Δผϊʔυͷ
LocalDGMʹૹΔɻ
ͦΕΛड͚औͬͨଆͷLocalDGM͸ɺDG͕͋Ε͹REPLYίϚϯυΛੜ੒ͯ͠ૹΓฦ
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͢ɻ΋͠DG͕ͳ͚Ε͹ɺϦϞʔτ͔ΒདྷͨίϚϯυ΋ϩʔΧϧͷ৔߹ͱಉ༷ʹLocalDGM

ͷwaitListʹೖΔɻ
REPLYΛड͚औΔͱRemoteDGM͸waitListʹೖ͍ͬͯͨίϚϯυΛղܾ͢Δɻ
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ୈ5ষ ࡯ߟ΁ͷܭઃ࠶

ChristieͰ͸ΞϊςʔγϣϯΛ༻͍Δ͜ͱͰ෼཭໰୊Λղܾ͢Δ͜ͱ͕Ͱ͖ͨɻ͜ͷΑ͏
ʹΞϊςʔγϣϯΛ༻͍ͨAPI͸Akka΍Hazelcastʹ͸ͳ͍ͨΊɺΑΓهड़ੑ͕͍ߴϑ
ϨʔϜϫʔΫͱͳͬͨͱ͑ݴΔɻ
·ͨɺઃܭΛ͠௚ͨ͜͠ͱͰAliceΑΓ෯͍޿Meta Computationͷ࣮૷͕༰қʹͳͬ

ͨɻ͜ΕʹΑΓ͔ࡉͳ෼ࢄϓϩάϥϜͷ࣮૷͕Մೳʹͳͬͨɻϩέʔγϣϯಁաੑͷߴ
͍Akka΍HazelcastͰ͸͜ͷΑ͏ͳϓϩάϥϛϯά͸ࠔ೉Ͱ͋Δɻ
InputDGͷࢦఆʹ͓͍ͯɺCGʹDGΛએ͢ݴΔͱ͍͏ͷ͸ɺDGΛͦͷ··flipͰ͖Δ

Α͏ʹ͢ΔͨΊͰ͋ͬͨɻ͑ݴʹٯ͹ͦΕҎ֎ͰDataGearܕͰϓϩάϥϚ͕ར༻͢Δ͜
ͱ͸গͳ͍ɻͦͷͨΊɺDGΛએͣͤݴʹΞϊςʔγϣϯ͔Βੜ੒͠׬શʹϝλϨΠϠʔ
ʹҠ͢͜ͱͰɺΑΓ෼͔Γ΍͍͢هड़͕ՄೳͰ͋Δɻflip͢Δ৔߹͸ɺkeyΛࢦఆ͢Δͩ
͚Ͱ͑ߦΔΑ͏ʹ͢΂͖Ͱ͋Δɻ
·ͨɺput/flip͢ΔࡍʹDGM໊Λ௚઀ࢦఆ͢Δॻ͖ํ΋ɺ·ͩͻͱ໨ͰΞ΢τϓοτ

͍ͯ͠Δ෦෼͕෼͔ΔΑ͏ͳγϯλοΫεͰ͸ͳ͍ͨΊɺվળͷ༨஍͕͋Δɻ
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ୈ6ষ ݁࿦

6.1 ·ͱΊ
ຊڀݚͰ͸ɺ·ͣ෼ࢄϑϨʔϜϫʔΫʹඞཁͳཁ݅Λચ͍ग़͠ɺAkkaɺHazelcastͱൺ

ֱ͠ͳ͕Β෼ࢄϑϨʔϜϫʔΫAlice͕෼ੑࢄΛҙࣝͯ͠هड़Ͱ͖Δಛ௃Λ΋ͭ͜ͱΛࣔ
ͨ͠ɻ·ͨɺAliceͷͭ࣋Code Segment/Data SegmentͷࢉܭϞσϧ΍هड़ํ๏ɺMeta

Computationʹ͍ͭͯΛઆ໌͠ɺAliceͰNATӽ͑Λ࣮͢ݱΔͨΊͷख๏Λࣔͨ͠ɻ͞Β
ঢ়ͷAliceͷ໰୊఺ͱͯ͠ɺNATӽ͑Λ͢ΔͨΊʹඞཁͳLocalݱʹ Data Gear Manager

ͷෳ਺্ཱ͕ͪ͛Ͱ͖ͳ͍͜ͱɺ෼ࢄϓϩάϥϜͷςετ͕ͮ͠Β͍͜ͱɺAPIγϯλο
Ϋεͷ෼཭ʹΑΓ৴པੑ͕ଛͳΘΕ͍ͯΔ͜ͱɺܕͷ੔߹ੑ͕ͱΕ͍ͯͳ͍͜ͱͳͲΛࣔ
͠ɺ࠶ઃܭͷඞཁੑΛड़΂ͨɻͦͯ͠ɺ෼ࢄϑϨʔϜϫʔΫChristieͷઃܭΛࣔ͠ɺCode
Gear Managerͱ͍͏Code Gear/Data Gearͷ؅ཧߏػΛڬΉ͜ͱͰData Gear Manager

Λෳ਺্ཱͪ͛ΒΕΔΑ͏ʹͨ͠ɻ͜ΕʹΑΓςετ͕༰қʹͳΓɺఏҊͨ͠NATӽ͑
ͷख๏ʹରԠͰ͖Δɻ·ͨɺΞϊςʔγϣϯΛ༻͍Δ͜ͱͰγϯλοΫεͷ෼཭໰୊Λղ
ܾ͠ɺ͞Βʹܕ੔߹ͷͱΕͨΑΓ৴པੑͷه͍ߴड़͕Մೳʹͳͬͨ͜ͱΛࣔͨ͠ɻͦ͠
ͯɺ͜ΕΒ࣮૷ͨ͠Christieʹରͯ͠΋ߋʹվળ͢΂͖఺Λͨ͠࡯ߟɻ

6.2 ͷ՝୊ޙࠓ

TopologyManagerͷ࣮૷

Aliceͱಉ͘͡ɺ੩తɾಈతͳτϙϩδʔ؅ཧͷͰ͖ΔTopologyManagerͷ࣮૷͕ඞཁͰ
͋ΔɻChristieͰ͸ෳ਺ͷLocalDSM্ཱ͕ͪ͛ՄೳͳͨΊɺTopologyManagerͰͷNAT

௒͑΋࣮૷࣮͠༻ੑ͕͋Δ͔Λ͢ূݕΔ·ͨɺ௨৴ͷ৴པੑΛอূ͢ΔͨΊʹɺTopolo-

gyManager͕μ΢ϯͨ͠ࡍʹ৽ͨͳ TopologyManagerΛ্ཱͪ͛ΔMeta Computation

΋ඞཁͩͱ͑ߟΔɻ
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େֶେֶӃֶҐ࿦จٿླྀ (म࢜) ୈ 6ষ ݁࿦

࣮༻ੑͷূݕ

ຊ࿦จͰ͸ Christieͷઃܭͱجຊ࣮૷·ͰΛ͕ͨͬߦɺͦΕ͕ͲΕ΄Ͳͷ෼ੑࢄೳΛ
ʹຊతجଌ͍ͯ͠ͳ͍ɻCG/DGͷϓϩάϥϛϯάϞσϧͳͲͷܭͩ·Δͷ͔͸͍ͯͬ࣋
͸Aliceͱಉ͡Ͱ͋Δ͕ɺΞϊςʔγϣϯͷॲཧ͕ͲΕ΄ͲͷΦʔόʔϔουʹ͕ͯͬܨ
͍Δ͔࣌ݱ఺Ͱ͸ෆ໌Ͱ͋ΔɻͦͷͨΊɺAliceͱಉ౳ͷ଎౓ੑೳΛ͍ͯͬ࣋Δ͔ɺίʔ
υͷྔ΍ෳࡶ౓͸཈͑ΒΕ͍ͯΔ͔ͳͲΛ෼ࢄॲཧͷྫ୊Λ༻͍ͯଌఆ͢Δඞཁ͕͋Δɻ

Jungleͱͷ౷߹

DGM͸ҰछͷσʔλϕʔεͰ͋Δͱड़΂͕ͨɺݱঢ়ͷDGM͸σʔλϕʔεʹඞཁͳ
τϥϯβΫγϣϯΛ͍ͯͬ࣋ͳ͍ɻ౰ࣨڀݚͰ։ൃ͍ͯ͠Δ Jungleσʔλϕʔε͸τϥ
ϯβΫγϣϯΛ͓ͯͬ࣋ΓɺߋʹϚʔδՄೳͳࠩ෼؅ཧγεςϜΛ͍ͯͬ࣋Δɻͦͷͨ
Ί Jungleσʔλϕʔεͱͷ౷߹͢Δ͜ͱͰɺDGM΁ͷૢ࡞Λ৴པੑ͘͢ߴΔ͜ͱ͕๬·
͍͠ɻ

GearsOS΁ͷҠߦ

GearsOS͸·ͩ։ൃ్தͰ͋ͬͨͨΊɺຊ࿦จͷ࡞੒࣌఺Ͱ͸ ChristieͷΑ͏ͳ෼ࢄ
ߏػࠪݕΘͳ͔ͬͨɻGearsOSͰ͸Ϟσϧ׎ೳΛ࣮૷͢Δ͜ͱ͕ػ akasya [15]͕͋Δͨ
Ίɺ଴ͪʹೖ͍ͬͯΔ keyͷ put͠๨ΕͳͲΛίϯύΠϧͷஈ֊Ͱ͚ͭݟΔ͜ͱ͕Ͱ͖
ΔɻGearsOS্Ͱ෼ࢄϓϩάϥϛϯά͕Ͱ͖Ε͹ΑΓ৴པੑͷ͍ߴϓϩάϥϛϯά͕ظ
଴Ͱ͖ΔͨΊɺকདྷతʹ͸ChristieΛGearsOSͷ෼ߏػࢄͱͯ͠औΓࠐΈ͍ͨɻ
GearsOSʹ ChristieΛҠ͢ߦΔʹ͸ɺGearsOSʹ JavaͷΞϊςʔγϣϯʹ૬౰͢Δ

Meta ComputationΛ࣮૷͢Δඞཁ͕͋Δɻͦͯ͠ ChristieͰ͸࣮ݱͰ͖ͳ͔ͬͨΞϊ
ςʔγϣϯ͔Βͷม਺ͷࣗಈੜ੒͕͑ߦΕ͹ߋʹϓϩάϥϛϯά͠΍͍͢APIʹͳΔͱ
ΒΕΔɻ͑ߟ
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ୈ7ষ ෇࿥

7.1 ಠࣗͷΞϊςʔγϣϯఆٛ
ChristieͷΞϊςʔγϣϯͷ࣮૷ํ๏ͱɺͦͷΞϊςʔγϣϯ͔Β takeΛ࣮͢ߦΔ෦෼

Λղઆ͢Δɻ
ιʔείʔυ 7.1ɺ7.2͕ChristieಠࣗͷΞϊςʔγϣϯͷఆٛͰ͋Δɻ

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

ιʔείʔυ 7.1: Takeͷ࣮૷

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

ιʔείʔυ 7.2: RemoteTakeͷ࣮૷

@Target΍@Retention͸ΞϊςʔγϣϯఆٛͷͨΊͷΞϊςʔγϣϯɺϝλΞϊςʔ
γϣϯͰ͋Δɻ@Targetʹ͸ɺϑΟʔϧυ΍ϝιουɺίϯετϥΫλͳͲɺ͜ͷΞϊ
ςʔγϣϯͷ෇Ճର৅ͱͳΔߏจཁૉ͕Կ͔Λهड़͢Δɻ@Retentionʹ͸ɺSOURCEɾ
CLASSɾRUNTIME͕બ୒Ͱ͖ɺΞϊςʔγϣϯͰ෇Ճ͞Εͨ৘ใ͕Ͳͷஈ֊·Ͱอ࣋
͞ΕΔ͔Λఆٛ͢ΔɻreflectionAPIΛར༻͢Δʹ͸RUNTIMEͰͳ͚Ε͹ͳΒͳ͍ͨΊɺ
ChristieͷΞϊςʔγϣϯͷ@Retention͸શͯRUNTIMEͰ͋Δɻ
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ఆٛͨ͠Ξϊςʔγϣϯͷ͕ྫ༷࢓ιʔείʔυ 7.3ɺ7.4Ͱ͋Δɻ

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

ιʔείʔυ 7.3: TakeΞϊςʔγϣϯͷ࢖༻ྫ

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

ιʔείʔυ 7.4: RemoteTakeΞϊςʔγϣϯͷ࢖༻ྫ

ΞϊςʔγϣϯΛࡍ͏࢖ɺ()಺ʹهड़͢Δ஋͕ιʔείʔυ 7.1ͷ value΍ιʔείʔυ
7.2ͷ dsmNameͱ͍ͬͨΩʔʹอଘ͞ΕΔɻ௨ৗΩʔʹରͯ͠஋ΛೖΕΔ৔߹͸ɺιʔ
είʔυ 7.4ͷΑ͏ʹ key=ͷܗͰهड़͠ͳ͚Ε͹ͳΒͳ͍͕ɺTakeͷΑ͏ʹΩʔ͕ 1ͭ
ͷ৔߹ɺΩʔ໊Λ valueʹ͢Δ͜ͱͰͦͷهड़Λলུ͢Δ͜ͱ͕Ͱ͖Δɻ
setupϝιου಺Ͱ͸ੜ੒͞ΕͨϑΟʔϧυʹରͯ͠ΞϊςʔγϣϯΛؚΊͨ৘ใΛॲ

ཧ͍ͯ͠Δɻ͜Εʹ͸ Javaͷ reflectionAPI͕࢖༻͞Ε͍ͯΔɻreflectionAPIͰ͸ର৅
ͱͳΔΫϥεͷϑΟʔϧυ΍ϝιουɺͦΕʹର͢ΔΞϊςʔγϣϯ΍Ξϊςʔγϣϯ
͕อ࣋͢ΔΩʔʹΞΫηε͢Δ͜ͱ͕Ͱ͖Δɻιʔείʔυ 7.5͸ setupϝιου಺Ͱ
reflectionAPIΛ༻͍ͯΞϊςʔγϣϯ͔ΒTakeίϚϯυΛ࡞੒͢Δ෦෼Ͱ͋Δɻ

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 }

ιʔείʔυ 7.5: reflectionAPIͰϑΟʔϧυͷ৘ใΛऔಘ

ϑΟʔϧυ͔Βऔಘͨ͠DGͱΞϊςʔγϣϯ͔Βऔಘͨ͠ key͔ΒΠϯϓοτίϚϯ
υ (TAKE/PEEK)Λੜ੒͠ɺDGM΁ૹ࣮ͬͯ͢ߦΔɻ
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ୈ8ষ ँࣙ

ຊڀݚͷ਱ߦɺ·ͨຊ࿦จͷ࡞੒ʹ͋ͨΓɺ͝ଟ๩ʹ΋ؔΘΒͣऴ࠙࢝੾ͳΔࢦޚಋͱޚ
ɻ͢·ͨ͠͠ँײ͘ਂʹतڭ।࣏ΘΓ·ͨ͠Տ໺ਅࣀतΛڭ
ͦͯ͠ɺ਺ʑͷوॏͳޚॿݴͱٕज़తࢦಋΛଷ͍ͨҏ೾ཱथ͞ΜɺଞϑϨʔϜϫʔΫ

ͷௐࠪʹͨͬͩͯ͘͞͠ྗڠਗ਼ਫོത͞Μɺ੺ງوҰ͞Μɺ඿੉༟ᏻ͞Μɺେ৓༝໵͞
Μɺฒͼʹ৴པࣨڀݚͷօ༷ʹ͍ͨ͠ँײ·͢ɻઌڀݚߦͰ͋ΔAlice, Federated Linda,

Jungle, TreeVNC͕ͳ͚Ε͹ຊڀݚ͸͋Γ·ͤΜͰͨ͠ɻ ͜ΕΒઌڀݚߦͷઃܭ΍࣮૷
ʹؔΘͬͨશͯͷઌഐํʹ͍ͨ͠ँײ·͢ɻ
·ͨɺຊϑϨʔϜϫʔΫͷ໊લͷ༝དྷͱͳͬͨΫϦεςΟʔࣜઓंͷੜΈͷ਌ɺδϣ

ϯɾWɾΫϦεςΟʔʹܟҙΛධ͠·͢ɻ
ܙา͞ΜɺѨ೾࿈஌ࢤΜɺେྮ͞ܙ޾৽ཬͨͬͩͯ͑͘͞ࢧΛ׆ੜڀݚɺ೔ʑͷʹޙ࠷

͞Μɺถਢஐ͞ࢠΜɺඛాਖ਼࿨͞Μɺ৘ใֶ޻Պͷํʑɺͦͯ͠Ո଒ʹ৺ΑΓ͍ͨ͠ँײ
·͢ɻ
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