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MANET-NDNʹ͓͚Δ
ΩϟογϡূݕΦʔόϔουݮख๏ʹؔ͢Δڀݚ

༄୩ ྒྷ1 ॏ҆ 1

֓ཁɿNDNʢNamed Data NetworkingʣͰɼதܧϧʔλʹ͓͍ͯѱҙΛऀܸ߈ͨͬ࣋ʹΑΔίϯςϯ

πͷෆਖ਼վ᜵ʹରॲ͢ΔͨΊɼίϯςϯπͷਅਖ਼ੑΛ֬อ͢ΔΈ͕ඞཁͱͳΔ. ͔͠͠ɼMANET

ʢMobile Ad hoc NETworkʣڥԼͰɼϢʔβ͕ຖճԕִͷύϒϦογϟͱਅਖ਼ੑ֬ೝΛ͏ߦͱɼେ͖ͳ

ΦʔόϔουΛੜͯ͡͠·͏ɽຊߘͰɼίϯςϯπૹʹؔΘͬͨதܧϊʔυͱͷڠௐʹΑͬͯɼίϯ

ςϯπΛऔಘͨ͠Ϣʔβ͕ίϯςϯπΛࣗࢄతʹपลϊʔυͱڠௐऀܸ߈͠ূݕΛݕ͢Δख๏Λఏ

Ҋ͠ධՁΛ͏ߦɽධՁ݁Ռ͔ΒɼఏҊख๏ূݕΦʔόϔουݮʹΑͬͯޮՌతʹऀܸ߈Λݕग़Ͱ͖Δ

͜ͱΛใ͢ࠂΔɽ

1. ͡Ίʹ

ٴීࣾ͘ձʹ͓͍ͯɼଟ͘ͷใ௨৴ϝσΟΞ͕ݱ

͠ɼΠϯλʔωοτʑͷੜ׆ͱਂؔ͘࿈͍ͯ͠Δͷ

ͱͳ͍ͬͯΔɽࡏݱɼ͜Ε͔Βߋʹ૿Ճ͢Δͱ͑ߟΒΕΔ

ϏσΦίϯςϯπͷޮͷྑ͍ૹ͕՝ͱͳ͓ͬͯΓɼ

ICNʢInformation Centric Networkʣ[1]ͷ͕ڀݚΜʹߦ

ΘΕ͍ͯΔɽͦͷதͰ NDN࠷ଟ͘ͷߦ͕ڀݚΘΕ

͍ͯΔͷͷҰͭͰ͋Δɽ

͔͠͠ɼNDNͰɼѱҙΛऀܸ߈ͨͬ࣋ʹΑΔΩϟο

γϡͷԚછͳͲʹΑΓɼωοτϫʔΫͷར༻ޮΛԼ͞

ͤΔΑ͏ͳ͕ܸ߈ఆ͞Ε͍ͯΔɽͦͷͨΊɼίϯςϯπ

ͷར༻ʹ͓͍ͯɼͦͷਅਖ਼ੑͷ֬อ͕େ͖ͳ՝ͱͳͬͯ

͍Δɽͦ͜ͰɼຊߘͰMANETʹ NDNΛ࣮ͨ͠ڥ

ʢMANET-NDNʣԼʹ͓͍ͯɼωοτϫʔΫͷΦʔόϔο

υΛ૿Ճͤͣ͞ʹԚછίϯςϯπͷݕΛͨ͏ߦΊʹɼ֤

ϊʔυ͕पลϊʔυͱࣗࢄతʹڠௐ͠ίϯςϯπͷݕ

ূΛ͏ߦख๏ΛఏҊ͢ΔͱͱʹɼຊߘͰఏҊ͢Δख๏Λ

ಋೖ͢Δ͜ͱʹΑΓূݕཁٻΛϓϩόΠμʹରͯ͠͏ߦ

߹ΑΓূݕʹ͔͔Δؒ࣌ΛݮͰ͖Δ͜ͱΛɼػࢉܭγ

ϛϡϨʔγϣϯΛ༻͍ͯ໌Β͔ʹ͢Δɽ

2. ωοτϫʔΫΞʔΩςΫνϟ

զʑ͕ʑར༻͢ΔΠϯλʔωοτͰɼIPʢInterenet

Protocolʣʹ͖ͮج௨৴͕ߦΘΕΔɽIP TCPʢTrans-
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mission Control ProtocolʣΛ্Ґͱ͢Δ TCP/IPϞσϧ

ͷΠϯλʔωοτʹنఆ͞ΕΔɽIPɼσʔλΛૹ৴

͢Δࡍʹ֤ϊʔυʹׂΓͯΒΕͨ IPΞυϨεͰҙͷ

ϊʔυΛࣝผ͠ɼѼઌͷ IP ΞυϨεΛ֬ೝ͢Δ͜ͱͰɼ

ϊʔυؒͰσʔλΛૹ৴͢Δɽ

͜͜ͰɼࡏݱͷओཁτϥϑΟοΫͰ͋Δө૾ͷڞ༗

ΞΫηεʹ͓͍ͯ host-to-host Ͱ͋Δܕ IP ΑΓɼ

information-to-userܕͰ͋ΔCDNʢContent Delivery Net-

workʣ[2] P2PʢPeer to Peerʣ[3]ͷํ͕;͞Θ͍͠ɽ

CDNͰਤ 1ͷΑ͏ʹΦϦδφϧαʔό͔Βίϯςϯ

πͷෳΛͨ͠ෳαʔό܈Λ༻͍ɼϢʔβͦΕΒ

͔ΒίϯςϯπͷऔಘΛ͜͏ߦͱͰɼ֤αʔόͷΞΫη

εΛ͢ࢄΔɽϢʔβ 1ͭͷυϝΠϯ໊ʹෳͷ IPΞ

υϨεΛׂΓͯΔ DNSʢDomain Name Systemʣϥ

ϯυϩϏϯ P2Pͷར༻ʹΑͬͯίϯςϯπͷॴࡏΛҙ

ࣝͤͣʹίϯςϯπΛऔಘͰ͖ΔɽCDNΛಋೖ͢Δ͜ͱ

Ͱɼweb͚ͩͰͳ͘༰ྔͷେ͖͍ίϯςϯπϒϩʔυό

ϯυΛར༻ͨ͠ίϯςϯπ৴Λ҆ఆ͔ͭίετʹ࣮ݱ

Ͱ͖Δɽ
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user
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content
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request
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ਤ 1 CDN
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P2PωοτϫʔΫʹଓ͞Εͨίϯϐϡʔλಉ͕࢜

ஔͱͯ͠ରͷཱɼػͰ௨৴͢Δωοτϫʔ

ΫΞʔΩςΫνϟͰ͋Δʢਤ 2ʣɽP2Pৗʹ͕αʔ

όʹཁٻΛ͏ߦΫϥΠΞϯτɾαʔόํࣜͱҟͳΓɼͦΕ

ͧΕͷ͕ΫϥΠΞϯτͱαʔό྆ํͷׂΛదٓ୲͏

͜ͱ͔Βɼಉ࢜ରͳؔͰ͋Δͱ͍͑ΔɽP2P

ͦͷߏ্ɼαʔόͰͳ͘ͱ௨৴͢ΔͨΊɼ

͕େʹͳͬͯಛఆͷΞΫηεूதൃੜͮ͠Β

͍ɽP2Pͷར༻ྫʹɼSkype[4]ͳͲͷ IPి͕͋Δɽ

packet

packet

packet

packet

packet

packet

server

clientclient

client client
packet

packet

ਤ 2 P2P ͱΫϥΠΞϯτɾαʔόํࣜ

͔͠͠ɼ͜ΕΒΦʔόϨΠɾωοτϫʔΫͰ͋Γίϯ

ςϯπαʔόͷΈʹଘ͢ࡏΔͨΊɼ͞Βʹ૿Ճ͢Δτϥ

ϑΟοΫʹରԠͨ͠ޮతͳίϯςϯπૹʹΞʔΩς

ΫνϟϨϕϧͰͷղܾ͕ඞཁͰ͋Δɽ

ͦ͜ͰɼΞʔΩςΫνϟϨϕϧͰ͜ͷ՝Λղܾ͢Δͨ

Ίʹ ICNͷߦ͕ڀݚΘΕ͍ͯΔɽ

දతͳ ICNͱͯ͠ NDN[5]ɼNetInfɼPURSUIT[6]ͳ

Ͳͷํ͕ࣜ͋ΓɼͦͷதͰ NDNΜʹߦ͕ڀݚΘΕ

͍ͯΔͷͷҰͭͰ͋ΔɽNDNίϯςϯπཁٻΛ͏ߦ

InterestύέοτͱίϯςϯπฦૹΛ͏ߦ Dataύέοτ

ʹΑΓίϯςϯπΛऔಘ͢Δɽ͜͜ͰɼDataύέοτ͕

ฦૹ࣌ʹ௨աͨ͠ϊʔυʹίϯςϯπͷෳΛΩϟογϡ

͢Δ͜ͱͰɼޮతͳίϯςϯπૹΛՄͱ͍ͯ͠Δɽ

3. MANET-NDNʹ͓͚Δ
ηΩϡϦςΟ

NDNͰɼѱҙͷ͋Δऀܸ߈ʹΑΔίϯςϯπͷෆਖ਼վ

᜵͕ఆ͞ΕΔͨΊɼܸ߈ͷݕग़ʹίϯςϯπͷਅਖ਼ੑ

ͷ֬อ͕ඞཁͰ͋ΔɽTCP/IPͰܦ࿏্Ͱ͔ऀܸ߈Βͷ

ίϯςϯπͷվมΛ͙ͨΊɼ҉߸ԽΛ༻͍ͨ௨৴ʹΑͬ

ͯ҆શੑΛ֬อ͢Δɽ

҉߸Խํࣜͷදྫͱͯ͠ެ։҉ݤ߸ํࣜڞ௨҉ݤ߸

ํࣜ [7]͕͋Δ͕ɼNDNʹ͓͍ͯ҉߸Λ༻͍ͨ߹ɼϢʔ

β҆શʹίϯςϯπΛಘΔ͜ͱ͕Մ͕ͩɼίϯςϯπ

ͷૹܦʹ࣌༝ͨ͠ϊʔυͰίϯςϯπ҉߸Խ͞Εͯ

͓ΓɼதܧϊʔυίϯςϯπΛΩϟογϡͯ͠෮߸͕

Ͱ͖ͣར༻Ͱ͖ͳ͍ɽͦͷͨΊɼ҉߸ԽʹΑΔίϯςϯπ

ૹޮͷྑ͍ίϯςϯπૹΛతͱ͢Δ NDNʹͳ

͡·ͳ͍ɽ

3.1 ༗ઢڥԼͷNDN

จݙ جऀܸ߈ԼͷNDNͰɼڥΔ༗ઢ͢ٴݴ͕[8]

ࢄΔͨΊίϯςϯπԚછͷ֦͢ࡏωοτϫʔΫͷ֎ʹଘװ

͓ʹग़ʹɼϊʔυͱଓ͢ΔΤοδϧʔλݕͷܸ߈

͍ͯίϯςϯπͷਅਖ਼ੑΛ֬ೝ͢Δʢਤ 3ʣɽͦͷͨΊɼ༗

ઢڥԼͰɼΤοδϧʔλҎ֎Ͱର͕ࡦෆཁͱͳΓɼ

ରԠൺֱత༰қͱͳΔɽ

 bad content

Attackeruseruseruser

server

edge router

ਤ 3 Τοδϧʔλʹ͓͚Δਅਖ਼ੑ֬ೝ

3.1.1 ແઢڥԼͷNDNͷηΩϡϦςΟ՝

༗ઢڥԼͷ NDNͰɼલड़ͷΑ͏ʹʹ͍ۙΤο

δϧʔλͰԚછίϯςϯπͷݕग़Λ͏ߦͱޮΑ҆͘શੑ

Λ֬อͰ͖Δ͕ɼMANETԼͰͱ͍͏ͮجʹ͑ߟ

Ͱ͋Δɽ͜Εࠔޚ੍͍ͨ MANETԼͰϊʔυ

༷ʑͳॴʹҐஔ༷͠ʑͳϢʔβαʔόͱϚϧνϗοϓ

௨৴Λͨ͏ߦΊɼਤ 4ͷΑ͏ʹऀܸ߈༷ʑͳॴʹજΉ

͜ͱ͕ՄͰ͋ΔͨΊͰ͋Δɽ

user

user

user

user user

user

server

attacker

attacker

attacker

ਤ 4 ແઢڥԼͷڴҖ

༷ʑͳॴʹજΉऀܸ߈ɼ͋ΒΏΔॴ͔ΒԚછίϯ

ςϯπΛࠩ͠ࠐΉ͜ͱ͕ՄͰ͋Γɼ༗ઢڥԼͷΑ͏ʹ

୯Ұͷॴʹ͓͚ΔରࡦͰҙຯΛͳ͞ͳ͍ͨΊɼແઢ

ඞཁͱͳΔɽ͕ࡦಠࣗͷରڥ

͜͜ͰɼূݕΛԕִͷύϒϦογϟͱ࿈͢ࢪ࣮ͯ͠ܞΔ

ͱɼଟ͘ͷΦʔόϔου͕ੜ͡Δɽ·ͨɼͦΕΑΓ͍ۙ

ॴͷಛఆϊʔυͷΈͱূݕΛ͏ߦͱɼ݁ূݕՌͷ৴པੑ

ͷ͕ੜ͡ΔɽͦͷͨΊɼηΩϡϦςΟରࡦख๏ূݕ

Φʔόϔου͕গͳ͘ɼ৴པੑͷ͞ݱ࣮͕ূݕ͍ߴΕΔ

͖Ͱ͋ΔɽແઢڥԼͰɼૹൣғʹ͍Δଞϊʔυͷ

௨৴ͷड͕ՄͰ͋Δɽ༗ઢڥԼͰதܧͷͳ͍ϊʔ

υͱϧʔλؒͷ௨৴Λܦ࿏্Ͱड͢Δ͜ͱͰ͖ͳ͍ɽ
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ແઢڥԼʹ͓͚Δडͷ༗ޮ׆༻ʹΑͬͯɼ༗ઢڥΑ

Γޮͷྑ͍ܸ߈ର͕ࡦͰ͖ΔՄੑ͕͋Δɽ

4. ఏҊख๏

ຊจͰɼMANET ʹԼڥ NDN Λద༻ͨ͠

MANET-NDN ʹ͓͚ΔίϯςϯπԚછܸ߈ʹରͯ͠৽

ͨͳରࡦख๏ΛఏҊ͢Δɽ·ͨɼఏҊख๏Λ࣮ͨ͠γ

ϛϡϨʔλʹΑΔੑධՁΛ͜͏ߦͱͰɼຊख๏ͷ༗ޮੑ

Λࣔ͢ͱͱʹɼఏҊख๏ͷ՝Λ໌Β͔ʹ͢Δɽ

ఏҊख๏ɼNDNΛΦʔόϨΠʹΑͬͯطଘͷ IPωο

τϫʔΫ্ʹ࣮͢ΔڥԼͰͷίϯςϯπԚછܸ߈ʹର

͠ޮΑ͘ରॲՄͳίϯςϯπূݕख๏ΛఏҊ͢Δɽఏ

Ҋख๏ɼ

1ʣ ূݕௐڠ

2ʣ IP௨৴Λซ༻ͨ͠ূݕ

3ʣ डʹΑΔਫ਼্

4ʣ ݮճͷূݕ

ΛΈࠐΜͩࣗࢄతͳূݕʹΑΓɼΦʔόϔουΛ

Δɽ͢ݮ

4.1 ূݕௐڠ

ఏҊख๏Ͱɼ֤ϊʔυ͕पลϊʔυͱࣗࢄతʹڠ

ௐ͠ίϯςϯπͷਅਖ਼ੑΛ͢ূݕΔɽূݕϢʔβ͕ૹ

৴ͨ͠ InterestʹରԠ͢Δ Data͕ฦૹ͞Εͨ͏ߦʹࡍɽ

DataΛड৴ͨ͠Ϣʔβਤ 5ͷΑ͏ʹɼࣗͷૹൣғ

ʹଘ͢ࡏΔϊʔυͰ͋Γɼ͔ͭɼDataΛࣗʹૹ৴ͨ͠

ௐڠΔɽ͢ٻΛཁূݕʹରϊʔυҎ֎ͷෳϊʔυূݕ

ͷ݁ՌʹΑͬͯɼDataΛड৴ͨ͠Ϣʔβίϯςϯূݕ

πΛར༻͢Δ͔൱͔Λܾఆ͢Δɽ

server

Data

check request

check requestuser

Data

ਤ 5 ূݕௐڠ

Λड৴ͨ͠ϊʔυɼ͕ࣗΩϟογϡ͢Δίٻཁূݕ

ϯςϯπͷதʹূݕରͱͳΔίϯςϯπͱಉ໊ͷΩϟο

γϡ͕ଘ͢ࡏΔ߹ʹূݕΛड͢Δɽ

͜͜Ͱෆ৹ͳίϯςϯπಉ࢜ͷূݕʹΑͬͯ݁ͨͬޡՌ

͕ൃੜ͢ΔՄੑʹҙ͢Δඞཁ͕͋ΔɽͦͷͨΊɼఏҊ

ख๏Ͱෳͷϊʔυʹରͯ͠ಉ࣌ฒߦతʹূݕΛґཔ͢

Δ͜ͱͰɼෆ৹ίϯςϯπಉ࢜ʹΑΔ݁ূݕͨͬޡՌͷ࠾

༻ΛճආͰ͖Δɽ

·ͨɼࣗͷΩϟογϡͷதʹূݕཁٻίϯςϯπͱಉ

໊ίϯςϯπΛอ͍ͯ࣋͠ͳ͍߹ɼ୯७ʹͦͷࢫΛݕ

ূཁٻΛૹ৴ͨ͠ϊʔυฦૹ͢Δɽ

4.2 IP௨৴Λར༻ͨ͠ূݕ

पลϊʔυͱڠௐ࣮ͯ͢͠ࢪΔূݕΦʔόʔϔουͷ

Λड͚ͨϊʔυʹΩϟογϡ͕ٻΛՄͱ͢Δ͕ɼཁݮ

ଘ͠ࡏͳ͍߹͜ͷख๏ͰূݕͰ͖ͳ͍ɽͦͷͨΊɼ

ख๏͕ඞཁͱͳΔɽূݕͰ͖ͳ͔ͬͨ߹ସ͕ূݕௐڠ

ͦ͜ͰɼఏҊख๏Ͱपลϊʔυͷڠௐূݕґཔޙʹɼ

ෆՄͱ͍͏௨Λड͚औΔͱɼIP௨৴Λར༻ͯ͠ϓূݕ

ϩόΠμͱͷ௨৴Ͱ͢ূݕΔɽਤ 6 IPΛ༻͍ͯϓ

ϩόΠμ – ϊʔυؒʹ҉߸ԽΛ༻͍ͨηΩϡΞͳ௨৴ܦ࿏

Λ֬อ࣮֬͠ͳূݕΛྫ͏ߦΛ͍ࣔͯ͠Δɽ

server

Data
check request

user

Data

ਤ 6 IP ূݕ

IPূݕͰ݁ূݕͨͬޡՌΛಘΔՄੑ͕͍ͱ͍͏

ར͕͋Δ͕ɼϊʔυͱϓϩόΠμؒͷڑʹͬͯূݕ

ʹཁ͢Δ૿͕ؒ࣌Ճ͢Δɽ

4.3 डূݕ

CSMA/CAํࣜΛར༻ͨ͠ແઢ௨৴Ͱɼ͕ࣗѼઌͰ

ͳͯ͘ύέοτΛडͰ͖Δɽ͜ΕΛར༻ͯ͠ɼఏҊख

๏Ͱ͕ࣗసૹ͢Δඞཁͷͳ͍ίϯςϯπΛडͨ͠ࡍ

ʹࣗͷΩϟογϡͷίϯςϯπΛ͢ূݕΔɽ

ϊʔυ͕ࣗѼઌͰͳ͍ DataΛडͨ͠ূݕʹࡍΛ

։࢝͢Δɽ͜͜ͰɼఏҊख๏डͨ͠ίϯςϯπͱಉ໊

ͷίϯςϯπ͕ࣗͷΩϟογϡதʹଘ͢ࡏΔ߹ʹɼͦ

ΕΒΛൺֱ͢Δɽ͜ͷͱ͖ɼ྆ऀͷ༰ʹࠩҟ͕͋Εɼ

ΩϟογϡΛഁ͢غΔɽΩϟογϡΛഁ͢غΔཧ༝ɼ͜

ͷఏҊख๏Ͱূݕʹ༻͍ͨ 2ͭͷίϯςϯπʹෆ৹ͳί

ϯςϯπؚ͕·ΕΔͱ͍͏ࣄఆͰ͖Δ͕ɼͲͪΒ͕ෆ

৹ͳίϯςϯπ͔·ͰఆͰ͖ͳ͍ͨΊͰ͋Δɽ

4.4 ͷলུূݕ

จݙ [8]Ͱड़ΒΕ͍ͯΔΑ͏ʹɼωοτϫʔΫ্Ͱస

ૹ͞ΕΔͯ͢ͷίϯςϯπΛ͢ূݕΔ͜ͱඇޮͰ͋

ΔɽͦͷͨΊɼຊจ͕ରͱ͢ΔແઢڥԼͰ͋ͬͯ
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ඞཁͷͳ͍ূݕΛݮΒ͢͜ͱ͕ΦʔόϔουݮʹෆՄܽ

Ͱ͋Δɽ

ͦͷͨΊఏҊख๏ͰɼIP௨৴Λ༻͍ͨূݕʹΑͬͯ҆

શͰ͋Δͱ֬ೝͰ͖ͨΩϟογϡʹϑϥάΛཱͯΔɽϊʔ

υཁͨ͠ٻίϯςϯπΛड৴ͨ͠ࡍɼਤ 7ͷΑ͏ʹϑϥ

άཱ͕͍ͬͯΔͱূݕͷলུΛ͏ߦɽ͜ΕʹΑΓɼΩϟο

γϡ͔ΒಘΒΕΔίϯςϯπͷΦʔόʔϔουΛେ෯ʹ

Δ͜ͱ͕ՄͰ͋Δɽ͢ݮ

user

Data

check request check request

ਤ 7 ͷলུূݕ

4.5 ݕऀܸ߈

༷ʑͳূݕʹΑΓίϯςϯπͷԚછΛݕ͢Δख๏Λ͜

Ε·ͰఏҊ͖͕ͯͨ͠ɼίϯςϯπͷԚછ͕ূݕʹΑͬͯ

Λऀܸ߈Δ͢ࢄͰ͖ͨ߹ͰɼԚછίϯςϯπΛ֦ݕ

Θͳ͚Εࠜຊతͳߦରͯ͠దͳରॲΛʹऀܸ߈͠ݕ

ղܾʹࢸΒͳ͍ɽ

ͦͷͨΊɼ͜ͷϓϩηεͰࠓ·ͰఏҊͨ͠खॱʹΑΔ

༷ʑͳ݁ূݕՌΛͱʹɼपลϊʔυΛධՁ͢ΔϦετ

Λ༻͍ͨऀܸ߈ͷධՁΛ͏ߦɽ֤ϊʔυͦΕͧΕɼपล

ϊʔυͷใͱपลϊʔυ͔ΒྲྀΕ͖ͯͨίϯςϯπΛݕ

Δɽ֤࣋͢͢ΔϦετΛอهෆҰகΛূݕͷࡍͨ͠ূ

ϊʔυূݕΛͨ͏ߦͼʹϦετͷূݕෆҰகΛߋ৽͢

Δɽ͜͜ͰূݕෆҰக͕ߋ৽͞ΕᮢΛ͑ͨ߹ɼͦ

ͷϊʔυԚછίϯςϯπΛྲྀೖͤ͞Δෆ৹ͳϊʔυͰ͋

Δͱஅ͞ΕΔɽͦͷޙɼͦͷෆ৹ͳϊʔυ͔Βड৴ͨ͠

ίϯςϯπഁ͢غΔͱͱʹɼͦͷϊʔυ͕ࣗͷ FIB

ʹొ͞Ε͍ͯΔ߹ FIBΛม͢ߋΔɽఏҊख๏Ͱ༻͍

ΔෆҰக D(i)ҎԼͷࣜʹΑͬͯٻΊΔɽ

D(i) =
Pfalse

Ptrue + Pfalse + C
(1)

iϊʔυͷ IDͰ͋Δɽ·ͨɼPtrue ূݕͷ݁Ռਖ਼͠

͍ίϯςϯπͱஅͨ͠ DataͷͰ͋ΓɼPfalse ෆ৹

ͳίϯςϯπͱஅͨ͠ DataͷͰ͋ΔɽՃ͑ͯɼऔಘ

ίϯςϯπதͷෆ৹ίϯςϯπͷׂ߹͚ͩͰͳ͘ɼωοτ

ϫʔΫՔಇॳظͷ͕গͳ͍ঢ়ଶͰͷݕޡΛݮΒͨ͢

Ίʹఆ C ΛʹՃ͢Δɽ

ͨͩ͠ɼ৽ͨʹऀܸ߈ͱఆ͞Εͨϊʔυ͕ FIBʢFor-

warding Information Baseʣʹొ͞Ε͍ͯͨ߹Ͱɼ

ͦͷ IDҎ֎ͷϊʔυ FIBͷใΛมߋͰ͖ͳ͍߹

Θͳ͍ɽ͜ΕߦΛߋ࿏มܦ FIBʹొ͞Ε͍ͯΔϊʔυ

ܸ߈ͷӨڹʹΑͬͯͦͷϊʔυҎ֎ͷϊʔυ͕ੜͨ͠

ԚછίϯςϯπΛసૹ͚ͨͩ͠Ͱ͋ΔՄੑ͋Δͱ͠ɼ

ͦͷϊʔυΛసૹઌʹه͢ΔΤϯτϦΛআͯ͠͠·͏

ͱɼωοτϫʔΫతʹൃཱ͕ݽੜ͢ΔՄੑ͕͋ΔͨΊͰ

͋Δɽ

·ͨɼϦετͷߋ৽݁ূݕՌΛಘͨͱ͖͚ͩͰͳ͘ɼ

डʹΑΔΩϟογϡࡁΈίϯςϯπͷূݕΛ࣌ͨͬߦ

Λૂ͏ɽݕऀܸ߈ͷظͱͰૣ͜͏ߦ৽Λߋ

4.6 ൺֱख๏

ఏҊख๏͕ΦʔόϔουΛͲΕ͚ͩݮͰ͖͍ͯΔ͔Λ

ධՁ͢ΔͨΊʹ༻͍Δൺֱख๏ʹ͍ͭͯड़Δɽൺֱख๏

Ͱɼίϯςϯπऔಘޙʹ IP௨৴Λ༻͍ͨূݕͷΈΛߦ

͏ɽൺֱख๏Ͱݕऀܸ߈ͷ༗ޮੑΛௐΔͨΊɼূݕ

݁ՌΛར༻ͨ͠ݕऀܸ߈ߦΘͳ͍ɽ

ൺֱख๏ͷར࣮֬ͳ݁ূݕՌΛಘΒΕΔͰ͋Δ͕ɼ

ܦͷʹෆ৹ͳίϯςϯπͰ͋Δ͜ͱ͕໌ͯ͠ɼূݕ

࿏มߋΛߦΘͳ͍ͨΊऀܸ߈ͷԚછ͕ऴΘΔ·Ͱਖ਼͍͠ί

ϯςϯπΛಘΔ͜ͱ͕ग़དྷͳ͍͕ܽͰ͋Δɽ

4.7 ࡞ಈܸ߈

ຊจ͕ఆ͢ΔڥԼͰͷίϯςϯπԚછܸ߈ʹͭ

͍ͯड़Δɽऀܸ߈Ұൠͷϊʔυதʹࠞ͢ࡏΔͱͱ

ʹɼࣗΛܦ༝ͯ͠సૹ͞ΕΔ DataΛԚછ͢Δɽ·ͨɼ

Ұൠͷϊʔυͱಉ༷ʹίϯςϯπΛऔಘ͢ΔͨΊऀܸ߈

InterestΛૹ৴͢Δɽ

4.8 ڥݧ࣮

ఏҊख๏ͷੑධՁʹ༻͍ͨγϛϡϨʔγϣϯॾݩΛද

1ʹࣔ͢ɽຊධՁͰఏҊख๏ͱൺֱख๏ͷ 2ͭͷύλʔ

ϯͷσʔλܭଌΛ͏ߦɽൺֱख๏ڠௐূݕ݁ূݕՌΛ

ར༻ͨ͠ݕऀܸ߈ߦΘͳ͍ɽऀܸ߈ࣗΛܦ༝ͯ͠

సૹ͞ΕΔ DataΛԚછ͢Δɽࠓճෳͷܸ߈ϊʔυ

Λूதతʹஔܸ͢͠߈Δूதܕͱɼࢄஔܸͯ͢͠߈

ΔܕࢄΛ͑ߟΔɽ

ද 1 γϛϡϨʔγϣϯॾݩ
݅ 

γϛϡϨʔγϣϯؒ࣌ 1000ʙ5000ʢsecʣ

ϊʔυ 16ʙ64ʢʣ

ऀܸ߈ 0ʙ2ʢʣ

ᮢ S 0.3ʙ0.7

ίϯςϯπ 100ʢݸʣ
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ਤ 8 ͷऀܸ߈ Interest ड৴

5. ධՁ݁Ռ

5.1 ͷऀܸ߈ Interestड৴

ਤ 8γϛϡϨʔγϣϯܦաؒ࣌ͱऀܸ߈ͷ Interestड

৴ͷؔΛࣔ͢ɽಉਤ͔Β͔ΔΑ͏ʹɼఏҊख๏Ͱɼ

Ұఆܦ͕ؒ࣌ա͢ΔͱͦΕҎ߱ऀܸ߈ InterestΛड৴

͠ͳ͘ͳΔɽ͜ΕɼఏҊख๏ͷݕऀܸ߈ͱదͳܦ࿏

มߋʹΑΓɼҰൠϊʔυ InterestΛ҆શͳܦ࿏Ͱసૹ͢

Δ͜ͱʹΑΓɼ҆શͳίϯςϯπΛಘΔ͜ͱ͕Ͱ͖ͨͨΊ

Ͱ͋Δɽ

5.2 ճূݕ

IPΛ༻͍ͨূݕͰಘΒΕͨίϯςϯπΛΩϟογϡώο

τ࣌ʹଞϊʔυʹసૹͨ͠ࡍͷূݕলུޮՌΛධՁ͢Δɽ
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ਤ 9 ճূݕ (୯Ұऀܸ߈)

ਤ 9ͷ݁Ռ͔ΒఏҊख๏ͷূݕճൺֱख๏ͷ 55%

ʹԼ͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͜ΕɼఏҊख๏ͷશূݕ

ͷ 90%ڠௐূݕͰ࣮͞ࢪΕͨ͜ͱʹΑΔɽ

5.3 ϗοϓۉཁͨ͠ฏʹূݕ

IPΛ༻͍ͨূݕ࣮֬ʹίϯςϯπͷਅਖ਼ੑΛ֬ೝͰ

͖Δ͜ͱ͕େ͖ͳརͰ͋Δ͕ɼϓϩόΠμͱϊʔυؒͷ

ཁ͢Δϗοϓ૿Ճ͠Φʔόʹূݕ͕ΕΔ΄Ͳɼڑ

ϔου૿Ճ͢Δɽ͔͠͠ɼఏҊख๏ͷڠௐূݕͰɼί

ϯςϯπཁٻϊʔυͷपลϊʔυͷΩϟογϡΛར༻͢Δ

͜ͱͰ࠷ڑͰ͋Δ 2 ϗοϓͷূݕΛ͓͜ͳ͏ɽຊઅ

ͰɼఏҊख๏ϊʔυΛ༷ʑʹมԽͤͨ͞τϙϩδʹ

͓͍ͯɼڠௐূݕΛগͳ͍ϗοϓͰ࣮ࢪͰ͖Δ͔ΛධՁ

͢Δɽ

ද 2ʹࣔ͢Α͏ʹɼఏҊख๏ͷ࣌ূݕͷϗοϓ 2.7ʙ

2.8Ͱ͋Γɼൺֱख๏ 3.8ʙ4ϗοϓͰ͋Δ͜ͱ͕ͦΕͧ

ΕΘ͔Δɽ

ද 2 ख๏ผͷ࣌ূݕͷϗοϓ
ϊʔυ ఏҊख๏ʢhopʣ ൺֱख๏ʢhopʣ

16 2.78 3.40

25 2.76 3.98

36 2.72 3.89

49 2.73 3.88

564 2.71 3.82

ఏҊख๏Ͱɼϊʔυͷ૿Ճʹ͔͔ΘΒͣɼ΄ͱΜͲ

ͷ͕ূݕਤ 10ͷܦ࿏ 1©ͷΑ͏ʹ 2ϗοϓͰͷڠௐূݕʹ

ΑͬͯߦΘΕ͍ͯΔͨΊগͳ͍ϗοϓͱͳΔɽ͜͜Ͱɼ

ͷϗοϓ͕ࡍ࣮ 2ϗοϓΑΓେ͖͘ͳͬͨͷɼগͳ͍

ճͳ͕Β IPʹΑΔൃ͕ূݕੜ͠ܦ࿏ 2©ͷΑ͏ͳܦ࿏Ͱ
ΘΕͨͨΊͰ͋Δɽߦ͕ূݕ

①

②

②
①

②

②

ਤ 10 ख๏ʹΑΔϗοϓ

ͯ͞ɼൺֱख๏ʹ͓͍ͯϢʔβ 2ϗοϓҎ্ઌʹଘࡏ

͢ΔϓϩόΠμͱͷΈূݕΛ͓͜ͳ͏ͨΊɼϊʔυ͕૿

͑ͨ߹ɼఏҊख๏ΑΓେ෯ʹϗοϓେ͖͘ͳΔɽ͠

͔͠ɼൺֱख๏Ͱϊʔυ͕૿Ճͨ͠߹Ͱɼূݕʹ

ཁͨ͠ϗοϓมԽ͠ͳ͍͜ͱΘ͔Δɽ

͜ΕӅΕʹΑͬͯϊʔυͷίϯςϯπऔ

ಘ͕ஶ͘͠Լ͠ɼʹ͓͍ͯࣗূݕମ͕΄ͱΜͲൃ

ੜ͠ͳ͍ͨΊͰ͋Δɽ
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ਤ 11 ϊʔυผίϯςϯπऔಘ

ਤ 11͔ΒɼఏҊख๏ͱൺֱख๏ͱʹɼϓϩόΠμ͔

ΒΕͨॴʹҐஔ͢Δϊʔυͷίϯςϯπऔಘ͕ஶ͠

͘Լ͍ͯ͠Δ͜ͱ͕Θ͔ΔɽΑͬͯMANET-NDNԼͰ

ɼӅΕʹΑΔίϯςϯπূݕύέοτͷিಥ

ʹΑͬͯϊʔυͷૹޮ͕ஶ͘͠Լ͢ΔͨΊɼ

ӅΕΛղܾ͢Δ੍ޚख๏ͷ࣮ඞཁͰ͋Δ͜ͱ

͕Θ͔Δɽ
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5.4 ड৴ίϯςϯπͱΩϟογϡώοτ

ਤ 12ʹ૯ड৴ίϯςϯπͱɼͦͷ͏ͪΩϟογϡ͔

Βฦૹ͞ΕͨΛࣔ͢ɽ
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ਤ 12 ίϯςϯπड৴ (୯Ұऀܸ߈)

ಉਤʹࣔ݁͢ՌΑΓɼఏҊख๏ܸ߈ԼͰ͋ͬͯΩϟο

γϡώοτ 15%ͱͳΔ͜ͱɼίϯςϯπͷऔಘྔ

ൺֱख๏ͷ 2ഒͷ 180ίϯςϯπͱͳΔ͜ͱ͕Θ͔Δɽ͠

͔͠ɼಉਤʹࣔ͢Α͏ʹൺֱख๏Ͱίϯςϯπͷऔಘྔ

࠷େ 80ίϯςϯπ΄ͲʹͳΓɼΩϟογϡώοτ΄

΅ൃੜ͠ͳ͍͜ͱ͕Θ͔Δɽ

ਤ 9ɼ12͔ΒɼఏҊख๏গͳ͍ূݕճͰίϯςϯπ

औಘͱΩϟογϡར༻Λ্ͤ͞Δ͜ͱ͕Θ͔Δɽ

ఏҊख๏Ͱɼίϯςϯπऔಘ࣌ʹपลϊʔυʹϥϯμ

ϜʹূݕཁٻΛ͓͜ͳ͏ɽ͔͠͠ɼࣗΑΓԼྲྀʹҐஔ

͢Δϊʔυʹରͯ͠ূݕΛґཔͨ͠߹ɼΩϟογϡ͕ͳ

͍ͨΊʹূݕͰ͖ͳ͍Մੑ͕͍ߴɽͦͷͨΊɼ͕ࣗݕ

ূΛґཔ͢ΔίϯςϯπͷΩϟογϡΛอ͍ͯ࣋͠Δ֬

Λґཔ͢ΔΞϧূݕΑΓ্ྲྀͷϊʔυʹର͍ͯࣗ͠ߴ͕

ΰϦζϜͷ࣮͕ඞཁͱͳΔɽ

5.5 ड৴ίϯςϯπͷਓؾ

͜͜·ͰɼఏҊख๏ޮతͳূݕͱܸ߈ͷݕʹΑ

Γɼܸ߈Լʹ͓͍ͯίϯςϯπͷޮతͳૹ͕ՄͰ

͋Δ͜ͱΛࣔͨ͠ɽ͔͠͠ɼఏҊख๏ʹূݕґཔΛड͚

ͨϊʔυͷΩϟογϡͷ֘ίϯςϯπͷ༗ແʹΑͬͯί

ϯςϯπͷऔಘޮ͕มԽ͢Δͱ͑ߟΒΕΔɽ
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ਤ 13 ਓؾผίϯςϯπऔಘྔ

ਤ 13ূݕͷ݁Ռਖ਼͍͠ίϯςϯπͱͯ͠ఆ͞Εͨ

ίϯςϯπͷਓؾͰ͋ΔɽͲͪΒ Zipfଇʹଇͬ

ͨίϯςϯπͱͳ͍ͬͯΔ͕ɼఏҊख๏ͷํ͕Βͭ

͖ଟ͘ɼਓؾͷ͍ίϯςϯπͷऔಘ͕͍݁Ռʹ

ͳͬͨɽ

6. ͓ΘΓʹ

ຊߘͰɼMANETڥʹ NDNΛద༻ͨ͠MANET-

NDNʹ͓͍ͯɼίϯςϯπԚછܸ߈ʹର͠৽ͨͳରࡦख๏

ΛఏҊͨ͠ɽఏҊख๏֤ϊʔυ͕पลͱࣗࢄతʹڠ

ௐ͠ίϯςϯπͷਅਖ਼ੑ֬ೝΛ͜͏ߦͱͰূݕΦʔόϔο

υΛ͠ݮɼίϯςϯπԚછܸ߈ԼͰ҆શͳ௨৴͕Ͱ͖

Δ͜ͱΛࣔͨ͠ɽ
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