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ཤྺʹ͍ͨͮجίϯςϯπཁٻ༧ଌʹΑΔ
ઌߦΩϟογϡ഑৴ख๏ͷఏҊ

ຊࢁ ਅ༝1,a) ॏ҆ ఩໵1,b)

֓ཁɿCCN Ͱ͸ɼΠϯωοτϫʔΫΩϟογϡͷώοτ཰Λ্͢޲Δ͜ͱʹΑΓେ෯ʹωοτϫʔΫτϥ

ϑΟοΫΛܰ͢ݮΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ͳ͕Βɼैདྷͷ CCN Ͱ͸ɼΩϟογϡ༰ྔ͕༗ݶͰ͋ΔͨΊ

ʹɼҰ౓͔͠ࢀর͞Εͳ͍ one-timer ͷΩϟογϡ͕ਓؾίϯςϯπΛΩϟογϡ͔ΒΦʔόϑϩʔͤ͞

ͯ͠·͏͜ͱͰΩϟογϡώοτ཰͕௿Լ͢Δ໰୊͕ࢦఠ͞Ε͍ͯͨɽͦ͜ͰɼຊڀݚͰ͸ɼone-timer ͷ

ӨڹʹΑΒͣʹɼޮՌతͳΩϟογϡώοτ཰Λ࣮͢ݱΔͨΊʹɼίϯςϯπͷཁٻ༧ଌʹ͍ͯͮجதؒ

ϧʔλʹΩϟογϡΛઌߦ഑৴͢Δख๏ΛఏҊ͢Δɽ

A proposal for preceding cache delivery
according to future forecast of Interest

Mayu Yamamoto1,a) Shigeyasu Tetsuya1,b)

Abstract: CCN can mitigate the network traffic by improving the cache hit ratio. The CCN, however,
degrades its performance if the one-timers are requested frequently and the one-timer kicks out popular con-
tents. Hence, in this paper, we propose to preceding cache delivery on CCN, according to the future forecast
on contents acquisition request.

1. ͸͡Ίʹ

ैདྷͷΠϯλʔωοτͷ௨৴ܗଶ͸ IP ΞυϨεΛ༻͍

ͯ௨৴૬खΛࢦఆ͠ɼʮͩΕʯ΋͘͠͸ʮͲ͜ʯͱ௨৴͢

Δ͔Λҙࣝͨ͠ϗετ޲ࢦͳωοτϫʔΫͰ͋ͬͨɽ͔͠

͠ɼۙ೥ͷ৘ใ௨৴ٕज़ͷ͞ΒͳΔൃలʹ൐͍ɼεϚʔτ

ϑΥϯ΍λϒϨοτܕ୺຤ͷීٴ཰͕͠૿ٸ [1]ɼଟ͘ͷਓ

͕ΠϯλʔωοτΛ௨ͯ͡؆୯ʹ৘ใΛಘΔ͜ͱ͕Ͱ͖Δ

Α͏ʹͳͬͨɽͦͷͨΊɼωοτϫʔΫ্ͷτϥϑΟοΫ

ྔ͸രൃతʹ૿Ճ͠ɼ͞ΒʹɼϢʔβ͕ίϯςϯπΛϦΫ

Τετ͔ͯ͠Β͜ΕΛಘΔ·Ͱͷؒ࣌ʢRTTɿRound-Trip

Timeʣ΋૿Ճ͢Δ޲܏ʹ͋Δɽ͜ͷΑ͏ʹɼैདྷͷ௨৴ܗ

ଶͰ͸ίϯςϯπΛऔಘ͢ΔͨΊʹɼෳ਺ͷϢʔβ͔Βͷ

ΞΫηε͕୯Ұͷαʔόʹूத͢ΔͨΊɼ᫔᫓͕ൃੜ͢Δ
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͜ͱͰɼωοτϫʔΫʹେ͖ͳෛՙ͕͔͔Γ༷ʑͳ໰୊͕

ൃੜͯ͠͠·͏ɽ

ͱ͜ΖͰɼϢʔβ͸Ͳ͔͜ΒίϯςϯπΛಘΔ͔ʹ͍ͭ

ͯͷڵຯ͸ͳ͘ɼཁͨ͠ٻίϯςϯπΛਝ଎ʹಘΔ͜ͱ

ʹ͍ͭͯͷΈ͕ࠓ೔Ͱ͸ॏཁͱͳ͍ͬͯΔɽͦ͜Ͱɼݱ

ଶ͸ʮԿʯΛऔಘ͢Δ͔ΛҙࣝܗɼωοτϫʔΫͷ௨৴ࡏ

ͨ͠ίϯςϯπ޲ࢦͳωοτϫʔΫ΁ͱมԽ͢Δ͜ͱ͕

༧૝͞Ε͓ͯΓɼͦͷ୅දతͳϓϩδΣΫτͱͯ͠ CCN

ʢContent-Centric Networkʣ͕஫໨ΛूΊ͍ͯΔ [2] [3]ɽ

CCN Ͱ͸ɼίϯςϯπ໊Λࣝผࢠͱͯ͠௨৴͕ߦΘΕ

Δɽ·ͨɼCCN ʹ͓͚ΔωοτϫʔΫ্ͷதܧϧʔλͰ

͋ΔίϯςϯπϧʔλʢCRʣͰ͸ɼϢʔβ͔Βཁ͞ٻΕͨ

ίϯςϯπΛड৴͢ΔͱɼͦΕΛࣗ਎ͷόοϑΝʹΩϟο

γϡ͠ɼԼྲྀ CR ΋͘͠͸Ϣʔβ΁ͱసૹ͢Δɽωοτ

ϫʔΫதͷෳ਺ͷ CR ͕ίϯςϯπΛΩϟογϡ͢Δ͜ͱ

ͰɼকདྷଞͷϢʔβ͔Βಉ͡ίϯςϯπʹର͢ΔϦΫΤε

τ͕͋ͬͨࡍʹɼαʔόΑΓ΋ωοτϫʔΫతʹ͍ۙ CR

ͷΩϟογϡ͔Βॴ๬ͷίϯςϯπΛಘΔ͜ͱ͕ՄೳͰ
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͋ΔͨΊɼίϯςϯπऔಘؒ࣌Λ୹ॖ͢Δ͜ͱ͕Ͱ͖Δɽ

͜ͷΑ͏ʹ CCN Ͱ͸ɼকདྷͷϦΫΤετʹରͯ͠Ωϟο

γϡΛ࠶ར༻͢Δ͜ͱͰɼωοτϫʔΫશମͷτϥϑΟο

Ϋྔͷݮগ΍ RTT ͷ୹ॖ͕ՄೳͰ͋ΔͳͲɼωοτϫʔ

Ϋෛՙͷେ෯ͳܰظ͕ݮ଴Ͱ͖Δ [4][5]ɽ

ͯ͞ɼωοτϫʔΫ্Ͱ΍ΓऔΓ͞ΕΔίϯςϯπʹ

͸ɼཁٻස౓͕͍ߴਓؾίϯςϯπͱɼཁٻස౓ͷ௿͍ෆ

ਓؾίϯςϯπ͕ଘ͢ࡏΔɽCR ͷΩϟογϡͷଟ͕͘ߴ

ਓؾͳίϯςϯπͰ઎ΊΒΕ͍ͯΕ͹ɼΩϟογϡώοτ

཰͸্͠޲ɼωοτϫʔΫෛՙͷܰޮݮՌ͸͘ߴͳΔɽ͠

͔͠ɼ౰વͷ͜ͱͳ͕ΒɼCR ͷΩϟογϡ༰ྔ͸༗ݶͰ

͋ΔͨΊɼෆਓؾͳίϯςϯπͷΩϟογϡ͕όοϑΝͷ

ଟ͘Λ઎ΊΔͱώοτ཰͸௿Լ͠ɼCCN ͷಋೖʹΑΔτ

ϥϑΟοΫྔ΍ RTT ͷେ෯ͳݮ࡟͸ظ଴Ͱ͖ͳ͍ɽΑͬ

ͯίϯςϯπͷΩϟογϡ͸ɼਓؾ౓Λ೺Ѳ্ͨ͠Ͱద੾

ʹ഑ஔ͢Δ͜ͱ͕ॏཁͱͳΔɽ

ͦ͜ͰຊߘͰ͸ɼίϯςϯπͷཁٻཤྺΛݩʹɼίϯς

ϯπͷਓؾ౓ͷ޲܏Λਪఆ͢Δ͜ͱͰɼকདྷཁ͞ٻΕΔͱ

ΒΕΔίϯςϯπΛઌʹ഑৴͑͠ߟ CR ʹద੾ʹΩϟο

γϡͤ͞Δख๏ΛఏҊ͢Δɽ·ͨɼಉఏҊํ๏Λ༻͍Δ͜

ͱͰɼωοτϫʔΫʹେ͖ͳෛՙΛ༩͑Δ͜ͱͳ͘ɼΩϟο

γϡώοτ཰্͕͢޲Δ͜ͱΛ໌Β͔ʹ͢Δɽ

2. ίϯςϯπܕ޲ࢦωοτϫʔΫ

CCN Ͱ͸ɼਤ 1 ͷΑ͏ʹ 2 छྨͷύέοτΛ༻͍ͯ௨

৴Λ࣮͢ݱΔɽInterest ύέοτ͸ɼϢʔβ͕ίϯςϯπ

Λཁ͢ٻΔͨΊʹ༻͍ΒΕΔύέοτͰɼData ύέοτ

͸Ϣʔβ͔Βཁ͞ٻΕͨίϯςϯπΛ֨ೲ͠ɼϢʔβ΁ૹ

Γฦ͢ύέοτͰ͋Δɽ

͞ΒʹɼCCN ʹ͓͚ΔதܧϧʔλͰ͋Δ CR ͸ɼFIB

(Forwarding Information Base) ɼPIT (Pending Interest

Table)ɼCS (Content Store) ͷ 3 ͭͷσʔλߏ଄ʹΑͬͯ

੒͞ΕΔߏ [6]ɽFIB͸ InterestύέοτͷసૹઌΛܾఆ͢

Δࡍʹ༻͍ΒΕΔϧʔνϯάςʔϒϧͰɼίϯςϯπ໊Ͱ

͋Δ prefix ͱɼͦΕʹରԠ͢Δ Interest ύέοτͷసૹઌ

ΠϯλϑΣʔεʢfaceʣͷ൪߸͕֨ೲ͞Ε͍ͯΔɽInterest

ύέοτ͸ FIB Λࢀর͢Δ͜ͱͰϓϩόΠμ·Ͱίϯς

ϯπཁٻΛಧ͚Δ͜ͱ͕ՄೳͱͳΔɽPIT ͸ Interest ύ

έοτ͕Ͳ͔͜Β౸ண͔ͨ͠Λه࿥͢ΔςʔϒϧͰɼ౸ண

ͨ͠ Interest ύέοτͷ prefix ͱɼύέοτͷసૹݩ face

൪߸͕֨ೲ͞Ε͍ͯΔɽData ύέοτͷฦૹ࣌͸ PIT Λ

র͢Δ͜ͱͰίϯςϯπΛϢʔβ·Ͱ഑ૹ͢ΔɽCSࢀ ͸

CR Λ௨աͨ͠ Data ύέοτΛΩϟογϡ͢ΔϝϞϦ

ͰɼData ύέοτͷ prefix ͱɼͦΕʹରԠ͢Δίϯςϯ

πσʔλ͕֨ೲ͞Ε͍ͯΔɽ

2.1 CCN ͷಈ֓࡞ཁ

ҎԼͰ͸ɼCCN ʹ͓͚Δίϯςϯπͷཁٻͱऔಘͷج

Interest Packet Data Packet

Content Name

Selector
(order preference, scope, ...)

Nonce

Signature
(digest algorithm, witness, ...)

Signed Info
(publisher ID, stale time, ...)

Data

Content Name

ਤ 1 CCN ʹ͓͚Δ Interest ύέοτͱ Data ύέοτͷϑϨʔ

ϜϑΥʔϚοτ

ຊతͳಈ࡞ʹ͍ͭͯड़΂Δɽ

CR͸ InterestύέοτΛड৴͢Δͱɼࣗ ਎ͷ CSɼPITɼ

FIB ΛॱʹͦΕͧΕࢀর͢Δʢਤ 2 রʣɽ͜͜ͰɼCSࢀ ʹ

ཁͨ͠ٻίϯςϯπͱಉ͡ίϯςϯπσʔλ͕Ωϟογϡ

͞Ε͍ͯΔ৔߹ɼInterest ύέοτ͸ϓϩόΠμ·Ͱసૹ

͞ΕͣʹɼCR ͔Βσʔλ͕ฦૹ͞ΕΔɽͦ͏Ͱͳ͍৔߹ɼ

CR ͸ PIT Λࢀর͠ɼ͢Ͱʹ PIT ʹಉ͡ίϯςϯπ໊ͷ

ΤϯτϦ͕͋ͬͨ৔߹͸ face ൪߸ͷΈ௥Ճ͠ɼInterest ύ

έοτ͸࣍ϗοϓ΁సૹͤͣɼഁ͢غΔɽ͔͠͠ɼInterest

ύέοτͷ prefix ͕ PIT ͷΤϯτϦʹͳ͍৔߹ɼCR ͸৽

ͨʹ prefix ͱ face ൪߸Λ֨ೲ͢Δɽͦͯ͠ɼCR ͸ FIB

Λࢀর͠ɼInterest ύέοτͷίϯςϯπ໊ͱ࠷௕Ұக͢

Δ prefix Λ୳ͯ͠సૹํ޲Λܾఆ͠ɼface ൪߸ʹैͬͯ࣍

ͷ CR ΁సૹ͞ΕΔɽInterest ύέοτ͸͜ΕΛ܁Γฦ͢

͜ͱͰϓϩόΠμ·Ͱ౸ୡ͢Δɽ

CS PIT FIB
Interest
 packet

return
 Data

add face number   drop 
Interest

ਤ 2 CCN ʹ͓͚Δ Interest ύέοτͷಈྫ࡞

Interest ύέοτΛड৴ͨ͠ϓϩόΠμ͸ɼରԠ͢Δί

ϯςϯπΛฦ৴͢ΔͨΊʹϢʔβʹ͚ͯ޲ Data ύέοτ

Λૹ৴͢ΔɽData ύέοτΛड৴ͨ͠ CR ͸ PIT Λࢀ

র͠ɼInterest ύέοτ͕సૹ͞Ε͖ͯͨܦ࿏Λٯʹ୧Δ

͜ͱͰ Data ύέοτΛ࣍ͷ CR ΁ͱసૹ͠ɼϢʔβ·Ͱ

ίϯςϯπσʔλΛૹ৴͢Δʢਤ 3 রʣɽPITࢀ ʹ֘౰͢

Δίϯςϯπ໊ͷ face ൪߸͕ෳ਺͋ͬͨ৔߹͸ɼData ύ

έοτΛෳ੡͠ɼૹ৴͢Δɽ͜ͷͱ͖ɼ Data ύέοτ͸

CS ʹίϯςϯπσʔλΛ֨ೲ͠ɼࢀরͨ͠ PIT ͷΤϯτ

Ϧ͸࡟আ͢Δɽ

΋͠ɼଞͷϢʔβ͕ಉ͡ prefix Λͭ࣋ Interest ύέοτ

Λૹ৴ͨ͠ͱͯ͠΋ɼ్தͷ CR ͷ CS ಺ʹΩϟογϡ͕
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CS

PIT  Data
packetcache

drop 
Data

ਤ 3 CCN ʹ͓͚Δ Data ύέοτͷಈྫ࡞

͋Ε͹ɼ͔ͦ͜ΒίϯςϯπσʔλΛฦ͢͜ͱ͕Ͱ͖Δɽ

͜ͷΑ͏ʹɼΩϟογϡ͕͋Ε͹ϓϩόΠμ·Ͱ Interest

ύέοτΛૹ৴͠ͳͯ͘΋ίϯςϯπσʔλΛಘΔ͜ͱ͕

Ͱ͖ΔɽͦͷͨΊɼωοτϫʔΫ಺ͷύέοτ਺ΛݮΒ͢

͜ͱ͕Ͱ͖ɼ͞Βʹɼίϯςϯπͷऔಘؒ࣌΋୹ॖ͢Δ͜

ͱ͕ՄೳͳͨΊɼωοτϫʔΫͷෛՙΛܰ͢ݮΔ͜ͱ͕Ͱ

͖Δɽ

3. ఏҊํࣜ

ίϯςϯπܕ޲ࢦωοτϫʔΫͰ͸ɼϢʔβ͔Βͷίϯ

ςϯπཁٻͱϓϩόΠμ͔Βૹ৴͞ΕΔίϯςϯπ͕ૺ۰

͢ΔϥϯσϒʔϙΠϯτΛωοτϫʔΫ͕ఏ͢ڙΔͱ͍ͬ

ͨɼϥϯσϒʔܕ௨৴͕ߦΘΕ͓ͯΓɼͦΕΛ࣮ͨ͠ݱϞ

σϧͱͯ͠ Pub/Sub γεςϜ͕͋Δ [7] [8]ɽPub/Sub γ

εςϜͰ͸ɼPublisher ͱݺ͹ΕΔίϯςϯπΛੜ੒ɾఏ

ΔଆͱɼSubscriber͢ڙ ͱݺ͹ΕΔίϯςϯπΛड৴͢Δ

ଆ͕͋Γɼ྆ऀ͸ඇಉظతͰ͋Δ͜ͱ͕ಛ௃Ͱ͋Δɽͭ

·ΓɼPublisher ͸ωοτϫʔΫதʹίϯςϯπΛ͢ࠂ޿

Δ͕ɼ୭͕ Subscriber ͰɼͲΕ͙Β͍ͷίϯςϯπΛར

༻͍ͯ͠Δ͔஌Βͳ͍γεςϜͰ͋Δͱ͍͑Δɽ͔͠͠ɼ

Pub/SubγεςϜ͸ίϯςϯπͷਓؾ౓ʹΑΒͣίϯςϯ

πΛఏ͢ڙΔͨΊɼޮ཰తͳίϯςϯπఏ͋ڙΔ͍͸ωο

τϫʔΫόοϑΝར༻ͱ͸͍͑ͳ͍ɽͦͷͨΊɼޮ཰ͷΑ

͍ίϯςϯπ഑ஔʹ͢Δʹ͸ɼਓؾ౓ʹ͹Β͖͕ͭ͋Δί

ϯςϯπͷ͏ͪɼͲͷίϯςϯπͷਓ͔͍ߴ͕ؾΛ೺Ѳ͢

Δ͜ͱ͕ඞཁͱͳΔɽ·ͨɼߴਓؾͳίϯςϯπͷΩϟο

γϡΛωοτϫʔΫதʹద੾ʹ഑ஔ͢Δඞཁ͕͋Δɽ

ͦ͜ͰຊߘͰ͸ɼPub/Sub γεςϜΛߟࢀʹɼΩϟο

γϡώοτ཰ͷ͞ΒͳΔ্޲ͱɼωοτϫʔΫʹ͓͚Δί

ϯςϯπͷਓؾ౓ʹ͍ͨͮجɼޮ཰ͷΑ͍ίϯςϯπ഑

ஔΛ࣮͢ݱΔͨΊʹɼϢʔβʹ௚઀ྡ઀͢ΔΤοδϧʔ

λʢERʣ͕഑ԼͷϢʔβ͔ΒͷίϯςϯπཁٻཤྺΛه࿥

͠ɼͦΕΒͷཤྺΛࣗ਎ͷ CS தͷΩϟογϡঢ়گͱซͤ

ͯϓϩόΠμ΁ report ύέοτͱͯ͠ૹ৴͢Δख๏Λఏ

Ҋ͢Δɽ

ఏҊํࣜͰ͸ɼΦϦδφϧίϯςϯπΛอ༗͢Δϓϩό

Πμ͸શͯͷ ER ͔Βͷ report ύέοτͷ৘ใΛ౷߹͠ɼ

ͦͷ৘ใΛݩʹωοτϫʔΫશମͷίϯςϯπͷ࢑ఆਓؾ

౓Λࢉग़͢Δɽ࣍ʹɼ֤ ER ͝ͱͷ CS ͷঢ়گͱ͜ͷ࢑ఆ

ਓؾ౓ͷ্ҐίϯςϯπϦετΛൺֱ͠ɼਓؾ౓͕͍ߴʹ

΋ؔΘΒͣ ER ಺ͷ CS ʹΩϟογϡ͞Ε͍ͯͳ͍ίϯς

ϯπ͕͋Ε͹ɼͦͷίϯςϯπΛ౰֘ ER ʹରͯ͠ઌߦ഑

৴͠ɼCS ʹΩϟογϡ͢Δɽ

3.1 ઌߦ഑৴੍ޚ

ఏҊํࣜʹ͓͚Δίϯςϯπͷૹड৴͸ɼCCN ಉ༷ɼ

Interest ύέοτͱ Data ύέοτͷ 2 छྨͷύέοτΛ

ΔɽҎԼͰ͸ɼఏҊํࣜʹ͓͚Δ௨ৗͷ͢ࢪ࣮͍ͯ༺ CCN

ͱҟͳΔ Interest ύέοτͷड৴ཤྺͷه࿥΍ɼreport ύ

έοτͷૹ৴ɼίϯςϯπͷਓؾ౓ͷࢉग़ͱઌߦ഑৴੍ޚ

ʹ͍ͭͯड़΂Δɽ

3.1.1 Interest ύέοτड৴ཤྺͷه࿥

ड़΂ͨΑ͏ʹɼఏҊํࣜͰ͸ʹط ER ͕഑ԼͷϢʔβ͔

Βͷ Interest ύέοτΛड৴ͨ͠ࡍʹɼཁ͞ٻΕͨίϯς

ϯπ໊ʢprefixʣͷස౓Λཤྺͱͯ͠ه࿥͢Δʢਤ 4 ࢀ(1)

রʣɽ͜͜Ͱɼड৴ͨ͠ Interest ύέοτʹ͞ࡌهΕΔί

ϯςϯπ໊͕ཤྺʹొ࿥͞Ε͍ͯͳ͍৔߹͸ίϯςϯπ໊

ͱड৴ճ਺ 1 Λه࿥͠ɼ͢Ͱʹಉ͡ίϯςϯπ໊ͷΤϯτ

Ϧ͕ଘ͢ࡏΔ৔߹͸ɼड৴ճ਺Λ 1 ͭ૿Ճ͢Δɽ

User ER

Provider

(1) record 
     request history

(2) send report

/host0/0 2

History

/host0/0 ***

CS

###/host0/1

/host0/0
1
1

/host0/1

History
p
/host0/0

###
***

/host0/1

CS

(3) preceding delivery

ਤ 4 ఏҊํࣜʹ͓͚ΔҰ࿈ͷಈྫ࡞

͜͜ͰɼఏҊํࣜʹ͓͚Δ ER ͷ൑ผํ๏Λਤ 5ʹࣔ

͢ɽಉਤʹࣔ͢Α͏ʹɼఏҊํࣜͰ͸ Interest ύέοτʹ

Hop CounterΛࣔ͢ϑΟʔϧυΛ௥Ճ͠ ʢͨਤ রʣɽಉࢀ6

ϑΟʔϧυ͸ɼͦͷ Interest ύέοτ͕ CR ؒΛసૹ͞Ε

Δͨͼʹ஋͕ 1 ૿Ճ͢Δɽ͜͜Ͱɼ೚ҙͷ CR ͕ Interest

ύέοτΛड৴ͨ͠ࡍʹͦͷύέοτʹ͞ࡌهΕ͍ͯΔ

Hop Counter ͷ஋͕ 1 Ͱ͋ͬͨ৔߹ɼࣗ਎ͷ edge flag Λ

True ͱ͠ɼͦ͏Ͱͳ͍৔߹͸ False ͱ͢Δɽedge flag ͕

True ͷ৔߹ɼCR ͸ࣗ਎͕ ER Ͱ͋Δͱ൑அ͢Δɽɹ

3.1.2 report ύέοτͷૹ৴ͱίϯςϯπͷਓؾ౓ͷ

ग़ࢉ

ίϯςϯπૹड৴ͷ࣮͕ࢪ։࢝͞ΕͨޙɼҰఆܦؒ࣌
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User ER

Interest
 packet

Hop Counter
        +1

Hop Counter
        +1

Hop Counter
        +1

Hop Counter
        +1

#of Hop #of Hops #of Hops #of Hops
1 432

ਤ 5 ఏҊํࣜʹ͓͚Δ ER ͷ൑ผํ๏

Interest Packet Data Packet

Content Name

Selector
(oeder preference, scope, ...)

Nonce

Signature
(digest algorithm, witness, ...)

Signed Info
(publisher ID, stale time, ...)

Data

Content Name

Hop Counter

ਤ 6 ఏҊํࣜʹ͓͚Δ Interest ύέοτͱ Data ύέοτͷϑ

ϨʔϜϑΥʔϚοτ

ա͢ΔͱɼωοτϫʔΫશମͷίϯςϯπͷਓؾ౓Λใ

ΔͨΊʹɼER͢ࠂ ͸ϓϩόΠμ΁ report ύέοτΛૹ

৴͢Δʢਤ 4 রʣɽ͜͜Ͱɼreportࢀ(2) ύέοτ͸ɼ͜

ΕΛૹ৴ͨ͠ ER ʹ͓͚Δ Interest ύέοτͷड৴ཤྺ

ͱɼCS ಺ͷίϯςϯπͷΩϟογϡ৘ใΛซͤͭ࣋ύ

έοτͰ͋Δɽreport ύέοτ͸ɼωοτϫʔΫΦϖϨʔ

λʹΑΓઃఆ͞ΕͨҰఆͷؒ࣌͝ͱʹૹ৴͞ΕΔ͜ͱͱ

͠ɼຖճɼER ͷঢ়࠷͍ͯͮجʹگ৽ͷ৘ใΛૹ৴͢Δ΋

ͷͱ͢Δɽ͜͜Ͱɼreport ύέοτதͷ Interest ड৴ཤ

ྺ͸Ͳͷίϯςϯπͷਓؾ౓͕͍ߴͷ͔Λਪఆ͢ΔͨΊ

ʹɼ·ͨɼCS ͷΩϟογϡঢ়گ͸ઌߦ഑৴ίϯςϯπΛ

ͲΕʹ͢Δ͔Λܾఆ͢ΔͨΊͷ৘ใͱͯ͠ϓϩόΠμ΁

ૹ৴͢Δɽ·ͨɼreport ύέοτ͸ίϯςϯπΛཁ͢ٻ

Δ Interest ύέοτͱಉ͡ϑϨʔϜϑΥʔϚοτΛ༻͍

Δ͜ͱͱͨ͠ɽͦͷͨΊɼຊདྷͷ Interest ύέοτͱɼຊ

ఏҊํࣜʹ͓͚Δ report ύέοτΛͦΕͧΕ۠ผ͢Δͨ

ΊʹɼInterest ύέοτ͸ /host0/Contentsi ͱ͠ɼreport

ύέοτ͸ /host0/report/ERj ͱͨ͠ɽ

௨ৗɼInterest ύέοτΛड৴ͨ͠ϓϩόΠμ͸ͦΕʹ

ର͢ΔίϯςϯπΛฦͨ͢Ίʹ Data ύέοτΛૹ৴͢Δ

͕ɼreport ύέοτ͸Ͳͷίϯςϯπ͕ਓؾͰ͋Δ͔Λใ

ΔͨΊͷύέοτͰ͋ΔͨΊɼ͢ࠂ Data ύέοτ͸ૹ৴

͠ͳ͍͜ͱͱͨ͠ɽ

ͯ͞ɼϓϩόΠμ͸֤ ER ͔Β report ύέοτΛड৴

͢ΔͱɼͦΕΒͷ৘ใΛ౷߹͠ɼਓؾ౓ॱϦετΛ࡞੒͢

Δʢਤ 7 রʣɽ͜ͷΑ͏ʹ͢Δ͜ͱͰωοτϫʔΫશମࢀ

ͷίϯςϯπͷਓؾ౓Λ೺Ѳ͢Δɽ

3.1.3 ഑৴ߦίϯςϯπͷઌؾਓߴ

ϓϩόΠμ͸ू໿ͨ͠ report ύέοτΛࢉʹݩग़ͨ͠

ίϯςϯπͷਓؾ౓ͱɼreport ύέοτͷૹ৴ݩ ER ͝ͱ

ͷ CS ͷΩϟογϡঢ়گΛൺֱ͢Δɽ͜ͷͱ͖ɼࢉग़ͨ͠

ίϯςϯπͷਓؾॱҐͷ͏ͪɼ্Ґ K ൪໨ͷਓؾίϯς

ϯπͷதͰ֤ ER ͕ CS தʹอ͍ͯ࣋͠ͳ͍ίϯςϯπ͕

͋Ε͹ɼͦͷ ER ʹରͯͦ͠ͷίϯςϯπΛઌߦ഑৴͢Δ

ʢਤ 4 রʣɽ͜͜ͰɼύϥϝʔλKࢀ(3) ͸ CR ͷόοϑΝ

ྔΛ;·͑ɼωοτϫʔΫΦϖϨʔλ͕ผ్ܾΊΔ஋ͱ͢

Δɽߴਓؾίϯςϯπͱ CS ͷΩϟογϡঢ়گͷൺֱ͕ऴ

ྃ͢Δͱɼઌߦ഑৴ύέοτ͸֤ ER ʹૹ৴͞ΕΔͱͱ΋

ʹɼίϯςϯπ͕ CS ʹΩϟογϡ͞ΕΔɽ

ER Provider

(2) send report

id

fr
e
q
u
e
n
cy

fr
e
q
u
e
n
cy

Sort

Top K

rank

ਤ 7 ఏҊํࣜʹ͓͚ΔϓϩόΠμͷ report ύέοτड৴ޙͷಈ࡞

Πϝʔδ

4. ੑೳධՁ

ఏҊํࣜͷੑೳධՁΛ͏ߦɽੑೳධՁʹ༻͍ͨωοτ

ϫʔΫτϙϩδ͸ਤ 8ʹɼγϛϡϨʔγϣϯॾݩ͸ද 1 ʹ

ͦΕͧΕࣔ͢ɽಉਤʹࣔ͢Α͏ʹɼϊʔυ 0 ΛϓϩόΠ

μɼϊʔυ 4, 5, 6 ΛϢʔβͱ͠ɼreport ύέοτͷૹ৴΍

ઌߦ഑৴ύέοτͷड৴Λ͏ߦ ER ͸ϊʔυ 2, 3 ͱͨ͠ɽ

͜͜ͰɼఏҊํࣜʹ͓͚ΔϢʔβ͸ɼෳ਺ͷϢʔβ͔Β

͸ؒ࣌ͱఆٛ͢ΔɽγϛϡϨʔγϣϯ܈੒͞ΕΔϢʔβߏ

1,000 ඵͱ͠ɼreport ύέοτ͸γϛϡϨʔγϣϯ։࢝ 5

ඵ͔ޙΒ 5 ඵຖʹૹ৴͞ΕΔΑ͏ઃఆͨ͠ɽ·ͨɼઌߦ഑

৴͢Δίϯςϯπͷ਺ K ͸ɼ 0 ͔Β CS ͷ্ݶͷαΠζ

Ͱ͋Δ 20 ·Ͱ 5 ͣͭมԽͤͨ͞ɽͳ͓ɼγϛϡϨʔγϣ

ϯͷߦࢼճ਺͸ 100 ճͱͨ͠ɽ

ද 1 γϛϡϨʔγϣϯॾݩ
Parameter Value

૯γϛϡϨʔγϣϯؒ࣌ 1,000 sec

૯ίϯςϯπ਺ 1,000

Interest ύέοτੜ੒ִؒ 10 pkt/sec

report ૹ৴ؒ࣌ t 5 sec

CS αΠζ 20 contents

ϧʔλ਺ 7

ઌߦ഑৴͢Δίϯςϯπ਺ K 0, 5, 10, 15, 20

Ωϟογϡ؅ཧख๏ FIFO

͜͜ͰɼγϛϡϨʔγϣϯ࣌ͷ Interest ύέοτͷൃੜ
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01
2

3

Usergroup 4

ER

CR Provider
Usergroup 5

Usergroup 6

...

...

...

ਤ 8 ఏҊํࣜʹ͓͚ΔωοτϫʔΫτϙϩδ

͸ɼࣜ (1) ʹࣔ͢ Zipf ͷ๏ଇʹΑΔ΋ͷͱͨ͠ [9] ɽಉࣜ

தͷ N ͸૯ίϯςϯπ਺ɼਓؾ౓෼෍ͷภΓΛࣔ͢ α ͸

0.7 ͱͨ͠ɽ

f(i;α, N) =
1
iα∑N

n=1
1
nα

(1)

4.1 Ωϟογϡώοτ཰ʹର͢ΔධՁ

ਤ 9 ʹίϯςϯπઌߦ഑৴਺ΛมԽͤͨ͞৔߹ͷΩϟο

γϡώοτ཰Λࣔ͢ɽಉਤΑΓɼίϯςϯπ͕ઌߦ഑৴͞

Εͳ͍ K = 0 ͱɼઌߦ഑৴͞ΕΔ K = 5 ∼ 20 ͷ஋Λൺֱ

͢ΔͱɼΩϟογϡώοτ཰͕Θ͔ͣͰ͋Δ্͕͢޲Δ͜

ͱ͕֬ೝͰ͖Δɽ͜͜Ͱɼϊʔυ 6 ͷΩϟογϡώοτ཰

ͱϊʔυ 4, 5 ͷΩϟογϡώοτ཰ʹ͸େ͖ͳ͕ࠩੜͯ͡

͍Δɽ͜Ε͸ɼER ഑ԼͷϢʔβ਺͕͍ؔͯ͠܎Δͱ͑ߟ

ΒΕΔɽϊʔυ 6 ͷΑ͏ʹ ER ഑ԼͷϢʔβ਺͕ 1 ͭͰ

͸ͳ͘ɼϊʔυ 4, 5 ͷΑ͏ʹ 2 ͭ͋Δ͍͸ෳ਺Ͱ͋Ε͹ɼ

௨ৗͷ Interest ύέοτൃੜ਺΋Ϣʔβ਺͕ 1 ͭͷ৔߹

ͱൺֱͯ͠ 2 ഒҎ্ʹͳΔɽͦͷͨΊɼωοτϫʔΫ಺Ͱ

ਓؾ౓ͷ͍ߴίϯςϯπΛઌߦ഑৴ͯ͠΋௨ৗͷ Interest

ύέοτʹରͯ͠ฦૹ͞ΕΔίϯςϯπ਺͕ଟ͘ͳΓɼ݁

Ռͱͯ͠ઌߦ഑৴ύέοτ͕ ER ͷ CS ͔ΒΩϡʔΞ΢τ

ͤ͞ΒΕΔ֬཰͕͘ߴͳΓɼಉਤͷΑ͏ͳΩϟογϡώο

τ཰ͷ৳ͼ೰Έ͕ൃੜͨ͠ͱ͑ߟΒΕΔɽ

4.2 όοϑΝΛ෼͚ͯ؅ཧͨ͠৔߹ͷධՁ

લઅʹ͓͚ΔධՁͰ͸ఏҊํࣜΛద༻͢Δ͜ͱͰɼਓؾ

౓ʹԠͨ͡ίϯςϯπͷઌߦ഑৴Λͨͬߦʹ΋ؔΘΒͣɼ

େ෯ͳΩϟογϡώοτ཰ͷ্޲Λ֬ೝ͢Δ͜ͱ͕Ͱ͖

ͳ͔ͬͨɽ͜ͷݪҼͱͯ͠͸ɼ௨ৗ഑৴࣌ͷίϯςϯπͷ

Ωϟογϡ͕ߦΘΕ͍ͯΔதͰɼίϯςϯπΛઌߦ഑৴Ͱ

֤ ER ʹΩϟογϡͤͯ͞΋ɼͦΕΒͷઌߦ഑৴Ωϟο

γϡ͕௨ৗͷ Interest / Contents ύέοτ഑৴࣌ͷΩϟο

γϡ௥ՃॲཧʹΑͬͯಉҰόοϑΝͰ؅ཧ͞Ε͍ͯΔ CS

͔ΒΦʔόʔϑϩʔʹΑͬͯɼΩϡʔΞ΢τ͞Εͨ͜ͱ͕

ҰҼͱͯ͑͠ߟΒΕΔɽ

 0.100

 0.105

 0.110

 0.115

 0.120

 0.125

 0.130

 0.135

 0.140

 0.145

 0  5  10  15  20

Ca
ch

e 
hit

 ra
te

Number of advance deliveries of content (K)

node4
node5
node6

ਤ 9 K ʹର͢ΔΩϟογϡώοτ཰ͷมԽ

ͦ͜ͰɼҎԼͰ͸ ERʹ͓͍ͯઌߦ഑৴ύέοτͱ Data

ύέοτΛผʑͷόοϑΝͱͯ͠؅ཧ͢Δ͜ͱͰɼઌߦ഑

৴ύέοτͷෆඞཁͳΩϡʔΞ΢τΛճආ͢Δख๏Λ৽ͨ

ʹಋೖ͢Δɽ

4.2.1 Ωϟογϡώοτ཰ʹର͢ΔධՁ

ਤ 10 ʹ௨ৗͷ Data ύέοτͱઌߦ഑৴ύέοτΛಠ

ཱͨ͠όοϑΝͰΩϟογϡ؅ཧͨ͠৔߹ͷίϯςϯπ

ઌߦ഑৴਺ͷมԽʹର͢ΔΩϟογϡώοτ཰Λࣔ͢ɽͳ

͓ɼγϛϡϨʔγϣϯॾݩ͸ද 1 ͱಉ༷ͱ͠ɼER ʹ͓͚

Δ CS ͷαΠζ͸ɼ20−K ͷΑ͏ʹɼData ύέοτ༻ͷ

CS ͷαΠζͱઌߦ഑৴ύέοτ༻ͷ CS ͷαΠζΛ߹ࢉ

ͯ͠ 20 ͱͳΔΑ͏ઃఆͨ͠ɽ

 0.10

 0.12

 0.14

 0.16

 0.18

 0.20
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 0.26

 0  5  10  15  20

C
ac
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 h

it 
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Number of advance deliveries of content (K)

node4
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ਤ 10 ఏҊํࣜʹ͓͚ΔΩϟογϡώοτ཰ͷมԽ

ಉਤΑΓɼίϯςϯπͷઌߦ഑৴ΛߦΘͳ͍ K = 0 ͷ

஋ͱઌߦ഑৴Λ͏ߦ K = 5 ∼ 20 ͷ஋Λൺֱ͢ΔͱΩϟο

γϡώοτ཰͕େ্͖͍ͯ͘͠޲Δ͜ͱ͕Θ͔Δɽ͞Βʹɼ

ύέοτΛ෼͚ͣʹΩϟογϡ͢Δ৔߹ʢਤ 9 রʣΑΓࢀ

΋͍ߴΩϟογϡώοτ཰͕͑ΒΕΔ͜ͱ͕֬ೝͰ͖Δɽ

4.2.2 ੑೳ্޲཰ʹର͢ΔධՁ

ਤ 11 ʹఏҊํࣜͷΩϟογϡώοτ཰Λίϯςϯπ

ͷઌߦ഑৴ΛߦΘͳ͍ K = 0 ͷͱ͖ͷΩϟογϡώο
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τ཰Ͱਖ਼نԽͨ͠΋ͷΛࣔ͢ɽಉਤ͔Βϊʔυ 4, 5 ͸

60% ∼ 140%ɼϊʔυ 6 ͸ 40% ∼ Δ͜ͱ্͍ͯ͠޲100%

͕Θ͔Δ͜ͱ͔ΒɼఏҊํࣜͷ༗ޮੑ͕֬ೝͰ͖Δɽ
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ਤ 11 ఏҊํࣜʹ͓͚Δੑೳ্޲཰

4.2.3 ίϯςϯπͷઌߦ഑৴ʹΑΔωοτϫʔΫෛՙʹ

ର͢ΔධՁ

ຊߘʹ͓͚ΔఏҊํࣜͰ͸ɼϢʔβ͕ཁͨ͠ٻίϯςϯ

πͷཤྺΛݩʹɼ͍ۙকདྷཁ͞ٻΕΔͱ͑ߟΒΕΔίϯς

ϯπΛ༧ଌͯ͠ ER ʹઌߦ഑৴͢Δ͕ɼ͜ͷख๏ͷಋೖʹ

ΑΓωοτϫʔΫ಺ͷύέοτ਺͸มԽ͢Δɽͦ͜Ͱɼί

ϯςϯπΛઌߦ഑৴͢Δ͜ͱ͕ωοτϫʔΫʹͲͷఔ౓ͷ

ෛՙΛ༩͍͑ͯΔͷ͔ʹ͍ͭͯγϛϡϨʔγϣϯʹΑͬͯ

ධՁͨ͠ɽͳ͓ɼγϛϡϨʔγϣϯॾݩ͸ද 1 ͱಉ͡஋Λ

༻͍ͨɽ

ਤ 12ʹωοτϫʔΫ಺ͷ௨ৗͷ Interest / Dataύέο

τͷ਺ͱ report / ઌߦ഑৴ύέοτͷ਺Λɼਤ 13 ʹͦΕ

ΒΛ߹ΘͤͨωοτϫʔΫ಺ͷ૯ύέοτ਺Λࣔ͢ɽ͍ͣ

Ε΋ఏҊํࣜʹΑͬͯ CS Λઌߦ഑৴෼ͱͦͷଞͷΩϟο

γϡͰ෼͚ͯ؅ཧͨ͠৔߹ͷධՁͰ͋Δɽ·ͨ྆ਤʹ͓͍

ͯഁઢ͸ɼઌߦ഑৴ΛߦΘͳ͍طଘख๏ͷ݁ՌΛ͍ࣔͯ͠

Δɽਤ 12 ΑΓɼίϯςϯπͷઌߦ഑৴Λ͜͏ߦͱͰωο

τϫʔΫ಺ͷ Interest / Data ύέοτ਺͕ݮগ͍ͯ͠Δ

͜ͱ͕Θ͔Δɽ͜Ε͸ɼઌߦ഑৴ύέοτͷΩϟογϡ͕

ద੾ʹ഑ஔ͞Εɼ༗ޮʹ࢖ΘΕͨͨΊύέοτΛݮ࡟Ͱ͖

ͨͨΊͩͱ͑ߟΒΕΔɽ

ͱ͜Ζ͕ɼਤ 13 ͔ΒɼఏҊํࣜͰ͸૯ύέοτ਺͸ݮ

গ͍ͯ͠Δ͕ɼઌߦ഑৴ύέοτ਺Λ CS ͷαΠζͷ࠷େ

·ͰͨͬߦK = 20 ͷ஋ͱɼઌߦ഑৴ΛߦΘͳ͍K = 0 ͷ

஋ฒͼʹഁઢͷ஋Λൺֱ͢Δͱେ͖ͳ͕ࠩݟΒΕͳ͍͜ͱ

͕Θ͔Δɽ͜Ε͸ɼreport ύέοτͷେ͖͞΍ૹ৴ճ਺͸

K ͕Ͳͷ஋Ͱ͋ͬͯ΋มΘΒͳ͍͕ɼઌߦ഑৴ύέοτ͸

K ͷ஋͕େ͖͘ͳΕ͹ͳΔ΄Ͳ૿Ճ͢ΔͨΊ͜ͷΑ͏ͳ݁

Ռʹͳͬͨͱ͑ߟΒΕΔɽ͔͠͠ɼίϯςϯπͷઌߦ഑৴

ΛߦΘͳ͍৔߹ΑΓ΋ύέοτ਺͸૿Ճ͍ͯ͠ͳ͍ͨΊɼ

ఏҊํࣜ͸ωοτϫʔΫʹෛͷӨڹΛٴ΅͍ͯ͠ͳ͍ͱ͍

͑Δɽ
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ਤ 13 ఏҊํࣜʹ͓͚ΔωοτϫʔΫ಺ͷ૯ύέοτ਺ͷมԽ

ਤ 14 ʹఏҊํࣜͰ͋Δ CS Λ෼͚ͨ৔߹ɼϢʔβ͕ί

ϯςϯπΛऔಘ͢Δ·Ͱͷϗοϓ਺Λࣔ͢ɽಉਤΑΓɼί

ϯςϯπͷઌߦ഑৴Λ͜͏ߦͱͰϗοϓ਺͕ݮগͨ͜͠ͱ

͕෼͔Δɽ͜Ε͸ɼίϯςϯπΛਓؾ౓ʹԠͯ͡ઌʹ഑৴

͠ɼͦΕ͕഑ԼϢʔβʹ࠷΋͍ۙϧʔλͰ͋Δ ER ʹద੾

ʹΩϟογϡ͞Εɼ༗ޮʹ׆༻Ͱ͖ͨͨΊϗοϓ਺ΛݮΒ

͢͜ͱ͕Ͱ͖ͨͱ͑ߟΒΕΔɽ

Ҏ্ΑΓɼωοτϫʔΫʹେ͖ͳෛՙΛ༩͑ͣɼΩϟο

γϡώοτ཰Λ্ͤ͞޲Δ͜ͱ͕Ͱ͖ͨͨΊɼఏҊํࣜ͸

༗ޮͰ͋Δͱ͑ݴΔɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼCCN ʹ͓͍ͯΩϟογϡώοτ཰Λ্͢޲

ΔͨΊʹɼϢʔβ͔ΒͷίϯςϯπϦΫΤετʹ͍ͯͮجɼ

ͦΕҎ߱ʹཁ͞ٻΕΔͱ͑ߟΒΕΔίϯςϯπΛઌͯ͠ߦ

഑৴͢Δख๏ΛఏҊͨ͠ɽੑೳධՁͷ݁Ռɼઌߦ഑৴͠ͳ

͍৔߹ͱൺֱ͢Δͱɼઌߦ഑৴ख๏ͷಋೖʹΑͬͯΩϟο
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ϓ਺ͷมԽ

γϡώοτ཰͸্͢޲Δ͕ɼͦͷ্ঢ෯͸͋·Γେ͖͘ͳ

͍͜ͱ͕໌Β͔ͱͳͬͨɽͦ͜ͰɼER Ͱ͸ Data ύέο

τͱઌߦ഑৴ύέοτΛ෼͚ͯΩϟογϡ͢ΔΑ͏ʹ͢

Δ͜ͱͰɼେ͖͘Ωϟογϡώοτ཰Λ্޲Ͱ͖Δ͜ͱΛ

໌Β͔ͱͨ͠ɽ·ͨɼίϯςϯπͷઌߦ഑৴ʹΑΔωοτ

ϫʔΫ΁ͷӨڹ͸ܰඍͰ͋Δ͜ͱ΋ɼซͤͯ໌Β͔ͱͨ͠ɽ

౓ΛมԽͤͨ͞ؾ͸ɼϢʔβ͝ͱʹίϯςϯπͷਓޙࠓ

৔߹ɼΩϟογϡώοτ཰ʹͲͷΑ͏ͳมԽ͕͋Δ͔ௐࠪ

͍ͯ͘͠༧ఆͰ͋Δɽ
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