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ίϯςϯπཁͮ͘جʹִؒؒ࣌ٻ
ਓؾίϯςϯπछผͷਪఆख๏

தా ༗1࠸ ॏ҆ɹ఩໵2

֓ཁɿNDN͸ CR͕อ࣋͢ΔΩϟογϡΛར༻͢Δ͜ͱͰɼτϥϑΟοΫΛ͢ݮ࡟ΔɽωοτϫʔΫ͕

ಉ͡छྨͷίϯςϯπΛෳ਺ՕॴͰΩϟογϡ͢ΔͱΩϟογϡར༻ޮ཰͸௿Լ͢ΔͨΊɼॏෳͷগͳ͍

Ωϟογϡ͕ඞཁͱͳΔɽͦͷͨΊɼ͜Ε·Ͱզʑ͸ίϯςϯπछผ͝ͱͷཁִ͔ؒٻΒɼਓؾ౓ͷ͍ߴ

ίϯςϯπΛਪఆ͠ɼωοτϫʔΫத৺ੑͷ͍ߴϧʔλʹू໿͢Δख๏ΛఏҊͨ͠ɽ͔͠͠ɼίϯςϯπ

ͷཁִؒٻʹ͹Βؚ͖͕ͭ·ΕΔ৔߹ɼਓؾ౓ͷਪఆਫ਼౓͕௿Լ͢Δ͜ͱ͕͋ΔɽຊߘͰ͸ɼ௚ۙͷܭଌ

஋ͱͷൺֱͰ֎Ε஋Λݕ஌͠ɼͦΕΛআ֎ͯ͠ਪఆΛ͓͜ͳ͏͜ͱͰਓؾίϯςϯπΛద੾ʹू໿͢Δख

๏ΛఏҊ͢Δɽ·ͨɼఏҊख๏ʹΑΓΩϟογϡώοτ཰্͕͢޲Δ͜ͱΛใ͢ࠂΔɽ

1. ͸͡Ίʹ

ۙ೥ɼίϯςϯπ࡞੒ݩͷҐஔʹΑΒͳ͍഑৴ʹΑΓ

τϥϑΟοΫΛ͢ݮ࡟Δίϯςϯπܕ޲ࢦωοτϫʔΫ

ʢCCNɿContent Centric Networkingʣ[1][2]͕͘޿஫໨Λ

ूΊ͍ͯΔɽ

CCN ͷ֓೦ΛΞʔΩςΫνϟʹ࣮૷ͨ͠΋ͷʹ NDN

ʢNamed Data Networkingʣ[3][4]͕͋ΔɽNDN͸഑ૹ͢

ΔίϯςϯπΛCRʢContent Routerʣʹ Ωϟογϡͱͯ͠

֨ೲ͠ɼಉҰίϯςϯπʹ࠶౓ཁࡍ͕ͨͬ͋ٻɼͦ ͷΩϟο

γϡΛฦૹ͢Δ͜ͱͰτϥϑΟοΫΛ͢ݮ࡟Δɽ͔͠͠ɼ

ಉҰίϯςϯπΛωοτϫʔΫதͷෳ਺ՕॴͰΩϟογϡ

͢ΔͱɼΩϟογϡͷଟ༷ੑ͸௿Լ͠ɼΩϟογϡ͔Βͷ

ίϯςϯπฦૹ਺΋ݮগ͢Δɽ

จݙ [5][6]Ͱ͸ɼίϯςϯπΧςΰϦ͝ͱͷཁؒؒ࣌ٻ

ִ͔Βਓؾ౓ͷ͍ߴίϯςϯπΛਪఆ͠ɼଟ͘ͷϢʔβ͔

ΒΞΫηε͠΍͍͢ CRʹΩϟογϡΛू໿͢Δ͜ͱͰɼ

ॏෳͷഉআͱଟ༷ੑ্޲ʹΑΓΩϟογϡώοτ཰্͕޲

͢Δ͜ͱΛใ͍ͯ͠ࠂΔɽ

ͱ͜ΖͰɼίϯςϯπཁִؒؒ࣌ٻ͸ɼ࣮ࡍʹ͸ CRʹ

౸ண͢Δ Interestͷؒ ʢִཁٻ౸ணִؒʣʹ Αͬͯܭଌ͢Δ

͜ͱʹͳΔ͕ɼͦͷ౸ணִؒ͸ Interestύέοτ͕సૹ͞

Εͨܦ࿏ͷ᫔᫓ͷ༗ແ΍τϙϩδͷมԽͳͲͷωοτϫʔ

Ϋଆͷঢ়گมԽɼ͋Δ͍͸ɼͦ΋ͦ΋ͷϢʔβͷίϯςϯ

1 ౡେֶେֶӃ޿ཱݝ ૯߹ֶज़ڀݚՊ
Graduate School of Comprehensive Scientific Research. Pre-
fectural University of Hiroshima

2 ౡେֶ޿ཱݝ
Prefectural University of Hiroshima

πཁٻස౓ͷมԽͳͲɼ༷ʑͳঢ়گʹΑͬͯେ͖͘มಈ͢

Δɽ͜ͷΑ͏ͳมಈ͔Βɼཁٻ౸ணִؒʹ͹Β͖͕ͭੜ͡

Δͱɼಉख๏ͷਓؾ౓ͷਪఆਫ਼౓͸௿Լ͢Δɽਪఆਫ਼౓ͷ

௿Լ͸ਓؾ౓ͷ௿͍ίϯςϯπΛू໿ର৅ʹબͿ͜ͱʹ

ͭͳ͕Δɽଟ͘ͷϢʔβ͔ΒΞΫηε͕༰қͳརศੑͷߴ

͍ CRʹར༻ස౓ͷ௿͍ΩϟογϡΛू໿͢ΔͱɼΩϟο

γϡώοτ཰͸௿Լ͢Δɽ

Ҏ্Λ;·͑ɼຊߘͰఏҊ͢Δख๏Ͱ͸৽ͨʹड৴ͨ͠

Interestͷ౸ணִؒΛطʹड৴ࡁΈͷ௚ۙͷෳ਺ͷ Interest

ͷ౸ணִؒͱൺֱ͢Δɽͦͷ݁Ռɼ৽ͨʹड৴ͨ͠ Interest

ͷ౸ணִ͕ؒ͜Ε·Ͱͷ޲܏ͱେ͖͘ҟͳΔ֎Ε஋Ͱ͋ͬ

ͨ৔߹͸ɼͦΕΛআ֎ͯ͠ίϯςϯπཁִؒؒ࣌ٻΛਪఆ

͢Δɽ͜ͷΑ͏ͳॲཧʹΑΓɼਓؾ౓ͷ͍ߴίϯςϯπΛ

ਫ਼౓Ͱਪఆ͠ɼద੾ͳ͍ߴ CR΁ͷू໿Λ͏ߦɽ

Ҏ߱ɼຊߘΛ࣍ͷΑ͏ʹߏ੒͢Δɽ2ষ͸จݙ [5][6]Ͱ

զʑ͕ఏҊͨ͠৑௕Ωϟογϡݮ࡟ͷͨΊͷΩϟογϡ؅

ཧख๏ʹ͍ͭͯ֓આ͢Δɽ3ষ͸ਓؾίϯςϯπΛ͍ߴਫ਼

౓Ͱਪఆ͢Δख๏ΛఏҊ͠ɼ4ষͰಉख๏ͷ༗ޮੑΛධՁ

͢Δɽ5ষ͸·ͱΊͰ͋Γຊߘͷٞ࿦Λ૯ׅ͢Δɽ

2. ؔ࿈ڀݚ

NDN͸Ωϟογϡॏෳ཰͕͘ߴͳΕ͹ɼωοτϫʔΫ

ͷ༗ݶόοϑΝ͕ѹഭ͞ΕΔͨΊΩϟογϡͷଟ༷ੑ͸௿

Լ͠Ωϟογϡώοτ཰͕௿Լ͢Δɽจݙ [7]Ͱ͸ɼܦ࿏

தͷશͯͷ CRͰҰ཯ʹΩϟογϡ͠ͳ͍ͳͲͷ৑௕ੑ࡟

Δɽ͍ͯ͠ࠂͷඞཁੑʹ͍ͭͯใݮ
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2.1 ίϯςϯπू໿ख๏

จݙ [8]ʹ͓͍ͯզʑ͸ɼωοτϫʔΫ಺ͷΩϟογϡ

ͷ৑௕ੑΛ͢ݮ࡟Δख๏ΛఏҊͨ͠ɽಉख๏Ͱ͸ɼෳ਺

CR্Ͱసૹ͞ΕΔ Interestʹ৘ใΛొ࿥͠ɼసૹܦ࿏্

ͷ CRʹ͜ΕΛप஌͢Δ͜ͱͰରԠ͢Δίϯςϯπ͕ಉܦ

࿏্Ͱฦૹ͞Εͨࡍͷෳ਺ CRͰͷॏෳΩϟογϡͷ࣮ࢪ

Λճආ͢ΔɽಉจݙͰ͸͜ͷ੍ޚΛίϯςϯπͷઌߦ഑৴

ͱ૊Έ߹ΘͤΔ͜ͱʹΑΔΩϟογϡར༻ޮ཰ͷ্޲ʹͭ

͍ͯٞ࿦Λߦͳ͍ͬͯΔɽઌߦ഑৴ͱ͸ਓؾίϯςϯπΛ

Ϣʔβۙ๣ͷ CR લʹૹ৴͠Ωϟογϡͤ͞Δख๏ࣄʹ

Ͱ͋ΔɽωοτϫʔΫՔಇॳظʹैདྷͷ NDNͰ͸े෼ʹ

Ωϟογϡ͕஝ੵ͞Εͳ͍৔߹Ͱ΋ɼઌߦ഑৴Λ༻͍Ε͹

Ϣʔβۙ๣͔Βίϯςϯπฦૹ͕ՄೳͱͳΔɽ͔͠͠ɼಉ

ख๏͸ωοτϫʔΫதͷਓؾίϯςϯπ͕ط஌Ͱ͋Δඞཁ

͕͋Δɽ

ҰํͰɼզʑ͸จݙ [5][6]ʹ͓͍ͯɼίϯςϯπཁٻͷΤ

ϦΞ͝ͱͷภΓΛਪఆͨ݁͠Ռʹ͖ͮجɼطʹΩϟογϡ

͞ΕͨίϯςϯπΛҠಈ͠ɼద੾ͳ CR ʹू໿͢Δख๏

΋ఏҊͨ͠ɽಉख๏Ͱ͸ɼ֤ΤϦΞΛ୲౰͢Δ ERʢEdge

Routerʣ͕Ϣʔβ͕ཁ͢ٻΔίϯςϯπͷภΓ͔Βਓؾ౓

Λਪఆ͠ɼ্ྲྀͷ ARʢAggregation Routerʣʹਓؾίϯ

ςϯπΛҠಈ͠ू໿͢Δ͜ͱͰɼωοτϫʔΫ಺ͷΩϟο

γϡͷ৑௕ੑΛ͢ݮ࡟ΔɽͦͷͨΊɼಉख๏͸ਓؾίϯς

ϯπͷࣄલ೺Ѳͷඞཁ͕ͳ͘Ωϟογϡͷ৑௕ੑΛݮ࡟Ͱ

͖Δɽ

ҎԼͰ͸ɼจݙ [5][6]ͰఏҊ͞ΕΔख๏ͷৄࡉΛड़΂Δɽ

ਓؾίϯςϯπͷਪఆ

ER͸֤ίϯςϯπʹର͢Δ Interest ͷ౸ணִ͔ؒΒɼ

ू໿͢ΔίϯςϯπΛܾఆ͢Δɽ೚ҙͷΧςΰϦAͷίϯ

ςϯπʹର͢Δ InterestΛड৴ͨ͠ࡍͷಉΧςΰϦͷཁٻ

౸ணִؒ TA ͸ҎԼͷࣜͰࢉग़͢Δɽ

TA = αToldA + (1− α)(tA − tpreA) (1)

͜͜ͰɼToldAɼαɼtAɼtpreA ͸ TAͷچ஋ɼฏ׈Խ܎਺ɼ

Interestͷड৴ࠁ࣌ɼҰͭલͷ Interestͷड৴ࠁ࣌ΛͦΕ

ͧΕࣔ͢ɽ

ਓؾίϯςϯπͷू໿

֤ ER͸ίϯςϯπू໿ઌͷ ARʹࣗ਎͕ूͨ͠ܭ In-

terest౸ணִؒΛ Interestͷ RIʢRequest IntervalʣϑΟʔ

ϧυʹه࿥͠ૹ৴͢ΔɽARͷಈ֓࡞ཁΛਤ 1Λ༻͍ͯઆ

໌͢ΔɽAR͸ face1ɼ2ʹ౸ணͨ͠ Interestʹ͞ࡌهΕͨ

RIͷ஋ΛΧςΰϦຖʹͦͷΧςΰϦ͕౸ணͨ͠ face਺Ͱ

আ͠ࢉɼฏۉ஋ AV GΛ͢ࢉܭΔɽྫ͑͹ɼTA͸ face1͔

Β 2ɼface2͔Β 1ͱ෼͔ΔͨΊɼTAͷAV G͸ʢ2+1ʣ/2

=1.5ͱͳΔɽ

શͯͷΧςΰϦͷ AV G Λࢉग़ޙɼAR ͸࠷΋খ͍͞

AV GͷΧςΰϦͷίϯςϯπΛू໿͢Δɽ͜͜ͰɼҰ෦

ͷϢʔβͷΈ͕ཁ͢ٻΔίϯςϯπΛू໿ίϯςϯπʹબ

ΜͰ͠·͏ͱɼଟ͘ͷϢʔβͰڞ༗͢Δ ARͷΩϟογϡ

Λެฏʹར༻Ͱ͖ͳ͍ɽͦͷͨΊɼTC ͷΑ͏ʹҰ෦ͷ face

ʹ౸ணͨ͠ Interestʹ஋͕ه࿥͞Ε͍ͯͳ͍ΧςΰϦͷՕ

ॴʹ͸ɼશͯͷΧςΰϦͷத͔Β࠷େ஋Λ౰ͯ͸Ίͯࢉܭ

͢Δ͜ͱͰͦͷίϯςϯπ͕ू໿ର৅ʹબ୒͞Εʹ͘͘͢

Δɽਤ 1(i)Ͱ͸ɼTB ͷ face1ͷ஋͕શΧςΰϦத࠷େ஋

Ͱ͋ΓɼTC ͷ face1ʹ͸͜ͷ஋͕ίϐʔ͞ΕΔɽ

ू໿ΧςΰϦܾఆޙ͸ɼAR͸ू໿ର৅ͷίϯςϯπͷ

ΈΩϟογϡ͢Δɽ·ͨɼ೚ҙͷ ARͰू໿ͨ͠ίϯςϯ

πΛͦͷԼྲྀͷ CR͕࠶౓ॏෳͯ͠Ωϟογϡ͠ͳ͍Α͏

ʹɼຊख๏Ͱ͸ Dataʹ௥Ճͨ͠ cachedϑϥάΛ༻͍Δɽ

۩ମతʹ͸ AR ͸ू໿ର৅ͷ৽ͨͳίϯςϯπΛΩϟο

γϡͨ͠ࡍɼDataͷ cachedΛ Trueʹͯ͠Լྲྀͷ CRʹ

సૹ͢ΔɽDataΛड৴ͨ͠ CR͸ cached͕ TrueͰ͋Ε

͹ίϯςϯπΛΩϟογϡ͠ͳ͍ʢਤ 1(ii)ࢀরʣɽ

ͯ͞ɼෳ਺ͷ AR͕ಉΧςΰϦͷίϯςϯπΛू໿͢Δ

ͱॏෳΩϟογϡ͕૿Ճ͢Δɽͦ͜Ͱɼ೚ҙͷ AR͕ू໿

ର৅ͷίϯςϯπͷDataΛड৴ͨ͠ࡍʹɼͦ ͷ cached͕

TrueͰ͋Ε͹ଞͷ AR͕ಉ͡ίϯςϯπΛू໿தͰ͋Δ

ͱ൑அ͠ɼࣗ਎ͷू໿ίϯςϯπΛผͷ΋ͷʹม͢ߋΔɽ

ER UserAR
Interest flow
Data flow

Interest

Content name

(i)集約コンテンツの決定

/host/B/0 /host/A/0

(ii)集約コンテンツのキャッシュ

not cache cache

cs

/host/A/...

Data

Content name

cached

FalseFalse

/host/A/0

not cache
True/host/B/0

cache
False

T :2,A T :7B T :1,A T :5,B

RI

face2

TA

TB

face1

face1

face2 AVG

2 1 1.5
7 5 6

集約コンテンツ

集約コンテンツ "A"

TC 3

T :3C

57

ਤ 1 ίϯςϯπͷू໿ΞϧΰϦζϜ

Fig. 1 Content aggregation algorithm

ू໿ίϯςϯπͷܾఆج४

ू໿ख๏ʹ͓͍ͯɼू໿ίϯςϯπͷܾఆ͸ॏཁͳ՝୊

Ͱ͋ΓɼNDNͷੑೳ্޲෯ʹେ͖ؔ͘͢܎Δɽू໿ޮՌ

Λ্͢޲Δʹ͸ɼू໿ίϯςϯπΛҎԼͷ؍఺ͰධՁ͢Δ

͜ͱ͕๬·͍͠ɽ

• ଟ͘ͷϢʔβʹར༻͞Ε͍ͯΔ͜ͱ
• ཁٻස౓͕͍͜ߴͱ
ू໿ίϯςϯπ͕ଟ͘ͷϢʔβʹར༻͞ΕΔ৔߹ɼͦͷ

ίϯςϯπ͸ෳ਺ CRʹΩϟογϡ͞ΕΔɽͦͷͨΊɼෳ

਺ CR ʹଘ͢ࡏΔίϯςϯπΛू໿͢Δ͜ͱͰൣ޿ғͷ

Ωϟογϡͷ৑௕ੑΛݮ࡟Ͱ͖Δɽ·ͨɼू໿ίϯςϯπ
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ͷཁٻස౓͕͍ߴͱɼଟ͘ͷཁٻʹର͠Ωϟογϡ͔Βฦ

ૹ͕ՄೳͳͨΊɼτϥϑΟοΫޮݮ࡟Ռ͕େ͖͘ͳΔɽ

2.2 ू໿ख๏ͷ໰୊఺

ཁٻස౓ͷ͍ߴίϯςϯπΛਪఆ͢ΔͨΊɼ౸ணͨ͠

InterestΛجʹίϯςϯπຖͷཁִؒٻΛࢉग़͢Δ͕ɼཁ

ணִؒʹ͹Β͖͕ͭੜ͡Ε͹ɼద੾ͳू໿ίϯςϯπ౸ٻ

Λબ୒Ͱ͖ͳ͍͜ͱ͕͋Δɽ

ྫ͑͹ɼ࣮ݱͷωοτϫʔΫͰ͸ਤ 2ͷΑ͏ʹɼதػܧ

ͷ᫔᫓౳ʹΑΓ͜Ε·Ͱͷִؒͱ͸େ͖͘ҟͳΔִؒͰث

ཁ͕ٻ ERʹ౸ண͢Δ͜ͱ΋͋Δɽ·ͨɼਤ 3ͷΑ͏ʹɼ

͋Δ͔ࠁ࣌Βਓؾ౓ͦͷ΋ͷ͕มԽ͢Δ͜ͱʹΑͬͯͦ΋

ͦ΋ͷίϯςϯπཁٻύλʔϯͷมԽ΋͜ىΔɽ͜ͷΑ͏

ʹ֎Ε஋΍ཁٻύλʔϯ͕มԽͨ͠ࡍʹɼཁٻ౸ணִؒΛ

୯७ʹࣜʢ1ʣʹ୅ೖͯ͠͠·͏ͱਓؾίϯςϯπͷਪఆ

ਫ਼౓͸௿Լ͠ɼద੾ͳίϯςϯπͷू໿͕Ͱ͖ͳ͘ͳΔɽ

ͦ͜Ͱɼ֎Ε஋ͷআ֎΍ίϯςϯπཁٻύλʔϯͷมԽʹ

ରԠͨ͠ਪఆ͕ඞཁʹͳΔɽ
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Fig. 2 Example of outlier
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ਤ 3 มԽ఺ͷྫ

Fig. 3 Example of changing point

3. ֎Ε஋Λআ֎ͨ͠ਓؾίϯςϯπਪఆख๏

ຊষͰ͸ɼ௚ۙͷܭଌ஋ͱͷൺֱͰ֎Ε஋Λݕग़͠ɼͦ

ΕΛআ֎͢Δ͜ͱͰཁٻස౓ͷ͍ߴਓؾίϯςϯπΛ͍ߴ

ਫ਼౓Ͱਪఆ͢Δख๏ΛఏҊ͢Δɽ

֎Ε஋ͷݕग़

ωοτϫʔΫͷҟৗݕ஌ʹ༻͍ΒΕΔ kۙ๣๏ [9]Λར༻

͠ɼ֎Ε஋Λݕग़͢ΔɽఏҊख๏Ͱ͸ERʹ৽ͨʹ Interval

windowΛ௥Ճ͢Δʢਤ রʣɽIntervalࢀ4 window͸֤ί

ϯςϯπΧςΰϦผʹઃఆ͠ɼ೚ҙͷΧςΰϦ Aͷ௚ۙ n

ணִؒ౸ٻͷཁݸ IAi(1 ≤ i ≤ n)Λه࿥͢ΔɽERʹ৽ͨ

ͳ Interest͕౸ணͨ͠ͱ͖ɼ͜ͷ౸ணִؒΛ IAnew ͱ͢Δ

ͱɼҎԼʹैͬͯҟৗ౓ Vab Λࢉग़͠ɼ֎Ε஋ͱͯ͠আ֎

͢΂͖͔Ͳ͏͔Λ൑ఆ͢Δɽ

·ͣɼInterval windowʹه࿥͞Ε͍ͯΔ஋ͱ IAnew ͷ

ࠩ෼Λͱͬͨઈର஋Λ nࢉݸग़͢Δɽ͜ͷ nݸʹର͠ɼ࣍

ͷ৚݅Λຬͨ͢Α͏ʹه߸ΛׂΓ౰ͯΔɽ

Dj , ͨͩ͠, Dj−1 ≤ Dj ≤ Dj+1 (2 ≤ j ≤ n− 1) (2)

ɼࣜʢ3ʣʹैͬͯҟৗ౓ʹ࣍ Vab Λࢉग़͢Δɽ

Vab =

∑k
l=1 Dl

k
(1 ≤ l, k ≤ n) (3)

ࣜʢ3ʣͰࢉग़ͨ͠ Vab ΛҎԼͷࣜͰࢉग़͢Δᮢ஋ TH

ͱൺֱ͢Δɽ

TV AR = βTV AR + (1− β)(|TA − IAn|) (4)

TH = TA + 4 ∗ TV AR (5)

͜͜ͰɼTV ARɼβɼTA ͸ड৴ͨ͠ίϯςϯπΧςΰϦ

ͷཁٻ౸ணִؒͷฏۉภࠩɼฏ׈Խ܎਺ɼࣜʢ1ʣͰࢉग़͢

Δ Aͷཁٻ౸ணִؒΛͦΕͧΕࣔ͢ɽVab͕ TH ΑΓখ͞

͍৔߹ɼIAnew Λ৽ͨʹ Interval windowʹొ࿥ͨ͠ޙʹɼ

ࣜʢ1ʣʹैͬͯཁٻ౸ணִؒΛߋ৽͢Δɽͦ͏Ͱͳ͍৔

߹͸ɼ؍ଌͨ͠ཁٻ౸ணִؒ IAnew ͸֎Ε஋ͱ൑ఆ͠ɼࣜ

ʢ1ʣʹΑΔཁٻ౸ணִؒͷߋ৽ͱɼInterval window͸ߋ৽

͠ͳ͍ɽͳ͓ɼᮢ஋ͷࢉग़͸ RFC2988[10]ʹ͓͚Δ TCP

ͷ RTOͷಋग़ͱಉ༷ʹͨ͠ɽ

มԽ఺΁ͷରԠ

Ϣʔβͷཁٻύλʔϯ͕มԽ͢Δͱɼ͜Ε·Ͱͱ͸ҟͳ

Δִؒؒ࣌Ͱ Interest͕ ERʹ౸ண͢Δɽຊख๏Ͱ͸ ER

͕ n/2ݸҎ্ͷ৽ن౸ண Interestͷ౸ணִؒΛ࿈ଓͯ͠֎

Ε஋ͱ൑ఆͨ͠৔߹ɼ࿈ଓ൑ఆͨ͠஋ͷ࠷ॳͷ֎Ε஋Ҏ߱ɼ

ཁٻύλʔϯ͕มԽͨ͠ͱ൑அ͢Δɽͦͯ͠ɼͦΕҎ߱ม

Խޙͷ஋ͷΈͰɼࣜʢ1ʣͷཁٻ౸ணִؒͷࢉग़ͱ Interval

windowͷߋ৽Λ͏ߦɽ͜ͷख๏Ͱ͸࣮ࡍʹมԽ͕ͬ͜ى

ͱͷؒʹͣΕ͕ੜ͡Δ͕ɼมࠁ࣌ͱ͜ΕΛೝࣝ͢Δࠁ࣌ͨ

Խ఺ͷೝࣝޙ͸มԽޙͷִؒؒ࣌ΛܭଌͰ͖Δɽ
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ਤ 4 Interval window ͷ֓ཁ

Fig. 4 Overview of interval window

4. ੑೳධՁ

ຊষͰ͸ఏҊख๏ͷ༗ޮੑΛධՁ͢ΔɽධՁʹ͸ C++

Δɽ͢༺࢖γϛϡϨʔλΛػࢉܭΛ༻͍ͯ։ൃͨ͠ޠݴ

4.1 ධՁڥ؀

ද 1ʹධՁʹ༻͍ͨγϛϡϨʔγϣϯॾݩΛɼਤ 5ʹ

γϛϡϨʔγϣϯτϙϩδΛͦΕͧΕࣔ͢ɽಉਤʹ͓͍ͯ

αʔόΛؚΉωοτϫʔΫΛ NW1ʹɼू໿ʹΑΔΩϟο

γϡͷ৑௕ੑഉআΛ͏ߦԼྲྀωοτϫʔΫΛ NW2 ͱ͢

ΔɽNW1͸ ISPʢInternet Services Providerʣͷ઀ଓؔ

Λ໛ͨ͠ωοτϫʔΫʹ͢ΔͨΊ܎ Barabasi AlbertϞσ

ϧ [11] ʹΑͬͯ࡞੒ͨ͠ɽNW1 ͷϊʔυ਺͸ 50 ͱ͠ɼ

αʔόҎ֎ͷϊʔυΛશͯ CRʹͨ͠ɽNW2͸ϢʔβΛ

ؚΉωοτϫʔΫυϝΠϯͰ͋ΔɽγϛϡϨʔγϣϯΛ։

ɼશͯͷΧςΰϦͷʹޙ࢝ Interval windowͷ஋Λຬͨ͢

΄Ͳͷ Interest͕ૹ৴͞ΕΔ 20ඵܦա͔ޙΒίϯςϯπ

ͷू໿ॲཧΛ։ͨͤ࢝͞ɽ

ຊධՁͰ͸Ϣʔβ͸ίϯςϯπ ”host0/x/y”(0≤ y ≤99)

Λཁ͢ٻΔɽx͸ίϯςϯπΧςΰϦΛࣔ͠ɼ֤Ϣʔβ͕

ͲͷΧςΰϦΛཁ͢ٻΔ͔͸ਤ 5 ʹࣔ͢௨ΓͰ͋Δɽ͞

ͯɼ֤Ϣʔβ͸ Zipfଇ [12]ʹै͍ཁ͢ٻΔίϯςϯπ൪

߸ yΛܾఆ͢ΔɽZipfଇ͸࣮ݱͷϢʔβͷίϯςϯπཁٻ

Λۙ͢ࣅΔͨΊʹΑ͘༻͍ΒΕΔ֬཰෼෍Ͱ͋Γɼy ͸࣍

ࣜʹै͏΋ͷͱͨ͠ɽ

PN (y) =
1
yγ

∑N
n=1

1
nγ

(6)

͜͜ͰɼN ͸ yͷ࠷େ஋ɼγ ͸͜ͷ֬཰෼෍ͷภΓΛܾ

ఆ͢Δม਺ΛͦΕͧΕࣔ͢ɽຊධՁͰ͸ɼ࣮ݱతͳਓؾ౓

ͷภΓΛ͢ݱ࠶ΔͨΊ γ = 0.7ͰੑೳΛධՁͨ͠ [13]ɽ

ຊධՁͰ͸ AɼCɼDΛཁ͢ٻΔϢʔβ͸ͦΕͧΕฏۉ

1 ඵຖʹɼB Λཁ͢ٻΔϢʔβ͸ฏۉ 3 ඵຖʹͦΕͧΕ

InterestΛૹ৴͢ΔɽER͕֎Ε஋Λআ֎ͤͣʹ୯७ʹཁ

ʹ߹ग़ͨ͠৔ࢉΛִؒٻ Aͱ Bͷਓؾ౓Λͯͬޡ൑ఆ͢

ΔΑ͏ʹɼA͸ 5%ͷ֬཰Ͱ֎Ε஋ͱͳΔ 20ඵͷɼB͸

5%ͷ֬཰Ͱ֎Ε஋ͱͳΔ 0.001ඵͷִؒΛੜͤ͡͞Δɽ͜

ද 1 γϛϡϨʔγϣϯॾݩ

Table 1 Simulation parameters

Parameter Value

શϊʔυ୆਺ 60[୆]

Server 1[୆]

CR 53[୆]

User 6 [୆]

Data Rate 1[Gbps]

Interest Packet 100[Byte]

Data Packet 1,000[Byte]

ճઢ஗Ԇؒ࣌ 1[msec]

Simulation Time 1,000[sec]

n 5

k 3

α 0.9

β 0.25

CR Server

…

User

NW1

NW2

AContent
category

AR

ER

B AC B D

ਤ 5 ωοτϫʔΫτϙϩδ

Fig. 5 Network topology

͜Ͱɼਤ 6ʹ ERʹ౸ண͢Δ AɼBͷ౸ணִؒͷҰྫΛࣔ

͢ɽಉਤ͔Βɼ֎Ε஋Λআ͘ Aͷཁٻ౸ணִؒ͸ BΑΓ

୹͍͜ͱ͕෼͔ΔɽͦͷͨΊɼAΛू໿͢Δ͜ͱ͕๬·͠

͍͕ɼ୯७ʹશͯͷཁٻ౸ணִؒΛ΋ͱʹฏۉ஋Λ͢ࢉܭ

Δͱ B͕ू໿ର৅ͱͳΔɽ

4.2 Ωϟογϡώοτ཰

ਤ 7ʹΩϟογϡώοτ཰ͷมԽΛࣔ͢ɽಉਤͷԣ࣠͸

γϛϡϨʔγϣϯܦաؒ࣌ɼॎ࣠͸ NW2಺Ͱ Interest͕

Ωϟογϡώοτׂͨ͠߹ΛͦΕͧΕࣔ͢ɽ·ͨɼproposal

ͱ conventional͸ఏҊख๏ͱطଘख๏Λɼׅހ಺ͷه߸͸

ͦͷख๏Ͱू໿ͨ͠ίϯςϯπΛͦΕͧΕࣔ͢ɽ

ಉਤ͔Β֎Ε஋Λআ֎͠ਖ਼͘͠ AΛू໿ͨ͠ఏҊख๏

Ωϟογϡώοτ཰Λୡ੒͢Δ͜ͱ͕෼͔Δɽ͍ߴ΋࠷͕

·ͨɼ૯ίϯςϯπ਺͕ 400ͷ৔߹͸ɼBΛू໿ͨ͠ con-

ventional(B)ΑΓ࠷େͰ Δ͜ͱ͕֬ೝͰ্͖͍ͯ͠޲4%

Δɽ͜ͷ݁Ռ͔Βɼ֎Ε஋ͷআ֎ʹΑΔਓؾ౓ͷਪఆਫ਼౓

ͷޮ্޲Ռ͕ಘΒΕ͍ͯΔ͜ͱ͕෼͔ΔɽͨͩɼAΑΓ΋
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ਤ 6 ΧςΰϦ A ͱ B ͷཁִؒؒ࣌ٻ

Fig. 6 Arrival interval of category A and B

ਓؾ౓͕ྼΔ BΛू໿ͨ͠৔߹Ͱ΋ɼωοτϫʔΫ಺ͷෳ

਺ՕॴͰΩϟογϡ͞Ε͍ͯͨॏෳ͕ഉআ͞ΕΔͨΊू໿

ͳ͠ΑΓ͍ߴΩϟογϡώοτ཰ͱͳΔ͜ͱ΋෼͔Δɽ

͔͠͠ͳ͕ΒɼC Λू໿ͨ͠৔߹͸ɼू໿ͳ͠ΑΓ΋

Ωϟογϡώοτ཰͕௿Լ͢Δɽ͜Ε͸ɼC͸ωοτϫʔ

ΫதͰҰਓͷϢʔβ͔͠ཁ͠ٻͳ͍ΧςΰϦͰ͋Γɼͦͷ

ͨΊɼ΋ͱ΋ͱ୯Ұܦ࿏ͷ CRʹ͔͠Ωϟογϡ͞Εͳ͍

ͨΊɼू໿ͯ͠΋ΩϟογϡͷॏෳഉআͷޮՌ͸ඇৗʹݶ

ఆతͰ͋ΔͨΊͰ͋Δɽ͜ΕʹՃ͑ɼଟ͘ͷϢʔβ͔Βͷ

ΞΫηε͕༰қͳՕॴʹ͋Δ ARͷόοϑΝΛར༻ස౓ͷ

௿͍ CͷΩϟογϡʹΑͬͯѹഭ͢Δ͜ͱ΋ݪҼͰ͋Δͱ

ΒΕΔɽ͑ߟ
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ਤ 7 ू໿ίϯςϯπผͷΩϟογϡώοτ཰ʢCS = 20ʣ

Fig. 7 Cache hit ratio by aggregate contentsʢCS = 20ʣ

ਤ 8 ʹ CR ͷΩϟογϡαΠζΛ૿Ճͤͨ͞৔߹ͷ

Ωϟογϡώοτ཰Λࣔ͢ɽಉਤ͔ΒΩϟογϡαΠζ͕

૿Ճ͢Δͱɼू໿ͳ͠ͷ৔߹ΑΓ͍ߴΩϟογϡώοτ཰

Λୡ੒͢Δ͜ͱ͕෼͔Δɽ·ͨɼ૯ίϯςϯπ਺͕ 400ͷ

৔߹͸ɼCΛू໿ͨ͠৔߹ͱू໿ͳ͠ͷ৔߹ʹੑೳ͕ࠩ΄

ͱΜͲͳ͍͜ͱ͕෼͔Δɽ͜Ε͸ɼ૯ίϯςϯπ਺ʹର͠

ͯΩϟογϡαΠζ͕େ͖͍ͨΊɼू໿͞Εͨར༻ස౓

ͷ௿͍ CʹΑΔόοϑΝͷѹഭ͕খ͍͔͞Βͩͱ͑ߟΒ
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Fig. 8 Cache hit ratio by aggregate contentsʢCS = 50ʣ

4.3 ਖ਼نԽΩϟογϡώοτ཰

ਤ 9ɼਤ 10ʹਖ਼نԽΩϟογϡώοτ཰Λࣔ͢ɽಉਤͷ

ԣ࣠ͱॎ࣠͸ɼγϛϡϨʔγϣϯܦաؒ࣌ͱਖ਼نԽΩϟο

γϡώοτ཰ΛͦΕͧΕࣔ͢ɽ͜͜Ͱɼਖ਼نԽΩϟογϡ

ώοτ཰͸֤ίϯςϯπΛू໿ͨ͠৔߹ͷΩϟογϡώο

τ཰Λू໿ͳ͠ͷ৔߹ͷΩϟογϡώοτ཰Ͱਖ਼نԽͨ͠

஋ͱͨ͠ɽ

྆ਤ͔ΒɼAͱ B͕ର৅Ͱ͋Ε͹ͲͪΒΛू໿ͨ͠৔߹

Ͱ΋ɼਖ਼نԽΩϟογϡώοτ཰͸ 1.0Ҏ্ͱͳΔ͜ͱ͕

෼͔Δɽ͔͠͠ɼCΛू໿ͨ͠৔߹͸ 1.0ҎԼͱͳΔ͜ͱ

͕෼͔Δɽ͜ͷ݁Ռ͔Βɼෳ਺ͷϢʔβ͔Βཁ͞ٻΕΔί

ϯςϯπΛू໿͢Ε͹ɼෳ਺ͷॏෳ͕ഉআ͞ΕΔͨΊू໿

ʹΑͬͯ NDNͷੑೳ্͕͢޲Δ͜ͱɼٯʹগ਺ͷϢʔβ

ͷΈ͕ཁ͢ٻΔΧςΰϦΛू໿ͨ͠৔߹͸ɼΩϟογϡͷ

ॏෳഉআͷޮՌ͕ݶఆతͳͨΊʹ NDNͷੑೳ͸௿Լ͢Δ

͜ͱ͕෼͔Δɽ

ɼಉ͡ΧςΰϦΛू໿͢Δ৔߹͸ɼ૯ίϯςϯπ਺ʹ࣍

͕ଟ͍৔߹ʹਖ਼نԽΩϟογϡώοτ཰͕͘ߴͳΔ͜ͱ͕

෼͔Δɽ͜Ε͸ɼΩϟογϡαΠζ͕ίϯςϯπ૯਺ʹର

ͯ͠૬ରతʹখ͍ͨ͞Ίʹɼू໿ʹΑΔ৑௕ੑഉআͷޮՌ

ΛΑΓେ͖͘Ͱ͖ͨͨΊͰ͋Δͱ͑ߟΒΕΔɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼਓؾίϯςϯπΛਪఆ͢Δࡍɼ௚ۙͷܭଌ஋

ͱͷൺֱͰ֎Ε஋Λআ֎͢Δ͜ͱͰɼू໿ίϯςϯπΛద

੾ʹܾఆՄೳͳू໿ख๏Λใͨ͠ࠂɽγϛϡϨʔγϣϯධ

Ձͷ݁ՌɼఏҊख๏͸ཁٻස౓ͷ͍ߴίϯςϯπΛద੾ʹ

બ୒͠ɼத৺ੑͷ͍ߴ CRʹू໿͢Δ͜ͱͰɼ͍ߴΩϟο

γϡώοτ཰Λୡ੒͢Δ͜ͱΛ໌Β͔ʹͨ͠ɽ
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Fig. 9 Normalized cache hit ratio by aggregate contentsʢCS
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Fig. 10 Normalized cache hit ratio by aggregate contentsʢCS
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