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͋Β·͠ ΠϯλʔωοτΛྲྀΕΔτϥώοΫ͸ɺྔɾ࣌ؒมಈͱ΋ʹ૿େ͓ͯ͠Γɺ࣌ؒมಈͷେ͖ͳτϥώοΫΛ

ޮ཰తʹऩ༰͢Δٕज़͕ٻΊΒΕ͍ͯΔɻมಈ͢ΔτϥώοΫΛऩ༰͢Δख๏ͱͯ͠ɺকདྷͷτϥώοΫྔΛ༧ଌ͠ɺ

༧ଌʹ߹Θͤͯ͋Β͔͡ΊඞཁͳݯࢿΛ഑෼͢Δ༧ଌܕͷτϥώοΫΤϯδχΞϦϯά͕ڀݚΛਐΊΒΕ͍ͯΔɻ༧

ଌܕͷτϥώοΫΤϯδχΞϦϯάʹΑΓద੾ͳݯࢿ഑෼Λͨ͏ߦΊʹ͸ɺݯࢿͷׂ࠶Γ౰͕ͯඞཁͳτϥώοΫͷ

มԽΛਖ਼֬ʹ༧ଌ͢Δ͜ͱ͕ඞཁͰ͋Δɻैདྷɺ͜ͷΑ͏ͳτϥώοΫྔͷ༧ଌ͸աڈͷτϥώοΫͷ࣌ྻܥσʔλ

Λ΋ͱʹߦΘΕ͖ͯͨɻ͔͠͠ͳ͕ΒɺτϥώοΫྔ͸ɺਓͷߦಈͳͲੈ࣮ݱքΛ൓өͨ͠΋ͷͰ͋Γɺաڈͷτϥ

ώοΫྔͷ࣌ྻܥσʔλ͔ΒͷΈͰ͸ɺτϥώοΫมಈΛਖ਼֬ʹ༧ଌ͢Δ͜ͱ͸ࠔ೉Ͱ͋ΔɻຊߘͰ͸ɺτϥώοΫ

ྔͷΈͰ͸ͳ͘ੈ࣮ݱքͰηϯγϯά͞Εͨ৘ใ΋༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼֬ʹ༧ଌ͠ɺݯࢿ

ׂ౰੍ޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏ʹ͍ͭͯݕ౼Λ͏ߦɻຊ༧ଌܕωοτϫʔΫ੍ޚख๏Ͱ͸ɺτϥώοΫ

ྔɺੈ࣮ݱքͷ৘ใͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ͕ؔ܎ᐆດͳ৘ใΛಘͳ͕Βɺਵ࣌ɺׂݯࢿ౰ͷ൑அΛ͢Δඞ

ཁ͕͋ΔɻຊߘͰ͸ɺ֎ք͔Βͷᐆດͳ৘ใΛجʹɺਵ࣌ɺҙܾࢥఆΛ͍ͯͬߦΔ೴ͷ৘ใॲཧաఔΛϞσϧԽͨ͠

ϕΠδΞϯΞτϥΫλʔϞσϧ (BAM)Λ༧ଌܕωοτϫʔΫ੍ޚʹ͓͚Δ൑அʹద༻͢ΔɻຊߘͰ͸ɺγϛϡϨʔ
γϣϯʹΑΓఏҊख๏ͷධՁΛ͏ߦɻͦͷ݁ՌɺఏҊख๏ʹΑΓɺকདྷͷωοτϫʔΫͷঢ়ଶΛਖ਼֬ʹ൑அͰ͖ɺগ

ͳׂ͍ݯࢿ౰Ͱ᫔᫓Λճආ͢Δ͜ͱ͕Ͱ͖Δ͜ͱΛࣔ͢ɻ

Ωʔϫʔυ τϥώοΫΤϯδχΞϦϯάɺωοτϫʔΫׂݯࢿ౰ɺ࣮ੈք؍ଌ৘ใɺ೴৘ใॲཧߏػ
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Abstract The amount of traffic through networks is increasing both in quantity and in fluctuation. One approach
to accommodating such fluctuating traffic is to dynamically control resources in a network based on the predicted
traffic. In this approach, the accuracy of the prediction is important. There are many methods to predict future
traffic. Most of them predict the future traffic from the traffic rates of the previous time slots. However, it is difficult
for these methods to predict future traffic accurately, because the traffic is affected by the human behavior, and the
sign of the traffic change may not be included in the past traffic data. In this paper, we discuss the predictive traffic
engineering methods using both of the monitored traffic data and real-world information. In this method, we need
to decide the amount of resources based on the monitored traffic and real-world information, whose relation to the
future traffic is unclear. In this paper, we apply a mechanism of human brain, which makes decisions from uncer-
tain and incomplete information, to making decisions in the predicted traffic engineering. Through simulations, we
demonstrate that our method avoid congestions without allocating a large amount of resources.
Key words Traffic Engineering, Resource Allocation, Real-World Information, Human Brain Cognition
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1. · ͑ ͕ ͖

Πϯλʔωοτʹ઀ଓ͢Δثػͷଟ༷Խ΍ɺΠϯλʔωοτ

Λհͨ͠αʔϏεͷଟ༷Խ͕ਐΉʹͭΕɺΠϯλʔωοτ্Λ

ྲྀΕΔτϥώοΫ͸ɺྔɾ࣌ؒมಈͱ΋ʹେ͖͘ͳ͍ͬͯΔɻ

ωοτϫʔΫऀۀࣄ͸ɺ͜ͷΑ͏ͳେ͖ͳτϥώοΫมಈ͕ੜ

͡Δڥ؀ʹ͓͍ͯ΋ɺ᫔᫓͕ൃੜ͠ͳ͍Α͏ʹτϥώοΫΛऩ

༰͢Δඞཁ͕͋Δɻ͜ͷΑ͏ͳཁٻΛຬͨ͢ख๏ͱͯ͠ɺτϥ

ώοΫมಈʹԠͯ͡ಈతʹܦ࿏΍ׂݯࢿ౰౳Λม͢ߋΔ Traffic
Engineering (TE) ͱݺ͹ΕΔٕज़͕஫໨͞Εɺ͞ڀݚ͘޿Ε
͖ͯͨ [1–4]ɻ͜ΕΒͷख๏Ͱ͸ɺωοτϫʔΫ಺ͷτϥώο
ΫྔΛ؍ଌ͠ɺ؍ଌͨ͠τϥώοΫྔΛݩʹτϥώοΫྔΛ༧

ଌ͠ɺ༧ଌͨ͠τϥώοΫྔΛऩ༰Ͱ͖ΔΑ͏ʹωοτϫʔΫ

಺ͷׂݯࢿ౰Λಈతʹม͢ߋΔɻ

ैདྷͷ TEͰ͸ɺಈతͳωοτϫʔΫ੍ޚͷࡍͷτϥώοΫ
༧ଌ͸ɺա؍ʹڈଌ͞ΕͨτϥώοΫͷ࣌ྻܥσʔλΛ΋ͱʹ

ఆΊͨมಈϞσϧΛ༻͍ͯߦΘΕ͖ͯͨ [5–10]ɻ͔͠͠ͳ͕
ΒɺτϥώοΫྔ͸ɺਓͷߦಈͳͲੈ࣮ݱքΛ൓өͨ͠΋ͷͰ

͋ΓɺաڈͷτϥώοΫྔͷ࣌ྻܥσʔλ͔ΒͷΈͰ͸ɺτϥ

ώοΫมಈΛਖ਼֬ʹ༧ଌ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɻͦͷ݁Ռɺτ

ϥώοΫͷ૿େΛ༧ଌͰ͖ͣɺ᫔᫓Λ๷͙͜ͱ͕Ͱ͖ͳ͍ɻ

ຊߘͰ͸ɺτϥώοΫྔͷΈͰ͸ͳ͘ੈ࣮ݱքͰηϯγϯά

͞Εͨ৘ใ΋༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼

֬ʹ༧ଌ͠ɺׂݯࢿ౰੍ޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏

ख๏Ͱ͸ɺτޚωοτϫʔΫ੍ܕɻຊ༧ଌ͏ߦΛ౼ݕ͍ͯͭʹ

ϥώοΫྔɺੈ࣮ݱքͷ৘ใͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ

౰ͷ൑அΛ͢Δඞׂݯࢿᐆດͳ৘ใΛಘͳ͕Βɺਵ࣌ɺ͕܎ؔ

ཁ͕͋Δɻ

ຊߘͰ͸ɺᐆດͳ৘ใΛಘͳ͕Βਵ࣌൑அΛ͏ߦख๏Λཱ֬

͢Δʹ͋ͨΓɺ೴৘ใॲཧߏػʹண໨ͨ͠ɻ೴ͷೝ஌Ϟσϧͷ

ҰͭͰ͋Δ Bayesian Attractor Model(BAM) [11]Ͱ͸ɺ֬཰
తͳҙܾࢥఆͷঢ়ଶΛ಺෦ঢ়ଶͱ͓ͯ࣋ͬͯ͠Γɺ֎෦͔Βͷ

ηϯγϯά৘ใΛ༻͍ͯஞ࣍తʹͦͷঢ়ଶΛߋ৽͢Δ͜ͱΛ܁

Γฦ͢͜ͱʹΑΓೝ஌Λ͏ߦɻ

ຊߘͰ͸ɺBAMΛ༧ଌܕωοτϫʔΫ੍ޚʹ͓͚Δঢ়گͷ
ೝ஌ʹద༻͢Δɻຊख๏Ͱ͸ɺωοτϫʔΫʹ͓͍ͯɺೝ஌͢

΂͖ঢ়گͱ֤ঢ়گʹ͓͍ͯɺকདྷඞཁͱͳΔྔݯࢿͷରԠؔ܎

Λ͋Β͔͡ΊهԱ͓ͯ͘͠ɻ·ͨɺೝ஌ର৅ͱͳΔωοτϫʔ

Ϋͷ֤ঢ়ଶΛ BAMʹબ୒ࢶͱͯ͠ຒΊࠐΈɺ֤બ୒ࢶͱରԠ
͢Δ؍ଌ͞ΕΔ৘ใͱͷؔ܎ʹ͍ͭͯ΋هԱ͢Δɻͦͯ͠ɺ࣮

৽ߋఆͷঢ়ଶΛܾࢥଌ৘ใΛ΋ͱʹҙ؍͸ɺʹࡍΔ͢ޚ੍ʹࡍ

͠ɺ֤બ୒ࢶͷ֬৴౓Λಘɺ֬৴౓͕͍ߴબ୒ࢶʹରԠ͢Δক

དྷඞཁͱͳΔྔݯࢿͷׂΓ౰ͯΛ͏ߦɻ͜ΕΛ܁Γฦ͢͜ͱʹ

ΑΓɺஞ࣍ɺঢ়گΛ൑அ͠ɺඞཁͳݯࢿΛׂΓ౰ͯΔ͜ͱ͕Մ

ೳͱͳΔɻ

2. Bayesian Attractor Model(BAM)

Bayesian Attractor Model(BAM) [11]͸ɺ೴͕ෆ͔֬ͳη
ϯγϯά৘ใʹ͍ͯͮجҙܾࢥఆΛ͏ߦաఔΛϞσϧԽͨ͠΋

ͷͰ͋ΔɻBAM Ͱ͸ɺҙܾࢥఆঢ়ଶ zt Λ಺෦ͷঢ়ଶͱͯ͠

࣋ͪɺ֎෦͔ΒಘΒΕͨ؍ଌ஋ xt ͍ͯͮجʹ zt Λߋ৽͢Δɻ

BAM ఆঢ়ଶܾࢥ൑அ͸ɺҙگঢ়͏ߦ͕ zt ʹΑܾͬͯఆ͞Ε

Δɻࣄલʹ༻ҙͨ͠ S ࢶͷબ୒ݸ (ҎޙΞτϥΫλʔͱΑͿ)
ʹରԠͨ͠ঢ়ଶ஋ φ1, · · · , φi ͷ͍ͣΕ͔ʹঢ়ଶ zt ͕౸ୡͨ͠

࣌ɺ͢ͳΘͪ zt = φi ͱͳͬͨ࣌ʹɺi൪໨ͷΞτϥΫλʔ͕ҙ

͑ߟ৽ʹ͸ϕΠζਪఆͷߋఆͷ݁ՌͱͳΔɻ͜ͷ࣌ɺঢ়ଶܾࢥ

ํ͕༻͍ΒΕ͓ͯΓɺzt ͸Ұ఺ͱͯ͠ߋ৽͞ΕΔͷͰ͸ͳ͘ɺ

ͼμΠφϛΫεͷෆ͔֬͞Λ൓өͨ֬͠ٴଌ஋ͷෆ࣮֬͞ɺ؍

཰෼෍ P (zt)ͱͯ͠ߋ৽͞ΕΔɻ·ͨɺzt ͷ஋͸֬཰Λ൐ͬͯ

ද͞ݱΕ͍ͯΔͨΊɺzt = φi ͷ൑ఆʹ͸ɺ֬཰తͳҙܾࢥఆ

͕ಋೖ͞ΕΔɻ

2. 1 ঢ়ଶͷߋ৽

BAMͰ͸ɺҎԼͷΑ͏ͳҙܾࢥఆঢ়ଶ zt ଌ஋؍ͼٴ xt ͷ

ੜ੒ϞσϧΛ࣋ͭɻ

zt − zt−∆t = ∆tf(zt−∆t ) +
√

∆twt (1)

xt = Mσ(zt) + vt (2)

͜͜Ͱɺf(z)͸ϗοϓϑΟʔϧυμΠφϛΫεɺwt,vt ͸ϊΠ

ζ߲Ͱ͋ΔɻM = [µi, · · · , µN ]Ͱ͋Γɺµi ͸ɺࣄલʹ༻ҙ͞

Ε֤ͨΞτϥΫλʔͷঢ়ଶ஋ φi ʹରԠ͢Δ؍ଌ஋Ͱ͋Δɻϕ

ΠζਪఆΛ༻͍ͯɺ্ͷੜ੒ϞσϧΛٯਪఆ͢Δ͜ͱͰɺ؍ଌ

஋ xt ͔Βҙܾࢥఆঢ়ଶ zt Λߋ৽͢Δ͜ͱ͕Ͱ͖Δɻͨͩ͠ɺ

ੜ੒Ϟσϧ͸ඇઢܗঢ়ଶۭؒϞσϧͰ͋ΓɺີݫͳϕΠζਪఆ

͸ࠔ೉Ͱ͋ΔͨΊɺ Unscented Kalman Filter(UKF) [12] Λ
ɻ͏ߦΛࢉܭࣅ͍ۙͨ༺

2. 2 ҙ ࢥ ܾ ఆ

্ड़ͷঢ়ଶਪఆʹΑͬͯಘΒΕΔ zt ͸ɺҰ఺ͱͯ͠ͷ zt Ͱ

ͳ͘ɺzt ͷ֬ޙࣄ཰ P (zt|xt) Ͱ͋ΔɻͦͷͨΊɺҙܾࢥఆঢ়
ଶ͕Ͳͷબ୒ࢶ φi ʹ͋Δ͔ͷ൑ผ͸֬཰Λ൐ͬͯߦΘΕΔɻ

۩ମతʹ͸ɺ͖͍͠஋ λ Λಋೖ͠ɺzt = φi ʹ͓͚Δ֬཰ີ౓

͕ P (zt = φi) > λ Ͱ͋ΔΑ͏ͳબ୒ࢶ i Λҙܾࢥఆͷ݁Ռͱ

ͯ͠બ୒͢Δɻ·ͨɺ͜ͷΑ͏ͳ i ͕ଘ͠ࡏͳ͍৔߹ʹ͸ɺҙ

ఆ͕ऴΘ͍ͬͯͳ͍ஈ֊ʹ͋Δͱ൑அ͞ΕΔɻPܾࢥ (zt|xt) ͷ
͸ɺUKFࢉܭ ʹΑͬͯਪఆ͞Εͨظ଴஋ E[zt]ͱɺ෼ڞࢄ෼
ྻߦࢄ Σt Λ༻͍ͯɺP (zt|xt) ͕ଟมྔਖ਼ن෼෍ N(E[zt], Σt)
Ͱ͋ΔͱԾఆͯ͢͠ࢉܭΔɻ

3. ࣮ੈք৘ใڠௐ༧ଌׂݯࢿܕ౰ख๏

3. 1 ֓ ཁ

ϞόΠϧωοτϫʔΫͰ͸ɺϞόΠϧ୺຤Λ࣋ͭଟ਺ͷϢʔ

β͔Βͷ௨৴Λऩ༰͓ͯ͠Γɺ֤ΤϦΞ͔Βྲྀೖ͢Δτϥώο

Ϋ͸ɺ֤Ϣʔβ͕ग़͢τϥώοΫྔͷมԽɺϢʔβͷҠಈͷ྆

ํͷӨڹΛड͚ΔɻτϥώοΫྔͷมԽͷ݁Ռɺॲཧ͢Δݯࢿ

͕ෆ଍ͨ͠ΤϦΞͰ͸ɺे෼ͳ඼࣭Ͱͷ௨৴ͷऩ༰͕ෆՄೳͱ

ͳΔɻͦͷҰํɺ༨৒ͳׂݯࢿ౰͕ߦΘΕͨΤϦΞ͕ੜͨ͡ࡍ

ʹ͸ɺফඅిྗͷ૿େ΍ଞͷΤϦΞʹׂ౰ͯՄೳͳ͕ݯࢿෆ଍

͢Δ౳ͷ໰୊͕ൃੜ͢ΔɻͦͷͨΊɺ֤ΤϦΞͷ௨৴ྔʹ߹Θ

ͱ͕ඞཁͱͳΔɻ͜͏ߦͷׂΓ౰ͯΛݯࢿͨͤ

ຊߘͰ͸ɺ্هͷϞόΠϧωοτϫʔΫʹ͓͍ͯɺ֤ΤϦΞ
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͔Βྲྀೖ͢ΔτϥώοΫͷॲཧʹׂ౰ͯΔݯࢿΛܾఆ͢Δॲཧ

Λର৅ͱͯ͠ɺ࣮ੈք৘ใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦ

ϯάख๏ͷݕ౼Λ͏ߦɻ্ड़ͷΑ͏ʹɺϞόΠϧωοτϫʔΫ

Ͱ͸ɺτϥώοΫྔ͸ɺ֤ΤϦΞͷτϥώοΫྔɺ֤ΤϦΞʹ

͍ΔϢʔβͷ਺ʹӨڹΛड͚Δɻ·ͨɺ֤ΤϦΞͷϢʔβ਺Λ

༧ଌ͢Δʹ͸ɺपลͷΤϦΞͷϢʔβ਺͸ॏཁͳ৘ใͰ͋Γɺ

पลΤϦΞͷϢʔβ਺͕૿େͨ͠৔߹ɺ౰֘ΤϦΞͷϢʔβ਺

΋૿େ͢Δ͜ͱ͕༧૝Ͱ͖ΔɻͦͷͨΊɺຊߘͰ͸ɺ࣮ੈք৘

ใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦϯάख๏Ͱ͸ɺ֤ΤϦΞ

ͷτϥώοΫྔʹՃ͑ͯɺ֤ΤϦΞͷϢʔβ਺ʹ͍ͭͯͷ৘ใ

΋ೖྗͱͯ͠ѻ͏ɻͦͯ͠ɺͦΕΒͷ஋Λೖྗͱ͠ɺকདྷͷ֤

ΤϦΞͷτϥώοΫྔΛ༧ଌɺ༧ଌ݁ՌΛ΋ͱʹݯࢿͷׂΓ౰

ͯΛ͏ߦɻ

Ҏ߱ɺຊઅͰ͸ɺ্هͷ࣮ੈք৘ใڠௐ༧ଌܕτϥώοΫΤ

ϯδχΞϦϯάख๏Ͱ༻͍Δ೴৘ใॲཧߏػʹ΋ͱͮ͘τϥ

ώοΫ༧ଌख๏ɺ༧ଌ݁Ռʹ΋ͱׂͮ͘ݯࢿ౰ํ๏ʹ͍ͭͯड़

΂Δɻ

3. 2 ೴৘ใॲཧߏػʹ΋ͱͮ͘τϥώοΫ༧ଌ

࣮ੈք৘ใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦϯάख๏Ͱ͸ɺ

֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫྔΛ࣮ੈք͔Βऔಘ͞ΕΔ৘

ใΛ༻͍ͯ༧ଌ͠ɺ੍ޚʹ༻͍ΔɻҎ߱ɺ੍ޚର৅ͷΤϦΞͷ

͏ͪɺ1ͭͷΤϦΞʹ͍ͭͯɺকདྷͷτϥώοΫྔΛ༧ଌ͢Δ
ख๏ʹ͍ͭͯड़΂Δɻ

ຊߘͰ͸ɺࡏݱ·ͰʹಘΒΕ͍ͯΔ؍ଌ৘ใʹΑΓೝ஌Մೳ

ͳωοτϫʔΫͷঢ়ଶΛఆٛ͠ɺ֤ঢ়ଶʹ͍ͭͯ p λΠϜε

ϩοτઌͷτϥώοΫྔΛɺաڈͷ؍ଌ݁ՌΛ΋ͱʹରԠ෇͚

Δ͜ͱʹΑΓɺpλΠϜεϩοτઌͷτϥώοΫྔͷ༧ଌΛɺݱ

ͷωοτϫʔΫͷঢ়ଶΛೝ஌͢Δ໰୊ͱͯ͠ѻ͏ɻͦͯ͠ɺࡏ

͜ͷೝ஌ʹ೴ͷೝ஌ͷϞσϧͷҰͭͰ͋Δ Bayesian Attractor
Model (BAM) [11]Λద༻͢ΔɻBAMͰ͸ɺయܕతͳೝ஌ͷ
ঢ়ଶΛΞτϥΫλʔͱͯ࣋ͪ͠ɺ֤ΞτϥΫλʔʹରԠ͢Δ؍

ଌ஋Λ͓֮͑ͯ͘ɻͦͯ͠ɺ৽ͨʹ؍ଌ஋͕ಘΒΕΔͨͼʹɺ

Γฦ͢ɻ܁৽͢Δ͜ͱΛߋͷೝ஌ͷঢ়ଶΛࡏݱ

ຊߘͰ͸ɺBAMΛ্هͷೝ஌ʹ༻͍ΔͨΊɺ༧ଌʹ༻͍Δ
ଌ৘ใΛ༻͍ͯೝ஌͢Δର৅ͱͳΔωοτϫʔΫ؍ଌ৘ใɺ؍

ͷঢ়ଶɺ౰֘ೝ஌΁ͷ BAMͷద༻ํ๏ʹ͍ͭͯٞ࿦͢Δɻ
3. 2. 1 ؍ ଌ ৘ ใ

ຊߘͰ͸ɺ֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫྔʹՃ͑ͯɺ֤

ΤϦΞͷϢʔβ਺ʹ͍ͭͯ΋؍ଌ৘ใͱͯ͠༻͍ΔɻϞόΠϧ

ωοτϫʔΫͰ͸ɺτϥώοΫྔ͸ɺ֤ΤϦΞͷτϥώοΫྔɺ

֤ΤϦΞʹ͍ΔϢʔβͷ਺ʹӨڹΛड͚Δɻ·ͨɺ֤ΤϦΞͷ

Ϣʔβ਺Λ༧ଌ͢Δʹ͸ɺपลͷΤϦΞͷϢʔβ਺͸ॏཁͳ৘

ใͰ͋ΓɺपลΤϦΞͷϢʔβ਺͕૿େͨ͠৔߹ɺ౰֘ΤϦΞ

ͷϢʔβ਺΋૿େ͢Δ͜ͱ͕༧૝Ͱ͖ΔɻͦͷͨΊɺ༧ଌର৅

ΤϦΞͷ৘ใʹՃ͑ͯɺ༧ଌର৅ΤϦΞपลͷ؍ଌ஋΋༻͍Δɻ

·ͨɺϢʔβ਺ɺτϥώοΫྔͷ͍ͣΕʹ͍ͭͯ΋ɺࡏݱͷ஋

ͷΈͰ͸ͳ͘ɺϢʔβ਺ɺτϥώοΫྔ͕૿Ճ޲܏ʹ͋Δ͔ɺ

͓ʹΔ͔ͱ͍͏఺΋ɺকདྷͷτϥώοΫྔͷ༧ଌ͋ʹ޲܏গݮ

͍ͯ͸ɺॏཁͳ৘ใͰ͋ΔɻͦͷͨΊɺຊߘͰ͸ɺ༧ଌର৅஍

఺͔ΒɺmΤϦΞ෼Ҏ಺ͷڑ཭ʹ͋Δ֤ΤϦΞʹ͓͚ΔҎԼͷ

஋Λ༧ଌର৅ΤϦΞͷ༧ଌʹ༻͍Δɻ

• ͷτϥώοΫྔࡏݱ

• pλΠϜεϩοτલͷτϥώοΫྔͱࡏݱͷτϥώοΫ

ྔͱͷࠩ෼

• ͷϢʔβ਺ࡏݱ

• p λΠϜεϩοτલͷϢʔβ਺ͱࡏݱͷϢʔβ਺ͱͷ

ࠩ෼

3. 2. 2 ೝ஌ର৅ͷঢ়ଶ

ΔωοτϫʔΫͷঢ়ଶ͸ɺpλΠϜε͍ͯ͠ࣅଌ৘ใ͕ྨ؍

ϩοτઌͷ༧ଌର৅ΤϦΞͷτϥώοΫྔ΋ۙ͘ͳΔͱ͑ߟΒ

ΕΔɻͦ͜ͰɺຊߘͰ͸ɺաڈʹಘΒΕͨ؍ଌ৘ใΛ΋ͱʹɺ

৅Λ͋ͭΊͨࣄଌ৘ใΛ΋ͭ؍ͷࣅଌ৘ใΛྨ؍ kݸͷΫϥε

λ C1, C2, · · · , Ck ʹ෼ׂ͠ɺ৽ͨͳ؍ଌ஋͕ಘΒΕͨࡍʹ͸ɺ

ͷঢ়ଶ͕ɺ͍ͣΕͷΫϥελʹଐ͢Δঢ়ଶͰ͋Δͷ͔Λೝ஌ࠓ

͢Δ΋ͷͱͨ͠ɻ͜ΕʹΑΓɺࡏݱͷঢ়ଶ͕Ϋϥελ Cn Ͱ͋

Δͱೝ஌ͨ͠৔߹ɺաڈʹಘΒΕͨ؍ଌ৘ใΛ΋ͱʹɺΫϥε

λ Cn ಺ʹଐ͢Δաڈͷ֤ঢ়ଶʹ͍ͭͯ pλΠϜεϩοτઌͷ

τϥώοΫྔΛௐ΂ɺͦͷ࠷େ஋Λ༧ଌ஋ͱ͢Δ͜ͱʹΑΓɺp

λΠϜεϩοτઌͷ᫔᫓Λ๷͙ͨΊʹඞཁͳྔݯࢿΛಘΔ͜ͱ

͕Ͱ͖ΔɻຊߘͰ͸ɺk-means๏Λ༻͍ɺ؍ଌ৘ใΛ΋ͱʹ k

ͷೝ஌ର৅ͷঢ়ଶΛఆٛͨ͠ɻݸ

3. 2. 3 ঢ়ଶೝ஌΁ͷ BAMͷద༻
ຊߘͰ͸ɺK छྨͷঢ়ଶೝ஌Λ͏ߦʹ͋ͨΓɺBAMʹ΋ͱ

ͮ͘ೝ஌ثΛK ର͕ثɺ౰֘ೝ஌͍͓ͯʹث४උ͠ɺ֤ೝ஌ݸ

Ԡ͢Δঢ়ଶͰ͋Δͷ͔ɺͦΕҎ֎ͷঢ়ଶͰ͋Δͷ͔ͷ 2ঢ়ଶͷ
൑அΛ͏ߦɻҎ߱ɺ֤ೝ஌ثʹ͓͍ͯɺBAMʹ͓͚Δ؍ଌ৘
ใͷ༩͑ํɺBAMʹ͓͚ΔΞτϥΫλʔͷఆٛɺʹ͍ͭͯઆ
໌͢Δɻ

a ) ଌ৘ใͷ༩͑ํ؍

֤ೝ஌ثʹ͓͍ͯɺ؍ଌ஋͸ɺࡏݱͷঢ়ଶ͕֤ΞτϥΫλʔ

ͷ͍ͣΕͰ͋Δ͔Λ൑அ͢ΔͨΊʹ༻͍ΒΕΔɻຊߘͰ͸ɺݱ

ͷঢ়ଶ͕֤ΞτϥΫλʔͷ͍ͣΕͰ͋Δ͔ͷ൑அ͕༰қʹͰࡏ

͖ΔΑ͏ʹɺҎԼͷΑ͏ʹՃͨ͠޻৘ใΛ BAMʹ༩͑Δɻ

xi = σ( a
a + b

,
b

a + b
)

a = D(X, Mi)

b = min(D(X, M1), D(X, Mi−1), · · · , D(X, Mi+1), D(X, Mk))
(3)

ͨͩ͠ɺxi ͸ɺࡏݱͷೝ஌ͷঢ়ଶ͕Ϋϥελ Ci(1 <= i <= k)ʹ
ؚ·ΕΔ΂͖ঢ়ଶͰ͋Δ͔Λ൑அ͢Δೝ஌Λ͏ߦ BAMʹ༩͑
ΔೖྗɺX ͸ಘΒΕͨ؍ଌ஋ɺD(y1, y2)͸ϕΫτϧ y1, y2 ؒ

ͷϢʔΫϦουڑ཭ɺσ͸γάϞΠυؔ਺Λද͍ͯ͠Δɻ·ͨɺ

yi ͸ɺi൪໨ͷΫϥελ iʹଐ͢ΔաڈʹಘΒΕͨ؍ଌ৘ใͷ

ฏۉ஋Ͱ͋Δɻ͢ͳΘͪɺxi ͸ɺΫϥελ Ci ʹଐ͢Δաڈʹ

ಘΒΕͨ؍ଌ৘ใͷฏۉʹ͚ۙΕ͹ɺ0, 1ɺͦΕҎ֎ͷΫϥελ
ͷ؍ଌ৘ใͷฏۉʹ͚ۙΕ͹ 1, 0ͱͳΔɻ

b ) ΞτϥΫλʔͷఆٛ

֤ೝ஌ثͰ͸ɺର৅ͱͳΔঢ়ଶͰ͋Δ͔൱͔Λ൑அ͢Δɻ͢

ͳΘͪɺࡏݱͷೝ஌ͷঢ়ଶ͕Ϋϥελ Ci(1 <= i <= k)ʹؚ·Ε
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Δ΂͖ঢ়ଶͰ͋Δ͔Λ൑அ͢Δೝ஌ثͰ͸ɺࡏݱͷঢ়ଶ͕Ϋϥ

ελ Ci(1 <= i <= k)ʹؚ·ΕΔ΂͖ঢ়ଶͰ͋Δ zyesɺͦΕҎ֎

ͷঢ়ଶ znoͷೋͭΛΞτϥΫλʔΛ࣋ͭɻͦͯ͠ɺzyesͷ৔߹ɺ

zno ͷ৔߹ͷ؍ଌ஋ΛҎԼͷΑ͏ʹఆٛ͢Δɻ

µyes = (0, 1)

µno = (1, 0)
(4)

3. 3 ༧ଌʹׂݯࢿ͍ͨͮج౰

্ड़ͷखॱʹΑΓɺk ͷ͋Β͔͡Ίఆٛ͞Ε֤ͨωοτݸ

ϫʔΫͷঢ়ଶʹ͍ͭͯɺ֬ޙࣄ཰ P (zyes|x)ʢҎ߱ɺ֬৴౓ͱ
ΑͿʣͱɺͦͷঢ়ଶʹ͓͚Δ pλΠϜεϩοτઌͷඞཁྔݯࢿ

Ͱ͸ɺ͜ͷ֬৴౓ͱߘΔɻຊ·ٻ͕ pλΠϜεϩοτઌͷඞཁ

ɻBAMʹΑΔೝ஌ͷ݁Ռɺ͋͏ߦ౰ΛׂݯࢿʹΛ΋ͱྔݯࢿ
Δಛఆͷঢ়ଶͰ͋Δ֬཰͕ඇৗʹ͍ߴ৔߹͸ɺҰͭͷೝ஌ثͷ

Έ P (zyes|x)͕͍ߴ஋ͱͳΔɻ͔͠͠ͳ͕Βɺঢ়گʹΑͬͯ͸ɺ
͍ͣΕͷঢ়ଶ͔ͷ൑அ͕೉͘͠ɺෳ਺ͷೝ஌ثͷ P (zyes|x)͕
஋ͱͳΔ͜ͱ΋͋Δɻ͜ͷΑ͏ͳ৔߹ɺ᫔᫓Λճආ͢Δ͍ͨߴ

Ίʹ͸ɺՄೳੑͷ͋Δঢ়ଶͷ͏ͪɺ΋ͬͱ΋༧ଌ஋͕͍ߴঢ়ଶ

ʹ߹Θׂͤͯݯࢿ౰Λ͜͏ߦͱ͕༗ޮͰ͋Δͱ͑ߟΒΕΔɻͦ

͜ͰɺຊߘͰ͸ɺP (zyes|x)͕ᮢ஋ λΛ௒͑Δશঢ়ଶΛ͠Β΂ɺ

΋ͬͱ΋ pλΠϜεϩοτઌͷඞཁྔݯࢿʹ߹Θͤͯɺ౰֘Τ

ϦΞͷ pλΠϜεϩοτઌͷׂݯࢿ౰Λઃఆ͢Δɻ

4. ධ Ձ

ຊධՁͰ͸ɺަ௨ྲྀ৘ใΛؚΉ؍ଌ৘ใΛ༻͍Δ͜ͱʹΑΔ

ޮՌٴͼɺ೴৘ใॲཧϓϩηεʹண૝Λಘ੍ͨํޚ๏Λ༻͍Δ

͜ͱͷޮՌΛධՁ͢Δɻ

4. 1 ධ Ձ ख ๏

4. 1. 1 ධ Ձ ؀ ڥ

ຊධՁͷͨΊʹ͸ɺਓͷҠಈͱɺͦ Εʹ൐͏ɺ֤ ΤϦΞ͔Βྲྀ

ೖ͢ΔτϥώοΫྔͷσʔλΛ༻͍Δඞཁ͕͋Δɻ͔͠͠ͳ͕

ΒɺਓͷҠಈͱτϥώοΫྔͷ྆ํΛؚΉ࣮ଌσʔλ͸ެ։͞

Ε͍ͯͳ͍ɻͦ͜ͰຊڀݚͰ͸ɺOpen PFLOW [13] (౦ژେֶ
CSIS-JoRAS) ͱݺ͹ΕΔɺٖࣅతʹੜ੒͞ΕͨGPSي੻σʔ
ληοτΛ༻͍ͯਓͷҠಈύλʔϯΛͭͭ͠ݱ࠶ɺਓʑ͕ൃੜ

ͤ͞ΔτϥώοΫʹ͍ͭͯ͸ɺSynthetic Traffic Generator [14]
Ͱٖࣅੜ੒͞Εͨ΋ͷΛ༻͍Δɻ

Open PFLOWͰ͸ɺट౎ݍʹ͓͚Δయܕతͳ໿ 1೔෼ͷਓ
ͷҠಈύλʔϯ͕͞ݱ࠶Ε͓ͯΓɺσʔληοτ͸֤ਓͷ࣌ࠁ

ͱ GPS࠲ඪͷ૊͕ 5ඵִؒͰه࿥͞Ε͍ͯΔɻͨͩ͠ɺ౰֘
σʔληοτʹؚ·ΕΔਓ਺͸ɺ617040ਓ෼Ͱ͋Γɺट౎ݍͷ
શϢʔβʹ૬౰͢Δਓྲྀσʔλ͸ؚ·Ε͍ͯͳ͍ɻͦ͜Ͱɺຊ

Ͱ͸ɺOpenڀݚ PFLOWʹؚ·ΕΔ֤ਓྲྀʹ͍ͭͯɺಉҰߦ

ಈΛͱΔϢʔβ͕ෳ਺ਓଘ͢ࡏΔ΋ͷͱͯ͠ɺ֤ਓྲྀΛఆ਺ഒ

ͨ͠ਓ਺͕ಉҰͷߦಈΛ͍ͯ͠Δ΋ͷͱͯ͠ɺਓྲྀσʔλΛߏ

ஙͨ͠ɻ͞Βʹɺ֤ਓྲྀσʔλʹ͓͚Δഒ཰ΛϥϯμϜʹมߋ

͢Δ͜ͱʹΑΓɺOpen PFLOWͷ޲܏ʹै͍ͭͭ΋ɺঢ়گͷ

ҟͳΔਓྲྀσʔλΛ 2छྨੜ੒ͯ͠ɺҰͭΛఏҊख๏ͷೝ஌ର
৅ͷঢ়گͷఆٛɾ֤ঢ়گʹରԠ͢Δ༧ଌτϥώοΫྔͷఆٛͱ

ֶ͍ͬͨश༻ͷσʔλͷੜ੒ʹ༻͍ɺ࢒ΓͷਓྲྀσʔλΛධՁ

ਤ 1: ༧ଌର৅஍఺ٴͼͦͷपลͷτϥώοΫྔͷ࣌ྻܥมԽ

༻σʔλͷੜ੒ʹ༻͍ͨɻ

Synthetic Traffic Generator͸ x : 00 : 00͔Β (x + 1) : 00 :
00 (0 <= x <= 23) ͷτϥώοΫྔɺϦΫΤετ਺ɺϦΫΤετ
ؒͷΠϯλʔόϧ࣌ؒΛɺ࣮ܭଌσʔλʹͨ͠ݱ࠶͍ͯͮج΋

ͷͰ͋Δɻͨͩ͠ɺຊγϛϡϨʔλʔͰ͸ɺ֤࣌୆ͷϦΫΤε

τ͸ɺx : 00 : 00௚ޙʹूதͯ͠ੜ੒͞Ε͍ͯΔ͕ɺ࣮ݱతʹ
͸ɺ֤ϢʔβͷϦΫΤετ͸ɺΑΓ༷ʑͳ࣌ؒଳʹൃੜ͢Δɻ

ͦ͜ͰɺຊධՁͰ͸ɺ֤ϢʔβͷϦΫΤετ͕ൃੜ͢Δ࣌ࠁΛ

x : 00 : 00͔Β (x + 1) : 00 : 00ͷதͰҰ༷ʹ෼෍͢ΔΑ͏ʹɺ
ͣΒ͢ॲཧΛͨͬߦɻ·ͨɺSynthetic Traffic GeneratorͰ͸
ϦΫΤετͷΈൃੜ͓ͤͯ͞Γɺ֤ϦΫΤετʹΑͬͯੜ੒͞

ΕΔτϥώοΫྔʹ͍ͭͯɺΑΓ୹ཻ͍࣌ؒ౓ͰͷτϥώοΫ

ྔͷσʔλ͸ؚ·Ε͍ͯͳ͍ɻຊධՁͰ͸ɺϦΫΤετͷ։࢝

͔Βऴྃ·ͰɺҰఆϨʔτͷτϥώοΫྔ͕ૹΒΕ͍ͯΔ΋ͷ

ͱͯ͠ɺ֤ϢʔβͷτϥώοΫΛੜ੒ͨ͠ɻ

ຊධՁͰ͸ɺ༧ଌର৅ͱͯ͠ɺ౦ژ౎ઍ୅ా۠पลΛҢ౓ܦ

౓ͱ΋ʹ 0.0036(໿ 350m)࢛ํͷΤϦΞʹ۠෼ͨ͠ࡍͷҰͭͷ
ΤϦΞΛબ୒͠ɺ౰֘ΤϦΞͷඞཁྔݯࢿΛ੍ͨ͠ޚ৔߹ʹͭ

͍ͯධՁΛͨͬߦɻ֘౰ΤϦΞٴͼͦͷपลΤϦΞʹ͓͚Δτ

ϥώοΫྔͷ࣌ྻܥมԽΛਤ 1ʹɺਓ਺ͷ࣌ྻܥมԽΛਤ 2ʹ
ࣔ͢ɻͦΕͧΕྻܥ 1͕༧ଌର৅஍఺Ͱ͋Γɺͦͷଞ͸पล 8
ํҐͷΤϦΞʹ͓͚Δ࣌ྻܥมԽͰ͋Δɻ୯Ґ͸ bpsͰ͋Δɻ
ຊධՁʹ͓͍ͯ͸ɺ؆୯ͷͨΊɺ౰֘ΤϦΞ͔Βྲྀೖ͢Δτ

ϥώοΫͷॲཧʹׂ౰ͯΒΕΔݯࢿ͸ɺ16 Mbps୯Ґͱͨ͠ɻ
·ͨɺඞཁݯࢿΛޙࢉܭɺׂݯࢿ౰ͷॲཧʹ 40෼Λཁ͢Δͱ
͠ɺ֤࣌ࠁʹ͓͍ͯ͸ɺ40෼ޙͷτϥώοΫྔΛ༧ଌ্ͨ͠Ͱ
Δ͜ͱͱͨ͠ɻҎ߱ɺ͢΂ͯͷਤʹ͓͍ͯɺ1λΠϜε͢ޚ੍
ϩοτ͸ 5ඵؒͰ͋Γɺ3:00 24:00·Ͱͷ࣌ྻܥมԽΛࣔͯ͠
͍Δɻ

4. 1. 2 ൺ ֱ ख ๏

ຊධՁͰ͸ɺ؍ଌ஋ͱͯ͠ަ௨ྲྀ৘ใΛؚΉଟछͷ৘ใΛ༻

͍Δ͜ͱʹΑΔޮՌٴͼɺঢ়ଶ൑அͱͯ͠೴৘ใॲཧϓϩηε

ʹண૝Λಘͨํ๏Λ༻͍Δ͜ͱͷޮՌΛධՁ͢Δɻ্ड़ͷޮ

ՌΛධՁ͢ΔͨΊɺຊධՁͰ͸ɺఏҊख๏ (Ҏ߱ɺBAM-based
method with real-world informationͱද͢هΔ)ΛҎԼͷख
๏ͷൺֱΛ͏ߦɻ

— 4 —



ਤ 2: ༧ଌର৅஍఺ٴͼͦͷपลͷਓ਺ͷ࣌ྻܥมԽ

a ) BAM-based method without real-world information
ຊख๏Ͱ͸ɺ؍ଌ৘ใͱͯ͠ަ௨ྲྀ৘ใΛ༻͍ͣɺτϥώο

ΫྔͷΈΛ༻͍ɺBAMϞσϧΛ༻͍ͯকདྷͷ༧ଌର৅ΤϦΞ
ʹ͓͚ΔτϥώοΫྔΛ༧ଌɺׂݯࢿ౰Λ͏ߦɻ͢ͳΘͪɺຊ

ख๏Ͱ͸ɺ੍ޚΛࡍ͏ߦʹɺҎԼͷ৘ใΛ༻͍ͯ༧ଌΛ͏ߦɻ

• ͷτϥώοΫྔࡏݱ

• pλΠϜεϩοτલͷτϥώοΫྔͱࡏݱͷτϥώοΫ

ྔͱͷࠩ෼

ຊख๏͸ɺ༧ଌʹ༻͍Δ৘ใҎ֎͸ɺఏҊख๏ͱಉ͡Ͱ͋Γɺ

ຊख๏ͱͷൺֱʹΑΓɺ༧ଌʹަ௨ྲྀ৘ใΛ༻͍ΔޮՌΛ֬ೝ

͢Δɻ

b ) Prediction Based on Clustering Result (PBCR) With
real-world information

ຊख๏Ͱ͸ɺఏҊख๏ͱಉ͡৘ใʢτϥώοΫྔɺਓྲྀͷσʔ

λͷ྆ํʣΛ༻͍ͯকདྷͷ༧ଌΛ͍ߦɺ੍ޚΛ͏ߦɻͨͩ͠ɺ

༧ଌΛࡍ͏ߦʹɺBAMʹΑΔೝ஌͸ߦΘͣɺ֤࣌ࠁͰಘΒΕ
ஙͨ͠ΫߏʹࡍΛఆٛ͢Δگଌ஋Λ΋ͱʹɺೝ஌ର৅ͷঢ়؍ͨ

ϥελͷ͏ͪɺ࠷΋͍ۙΫϥελͱಉ͡ঢ়گͰ͋Δͱ൑அ͠ɺ

༧ଌΛ͏ߦɻຊख๏ͱൺֱ͢Δ͜ͱʹΑΓɺBAMʹΑΔೝ஌
Λ͜͏ߦͱͷޮՌΛ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɻ

c ) Prediction Based on Clustering Result (PBCR) With-
out real-world information

ຊख๏Ͱ͸ɺ؍ଌ஋ͱͯ͠ަ௨ྲྀ৘ใΛ༻͍ͣɺ͔ͭঢ়ଶ൑

அʹ BAMΛ༻͍ͳ͍ɻ͜ͷ੍ޚͰ͸ɺ༻͍Δ؍ଌ৘ใͱͯ͠
͸্ड़ͷަ௨ྲྀ৘ใΛ༻͍ͳ͔ͬͨ৔߹ͱಉ༷Ͱ͋Γɺঢ়گ൑

அͷํ๏ʹ͍ͭͯ͸ɺ্ड़ͷ BAMΛ༻͍ͳ͔ͬͨ৔߹ͱಉ༷
Ͱ͋Δɻ

4. 1. 3 ύϥϝʔλઃఆ

ຊධՁͰ͸ɺ༧ଌʹ༻͍Δ৘ใʹؔ͢ΔύϥϝʔλΛm = 2ɺ
p = 480ͱఆΊͨɻ͢ͳΘͪɺ༧ଌର৅஍఺ΑΓ 2ΤϦΞ෼Ҏ
಺ (໿ 700m) ͷڑ཭ʹ͋Δ֤ΤϦΞͷ؍ଌ৘ใΛ༻͍ɺτϥ
ώοΫྔɺΤϦΞ಺ਓ਺ͷ্ঢ཰ͷࢉܭ͸ɺ40෼લͷ؍ଌ஋ͱ
ͷࠩ෼Λ༻͍ͯͨͬߦɻ

·ͨɺBAM ͷϞσϧͰ༻͍͍ͯΔύϥϝʔλ͸ɺsensory
uncertaintyΛ 0.42ɺdynamic uncertaintyΛ 0.3ɺ؍ଌํఔࣜ
ͼϗοϓϑΟʔϧυμΠφϛΫεʹ͓͚ΔγάϞΠυؔ਺ͷٴ

Λ͖܏ 2.0ͱ͓ͯ͠Γɺͦͷଞʹ͍ͭͯ͸จݙʹै͏ɻ
4. 1. 4 ධ Ձ ࢦ ඪ

ຊߘͰ͸ɺ༧ଌର৅ͱ͍ͯ͠ΔΤϦΞʹର͢Δׂݯࢿ౰Λ֤

ख๏Ͱ͍ߦɺ౰֘ΤϦΞͷঢ়گʹ஫໨ͯ͠ධՁΛ͏ߦɻׂݯࢿ

౰ͷࡍʹ͸ɺ͕ݯࢿෆ଍ͯ͠᫔᫓Λൃੜͤ͞Δ͜ͱΛආ͚Δඞ

ཁ͕͋Δɻ᫔᫓ͷൃੜΛ๷͙ͨΊʹ͸ɺ༧ଌʹΑΓಘΒΕͨক

དྷඞཁͱͳΔྔݯࢿΑΓ΋ଟΊͷྔݯࢿΛׂΓ౰ͯΔ͜ͱ͕༗

ޮͰ͋Γɺকདྷඞཁͱ͞Εͨྔݯࢿ+αͷݯࢿΛ֬อ͢Δ͜ͱ

ʹΑΓɺ༧ଌ͞ΕͨҎ্ͷτϥώοΫ͕ྲྀೖͨ͠৔߹Ͱ͋ͬͯ

΋ɺ᫔᫓Λճආ͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ͳ͕Βɺ͜ͷํ๏Ͱɺ

αΛେ͖ͳ஋ʹઃఆ͢Δͱɺ౰֘ΤϦΞʹଟྔʹݯࢿΛׂΓ౰

ͯΔ͜ͱͱͳΓɺଞͷΤϦΞʹׂ౰ͯͨݯࢿΛे෼ʹ֬อͰ͖

ͳ͍ɺ͋Δ͍͸ɺΑΓଟ͘ͷثػΛಈͤ͞࡞Δ͜ͱʹΑΔిྗ

౳ͷίετ͕໰୊ͱͳΔɻͦͷͨΊɺຊධՁͰ͸ɺର৅ΤϦΞ

ʹରͯ͠γϛϡϨʔγϣϯ։͔࢝Βऴྃ·Ͱͷશ࣌ؒଳʹ͓͍

ͯ֬อ͞Εͨྔݯࢿͷ߹ܭɺ᫔᫓ͷൃੜͨ࣌ؒ͠ͷ௕͞ͷ྆໘

͔Βख๏ͷධՁΛ͏ߦɻͦͷࡍɺ্ड़ͷ αΛม͑ͳ͕Β֤ख๏

Λಈͤ͞࡞ɺ᫔᫓Λൃੜͤ͞Δ࣌ؒΛҰఆ஋ҎԼʹ཈͑ΔΑ͏

ʹ αΛઃఆͨ͠ࡍʹɺඞཁͱͳΔݯࢿͷ߹ܭΛൺֱ͢Δɻ͜ͷ

஋͕খ͍͞΄Ͳɺগͳ͍ݯࢿͰ᫔᫓Λճආ͢Δ͜ͱ͕Ͱ͖Δख

๏Ͱ͋Δͱ͍͑Δɻ

4. 2 ධ Ձ ݁ Ռ

ਤ 3ʹɺγϛϡϨʔγϣϯʹΑΔධՁ݁ՌΛࣔ͢ɻਤͷԣ࣠
͸ݯࢿෆ଍ʹΑΔ᫔᫓͕ൃੜͨ͠λΠϜεϩοτ਺Λࣔ͠ɺॎ

࣠͸᫔᫓͕ൃੜͨ͠λΠϜεϩοτΛԣ࣠ͷ஋ʹ཈͑ΔΑ͏ʹ

αΛઃఆͨ͠ࡍʹɺ౰֘ΤϦΞʹγϛϡϨʔγϣϯ։͔࢝Βऴ

ྃ·Ͱͷؒʹׂ౰ͯͨ૯ݯࢿΛࣔ͢ɻ·ͨ૯ྔݯࢿ͸ɺׂ౰ͯ

ՄܧΑΓγϛϡϨʔγϣϯ։͔࢝Βऴྃ·Ͱͷؒʹதʹݯࢿͨ

ೳͳ૯τϥώοΫྔ (Kbyte)Λ͍ࣔͯ͠Δɻ
·ͣɺBAM-based method with real-world informationͱ

BAM-based method without real-world information Λൺֱ
͢ΔͱɺBAM-based method with real-world informationͷ
ํ͕ɺ᫔᫓͕ൃੜͨ͠λΠϜεϩοτ਺Λج४஋ҎԼʹ͢Δͨ

Ίʹඞཁͳׂ౰͕ྔݯࢿগͳ͍ɻ͜Ε͸ɺਓྲྀʹؔ͢Δ৘ใ΋

༻͍Δ͜ͱͰɺτϥώοΫྔʹؔ͢Δ৘ใͷΈͰ͸۠ผͰ͖ͳ

͔ͬͨঢ়ଶͷҧ͍Λଊ͑Δ͜ͱ͕Ͱ͖ɺΑΓਖ਼֬ͳ༧ଌ͕Ͱ͖

ΔΑ͏ʹͳ͍ͬͯΔͨΊͰ͋Δɻਤ 1ͱਤ 2ͷྻܥ 1Λൺֱ͢
ΔͱΘ͔ΔΑ͏ʹɺ༧ଌର৅஍఺ʹ͓͚ΔτϥώοΫྔͷมಈ

͸ɺ༧ଌର৅஍఺ʹ͓͚Δਓ਺ͷӨڹΛड͚͓ͯΓɺ͋Δ࣌ࠁ

ʹ͓͚Δਓ਺͸ɺ౰֘࣌ࠁͷτϥώοΫྔͷ༧ଌʹ͓͍ͯ༗༻

ͳ৘ใͰ͋Δɺ͔͠΋ɺਓ਺ͷมಈ͸τϥώοΫྔͷมಈͱൺ

ֱ͢Δͱɺ࣌ؒมಈʹՃΘΔϊΠζ੒෼͕গͳ͘ɺͳΊΒ͔ͳ

มಈΛ͍ͯ͠ΔɻͦͷͨΊɺࡏݱͷτϥώοΫྔ΍૿Ճ཰͕ࣅ

͍ͯͯ΋ɺকདྷͷτϥώοΫྔ͸େ͖͘ҟͳΔ͜ͱ΋ଟʑ͋Γɺ

τϥώοΫྔͷΈͰ͸ਖ਼֬ͳ༧ଌ͕Ͱ͖ͳ͍ͷʹରͯ͠ɺ֤Τ

ϦΞͷਓ਺ͷ৘ใΛ༻͍Δ͜ͱʹΑΓɺ؍ଌ৘ใͱকདྷͷτϥ

ώοΫྔͷঢ়ଶΛΑΓਖ਼֬ʹରԠ෇͚Δ͜ͱ͕Ͱ͖Δɻͦͷ݁

Ռɺ֤ΤϦΞͷਓ਺ͷ৘ใΛ༻͍Δ͜ͱʹΑΓɺ༧ଌਫ਼౓͕޲

্͠ɺΑΓগͳ͍ݯࢿͰ᫔᫓Λճආ͢Δ͜ͱ͕Մೳͱͳͬͨͱ

ΒΕΔɻ͑ߟ
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BAM−based method With real−world information

BAM−based method Without real−world information

PBCR With real−world information

PBCR Without real−world information

ਤ 3: ᫔᫓ൃੜ࣌ؒΛҰఆҎԼʹ཈͑ΔͨΊʹඞཁͳׂ౰ݯࢿ
ྔ

࣍ʹɺBAM-based method with real-world informationͱ
PBCR with real-world informationΛൺֱ͢ΔͱɺBAM-based
method with real-world informationͷํ͕ɺ᫔᫓͕ൃੜͨ͠
λΠϜεϩοτ਺͕গͳ͍͜ͱ͕෼͔Δɻ͜Ε͸ɺBAM-based
method with real-world information͕֬৴౓Λ΋ͱʹ੍ޚΛ
͓͜ͳ͍ͬͯΔͨΊͰ͋ΔɻBAM-based method with real-
world informationͰ͸ɺ֬৴౓͕ᮢ஋Ҏ্ͱͳͬͨঢ়گ൑அ
ͷબ୒͕ࢶҰͭʹߜΒΕΔঢ়گʹ͓͍ͯ͸ɺͦͷೝ஌ʹରԠ͠

ͨ༧ଌ݁Ռʹ߹Θׂͤͨݯࢿ౰Λ͕͏ߦɺ֬৴౓͕ᮢ஋Ҏ্ͷ

બ୒͕ࢶෳ਺͋Γɺ͍ͣΕͷঢ়͔گͷ൑அ͕ߜΔ͜ͱ͕Ͱ͖ͳ

͍৔߹ʹ͸ɺͦΕΒͷ֬৴౓͕ᮢ஋Ҏ্ͷબ୒ࢶͷ͏ͪɺ΋ͬ

ͱ΋ݯࢿΛඞཁͱ͍ͯ͠Δঢ়گΛج४ͱ੍ͨ͠ޚΛ͏ߦɻ͜Ε

ʹΑΓɺঢ়گ൑அ͕೉͍͠৔߹ʹͷΈɺΑΓଟ͘ͷݯࢿΛׂΓ

౰ͯΔ͜ͱ͕Ͱ͖ɺ᫔᫓Λճආͭͭ͠ɺׂΓ౰͕ͯඞཁݯࢿΛ

཈͑Δ͜ͱ͕Ͱ͖͍ͯΔɻ

5. · ͱ Ί

ຊߘͰ͸ɺτϥώοΫྔͷΈͰ͸ͳ͘ੈ࣮ݱքͰηϯγϯά

͞Εͨ৘ใ΋༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼

֬ʹ༧ଌ͠ɺׂݯࢿ౰੍ޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏

ʹͰ͸ɺϞόΠϧωοτϫʔΫ౼ݕɻຊͨͬߦΛ౼ݕ͍ͯͭʹ

͓͚Δ֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫΛऩ༰͢Δͷʹඞཁͳ

ΛಈతʹׂΓ౰ͯΔ໰୊Λର৅ͱ͠ɺτϥώοΫྔɺ֤Τݯࢿ

ϦΞͷਓ਺ͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ͕ؔ܎ᐆດͳ৘ใ

Λಘͳ͕Βɺਵ࣌ɺকདྷඞཁͱͳΔྔݯࢿΛ༧ଌ͠ɺׂݯࢿ౰

ͷ൑அΛ೴ͷ৘ใॲཧաఔͷϞσϧΛ༻͍ͯ͏ߦख๏ΛఏҊ͠

ͨɻͦͯ͠ɺఏҊख๏ΛɺطଘͷγϛϡϨʔλʔΛ༻͍ͯަ௨

ྲྀͱτϥώοΫൃੜΛ͠ݱ࠶ɺγϛϡϨʔγϣϯʹΑΓධՁ͠

ͨɻධՁͷ݁Ռɺަ௨ྲྀ৘ใΛ༻͍Δ͜ͱʹΑΔ༧ଌਫ਼౓ͷ޲

্͕গͳ͍ݯࢿͰͷ᫔᫓ͷճආΛՄೳͱ͢Δ͜ͱɺ೴৘ใॲཧ

༧ଌͷ֬৴౓͕ಘΒΕɺگΑΓɺঢ়ʹޚ੍ܕ΋ͱͮ͘༧ଌʹߏػ

ෳ਺ͷঢ়گೝ஌ͷબ୒͕͋ࢶΔ৔߹ʹ͸ɺྔݯࢿෆ଍ͷϦεΫ

Λආ͚ΔΑ͏ʹׂݯࢿ౰ͷઃఆΛ͜͏ߦͱ͕Ͱ͖ɺ᫔᫓ճආʹ

ඞཁͳݯࢿΛݮ࡟Ͱ͖Δ͜ͱ͕෼͔ͬͨɻ

ଌ৘ใ͕େ͖ܽ͘؍ͰಘΒΕΔࠁͷ՝୊ͱͯ͠͸ɺ֤࣌ޙࠓ

ଛ͍ͯ͠ΔΑ͏ͳঢ়گ΍ɺ༧ଌཻ౓͕ΑΓ୹͍ঢ়گʹ͓͚Δੑ

ೳධՁ͕͛ڍΒΕΔɻ

ँ ࣙ

ຊڀݚ੒ՌͷҰ෦͸ɺಠཱߦ੓๏ਓ৘ใ௨৴ߏػڀݚ (NICT)
ͷҕୗڀݚʮະདྷΛ૑Δ৽ͨͳωοτϫʔΫج൫ٕज़ʹؔ͢Δ

ͳٞൃ׆ͯؔ͠ʹڀݚ։ൃʯʹΑΔ΋ͷͰ͋Δɻ·ͨɺຊڀݚ

࿦ʹՃΘͬͯ௖͍ͨ NTT ωοτϫʔΫج൫ٕज़ڀݚॴ ੴڮ
Δɻ͢ँਂʹࢯհܓ
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