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͋Β·͠ ΠϯλʔωοτΛྲྀΕΔτϥώοΫɺྔɾؒ࣌มಈͱʹ૿େ͓ͯ͠Γɺؒ࣌มಈͷେ͖ͳτϥώοΫΛ

ޮతʹऩ༰͢Δٕज़͕ٻΊΒΕ͍ͯΔɻมಈ͢ΔτϥώοΫΛऩ༰͢Δख๏ͱͯ͠ɺকདྷͷτϥώοΫྔΛ༧ଌ͠ɺ

༧ଌʹ߹Θͤͯ͋Β͔͡ΊඞཁͳݯࢿΛ͢Δ༧ଌܕͷτϥώοΫΤϯδχΞϦϯά͕ڀݚΛਐΊΒΕ͍ͯΔɻ༧

ଌܕͷτϥώοΫΤϯδχΞϦϯάʹΑΓదͳݯࢿΛͨ͏ߦΊʹɺݯࢿͷׂ࠶Γ͕ͯඞཁͳτϥώοΫͷ

มԽΛਖ਼֬ʹ༧ଌ͢Δ͜ͱ͕ඞཁͰ͋Δɻैདྷɺ͜ͷΑ͏ͳτϥώοΫྔͷ༧ଌաڈͷτϥώοΫͷྻܥ࣌σʔλ

ΛͱʹߦΘΕ͖ͯͨɻ͔͠͠ͳ͕ΒɺτϥώοΫྔɺਓͷߦಈͳͲੈ࣮ݱքΛөͨ͠ͷͰ͋Γɺաڈͷτϥ

ώοΫྔͷྻܥ࣌σʔλ͔ΒͷΈͰɺτϥώοΫมಈΛਖ਼֬ʹ༧ଌ͢Δ͜ͱࠔͰ͋ΔɻຊߘͰɺτϥώοΫ

ྔͷΈͰͳ͘ੈ࣮ݱքͰηϯγϯά͞Εͨใ༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼֬ʹ༧ଌ͠ɺݯࢿ

੍ׂޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏ʹ͍ͭͯݕ౼Λ͏ߦɻຊ༧ଌܕωοτϫʔΫ੍ޚख๏ͰɺτϥώοΫ

ྔɺੈ࣮ݱքͷใͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ͕ؔᐆດͳใΛಘͳ͕Βɺਵ࣌ɺׂݯࢿͷஅΛ͢Δඞ

ཁ͕͋ΔɻຊߘͰɺ֎ք͔ΒͷᐆດͳใΛجʹɺਵ࣌ɺҙܾࢥఆΛ͍ͯͬߦΔͷใॲཧաఔΛϞσϧԽͨ͠

ϕΠδΞϯΞτϥΫλʔϞσϧ (BAM)Λ༧ଌܕωοτϫʔΫ੍ޚʹ͓͚Δஅʹద༻͢ΔɻຊߘͰɺγϛϡϨʔ
γϣϯʹΑΓఏҊख๏ͷධՁΛ͏ߦɻͦͷ݁ՌɺఏҊख๏ʹΑΓɺকདྷͷωοτϫʔΫͷঢ়ଶΛਖ਼֬ʹஅͰ͖ɺগ

ͳׂ͍ݯࢿͰΛճආ͢Δ͜ͱ͕Ͱ͖Δ͜ͱΛࣔ͢ɻ

Ωʔϫʔυ τϥώοΫΤϯδχΞϦϯάɺωοτϫʔΫׂݯࢿɺ࣮ੈք؍ଌใɺใॲཧߏػ

Predictive traffic engineering incorporating real-world information inspired by
human brain cognition process

Kodai SATAKE†, Yuichi OHSITA†, and Masayuki MURATA†

† Graduate School of Information Science and Technology, Osaka University 1–5 Yamadaoka, Suita, Osaka,
565–0871, Japan

E-mail: †{k-satake,y-ohsita,murata}@ist.osaka-u.ac.jp

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.
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1. · ͑ ͕ ͖

Πϯλʔωοτʹଓ͢Δثػͷଟ༷ԽɺΠϯλʔωοτ

Λհͨ͠αʔϏεͷଟ༷Խ͕ਐΉʹͭΕɺΠϯλʔωοτ্Λ

ྲྀΕΔτϥώοΫɺྔɾؒ࣌มಈͱʹେ͖͘ͳ͍ͬͯΔɻ

ωοτϫʔΫऀۀࣄɺ͜ͷΑ͏ͳେ͖ͳτϥώοΫมಈ͕ੜ

͡Δڥʹ͓͍ͯɺ͕ൃੜ͠ͳ͍Α͏ʹτϥώοΫΛऩ

༰͢Δඞཁ͕͋Δɻ͜ͷΑ͏ͳཁٻΛຬͨ͢ख๏ͱͯ͠ɺτϥ

ώοΫมಈʹԠͯ͡ಈతʹܦ࿏ׂݯࢿΛม͢ߋΔ Traffic
Engineering (TE) ͱݺΕΔٕज़͕͞Εɺ͞ڀݚ͘Ε
͖ͯͨ [1–4]ɻ͜ΕΒͷख๏ͰɺωοτϫʔΫͷτϥώο
ΫྔΛ؍ଌ͠ɺ؍ଌͨ͠τϥώοΫྔΛݩʹτϥώοΫྔΛ༧

ଌ͠ɺ༧ଌͨ͠τϥώοΫྔΛऩ༰Ͱ͖ΔΑ͏ʹωοτϫʔΫ

ͷׂݯࢿΛಈతʹม͢ߋΔɻ

ैདྷͷ TEͰɺಈతͳωοτϫʔΫ੍ޚͷࡍͷτϥώοΫ
༧ଌɺա؍ʹڈଌ͞ΕͨτϥώοΫͷྻܥ࣌σʔλΛͱʹ

ఆΊͨมಈϞσϧΛ༻͍ͯߦΘΕ͖ͯͨ [5–10]ɻ͔͠͠ͳ͕
ΒɺτϥώοΫྔɺਓͷߦಈͳͲੈ࣮ݱքΛөͨ͠ͷͰ

͋ΓɺաڈͷτϥώοΫྔͷྻܥ࣌σʔλ͔ΒͷΈͰɺτϥ

ώοΫมಈΛਖ਼֬ʹ༧ଌ͢Δ͜ͱࠔͰ͋Δɻͦͷ݁Ռɺτ

ϥώοΫͷ૿େΛ༧ଌͰ͖ͣɺΛ͙͜ͱ͕Ͱ͖ͳ͍ɻ

ຊߘͰɺτϥώοΫྔͷΈͰͳ͘ੈ࣮ݱքͰηϯγϯά

͞Εͨใ༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼

֬ʹ༧ଌ͠ɺׂݯࢿ੍ޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏

ख๏ͰɺτޚωοτϫʔΫ੍ܕɻຊ༧ଌ͏ߦΛ౼ݕ͍ͯͭʹ

ϥώοΫྔɺੈ࣮ݱքͷใͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ

ͷஅΛ͢Δඞׂݯࢿɺ࣌ᐆດͳใΛಘͳ͕Βɺਵ͕ؔ

ཁ͕͋Δɻ

ຊߘͰɺᐆດͳใΛಘͳ͕Βਵ࣌அΛ͏ߦख๏Λཱ֬

͢Δʹ͋ͨΓɺใॲཧߏػʹணͨ͠ɻͷೝϞσϧͷ

ҰͭͰ͋Δ Bayesian Attractor Model(BAM) [11]Ͱɺ֬
తͳҙܾࢥఆͷঢ়ଶΛ෦ঢ়ଶͱ͓ͯͯͬ࣋͠Γɺ֎෦͔Βͷ

ηϯγϯάใΛ༻͍ͯஞ࣍తʹͦͷঢ়ଶΛߋ৽͢Δ͜ͱΛ܁

Γฦ͢͜ͱʹΑΓೝΛ͏ߦɻ

ຊߘͰɺBAMΛ༧ଌܕωοτϫʔΫ੍ޚʹ͓͚Δঢ়گͷ
ೝʹద༻͢Δɻຊख๏ͰɺωοτϫʔΫʹ͓͍ͯɺೝ͢

͖ঢ়گͱ֤ঢ়گʹ͓͍ͯɺকདྷඞཁͱͳΔྔݯࢿͷରԠؔ

Λ͋Β͔͡ΊهԱ͓ͯ͘͠ɻ·ͨɺೝରͱͳΔωοτϫʔ

Ϋͷ֤ঢ়ଶΛ BAMʹબࢶͱͯ͠ຒΊࠐΈɺ֤બࢶͱରԠ
͢Δ؍ଌ͞ΕΔใͱͷؔʹ͍ͭͯهԱ͢Δɻͦͯ͠ɺ࣮

৽ߋఆͷঢ়ଶΛܾࢥଌใΛͱʹҙ؍ɺʹࡍΔ͢ޚ੍ʹࡍ

͠ɺ֤બࢶͷ֬৴Λಘɺ֬৴͕͍ߴબࢶʹରԠ͢Δক

དྷඞཁͱͳΔྔݯࢿͷׂΓͯΛ͏ߦɻ͜ΕΛ܁Γฦ͢͜ͱʹ

ΑΓɺஞ࣍ɺঢ়گΛஅ͠ɺඞཁͳݯࢿΛׂΓͯΔ͜ͱ͕Մ

ͱͳΔɻ

2. Bayesian Attractor Model(BAM)

Bayesian Attractor Model(BAM) [11]ɺ͕ෆ͔֬ͳη
ϯγϯάใʹ͍ͯͮجҙܾࢥఆΛ͏ߦաఔΛϞσϧԽͨ͠

ͷͰ͋ΔɻBAM Ͱɺҙܾࢥఆঢ়ଶ zt Λ෦ͷঢ়ଶͱͯ͠

ଌ؍ɺ֎෦͔ΒಘΒΕͨͪ࣋ xt ͍ͯͮجʹ zt Λߋ৽͢Δɻ

BAM ఆঢ়ଶܾࢥஅɺҙگঢ়͏ߦ͕ zt ʹΑܾͬͯఆ͞Ε

Δɻࣄલʹ༻ҙͨ͠ S ࢶͷબݸ (ҎޙΞτϥΫλʔͱΑͿ)
ʹରԠͨ͠ঢ়ଶ φ1, · · · , φi ͷ͍ͣΕ͔ʹঢ়ଶ zt ͕౸ୡͨ͠

ɺ͢ͳΘͪ࣌ zt = φi ͱͳͬͨ࣌ʹɺi൪ͷΞτϥΫλʔ͕ҙ

͑ߟ৽ʹϕΠζਪఆͷߋɺঢ়ଶ࣌ఆͷ݁ՌͱͳΔɻ͜ͷܾࢥ

ํ͕༻͍ΒΕ͓ͯΓɺzt Ұͱͯ͠ߋ৽͞ΕΔͷͰͳ͘ɺ

ͼμΠφϛΫεͷෆ͔֬͞Λөͨ֬͠ٴଌͷෆ࣮֬͞ɺ؍

 P (zt)ͱͯ͠ߋ৽͞ΕΔɻ·ͨɺzt ͷ֬Λͬͯ

ද͞ݱΕ͍ͯΔͨΊɺzt = φi ͷఆʹɺ֬తͳҙܾࢥఆ

͕ಋೖ͞ΕΔɻ

2. 1 ঢ়ଶͷߋ৽

BAMͰɺҎԼͷΑ͏ͳҙܾࢥఆঢ়ଶ zt ଌ؍ͼٴ xt ͷ

ੜϞσϧΛͭ࣋ɻ

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؍ଌͰ͋Δɻϕ

ΠζਪఆΛ༻͍ͯɺ্ͷੜϞσϧΛٯਪఆ͢Δ͜ͱͰɺ؍ଌ

 xt ͔Βҙܾࢥఆঢ়ଶ zt Λߋ৽͢Δ͜ͱ͕Ͱ͖Δɻͨͩ͠ɺ

ੜϞσϧඇઢܗঢ়ଶۭؒϞσϧͰ͋ΓɺີݫͳϕΠζਪఆ

ࠔͰ͋ΔͨΊɺ Unscented Kalman Filter(UKF) [12] Λ
ɻ͏ߦΛࢉܭࣅ͍ۙͨ༺

2. 2 ҙ ࢥ ܾ ఆ

্ड़ͷঢ়ଶਪఆʹΑͬͯಘΒΕΔ zt ɺҰͱͯ͠ͷ zt Ͱ

ͳ͘ɺzt ͷ֬ޙࣄ P (zt|xt) Ͱ͋ΔɻͦͷͨΊɺҙܾࢥఆঢ়
ଶ͕Ͳͷબࢶ φi ʹ͋Δ͔ͷผ֬ΛͬͯߦΘΕΔɻ

۩ମతʹɺ͖͍͠ λ Λಋೖ͠ɺzt = φi ʹ͓͚Δ֬ີ

͕ P (zt = φi) > λ Ͱ͋ΔΑ͏ͳબࢶ i Λҙܾࢥఆͷ݁Ռͱ

ͯ͠બ͢Δɻ·ͨɺ͜ͷΑ͏ͳ i ͕ଘ͠ࡏͳ͍߹ʹɺҙ

ఆ͕ऴΘ͍ͬͯͳ͍ஈ֊ʹ͋Δͱஅ͞ΕΔɻPܾࢥ (zt|xt) ͷ
ɺUKFࢉܭ ʹΑͬͯਪఆ͞Εͨظ E[zt]ͱɺڞࢄ
ྻߦࢄ Σt Λ༻͍ͯɺP (zt|xt) ͕ଟมྔਖ਼ن N(E[zt], Σt)
Ͱ͋ΔͱԾఆͯ͢͠ࢉܭΔɻ

3. ࣮ੈքใڠௐ༧ଌׂݯࢿܕख๏

3. 1 ֓ ཁ

ϞόΠϧωοτϫʔΫͰɺϞόΠϧΛͭ࣋ଟͷϢʔ

β͔Βͷ௨৴Λऩ༰͓ͯ͠Γɺ֤ΤϦΞ͔Βྲྀೖ͢Δτϥώο

Ϋɺ֤Ϣʔβ͕ग़͢τϥώοΫྔͷมԽɺϢʔβͷҠಈͷ྆

ํͷӨڹΛड͚ΔɻτϥώοΫྔͷมԽͷ݁Ռɺॲཧ͢Δݯࢿ

͕ෆͨ͠ΤϦΞͰɺेͳ࣭Ͱͷ௨৴ͷऩ༰͕ෆՄͱ

ͳΔɻͦͷҰํɺ༨ͳׂݯࢿ͕ߦΘΕͨΤϦΞ͕ੜͨ͡ࡍ

ʹɺফඅిྗͷ૿େଞͷΤϦΞʹׂͯՄͳ͕ݯࢿෆ

͢Δͷ͕ൃੜ͢ΔɻͦͷͨΊɺ֤ΤϦΞͷ௨৴ྔʹ߹Θ

ͱ͕ඞཁͱͳΔɻ͜͏ߦͷׂΓͯΛݯࢿͨͤ

ຊߘͰɺ্هͷϞόΠϧωοτϫʔΫʹ͓͍ͯɺ֤ΤϦΞ
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͔Βྲྀೖ͢ΔτϥώοΫͷॲཧʹׂͯΔݯࢿΛܾఆ͢Δॲཧ

Λରͱͯ͠ɺ࣮ੈքใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦ

ϯάख๏ͷݕ౼Λ͏ߦɻ্ड़ͷΑ͏ʹɺϞόΠϧωοτϫʔΫ

ͰɺτϥώοΫྔɺ֤ΤϦΞͷτϥώοΫྔɺ֤ΤϦΞʹ

͍ΔϢʔβͷʹӨڹΛड͚Δɻ·ͨɺ֤ΤϦΞͷϢʔβΛ

༧ଌ͢ΔʹɺपลͷΤϦΞͷϢʔβॏཁͳใͰ͋Γɺ

पลΤϦΞͷϢʔβ͕૿େͨ͠߹ɺ֘ΤϦΞͷϢʔβ

૿େ͢Δ͜ͱ͕༧Ͱ͖ΔɻͦͷͨΊɺຊߘͰɺ࣮ੈք

ใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦϯάख๏Ͱɺ֤ΤϦΞ

ͷτϥώοΫྔʹՃ͑ͯɺ֤ΤϦΞͷϢʔβʹ͍ͭͯͷใ

ೖྗͱͯ͠ѻ͏ɻͦͯ͠ɺͦΕΒͷΛೖྗͱ͠ɺকདྷͷ֤

ΤϦΞͷτϥώοΫྔΛ༧ଌɺ༧ଌ݁ՌΛͱʹݯࢿͷׂΓ

ͯΛ͏ߦɻ

Ҏ߱ɺຊઅͰɺ্هͷ࣮ੈքใڠௐ༧ଌܕτϥώοΫΤ

ϯδχΞϦϯάख๏Ͱ༻͍Δใॲཧߏػʹͱͮ͘τϥ

ώοΫ༧ଌख๏ɺ༧ଌ݁Ռʹͱׂͮ͘ݯࢿํ๏ʹ͍ͭͯड़

Δɻ

3. 2 ใॲཧߏػʹͱͮ͘τϥώοΫ༧ଌ

࣮ੈքใڠௐ༧ଌܕτϥώοΫΤϯδχΞϦϯάख๏Ͱɺ

֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫྔΛ࣮ੈք͔Βऔಘ͞ΕΔ

ใΛ༻͍ͯ༧ଌ͠ɺ੍ޚʹ༻͍ΔɻҎ߱ɺ੍ޚରͷΤϦΞͷ

͏ͪɺ1ͭͷΤϦΞʹ͍ͭͯɺকདྷͷτϥώοΫྔΛ༧ଌ͢Δ
ख๏ʹ͍ͭͯड़Δɻ

ຊߘͰɺࡏݱ·ͰʹಘΒΕ͍ͯΔ؍ଌใʹΑΓೝՄ

ͳωοτϫʔΫͷঢ়ଶΛఆٛ͠ɺ֤ঢ়ଶʹ͍ͭͯ p λΠϜε

ϩοτઌͷτϥώοΫྔΛɺաڈͷ؍ଌ݁ՌΛͱʹରԠ͚

Δ͜ͱʹΑΓɺpλΠϜεϩοτઌͷτϥώοΫྔͷ༧ଌΛɺݱ

ͷωοτϫʔΫͷঢ়ଶΛೝ͢Δͱͯ͠ѻ͏ɻͦͯ͠ɺࡏ

͜ͷೝʹͷೝͷϞσϧͷҰͭͰ͋Δ Bayesian Attractor
Model (BAM) [11]Λద༻͢ΔɻBAMͰɺయܕతͳೝͷ
ঢ়ଶΛΞτϥΫλʔͱͯͪ࣋͠ɺ֤ΞτϥΫλʔʹରԠ͢Δ؍

ଌΛ͓֮͑ͯ͘ɻͦͯ͠ɺ৽ͨʹ؍ଌ͕ಘΒΕΔͨͼʹɺ

Γฦ͢ɻ܁৽͢Δ͜ͱΛߋͷೝͷঢ়ଶΛࡏݱ

ຊߘͰɺBAMΛ্هͷೝʹ༻͍ΔͨΊɺ༧ଌʹ༻͍Δ
ଌใΛ༻͍ͯೝ͢ΔରͱͳΔωοτϫʔΫ؍ଌใɺ؍

ͷঢ়ଶɺ֘ೝͷ BAMͷద༻ํ๏ʹ͍ͭͯٞ͢Δɻ
3. 2. 1 ؍ ଌ  ใ

ຊߘͰɺ֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫྔʹՃ͑ͯɺ֤

ΤϦΞͷϢʔβʹ͍ͭͯ؍ଌใͱͯ͠༻͍ΔɻϞόΠϧ

ωοτϫʔΫͰɺτϥώοΫྔɺ֤ΤϦΞͷτϥώοΫྔɺ

֤ΤϦΞʹ͍ΔϢʔβͷʹӨڹΛड͚Δɻ·ͨɺ֤ΤϦΞͷ

ϢʔβΛ༧ଌ͢ΔʹɺपลͷΤϦΞͷϢʔβॏཁͳ

ใͰ͋ΓɺपลΤϦΞͷϢʔβ͕૿େͨ͠߹ɺ֘ΤϦΞ

ͷϢʔβ૿େ͢Δ͜ͱ͕༧Ͱ͖ΔɻͦͷͨΊɺ༧ଌର

ΤϦΞͷใʹՃ͑ͯɺ༧ଌରΤϦΞपลͷ؍ଌ༻͍Δɻ

·ͨɺϢʔβɺτϥώοΫྔͷ͍ͣΕʹ͍ͭͯɺࡏݱͷ

ͷΈͰͳ͘ɺϢʔβɺτϥώοΫྔ͕૿Ճʹ͋Δ͔ɺ

͓ʹΔ͔ͱ͍͏ɺকདྷͷτϥώοΫྔͷ༧ଌ͋ʹগݮ

͍ͯɺॏཁͳใͰ͋ΔɻͦͷͨΊɺຊߘͰɺ༧ଌର

͔ΒɺmΤϦΞҎͷڑʹ͋Δ֤ΤϦΞʹ͓͚ΔҎԼͷ

Λ༧ଌରΤϦΞͷ༧ଌʹ༻͍Δɻ

• ͷτϥώοΫྔࡏݱ

• pλΠϜεϩοτલͷτϥώοΫྔͱࡏݱͷτϥώοΫ

ྔͱͷࠩ

• ͷϢʔβࡏݱ

• p λΠϜεϩοτલͷϢʔβͱࡏݱͷϢʔβͱͷ

ࠩ

3. 2. 2 ೝରͷঢ়ଶ

ΔωοτϫʔΫͷঢ়ଶɺpλΠϜε͍ͯ͠ࣅଌใ͕ྨ؍

ϩοτઌͷ༧ଌରΤϦΞͷτϥώοΫྔۙ͘ͳΔͱ͑ߟΒ

ΕΔɻͦ͜ͰɺຊߘͰɺաڈʹಘΒΕͨ؍ଌใΛͱʹɺ

Λ͋ͭΊͨࣄଌใΛͭ؍ͷࣅଌใΛྨ؍ kݸͷΫϥε

λ C1, C2, · · · , Ck ʹׂ͠ɺ৽ͨͳ؍ଌ͕ಘΒΕͨࡍʹɺ

ͷঢ়ଶ͕ɺ͍ͣΕͷΫϥελʹଐ͢Δঢ়ଶͰ͋Δͷ͔Λೝࠓ

͢Δͷͱͨ͠ɻ͜ΕʹΑΓɺࡏݱͷঢ়ଶ͕Ϋϥελ Cn Ͱ͋

Δͱೝͨ͠߹ɺաڈʹಘΒΕͨ؍ଌใΛͱʹɺΫϥε

λ Cn ʹଐ͢Δաڈͷ֤ঢ়ଶʹ͍ͭͯ pλΠϜεϩοτઌͷ

τϥώοΫྔΛௐɺͦͷ࠷େΛ༧ଌͱ͢Δ͜ͱʹΑΓɺp

λΠϜεϩοτઌͷΛ͙ͨΊʹඞཁͳྔݯࢿΛಘΔ͜ͱ

͕Ͱ͖ΔɻຊߘͰɺk-means๏Λ༻͍ɺ؍ଌใΛͱʹ k

ͷೝରͷঢ়ଶΛఆٛͨ͠ɻݸ

3. 2. 3 ঢ়ଶೝͷ BAMͷద༻
ຊߘͰɺK छྨͷঢ়ଶೝΛ͏ߦʹ͋ͨΓɺBAMʹͱ

ͮ͘ೝثΛK ର͕ثɺ֘ೝ͍͓ͯʹث४උ͠ɺ֤ೝݸ

Ԡ͢Δঢ়ଶͰ͋Δͷ͔ɺͦΕҎ֎ͷঢ়ଶͰ͋Δͷ͔ͷ 2ঢ়ଶͷ
அΛ͏ߦɻҎ߱ɺ֤ೝثʹ͓͍ͯɺBAMʹ͓͚Δ؍ଌ
ใͷ༩͑ํɺBAMʹ͓͚ΔΞτϥΫλʔͷఆٛɺʹ͍ͭͯઆ
໌͢Δɻ

a ) ଌใͷ༩͑ํ؍

֤ೝثʹ͓͍ͯɺ؍ଌɺࡏݱͷঢ়ଶ͕֤ΞτϥΫλʔ

ͷ͍ͣΕͰ͋Δ͔Λஅ͢ΔͨΊʹ༻͍ΒΕΔɻຊߘͰɺݱ

ͷঢ়ଶ͕֤ΞτϥΫλʔͷ͍ͣΕͰ͋Δ͔ͷஅ͕༰қʹͰࡏ

͖ΔΑ͏ʹɺҎԼͷΑ͏ʹՃͨ͠ใΛ 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 ɺࡏݱͷೝͷঢ়ଶ͕Ϋϥελ Ci(1 <= i <= k)ʹ
ؚ·ΕΔ͖ঢ়ଶͰ͋Δ͔Λஅ͢ΔೝΛ͏ߦ BAMʹ༩͑
ΔೖྗɺX ಘΒΕͨ؍ଌɺD(y1, y2)ϕΫτϧ y1, y2 ؒ

ͷϢʔΫϦουڑɺσγάϞΠυؔΛද͍ͯ͠Δɻ·ͨɺ

yi ɺi൪ͷΫϥελ iʹଐ͢ΔաڈʹಘΒΕͨ؍ଌใͷ

ฏۉͰ͋Δɻ͢ͳΘͪɺxi ɺΫϥελ Ci ʹଐ͢Δաڈʹ

ಘΒΕͨ؍ଌใͷฏۉʹ͚ۙΕɺ0, 1ɺͦΕҎ֎ͷΫϥελ
ͷ؍ଌใͷฏۉʹ͚ۙΕ 1, 0ͱͳΔɻ

b ) ΞτϥΫλʔͷఆٛ

֤ೝثͰɺରͱͳΔঢ়ଶͰ͋Δ͔൱͔Λஅ͢Δɻ͢

ͳΘͪɺࡏݱͷೝͷঢ়ଶ͕Ϋϥελ Ci(1 <= i <= k)ʹؚ·Ε
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Δ͖ঢ়ଶͰ͋Δ͔Λஅ͢ΔೝثͰɺࡏݱͷঢ়ଶ͕Ϋϥ

ελ Ci(1 <= i <= k)ʹؚ·ΕΔ͖ঢ়ଶͰ͋Δ zyesɺͦΕҎ֎

ͷঢ়ଶ znoͷೋͭΛΞτϥΫλʔΛͭ࣋ɻͦͯ͠ɺzyesͷ߹ɺ

zno ͷ߹ͷ؍ଌΛҎԼͷΑ͏ʹఆٛ͢Δɻ

µyes = (0, 1)

µno = (1, 0)
(4)

3. 3 ༧ଌʹׂݯࢿ͍ͨͮج

্ड़ͷखॱʹΑΓɺk ͷ͋Β͔͡Ίఆٛ͞Ε֤ͨωοτݸ

ϫʔΫͷঢ়ଶʹ͍ͭͯɺ֬ޙࣄ P (zyes|x)ʢҎ߱ɺ֬৴ͱ
ΑͿʣͱɺͦͷঢ়ଶʹ͓͚Δ pλΠϜεϩοτઌͷඞཁྔݯࢿ

Ͱɺ͜ͷ֬৴ͱߘΔɻຊ·ٻ͕ pλΠϜεϩοτઌͷඞཁ

ɻBAMʹΑΔೝͷ݁Ռɺ͋͏ߦΛׂݯࢿʹΛͱྔݯࢿ
Δಛఆͷঢ়ଶͰ͋Δ͕֬ඇৗʹ͍ߴ߹ɺҰͭͷೝثͷ

Έ P (zyes|x)͕͍ߴͱͳΔɻ͔͠͠ͳ͕Βɺঢ়گʹΑͬͯɺ
͍ͣΕͷঢ়ଶ͔ͷஅ͕͘͠ɺෳͷೝثͷ P (zyes|x)͕
ͱͳΔ͜ͱ͋Δɻ͜ͷΑ͏ͳ߹ɺΛճආ͢Δ͍ͨߴ

ΊʹɺՄੑͷ͋Δঢ়ଶͷ͏ͪɺͬͱ༧ଌ͕͍ߴঢ়ଶ

ʹ߹ΘׂͤͯݯࢿΛ͜͏ߦͱ͕༗ޮͰ͋Δͱ͑ߟΒΕΔɻͦ

͜ͰɺຊߘͰɺP (zyes|x)͕ᮢ λΛ͑Δશঢ়ଶΛ͠Βɺ

ͬͱ pλΠϜεϩοτઌͷඞཁྔݯࢿʹ߹Θͤͯɺ֘Τ

ϦΞͷ pλΠϜεϩοτઌͷׂݯࢿΛઃఆ͢Δɻ

4. ධ Ձ

ຊධՁͰɺަ௨ྲྀใΛؚΉ؍ଌใΛ༻͍Δ͜ͱʹΑΔ

ޮՌٴͼɺใॲཧϓϩηεʹணΛಘ੍ͨํޚ๏Λ༻͍Δ

͜ͱͷޮՌΛධՁ͢Δɻ

4. 1 ධ Ձ ख ๏

4. 1. 1 ධ Ձ  ڥ

ຊධՁͷͨΊʹɺਓͷҠಈͱɺͦ Εʹ͏ɺ֤ ΤϦΞ͔Βྲྀ

ೖ͢ΔτϥώοΫྔͷσʔλΛ༻͍Δඞཁ͕͋Δɻ͔͠͠ͳ͕

ΒɺਓͷҠಈͱτϥώοΫྔͷ྆ํΛؚΉ࣮ଌσʔλެ։͞

Ε͍ͯͳ͍ɻͦ͜ͰຊڀݚͰɺOpen PFLOW [13] (౦ژେֶ
CSIS-JoRAS) ͱݺΕΔɺٖࣅతʹੜ͞ΕͨGPSيσʔ
ληοτΛ༻͍ͯਓͷҠಈύλʔϯΛͭͭ͠ݱ࠶ɺਓʑ͕ൃੜ

ͤ͞ΔτϥώοΫʹ͍ͭͯɺSynthetic Traffic Generator [14]
Ͱٖࣅੜ͞ΕͨͷΛ༻͍Δɻ

Open PFLOWͰɺटݍʹ͓͚Δయܕతͳ 1ͷਓ
ͷҠಈύλʔϯ͕͞ݱ࠶Ε͓ͯΓɺσʔληοτ֤ਓͷࠁ࣌

ͱ GPS࠲ඪͷ͕ 5ඵִؒͰه͞Ε͍ͯΔɻͨͩ͠ɺ֘
σʔληοτʹؚ·ΕΔਓɺ617040ਓͰ͋Γɺटݍͷ
શϢʔβʹ૬͢Δਓྲྀσʔλؚ·Ε͍ͯͳ͍ɻͦ͜Ͱɺຊ

ͰɺOpenڀݚ PFLOWʹؚ·ΕΔ֤ਓྲྀʹ͍ͭͯɺಉҰߦ

ಈΛͱΔϢʔβ͕ෳਓଘ͢ࡏΔͷͱͯ͠ɺ֤ਓྲྀΛఆഒ

ͨ͠ਓ͕ಉҰͷߦಈΛ͍ͯ͠Δͷͱͯ͠ɺਓྲྀσʔλΛߏ

ஙͨ͠ɻ͞Βʹɺ֤ਓྲྀσʔλʹ͓͚ΔഒΛϥϯμϜʹมߋ

͢Δ͜ͱʹΑΓɺOpen PFLOWͷʹै͍ͭͭɺঢ়گͷ

ҟͳΔਓྲྀσʔλΛ 2छྨੜͯ͠ɺҰͭΛఏҊख๏ͷೝର
ͷঢ়گͷఆٛɾ֤ঢ়گʹରԠ͢Δ༧ଌτϥώοΫྔͷఆٛͱ

ֶ͍ͬͨश༻ͷσʔλͷੜʹ༻͍ɺΓͷਓྲྀσʔλΛධՁ

ਤ 1: ༧ଌରٴͼͦͷपลͷτϥώοΫྔͷྻܥ࣌มԽ

༻σʔλͷੜʹ༻͍ͨɻ

Synthetic Traffic Generator x : 00 : 00͔Β (x + 1) : 00 :
00 (0 <= x <= 23) ͷτϥώοΫྔɺϦΫΤετɺϦΫΤετ
ؒͷΠϯλʔόϧؒ࣌Λɺ࣮ܭଌσʔλʹͨ͠ݱ࠶͍ͯͮج

ͷͰ͋Δɻͨͩ͠ɺຊγϛϡϨʔλʔͰɺ֤࣌ͷϦΫΤε

τɺx : 00 : 00ޙʹूதͯ͠ੜ͞Ε͍ͯΔ͕ɺ࣮ݱతʹ
ɺ֤ϢʔβͷϦΫΤετɺΑΓ༷ʑͳؒ࣌ଳʹൃੜ͢Δɻ

ͦ͜ͰɺຊධՁͰɺ֤ϢʔβͷϦΫΤετ͕ൃੜ͢Δࠁ࣌Λ

x : 00 : 00͔Β (x + 1) : 00 : 00ͷதͰҰ༷ʹ͢ΔΑ͏ʹɺ
ͣΒ͢ॲཧΛͨͬߦɻ·ͨɺSynthetic Traffic GeneratorͰ
ϦΫΤετͷΈൃੜ͓ͤͯ͞Γɺ֤ϦΫΤετʹΑͬͯੜ͞

ΕΔτϥώοΫྔʹ͍ͭͯɺΑΓཻ͍ؒ࣌ͰͷτϥώοΫ

ྔͷσʔλؚ·Ε͍ͯͳ͍ɻຊධՁͰɺϦΫΤετͷ։࢝

͔Βऴྃ·ͰɺҰఆϨʔτͷτϥώοΫྔ͕ૹΒΕ͍ͯΔͷ

ͱͯ͠ɺ֤ϢʔβͷτϥώοΫΛੜͨ͠ɻ

ຊධՁͰɺ༧ଌରͱͯ͠ɺ౦ژઍా۠पลΛҢܦ

ͱʹ 0.0036( 350m)ํ࢛ͷΤϦΞʹ۠ͨ͠ࡍͷҰͭͷ
ΤϦΞΛબ͠ɺ֘ΤϦΞͷඞཁྔݯࢿΛ੍ͨ͠ޚ߹ʹͭ

͍ͯධՁΛͨͬߦɻ֘ΤϦΞٴͼͦͷपลΤϦΞʹ͓͚Δτ

ϥώοΫྔͷྻܥ࣌มԽΛਤ 1ʹɺਓͷྻܥ࣌มԽΛਤ 2ʹ
ࣔ͢ɻͦΕͧΕྻܥ 1͕༧ଌରͰ͋Γɺͦͷଞपล 8
ํҐͷΤϦΞʹ͓͚Δྻܥ࣌มԽͰ͋Δɻ୯Ґ bpsͰ͋Δɻ
ຊධՁʹ͓͍ͯɺ؆୯ͷͨΊɺ֘ΤϦΞ͔Βྲྀೖ͢Δτ

ϥώοΫͷॲཧʹׂͯΒΕΔݯࢿɺ16 Mbps୯Ґͱͨ͠ɻ
·ͨɺඞཁݯࢿΛޙࢉܭɺׂݯࢿͷॲཧʹ 40Λཁ͢Δͱ
͠ɺ֤ࠁ࣌ʹ͓͍ͯɺ40ޙͷτϥώοΫྔΛ༧ଌ্ͨ͠Ͱ
Δ͜ͱͱͨ͠ɻҎ߱ɺͯ͢ͷਤʹ͓͍ͯɺ1λΠϜε͢ޚ੍
ϩοτ 5ඵؒͰ͋Γɺ3:00 24:00·Ͱͷྻܥ࣌มԽΛࣔͯ͠
͍Δɻ

4. 1. 2 ൺ ֱ ख ๏

ຊධՁͰɺ؍ଌͱͯ͠ަ௨ྲྀใΛؚΉଟछͷใΛ༻

͍Δ͜ͱʹΑΔޮՌٴͼɺঢ়ଶஅͱͯ͠ใॲཧϓϩηε

ʹணΛಘͨํ๏Λ༻͍Δ͜ͱͷޮՌΛධՁ͢Δɻ্ड़ͷޮ

ՌΛධՁ͢ΔͨΊɺຊධՁͰɺఏҊख๏ (Ҏ߱ɺBAM-based
method with real-world informationͱද͢هΔ)ΛҎԼͷख
๏ͷൺֱΛ͏ߦɻ
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ਤ 2: ༧ଌରٴͼͦͷपลͷਓͷྻܥ࣌มԽ

a ) BAM-based method without real-world information
ຊख๏Ͱɺ؍ଌใͱͯ͠ަ௨ྲྀใΛ༻͍ͣɺτϥώο

ΫྔͷΈΛ༻͍ɺBAMϞσϧΛ༻͍ͯকདྷͷ༧ଌରΤϦΞ
ʹ͓͚ΔτϥώοΫྔΛ༧ଌɺׂݯࢿΛ͏ߦɻ͢ͳΘͪɺຊ

ख๏Ͱɺ੍ޚΛࡍ͏ߦʹɺҎԼͷใΛ༻͍ͯ༧ଌΛ͏ߦɻ

• ͷτϥώοΫྔࡏݱ

• pλΠϜεϩοτલͷτϥώοΫྔͱࡏݱͷτϥώοΫ

ྔͱͷࠩ

ຊख๏ɺ༧ଌʹ༻͍ΔใҎ֎ɺఏҊख๏ͱಉ͡Ͱ͋Γɺ

ຊख๏ͱͷൺֱʹΑΓɺ༧ଌʹަ௨ྲྀใΛ༻͍ΔޮՌΛ֬ೝ

͢Δɻ

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

ຊख๏ͰɺఏҊख๏ͱಉ͡ใʢτϥώοΫྔɺਓྲྀͷσʔ

λͷ྆ํʣΛ༻͍ͯকདྷͷ༧ଌΛ͍ߦɺ੍ޚΛ͏ߦɻͨͩ͠ɺ

༧ଌΛࡍ͏ߦʹɺBAMʹΑΔೝߦΘͣɺ֤ࠁ࣌ͰಘΒΕ
ஙͨ͠ΫߏʹࡍΛఆٛ͢ΔگଌΛͱʹɺೝରͷঢ়؍ͨ

ϥελͷ͏ͪɺ࠷͍ۙΫϥελͱಉ͡ঢ়گͰ͋Δͱஅ͠ɺ

༧ଌΛ͏ߦɻຊख๏ͱൺֱ͢Δ͜ͱʹΑΓɺBAMʹΑΔೝ
Λ͜͏ߦͱͷޮՌΛ֬ೝ͢Δ͜ͱ͕Ͱ͖Δɻ

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

ຊख๏Ͱɺ؍ଌͱͯ͠ަ௨ྲྀใΛ༻͍ͣɺ͔ͭঢ়ଶ

அʹ BAMΛ༻͍ͳ͍ɻ͜ͷ੍ޚͰɺ༻͍Δ؍ଌใͱͯ͠
্ड़ͷަ௨ྲྀใΛ༻͍ͳ͔ͬͨ߹ͱಉ༷Ͱ͋Γɺঢ়گ

அͷํ๏ʹ͍ͭͯɺ্ड़ͷ BAMΛ༻͍ͳ͔ͬͨ߹ͱಉ༷
Ͱ͋Δɻ

4. 1. 3 ύϥϝʔλઃఆ

ຊධՁͰɺ༧ଌʹ༻͍Δใʹؔ͢ΔύϥϝʔλΛm = 2ɺ
p = 480ͱఆΊͨɻ͢ͳΘͪɺ༧ଌରΑΓ 2ΤϦΞҎ
 ( 700m) ͷڑʹ͋Δ֤ΤϦΞͷ؍ଌใΛ༻͍ɺτϥ
ώοΫྔɺΤϦΞਓͷ্ঢͷࢉܭɺ40લͷ؍ଌͱ
ͷࠩΛ༻͍ͯͨͬߦɻ

·ͨɺBAM ͷϞσϧͰ༻͍͍ͯΔύϥϝʔλɺsensory
uncertaintyΛ 0.42ɺdynamic uncertaintyΛ 0.3ɺ؍ଌํఔࣜ
ͼϗοϓϑΟʔϧυμΠφϛΫεʹ͓͚ΔγάϞΠυؔͷٴ

Λ͖ 2.0ͱ͓ͯ͠Γɺͦͷଞʹ͍ͭͯจݙʹै͏ɻ
4. 1. 4 ධ Ձ ࢦ ඪ

ຊߘͰɺ༧ଌରͱ͍ͯ͠ΔΤϦΞʹର͢ΔׂݯࢿΛ֤

ख๏Ͱ͍ߦɺ֘ΤϦΞͷঢ়گʹͯ͠ධՁΛ͏ߦɻׂݯࢿ

ͷࡍʹɺ͕ݯࢿෆͯ͠Λൃੜͤ͞Δ͜ͱΛආ͚Δඞ

ཁ͕͋ΔɻͷൃੜΛ͙ͨΊʹɺ༧ଌʹΑΓಘΒΕͨক

དྷඞཁͱͳΔྔݯࢿΑΓଟΊͷྔݯࢿΛׂΓͯΔ͜ͱ͕༗

ޮͰ͋Γɺকདྷඞཁͱ͞Εͨྔݯࢿ+αͷݯࢿΛ֬อ͢Δ͜ͱ

ʹΑΓɺ༧ଌ͞ΕͨҎ্ͷτϥώοΫ͕ྲྀೖͨ͠߹Ͱ͋ͬͯ

ɺΛճආ͢Δ͜ͱ͕Ͱ͖Δɻ͔͠͠ͳ͕Βɺ͜ͷํ๏Ͱɺ

αΛେ͖ͳʹઃఆ͢Δͱɺ֘ΤϦΞʹଟྔʹݯࢿΛׂΓ

ͯΔ͜ͱͱͳΓɺଞͷΤϦΞʹׂͯͨݯࢿΛेʹ֬อͰ͖

ͳ͍ɺ͋Δ͍ɺΑΓଟ͘ͷثػΛಈͤ͞࡞Δ͜ͱʹΑΔిྗ

ͷίετ͕ͱͳΔɻͦͷͨΊɺຊධՁͰɺରΤϦΞ

ʹରͯ͠γϛϡϨʔγϣϯ։͔࢝Βऴྃ·Ͱͷશؒ࣌ଳʹ͓͍

ͯ֬อ͞Εͨྔݯࢿͷ߹ܭɺͷൃੜͨؒ࣌͠ͷ͞ͷ྆໘

͔Βख๏ͷධՁΛ͏ߦɻͦͷࡍɺ্ड़ͷ αΛม͑ͳ͕Β֤ख๏

Λಈͤ͞࡞ɺΛൃੜͤ͞Δؒ࣌ΛҰఆҎԼʹ͑ΔΑ͏

ʹ αΛઃఆͨ͠ࡍʹɺඞཁͱͳΔݯࢿͷ߹ܭΛൺֱ͢Δɻ͜ͷ

͕খ͍͞΄Ͳɺগͳ͍ݯࢿͰΛճආ͢Δ͜ͱ͕Ͱ͖Δख

๏Ͱ͋Δͱ͍͑Δɻ

4. 2 ධ Ձ ݁ Ռ

ਤ 3ʹɺγϛϡϨʔγϣϯʹΑΔධՁ݁ՌΛࣔ͢ɻਤͷԣ࣠
ݯࢿෆʹΑΔ͕ൃੜͨ͠λΠϜεϩοτΛࣔ͠ɺॎ

͕࣠ൃੜͨ͠λΠϜεϩοτΛԣ࣠ͷʹ͑ΔΑ͏ʹ

αΛઃఆͨ͠ࡍʹɺ֘ΤϦΞʹγϛϡϨʔγϣϯ։͔࢝Βऴ

ྃ·Ͱͷؒʹׂͯͨ૯ݯࢿΛࣔ͢ɻ·ͨ૯ྔݯࢿɺׂͯ

ՄܧΒऴྃ·Ͱͷؒʹத͔࢝ΑΓγϛϡϨʔγϣϯ։ʹݯࢿͨ

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
ํ͕ɺ͕ൃੜͨ͠λΠϜεϩοτΛج४ҎԼʹ͢Δͨ

Ίʹඞཁͳׂ͕ྔݯࢿগͳ͍ɻ͜Εɺਓྲྀʹؔ͢Δใ

༻͍Δ͜ͱͰɺτϥώοΫྔʹؔ͢ΔใͷΈͰ۠ผͰ͖ͳ

͔ͬͨঢ়ଶͷҧ͍Λଊ͑Δ͜ͱ͕Ͱ͖ɺΑΓਖ਼֬ͳ༧ଌ͕Ͱ͖

ΔΑ͏ʹͳ͍ͬͯΔͨΊͰ͋Δɻਤ 1ͱਤ 2ͷྻܥ 1Λൺֱ͢
ΔͱΘ͔ΔΑ͏ʹɺ༧ଌରʹ͓͚ΔτϥώοΫྔͷมಈ

ɺ༧ଌରʹ͓͚ΔਓͷӨڹΛड͚͓ͯΓɺ͋Δࠁ࣌

ʹ͓͚Δਓɺ֘ࠁ࣌ͷτϥώοΫྔͷ༧ଌʹ͓͍ͯ༗༻

ͳใͰ͋Δɺ͔͠ɺਓͷมಈτϥώοΫྔͷมಈͱൺ

ֱ͢Δͱɺؒ࣌มಈʹՃΘΔϊΠζ͕গͳ͘ɺͳΊΒ͔ͳ

มಈΛ͍ͯ͠ΔɻͦͷͨΊɺࡏݱͷτϥώοΫྔ૿Ճ͕ࣅ

͍ͯͯɺকདྷͷτϥώοΫྔେ͖͘ҟͳΔ͜ͱଟʑ͋Γɺ

τϥώοΫྔͷΈͰਖ਼֬ͳ༧ଌ͕Ͱ͖ͳ͍ͷʹରͯ͠ɺ֤Τ

ϦΞͷਓͷใΛ༻͍Δ͜ͱʹΑΓɺ؍ଌใͱকདྷͷτϥ

ώοΫྔͷঢ়ଶΛΑΓਖ਼֬ʹରԠ͚Δ͜ͱ͕Ͱ͖Δɻͦͷ݁

Ռɺ֤ΤϦΞͷਓͷใΛ༻͍Δ͜ͱʹΑΓɺ༧ଌਫ਼͕

্͠ɺΑΓগͳ͍ݯࢿͰΛճආ͢Δ͜ͱ͕Մͱͳͬͨͱ

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: ൃੜؒ࣌ΛҰఆҎԼʹ͑ΔͨΊʹඞཁͳׂݯࢿ
ྔ

ɺBAM-basedʹ࣍ method with real-world informationͱ
PBCR with real-world informationΛൺֱ͢ΔͱɺBAM-based
method with real-world informationͷํ͕ɺ͕ൃੜͨ͠
λΠϜεϩοτ͕গͳ͍͜ͱ͕͔Δɻ͜ΕɺBAM-based
method with real-world information͕֬৴Λͱʹ੍ޚΛ
͓͜ͳ͍ͬͯΔͨΊͰ͋ΔɻBAM-based method with real-
world informationͰɺ֬৴͕ᮢҎ্ͱͳͬͨঢ়گஅ
ͷબ͕ࢶҰͭʹߜΒΕΔঢ়گʹ͓͍ͯɺͦͷೝʹରԠ͠

ͨ༧ଌ݁Ռʹ߹ΘׂͤͨݯࢿΛ͕͏ߦɺ֬৴͕ᮢҎ্ͷ

બ͕ࢶෳ͋Γɺ͍ͣΕͷঢ়͔گͷஅ͕ߜΔ͜ͱ͕Ͱ͖ͳ

͍߹ʹɺͦΕΒͷ֬৴͕ᮢҎ্ͷબࢶͷ͏ͪɺͬ

ͱݯࢿΛඞཁͱ͍ͯ͠Δঢ়گΛج४ͱ੍ͨ͠ޚΛ͏ߦɻ͜Ε

ʹΑΓɺঢ়گஅ͕͍͠߹ʹͷΈɺΑΓଟ͘ͷݯࢿΛׂΓ

ͯΔ͜ͱ͕Ͱ͖ɺΛճආͭͭ͠ɺׂΓ͕ͯඞཁݯࢿΛ

͑Δ͜ͱ͕Ͱ͖͍ͯΔɻ

5. · ͱ Ί

ຊߘͰɺτϥώοΫྔͷΈͰͳ͘ੈ࣮ݱքͰηϯγϯά

͞Εͨใ༻͍Δ͜ͱʹΑΓɺকདྷͷτϥώοΫྔΛΑΓਖ਼

֬ʹ༧ଌ͠ɺׂݯࢿ੍ޚΛ͏ߦ༧ଌܕωοτϫʔΫ੍ޚख๏

ʹͰɺϞόΠϧωοτϫʔΫ౼ݕɻຊͨͬߦΛ౼ݕ͍ͯͭʹ

͓͚Δ֤ΤϦΞ͔Βྲྀೖ͢ΔτϥώοΫΛऩ༰͢Δͷʹඞཁͳ

ΛಈతʹׂΓͯΔΛରͱ͠ɺτϥώοΫྔɺ֤Τݯࢿ

ϦΞͷਓͱ͍ͬͨকདྷͷτϥώοΫྔͱͷ͕ؔᐆດͳใ

Λಘͳ͕Βɺਵ࣌ɺকདྷඞཁͱͳΔྔݯࢿΛ༧ଌ͠ɺׂݯࢿ

ͷஅΛͷใॲཧաఔͷϞσϧΛ༻͍ͯ͏ߦख๏ΛఏҊ͠

ͨɻͦͯ͠ɺఏҊख๏ΛɺطଘͷγϛϡϨʔλʔΛ༻͍ͯަ௨

ྲྀͱτϥώοΫൃੜΛ͠ݱ࠶ɺγϛϡϨʔγϣϯʹΑΓධՁ͠

ͨɻධՁͷ݁Ռɺަ௨ྲྀใΛ༻͍Δ͜ͱʹΑΔ༧ଌਫ਼ͷ

্͕গͳ͍ݯࢿͰͷͷճආΛՄͱ͢Δ͜ͱɺใॲཧ

༧ଌͷ֬৴͕ಘΒΕɺگΑΓɺঢ়ʹޚ੍ܕͱͮ͘༧ଌʹߏػ

ෳͷঢ়گೝͷબ͕͋ࢶΔ߹ʹɺྔݯࢿෆͷϦεΫ

Λආ͚ΔΑ͏ʹׂݯࢿͷઃఆΛ͜͏ߦͱ͕Ͱ͖ɺճආʹ

ඞཁͳݯࢿΛݮͰ͖Δ͜ͱ͕͔ͬͨɻ

ଌใ͕େ͖ܽ͘؍ͰಘΒΕΔࠁ࣌ͷ՝ͱͯ͠ɺ֤ޙࠓ

ଛ͍ͯ͠ΔΑ͏ͳঢ়گɺ༧ଌཻ͕ΑΓ͍ঢ়گʹ͓͚Δੑ

ධՁ͕͛ڍΒΕΔɻ

ँ ࣙ

ຊڀݚՌͷҰ෦ɺಠཱߦ๏ਓใ௨৴ߏػڀݚ (NICT)
ͷҕୗڀݚʮະདྷΛΔ৽ͨͳωοτϫʔΫج൫ٕज़ʹؔ͢Δ

ͳٞൃ׆ͯؔ͠ʹڀݚ։ൃʯʹΑΔͷͰ͋Δɻ·ͨɺຊڀݚ

ʹՃΘ͍ͬͯͨ NTT ωοτϫʔΫج൫ٕज़ڀݚॴ ੴڮ
Δɻ͢ँਂʹࢯհܓ
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