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Πϯλʔωοτ΍ϞόΠϧωοτϫʔΫͳͲͷϕετΤϑΥʔτܕωοτϫʔΫ্Ͱͷө૾഑৴αʔϏε͕ීٴ

͖ͯͨ͠ɽ͜ΕΒͷө૾഑৴αʔϏεͰ͸ɼͦͷ௨৴ϓϩτίϧʹ HTTP/TCP͕ར༻͞ΕΔ͜ͱ͕ଟ͍͕ɼे෼
ͳ TCPεϧʔϓοτ͕ಘΒΕͣ࠶ੜఀ͕ࢭසൃ͠ɼϢʔβͷମײ඼࣭Λଛͳ͏͜ͱ͕͋Δɽ͜Εʹରͯ͠ɼTCP
εϧʔϓοτʹԠͯ͡ө૾ϏοτϨʔτΛ੍͢ޚΔదԠ഑৴γεςϜ͕਺ଟ͘ڀݚ։ൃ͞Ε͖͍ͯͯΔɽ͔͠͠ͳ

͕ΒɼैདྷͷదԠ഑৴γεςϜ͸ɼࡏݱࠓͷ TCPεϧʔϓοτʹదԠ੍ͨ͠ޚͰ͋Γɼকདྷͷ TCPεϧʔϓοτ
มಈΛྀ͍ͯ͠ߟͳ͍ͨΊɼTCPεϧʔϓοτมಈ͕ܹ͍͠ڥ؀Ͱ͸͍ߴମײ඼࣭͕ಘΒΕ͍ͯͳ͍ɽຊߘͰ͸ক
དྷͷ TCPεϧʔϓοτͷ͕޿Γ (֬཰త֦ࢄ)Λ༧ଌͯ͠దԠ഑৴ʹ׆༻͢Δ͜ͱͰɼ҆ఆͨ͠ࢹௌΛ࣮͢ݱΔద
Ԡ഑৴γεςϜΛఏҊ͢ΔɽTCPεϧʔϓοτͷมಈΛWienerաఔͰϞσϦϯά͢Δ͜ͱͰɼTCPεϧʔϓοτ
ͷ֬཰త֦ࢄΛ 80%Ҏ্ͱ͍͏͍ߴਫ਼౓Ͱ༧ଌͰ͖Δ͜ͱΛࣔ͢ɽ͞Βʹɼ͜ͷ֬཰త֦ࢄ༧ଌ݁ՌΛ༻͍Δ͜ͱ
ͰɼTCPεϧʔϓοτมಈ͕ܹ͍͠ڥ؀Ͱ΋࠶͍ߴੜఀࢭճආೳྗΛ࣮ݱͰ͖Δ͜ͱΛࣔ͢ɽ
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Recently HTTP/TCP has been widely used for video streaming services over best-effort networks such as the
Internet. However, the varying and insufficient TCP throughput causes frequent playout interruptions. Concern-
ing this issue, a number of adaptive video streaming methods have been researched and developed to adjust to the
TCP throughput fluctuations. These conventional methods do not achieve sufficient improvement yet because they
adapt to the “present” TCP throughput not to the “future” one. This paper proposes a novel adaptive streaming
method that attains stable user experience by predicting stochastic diffusion of the “future” TCP throughput.
Experimental results show that a Wiener process model predicts the stochastic TCP throughput diffusion with
a high accuracy of over 80%. Furthermore, it is shown that the adaptive streaming method using the predicted
stochastic TCP throughput diffusion is able to suppress playout interruptions.

1. ͸ ͡ Ί ʹ

Πϯλʔωοτ΍ϞόΠϧωοτϫʔΫͳͲͷ IP ωοτ

ϫʔΫΛհͨ͠ө૾഑৴αʔϏεͰ͸ɼͦͷϓϩτίϧͱͯ͠

HTTP/TCP ͕༻͍ΒΕΔ͜ͱ͕ଟ͘ͳ͖ͬͯͨɽγεςϜ

ங͕҆ՁͰ͋Δ͜ͱ΍ϑΝΠΞ΢Υʔϧಁաੑͷ໰୊͕ͳ͍ߏ

͜ͱ͕ओͳཧ༝Ͱ͋Δ [1]ɽHTTPͰө૾Λ഑৴͢Δ৔߹ɼͦ

ͷτϥϯεϙʔτ૚Ͱ͋Δ TCPͷεϧʔϓοτ͕ө૾഑৴ͷ

඼࣭Λࠨӈ͢Δɽ഑৴͢Δө૾ͷϏοτϨʔτʹରͯ͠ TCP

εϧʔϓοτ͕ෆे෼Ͱ͋Ε͹ɼΫϥΠΞϯτଆͰ࠶ੜόο

ϑΝ͕࠶ׇͯ͠ރੜ͕ఀͯ͠͠ࢭ·͍ɼϢʔβͷମײ඼࣭Λྼ

Խͤ͞Δ͜ͱʹͳΔɽWangΒ͸ɼTCPεϧʔϓοτ͕ө૾
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ϏοτϨʔτͷ໿ 2ഒ͋Ε͹ɼ਺ඵఔ౓ͷॳظόοϑΝϦϯά

Ͱ࠶ੜఀࢭΛճආͰ͖Δ͜ͱΛ͕ࣔͨ͠ [2]ɼۙ೥ͷө૾ͷߴ

ਫ਼ࡉԽʹ൐͏ө૾ϏοτϨʔτͷ૿ՃʹΑΓɼΠϯλʔωοτ

΍ϞόΠϧωοτϫʔΫͳͲͷϕετΤϑΥʔτܕωοτϫʔ

ΫͰ͸े෼ͳ TCPεϧʔϓοτ͕ಘΒΕͳ͍৔߹͕ଟ͍ɽ

ͦ͜ͰɼTCPεϧʔϓοτʹԠͯ͡ө૾ϏοτϨʔτΛ੍ޚ

͢ΔΑ͏ͳ঎༻ͷ഑৴γεςϜ͕ొ৔͖͍ͯͯ͠Δ [1], [3], [4]ɽ

͍ͣΕ΋ɼҰͭͷө૾ίϯςϯπʹରͯ͠ෳ਺ͷϏοτϨʔτ

͔Βબ୒ͯ͠഑৴ՄೳͳΑ͏ʹߏ੒͞Εͨ഑৴γεςϜͰ͋

ΓɼTCPεϧʔϓοτʹԠͯ͡ɼ഑৴͢Δө૾ͷϏοτϨʔ

τΛܾఆ͢ΔɽຊߘͰ͸ɼ͜ͷΑ͏ʹωοτϫʔΫͷঢ়ଶ (͜

͜Ͱ͸ TCPεϧʔϓοτ)ʹԠͯ͡ෳ਺ͷө૾ϏοτϨʔτ

͔ΒҰͭΛબ୒͢Δ͜ͱΛϨʔτ੍ޚ (rate control)ͱݺͼɼ

Ϩʔτ੍ޚͳͲΛ׆༻ͯ͠มಈ͢ΔωοτϫʔΫঢ়ଶʹద͠

ͨө૾Λ഑৴͢ΔํࣜΛదԠ഑৴ (adaptive streaming)ํࣜ

ͱݺͿɽ

͜Ε·Ͱʹɼ਺ଟ͘ͷదԠ഑৴ํ͕ࣜఏҊ [5]ʙ [7]͓Αͼධ

Ձ [8] ͞Ε͖͍ͯͯΔɽ[5] ͓Αͼ [6] ͸ɼө૾Λ഑৴͔ͯ͠Β

ΫϥΠΞϯτͰड৴ͯ͠࠶ੜ͢Δ·ͰͷҰ࿈ͷྲྀΕΛดϧʔ

ϓ੍ܥޚͱͯ͠ϞσϦϯά͠ɼPID੍ޚʢ஫1ʣΛ༻͍ͯө૾Ϗο

τϨʔτΛ੍͢ޚΔख๏Λͱ͍ͬͯΔɽ[7] ͸ɼϨʔτ੍ޚΛ

ಠࣗʹఆٛͨ͠ମײ඼࣭ʹؔ͢ΔධՁؔ਺Λ࠷େʹ͢Δ࠷ద

Խ໰୊ʹؼண͍ͯ͠Δɽ[8]Ͱ͸ɼSmooth StreamingɼNetflix

PlayerɼAdobe OSMFͷͭࡾͷదԠ഑৴ํࣜͷධՁΛ࣮͠ࢪ

͍ͯΔɽ͍ͣΕͷదԠ഑৴ํࣜ΋͋Δఔ౓༗ޮੑ͕ࣔ͞Εͨ

΋ͷͷɼେ͖ͳ TCPεϧʔϓοτมಈ΁ͷదԠੑ͕௿͘ɼߴ

͍ମײ඼࣭ΛಘΔͨΊʹ͸·ͩվળ͕ඞཁͰ͋Δͱɼ͜ͷධ

Ձ͸݁࿦෇͚͍ͯΔɽ

[8] Ͱࣔ͞ΕͨΑ͏ʹɼैདྷͷదԠ഑৴ํࣜͰ͸ɼTCP ε

ϧʔϓοτมಈ͕ܹ͍͠৔߹ʹରԠͰ͖ͣɼࢹ͍ߴௌ඼࣭͕ಘ

ΒΕ͍ͯͳ͍ɽ͜Ε͸ɼैདྷͷదԠ഑৴ํࣜ͸ࡏݱࠓͷ TCP

εϧʔϓοτʹదԠ͢ΔϨʔτ੍ޚΛ༻͍Δ͜ͱ͕େ͖ͳݪ

ҼͰ͋Δɽকདྷͷ TCPεϧʔϓοτมಈͷ༧ଌʹ͍ͯͮجద

Ԡ഑৴Λ࣮͢ࢪΕ͹ɼΑΓࢹ͍ߴௌ඼࣭Λ࣮ݱͰ͖ΔΑ͏ʹ

ͳΔɽ

͔͠͠ͳ͕ΒɼTCPεϧʔϓοτ͸ɼRTTɼύέοτϩεɼ

Մ༻ଳҬɼΫϩετϥώοΫɼి೾ঢ়ଶͳͲ࣌ʑࠁʑมಈ͢Δ

ෳ਺ͷཁҼ͕ෳࡶʹབྷΈ߹ͬͨ݁Ռͱͯ͠දΕΔͨΊɼকདྷͷ

TCPεϧʔϓοτΛ֬ఆతʹ༧ଌ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δ [9]ɽ

զʑ͸ TCP εϧʔϓοτࣗମΛ༧ଌ͢ΔͷͰ͸ͳ͘ɼTCP

εϧʔϓοτͷ֬཰తͳ͕޿ΓΛ༧ଌ͢Δ͜ͱΛఏҊ͢Δʢ஫2ʣɽ

ຊߘͰ͸ɼ͜ͷ֬཰తͳ͕޿Γͷ͜ͱΛ֬཰త֦ࢄ(stochastic

diffustion)ͱݺͿɽͦͯ͠ɼTCPεϧʔϓοτͷ֬཰త֦ࢄ

ʢ஫1ʣɿϑΟʔυόοΫ੍ิܥޚঈثͷҰͭɽ໨ඪ஋ͱͷภࠩͷൺྫ (Propor-

tional)ɼੵ෼ (Integral)ɼඍ෼ (Derivative) ͷઢ݁ܗ߹ʹΑ੍ͬͯྔ࡞ૢޚ

Λܾఆ͢Δɽ

ʢ஫2ʣɿ͜Ε͸ͪΐ͏Ͳ୆෩ͷਐ࿏༧૝ͱ͍ͯࣅΔ
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ਤ 1 TCP εϧʔϓοτมಈͱ֬཰త֦ࢄͷΠϝʔδ

༧ଌʹ͖ͮجɼϨʔτ੍ޚΛ࣮͢ࢪΔ͜ͱͰɼߴ඼࣭ͳө૾ࢹ

ௌΛ࣮͢ݱΔख๏ΛఏҊ͢Δɽ

ຊߘͷߏ੒͸࣍ͷͱ͓ΓͰ͋Δɽ2ষͰ͸ɼWienerաఔʹ

͍ͯͮج TCPεϧʔϓοτͷ֬཰త֦ࢄΛ༧ଌ͢Δख๏Λఏ

Ҋ͢Δɽͦͷ༧ଌ݁ՌΛ༻͍ͯมಈ͢Δ TCP εϧʔϓοτ

ʹॱԠ͢ΔదԠ഑৴ํࣜΛ 3ষͰఏҊ͢Δɽ4ষͰɼTCPε

ϧʔϓοτͷ֬཰త֦ࢄ༧ଌʹ͍ͨجదԠ഑৴ํࣜΛө૾഑

৴αʔόʹ࣮૷࣮ͯ݁ͨ͠͠ݧՌʹ͍ͭͯड़΂Δɽͦͯ͠ɼ5

ষͰຊߘΛ·ͱΊΔɽ

2. TCPεϧʔϓοτͷ֬཰త֦ࢄ༧ଌ

චऀΒ͸ɼকདྷͷ TCPεϧʔϓοτͷ༧ଌΛదԠ഑৴ʹ׆

༻͢Δ͜ͱͰɼࢹ͍ߴௌ඼࣭Λ࣮ݱͰ͖Δͱ͍ͯ͑ߟΔɽ͠

͔͠ɼ༧ଌ͕֎Εͨ৔߹ɼಛʹ࣮ࡍͷ஋͕༧ଌ஋ΛԼճͬͯ͠

·ͬͨ৔߹ʹ͸ମײ඼࣭Λେ෯ʹྼԽͤͯ͞͠·͏Մೳੑ͕

͋ΔɽҰํɼ্ड़ͨ͠Α͏ʹɼTCPεϧʔϓοτ͸ෳ਺ͷཁ

Ҽ͕ෳࡶʹབྷΈ߹ͬͨ݁Ռͱͯ͠දΕΔͨΊɼকདྷͷ TCPε

ϧʔϓοτΛ༧ଌ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δ [9]ɽ

ຊߘͰ͸ɼকདྷͷ TCPεϧʔϓοτΛ֬ఆతʹ༧ଌ͢Δͷ

Ͱ͸ͳ͘ɼ֬཰తͳ͕޿Γ(֬཰త֦ࢄ) Λ༧ଌ͢Δ͜ͱΛߟ

͑Δɽ֬ఆతʹ༧ଌ͢Δͱ͍͏͜ͱ͸ɼਤ 1ͷ੨ഁઢ෦ͷΑ

͏ʹແݶʹଘ͢ࡏΔকདྷͷ TCPεϧʔϓοτͷՄೳੑͷத͔

Βɼ།Ұʹ༧ଌ஋Λ֬ఆ͢Δ͜ͱͰ͋ΔɽҰํɼ֬཰త֦ࢄΛ

༧ଌ͢Δͱ͍͏͜ͱ͸ɼ༧ଌ஋Λ།Ұʹ֬ఆͤͣɼਤ 1 ͷ੺

࣮ઢ෦ͷΑ͏ʹ͕޿ΓΛ༧ଌ͢Δ͜ͱͰ͋Δɽ

ຊষͰ͸ɼTCPεϧʔϓοτ༧ଌͷؔ࿈ڀݚʹ͍ͭͯड़΂

Λ༧ଌ͢Δख๏ΛఏҊࢄɼTCPεϧʔϓοτͷ֬཰త֦ޙͨ

͢Δɽͦͯ͠ɼఏҊख๏ʹ͓͚Δ֬཰త֦ࢄͷ༧ଌਫ਼౓Λ࣮໢

Ͱ͢ূݕΔɽ

2. 1 ؔ ࿈ ݚ ڀ

͜Ε·Ͱʹ༷ʑͳ TCP εϧʔϓοτ༧ଌํ͕ࣜ͞ڀݚΕ

͖͍ͯͯΔ [11]ʙ [14]ɽͦΕΒ͸ History-Based(HB) ํࣜͱ

Formula-Based(FB)ํࣜͷೋͭʹେผͰ͖Δ [9], [10]ɽHBํ

ࣜ͸ TCP εϧʔϓοτͷաڈͷྻܥ࣌σʔλʹ͍ͯͮجক

དྷͷ TCP εϧʔϓοτΛ༧ଌ͢ΔํࣜͰ͋Γɼྻܥ࣌ղੳ
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ʹ Auto-Regressive Moving Average(ARMA) Ϟσϧ΍Ϛϧ

ίϑมௐϙΞιϯաఔ (MMPP)Λ༻͍Δํࣜ [11]ɼػցֶश

ͷҰͭͰ͋Δ Support Vector Regression(SVR) Λ༻͍Δํ

ࣜ [12]͕͋ΔɽҰํɼFBํࣜ͸ TCPεϧʔϓοτͷڍಈΛ

਺ࣜͱͯ͠ද͠ɼඞཁͳύϥϝʔλΛ୅ೖͯ͠༧ଌ͢Δํࣜ

Ͱ͋Γɼ[13]΍ [14]ͷ਺͕ࣜ༗໊Ͱ͋Δɽ

HBํࣜ͸ɼ༧ଌʹཁ͢Δ෼͚ͩྻܥ࣌σʔλΛ஝ੵ͠ͳ͚

Ε͹ͳΒͳ͍ͷͰɼ༧ଌʹ͸͋Δఔ౓ͷ͕ؒ࣌ඞཁͰ͋Δ͕ɼ

FBํࣜͱൺֱͯ͠༧ଌਫ਼౓͕͍͜ߴͱ͕ಛ௃Ͱ͋Δɽ൓ରʹɼ

FBํࣜ͸਺ࣜʹඞཁͳύϥϝʔλΛ୅ೖ͢Δ͜ͱͰ௚ͪʹ༧

ଌ஋͕ಘΒΕΔ͕ɼͦͷਫ਼౓͸௿͍ɽ

͔͠͠ͳ͕Βɼ͍ͣΕͷؔ࿈ڀݚ΋ TCPεϧʔϓοτΛ֬

ఆతʹ༧ଌ͢Δํࣜʹ͍ͭͯͷڀݚͰ͋Γɼ֬཰త֦ࢄΛ༧ଌ

͢Δख๏Ͱ͸ͳ͍ɽ

ҰํɼTCP εϧʔϓοτͰ͸ͳ͍͕ɼZhang Β͸ແઢ IP

ωοτϫʔΫʹ͓͚Δ୺຤ͷϋϯυΦʔόʔཁٻ਺ͷ֬཰త֦

Λ༧ଌ͢Δख๏ΛఏҊ͍ͯ͠Δࢄ [15]ɽ༧ଌखஈ͸্ड़ͷ HB

ํࣜͰ͋Γɼྻܥ࣌ղੳʹWienerաఔΛ༻͍͍ͯΔɽ

2. 2 Wienerաఔʹ֬ͮ͘ج཰త֦ࢄ༧ଌ

ຊߘͰ͸ɼWienerաఔΛ༻͍ͨ֬཰త֦ࢄ༧ଌํࣜ [15]ʹ

ʹΛ༧ଌ͢Δɽ༧ଌࢄɼTCPεϧʔϓοτͷ֬཰త֦͖ͮج

༻͍ΒΕΔ֬཰աఔϞσϧͱ্ͯ͠هҎ֎΋͏͑ߟΔ͕ɼ࠷

΋جຊతͰ͋Γͭ׌਺ֶղੳ͕े෼ʹཱ֬͞ΕͨWienerաఔ

Ͱ༧ଌͰ͖Δ͔Λ͢ূݕΔ͜ͱʹ͢Δɽ·ͨɼWienerաఔ͔

Β೿ੜͯ͠ಘΒΕΔزԿϒϥ΢ϯӡಈ͸ࣜגՁ֨ͷΑ͏ʹඇ

ෛͷ஋Λมಈ͢Δ֬཰աఔϞσϧͱͯ͠༻͍ΒΕɼಉ͘͡ඇ

ෛͷ஋Λมಈ͢Δ TCPεϧʔϓοτͷมಈʹ͸Wienerաఔ

ΑΓ΋޷దͰ͋Δ͔΋͠Εͳ͍͕ɼͦΕ͸ޙࠓͷݕ౼՝୊ͱ

͓ͯ͘͠ɽ

·ͣɼWienerաఔͷఆٛΛ঺հ͢Δɽ֬཰աఔW (t)͕෼

ࢄ σ2 ͷWienerաఔͰ͋Δ৔߹ɼ࣍ͷ৚݅Λຬ଍͢Δɽ

(1) W (t)͸ಠཱ૿෼Ͱ͋Δ

(2) ∀s, t > 0 ⇒ W (s + t)−W (s)͸ N(0, σ2t)ʹै͏

(3) W (0) = 0͔ͭW (t)͸ t = 0Ͱ࿈ଓͰ͋Δ

͞ΒʹɼWienerաఔʹυϦϑτΛྀͨ͠ߟ΋ͷΛҰൠԽ͞Ε

ͨWienerաఔͱݺͿɽҰൠԽ͞ΕͨWienerաఔ͸ɼυϦϑ

τΛ µͱ͢Δͱɼ্ه (2)ͷ N(0, σ2t)Λ N(µt, σ2t)ʹมߋ

͢Δ͜ͱͰಘΒΕΔɽҎ߱ɼຊߘͰ͸ҰൠԽ͞ΕͨWienerա

ఔΛର৅ʹ͢Δ͕ɼ͜ΕΛ୯ʹWienerաఔͱॻ͘͜ͱʹ͢Δɽ

TCPεϧʔϓοτ͕Wienerաఔʹैͬͯมಈ͢ΔͱԾఆ͢

Δͱɼؒ࣌ tޙͷ TCPεϧʔϓοτ xͷ֬཰ີ౓ؔ਺ f(x, t)

͸ࣜ (1)Ͱද͞ΕΔɽ

f(x, t) =
1√

2πσ2t
exp

(
− (x− x0 − µt)2

2σ2t

)
(1)

ͨͩ͠ɼx0 ͸ࠁ࣌ࡏݱͰͷ TCPεϧʔϓοτͰ͋Δɽࣜ (1)

ʹΑΔͱɼ֬཰ີ౓ؔ਺ͷ෼ࢄ͸ σ2tͰ͋Γɼؒ࣌ tʹൺྫ͠

ͯ૿େ͢Δɽ֬཰త֦ࢄͷࢦඪͱͯ͠͸ɼ෼ࢄͷฏํࠜͰ͋

probability
density

ਤ 2 TCP εϧʔϓοτͷ֬཰త֦ࢄϞσϧ (Wiener Ϟσϧ)

Δඪ४ภ͕ࠩద౰Ͱ͋Γɼͦͷ஋͸ σ
√

tͱͳΔɽ͕ͨͬͯ͠ɼ

֬཰త֦ࢄ͸ܦաؒ࣌ͷ 1/2৐ʹൺྫ͢Δ͜ͱʹͳΔɽ͜Ε

ʹυϦϑτΛྀ͢ߟΔͱɼਤ 1ͷ੺࣮ઢͰඳ͔Εͨۂઢͷؔ

਺ x±(t)(ۂઢͷ্ଆΛ x+ɼԼଆΛ x− ͱ͢Δ)͸ࣜ (2)Ͱܭ

Ͱ͖Δɽࢉ

x±(t) = x0 + µt ± ασ
√

t (2)

ͨͩ͠ɼα ͸֬཰త֦ࢄͷ༧ଌൣғΛఆΊΔఆ਺Ͱ͋Δɽྫ

͑͹ɼα = 3 Ͱ͋Ε͹ x±(t) Ͱғ·ΕΔൣғʹ TCP εϧʔ

ϓοτ͕ऩ·Δ֬཰͸ 99.7%ͱͳΔ (ਖ਼ن෼෍ͷ [−3σ, 3σ]ͷ

ൣғ)ɽ͢ͳΘͪɼ֬཰త֦ࢄΛ༧ଌ͢Δͱ͍͏ߦҝ͸ɼࣜ (2)

ͷ x±(t)Λ͢ࢉܭΔ͜ͱʹ౳͍͠ɽ

TCPεϧʔϓοτͷ֬཰త֦ࢄͱWienerաఔʹै͏֬཰

ີ౓ؔ਺ f(x, t)ͱͷؔ܎Λදͨ͠໛ࣜਤ͕ਤ 2Ͱ͋Δɽ͜ͷ

ਤ͸ɼਤ 1Λฏ໘ʹ഑ஔͯ͠ɼͦͷਨ௚ํ޲ʹ֬཰ີ౓Λͱͬ

͍ͯΔɽਤͰ͸ҟͳΔͭࡾͷࠁ࣌Ͱͷ֬཰ີ౓ؔ਺Λࣔͯ͠

͍Δɽࣜ (1)Ͱࣔ͞ΕͯΔͱ͓Γɼt = 0ʹ͍ۙ΄Ͳ֬཰ີ౓

ؔ਺͸ͱ͕ͬͨܗʹͳΓɼt͕େ͖͘ͳΔఔฏ͍ͨܗʹͳΔɽ

2. 3 ࣮໢Ͱͷ֬཰త֦ࢄͷ༧ଌਫ਼౓ূݕ

͜Ε·Ͱʹɼࣜ (2)ͷ x±(t)Λ͢ࢉܭΔ͜ͱʹΑͬͯɼTCP

εϧʔϓοτͷ֬཰త֦ࢄΛ༧ଌͰ͖Δ͜ͱΛड़΂ͨɽ͜͜Ͱ

͸ɼ࣮໢ʹ͓͚Δ TCPεϧʔϓοτͷ֬཰త֦ࢄͷ༧ଌਫ਼౓

Λ͢ূݕΔɽҎԼͰɼূݕͷखॱΛઆ໌ͨ͠ޙɼ༧ଌਫ਼౓ͷ݁

ՌΛࣔ͢ɽ

a ) ࣮໢Ͱͷ TCPεϧʔϓοτσʔλͷू࠾

TCPεϧʔϓοτมಈ͕ܹ͍͠ϕετΤϑΥʔτܕωοτ

ϫʔΫͷ୅දྫͱͯ͠ɼΠϯλʔωοτ্ʹ഑ஔ͞Εͨαʔό

͔ΒϞόΠϧ୺຤΁ϑΝΠϧΛμ΢ϯϩʔυͨ͠ͱ͖ͷ TCP

εϧʔϓοτɼ͓ΑͼϞόΠϧ୺຤͔Βαʔό΁ͷϑΝΠϧΛ

Ξοϓϩʔυͨ͠ͱ͖ͷ TCPεϧʔϓοτΛܭଌͨ͠ɽ͜ͷ

ͱ͖ɼTCP εϧʔϓοτͷܭଌ͸ I(= 2)[sec] ͝ͱʹ୯७Ҡ

ಈฏۉͰͨ͠ࢉܭɽ͜ͷ I[sec]Λ 1୯Ґؒ࣌ͱͯ͠ఆٛ͠ɼҎ

߱ຊষͰ͸ؒ࣌ʹؔͯ͠͸͜ͷ୯Ґؒ࣌Λ༻͍Δɽ·ͨɼϞό

Πϧ୺຤͸౎಺ 19Օॴ͔Β 3G/3.5G͓ΑͼWi-Fi(Hotspot)

Λར༻ͯ͠αʔόʹ઀ଓ͠ɼμ΢ϯϩʔυͱΞοϓϩʔυͦΕ
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(b) Wiener աఔʹΑΔཧ࿦஋

ਤ 3 ֬཰ີ౓ؔ਺ (ώετάϥϜ)

ͧΕ 10෼ؒ=300୯Ґܭͭͣؒ࣌ଌͨ͠ɽ͢ͳΘͪɼྦྷܭ 19

Օॴʷ 2(μ΢ϯϩʔυ/Ξοϓϩʔυ)ʷ 300୯Ґ11400=ؒ࣌

୯Ґؒ࣌෼ͷ TCPεϧʔϓοτσʔλΛऔಘͨ͜͠ͱʹͳΔɽ

b ) ֬཰ີ౓ؔ਺ (ώετάϥϜ)ͷࢉܭ

ଓ͍ͯɼ࣮໢Ͱͷ TCPεϧʔϓοτσʔλͷ֬཰ີ౓ؔ਺

Λ͢ࢉܭΔɽͦͷͨΊʹɼࣜ (2)ͷ σ ͓Αͼ µΛಉఆ͢Δඞ

ཁ͕͋Δɽ

σ͸ɼաڈ n(= 30)୯Ґؒ࣌෼ͷ TCPεϧʔϓοτσʔλ

Λࣜ (3)ʹ୅ೖͯ͢͠ࢉܭΔɽ͜ͷࣜ͸ෆภ෼ࢄͷࢉग़ࣜͰ͋

Δɽ͜͜Ͱɼx(−k) ͸͔ࡏݱΒ k ୯Ґؒ࣌લͷ TCP εϧʔ

ϓοτͰ͋Γɼx̄͸౰֘ nݸͷ TCPεϧʔϓοτͷฏۉ஋Ͱ

͋Δɽ

σ2 =
1

n− 1

n−1∑

k=0

(x̄− x(−k))2 (3)

·ͨɼµ͸աڈ m(= 10)୯Ґؒ࣌෼ͷ TCPεϧʔϓοτ

σʔλ͔Β࠷খೋ৐๏ʹͯࢉग़ͨ͠௚ઢͷ͖܏ͱ͢Δ (ࣜ (4))ɽ

µ =

m
m−1∑

k=0

(−k)x(−k)−
(

m−1∑

k=0

(−k)

)(
m−1∑

k=0

x(−k)

)

m
m−1∑

k=0

k2 −
(

m−1∑

k=0

(−k)

)2

(4)
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ਤ 4 ֬཰త֦ࢄ༧ଌ݁Ռ
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ਤ 5 ֬཰త֦ࢄ༧ଌਫ਼౓

͜͜Ͱɼ্ه σ ͓Αͼ µΛ༻͍ͯ t୯Ґؒ࣌ઌͷ TCPε

ϧʔϓοτσʔλ x(t)Λࣜ࣍ͷΑ͏ʹਖ਼نԽ͢Δɽ

z(t) =
x(t)− x0 − µt

σ
(5)

ຊূݕͰ͸ɼ্ه a )Ͱͨ͠ू࠾ TCPεϧʔϓοτσʔλʹ

ରͯ͠ɼt = 0, 1, 2, · · · , 30ͷ z(t)Λࢉग़͍͖ͯ͠ɼz(t)ʹؔ

͢ΔώετάϥϜΛ࡞੒͢Δɽͦͷ݁ՌಘΒΕͨώετάϥϜ

͕ਤ 3(a)Ͱ͋Δ (ਤͰ͸ t = 1, 3, 5, 10, 30ͷΈදࣔ)ɽσʔλ

ྔ͕े෼Ͱ͋Δͱ͖ɼ͜ͷώετάϥϜ͸֬཰ີ౓ؔ਺ʹۙ

ΕΔɽҰํɼਤ͞ࣅ 3(b)͸ TCPεϧʔϓοτมಈ͕Wiener

աఔͰ͋ΔͱԾఆͨ͠৔߹ͷཧ࿦஋Ͱ͋Δɽ࣮ଌ஋ͷํ͕த

৺ͷϐʔΫ͕͘ߴͳ͍ͬͯΔ͕ tͷ૿Ճʹର͢Δ͕޿Γ͸Α͘

Ͱ͖͍ͯΔɽࣅۙ

c ) ֬཰త֦ࢄͷ༧ଌਫ਼౓

ʹޙ࠷ Wiener աఔʹ֬ͮ͘ج཰త֦ࢄ༧ଌͷ༧ଌਫ਼౓

Λࢉग़͢Δɽͨ͠ू࠾ TCP εϧʔϓοτσʔλʹର͢Δ

z(t)(t = 0, 1, 2, · · · , 30)ͷώετάϥϜ "֬཰ີ౓ؔ਺ͦΕ
ͧΕʹ͍ͭͯඪ४ภࠩΛࢉग़͠ɼӈ࣠ʹ tɼॎ࣠ʹࢉग़ͨ͠ඪ

४ภࠩΛϓϩοτ͢Δ (ਤ 4ͷ੨ഁઢ)ɽԾʹɼWienerաఔʹ

༧ଌ͕ਖ਼͚͠Ε͹ࣜࢄ཰త֦֬ͮ͘ج (2) ΑΓ z(t) "
√

t ͱ

ͳΔɽͦ͜Ͱɼਤ 4ʹ͸ཧ࿦஋ͱͯؔ͠਺
√

tΛ੺࣮ઢͰදࣔ

͍ͯ͠ΔɽਤΛ໌ͯݟΒ͔ͳΑ͏ʹɼWienerաఔʹ֬ͮ͘ج
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rate controller playout buffer playout controllerstored video

Video Server Client

IP Network

(2) TCP throughput(1) video bitrate (3) buffer length (4) playout rate

HTTP/TCP

ਤ 6 ө૾഑৴γεςϜུ֓

཰త֦ࢄ༧ଌ͸ߴਫ਼౓ʹ༧ଌͰ͖Δ͜ͱ͕Θ͔Δɽ

֤୯Ґؒ࣌ tʹ͓͚Δ z(t)ͱ
√

tͷࠩޡΛ e(t)ͱ͠ɼ୯Ґ

ؒ࣌ 0 ͔Β t ·Ͱͷ e(k) (k = 1, 2, · · · , t) ͷೋ৐ฏۉฏํࠜ

(RMS)Λ 1͔ΒҾ͍ͨ஋Λ༧ଌਫ਼౓A(t)ͱͯͨ͑͠ߟɽe(t)ɼ

A(t)ͦΕͧΕͷࣜࢉܭ͸ࣜ (6)ɼࣜ (7)ͱͳΔɽ

e(t) =
|z(t)−

√
t|√

t
(t > 0), e(t) = 0 (t = 0) (6)

A(t) = 1−

√∑t
k=0{e(k)}2

t + 1
(7)

ਤ 4 ͷ༧ଌ஋͔Β֤୯Ґؒ࣌ʹ͓͚Δࠩޡͱ༧ଌਫ਼

౓Λࢉग़ͨ݁͠ՌΛਤ 5 ʹࣔͨ͠ɽ͍ͣΕͷ۠ؒ [0, t]

(t = 0, 1, 2, · · · , 30) Ͱ΋༧ଌਫ਼౓͸ 80%Ҏ্Ͱ͋Γɼߴਫ਼

౓Ͱ༧ଌͰ͖͍ͯΔ͜ͱ͕෼͔Δɽಛʹɼt > 10ͷൣғͰ͸

༧ଌਫ਼౓͸҆ఆͯ͘͠ߴ໿ 87%Ͱ͋ͬͨɽ

ैདྷͷ֬ఆతͳ༧ଌํࣜͱͷ༧ଌਫ਼౓ͷҧ͍ʹ͍ͭͯ͸ɼ༧

ଌର৅͕ (֬ఆతͳ)஋ͱ (֬཰ີ౓)ؔ਺ͱ͍͏ҧ͍͕͋Δͨ

Ίɼ௚઀తͳൺֱ͸೉͍͠ɽͦ͜Ͱɼޙड़ͷ 4ষʹ͓͍ͯɼ֬

ఆతͳ༧ଌΛద༻ͨ͠దԠ഑৴ͱ֬཰త֦ࢄ༧ଌʹͮ͘جద

Ԡ഑৴ͱͰධՁ࣮ݧΛ࣮͠ࢪɼͦͷҧ͍Λ͢࡯ߟΔɽ

3. ֬཰త֦ࢄ༧ଌʹͮ͘جదԠ഑৴ํࣜ

લষͰ͸ TCP εϧʔϓοτͷ֬཰త֦ࢄΛ 80%Ҏ্ͱ͍

ਫ਼౓Ͱ༧ଌͰ͖Δ͜ͱΛࣔͨ͠ɽຊষͰ͸ɼͦͷ༧ଌ͍݁ߴ͏

ՌΛ׆༻ͨ͠దԠ഑৴ํࣜΛఏҊ͢Δɽ

3. 1 ө૾഑৴γεςϜͷߏ੒

ຊߘͰର৅ͱ͢Δө૾഑৴γεςϜͷߏ੒ʹ͍ͭͯઆ໌͢

Δɽө૾഑৴γεςϜ͸ɼਤ 6ʹࣔ͢Α͏ʹɼ഑৴αʔόɼIP

ωοτϫʔΫɼΫϥΠΞϯτͷ 3ཁૉ͔Βߏ੒͞Ε͍ͯΔɽ

഑৴αʔό͸ɼ஝ੵө૾ (stored video)ͱϨʔτ੍ޚ෦ (rate

controller) Λඋ͑Δɽ஝ੵө૾͸ɼҰͭͷίϯςϯπʹର͠

ͯෳ਺ͷө૾ϏοτϨʔτ͔ΒҰͭΛબ୒ͯ͠഑৴Ͱ͖Δߏ

଄ͱͳ͍ͬͯΔɽ۩ମతʹ͸ɼ༧Ίෳ਺ͷө૾ϏοτϨʔτͰ

ූ߸Խ͓ͯ͘͠ํ๏ɼεέʔϥϒϧίʔσοΫΛ༻͍ͨ֊૚

ූ߸ԽΛར༻͢Δํ๏ɼ΋͘͠͸ϦΞϧλΠϜʹॴ๬ͷө૾

ϏοτϨʔτͰූ߸Խ͢Δํ๏͕͋ΔɽϨʔτ੍ޚ෦͸ɼޙड़

(3. 3)͢Δ੍ࣜํޚʹ͕ͨͬͯ͠ɼ഑৴͢Δө૾ͷϏοτϨʔ

τΛܾఆ͢Δɽ

͜͜Ͱ૝ఆ͢Δ IP ωοτϫʔΫ (IP network) ͸ɼ

HTTP/TCP ʹΑΔ௨৴͕ՄೳͳωοτϫʔΫͰ͋Δɽಛ

ʹɼΠϯλʔωοτ΍ϞόΠϧωοτϫʔΫͳͲϕετΤ

ϑΥʔτܕωοτϫʔΫΛର৅ʹ͍ͯ͠Δɽ

ΫϥΠΞϯτ͸ɼ࠶ੜόοϑΝ(playout buffer) ͱ࠶ੜ෦

(playout controller)Λඋ͑Δɽ࠶ੜόοϑΝ͸ɼड৴ͨ͠ө

૾σʔλΛ࠶ੜ͢Δ·ͰҰ࣌తʹอଘ͢ΔͨΊͷόοϑΝͰ͋

Δɽ࠶ੜ෦͸ɼ࠶ੜόοϑΝ͔Βө૾σʔλΛऔΓग़ͯ͠࠶ੜ

͢Δɽ͜ͷͱ͖ɼ࠶ੜόοϑΝ͕ۭͩͱ࠶ੜ͕ఀ͢ࢭΔ͜ͱʹ

ͳΔɽ

3. 2 ө૾഑৴γεςϜͷ਺ֶϞσϧ

ਤ 6Λࢀর͠ɼର৅ͷө૾഑৴γεςϜʹ͓͚Δө૾σʔ

λͷྲྀΕΛ਺ֶϞσϧͰهड़͢Δɽ഑৴αʔό͔Βૹग़͞Ε

ͨө૾σʔλ͸ɼIPωοτϫʔΫΛܦ༝ͯ͠ΫϥΠΞϯτʹ

౸ண͢Δɽ͜ͷө૾σʔλ͸ɼ࠶ੜόοϑΝʹ஝ੵ͞Εͨޙɼ

ॱ࠶࣍ੜ෦ʹͯऔಘɼ࠶ੜ͞ΕΔɽҎ্ͷΑ͏ͳө૾σʔλͷ

ྲྀΕΛهड़͢Δʹ͸ɼΫϥΠΞϯτʹ͓͚Δ࠶ੜόοϑΝͷೖ

ग़ྗؔ܎Λ͑ߟΔͱΑ͍ɽ

͋Δࠁ࣌ t[sec] ʹɼ࠶ੜόοϑΝʹೖྗ͞ΕΔө૾Ϗοτ

Ϩʔτ (video bitrate)Λ r(t)[bps]ɼTCPεϧʔϓοτ (TCP

throughput)Λ x(t)[bps]ͱ͢Δɽಉࠁ࣌ʹɼ࠶ੜόοϑΝʹ

஝ੵ͞Ε͍ͯΔ࢒༨࠶ੜؒ࣌ (buffer length)Λ Tp(t)[sec]ͱ͢

Δɽ࠶ੜόοϑΝʹ஝ੵ͞Ε͍ͯΔө૾σʔλΛαΠζ [byte]

Ͱ͸ͳ͘ɼ࠶ੜؒ࣌ [sec] Ͱද͍ͯ͠ݱΔ఺ʹ஫ҙ͞Ε͍ͨɽ

·ͨɼಉࠁ࣌ͷ࠶ੜ෦ͷ࠶ੜϨʔτ (playout rate) Λ p(t)[-]

ͱද͢ɽ࠶ੜϨʔτ͸౳ഒ࠶ੜΛ 1ͱͨ͠৔߹ͷഒ཰Λද͠ɼ

ແྔݩ࣍Ͱ͋Δɽྫ͑͹ɼp = 2ͳΒ࣮ؒ࣌ 1[s]͋ͨΓʹ࠶ੜ

ؒ࣌ 2[s] ෼ͷө૾σʔλΛ࠶ੜόοϑΝ͔Βऔಘ͢Δ͜ͱʹ

ͳΔɽ

චऀΒ͸ɼө૾σʔλͷྲྀΕΛྲྀମʹۙ͢ࣅΔ͜ͱʹΑͬͯ

End-to-Endͷө૾σʔλͷྲྀΕΛղੳ͢Δख๏ΛఏҊ͍ͯ͠

Δ [5]ɽྲྀମۙࣅʹΑΓɼө૾σʔλͷྲྀΕʹ͍ͭͯ࿈ଓମɾ࿈

ଓؒ࣌ͷղੳ͕ద༻Ͱ͖ΔΑ͏ʹͳΔɽҎԼͰ͸ɼຊख๏ʹج

͍ͮͯɼө૾σʔλͷྲྀΕΛࢧ഑͢ΔํఔࣜΛಋग़͢Δɽ

ࠁ࣌ t[sec]͔Βඍখؒ࣌∆t[sec]ͷؒʹड৴ͨ͠ө૾σʔλ

αΠζ͸ x(t)∆t[bits] Ͱ͋Δɽ͜ͷө૾σʔλͷө૾Ϗοτ

Ϩʔτ͸ r(t)[bps] Ͱ͋ΔͨΊɼx(t)∆t[bits] ෼ͷө૾σʔλ
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ͷ࠶ੜؒ࣌͸ (x(t)∆t)/r(t)[sec]ͱͳΔɽҰํɼಉ࠶ʹ࣌ੜ෦

Ͱ࠶ੜͨ͠ө૾σʔλͷ࠶ੜؒ࣌͸ p(t)∆t[sec]ͱͳΔɽͨ͠

͕ͬͯɼͦͷͱ͖ͷ࠶ੜόοϑΝʹ͓͚Δ࢒༨࠶ੜؒ࣌ͷ૿

෼Λ ∆Tp[sec]ͱ͢Δͱɼ∆Tp = (x∆t)/r − p∆tͱද͞ΕΔɽ

͜͜Ͱɼ∆t→ 0ͱ͢Δͱɼ࣍ͷඍ෼ํఔ͕ࣜಘΒΕΔɽ

dTp

dt
=

x
r
− p (8)

͜ͷඍ෼ํఔࣜ͸ɼࢹௌ୺຤͕഑৴αʔό͔Βૹग़͞Εͨө

૾σʔλ͕ΫϥΠΞϯτʹ౸ண͔ͯ͠Β࠶ੜ͞ΕΔ·Ͱͷྲྀ

ΕΛࢧ഑͍ͯ͠Δɽ

3. 3 ֬཰త֦ࢄ༧ଌΛ༻͍ͨϨʔτ੍ޚ

લઅͰಋग़ͨ͠ө૾σʔλͷྲྀΕͷࢧ഑ํఔࣜͱ TCP ε

ϧʔϓοτͷ֬཰త֦ࢄ༧ଌΛ༻͍ͨϨʔτ੍ޚΛఏҊ͢Δɽ

ఏҊํࣜͷجຊతͳํ͑ߟ͸ɼTCPεϧʔϓοτͷ֬཰త֦

༧ଌͱͯࣜ͠ࢄ ಘΒΕ͍ͯΔ͕ɼ͜ͷ͏ͪʹط͕(2) x−(t)Λ

কདྷͷ TCP εϧʔϓοτ༧ଌͱͯ͠࠾༻͢Δ͜ͱͰɼTCP

εϧʔϓοτมಈʹରͯ҆͠શଆͷରࡦΛ͡ߨΔ͜ͱͰ͋Δɽ

ྫ͑͹ɼx−(t)ʹ͓͍ͯ α = 3ͱ͢Δ͜ͱͰɼ[−3σ,∞]ͷൣ

ғͷมಈΛΧόʔͰ͖Δ͜ͱʹͳΔ͕ɼ͜Ε͸֬཰Ͱද͢ͱ

99.87%ͷൣғͰ͋Δɽ

কདྷͷ TCPεϧʔϓοτ͕ x−(t)Ͱ͋Δͱ͍͏ԾఆͷԼͰ

͸ɼT [sec]ޙͷ࢒༨࠶ੜؒ࣌ Tp(T )͸ඍ෼ํఔࣜ (8)Λ࣍ͷ

Α͏ʹղ͘͜ͱͰಘΒΕΔɽ

Tp(T ) = Tp(0) +

∫ T

0

(
x−

r
− p

)
dt (9)

͜͜Ͱɼr ͱ p͕ [0, T ]ͷൣғͰҰఆͰ͋ΔͳΒ͹ʢ஫3ʣɼҎԼ

ͷղੳղ͕ಘΒΕΔɽ

Tp(T ) = Tp(0) +
(x0

r
− p
)

T +
µ
2r

T 2 − 2ασ
3r

T
3
2 (10)

ఏҊ͢ΔϨʔτ੍ޚ͸ɼT [sec]ޙͷ࢒༨࠶ੜؒ࣌ Tp(T )Λ

ॴఆͷ໨ඪ஋ Tr[sec] ʹ͚ۙͮΔΑ͏ʹ੍͢ޚΔɽࣜ (11) ʹ

ࣔ͢Α͏ʹɼ໨ඪ஋ͱͷࠩޡʹॴఆͷϑΟʔυόοΫήΠϯ

KP Λ৐ͯ͡Ճ͑Δ͜ͱͰө૾ϏοτϨʔτΛߋ৽͢Δɽ

r ← r + KP (Tr − Tp(T )) (11)

͜ͷૢ࡞Λ੍ޚΠϯλʔόϧ͝ͱʹ࣮͢ࢪΔ͜ͱͰɼৗʹ

T [sec]ޙͷকདྷͷ࢒༨࠶ੜ͕ؒ࣌໨ඪ஋ Tr[sec]Ҏ্ʹͳΔΑ

ΕΔɽ͞ޚ੍ʹ͏

4. దԠ഑৴ͷධՁ࣮ݧ

ఏҊͨ͠దԠ഑৴ํࣜΛ࣮૷ͨ͠഑৴αʔόΛ։ൃ͠ɼධ

Ձ࣮ݧΛͨͬߦɽҎԼͰɼ࣮ํݧ๏͓Αͼ࣮݁ݧՌʹ͍ͭͯઆ

ʢ஫3ʣɿϨʔτ੍ޚʹ͓͍ͯ r Λ [0, T ] ͷൣғͰҰఆͱͯࣜ͠ (10) ͷղΛಘ

͕ͨɼ͜Ε͸ಉൣғʹ͓͍ͯ࠷దͳఆ਺ r∗ ΛҰͭબग़͢ΔͨΊͰ͋Δɽ౰વɼ

ΑΓ࠷దͳ t ʹ͍ͭͯͷؔ਺ r∗(t) (t ∈ [0, T ]) ͕ଘ͢ࡏΔՄೳੑ͕͋Δ͕ɼ

͜ΕΛٻΊΔͷ͸ࠔ೉Ͱ͋ΔͨΊɼࠓճ [0, T ] ͷൣғͰҰఆͱۙͨ͠ࣅɽ

250[kbps] 350[kbps] 500[kbps] 1,500[kbps] 

2
 [

se
c]

 

3
0
0
 [

se
c]

 

ਤ 7 ஝ੵө૾ϑΝΠϧ (fragmented 3GP) ੒ߏ

ද 1 Ϩʔτ੍ޚύϥϝʔλ

߸ه ஋ ҙຯ

α 2 ֬཰త֦ࢄͷ༧ଌൣғΛఆΊΔ܎਺

n 30 σ Λࢉग़͢ΔͨΊͷσʔλ਺

m 10 µ Λࢉग़͢ΔͨΊͷσʔλ਺

T 10 T [sec] ઌ·ͰΛ༧ଌ͢Δ

Tr 3 ͷ໨ඪ஋ؒ࣌ੜ࠶༨࢒ [sec]

KP 0.5 Ϩʔτ੍ޚͷϑΟʔυόοΫήΠϯ

໌͢Δɽ

4. 1 ࣮ ݧ ํ ๏

഑৴αʔό͸HTTP Servlet(Java)Ͱ࣮૷͞ΕɼΫϥΠΞϯ

τʹରͯ͠ HTTP/TCPͰ஝ੵө૾ (ϑϥάϝϯτ 3GPϑΝ

Πϧ)Λ഑৴͢Δɽ͜ͷͱ͖ɼTCPεϧʔϓοτͷ֬཰త֦

༧ଌࢄ (2ষ)Λ࣮͠ࢪɼͦͷ༧ଌ݁Ռʹ͍ͨͮجϨʔτ੍ޚ

(3ষ)Λ͍ߦɼ֘౰͢Δө૾Λ഑৴͢Δʢ஫4ʣɽ

഑৴͢Δ஝ੵө૾͸ɼ250, 350, 500, 750, 1000, 1250ɼ

1500[kbps] ͷ 7 छྨͷϑϥάϝϯτ 3GP ϑΝΠϧͰ͋Δɽ

֤ϑϥάϝϯτ 3GPϑΝΠϧ͸ 2[sec]͝ͱʹϑϥάϝϯςʔ

γϣϯ͞Ε͓ͯΓɼ150ݸͷϑϥάϝϯτ͔Βߏ੒͞Ε͍ͯΔ

(ਤ 7)ɽ഑৴αʔό͸ɼҰͭͷϑϥάϝϯτΛ഑৴͢Δ͝ͱʹ

্ड़ͷϨʔτ੍ޚΛ࣮͠ࢪɼ࣍ʹ഑৴͢ΔϑϥάϝϯτΛܾ

ఆ͢ΔɽϨʔτ੍ޚʹඞཁͳύϥϝʔλ͸ද 1ʹࣔͨ͠ɽ

ΫϥΠΞϯτ͸ϑϥάϝϯτ 3GP ΛετϦʔϛϯά࠶ੜ

·ͨ͸ϓϩάϨογϒμ΢ϯϩʔυ࠶ੜͰ͖Δ QuickTime

Player(Apple) ͱͨ͠ɽఏҊ͢ΔదԠ഑৴ํࣜ͸ΫϥΠΞϯ

τʹಛผͳॲཧΛཁ͠ٻͳ͍ͨΊɼϑϥάϝϯτ 3GPΛετ

Ϧʔϛϯά࠶ੜ·ͨ͸ϓϩάϨογϒμ΢ϯϩʔυ࠶ੜͰ͖

ΔϓϨΠϠͰ͋Ε͹೚ҙͷϓϨΠϠͰߏΘͳ͍ɽ

഑৴αʔόͱΫϥΠΞϯτ͸༗ઢωοτϫʔΫͰ઀ଓͨ͠

͕ɼͦͷؒʹ TCPεϧʔϓοτΛ੍ޚͰ͖ΔػೳΛઃ͚ͨɽ

͜ͷ TCPεϧʔϓοτ੍ػޚೳ͸ɼ೚ҙͷ TCPεϧʔϓο

τͷྻܥ࣌σʔλΛಡΈࠐΜͰɼө૾഑৴ͷ TCPεϧʔϓο

τΛ౰֘ྻܥ࣌σʔλʹै੍ͬͯ͢ݶΔɽຊ࣮ݧͰ͸ɼ2. 3અ

Ͱͨ͠ू࠾ TCPεϧʔϓοτσʔλ͔Βೋͭબ୒ͯ͠༻͍ͨ

(ਤ 8)ɽͲͪΒͷ TCPεϧʔϓοτσʔλ΋ϞόΠϧ໢ܦ༝

Ͱ࠾औͨ͠σʔλͰ͋ΔͨΊɼมಈ͕ܹ͘͠ͳ͍ͬͯΔɽ

Ҏ্ͷ৚݅Ͱɼ഑৴αʔό͔ΒΫϥΠΞϯτ΁஝ੵө૾Λ

ʢ஫4ʣɿ࣮ࢉʹࡍग़͞ΕΔϏοτϨʔτ r ͸࿈ଓ஋Ͱ͋Δͷʹର͠ɼ༻ҙͨ͠

஝ੵө૾ͷϏοτϨʔτ͸཭ࢄ஋Ͱ͋ΔɽͦͷͨΊɼr Λ௒͑ͳ͍࠷େͷϏοτ

Ϩʔτͷө૾Λ഑৴͢Δ
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(b) TCP εϧʔϓοτσʔλ 2

ਤ 8 ධՁ࣮ݧͰ༻͍ͨ TCP εϧʔϓοτσʔλ

഑৴͠ɼ഑৴ͨ͠ө૾ͷϏοτϨʔτɼ࢒༨࠶ੜؒ࣌Λग़ྗ͠

ͨɽ·ͨɼΫϥΠΞϯτͰ࠶ੜఀؒ࣌ͨ͠ࢭΛܭଌͨ͠ɽ

ରর࣮ݧͱͯ͠ɼTCPεϧʔϓοτ༧ଌΛߦΘͳ͍దԠ഑

৴ํࣜ (༧ଌͳ͠ํࣜͱݺͿ)ͱɼ֬཰త֦ࢄ༧ଌͰ͸ͳ֬͘

ఆతͳ༧ଌΛ༻͍ͨదԠ഑৴ํࣜ (֬ఆత༧ଌํࣜͱݺͿ)ͷ

2ํࣜͰ΋ಉ༷ͷ࣮ݧΛͨͬߦɽ༧ଌͳ͠ํࣜ͸ɼ࣌ݱ఺Ͱͷ

TCPεϧʔϓοτΛࢀরͯ͠దԠ഑৴ํࣜΛ࣮͢ࢪΔํࣜͰ

͋Δɽ۩ମతʹ͸ɼࣜ (9)ʹ͓͍ͯ x− ͷ୅ΘΓʹ x0 Λ୅ೖ

͢ΔɽҰํɼ֬ఆత༧ଌํࣜ͸ɼকདྷͷ TCPεϧʔϓοτΛ

།Ұ֬ఆతʹ༧ଌ͢Δɽ༧ଌʹ༻͍Δ֬཰աఔϞσϧ͸͜ͷ৔

߹΋WienerաఔΛ࠾༻͢ΔɽWienerաఔͰ͸ฏۉ஋ x0 +µt

Ͱ࠷΋֬཰͕͘ߴͳΔͨΊɼ͜ͷฏۉ஋Λ֬ఆత༧ଌ஋ͱ͠

Δɽ͢ͳΘͪɼ֬ఆత༧ଌํࣜͰ͸ɼࣜ͢༺࠾ͯ (9)ʹ͓͍ͯ

x− ͷ୅ΘΓʹ x0 + µtΛ୅ೖ͢Δ͜ͱʹͳΔɽ͑׵͍ݴΕ͹ɼ

֬ఆత༧ଌํࣜ͸υϦϑτͷΈΛྀ֬ͯ͠ߟఆతʹ༧ଌͨ͠

ํࣜͰ͋Δɽ

4. 2 ࡯ߟՌͱ݁ݧ࣮

a ) ಈಛੑͷ݁Ռͱ࡯ߟ

༧ଌͳ͠ํࣜɼ֬ఆత༧ଌํ͓ࣜΑͼ֬཰త֦ࢄ༧ଌํࣜ

(ఏҊํࣜ) ͷ 3 ํࣜͷదԠ഑৴ͷ݁Ռͱͯ͠ɼTCP εϧʔ

ϓοτɼө૾ϏοτϨʔτ͓Αͼ࢒༨࠶ੜؒ࣌Λਤ 9ʙਤ 11

ʹϓϩοτͨ͠ɽTCPεϧʔϓοτ͸੨ഁઢɼө૾ϏοτϨʔ

τ͸੺࣮ઢͰ࣠ࠨʹ [kbps]Ͱ͍ࣔͯ͠Δɽ࢒༨࠶ੜؒ࣌͸྘ೋ

ॏઢͰӈ࣠ʹ [sec]Ͱ͍ࣔͯ͠Δɽ·ͨɼࠨଆͷਤ (a)͕ TCP

εϧʔϓοτσʔλ 1ʹ͓͚Δ഑৴݁ՌͰ͋Γɼӈଆͷਤ (b)

͕ TCPεϧʔϓοτσʔλ 2ͷͦΕͰ͋Δɽ

·ͣɼ༧ଌͳ͠ํࣜͷ݁Ռ (ਤ 9)Λ͢࡯ߟΔɽ༧ଌͳ͠ํࣜ

͸ݱঢ়ͷ TCPεϧʔϓοτ x0 Λࢀরͯ͠ө૾ϏοτϨʔτ

Λ੍͢ޚΔͨΊɼө૾ϏοτϨʔτ͸ TCPεϧʔϓοτͷม

ಈʹ௥ैͯ͠มԽ͍ͯ͠ΔΑ͏ʹΈ͑Δɽ͔͠͠ͳ͕Βɼ੍ޚ

ִ͕ؒϑϥάϝϯτ 3GPϑΝΠϧͷ 1ϑϥάϝϯτ (=2[sec]

෼)഑৴ྃ׬ຖͱͳ͍ͬͯΔͨΊɼTCPεϧʔϓοτͷมಈ

ʹ௥ैͰ͖ͳ͍ɽ݁Ռͱͯ͠ɼ࢒༨࠶ੜ͕ؒ࣌ 0ɼ͢ͳΘͪ࠶

ੜఀ͕ࢭසൃ͍ͯ͠Δɽ౰વɼ1ϑϥάϝϯτͷαΠζΛখ͞

͍ͯ͘͘͠ͱ௥ैੑೳ͸ߴ·Δ͜ͱʹͳΔ͕ɼϑϥάϝϯτ

਺૿Ճʹ൐͏ө૾σʔλͷΦʔόʔϔου૿Ճʢ஫5ʣ΍ө૾Ϗο

τϨʔτ੾Γସִ͕͑ؒڱ·Δ (=୯Ґͨ͋ؒ࣌Γͷ੾Γସ͑

ճ਺͕૿Ճ͢Δ)͜ͱʹΑΔө૾ͷͪΒ͖͕ͭ໰୊ͱͳΔɽޙ

ऀͷ੾Γସ͑ճ਺૿Ճͷ໰୊ʹ͍ͭͯ͸ɼϨʔτ੍ޚʹฏ׈

ԽॲཧͳͲ੾Γସ͑ճ਺͕খ͘͞ͳΑ͏ͳ࢓૊ΈΛ෇༩͢Δ

͜ͱͰղܾ͢Δ͜ͱ΋Ͱ͖Δ͕ɼผ్ݕ౼͕ඞཁͰ͋Δɽ

ɼ֬ఆత༧ଌํࣜͷ݁Ռʹ࣍ (ਤ 10)Λ෼ੳ͢Δɽ֬ఆత༧

ଌํࣜ͸υϦϑτΛྀͨ͠ߟ༧ଌͱͳ͍ͬͯΔͨΊɼTCPε

ϧʔϓοτ͕૿Ճ޲܏΋͘͠͸ݮগ޲܏ͷͱ͖ʹ༧ଌͳ͠ํࣜ

ͱൺֱͯ͠Ϩʔτ੍ޚͷ௥ैੑ͕͘ߴͳΔɽͦͷ༷ࢠ͸ਤ 10

Ͱ͍͔ͭ͘ಡΈऔΕΔɽྫ͑͹ɼ(a)ͷ 140[sec]෇ۙͷϨʔτ

૿Ճ΍ (b)ͷ 200[sec]෇ۙͷϨʔτݮগͰ͸ɼ༧ଌͳ͠ํࣜΑ

Γ΋ૉૣ͘૿͍ͯͤ͞ݮΔ͜ͱ͕෼͔Δɽ͔͠͠ɼυϦϑτࣗ

ମͷٸมʹ͸ରԠͰ͖ͣɼ(a)ͷ 150[sec]෇ۙ΍ (b)ͷ 30[sec]

෇ۙͰ͸Φʔόʔγϡʔτ ੜ͍ͯ͠Δɽͦͷൃ͕(ա͖͗ߦ)

݁Ռɼ࠶ੜఀࢭճආೳྗʹ͍ͭͯ͸༧ଌͳ͠ํࣜͱେࠩͳ͘ɼ

සൃ͍ͯ͠Δɽ͕ࢭੜఀ࠶

༧ଌํࣜͷ݁Ռࢄɼ֬཰త֦ʹޙ࠷ (ਤ 11)Λ͢࡯ߟΔɽ֬

཰త֦ࢄ༧ଌํࣜ͸ɼ֦͢ࢄΔ TCPεϧʔϓοτͷ༧ଌ஋ͱ

ͯ҆͠શଆͷ x−(t) Λ࠾༻ͯ͠Ϩʔτ੍͍ͯ͠ޚΔͨΊɼ࣮

ΒΕͨೋͭͷ͍༺ʹݧ TCPεϧʔϓοτσʔλͷ͍ͣΕ΋ɼ

͕ؒ࣌ੜ࠶༨࢒ 0 ʹͳΒͳ͍ɼ͢ͳΘͪ࠶ੜఀൃ͕ࢭੜͯ͠

͍ͳ͍ɽͦͯ͠ɼ࠶ੜఀ͕ࢭੜ͡ͳ͍ൣғͰɼͰ͖Δ͚͍ͩߴ

ϨʔτΛ࣮ݱͰ͖͍ͯΔɽ

TCPεϧʔϓοτͷมಈ෯͕େ͖͘ͳͬͨՕॴͰ͸ɼ֦ࢄ

෯ σ
√

t͕େ͖͘ͳΔͨΊɼ൓ରʹ x−(t)͸খ͘͞ͳΔɽͦͷ

݁ՌɼϨʔτ੍ޚ͸ө૾ϏοτϨʔτΛݮগͤͯ͞࠶ੜఀࢭ

ճආͷͨΊ࢒༨࠶ੜؒ࣌Λ૿Ճͤ͞Α͏ͱ͢Δɽ(a)ͷ 150ʙ

250[sec]෇ۙɼ(b)ͷ 200[sec]෇ۙͳͲ TCPεϧʔϓοτ͕

େ͖͘มಈ͢ΔՕॴͰ࢒༨࠶ੜ૿͕ؒ࣌Ճ͍ͯ͠Δͷ͸ͦͷ

ʢ஫5ʣɿ֤ϑϥάϝϯτઌ಄͸ I ϑϨʔϜ (Intra-coded Frame) Ͱͳ͚Ε͹

ө૾ϏοτϨʔτͷ੾Γସ͑࣌ʹਖ਼ৗʹ࠶ੜͰ͖ͳ͍ͨΊɼ৘ใྔ͕ଟ͍ I ϑ

ϨʔϜ͕ඞવతʹଟ͘ͳΔ͜ͱ͕σʔλαΠζ૿Ճʹେ͖ͳӨڹΛٴ΅͢ɽଞ

ʹϑϥάϝϯτͷϔομ৘ใ͕૿Ճ͢Δ͜ͱ΋ཁҼͷҰͭͰ͋Δ͕ɼӨڹͱ͠

ͯ͸લऀͷํ͕େ͖͍ɽ
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(b) TCP εϧʔϓοτσʔλ 2

ਤ 9 ༧ଌͳ͠ํࣜ
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ਤ 11 ֬཰త֦ࢄ༧ଌํࣜ (ఏҊํࣜ)
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ද 2a దԠ഑৴݁Ռ·ͱΊ (TCP εϧʔϓοτσʔλ 1)

༧ଌͳ͠ํࣜ ֬ఆత༧ଌํࣜ ֬཰త֦ࢄ༧ଌํࣜ

ฏۉ TCP εϧʔϓοτ 522.0 [kbps] 515.3 [kbps] 510.9 [kbps]

ฏۉө૾ϏοτϨʔτ 559.2 [kbps] 547.5 [kbps] 422.6 [kbps]

૯࠶ੜఀؒ࣌ࢭ 59.0 [sec] 57.5 [sec] 0.0 [sec]

ද 2b దԠ഑৴݁Ռ·ͱΊ (TCP εϧʔϓοτσʔλ 2)

༧ଌͳ͠ํࣜ ֬ఆత༧ଌํࣜ ֬཰త֦ࢄ༧ଌํࣜ

ฏۉ TCP εϧʔϓοτ 657.5 [kbps] 661.1 [kbps] 720.3 [kbps]

ฏۉө૾ϏοτϨʔτ 717.1 [kbps] 711.4 [kbps] 618.9 [kbps]

૯࠶ੜఀؒ࣌ࢭ 56.6 [sec] 51.5 [sec] 0.0 [sec]

ͨΊͰ͋Δɽಛʹɼ(b)ͷ 200[sec]෇ۙͰͷ TCPεϧʔϓο

τͷେ෯ͳ௿ԼͷӨڹ͸େ͖͘ɼ࢒༨࠶ੜؒ࣌Λ૿Ճͤ͞Δํ

ͷಇ͖ʹΑΓɼ֬཰ޚಇ͍͍ͯΔɽҎ্ͷΑ͏ͳϨʔτ੍ʹ޲

త֦ࢄ༧ଌํࣜ͸ۃΊͯ࠶͍ߴੜఀࢭճආೳྗΛ༗͢Δɽ

b ) େہతͳ݁Ռͱ࡯ߟ

͜ͷదԠ഑৴ͷ݁Ռ͔Βɼฏۉ TCPεϧʔϓοτɼฏۉө

૾ϏοτϨʔτɼ૯࠶ੜఀؒ࣌ࢭΛ͠ࢉܭɼද 2aɼද 2bʹ·

ͱΊͨɽ֤ฏۉ஋͸ɼө૾Λ഑৴։͔ͯ࢝͠Β഑৴ྃ͢׬Δ·

Ͱͷؒ࣌ͰͷฏۉͰ͋Δɽ

ฏۉ TCPεϧʔϓοτ͕एׯҟͳΔͷ͸ɼಉҰͷ TCPε

ϧʔϓοτσʔλΛ༻͍͍ͯͯ΋ɼޙड़͢ΔΑ͏ʹө૾Λ഑৴

ҟͳΔ͔ΒͰ͋ΔɽಛʹɼTCP͕ؒ࣌Δ·Ͱʹཁͨྃ͢͠׬

εϧʔϓοτσʔλ 2 Ͱ͸ޙ൒ʹ TCP εϧʔϓοτ͕௿͘

ͳ͍ͬͯΔͨΊɼ్தͰ࠶ੜఀൃ͕ࢭੜͯ͠഑৴͕ྃ׬௕Ҿ͍

ͨ༧ଌͳ͠ํࣜͱ֬ఆత༧ଌํࣜͰ͸֬཰త֦ࢄ༧ଌํࣜΑ

Γ΋ฏۉ TCPεϧʔϓοτ͕௿͘ͳ͍ͬͯΔɽ

ฏۉө૾ϏοτϨʔτ͸ɼ֬཰త֦ࢄ༧ଌํ͕ࣜଞͷ 2 ํ

ࣜͱൺֱͯ͠ 100[kbps]ఔ౓௿͘ͳͬͨɽ͜Ε͸ɼ֬཰త֦ࢄ

༧ଌΛ༻͍ͨϨʔτ੍ޚͰ͸ɼ֬཰త֦ࢄͷԼଆͰ͋Δ x−(t)

Λ TCPεϧʔϓοτͷ༧ଌ஋ͱͯ͠༻͍Δ͜ͱͰܹ͍͠มಈ

ʹ΋ରԠͰ͖ΔΑ͏͍ͯ͠ΔͨΊͰ͋Δɽ༧ଌͳ͠ํ͓ࣜΑͼ

֬ఆత༧ଌํࣜʹ͓͚ΔϨʔτ੍ޚ͸ݱঢ়ͷ TCPεϧʔϓο

τ͓ΑͼυϦϑτྀ͔͠͠ߟͳ͍ͨΊɼTCPεϧʔϓοτม

ಈʹରԠͰ͖ͣɼTCPεϧʔϓοτΑΓ΋େ͖ͳө૾Ϗοτ

ϨʔτΛબ୒͢Δ͜ͱ͕͋ͬͨɽͦͷͨΊɼ͜ͷ 2 ํࣜͰ͸

ฏۉө૾ϏοτϨʔτ͕͘ߴͳ͕ͬͨɼ1෼ఔ౓΋࠶ੜఀ͕ࢭ

ൃੜͨ͠ɽ

૯࠶ੜఀؒ࣌ࢭ͸࠶ੜఀࢭճආೳྗͷࠩΛ໌Β͔ʹ͍ͯ͠

Δɽ֬཰త֦ࢄ༧ଌํࣜʹ͓͚ΔϨʔτ੍ޚͰ͸࠶ੜఀ͕ࢭશ

͘ൃੜ͠ͳ͔ͬͨͷʹର͠ɼଞͷ 2ํࣜͷϨʔτ੍ޚ͸ 5෼ؒ

ͷө૾ʹରͯ͠ɼ໿ 10ճԆ΂ 1෼ఔ౓΋ͷؒɼ࠶ੜ͕ఀ͠ࢭ

͍ͯΔɽ͜ͷ͜ͱ͸ɼ֬཰త֦ࢄ༧ଌํࣜͷάϥϑ (ਤ 11(a))

͸ө૾഑৴͕ 300[sec] ະຬͰ͍ͯྃ͠׬Δ (300[sec] ະຬͰ

ϓϩοτ͕ऴ͍ྃͯ͠Δ) ͕ɼଞͷ 2 ํࣜͷάϥϑ (ਤ 9(a)ɼ

ਤ 10(a))͸໿ 360[sec]·Ͱ഑৴͍ͯ͠Δ (360[sec]·Ͱϓϩο

τ͕ଓ͍͍ͯΔ)͜ͱ͔Β΋ͯݟऔΕΔɽ

Ҏ্ͷ݁Ռ͔Βɼࠓճͷ࣮ݧͰ͸֬཰త֦ࢄ༧ଌํࣜ͸ө૾

ϏοτϨʔτΛ 100[kbps]ఔ౓٘ਜ਼ʹ͢Δ͜ͱͰɼ࠶ੜఀࢭΛ

ճආͨ͠ͱ͍͏͜ͱʹͳΔɽ֬཰త֦ࢄ༧ଌํࣜ͸֬཰త֦ࢄ

Λࢀরͯ͠Ϩʔτ੍͍ͯ͠ޚΔͨΊɼ΋ͬͱ҆ఆͨ͠ TCPε

ϧʔϓοτσʔλͰ͋Ε͹ө૾ϏοτϨʔτݮগ෯͸΋ͬͱখ

͘͞ͳͬͨͰ͋Ζ͏͠ɼ͜ΕҎ্ʹมಈ͕ܹ͍͠σʔλͳΒ͹

͞Βʹө૾ϏοτϨʔτΛݮগͤͯ͞࢒༨࠶ੜؒ࣌Λ֬อ͢

Δඞཁ͕͋ͬͨͰ͋Ζ͏ɽॏཁͳ͜ͱ͸ɼຊํࣜ͸͜Ε·Ͱͷ

TCPεϧʔϓοτͷมಈΛؑΈͯɼͲͷఔ౓ө૾ϏοτϨʔ

τΛݮগͤͯ͞࢒༨࠶ੜؒ࣌Λ֬อ͢Δ͔Λ໌Β͔ʹ͍ͯ͠Δ

ͱ͍͏͜ͱͰ͋Δɽ۩ମతʹ͸ɼࣜ (10)ӈลୈ 4߲
2ασ
3r

T
3
2

Λ໨ඪ஋ΑΓ΋େ͖͘ͱΔΑ͏ʹϨʔτ੍ؒ࣌ੜ࠶༨࢒͚ͩ

దͰ͋Δͱ͍ࣔͯ͠Δɽ࠷Δ͜ͱ͕͢ޚ

5. · ͱ Ί

ຊߘͰ͸ TCP εϧʔϓοτͷ֬཰త֦ࢄΛ༧ଌͯ͠దԠ

഑৴ʹ׆༻͢Δ͜ͱͰɼ҆ఆͨ͠ࢹௌΛ࣮͢ݱΔదԠ഑৴γ

εςϜΛఏҊͨ͠ɽTCPεϧʔϓοτͷมಈΛWienerաఔ

ͰϞσϦϯά͢Δ͜ͱͰɼTCPεϧʔϓοτͷ֬཰త֦ࢄΛ

80%Ҏ্ͱ͍͏͍ߴਫ਼౓Ͱ༧ଌͰ͖Δ͜ͱΛࣔͨ͠ɽ͞Βʹɼ

͜ͷ֬཰త֦ࢄ༧ଌ݁ՌΛ༻͍Δ͜ͱͰɼTCPεϧʔϓοτ

มಈ͕ܹ͍͠ڥ؀Ͱ΋࠶͍ߴੜఀࢭճආೳྗΛ࣮ݱͰ͖Δ͜

ͱΛࣔͨ͠ɽ

จ ݙ

[1] A. Zambelli, “IIS Smooth Streaming Technical Overview,”

http://www.microsoft.com/downloads/, 2009.

[2] B. Wang, J. Kurose, P. Shenoy, and D. Towsley, “Multime-

dia Streaming via TCP: An Analytic Performance Study,”

ACM Transactions on Multimedia Computing, Communi-

cations, and Applications, Vol. 4, Issue 2, May 2008.

[3] Adobe Systems Inc., “HTTP Dynamic Streaming on the

Adobe Flash Platform,” http://www.adobe.com/

products/httpdynamicstreaming/, 2010.

[4] Apple Inc., “HTTP Live Streaming Overview,”

http://developer.apple.com/, 2011

[5] ٢ా ༟ࢤɼཬా ͮ͘جʹɼ“ө૾ύέοτͷྲྀମϞσϧࡾߒ

ө૾ετϦʔϛϯά੍ޚɼ” ৴ֶٕใɼIN2008-201, Vol. 108,

No. 458, pp. 411-416, 2009 ೥ 3 ݄ɽ

[6] L. De Cicco, S. Mascolo, and V. Palmisano, “Feedback

Control for Adaptive Live Video Streaming,” ACM Multi-

- 65 -

インターネットコンファレンス2011 (IC2011) 2011年10月27日 - 10月28日



media Systems ’11, Feb. 2011.

[7] X. Qiu, H. Liu, D. Li, S. Zhang, D. Ghosal, and B. Mukher-

jee, “Optimizing HTTP-based Adaptive Video Streaming

for Wireless Access Networks,” IEEE International Confer-

ence on Broadband Network and Multimedia Technology

2010, pp. 838-845, Oct. 2010.

[8] S. Akhshabi, A. C. Begen, and C. Dovrolis, “An Ex-

perimental Evaluation of Rate-Adaptation Algorithms in

Adaptive Streaming over HTTP,” ACM Multimedia Sys-

tems ’11, Feb. 2011.

[9] Q. He, C. Dovrolis, and M. Ammar, “On the Predictabil-

ity of Large Transfer TCP Throughput,” ACM SIGCOMM

’05, Vol. 35, Issue 4, pp. 145-156, Oct. 2005.

[10] Q. He, C. Dovrolis, and M. Ammar, “Prediction of TCP

throughput: formula-based and history-based methods,”

ACM SIGMETRICS ’05, Vol. 33, Issue 1, pp. 388-389,

June 2005.

[11] A. Sang and S. Li, “A Predictability Analysis of Network

Traffic,” INFOCOM 2000, Vol. 1, pp. 342-351, Mar. 2000.

[12] M. Mirza, J. Sommers, P. Barford, and X. Zhu, “A Ma-

chine Learning Approach to TCP Throughput Prediction,”

ACM SIGMETRICS ’07, Vol. 35, Issue 1, pp. 97-108, June

2007.

[13] M. Mathis, J. Semke, J. Mahdavi, and T. Ott, “The Macro-

scopic Behavior of the TCP Congestion Avoidance Algo-

rithm,” ACM Computer Communications Review, Vol. 27,

Issue 3, pp. 67-82, July 1997.

[14] J. Padhye, V. Firoiu, D. Towsley, and J. Kurose, “Model-

ing TCP throughput: A Simple Model and its Empirical

Validation,” ACM SIGCOMM ’98, Vol. 28, Issue 4, pp.

303-314, Oct. 1998.

[15] T. Zhang, E. van den Berg, J. Chennikara, P. Agrawal, J.

Chen, and T. Kodama, “Local Predictive Resource Reser-

vation for Handoff in Multimedia Wireless IP Networks,”

IEEE Journal on Selected Areas in Communications, Vol.

19, pp. 1931-1941, Oct. 2001.

- 66 -

インターネットコンファレンス2011 (IC2011) 2011年10月27日 - 10月28日


