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ωοτϫʔΫڥʹԠͨ͡
HTTPόʔδϣϯબʹΑΔίϯςϯπϩʔυݮؒ࣌

େڮ ᕣ1,a) ޱ ળ໌1 Ԭࢁ 1ࣜࠀ

֓ཁɿIETFͰࡦ༷ఆ͕ߦΘΕ͍ͯΔ HTTP/3ɼUDP্ʹ੍ޚ࠶ૹॲཧΛ࣮࠶ͨ͠ QUIC

Λར༻͢Δ͜ͱͰɼओʹϞόΠϧωοτϫʔΫͳͲͷɼݻఆճઢʹൺ࣭ͳωοτϫʔΫͰεϧʔ

ϓοτ্͕͢Δɽ͔͠͠ɼԆɾύέοτϩεͳߴ࣭ωοτϫʔΫͰɼQUIC͕Ϣʔβۭؒ

Ͱ࣮͞Ε͍ͯΔ͜ͱͳͲʹΑΓɼHTTP/2ΑΓ͍ੑΛࣔ͢͜ͱ͕͋ΔɽͦͷͨΊɼ͍͔ͳΔ߹

Ͱ HTTP/3Λར༻͢Δ͜ͱ͕ίϯςϯπϩʔυؒ࣌ͷݮʹͭͳ͕ΔͱݶΒͳ͍ɽͦ͜ͰຊڀݚͰ

ɼ༷ʑͳωοτϫʔΫڥʹ͓͚Δ HTTP/2ͱ HTTP/3ͷੑൺֱΛ݁ͨͬߦՌΛݩʹɼωοτϫʔ

ΫڥʹԠͯ͡αʔόଆͰͷಈతͳར༻ϓϩτίϧͷ੍ޚΛ͍ߦɼίϯςϯπϩʔυؒ࣌Λ͢ݮΔख๏

ΛఏҊ͢Δɽ͜ΕʹΑΓɼ࠷ѱέʔεʹ͓͚Δίϯςϯπϩʔυؒ࣌Λ ɽͨ͠ݮ27.8%

HTTP Version Selection Method depending on Network Environment
to Reduce Contents Load Time

Abstract: The HTTP/3, for which the IETF is developing specifications, uses QUIC, which re-implements
congestion control and retransmission processing on UDP. Therefore, HTTP/3 increase throughput in low-
quality networks, mainly mobile networks. However, HTTP/3 in a high-quality network such as low delay
and low packet loss rate may show lower performance than HTTP/2 because QUIC is implemented in the
userland. Thus, using HTTP/3 does not always reduce in the content loading time. We realized dynamic
control of the protocol by server-side according to the network environment, based on the results of the
performance comparison between HTTP/2 and HTTP/3 in various network environments. As a result, the
content load time was reduced by 27.8% in the worst case.

1. ͡Ίʹ

WebΞϓϦέʔγϣϯWebαʔϏεͷൃలʹΑΓɼ

WebΛ͑ࢧΔϓϩτίϧελοΫܧଓతʹൃల͖ͯ͠

ͨɽ͜ΕΒɼSNS ΦϯϥΠϯόϯΩϯάͳͲͷීٴ

ʹΑͬͯηΩϡϦςΟϓϥΠόγʔΛकΔ͜ͱ͕ॏཁʹ

ͳͬͨ͜ͱ͍ؔͯ͠Δɽ

ͰɼҰൠతͳWebελοΫHTTP/2ࡏݱ over TLS

over TCP [1–3]ͱͳ͍ͬͯΔɽHTTP/2 1ͭͷ TCPί

ωΫγϣϯͰετϦʔϜଟॏԽͳͲΛ࣮͢ݱΔ͜ͱʹ

ΑΓ HTTP/1.1͔ΒੑΛ্͍ͯͤ͞Δ͕ɼະͩ TCP

ͰͷίωΫγϣϯཱ֬ͷ 1Round-Trip TimeʢRTTʣʹՃ

͑ͯɼTLSηογϣϯཱ֬ͷͨΊʹ 2RTT͕ඞཁͳɼ
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ඇޮͳ͕ଘ͍ͯ͠ࡏΔɽ

·ͨɼࡏݱΠϯλʔωοτͷར༻ऀ 41ԯਓΛӽ͑ɼਓ

ྨͷա͕ΠϯλʔωοτΛར༻͢ΔΑ͏ʹͳͬͨ [4]ɽ

ಛʹεϚʔτϑΥϯͷීٴʹΑΔɼϞόΠϧωοτϫʔ

Ϋٸʹ֦େ͕ਐΜͰ͓Γɼਓޱͷ 96.6%ͷҬΛΧ

όʔ͠ɼશੈքͰ 63ԯҎ্ͷϞόΠϧճઢܖ͕͞Εͯ

͍Δ [4]ɽϞόΠϧωοτϫʔΫॴʹґΒͣɼҠಈ͠

ͳ͕Βར༻Ͱ͖ΔͳͲͷར͕͋ΔҰํͰɼॴఱީͳ

ͲʹΑΓ௨৴Ԇύέοτϩε͕ੜ͡ɼ௨৴࣭͕ѱԽ

͢Δ͜ͱ͋Δɽ

௨৴࣭ͷѱԽʹΑΔWebϖʔδͷϩʔυؒ࣌ͷ૿େ

ɼϢʔβຬʹେ͖͘Ө͠ڹɼϢʔβύϑΥʔϚϯ

εͷ͍Webϖʔδ͔ΒΕΔʹ͋Δɽྫ͑ɼେ

खࡧݕαʔϏεͰ݁ࡧݕՌͷද͕ࣔ 0.4ඵ͘ͳΔͱ 1

͋ͨΓ 800ສ݅ͷߦ͕ࡧݕΘΕͳ͘ͳΔՄੑ͕͋Δͱ
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͍͏ใࠂ [5]͕͋Δ΄͔ɼϖʔδͷಡΈࠐΈ͕ؒ࣌ 2ඵҎ

ͷ߹ฏۉؼ*1͕ 9%Ͱ͋Δͷʹରͯ͠ɼಡΈࠐ

Έ͕ؒ࣌ 5ඵʹͳΔͱฏۉؼ 38%ͱͳΔͱ͍͏ௐࠪ

݁Ռ [6]͋Δɽ

͜ΕΒͷঢ়گͰɼϖʔδಡΈࠐΈؒ࣌Λ͢ݮΔͨΊʹɼ

ࡏݱ IETFͷϫʔΩϯάάϧʔϓͰ༷ͷࡦఆ͕ਐΜͰ͍

Δͷ͕ QUICͰ͋ΔɽQUICͰɼ͜Ε·Ͱ TCP্Ͱߦ

ΘΕ੍͍ͯͨޚ࠶ૹॲཧ͕ɼUDP্ʹ࣮͞Ε͍ͯ

Δɽ͜ΕʹΑΓɼTCPΑΓང͔ʹେ͖ͳॊೈੑ͕ಘΒΕ

Δ΄͔ɼ࣮ΛશʹϢʔβϥϯυͰ͑ߦΔͨΊɼTCPͱ

ҟͳΓϓϩτίϧ࣮ͷΞοϓσʔτ͕ OSͷΞοϓσʔ

τʹґଘ͠ͳ͍ͳͲͷར͕͋Δɽ·ͨɼQUIC TCP

ʹ͓͚Δ 3-way handshakeͱ TLS1.3ͷϋϯυγΣΠΫΛ

Έ߹Θ͍ͤͯΔɽ͜ΕʹΑΓɼ҉߸Խٴͼೝূ͕σϑΥ

ϧτͰఏ͞ڙΕΔ͜ͱʹͳΔ্ɼ࣮ࡍʹσʔλΛૹ৴࢝͠

ΊΔ·ͰͷԠճΛݮΒ͢͜ͱ͕Ͱ͖Δɽ

QUIC͢ͰʹେنαʔϏεʹಋೖ͞Ε͍ͯΔɽྫ

͑ɼେखंαʔϏεͰΞϓϦέʔγϣϯͰͷςʔϧ

ΤϯυϨΠςϯγ͕ 10%͔Β Ε࣮ͨྫ͞ݮ30% [7]ɼ

ಈըαΠτͳͲͷτϥϑΟοΫ͕QUICʹΑΓ৴͞ΕΔ

͜ͱͰΠϯλʔωοτશτϥϑΟοΫͷ 7%͕ QUICͱ

ͳ͍ͬͯΔͱ͍͏ใࠂ [8]͕͋Δɽ

WebϓϩτίϧελοΫͷਐԽͱͱʹɼΠϯλʔωο

τΠϯϑϥʹؔͯ͠վળ͕ଓ͍͍ͯΔɽେखճઢଌ

ఆαʔϏεͷใࠂʹΑΔͱɼ2018ͷϞόΠϧճઢٴͼݻ

ఆճઢͷԼΓฏۉͦΕͧΕ 22.82Mbpsɼ46.12Mbps

Ͱɼͦ ΕͧΕલ͔Β+15.20%ɼ+26.40%্͓ͯ͠Γɼ

ผԼΓ͕ੈքҰҐͱͳ͍ͬͯΔγϯΨࠃఆճઢͷݻ

ϙʔϧͰ 175.13Mbpsͱͳ͍ͬͯΔɽ·ͨɼຊࠃʹ

Λ͚ͯΈΔͱɼݻఆܥߴϒϩʔυόϯυͷੈଳ

උ 2018 3݄࣌Ͱ 99.2%ͱͳ͓ͬͯΓ [9]ɼࢢ

෦Ͱෳͷ͕ऀۀࣄՈఉ͚ʹ 10GbpsଓαʔϏεΛ

։࢝͘͠։࢝Λ༧ఆ͍ͯ͠Δ [10–12]ɽ

ύέοτϩεൺֱతେ͖ͳ௨৴Ԇ͕ଘ͢ࡏΔωοτ

ϫʔΫͰ TCPΑΓੑ͍ߴΛࣔ͢ QUICͰ͋Δ͕ɼ

100MbpsҎ্ͷඇৗʹ͍ߴ௨৴ଳҬ෯͔ͭඇৗʹ͍௨৴

ԆٴͼύέοτϩεͱͳΔωοτϫʔΫͰ TCPΑ

Γ͍ੑΛࣔ͢͜ͱ͕͋Δͱࢦఠ͞Ε͍ͯΔ [8]ɽ͜

ΕɼQUIC͕ΞϓϦέʔγϣϯͱ࣮ͯ͠͞Ε͍ͯΔͨ

ΊɼΧʔωϧϨϕϧͰ࣮͞Ε͍ͯΔ TCPʹൺϝϞϦ

 CPUͳͲ͕ඇޮͰ͋Δ͔ΒͰ͋Δɽ

Ҏ্ͷ͜ͱ͔Βɼ͍͔ͳΔ߹Ͱ HTTP/3͕࠷దͳ

ϓϩτίϧͰ͋ΔͱݶΒͳ͍ɽ͞ΒʹɼޙࠓΠϯλʔ

ωοτΠϯϑϥͷվળଓ͍͍ͯ͘ͱ͑ߟΒΕΔͨΊɼ

HTTP/2Λར༻͢Δ͜ͱ͕࠷దͰ͋ΔωοτϫʔΫڥ

૿͍͑ͯ͘ͱ͑ߟΒΕΔɽͦ͜ͰຊڀݚͰɼ௨৴

*1 ͋ΔαΠτʹର͢ΔશͯͷηογϣϯͷதͰɼϢʔβ͕ 1ϖʔδ
ͷΈӾཡͯͦ͠ͷαΠτ͔Βͨ͠ηογϣϯͷׂ߹ɽ

Ԇɾύέοτϩεɾ௨৴ଳҬͳͲωοτϫʔΫڥΛม

Խͤ͞ɼHTTP/2͓Αͼ HTTP/3ͷੑධՁΛ͍ߦɼ֤

ϓϩτίϧ͕༏ҐੑΛͭ࣋ωοτϫʔΫڥΛௐࠪ͢Δɽ

ͦͷ݁ՌΛݩʹαʔόଆͰಈతʹ༻͢ΔϓϩτίϧΛબ

͢Δ͜ͱͰίϯςϯπϩʔυؒ࣌Λ͢ݮΔख๏ΛఏҊ

͢Δɽ

2. ཁૉٕज़

2.1 HTTP/2

HTTP/2ɼHTTP/1.1ͱͷੑޓํޙΛҡͭͭ࣋͠ɼ

WebύϑΥʔϚϯεͷ্ΛਤΔϓϩτίϧͰ͋ΔɽϦΫ

Τετϔομͷѹॖํࣜɼ໌ࣔతͳཁ͕ٻͳͯ͘αʔ

ό͔ΒίϯςϯπΛϓογϡ͢Δ༷ͳͲؚ͕·Ε͍ͯΔɽ

HTTP/2ͰɼίϯςϯπͷΦϦδϯ͝ͱʹ୯Ұͷ TCP

ίωΫγϣϯΛཱ֬͠ɼͦͷ্ʹෳͷϦΫΤετΛඇಉ

ଟॏԽ͢Δɽ͜ΕʹΑΓɼHTTP/1.1ͷʹظ HTTPύΠ

ϓϥΠϯʹଘ͍ͨͯ͠ࡏΞϓϦέʔγϣϯͰͷ HOLϒ

ϩοΩϯάΛղফ͍ͯ͠Δɽ

2.2 QUICͱHTTP/3

QUIC [13]҉߸Խ͞ΕͨτϥϯεϙʔτΛհͯ͠ଟॏ

ԽετϦʔϜΛఏ͢ڙΔ UDPϕʔεͷτϥϯεϙʔτ

ϓϩτίϧͰ͋ΓɼHTTP/3(چHTTP over QUIC) [14]

QUIC্Ͱಈ͢࡞ΔΞϓϦέʔγϣϯϓϩτίϧͰ͋Δɽ

HTTP/2ͰɼTCP্ͷΞϓϦέʔγϣϯϓϩτίϧ

ͰετϦʔϜͷଟॏԽΛ࣮͕͍ͨͯ͠ݱɼ֤ετϦʔϜ

TCPͷίωΫγϣϯΛڞ༗͍ͯͨͨ͠Ίɼ͋ΔετϦʔ

ϜͰύέοτϩε͕ൃੜͨ͠߹ɼશͯͷετϦʔϜʹӨ

Ϳͱ͍͏͕͋ͬͨɽ͔͠͠ɼQUICͰٴ͕ڹ UDP

্ʹετϦʔϜଟॏԽΛ࣮࠶͓ͯ͠Γɼ֤ετϦʔϜͰ

ͷύέοτϩε͕ଞͷετϦʔϜʹӨ͠ڹͳ͍༷ͱͳͬ

͍ͯΔɽ͜ΕʹΑΓɼτϥϯεϙʔτͰͷ HOLϒϩο

ΩϯάΛղফ͍ͯ͠Δɽ

HTTP/3ɼQUICτϥϯεϙʔτΛར༻ͯ͠HTTP/2

ͱಉ༷ͷηϚϯςΟΫεΛఏ͢ڙΔͨΊͷϓϩτίϧͰ͋

Δʢਤ 1ʣɽHTTP/2ͰɼτϥϯεϙʔτΛมͣͤߋ

௨৴ԆΛվળ͢ΔͨΊʹɼHTTP/2ࣗମʹετϦʔϜଟ

ॏԽ͕ಋೖ͞Ε͍͕ͯͨɼQUICͰτϥϯεϙʔτͷϓ

ϩτίϧଆʹετϦʔϜଟॏԽؚ͕·ΕΔΑ͏ʹͳͬͨͨ

ΊͦΕΒͷػআ͞Ε͍ͯΔɽ

2.3 Alt-svc

Alt-svc [16]ɼωοτϫʔΫ্ʹࡏݱΞΫηε͍ͯ͠Δ

αʔϏεͱಉ༷ͷαʔϏε͕ɼผͷϓϩτίϧΦϦδϯͰ

ఏ͞ڙΕ͍ͯΔ͜ͱΛΫϥΠΞϯτʹࣔͨ͢ΊͷɼHTTP

ϔομϑΟʔϧυͷ༷Ͱ͋ΔɽΫϥΠΞϯτ͕ Alt-svc

ϔομΛؚΉϨεϙϯεΛड͚औΔͱɼAlt-svcϔομͰ

ఆ͞ΕͨϓϩτίϧΛαϙʔτ͓ͯ͠Γ͔ͭͦͷϓϩτࢦ
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ਤ 1 HTTP/2ʢࠨʣͱ HTTP/3ʢӈʣͷϨΠϠΠϝʔδ [15]

ίϧͷར༻Λر͢Δ߹ʹɼAlt-svcϔομͰࢦఆ͞Ε

ͨϓϩτίϧͰࢦఆ͞ΕͨΦϦδϯʹରͯ͠όοΫάϥ

ϯυͰଓΛ͏ߦɽ͜ͷଓ͕ޭͨ͠߹ɼ࠷ॳͷίω

ΫγϣϯͷΘΓʹͦͷϓϩτίϧΛར༻͠௨৴Λ͏ߦɽ

·ͨɼAlt-svcϔομʹΑΔผαʔϏε͕ଘ͢ࡏΔใ

ɼmaύϥϝʔλͰΩϟογϡͷ༗ޮݶظΛࢦఆ͢Δ͜

ͱ͕ՄͰ͋Δɽmaύϥϝʔλ͕ࢦఆ͞Εͳ͍߹ɼ

༗ޮݶظ ͱͳΔɽؒ࣌24

3. ఏҊख๏

3.1 ֓ཁ

ఏҊख๏ͰɼαʔόଆͰΫϥΠΞϯτͱͷؒͷωοτ

ϫʔΫڥΛਪఆ͠ɼଓ࣌ʹαʔόओମͰ௨৴ϓϩτί

ϧΛ੍͢ޚΔɽ͜ΕʹΑΓɼηογϣϯ͝ͱʹωοτϫʔ

Ϋڥʹదͨ͠ϓϩτίϧબ͕ՄͱͳΓɼίϯςϯπ

ϩʔυݮؒ࣌Λ࣮͢ݱΔɽ

ఏҊख๏ɼେ͖͘ωοτϫʔΫڥਪఆͱϓϩτίϧ

͚Δ͜ͱ͕Ͱ͖Δɽʹޚ੍

3.1.1 ωοτϫʔΫڥਪఆ

֤ηογϣϯͷ௨৴ʹؔͯ͠ɼαʔόΫϥΠΞϯτͷ

IPΞυϨεΛΩʔͱͯ͠ɼ֤ϦΫΤετʹ͓͚Δૹ৴ύ

έοτɼΫϥΠΞϯτ͔Β AckΛฦ͞Εͨύέοτͷ

ɼRTTɼϨεϙϯεΛฦ͢ͷʹ͔͔ͬͨॴཁؒ࣌Λܭଌ

͢ΔɽRTTͱͯ͠ɼ[17]ʹ͓͚Δɼmin rttΛ༻͍Δɽ

ૹ৴ͨ͠ύέοτͱ AckΛฦ͞Εͨύέοτ͔Βύ

έοτϩεΛɼ֤ϦΫΤετͷϨεϙϯεαΠζͱϨε

ϙϯεͷॴཁ͔ؒ࣌ΒεϧʔϓοτΛٻΊΔ͜ͱ͕ՄͰ

͋ΔɽҎ্͔ΒɼαʔόରͷΫϥΠΞϯτͱͷؒͷύ

έοτϩεɼ௨৴ԆɼεϧʔϓοτͷใΛऔಘ͢Δɽ

3.1.2 ϓϩτίϧ੍ޚ

2.3અͰड़ͨΑ͏ʹɼΫϥΠΞϯτ͕ଓઌͷΦϦδ

ϯʹର͢ΔϓϩτίϧใΛͨ࣋ͳ͍࣌ɼΫϥΠΞϯτ

·ͣ HTTP/2ͰηογϣϯΛཱ֬͢Δɽ͜͜Ͱαʔό

ͦͷΫϥΠΞϯτͱͷؒͷωοτϫʔΫڥʹΑΓɼ

HTTP/2͘͠ HTTP/3ͷͲͪΒΛར༻͢Δ͔Λબ

͢ΔɽHTTP/3ͷར༻͕બ͞Εͨ߹ɼAlt-svcϔο

μͰ HTTP/3ͰͷଓΛଅ͢ɽHTTP/2ͷར༻͕બ͞

Εͨ߹ɼAlt-svcϔομΛϨεϙϯεʹؚΊͣHTTP/2

HTTP/2 HTTP/3

client server
①

②

③

④

⑤

ਤ 2 ಈ࡞ͷྲྀΕʢHTTP/3 ͕બ͞Εͨ߹ʣ

Ͱͷ௨৴Λܧଓ͢Δɽ

·ͨɼAlt-svcϔομͷmaύϥϝʔλͰࢦఆ͢ΔΩϟο

γϡͷ༗ޮݶظ 1 ηογϣϯఔͷ͍ؒظΛઃఆ͢

Δɽ͜ΕʹΑΓɼ࣍ճηογϣϯ։࠶ʹ࣌࢝ϓϩτίϧ

બ͕ߦΘΕΔΑ͏ʹͳΔɽ

ϓϩτίϧબ෦ʹ͍ͭͯɼຊڀݚͰࣄલʹଌఆ͠

ͨωοτϫʔΫΛ͝ڥͱͷੑධՁ͔ΒஅΛ͍ͯͬߦ

Δ͕ɼಉ࣌ʹ௨৴Λ͍ͯͬߦΔଞͷΫϥΠΞϯτͷ௨৴ঢ়

લͷσʔλऩूͳͲผͷஅख๏Λࣄɼར༻ऀ͔Βͷگ

ར༻͢Δ͜ͱՄͰ͋Δɽ

3.2 ಈ࡞ͷྲྀΕ

͜ͷઅͰɼ࣮ࡍʹαʔόͱΫϥΠΞϯτ͕௨৴Λ͢Δ

ͱ͖ͷڍಈʢਤ 2ʣʹ͍ͭͯड़Δɽ͜͜Ͱαʔό͔ΒΫ

ϥΠΞϯτʹμϯϩʔυ͞ΕΔίϯςϯπɼҰൠతͳ

WebϖʔδΛఆ͠ɼHTMLʹෳͷαϒϦιʔε͕ه

ड़͞ΕͦΕΒ͕ಉҰͷΦϦδϯ͔Β৴͞ΕΔ͜ͱΛఆ

͢ΔɽΫϥΠΞϯτ HTTP/3Ͱͷ௨৴͕Մͳϒϥ

βͰ͋Δͱ͢Δɽ

1© ωοτϫʔΫڥଌఆ

ຊख๏Ͱɼ͋Δηογϣϯ͕࢝·Δલʹɼର IPΞ

υϨεͷΫϥΠΞϯτͱαʔόؒͰͷωοτϫʔΫڥ

ใ͕ඞཁͰ͋Δ͕ɼ͋Δ IPΞυϨε͔ΒॳΊͯΞΫη

ε͕͋ͬͨ߹ɼωοτϫʔΫڥͷใΛݩʹϓϩ

τίϧΛબ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨΊɼຊڀݚͰ

HTTP/3Λબ͢Δ͜ͱͱ͠ɼ3.1.1અͰड़߲ͨʹͭ

ɽ͏ߦଌΛܭ͍ͯ

2© ηογϣϯͷ։࢝

1©ʹ͓͚Δηογϣϯ͕ऴྃ͠ɼmaύϥϝʔλͰࢦఆ

͞Εͨ༗ޮܦ͕ݶظաͨ͠ޙɼ࠶ΫϥΠΞϯτ͕αʔό

ʹଓͯ͘͠Δ͜ͱΛ͑ߟΔɽΫϥΠΞϯτ HTTP/2

Ͱ௨৴Λ։࢝͠ɼGET /index.html ͷϦΫΤετΛૹ৴

͢Δɽ

c© 2020 Information Processing Society of Japan 3

Vol.2020-IOT-48 No.23
2020/3/3



ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

ਤ 3 ωοτϫʔΫτϙϩδʔ

ද 1 ԾϚγϯͷεϖοΫ
ԾϚγϯ CPU Memory

αʔό 4Core 4GB

ϧʔλ 2Core 1GB

ΫϥΠΞϯτ 2Core 2GB

3© ϓϩτίϧͷબ

ϦΫΤετΛड͚ͨαʔόɼΫϥΠΞϯτͷ IPΞυ

ϨεΛΩʔͱͯ͠ωοτϫʔΫڥใΛऔಘ͢Δɽͦͷ

ɼͦޙ ͷωοτϫʔΫڥใ͔ΒHTTP/2ɼHTTP/3Ͳ

ͪΒͷϓϩτίϧΛ͏͖͔Λஅ͢Δɽஅ݁ՌʹԠ

ͯ͡ϨεϙϯεϔομΛߏங͠ɼΫϥΠΞϯτʹରͯ͠Ϩ

εϙϯεΛฦ͢ɽ

4© ϓϩτίϧͷมߋ

ΫϥΠΞϯτϨεϙϯεΛड͚औΓɼhtmlͷղऍΛ։

ΔɽϨεϙϯεϔομͰAlt-svcʹΑΔHTTP/3ͷ࢝͢

ଓ͕ଅ͞Ε͍ͯͨ߹ɼฒͯ͠ߦ HTTP/3ͰͷίωΫ

γϣϯͷཱ֬Λ։࢝͢Δɽ

5© αϒϦιʔεͷऔಘ

બ͞ΕͨϓϩτίϧͰαϒϦιʔεΛऔಘ͢Δɽ

Ҏ্ʹΑͬͯɼωοτϫʔΫڥʹదͨ͠ϓϩτίϧΛ

ಈతʹબ͢Δ͜ͱ͕ՄͱͳΔɽຊख๏ɼαʔόͷΈ

ʹಋೖ͢Δ͜ͱͰ࣮ݱՄͰ͋ΓɼΫϥΠΞϯτଆʹՃ

ͷιϑτΣΞΛΠϯετʔϧ͢Δඞཁ͕ͳ͍ಛΛ༗͢

Δɽ·ͨɼΫϥΠΞϯτ͕ HTTP/3ʹରԠ͍ͯ͠ͳ͍

߹ͰɼAlt-svcϔομ͕ແ͞ࢹΕΔͷΈͰਖ਼ৗʹ௨৴Λ

ͱ͕ՄͰ͋Δɽ͜͏ߦ

4. ධՁ

ຊষͰɼHTTP/2ٴͼ HTTP/3ͷੑධՁΛ͍ߦɼ3

ষʹड़ͨఏҊख๏ʹ͍ͭͯɼ࣮ͯ͠ධՁΛͨͬߦɽ

4.1 ධՁڥ

ධՁڥͱͯ͠ɼESXi্ʹαʔόɼϧʔλɼΫϥΠΞϯ

τͷԾϚγϯΛߏங͠ɼΠϯϥΠϯͰଓͨ͠ʢਤ 3ʣɽ

֤ԾϚγϯͷεϖοΫද 1ͷ௨ΓͰ͋Δɽ

OS Ubuntu Server 18.04ͰɼΧʔωϧόʔδϣϯ

4.15.0Λར༻ͨ͠ɽ

ϧʔλϚγϯͰ tcίϚϯυΛ༻͍ɼ௨৴ଳҬ੍ݶɼ௨৴

ԆՃɼύέοτϩεͳͲΛͨ͠ݱ࠶ɽESXi্ͷ VM

ʹΠϯετʔϧͨ͠ UbuntuͰඪ४ͷઃఆͰɼૹ৴࣌ʹ

ύέοτͷηάϝϯςʔγϣϯΛ CPUͷΘΓʹ NIC͕

͏ߦ LSOʢLarge Send Offloadʣड৴࣌ʹηάϝϯςʔ

ද 2 ڥݧ࣮
ίϯςϯπαΠζʢMBʣ 10

௨৴ଳҬʢMbpsʣ 50, 100, 200, 400, 600

ύέοτϩεʢˋʣ 0, 1, 2, 3, 4, 5

௨৴Ԇʢmsʣ 0, 5, 10, 15, 20, 25

ଌճʢճʣܭ 400

-0.1

0

0

0.1

0.1

0.
2

0.2

0.
3

0.3

0.4

0.4
0.5

0.6

-0.1

0

0

0.1

0.1

0.
2

0.2

0.
3

0.3

0.4

0.4
0.5

0.6

0

0

ਤ 4 ௨৴ଳҬ:200Mbps Ͱͷ௨৴Ԇ (Delay)ɾύέοτϩε

(Loss Rate) ʹର͢Δੑ্ൺ (Performance Gain)

γϣϯ͞ΕͨύέοτͷߏஙΛ CPUͷΘΓʹ NIC͕ߦ

͏ LROʢLarge Recieve Offloadʣ͕༗ޮʹͳ͍ͬͯΔɽ͜

ΕΒͷػ͕ɼ༗ޮʹͳ͍ͬͯΔͱ tcίϚϯυͷ netem

ఠ͞Εࢦͳ͍͜ͱ͕͠࡞Ͱͷύέοτϩε͕ਖ਼͘͠ಈػ

͍ͯΔ [18]ɽ͜ͷΛճආ͢ΔͨΊɼ֤ϚγϯͰͷΦϑ

ϩʔυػແޮԽͨ͠ঢ়ଶͰ࣮ݧΛͨͬߦɽ

HTTP/3ٴͼQUICͷόʔδϣϯDraft 24 [13,14]Λ

ར༻͠ɼηογϣϯؒͰͷݤύϥϝʔλͷڞ༗ʹΑΔ

0-RTTແޮԽͨ͠ঢ়ଶͰ௨৴Λͨͬߦɽ·ͨɼTCPͷ

੍ޚΞϧΰϦζϜ CubicΛར༻ͨ͠ɽ

4.2 ωοτϫʔΫ͝ڥͱͷHTTP/2ͱHTTP/3ͷ

ੑൺֱ

༷ʑͳωοτϫʔΫڥͰɼHTTP/2͓Αͼ HTTP/3

͕༏ҐੑΛͭ࣋ͷ͔ΛΔͨΊʹɼ௨৴ଳҬɼ௨৴Ԇɼ

ύέοτϩεͳͲΛมԽͤ͞ɼίϯςϯπϩʔυؒ࣌Λ

ɽͨͬߦΛݧଌ͢Δ࣮ܭ

4.2.1 ڥݧ࣮

αʔόɼΫϥΠΞϯτͱʹ Go ͠༺ͷ࣮Λརޠݴ

ͨɽHTTP/2  Go ༺ͷඪ४ϥΠϒϥϦͷ࣮Λརޠݴ

͠ɼHTTP/3  quic-go [19] Λར༻ͨ͠ɽද 2 ͷΑ͏ͳ

ωοτϫʔΫڥͰηογϣϯཱ͔֬Β 10MBͷσʔλΛ

μϯϩʔυྃ͢Δ·Ͱͷؒ࣌Λܭଌͨ͠ɽ

4.2.2 Ռ݁ݧ࣮

֤ϓϩτίϧͷίϯςϯπϩʔυؒ࣌Λ loadproto ͱ͠

ͨͱ͖ɼੑ্ൺʢperformance gainʣΛ

performance gain =
loadHTTP/2 − loadHTTP/3

loadHTTP/3
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ਤ 5 ֤௨৴ଳҬʹ͓͚Δੑ্ൺʢPerformance Gainʣͷ͕

0 ͱͳΔઢ

ද 3 ڥݧ࣮
ίϯςϯπαΠζʢBʣ 125(index.html) + 10M(image.png)

௨৴ଳҬʢMbpsʣ 200

ύέοτϩεʢ%ʣ 0, 2.5, 5

௨৴Ԇʢmsʣ 0, 12.5, 25

ଌϓϩτίϧܭ HTTP/2 ఆɼHTTP/3ݻ ఆɼఏҊख๏ݻ

ଌճʢճʣܭ 400

ͱͯ͠ɼܭଌ݁ՌΛࣔ͢ ʢਤ 4ɼਤ 5ʣ ɽ

ਤ 4ɼ௨৴ଳҬΛ 200Mbpsʹ੍ͨ͠ݶ߹ͷੑ

্ൺͷΛ͍ࣔͯ͠Δɽੑ্ൺ=0ʢਤதͷઢʣΛ

ൺ͕ਖ਼ͷΛऔΔྖҬͰ্քͱͯ͠ɼੑڥ HTTP/2

ʹൺ HTTP/3͕ੑ༏ҐͱͳΓɼੑ্ൺ͕ෛͷ

ΛऔΔྖҬͰ HTTP/3ʹൺ HTTP/2͕ੑ༏Ґͱͳ

Δ͜ͱΛҙຯ͍ͯ͠Δɽ

ਤ 5ɼ੍ͨ͠ݶ௨৴ଳҬ͝ͱͷੑ্ൺ=0ͷϥΠ

ϯΛϓϩοτͨ͠ͷͰ͋Δɽ͔͜͜Β௨৴ଳҬͰɼ

ຆͲͷڥͰ HTTP/3͕༏ҐͱͳΔ͕ɼ௨৴ଳҬ͕͘

ͳ͍ͬͯ͘ʹͭΕɼ௨৴ԆɾύέοτϩεͳڥͰ

HTTP/2͕༏ҐͱͳΔ͕ڥଟ͘ͳΔ͜ͱ͕֬ೝͰ͖Δɽ

4.3 ఏҊख๏ධՁ

3ষͰड़ͨఏҊख๏ʹ͍ͭͯධՁΛͨͬߦɽ

4.3.1 ڥݧ࣮

αʔόɼΫϥΠΞϯτͱʹ Go Λར༻ͨ͠ɽޠݴ

HTTP/2  Go ͷඪ४ϥΠϒϥϦͷ࣮Λར༻͠ɼޠݴ

HTTP/3 quic-go [19]Λར༻ͨ͠ɽ

μϯϩʔυ͢Δίϯςϯπɼindex.htmlʢ125Byteʣ

ͱɼը૾Λఆͨ͠όΠφϦϑΝΠϧʢҎԼ image.pngʣ

ʢ10MByteʣͱ͢Δɽද 3ͷΑ͏ͳωοτϫʔΫڥͰɼ࣍

ͷྲྀΕͷ௨ΓܭଌΛͨͬߦɽ

HTTP/2ݻఆɾHTTP/3ݻఆͷଌఆͷྲྀΕ

( 1 ) ॴఆͷϓϩτίϧͰηογϣϯΛ։࢝͢Δ

( 2 ) index.htmlͷμϯϩʔυ

( 3 ) image.pngͷμϯϩʔυ

ͷه্ 1ͷલ͔Βɼ3ͷྃ·Ͱͷؒ࣌Λଌఆ͢Δɽ

ఏҊख๏ͷଌఆͷྲྀΕ

( 1 ) αʔόͷωοτϫʔΫใͷॳظԽ

৽نͷΫϥΠΞϯτͱͯ͠ධՁΛͨ͏ߦΊɼαʔόͰ

อ͍ͯ࣋͠Δ֤ΫϥΠΞϯτͱͷؒͷωοτϫʔΫ

ใΛഁ͠غॳظԽΛ͏ߦɽ

( 2 ) HTTP/3Ͱηογϣϯ։࢝

( 3 ) image.pngͷμϯϩʔυ

αʔόͰͷωοτϫʔΫใܭଌͷͨΊʹɼimage.png

Λμϯϩʔυ͢Δɽ

( 4 ) 2ͷηογϣϯΛऴྃ

( 5 ) HTTP/2Ͱηογϣϯ։࢝

( 6 ) index.htmlͷμϯϩʔυ

( 7 ) ϓϩτίϧͷબ

index.html ͷϨεϙϯεϔομͷ Alt-svc Λղऍ͠ɼ

ϓϩτίϧͷબΛ͏ߦɽHTTP/3͕બ͞Εͨ߹

 HTTP/3ͰͷηογϣϯΛ։࢝͠ɼηογϣϯ͕

ཱ֬͢Δ·Ͱ͢ػΔɽ

( 8 ) બ͞ΕͨϓϩτίϧͰ image.pngͷμϯϩʔυ

ͷه্ 5ͷલ͔Βɼ8ͷྃ·Ͱͷؒ࣌Λଌఆ͢Δɽ

4.3.2 ϓϩτίϧબؔ

ຊ࣮ݧख๏ͰɼϓϩτίϧબͷͨΊͷؔͱͯ͠ɼ

ਤ 4 ͷੑ্ൺͷ͕ 0 ͱͳΔંΕઢΛར༻͠ɼ͜ͷ

ઢΑΓࠨԼͷྖҬͰ HTTP/2Λબɼӈ্ͷྖҬͰ

HTTP/3Λબ͢ΔΑ͏ʹͨ͠ɽ

4.3.3 Ռ݁ݧ࣮

400ճܭଌͨ͠ͷͷฏۉΛ·ͱΊͨͷٴͼɼఏҊख

๏ʹ͓͍ͯ HTTP/3͕બ͞Εׂͨ߹Λද 4ʹࣔ͢ɽ

HTTP/2ݻఆٴͼ HTTP/3ݻఆͷ݁ՌΛݟΔͱɼ࣮ݧ

൪߸ 1ɼ2ɼ4ͰHTTP/2͕༏ҐͳωοτϫʔΫڥɼͦ

ΕҎ֎Ͱ HTTP/3͕༏ҐͳωοτϫʔΫڥͰ͋Δ͜

ͱ͕Θ͔Δɽ࣮ݧ൪߸ 1ɼ4Ͱ 400ճશͯͰ HTTP/2͕

બ͞Ε͓ͯΓɼHTTP/3ݻఆʹൺͦΕͧΕίϯςϯπ

ϩʔυ͞ݮ͕ؒ࣌Ε͍ͯΔɽ

ҰํͰɼ࣮ݧ൪߸ 2Ͱ HTTP/2͕બ͞ΕΔ͖ͩ

͕ɼ74%ͷଌఆͰ HTTP/3͕બ͞ΕΔ݁Ռͱͳ͍ͬͯ

Δɽ͜Εɼ4.2અͷ࣮ݧͰɼύέοτϩε 0%ͷڥͰ

͋ͬͯɼ࣮ࡍʹ௨৴ଳҬͷ੍ݶʹΑΓ͕ൃੜ͠ɼ

ͦͷӨڹʹΑΔύέοτϩεൃੜ͍ͯͨ͠Մੑ͕͋

Δ͕ɼϓϩτίϧબؔͷಋग़ʹ͓͍ͯɼωοτϫʔ

Ϋڥͷઃఆ͔͠༻͍͓ͯΒͣɼ࣮ࡍͷύέοτϩε

ΒΕΔɽ͕ͨͬ͑͠ߟͳ͔ͬͨͨΊͰ͋Δͱ͍͍ͯͮجʹ

ͯɼϓϩτίϧબؔͷಋग़࣌ʹύέοτϩεͷ࣮

ଌΛ༻͍Δ͖Ͱ͋ͬͨͱ͑ߟΒΕΔɽ

HTTP/3༏Ґͳڥ࣮ݧ൪߸ 3ɼ5ʙ9Ͱ͋Δɽ͜ΕΒ

ͷωοτϫʔΫڥͰશͯͷڥͰ HTTP/3ΛબͰ

͖͍ͯΔɽಛʹ࣮ݧ൪߸ 9ͰɼఏҊख๏ HTTP/2ʹ

ൺͯ 27.8%ίϯςϯπϩʔυؒ࣌Λ͍ͯ͠ݮΔɽ͔͠

͠ɼ࣮ݧ൪߸ 3ͰఏҊख๏͕࠷ίϯςϯπϩʔυؒ࣌
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ද 4 Ռ݁ݧ࣮

߸൪ݧ࣮ ωοτϫʔΫڥ HTTP/2 ఆݻ HTTP/3 ఆݻ ఏҊख๏
ఏҊख๏ʹ͓͚Δ

HTTP/3 બ

1 0%, 0ms 446.74ms 535.73ms 448.23ms 0.0%

2 0%, 12.5ms 669.02ms 766.43ms 749.81ms 74.0%

3 0%, 25ms 993.20ms 972.62ms 1056.89ms 65.8%

4 2.5%, 0ms 636.40ms 746.84ms 649.24ms 0.0%

5 2.5%, 12.5ms 29700.82ms 22463.81ms 22698.84ms 97.3%

6 2.5%, 25ms 57416.07ms 44329.03ms 44605.80ms 97.8%

7 5%, 0ms 1640.68ms 858.72ms 1092.63ms 99.8%

8 5%, 12.5ms 49729.07ms 33812.26ms 34058.50ms 99.3%

9 5%, 25ms 92879.67ms 66450.00ms 67105.30ms 98.0%

͕͘ͳ͍ͬͯΔɽ͜ΕɼHTTP/3͕ϓϩτίϧมߋΛ

Θͳ͍ͷʹରͯ͠ɼఏҊख๏ͰHTTP/3ͷηογϣϯ

ཱ֬ΛͭΦʔόʔϔου͕ੜ͍ͯ͡Δ͔ΒͰ͋Δɽ

5. ͷ՝ޙࠓ

ຊষͰɼຊڀݚͷޙࠓͷలʹ͍ͭͯड़Δɽ

5.1 ଞ࣮Ͱͷݕ౼

ຊڀݚͰɼੑධՁఏҊख๏ධՁΛ GoޠݴʹΑΔ

QUIC࣮Λ༻͍ͨɽ͔͠͠ɼQUIC࣮ޠݴ࣮ऀ

ͷҧ͏ଟ͘ͷ࣮͕ଘ͢ࡏΔɽ͜ΕΒɼIETFͷ QUIC

WGͰ૬ޓ௨৴ͷূݕߦΘΕ͓ͯΓɼϓϩτίϧͷ༷

Λຬ͍ͨͯ͠Δ͜ͱ֬ೝ͞Ε͍ͯΔͷͷɼޠݴಛੑ

ΒΕΔɽͦ͑ߟదԽʹΑΓੑ͕େ͖͘ҟͳΔՄੑ͕࠷

ͷͨΊɼଞͷ QUIC࣮ͰධՁΛ͍ߦɼಉ༷ͷಛ͕ݟ

ΒΕΔ͔ݕ౼͢Δඞཁ͕͋Δɽ

5.2 ௨৴ଳҬͷྀߟ

ຊڀݚͷఏҊख๏ධՁͰɼ੍ݶ௨৴ଳҬ͕ 200Mbps

ͰͷੑධՁ݁ՌΛݩʹϓϩτίϧબؔΛߏங͠ɼ੍

௨৴ଳҬΛݶ 200MbpsͰݻఆͨ͠ڥͰఏҊख๏ͷධՁ

Λͨͬߦɽ͜ΕɼఏҊख๏ʹ͓͍ͯαʔόͰܭଌՄͳ

ύέοτϩεɾ௨৴Ԇɾεϧʔϓοτͷ͏ͪɼύέο

τϩεͱ௨৴௨৴Ԇʹؔͯ͠ੑධՁʹ͓͚Δωο

τϫʔΫڥઃఆͱൺֱՄͳͨΊͰ͋Δɽ੍ݶ௨৴

ଳҬ͕มԽ͢Δ߹ɼ௨৴ଳҬʹΑͬͯϓϩτίϧબؔ

ʹ༻͍Δੑ্ൺͷᮢͷάϥϑΛΓସ͑ΔͳͲͷ

ํ๏͕͑ߟΒΕΔɽ͔͠͠ɼܭଌʹΑͬͯಘΒΕΔεϧʔ

ϓοτ੍ݶ௨৴ଳҬ͚ͩͰͳ͘ɼύέοτϩεͱ௨৴

Ԇ͕ؔ༩͢ΔͨΊɼͲͷ௨৴ଳҬͷੑ্ൺάϥϑΛ

༻͍ΕΑ͍͔அ͕͍͠ɽͱ͍͑ɼ࣮ࡍͷΠϯλʔ

ωοτͰΫϥΠΞϯτͱͷεϧʔϓοτͦΕͧΕͷΫ

ϥΠΞϯτ͝ͱʹҟͳΔͨΊɼ௨৴ଳҬͷྀߟඞͣඞཁ

ͱͳͬͯ͘ΔɽͦͷͨΊɼޙࠓΑΓৄࡉʹੑධՁΛ

ੳ͢ΔͳͲͯ͠ɼ௨৴ଳҬΛྀͯ͠ߟϓϩτίϧબΛߦ

͏͜ͱΛݕ౼͢Δɽ

5.3 HTTP/2͔ΒHTTP/3ͷΓସ͑

ຊڀݚͷఏҊख๏࣮ͰɼωοτϫʔΫڥΛଌఆ͢

Δͷ HTTP/3ͱͨ͠ɽHTTP/3ϢʔβۭؒͷΞϓϦ

έʔγϣϯͷΈͰ࣮͞Ε͍ͯΔͨΊɼϦΫΤετ͝ͱͷ

ύέοτͷૹ৴ύέοτϩεͷݕͳͲΛൺֱత༰қ

ΔɽҰํɼHTTP/2Ͱಉ༷ͷ͍ͯ͠༺࠾Δ͜ͱ͔Β͑ߦʹ

ଌఆΛ͏͓ߦͱͨ͠߹ɼTCPελοΫ͕Χʔωϧʹ࣮

͞Ε͓ͯΓγεςϜίʔϧΛ༻͍ͯύέοτΩϟϓνϟ

Λ͏ߦඞཁ͕͋Δ্ɼHTTP/2Ͱ੍͞ޚΕΔετϦʔϜͱ

ͷରԠ͚ඞཁͱͳΓඇৗʹෳࡶʹͳͬͯ͠·͏͜ͱ͔

Β࣮Λݟૹͬͨɽ

͜ΕʹΑΓɼຊఏҊख๏ධՁͷ࣮ͰɼHTTP/2͕બ

͞Εͨ߹ɼͦͷޙωοτϫʔΫ͕ڥѱԽ͠ HTTP/3

͕༏Ґͳঢ়گʹͳͬͨͱͯ͠ɼHTTP/2͔Β HTTP/3

ͷϓϩτίϧͷΓସ͕͑αʔόଆ͔Βଅ͞Εͳ͍ͱ

͍͏͕͍ͯͬΔɽͦͷͨΊɼޙࠓ HTTP/2Ͱ

ωοτϫʔΫڥͷଌఆΛ͏ߦΈΛ࣮͠ɼHTTP/2

͔Β HTTP/3ͷΓସ͑Λ࣮͢ݱΔํ๏Λݕ౼͢Δඞ

ཁ͕͋Δɽ

6. ͓ΘΓʹ

ຊڀݚͰɼ༷ ʑͳωοτϫʔΫڥͰͷHTTP/2͓Α

ͼHTTP/3ͷੑධՁΛ͍ߦɼωοτϫʔΫ͝ڥͱʹ͍

ͣΕͷϓϩτίϧ͕ੑ͍ߴΛ͔ࣔ͢Λਫ਼ࠪͨ͠ɽͦͷ݁

Ռɼ௨৴ଳҬͷωοτϫʔΫͰຆͲͷঢ়گͰ HTTP/3

ͰڥΛࣔ͢ҰํɼԆɾύέοτϩεͳੑ͍ߴ͕

௨৴ଳҬʹͳΔʹͭΕɼHTTP/2͕ੑ͍ߴΛࣔ͢͜

ͱΛ֬ೝͨ͠ɽ

͞Βʹ্ੑهධՁͷ݁ՌΛݩʹɼHTTP/3͕ओʹߴ

࣭ͳ௨৴ଳҬωοτϫʔΫʹ͓͍ͯɼHTTP/2ΑΓ

͍ੑΛࣔ͢͜ͱʹ͠ɼαʔόɾΫϥΠΞϯτؒ

ͷωοτϫʔΫڥʹԠͯ͡ಈతʹར༻͢ΔϓϩτίϧΛ

αʔόଆओମͰબ͢Δ͜ͱͰɼଟ͘ͷωοτϫʔΫڥ

Ͱίϯςϯπϩʔυؒ࣌Λ͢ݮΔख๏ΛఏҊͨ͠ɽఏҊ

ख๏Λ࣮ධՁͨ݁͠Ռɼ࠷ѱέʔεʹ͓͚Δίϯςϯπ

ϩʔυؒ࣌Λ ՄͰ͋Δ͜ͱΛࣔͨ͠ɽݮ27.8%
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