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ωοτϫʔΫڥ؀ʹԠͨ͡
HTTPόʔδϣϯબ୒ʹΑΔίϯςϯπϩʔυݮ࡟ؒ࣌

େڮ ᕣ໵1,a) ๺ޱ ળ໌1 Ԭࢁ 1ࣜࠀ

֓ཁɿIETFͰࡦ༷࢓ఆ͕ߦΘΕ͍ͯΔ HTTP/3͸ɼUDP্ʹ᫔᫓੍ޚ΍࠶ૹॲཧΛ࣮࠶૷ͨ͠ QUIC

Λར༻͢Δ͜ͱͰɼओʹϞόΠϧωοτϫʔΫͳͲͷɼݻఆճઢʹൺ΂௿඼࣭ͳωοτϫʔΫͰεϧʔ

ϓοτ্͕͢޲Δɽ͔͠͠ɼ௿஗Ԇɾ௿ύέοτϩε཰ͳߴ඼࣭ωοτϫʔΫͰ͸ɼQUIC͕Ϣʔβۭؒ

Ͱ࣮૷͞Ε͍ͯΔ͜ͱͳͲʹΑΓɼHTTP/2ΑΓ΋௿͍ੑೳΛࣔ͢͜ͱ͕͋ΔɽͦͷͨΊɼ͍͔ͳΔ৔߹

Ͱ΋ HTTP/3Λར༻͢Δ͜ͱ͕ίϯςϯπϩʔυؒ࣌ͷݮ࡟ʹͭͳ͕Δͱ͸ݶΒͳ͍ɽͦ͜ͰຊڀݚͰ

͸ɼ༷ʑͳωοτϫʔΫڥ؀ʹ͓͚Δ HTTP/2ͱ HTTP/3ͷੑೳൺֱΛ݁ͨͬߦՌΛݩʹɼωοτϫʔ

Ϋڥ؀ʹԠͯ͡αʔόଆͰͷಈతͳར༻ϓϩτίϧͷ੍ޚΛ͍ߦɼίϯςϯπϩʔυؒ࣌Λ͢ݮ࡟Δख๏

ΛఏҊ͢Δɽ͜ΕʹΑΓɼ࠷ѱέʔεʹ͓͚Δίϯςϯπϩʔυؒ࣌Λ ɽͨ͠ݮ࡟27.8%

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

WebΞϓϦέʔγϣϯ΍WebαʔϏεͷൃలʹΑΓɼ

WebΛ͑ࢧΔϓϩτίϧελοΫ͸ܧଓతʹൃల͖ͯ͠

ͨɽ͜ΕΒ͸ɼSNS ΍ΦϯϥΠϯόϯΩϯάͳͲͷීٴ

ʹΑͬͯηΩϡϦςΟ΍ϓϥΠόγʔΛकΔ͜ͱ͕ॏཁʹ

ͳͬͨ͜ͱ΋͍ؔͯ͠܎Δɽ

Ͱ͸ɼҰൠతͳWebελοΫ͸HTTP/2ࡏݱ over TLS

over TCP [1–3]ͱͳ͍ͬͯΔɽHTTP/2͸ 1ͭͷ TCPί

ωΫγϣϯ಺ͰετϦʔϜଟॏԽͳͲΛ࣮͢ݱΔ͜ͱʹ

ΑΓ HTTP/1.1͔ΒੑೳΛ্͍ͯͤ͞޲Δ͕ɼະͩ TCP

ͰͷίωΫγϣϯཱ֬ͷ 1Round-Trip TimeʢRTTʣʹՃ

͑ͯɼTLSηογϣϯཱ֬ͷͨΊʹ 2RTT͕ඞཁͳ఺΍ɼ
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TCPʹىҼ͢Δ Head of LineʢHOLʣϒϩοΩϯάͳͲɼ

ඇޮ཰ͳ఺͕ଘ͍ͯ͠ࡏΔɽ

·ͨɼࡏݱΠϯλʔωοτͷར༻ऀ͸ 41ԯਓΛӽ͑ɼਓ

ྨͷա൒਺͕ΠϯλʔωοτΛར༻͢ΔΑ͏ʹͳͬͨ [4]ɽ

ಛʹεϚʔτϑΥϯͷීٴʹΑΔɼϞόΠϧωοτϫʔ

Ϋ͸ٸ଎ʹ֦େ͕ਐΜͰ͓Γɼਓޱͷ 96.6%ͷ஍ҬΛΧ

όʔ͠ɼશੈքͰ 63ԯҎ্ͷϞόΠϧճઢܖ໿͕͞Εͯ

͍Δ [4]ɽϞόΠϧωοτϫʔΫ͸৔ॴʹґΒͣɼҠಈ͠

ͳ͕Βར༻Ͱ͖ΔͳͲͷར఺͕͋ΔҰํͰɼ৔ॴ΍ఱީͳ

ͲʹΑΓ௨৴஗Ԇ΍ύέοτϩε͕ੜ͡ɼ௨৴඼࣭͕ѱԽ

͢Δ͜ͱ΋͋Δɽ

௨৴඼࣭ͷѱԽʹΑΔWebϖʔδͷϩʔυؒ࣌ͷ૿େ

͸ɼϢʔβຬ଍౓ʹେ͖͘Ө͠ڹɼϢʔβ͸ύϑΥʔϚϯ

εͷ௿͍Webϖʔδ͔Β཭ΕΔ޲܏ʹ͋Δɽྫ͑͹ɼେ

खࡧݕαʔϏεͰ͸݁ࡧݕՌͷද͕ࣔ 0.4ඵ஗͘ͳΔͱ 1

೔͋ͨΓ 800ສ݅ͷߦ͕ࡧݕΘΕͳ͘ͳΔՄೳੑ͕͋Δͱ
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͍͏ใࠂ [5]͕͋Δ΄͔ɼϖʔδͷಡΈࠐΈ͕ؒ࣌ 2ඵҎ

಺ͷ৔߹͸ฏۉ௚ؼ཰*1͕ 9%Ͱ͋Δͷʹରͯ͠ɼಡΈࠐ

Έ͕ؒ࣌ 5ඵʹͳΔͱฏۉ௚ؼ཰͸ 38%ͱͳΔͱ͍͏ௐࠪ

݁Ռ [6]΋͋Δɽ

͜ΕΒͷঢ়گͰɼϖʔδಡΈࠐΈؒ࣌Λ͢ݮ࡟ΔͨΊʹɼ

ࡏݱ IETFͷϫʔΩϯάάϧʔϓͰ༷࢓ͷࡦఆ͕ਐΜͰ͍

Δͷ͕ QUICͰ͋ΔɽQUICͰ͸ɼ͜Ε·Ͱ TCP্Ͱߦ

ΘΕ͍ͯͨ᫔᫓੍ޚ΍࠶ૹॲཧ͕ɼUDP্ʹ࣮૷͞Ε͍ͯ

Δɽ͜ΕʹΑΓɼTCPΑΓ΋ང͔ʹେ͖ͳॊೈੑ͕ಘΒΕ

Δ΄͔ɼ࣮૷Λ׬શʹϢʔβϥϯυͰ͑ߦΔͨΊɼTCPͱ

ҟͳΓϓϩτίϧ࣮૷ͷΞοϓσʔτ͕ OSͷΞοϓσʔ

τʹґଘ͠ͳ͍ͳͲͷར఺͕͋Δɽ·ͨɼQUIC͸ TCP

ʹ͓͚Δ 3-way handshakeͱ TLS1.3ͷϋϯυγΣΠΫΛ

૊Έ߹Θ͍ͤͯΔɽ͜ΕʹΑΓɼ҉߸Խٴͼೝূ͕σϑΥ

ϧτͰఏ͞ڙΕΔ͜ͱʹͳΔ্ɼ࣮ࡍʹσʔλΛૹ৴࢝͠

ΊΔ·ͰͷԠ౴ճ਺ΛݮΒ͢͜ͱ͕Ͱ͖Δɽ

QUIC͸͢Ͱʹେن໛αʔϏεʹ΋ಋೖ͞Ε͍ͯΔɽྫ

͑͹ɼେख഑ंαʔϏεͰ͸ΞϓϦέʔγϣϯͰͷςʔϧ

ΤϯυϨΠςϯγ͕ 10%͔Β Ε࣮ͨྫ΍͞ݮ࡟30% [7]ɼ

ಈըαΠτͳͲͷτϥϑΟοΫ͕QUICʹΑΓ഑৴͞ΕΔ

͜ͱͰΠϯλʔωοτશτϥϑΟοΫͷ໿ 7%͕ QUICͱ

ͳ͍ͬͯΔͱ͍͏ใࠂ [8]͕͋Δɽ

WebϓϩτίϧελοΫͷਐԽͱͱ΋ʹɼΠϯλʔωο

τΠϯϑϥʹؔͯ͠΋վળ͕ଓ͍͍ͯΔɽେखճઢ଎౓ଌ

ఆαʔϏεͷใࠂʹΑΔͱɼ2018೥ͷϞόΠϧճઢٴͼݻ

ఆճઢͷԼΓฏۉ଎౓͸ͦΕͧΕ 22.82Mbpsɼ46.12Mbps

Ͱɼͦ ΕͧΕલ೥౓͔Β+15.20%ɼ+26.40%্͓ͯ͠޲Γɼ

ผԼΓ଎౓͕ੈքҰҐͱͳ͍ͬͯΔγϯΨࠃఆճઢͷݻ

ϙʔϧͰ͸ 175.13Mbpsͱͳ͍ͬͯΔɽ·ͨɼ೔ຊࠃ಺ʹ

໨Λ͚ͯ޲ΈΔͱɼݻఆܥ௒ߴ଎ϒϩʔυόϯυͷੈଳ੔

උ཰͸ 2018೥ 3݄຤࣌఺Ͱ 99.2%ͱͳ͓ͬͯΓ [9]ɼ౎ࢢ

෦Ͱ͸ෳ਺ͷ͕ऀۀࣄՈఉ͚޲ʹ 10Gbps઀ଓαʔϏεΛ

։࢝΋͘͠͸։࢝Λ༧ఆ͍ͯ͠Δ [10–12]ɽ

ύέοτϩε΍ൺֱతେ͖ͳ௨৴஗Ԇ͕ଘ͢ࡏΔωοτ

ϫʔΫͰ͸ TCPΑΓ΋ੑ͍ߴೳΛࣔ͢ QUICͰ͋Δ͕ɼ

100MbpsҎ্ͷඇৗʹ͍ߴ௨৴ଳҬ෯͔ͭඇৗʹ௿͍௨৴

஗Ԇٴͼύέοτϩε཰ͱͳΔωοτϫʔΫͰ͸ TCPΑ

Γ΋௿͍ੑೳΛࣔ͢͜ͱ͕͋Δͱࢦఠ͞Ε͍ͯΔ [8]ɽ͜

Ε͸ɼQUIC͕ΞϓϦέʔγϣϯͱ࣮ͯ͠૷͞Ε͍ͯΔͨ

ΊɼΧʔωϧϨϕϧͰ࣮૷͞Ε͍ͯΔ TCPʹൺ΂ϝϞϦ

΍ CPUͳͲ͕ඇޮ཰Ͱ͋Δ͔ΒͰ͋Δɽ

Ҏ্ͷ͜ͱ͔Βɼ͍͔ͳΔ৔߹Ͱ΋ HTTP/3͕࠷దͳ

ϓϩτίϧͰ͋Δͱ͸ݶΒͳ͍ɽ͞Βʹɼޙࠓ΋Πϯλʔ

ωοτΠϯϑϥͷվળ͸ଓ͍͍ͯ͘ͱ͑ߟΒΕΔͨΊɼ

HTTP/2Λར༻͢Δ͜ͱ͕࠷దͰ͋ΔωοτϫʔΫڥ؀

͸૿͍͑ͯ͘ͱ͑ߟΒΕΔɽͦ͜ͰຊڀݚͰ͸ɼ௨৴஗

*1 ͋ΔαΠτʹର͢ΔશͯͷηογϣϯͷதͰɼϢʔβ͕ 1ϖʔδ
ͷΈӾཡͯͦ͠ͷαΠτ͔Β཭୤ͨ͠ηογϣϯͷׂ߹ɽ

Ԇɾύέοτϩε཰ɾ௨৴ଳҬͳͲωοτϫʔΫڥ؀Λม

Խͤ͞ɼHTTP/2͓Αͼ HTTP/3ͷੑೳධՁΛ͍ߦɼ֤

ϓϩτίϧ͕༏ҐੑΛͭ࣋ωοτϫʔΫڥ؀Λௐࠪ͢Δɽ

ͦͷ݁ՌΛݩʹαʔόଆͰಈతʹ࢖༻͢ΔϓϩτίϧΛબ

୒͢Δ͜ͱͰίϯςϯπϩʔυؒ࣌Λ͢ݮ࡟Δख๏ΛఏҊ

͢Δɽ

2. ཁૉٕज़

2.1 HTTP/2

HTTP/2͸ɼHTTP/1.1ͱͷੑ׵ޓํޙΛҡͭͭ࣋͠ɼ

WebύϑΥʔϚϯεͷ্޲ΛਤΔϓϩτίϧͰ͋ΔɽϦΫ

Τετϔομͷѹॖํࣜ΍ɼ໌ࣔతͳཁ͕ٻͳͯ͘΋αʔ

ό͔ΒίϯςϯπΛϓογϡ͢Δ༷࢓ͳͲؚ͕·Ε͍ͯΔɽ

HTTP/2Ͱ͸ɼίϯςϯπͷΦϦδϯ͝ͱʹ୯Ұͷ TCP

ίωΫγϣϯΛཱ֬͠ɼͦͷ্ʹෳ਺ͷϦΫΤετΛඇಉ

ଟॏԽ͢Δɽ͜ΕʹΑΓɼHTTP/1.1ͷʹظ HTTPύΠ

ϓϥΠϯʹଘ͍ͨͯ͠ࡏΞϓϦέʔγϣϯ૚Ͱͷ HOLϒ

ϩοΩϯάΛղফ͍ͯ͠Δɽ

2.2 QUICͱHTTP/3

QUIC [13]͸҉߸Խ͞ΕͨτϥϯεϙʔτΛհͯ͠ଟॏ

ԽετϦʔϜΛఏ͢ڙΔ UDPϕʔεͷτϥϯεϙʔτ૚

ϓϩτίϧͰ͋ΓɼHTTP/3(چHTTP over QUIC) [14]͸

QUIC্Ͱಈ͢࡞ΔΞϓϦέʔγϣϯ૚ϓϩτίϧͰ͋Δɽ

HTTP/2Ͱ͸ɼTCP্ͷΞϓϦέʔγϣϯ૚ϓϩτίϧ

ͰετϦʔϜͷଟॏԽΛ࣮͕͍ͨͯ͠ݱɼ֤ετϦʔϜ͸

TCPͷίωΫγϣϯΛڞ༗͍ͯͨͨ͠Ίɼ͋ΔετϦʔ

ϜͰύέοτϩε͕ൃੜͨ͠৔߹ɼશͯͷετϦʔϜʹӨ

Ϳͱ͍͏໰୊͕͋ͬͨɽ͔͠͠ɼQUICͰ͸ٴ͕ڹ UDP

্ʹετϦʔϜଟॏԽΛ࣮࠶૷͓ͯ͠Γɼ֤ετϦʔϜͰ

ͷύέοτϩε͕ଞͷετϦʔϜʹӨ͠ڹͳ͍༷࢓ͱͳͬ

͍ͯΔɽ͜ΕʹΑΓɼτϥϯεϙʔτ૚Ͱͷ HOLϒϩο

ΩϯάΛղফ͍ͯ͠Δɽ

HTTP/3͸ɼQUICτϥϯεϙʔτΛར༻ͯ͠HTTP/2

ͱಉ༷ͷηϚϯςΟΫεΛఏ͢ڙΔͨΊͷϓϩτίϧͰ͋

Δʢਤ 1ʣɽHTTP/2Ͱ͸ɼτϥϯεϙʔτ૚Λมͣͤߋ

௨৴஗ԆΛվળ͢ΔͨΊʹɼHTTP/2ࣗମʹετϦʔϜଟ

ॏԽ͕ಋೖ͞Ε͍͕ͯͨɼQUICͰτϥϯεϙʔτ૚ͷϓ

ϩτίϧଆʹετϦʔϜଟॏԽؚ͕·ΕΔΑ͏ʹͳͬͨͨ

ΊͦΕΒͷػೳ͸࡟আ͞Ε͍ͯΔɽ

2.3 Alt-svc

Alt-svc [16]͸ɼωοτϫʔΫ্ʹࡏݱΞΫηε͍ͯ͠Δ

αʔϏεͱಉ༷ͷαʔϏε͕ɼผͷϓϩτίϧ΍ΦϦδϯͰ

ఏ͞ڙΕ͍ͯΔ͜ͱΛΫϥΠΞϯτʹࣔͨ͢ΊͷɼHTTP

ϔομϑΟʔϧυͷ༷࢓Ͱ͋ΔɽΫϥΠΞϯτ͕ Alt-svc

ϔομΛؚΉϨεϙϯεΛड͚औΔͱɼAlt-svcϔομͰ

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

ίϧͷར༻Λر๬͢Δ৔߹ʹɼAlt-svcϔομͰࢦఆ͞Ε

ͨϓϩτίϧͰࢦఆ͞ΕͨΦϦδϯʹରͯ͠όοΫάϥ΢

ϯυͰ઀ଓΛ͏ߦɽ͜ͷ઀ଓ͕੒ޭͨ͠৔߹ɼ࠷ॳͷίω

Ϋγϣϯͷ୅ΘΓʹͦͷϓϩτίϧΛར༻͠௨৴Λ͏ߦɽ

·ͨɼAlt-svcϔομʹΑΔผαʔϏε͕ଘ͢ࡏΔ৘ใ

͸ɼmaύϥϝʔλͰΩϟογϡͷ༗ޮݶظΛࢦఆ͢Δ͜

ͱ͕ՄೳͰ͋Δɽmaύϥϝʔλ͕ࢦఆ͞Εͳ͍৔߹͸ɼ

༗ޮݶظ͸ ͱͳΔɽؒ࣌24

3. ఏҊख๏

3.1 ֓ཁ

ఏҊख๏Ͱ͸ɼαʔόଆͰΫϥΠΞϯτͱͷؒͷωοτ

ϫʔΫڥ؀Λਪఆ͠ɼ઀ଓ࣌ʹαʔόओମͰ௨৴ϓϩτί

ϧΛ੍͢ޚΔɽ͜ΕʹΑΓɼηογϣϯ͝ͱʹωοτϫʔ

Ϋڥ؀ʹదͨ͠ϓϩτίϧબ୒͕ՄೳͱͳΓɼίϯςϯπ

ϩʔυݮ࡟ؒ࣌Λ࣮͢ݱΔɽ

ఏҊख๏͸ɼେ͖͘ωοτϫʔΫڥ؀ਪఆͱϓϩτίϧ

෼͚Δ͜ͱ͕Ͱ͖Δɽʹޚ੍

3.1.1 ωοτϫʔΫڥ؀ਪఆ

֤ηογϣϯͷ௨৴ʹؔͯ͠ɼαʔό͸ΫϥΠΞϯτͷ

IPΞυϨεΛΩʔͱͯ͠ɼ֤ϦΫΤετʹ͓͚Δૹ৴ύ

έοτ਺ɼΫϥΠΞϯτ͔Β AckΛฦ͞Εͨύέοτͷ

਺ɼRTTɼϨεϙϯεΛฦ͢ͷʹ͔͔ͬͨॴཁؒ࣌Λܭଌ

͢ΔɽRTTͱͯ͠͸ɼ[17]ʹ͓͚Δɼmin rttΛ༻͍Δɽ

ૹ৴ͨ͠ύέοτ਺ͱ AckΛฦ͞Εͨύέοτ਺͔Βύ

έοτϩε཰Λɼ֤ϦΫΤετͷϨεϙϯεαΠζͱϨε

ϙϯεͷॴཁ͔ؒ࣌ΒεϧʔϓοτΛٻΊΔ͜ͱ͕ՄೳͰ

͋ΔɽҎ্͔Βɼαʔό͸ର৅ͷΫϥΠΞϯτͱͷؒͷύ

έοτϩε཰ɼ௨৴஗Ԇɼεϧʔϓοτͷ৘ใΛऔಘ͢Δɽ

3.1.2 ϓϩτίϧ੍ޚ

2.3અͰड़΂ͨΑ͏ʹɼΫϥΠΞϯτ͕઀ଓઌͷΦϦδ

ϯʹର͢Δϓϩτίϧ৘ใΛͨ࣋ͳ͍࣌ɼΫϥΠΞϯτ

͸·ͣ HTTP/2ͰηογϣϯΛཱ֬͢Δɽ͜͜Ͱαʔό

͸ͦͷΫϥΠΞϯτͱͷؒͷωοτϫʔΫڥ؀ʹΑΓɼ

HTTP/2΋͘͠͸ HTTP/3ͷͲͪΒΛར༻͢Δ͔Λબ୒

͢ΔɽHTTP/3ͷར༻͕બ୒͞Εͨ৔߹͸ɼAlt-svcϔο

μͰ HTTP/3Ͱͷ઀ଓΛଅ͢ɽHTTP/2ͷར༻͕બ୒͞

Εͨ৔߹͸ɼAlt-svcϔομΛϨεϙϯεʹؚΊͣHTTP/2

HTTP/2 HTTP/3

client server
①

②

③

④

⑤

ਤ 2 ಈ࡞ͷྲྀΕʢHTTP/3 ͕બ୒͞Εͨ৔߹ʣ

Ͱͷ௨৴Λܧଓ͢Δɽ

·ͨɼAlt-svcϔομͷmaύϥϝʔλͰࢦఆ͢ΔΩϟο

γϡͷ༗ޮݶظ͸ 1 ηογϣϯఔ౓ͷ୹͍ؒظΛઃఆ͢

Δɽ͜ΕʹΑΓɼ࣍ճηογϣϯ։࠶ʹ࣌࢝౓ϓϩτίϧ

બ୒͕ߦΘΕΔΑ͏ʹͳΔɽ

ϓϩτίϧબ୒෦෼ʹ͍ͭͯɼຊڀݚͰ͸ࣄલʹଌఆ͠

ͨωοτϫʔΫΛ͝ڥ؀ͱͷੑೳධՁ͔Β൑அΛ͍ͯͬߦ

Δ͕ɼಉ࣌ʹ௨৴Λ͍ͯͬߦΔଞͷΫϥΠΞϯτͷ௨৴ঢ়

લͷσʔλऩूͳͲผͷ൑அख๏Λࣄ΍ɼར༻ऀ͔Βͷگ

ར༻͢Δ͜ͱ΋ՄೳͰ͋Δɽ

3.2 ಈ࡞ͷྲྀΕ

͜ͷઅͰ͸ɼ࣮ࡍʹαʔόͱΫϥΠΞϯτ͕௨৴Λ͢Δ

ͱ͖ͷڍಈʢਤ 2ʣʹ͍ͭͯड़΂Δɽ͜͜Ͱαʔό͔ΒΫ

ϥΠΞϯτʹμ΢ϯϩʔυ͞ΕΔίϯςϯπ͸ɼҰൠతͳ

WebϖʔδΛ૝ఆ͠ɼHTMLʹෳ਺ͷαϒϦιʔε͕ه

ड़͞ΕͦΕΒ͕ಉҰͷΦϦδϯ͔Β഑৴͞ΕΔ͜ͱΛ૝ఆ

͢ΔɽΫϥΠΞϯτ͸ HTTP/3Ͱͷ௨৴͕Մೳͳϒϥ΢

βͰ͋Δͱ͢Δɽ

1© ωοτϫʔΫڥ؀ଌఆ

ຊख๏Ͱ͸ɼ͋Δηογϣϯ͕࢝·Δલʹɼର৅ IPΞ

υϨεͷΫϥΠΞϯτͱαʔόؒͰͷωοτϫʔΫڥ؀

৘ใ͕ඞཁͰ͋Δ͕ɼ͋Δ IPΞυϨε͔ΒॳΊͯΞΫη

ε͕͋ͬͨ৔߹͸ɼωοτϫʔΫڥ؀ͷ৘ใΛݩʹϓϩ

τίϧΛબ୒͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨΊɼຊڀݚͰ͸

HTTP/3Λબ୒͢Δ͜ͱͱ͠ɼ3.1.1અͰड़΂߲ͨ໨ʹͭ

ɽ͏ߦଌΛܭ͍ͯ

2© ηογϣϯͷ։࢝

1©ʹ͓͚Δηογϣϯ͕ऴྃ͠ɼmaύϥϝʔλͰࢦఆ

͞Εͨ༗ޮܦ͕ݶظաͨ͠ޙɼ࠶౓ΫϥΠΞϯτ͕αʔό

ʹ઀ଓͯ͘͠Δ͜ͱΛ͑ߟΔɽΫϥΠΞϯτ͸ HTTP/2

Ͱ௨৴Λ։࢝͠ɼGET /index.html ͷϦΫΤετΛૹ৴

͢Δɽ
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ਤ 3 ωοτϫʔΫτϙϩδʔ

ද 1 Ծ૝ϚγϯͷεϖοΫ
Ծ૝Ϛγϯ CPU Memory

αʔό 4Core 4GB

ϧʔλ 2Core 1GB

ΫϥΠΞϯτ 2Core 2GB

3© ϓϩτίϧͷબ୒

ϦΫΤετΛड͚ͨαʔό͸ɼΫϥΠΞϯτͷ IPΞυ

ϨεΛΩʔͱͯ͠ωοτϫʔΫڥ؀৘ใΛऔಘ͢Δɽͦͷ

ɼͦޙ ͷωοτϫʔΫڥ؀৘ใ͔ΒHTTP/2ɼHTTP/3Ͳ

ͪΒͷϓϩτίϧΛ͏࢖΂͖͔Λ൑அ͢Δɽ൑அ݁ՌʹԠ

ͯ͡ϨεϙϯεϔομΛߏங͠ɼΫϥΠΞϯτʹରͯ͠Ϩ

εϙϯεΛฦ͢ɽ

4© ϓϩτίϧͷมߋ

ΫϥΠΞϯτ͸ϨεϙϯεΛड͚औΓɼhtmlͷղऍΛ։

ΔɽϨεϙϯεϔομͰAlt-svcʹΑΔHTTP/3΁ͷ࢝͢

઀ଓ͕ଅ͞Ε͍ͯͨ৔߹ɼฒͯ͠ߦ HTTP/3ͰͷίωΫ

γϣϯͷཱ֬Λ։࢝͢Δɽ

5© αϒϦιʔεͷऔಘ

બ୒͞ΕͨϓϩτίϧͰαϒϦιʔεΛऔಘ͢Δɽ

Ҏ্ʹΑͬͯɼωοτϫʔΫڥ؀ʹదͨ͠ϓϩτίϧΛ

ಈతʹબ୒͢Δ͜ͱ͕ՄೳͱͳΔɽຊख๏͸ɼαʔόͷΈ

ʹಋೖ͢Δ͜ͱͰ࣮ݱՄೳͰ͋ΓɼΫϥΠΞϯτଆʹ௥Ճ

ͷιϑτ΢ΣΞΛΠϯετʔϧ͢Δඞཁ͕ͳ͍ಛ௃Λ༗͢

Δɽ·ͨɼΫϥΠΞϯτ͕ HTTP/3ʹରԠ͍ͯ͠ͳ͍৔

߹Ͱ΋ɼAlt-svcϔομ͕ແ͞ࢹΕΔͷΈͰਖ਼ৗʹ௨৴Λ

ͱ͕ՄೳͰ͋Δɽ͜͏ߦ

4. ධՁ

ຊষͰ͸ɼHTTP/2ٴͼ HTTP/3ͷੑೳධՁΛ͍ߦɼ3

ষʹड़΂ͨఏҊख๏ʹ͍ͭͯɼ࣮૷ͯ͠ධՁΛͨͬߦɽ

4.1 ධՁڥ؀

ධՁڥ؀ͱͯ͠ɼESXi্ʹαʔόɼϧʔλɼΫϥΠΞϯ

τͷԾ૝ϚγϯΛߏங͠ɼΠϯϥΠϯͰ઀ଓͨ͠ʢਤ 3ʣɽ

֤Ծ૝ϚγϯͷεϖοΫ͸ද 1ͷ௨ΓͰ͋Δɽ

OS͸ Ubuntu Server 18.04ͰɼΧʔωϧόʔδϣϯ͸

4.15.0Λར༻ͨ͠ɽ

ϧʔλϚγϯͰ tcίϚϯυΛ༻͍ɼ௨৴ଳҬ੍ݶɼ௨৴

஗Ԇ௥ՃɼύέοτϩεͳͲΛͨ͠ݱ࠶ɽESXi্ͷ VM

ʹΠϯετʔϧͨ͠ UbuntuͰ͸ඪ४ͷઃఆͰɼૹ৴࣌ʹ

ύέοτͷηάϝϯςʔγϣϯΛ CPUͷ୅ΘΓʹ NIC͕

͏ߦ LSOʢLarge Send Offloadʣ΍ड৴࣌ʹηάϝϯςʔ

ද 2 ڥ؀ݧ࣮
ίϯςϯπαΠζʢMBʣ 10

௨৴ଳҬʢMbpsʣ 50, 100, 200, 400, 600

ύέοτϩε཰ʢˋʣ 0, 1, 2, 3, 4, 5

௨৴஗Ԇʢmsʣ 0, 5, 10, 15, 20, 25

ଌճ਺ʢճʣܭ 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 Ͱͷ௨৴஗Ԇ (Delay)ɾύέοτϩε཰

(Loss Rate) ʹର͢Δੑೳ্޲ൺ (Performance Gain)

γϣϯ͞ΕͨύέοτͷߏஙΛ CPUͷ୅ΘΓʹ NIC͕ߦ

͏ LROʢLarge Recieve Offloadʣ͕༗ޮʹͳ͍ͬͯΔɽ͜

ΕΒͷػೳ͕ɼ༗ޮʹͳ͍ͬͯΔͱ tcίϚϯυͷ netem

ఠ͞Εࢦͳ͍͜ͱ͕͠࡞ೳͰͷύέοτϩε͕ਖ਼͘͠ಈػ

͍ͯΔ [18]ɽ͜ͷ໰୊Λճආ͢ΔͨΊɼ֤ϚγϯͰͷΦϑ

ϩʔυػೳ͸ແޮԽͨ͠ঢ়ଶͰ࣮ݧΛͨͬߦɽ

HTTP/3ٴͼQUICͷόʔδϣϯ͸Draft 24 [13,14]Λ

ར༻͠ɼηογϣϯؒͰͷݤ΍ύϥϝʔλͷڞ༗ʹΑΔ

0-RTT͸ແޮԽͨ͠ঢ়ଶͰ௨৴Λͨͬߦɽ·ͨɼTCPͷ

᫔᫓੍ޚΞϧΰϦζϜ͸ CubicΛར༻ͨ͠ɽ

4.2 ωοτϫʔΫ͝ڥ؀ͱͷHTTP/2ͱHTTP/3ͷ

ੑೳൺֱ

༷ʑͳωοτϫʔΫڥ؀ͰɼHTTP/2͓Αͼ HTTP/3

͕༏ҐੑΛͭ࣋ͷ͔Λ஌ΔͨΊʹɼ௨৴ଳҬɼ௨৴஗Ԇɼ

ύέοτϩε཰ͳͲΛมԽͤ͞ɼίϯςϯπϩʔυؒ࣌Λ

ɽͨͬߦΛݧଌ͢Δ࣮ܭ

4.2.1 ڥ؀ݧ࣮

αʔόɼΫϥΠΞϯτͱ΋ʹ Go ͠༺ͷ࣮૷Λརޠݴ

ͨɽHTTP/2 ͸ Go ༺ͷඪ४ϥΠϒϥϦͷ࣮૷Λརޠݴ

͠ɼHTTP/3 ͸ quic-go [19] Λར༻ͨ͠ɽද 2 ͷΑ͏ͳ

ωοτϫʔΫڥ؀Ͱηογϣϯཱ͔֬Β 10MBͷσʔλΛ

μ΢ϯϩʔυྃ͢׬Δ·Ͱͷؒ࣌Λܭଌͨ͠ɽ

4.2.2 Ռ݁ݧ࣮

֤ϓϩτίϧͷίϯςϯπϩʔυؒ࣌Λ loadproto ͱ͠

ͨͱ͖ɼੑೳ্޲ൺʢperformance gainʣΛ

performance gain =
loadHTTP/2 − loadHTTP/3

loadHTTP/3
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ਤ 5 ֤௨৴ଳҬʹ͓͚Δੑೳ্޲ൺʢPerformance Gainʣͷ஋͕

0 ͱͳΔઢ

ද 3 ڥ؀ݧ࣮
ίϯςϯπαΠζʢBʣ 125(index.html) + 10M(image.png)

௨৴ଳҬʢMbpsʣ 200

ύέοτϩε཰ʢ%ʣ 0, 2.5, 5

௨৴஗Ԇʢmsʣ 0, 12.5, 25

ଌϓϩτίϧܭ HTTP/2 ఆɼHTTP/3ݻ ఆɼఏҊख๏ݻ

ଌճ਺ʢճʣܭ 400

ͱͯ͠ɼܭଌ݁ՌΛࣔ͢ ʢਤ 4ɼਤ 5ʣ ɽ

ਤ 4͸ɼ௨৴ଳҬΛ 200Mbpsʹ੍ͨ͠ݶ৔߹ͷੑೳ޲

্ൺͷ෼෍Λ͍ࣔͯ͠Δɽੑೳ্޲ൺ=0ʢਤதͷ੺ઢʣΛ

ൺ͕ਖ਼ͷ஋ΛऔΔྖҬͰ͸্޲քͱͯ͠ɼੑೳڥ HTTP/2

ʹൺ΂ HTTP/3͕ੑೳ༏ҐͱͳΓɼੑೳ্޲ൺ͕ෛͷ஋

ΛऔΔྖҬͰ͸ HTTP/3ʹൺ΂ HTTP/2͕ੑೳ༏Ґͱͳ

Δ͜ͱΛҙຯ͍ͯ͠Δɽ

ਤ 5͸ɼ੍ͨ͠ݶ௨৴ଳҬ͝ͱͷੑೳ্޲ൺ=0ͷϥΠ

ϯΛϓϩοτͨ͠΋ͷͰ͋Δɽ͔͜͜Β௿௨৴ଳҬͰ͸ɼ

ຆͲͷڥ؀Ͱ HTTP/3͕༏ҐͱͳΔ͕ɼ௨৴ଳҬ͕͘޿

ͳ͍ͬͯ͘ʹͭΕɼ௿௨৴஗Ԇɾ௿ύέοτϩε཰ͳڥ؀Ͱ

HTTP/2͕༏ҐͱͳΔ͕ڥ؀ଟ͘ͳΔ͜ͱ͕֬ೝͰ͖Δɽ

4.3 ఏҊख๏ධՁ

3ষͰड़΂ͨఏҊख๏ʹ͍ͭͯධՁΛͨͬߦɽ

4.3.1 ڥ؀ݧ࣮

αʔόɼΫϥΠΞϯτͱ΋ʹ Go Λར༻ͨ͠ɽޠݴ

HTTP/2 ͸ Go ͷඪ४ϥΠϒϥϦͷ࣮૷Λར༻͠ɼޠݴ

HTTP/3͸ quic-go [19]Λར༻ͨ͠ɽ

μ΢ϯϩʔυ͢Δίϯςϯπ͸ɼindex.htmlʢ125Byteʣ

ͱɼը૾Λ૝ఆͨ͠όΠφϦϑΝΠϧʢҎԼ image.pngʣ

ʢ10MByteʣͱ͢Δɽද 3ͷΑ͏ͳωοτϫʔΫڥ؀Ͱɼ࣍

ͷྲྀΕͷ௨ΓܭଌΛͨͬߦɽ

HTTP/2ݻఆɾHTTP/3ݻఆͷଌఆͷྲྀΕ

( 1 ) ॴఆͷϓϩτίϧͰηογϣϯΛ։࢝͢Δ

( 2 ) index.htmlͷμ΢ϯϩʔυ

( 3 ) image.pngͷμ΢ϯϩʔυ

ͷه্ 1ͷ௚લ͔Βɼ3ͷྃ׬·Ͱͷؒ࣌Λଌఆ͢Δɽ

ఏҊख๏ͷଌఆͷྲྀΕ

( 1 ) αʔόͷωοτϫʔΫ৘ใͷॳظԽ

৽نͷΫϥΠΞϯτͱͯ͠ධՁΛͨ͏ߦΊɼαʔόͰ

อ͍ͯ࣋͠Δ֤ΫϥΠΞϯτͱͷؒͷωοτϫʔΫ৘

ใΛഁ͠غॳظԽΛ͏ߦɽ

( 2 ) HTTP/3Ͱηογϣϯ։࢝

( 3 ) image.pngͷμ΢ϯϩʔυ

αʔόͰͷωοτϫʔΫ৘ใܭଌͷͨΊʹɼimage.png

Λμ΢ϯϩʔυ͢Δɽ

( 4 ) 2ͷηογϣϯΛऴྃ

( 5 ) HTTP/2Ͱηογϣϯ։࢝

( 6 ) index.htmlͷμ΢ϯϩʔυ

( 7 ) ϓϩτίϧͷબ୒

index.html ͷϨεϙϯεϔομͷ Alt-svc Λղऍ͠ɼ

ϓϩτίϧͷબ୒Λ͏ߦɽHTTP/3͕બ୒͞Εͨ৔߹

͸ HTTP/3ͰͷηογϣϯΛ։࢝͠ɼηογϣϯ͕

ཱ֬͢Δ·Ͱ଴͢ػΔɽ

( 8 ) બ୒͞ΕͨϓϩτίϧͰ image.pngͷμ΢ϯϩʔυ

ͷه্ 5ͷ௚લ͔Βɼ8ͷྃ׬·Ͱͷؒ࣌Λଌఆ͢Δɽ

4.3.2 ϓϩτίϧબ୒ؔ਺

ຊ࣮ݧख๏Ͱ͸ɼϓϩτίϧબ୒ͷͨΊͷؔ਺ͱͯ͠ɼ

ਤ 4 ͷੑೳ্޲ൺͷ஋͕ 0 ͱͳΔંΕઢΛར༻͠ɼ͜ͷ

ઢΑΓࠨԼͷྖҬͰ͸ HTTP/2Λબ୒ɼӈ্ͷྖҬͰ͸

HTTP/3Λબ୒͢ΔΑ͏ʹͨ͠ɽ

4.3.3 Ռ݁ݧ࣮

400ճܭଌͨ͠΋ͷͷฏۉΛ·ͱΊͨ΋ͷٴͼɼఏҊख

๏ʹ͓͍ͯ HTTP/3͕બ୒͞Εׂͨ߹Λද 4ʹࣔ͢ɽ

HTTP/2ݻఆٴͼ HTTP/3ݻఆͷ݁ՌΛݟΔͱɼ࣮ݧ

൪߸ 1ɼ2ɼ4Ͱ͸HTTP/2͕༏ҐͳωοτϫʔΫڥ؀ɼͦ

ΕҎ֎Ͱ͸ HTTP/3͕༏ҐͳωοτϫʔΫڥ؀Ͱ͋Δ͜

ͱ͕Θ͔Δɽ࣮ݧ൪߸ 1ɼ4Ͱ͸ 400ճશͯͰ HTTP/2͕

બ୒͞Ε͓ͯΓɼHTTP/3ݻఆʹൺ΂ͦΕͧΕίϯςϯπ

ϩʔυ͞ݮ࡟͕ؒ࣌Ε͍ͯΔɽ

ҰํͰɼ࣮ݧ൪߸ 2Ͱ͸ HTTP/2͕બ୒͞ΕΔ΂͖ͩ

͕ɼ74%ͷଌఆͰ HTTP/3͕બ୒͞ΕΔ݁Ռͱͳ͍ͬͯ

Δɽ͜Ε͸ɼ4.2અͷ࣮ݧͰɼύέοτϩε཰ 0%ͷڥ؀Ͱ

͋ͬͯ΋ɼ࣮ࡍʹ͸௨৴ଳҬͷ੍ݶʹΑΓ᫔᫓͕ൃੜ͠ɼ

ͦͷӨڹʹΑΔύέοτϩε΋ൃੜ͍ͯͨ͠Մೳੑ͕͋

Δ͕ɼϓϩτίϧબ୒ؔ਺ͷಋग़ʹ͓͍ͯ͸ɼωοτϫʔ

Ϋڥ؀ͷઃఆ஋͔͠༻͍͓ͯΒͣɼ࣮ࡍͷύέοτϩε཰

ΒΕΔɽ͕ͨͬ͑͠ߟͳ͔ͬͨͨΊͰ͋Δͱ͍͍ͯͮجʹ

ͯɼϓϩτίϧબ୒ؔ਺ͷಋग़࣌ʹ͸ύέοτϩε཰ͷ࣮

ଌ஋Λ༻͍Δ΂͖Ͱ͋ͬͨͱ͑ߟΒΕΔɽ

HTTP/3༏Ґͳڥ؀͸࣮ݧ൪߸ 3ɼ5ʙ9Ͱ͋Δɽ͜ΕΒ

ͷωοτϫʔΫڥ؀Ͱ͸શͯͷڥ؀Ͱ HTTP/3Λબ୒Ͱ

͖͍ͯΔɽಛʹ࣮ݧ൪߸ 9Ͱ͸ɼఏҊख๏͸ HTTP/2ʹ

ൺ΂ͯ 27.8%ίϯςϯπϩʔυؒ࣌Λ͍ͯ͠ݮ࡟Δɽ͔͠

͠ɼ࣮ݧ൪߸ 3Ͱ͸ఏҊख๏͕࠷΋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%

͕௕͘ͳ͍ͬͯΔɽ͜Ε͸ɼHTTP/3͕ϓϩτίϧมߋΛ

൐Θͳ͍ͷʹରͯ͠ɼఏҊख๏Ͱ͸HTTP/3ͷηογϣϯ

ཱ֬Λ଴ͭ෼Φʔόʔϔου͕ੜ͍ͯ͡Δ͔ΒͰ͋Δɽ

5. ͷ՝୊ޙࠓ

ຊষͰ͸ɼຊڀݚͷޙࠓͷల๬ʹ͍ͭͯड़΂Δɽ

5.1 ଞ࣮૷Ͱͷݕ౼

ຊڀݚͰ͸ɼੑೳධՁ΍ఏҊख๏ධՁΛ GoޠݴʹΑΔ

QUIC࣮૷Λ༻͍ͨɽ͔͠͠ɼQUIC͸࣮૷ޠݴ΍࣮૷ऀ

ͷҧ͏ଟ͘ͷ࣮૷͕ଘ͢ࡏΔɽ͜ΕΒ͸ɼIETFͷ QUIC

WGͰ૬ޓ௨৴ͷূݕ͸ߦΘΕ͓ͯΓɼϓϩτίϧͷ༷࢓

Λຬ͍ͨͯ͠Δ͜ͱ͸֬ೝ͞Ε͍ͯΔ΋ͷͷɼޠݴಛੑ΍

ΒΕΔɽͦ͑ߟదԽʹΑΓੑೳ͕େ͖͘ҟͳΔՄೳੑ͕࠷

ͷͨΊɼଞͷ QUIC࣮૷Ͱ΋ධՁΛ͍ߦɼಉ༷ͷಛ௃͕ݟ

ΒΕΔ͔ݕ౼͢Δඞཁ͕͋Δɽ

5.2 ௨৴ଳҬͷྀߟ

ຊڀݚͷఏҊख๏ධՁͰ͸ɼ੍ݶ௨৴ଳҬ͕ 200Mbps

ͰͷੑೳධՁ݁ՌΛݩʹϓϩτίϧબ୒ؔ਺Λߏங͠ɼ੍

௨৴ଳҬΛݶ 200MbpsͰݻఆͨ͠ڥ؀ͰఏҊख๏ͷධՁ

Λͨͬߦɽ͜Ε͸ɼఏҊख๏ʹ͓͍ͯαʔόͰܭଌՄೳͳ

ύέοτϩε཰ɾ௨৴஗Ԇɾεϧʔϓοτͷ͏ͪɼύέο

τϩε཰ͱ௨৴௨৴஗Ԇʹؔͯ͠͸ੑೳධՁʹ͓͚Δωο

τϫʔΫڥ؀ઃఆͱ௚઀ൺֱՄೳͳͨΊͰ͋Δɽ੍ݶ௨৴

ଳҬ͕มԽ͢Δ৔߹ɼ௨৴ଳҬʹΑͬͯϓϩτίϧબ୒ؔ

਺ʹ༻͍Δੑೳ্޲ൺͷᮢ஋ͷάϥϑΛ੾Γସ͑ΔͳͲͷ

ํ๏͕͑ߟΒΕΔɽ͔͠͠ɼܭଌʹΑͬͯಘΒΕΔεϧʔ

ϓοτ͸੍ݶ௨৴ଳҬ͚ͩͰ͸ͳ͘ɼύέοτϩεͱ௨৴

஗Ԇ͕ؔ༩͢ΔͨΊɼͲͷ௨৴ଳҬͷੑೳ্޲ൺάϥϑΛ

༻͍Ε͹Α͍͔൑அ͕೉͍͠ɽͱ͸͍͑ɼ࣮ࡍͷΠϯλʔ

ωοτͰ͸ΫϥΠΞϯτͱͷεϧʔϓοτ͸ͦΕͧΕͷΫ

ϥΠΞϯτ͝ͱʹҟͳΔͨΊɼ௨৴ଳҬͷྀߟ͸ඞͣඞཁ

ͱͳͬͯ͘ΔɽͦͷͨΊɼޙࠓ͸ΑΓৄࡉʹੑೳධՁΛ෼

ੳ͢ΔͳͲͯ͠ɼ௨৴ଳҬΛྀͯ͠ߟϓϩτίϧબ୒Λߦ

͏͜ͱΛݕ౼͢Δɽ

5.3 HTTP/2͔ΒHTTP/3΁ͷ੾Γସ͑

ຊڀݚͷఏҊख๏࣮૷Ͱ͸ɼωοτϫʔΫڥ؀Λଌఆ͢

Δͷ͸ HTTP/3ͱͨ͠ɽHTTP/3͸ϢʔβۭؒͷΞϓϦ

έʔγϣϯͷΈͰ࣮૷͞Ε͍ͯΔͨΊɼϦΫΤετ͝ͱͷ

ύέοτͷૹ৴਺΍ύέοτϩεͷݕ஌ͳͲΛൺֱత༰қ

ΔɽҰํɼHTTP/2Ͱಉ༷ͷ͍ͯ͠༺࠾Δ͜ͱ͔Β͑ߦʹ

ଌఆΛ͏͓ߦͱͨ͠৔߹ɼTCPελοΫ͕Χʔωϧʹ࣮

૷͞Ε͓ͯΓγεςϜίʔϧΛ༻͍ͯύέοτΩϟϓνϟ

Λ͏ߦඞཁ͕͋Δ্ɼHTTP/2Ͱ੍͞ޚΕΔετϦʔϜͱ

ͷରԠ෇͚΋ඞཁͱͳΓඇৗʹෳࡶʹͳͬͯ͠·͏͜ͱ͔

Β࣮૷Λݟૹͬͨɽ

͜ΕʹΑΓɼຊఏҊख๏ධՁͷ࣮૷Ͱ͸ɼHTTP/2͕બ

୒͞Εͨ৔߹ɼͦͷޙωοτϫʔΫ͕ڥ؀ѱԽ͠ HTTP/3

͕༏Ґͳঢ়گʹͳͬͨͱͯ͠΋ɼHTTP/2͔Β HTTP/3

΁ͷϓϩτίϧͷ੾Γସ͕͑αʔόଆ͔Βଅ͞Εͳ͍ͱ

͍͏໰୊͕͍ͯͬ࢒ΔɽͦͷͨΊɼޙࠓ͸ HTTP/2Ͱ΋

ωοτϫʔΫڥ؀ͷଌఆΛ࢓͏ߦ૊ΈΛ࣮૷͠ɼHTTP/2

͔Β HTTP/3΁ͷ੾Γସ͑Λ࣮͢ݱΔํ๏Λݕ౼͢Δඞ

ཁ͕͋Δɽ

6. ͓ΘΓʹ

ຊڀݚͰ͸ɼ༷ ʑͳωοτϫʔΫڥ؀ͰͷHTTP/2͓Α

ͼHTTP/3ͷੑೳධՁΛ͍ߦɼωοτϫʔΫ͝ڥ؀ͱʹ͍

ͣΕͷϓϩτίϧ͕ੑ͍ߴೳΛ͔ࣔ͢Λਫ਼ࠪͨ͠ɽͦͷ݁

Ռɼ௿௨৴ଳҬͷωοτϫʔΫͰ͸ຆͲͷঢ়گͰ HTTP/3

ͰڥೳΛࣔ͢Ұํɼ௿஗Ԇɾ௿ύέοτϩεͳ؀ੑ͍ߴ͕

͸޿௨৴ଳҬʹͳΔʹͭΕɼHTTP/2͕ੑ͍ߴೳΛࣔ͢͜

ͱΛ֬ೝͨ͠ɽ

͞Βʹ্ੑهೳධՁͷ݁ՌΛݩʹɼHTTP/3͕ओʹߴ

඼࣭ͳ޿௨৴ଳҬωοτϫʔΫʹ͓͍ͯɼHTTP/2ΑΓ

΋௿͍ੑೳΛࣔ͢͜ͱʹ஫໨͠ɼαʔόɾΫϥΠΞϯτؒ

ͷωοτϫʔΫڥ؀ʹԠͯ͡ಈతʹར༻͢ΔϓϩτίϧΛ

αʔόଆओମͰબ୒͢Δ͜ͱͰɼଟ͘ͷωοτϫʔΫڥ؀

Ͱίϯςϯπϩʔυؒ࣌Λ͢ݮ࡟Δख๏ΛఏҊͨ͠ɽఏҊ

ख๏Λ࣮૷ධՁͨ݁͠Ռɼ࠷ѱέʔεʹ͓͚Δίϯςϯπ

ϩʔυؒ࣌Λ ՄೳͰ͋Δ͜ͱΛࣔͨ͠ɽݮ࡟27.8%
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