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Weave tile: 1ສࢹ؂λʔήοτͷ४ϦΞϧλΠϜՄࢹԽ
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Weave tile: Near real time processing and visualization
for massive monitoring target

Hiroshi Abe1,a) Toru Furusawa1,b) Kazuya Okada2,c)

Abstract: Many containers use as instances of microservices due to the popularity of container infrastruc-
ture. The number of instances that operators must manage has increased when compared to managing
existing virtual machines. Also, a large number of instances, such as IoT devices, edge computing equipment
and connected cars, actively connect to the network, and send and receive data. In this study, operators
monitor relatively large 10,000 targets in near real-time, which is difficult for operators to monitor with
existing monitoring systems. We propose ”Weave tile”, a mechanism to visualize monitoring results in near
real-time.
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ίϯςφج൫ͷྲྀߦʹΑΓɼଟ͘ͷίϯςφ͕ϚΠΫϩ

αʔϏεͷΠϯελϯεͱͯ͠ར༻͞Ε͍ͯΔɽ͜ΕʹΑ

ΓطଘͷԾ૝Ϛγϯͱൺֱͨ͠৔߹ɼӡ༻ऀ͕؅ཧ͠ͳ͚
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λͷૹड৴Λੈ͏ߦքͱͳ͖ͬͯͨɽ͜ΕʹΑΓωοτ

ϫʔΫ΁ͱ઀ଓ͞ΕΔΠϯελϯεͷࠓ͕ࢹ؂·ͰͷΑ͏

ͷͰ͸ͳ͘ɼΤʔ͏ߦʹγεςϜଆ͔ΒΞΫςΟϒࢹ؂ʹ

δΣϯτΛࢹ؂Πϯελϯε಺΁ͱ༻ҙ͠ɼࢹ؂γεςϜ

ଆͰσʔλΛड͚औΓࢹ؂Λ͏ߦύογϒࢹ؂ܕγεςϜ

΍ϞχλϦϯά Software as a Service (SaaS) ͕૿Ճͯ͠

͖ͨɽ

ΞΫςΟϒͳࢹ؂΍ΤʔδΣϯτࢹ؂ܕΛ༻͍Δ৔߹ɼ

Λࢹ؂͍ͯ༺γεςϜӡ༻ऀ͸ओʹμογϡϘʔυΛࢹ؂

దԽ࠷຿Λۀʹ৘ใΛू໿͠ɼӡ༻ʹ໾ཱͭΑ͏͍͍ͨߦ

͢Δɽ͔͠͠ͳ͕Βɼࢹ؂λʔήοτ͕େྔʹଘ͢ࡏΔ৔

߹ʹ͸ɼ৘ใΛશͯҰݩతʹදࣔ͢Δ͜ͱ͸೉͘͠ɼ౷ܭ

৘ใ౳Λ༻͍ͨμογϡϘʔυͷදࣔΛ͜͏ߦͱ͕ଟ͍ɽ
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େ෦෼ͷۀࢹ؂຿͸౷ܭ৘ใͷΈͰ࠷దԽՄೳͰ͋Δ͕ɼ

ඞཁ͕͋Δ৔͏ߦΛࢹʑͷΠϯελϯεʹ஫ྗͯ͠؂ݸ

߹ɼ͔ͭͦͷΠϯελϯε͕େྔͷΤϯςΟςΟͰ͋Δ৔

߹ʹ͸දࣔํ๏Λ޻෉͠ͳ͚Ε͹ɼࢹ؂৘ใͷܽམ͕ൃੜ

͠ো֐΁ͷରԠ͕஗Ԇ͢ΔՄೳੑ͕͋Δɽ

ର৅ͷλʔήοτ਺͕ଟ͘ͳͬͨ৔߹ʹ͸ɼμοࢹ؂

γϡϘʔυΛ༻͍ͯ౷ܭతͳ৘ใΛࢹ؂ʹجΛ͏ߦ৔߹͕

͋Δɽಛʹࢹ؂λʔήοτ਺͕ലେͳ৔߹ʹ͸ɼݸʑͷ؂

Δ͜ͱ͸ͤͣɼҟৗݟʹత֮ࢹର৅ΛμογϡϘʔυͰࢹ

ಛఆλʔήοτ͕ҟৗͰ͋Δͱ͍͏৘ใͷΈΛදࣔ͢ʹ࣌

Δ৔߹͕ଟ͍ɽ͔͠͠ͳ͕Βɼಛఆλʔήοτͷҟৗ͕޿

ൣғʹൃੜͨ͠৔߹ʹҟৗঢ়ଶͷ௨஌͕େྔʹߦΘΕɼಛ

ఆ৘ใͷΈΛදࣔ͢Δͱ͍͏໨తͰ͋ͬͨӡ༻͸ഁ୼͢Δ

Մೳੑ͕͋Δɽ෦෼తͳো֐΍େن໛ͳো֐Λ௚ײతʹࢹ

֮తʹଊ͑Δʹ͸ɼࢹ؂λʔήοτશମΛݟΔߦҝ͕ඞཁ

ʹͳΔɽຊڀݚͰ͸ʮ໦Λͯݟ৿Λͣݟʯͳঢ়ଶ΍ʮ৿Λ

֮ࢹΛࢹΔʯ؂ݟ৿ΛͯݟʯͰ͸ͳ͘ɼʮ໦Λͣݟ໦Λͯݟ

తʹ࣮͢ݱΔɽ

γεςϜ͕ࢹ͸؂ִؒࢹΔɽ؂͑ߟͷִؒΛࢹ؂ʹ࣍

σʔλΛड৴͠ॲཧΛؒ࣌͏ߦΛྀ͠ߟɼࢹ؂λʔήοτ

਺΍߲ࢹ؂໨ͷ࠷େ஋͕ػࢉܭεϖοΫʹΑܾͬͯఆ͢

Δɽ௿͍εϖοΫͷػࢉܭͰ͸ɼେྔͷσʔλΛड৴͢Δ

͚ͩͰɼCPUϦιʔε΍ωοτϫʔΫଳҬ͕಄ଧͪͱͳ

ΔɽՄೳͰ͋ΔݶΓɼࢹ؂λʔήοτͱ߲ࢹ؂໨Λେྔʹ

ू໿͠ɼগͳ͍ࢉܭϦιʔεͰ࠷େͷू໿ޮ཰Λ͋͛Δ͜

ͱ͕ར༻ίετΛ͑ߟΔ্Ͱ͸༗ӹͰ͋ΔɽΫϥ΢υڥ؀

Ͱ͋Ε͹ɼࢹ؂Λػࢉܭ͏ߦͷεϖοΫ͸εέʔϧΠϯɾ

εέʔϧΞ΢τ͢ΔઓུΛऔΓ΍͍͕͢ɼεέʔϧΠϯɾ

εέʔϧΞ΢τͷͲͪΒΛͱͬͯ΋ར༻ίετͷ૿Ճ͸໔

Εͳ͍ɽ

ຊڀݚͰ͸ՄೳͳݶΓɼػࢉܭͷੑೳΛ࠷େݶʹҾ͖ग़

໨Λ૿΍͢ΞϓϩʔνΛͱΔɽ໨ඪͱͯ͠ɼ1ສ߲ࢹ؂͠

λʔήοτͷεςʔλεࢹ؂σʔλΛຖඵड৴͠ɼฒ͠ߦ

ͯશࢹ؂λʔήοτΛ֮ࢹ৘ใͱͯ͠਺ඵ஗Εͷ४ϦΞϧ

λΠϜॲཧʹ֮ͯࢹԽ͢Δɽ͜ͷγεςϜΛʮWeave tileʯ

ͱ໊෇͚Δɽ

2. ؔ࿈ڀݚ

ΦϯϓϨϛεڥ؀Ͱར༻͞ΕΔ͜ͱ͕ଟ͍ɼSNMPΛ

༻͍ͨ Zabbix[1]΍ Nagios[2]ͱ͍ͬͨࢹ؂γεςϜͰ͸ɼ

σʔλऔಘͷϙʔϦϯάִؒΛ 1෼͔Β 5෼ͷΑ͏ʹઃఆ

͢Δ͜ͱ͕Ͱ͖Δɽ͜Ε͸σʔλऩूλʔήοτͷ਺ʹΑ

ΓऩूִؒΛઃఆ͢Δ͜ͱͱɼऩू͢Δσʔλͷղ૾౓ʹ

ΑΓִؒΛઃఆ͢Δ͜ͱ͕Ͱ͖Δɽ͜ΕΒͷࢹ؂γεςϜ

Ͱ͸ΤʔδΣϯτ͔ΒຖඵσʔλΛड͚औΔ͜ͱ΍ɼϙʔ

ϦϯάΛ 1ඵ୯ҐͰ͜͏ߦͱ͸͑ߟΒΕ͓ͯΒͣɼ෼୯Ґ

ͱ͍͏ൺֱతִؒͷ௕͍෯ͰͷσʔλऔಘΛ͏ߦɽٯʹϦ

ΞϧλΠϜੑΛٻΊΔ৔߹ʹ͸ SNMP TrapΛ༻͍ͨ৘ใ

औಘΛ͍ߦɼ؅ཧऀ΁ͱ௨஌͢ΔΞϓϩʔνΛͱΔɽ

ʹ࣍ SaaSαʔϏεͰ͋Δ DataDog[3]΍Mackerel[4]ͱ

γεςϜͰ͸ɼSNMPΛར༻ͨ͠ϙʔϦϯάࢹ؂͍ͨͬ

γεςϜͱ͸ҧ͍جຊతʹࢹ؂ର৅ʹΠϯετʔϧ͞Εͨ

ΤʔδΣϯτϕʔεͰͷߦ͕ࢹ؂ΘΕΔɽ͜ΕʹΑΓ৘ใ

ऩूִؒ͸ΤʔδΣϯτͷىಈλΠϛϯάͰ੍͞ޚΕΔɽ

ΞϓϦέʔγϣϯύϑΥʔϚϯεϞχλϦϯάΛ͜͏ߦͱ

΋Մೳͳ৔߹͕ଟ͘ɼ5ඵ୯Ґ͔Βͱ͍ͬͨൺֱత͍͔ࡉ

ղ૾౓Ͱࢹ؂σʔλΛૹ৴͢Δ͜ͱ͕ՄೳͱͳΔɽ

߸σʔλͷ഑ૹʹ͸ɼSNMPΛ༻͍ͨดҬ໢Ͱͷ҉ࢹ؂

ԽΛߦΘͳ͍ UDPΛ༻͍ͨऩू΍ɼΤʔδΣϯτʹΑΔ

TCPͱ TLSΛ༻͍ͨ҉߸Խσʔλͷૹ৴ͳͲ͕͋Δɽ·

ͨɼσʔλΛऔಘ͙͢ޙʹσʔλૹ৴Λ܁Γฦͨ͢Ίʹɼ

σʔλ͕ૹ৴͞ΕΔ͜ͱΛอূ͢ΔMQTTΛར༻͢Δ৔

߹΍ɼ͞Βʹ MQTT Λվྑ͠ɼ֊૚ԽʢσόΠε/Το

δ/Ϋϥ΢υͷ̏૚ߏ଄ʣ΍ P2Pͷٕज़ΛԠ༻ͨ͠෼ܕࢄ

MQTTͳͲͷߦ͕ڀݚΘΕ͍ͯΔ [5]ɽ

ऩू͞ΕΔσʔλ͸ɼRRDTool[6]ͷ༷ʹɼ໊ લʹࣔ͞Ε

ΔΑ͏ͳ॥؀ͨ͠ྖҬΛܾΊΒΕͨൣғͰ্ॻ͖͍ͯ͘͠

σʔλߏ଄͕༻͍ΒΕͨΓɼσʔλϕʔε΁ͱεΩʔϚΛ

ఆ্ٛͨ͠Ͱ֨ೲ͞ΕΔ৔߹΍ɼྻܥ࣌σʔλϕʔεͷ༷

ྻܥ࣌ಛԽͨ͠σʔλอଘख๏͕ར༻͞ΕΔɽʹྻܥ࣌ʹ

σʔλอଘΛ࠷దԽ͢ΔͨΊʹɼෳ਺ͷσʔλϕʔεΛ༻

͍ͨ HeteroTSDB[7]ͱ͍͏࣮૷΋ଘ͢ࡏΔɽอଘ͞ΕΔ

σʔλ͕ϩάࣜܗͷ৔߹ʹ͸ɼHayabusa[8]ͷ༷ͳ SQLite

ϑΝΠϧ΁ͷॻ͖ࠐΈͱฒྻࡧݕख๏͕༻͍ΒΕ৔߹΋

͋Δɽ

σʔλͷ஝ੵ΍ॲཧɼऔಘִؒʹ͸ෳ਺ͷϝτϦοΫ͕

ΒΕΔɽIoMT[9]ͱ͍͏Ωʔϫʔυʹ͓͍ͯαʔϏε͑ߟ

෼ྨ͞Ε͓ͯΓɼͲͷαʔϏε͕Ͳͷఔ౓ͷ൓Ԡ଎͕ྫࣄ

౓ͰԠ౴͢Δ΂͖͔͞࡯ߟΕ͍ͯΔɽαʔϏεͷԠ౴଎౓

ͷࢹ఺ͰσʔλͷҰ؏ੑ΍ॲཧੑೳΛྀ͢ߟΔඞཁ͕͋

ΓɼͦΕʹΑͬͯσʔλͷऩूํ๏΍஝ੵํ๏Λબ୒͢Δ

ඞཁ͕͋Δɽ

ΑΓϦΞϧλΠϜʹ͍ۙσʔλղੳ΍ՄࢹԽʹؔͯ͠ɼ

Open Source Software (OSS) ͱͯ͠ NETDAT[10]͕ެ։

͞Ε͍ͯΔɽ

3. ઃܭ

3.1 ΞʔΩςΫνϟ

ਤ 1ʹWeave tileͷΞʔΩςΫνϟΛࣔ͢ɽWeave tile

Ͱ͸ɼࢹ؂ର৅ͱͳΔΫϥΠΞϯτ͔ΒϋʔτϏʔτύ

έοτΛड͚औΔɽϋʔτϏʔτύέοτ͸ɼΫϥΠΞϯ

τͷεςʔλεΛه࿥͢ΔύέοτͰ͋Γɼ1ඵʹ 1ճΫ

ϥΠΞϯτΑΓૹग़͞ΕΔɽϋʔτϏʔτύέοτΛड͚

औΔ࢓૊Έͱͯ͠ reciever͕σʔϞϯϓϩηεͱͯ͠ಈ࡞

͢Δɽreciever͸ΫϥΠΞϯτ͔Βड͚औͬͨϋʔτϏʔ

τύέοτΛετϨʔδ΁ͱه࿥͢ΔɽϋʔτϏʔτύ
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ਤ 1 Weave tile ͷΞʔΩςΫνϟ

Fig. 1 Weave tile architecture

έοτ͸ҎԼͷࣜܗͰද͞ΕΔɽ

• ʢunixtimeʣؒ࣌

• ΫϥΠΞϯτࣝผࢠʢ੔਺஋ʣ
• εςʔλεʢ0,1,2ͷ਺஋ʣ

͜͜Ͱද͞ΕΔεςʔλε৘ใ͸ɼҎԼ 3छྨʹఆΊΔɽ

• 0: ਖ਼ৗ

• 1: ෦෼ނো

• 2: ҟৗ

কདྷతʹ͞ΒʹεςʔλεΛ௥Ճ͢Δ͜ͱ͸ՄೳͰ͸͋

Δ͕ɼຊڀݚͰ͸ 3छྨҎ্ͷҙຯ͸ͤͨ࣋ͳ͍ɽ

ɼϋʔτϏʔτύέοτʹ͸UDPΛબ୒͢ΔɽTCPʹ࣍

Λબ୒͠ͳ͍ཧ༝ʹ͸ɼ઀ଓͷ୲อͷͨΊൃੜ͢ΔΦʔό

ϔουͱ҉߸ԽΦʔόϔουͷ̎఺Λ͋͛ΔɽTCPΛ༻

͍Δ৔߹ʹ͸ɼαʔόͱͷ઀ଓੑ͕୲อ͞ΕΔɽ͔͠͠ͳ

͕Β઀ଓੑ͸ҡ࣋͞ΕΔ͕ 3-way handshakeͷΦʔόϔο

υ͕͔͔Γɼ͔ͭωοτϫʔΫ͕ෆ҆ఆʹͳͬͨ৔߹ʹ͸

᫔᫓͕ൃੜ͠ɼσʔλͷ౸ୡʹҙਤͤͣ஗Ԇ͕ൃੜ͢Δ৔

߹͕͋Δɽ·ͨ҉߸ԽΦʔόϔουʹؔͯ͠͸ɼຊ࣮ݧΛ

ωοτϫʔΫ͸ดҬͰ͋ΔͱԾఆ͠ɼຊ՝୊͔Β͸৚͏ߦ

݅ͱͯ͠ഉআ͢ΔɽUDPΛ༻͍Δ͜ͱͰɼTCPͱൺֱ͠

ͨ৔߹ʹσʔλ౸ୡੑͷอূ͕ͳ͘ͳΔ͕ɼΫϥΠΞϯτ

͸ 1ඵʹ 1౓ϋʔτϏʔτύέοτΛૹ৴͢ΔͨΊσʔλ

ͷଛࣦ͕ෆఆظʹൃੜͨ͠৔߹ʹɼࣗࢹ؂ମʹӨڹ͸ͳ͍

ͱ൑அ͢ΔɽUDPΛ༻͍ͯൃੜ͢Δத௕ظͷؒظɼϋʔ

τϏʔτύέοτ͕౸ୡ͠ͳ͔ͬͨ৔߹ͷࢹ؂ʹ͍ͭͯ΋

ຊڀݚͰ͸ର৅֎ͱ͢Δɽ

graph generator͸஝ੵ͞ΕͨϋʔτϏʔτύέοτΛ

ಡΈࠐΈ unixtimeͰද͞هΕͨ֘౰ؒ࣌ 1ඵ୯Ґͷը૾

Λ PNGϑΝΠϧͱͯ͠ੜ੒͢Δɽੜ੒͞Εͨ PNGϑΝ

Πϧ͸ɼ࠷ऴతʹ݁߹͞ΕΞχϝʔγϣϯGIFϑΝΠϧͱ

ͯ͠·ͱΊ͋͛ΒΕอଘ͞ΕΔɽอଘ͞ΕͨΞχϝʔγϣ

ϯGIFϑΝΠϧ͸ɼWebαʔόʢhttpdαʔόʣͷίϯς

ϯπͱͯ͠ϒϥ΢βʹදࣔՄೳͳࣜܗͰఏ͞ڙΕΔɽ

ੜ੒͞ΕΔ PNGը૾͸ɼλΠϧঢ়ͷը૾ͱͯ͠εςʔ

λε৘ใΛද͢ݱΔɽλΠϧঢ়ͷը૾ͱͯ͠ද͢ݱΔཧ༝

ਤ 2 ੜ੒͞ΕΔλΠϧը૾

Fig. 2 Generated tile image

ʹؔͯ͠͸ɼଟ਺ͷࢹ؂ର৅Λಉࢹʹ࣌ೝ͢Δ͜ͱ͕Մೳ

Ͱ͋Δ͜ͱ΍ɼ1ສࢹ؂λʔήοτͱ͍͏໨ඪ஋ʹରͯ͠

100 x 100ͷܗঢ়ͰදݱՄೳͳࣜܗͱͯ͠ը૾Λੜ੒͠΍

͍͢఺ͳͲ͕͋͛ΒΕΔɽਤ 2ʹɼੜ੒͞ΕΔը૾Πϝʔ

δΛ͋͛Δɽ͜͜Ͱͷ഑৭͸ɼεςʔλεͷ਺஋৘ใʹΑ

ΓมԽ͢Δɽ

ϋʔτϏʔτύέοτΛ͍ͨ͠ࢹ؂Ϣʔβ͸ɼWebαʔ

ό΁ͱΞΫηε͢Δ͜ͱͰɼΫϥΠΞϯτͷεςʔλε৘

ใΛλΠϧը૾ͱͯ֬͠ೝ͢Δ͜ͱ͕Ͱ͖Δɽ

4. ࣮૷

ຊڀݚͰ͸ reciverΛಠ࣮ࣗ૷ͤͣɼ͢Ͱʹ࠷దԽ͞Ε

͍ͯΔͰ͋Ζ͏ syslogϓϩτίϧ [11]ʹ৐ͬऔ࣮ͬͨ૷

Λར༻͢Δ͜ͱͰɼϋʔτϏʔτύέοτΛޮ཰తʹड৴

͠ɼϑΝΠϧ΁ͱߴ଎ʹॻ͖ࠐΉख๏ͱͯ͠ rsyslogd[12]

Λબ୒͢Δɽ

4.1 ΫϥΠΞϯτ

ຊ࣮૷ͰΫϥΠΞϯτ͸UDPύέοτΛ reciver΁ͱૹ

৴͢ΔɽΫϥΠΞϯτ͸ɼ1ඵؒʹ 1ϋʔτϏʔτύέο

τΛૹ৴͢Δɽຊ࣮ݧͰ͸ 1ສΫϥΠΞϯτ͔Βͷϋʔτ

Ϗʔτύέοτͷड৴Λ reciver͸૝ఆ͢ΔͨΊɼඵؒ 1ສ

ύέοτ (10,000pps)ͷૹ৴ΛΫϥΠΞϯτ͔Β͏ߦɽ͜

ͷΑ͏ͳύέοτૹ৴Ͱ͋Ε͹ɼن໛͕େ͖͍৔߹ʹ͸ς

ελʔΛ༻͍Δͷ͕࠷దͰ͸͋Δ͕ɼຊ࣮ݧ͸ൺֱతখن

໛ͷͨΊɼ1ΫϥΠΞϯτϓϩάϥϜΑΓ 10,000ppsͷύ

έοτͷૹ৴Λ࣮૷ͨ͠ɽ

ਤ 3͸ɼΫϥΠΞϯταϯϓϧϓϩάϥϜͷൈਮͰ͋Γɼ
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1 func main() {

2 cpus := runtime.NumCPU ()

3 runtime.GOMAXPROCS(cpus)

4

5 conn , err := net.Dial("udp", "reciver ip

addr :514")

6 if err != nil {

7 os.Exit (1)

8 }

9 defer conn.Close()

10

11 var utime = ελʔτͷunixtime

12 var target = 10000

13 var sec = 60

14

15 rand.Seed(time.Now().Unix())

16

17 for i :=0; i < sec; i++ {

18 for ii :=0; ii < target; ii++ {

19 msg := fmt.Sprintf ("%d %d %d",

utime , ii, rand.Intn (3))

20 go conn.Write ([] byte(msg))

21 }

22

23 utime++

24 time.Sleep(time.Millisecond * ૹ৴ִؒ஗
ԆϛϦඵ)

25 }

26 }

ਤ 3 ΫϥΠΞϯτιʔείʔυ

Fig. 3 Client code

golangΛ༻͍࣮ͯ૷ΛͨͬߦίʔυͰ͋Δɽ10,000ppsΛ

େ஋෼ͷϓϩηεΛੜ࠷ΔͨΊɼCPUͷίΞ਺ͷ͢ݱ࣮

੒͠ɼฒྻʹ UDPύέοτΛੜ੒͠ग़ྗΛ͏ߦɽεςʔ

λε͸ɼదٓϥϯμϜʹੜ੒͞ΕΔɽ1ඵִؒͰύέοτ

ૹ৴Λ͏ߦҝʹɼඞཁ਺ඵૹ৴Λܧଓ͢Δ৔߹ʹ͸ɼదٓ

1ඵऑͷ஗ԆΛૠೖ͢Δɽ

4.2 reciever

ຊڀݚͰ͸ɼreceiverͱͯ͠ rsyslogdΛબ୒ͨ͠ɽUDP

ύέοτΛड৴͠ɼϑΝΠϧ΁ͱॻ͖ࠐΉͱ͍͏ಈ࡞Ͱ͋

Ε͹ɼrsyslogdΛ༻͍Δඞཁ͕ͳࣗ͘લͰ࣮૷ՄೳͰ͋Δɽ

rsyslogdΛ࠾༻ͨ͠ཧ༝͸ʮίϞσΟςΟιϑτ΢ΣΞʯ

Ͱ͋Δ͜ͱͱʮ࠷దԽ͞Εͨιϑτ΢ΣΞʯͰ͋Δ 2఺Ͱ

͋Δɽ

rsyslogd͸ Ubuntu΍ CentOSΛ͸͡Ίଟ͘ͷ Linuxσ

ετϦϏϡʔγϣϯͰඪ४తͳ syslogΛѻ͏ιϑτ΢ΣΞ

ͱͯ͠όϯυϧ͞Ε͍ͯΔɽ·ͨ syslogϓϩτίϧ [11]͸ɼ

Internet Engineering Task Force (IETF) ʹΑΓ Request

for Comments (RFC) ͱͯ͠ఆٛ͞Εɼ͘޿ଟ͘ͷιϑτ

$IncludeConfig /etc/rsyslog.d/template.conf

:fromhost -ip , isequal , "client ip address" -/

var/log/remote -udp.log;status

& ~

ਤ 4 rsyslogd ͷઃఆ

Fig. 4 rsyslogd configuration

΢ΣΞ΍ΞϓϥΠΞϯεͰར༻͞ΕɼϩάΛग़ྗ͢Δɼ·

ͨ͸ऩू͢Δ্Ͱඪ४తʹར༻͞ΕΔϓϩτίϧͰ͋Δɽ

͜ΕΒΛྀ͢ߟΔͱɼrsyslogdΛར༻͢Δ͜ͱ͸ඪ४Խʹ

ैͬͨίϞσΟςΟιϑτ΢ΣΞΛ࠾༻͢Δ͜ͱΛҙຯ

͢Δɽ

ʹ࣍ rsyslogd͸େྔͷϩάΛड͚ΔͨΊʹɼଟ͘ͷ࢓૊

Έ͕උΘ͍ͬͯΔɽrsyslogdࣗ਎ʹΩϡʔΠϯάͷ࢓૊Έ

͕૊Έࠐ·Ε͓ͯΓɼϝοηʔδͷऔΓ͜΅͕͠গͳ͍ɽ

͞Βʹڥ؀ʹ߹ΘͤɼΩϡʔͷ௕͞΍ॲཧͷύϥϝʔλΛ

มԽͤ͞Δ͜ͱͰɼੑೳΛେ෯ʹ্ͤ͞޲Δ͜ͱ͕Ͱ͖

Δɽड৴ιϑτ΢ΣΞΛࣗ਎Ͱ࡞੒͢Δ৔߹ɼΩϡʔͷ࣮

૷ɼτϥϒϧ࣌ͷΩϡʔσʔλͷอଘ΍෮ݩͳͲɼຊγε

ςϜͱͯ͠໨͍ͨ͠ࢦ෦෼ͱ͸ҧ͏෦෼ʹ࿑ྗׂ͕͔ΕΔ

ͨΊɼຊڀݚͰͷड৴ϓϩάϥϜͷࣗ࡞͸ݟૹΔɽকདྷత

ʹɼrsyslogdͰύϑΥʔϚϯεͷ໰୊͕ൃੜͨ͠৔߹ʹ͸

ɽ͏ߦΛߟ࠶

rsyslogdࣗ਎ͷνϡʔχϯά͸ߦΘͣɼΫϥΠΞϯτ͔

Βड͚औͬͨύέοτΛ syslogύέοτͱٖͯ͠ଶΛߦ

͍ɼϩάϑΝΠϧ΁ͱॻ͖ࠐΈΛ͏ߦɽrsyslogdͷઃఆ͸

ਤ 4ͱͳΔɽ·ͨɼrsyslogd.conf͔ΒಡΈࠐ·ΕΔςϯϓ

ϨʔτϑΝΠϧΛҎԼͷ௨Γఆٛ͢Δɽ✓ ✏
$template status, "%HOSTNAME% %syslogtag% %msg%\n"✒ ✑

͜ͷఆٛʹΑΓɼΫϥΠΞϯτ IPΞυϨε͔Β౸ண͢Δ

ϋʔτϏʔτύέοτ͸ syslogύέοτͱಉ౳ʹॲཧ͞

Εɼʮunixtime ΫϥΠΞϯτ ID εςʔλεʯͷࣜܗͰϑΝ

Πϧ΁ͱه࿥͞ΕΔɽ

۩ମతʹɼrsyslogdʹΑΓϩάϑΝΠϧ΁ͱهड़͞ΕΔ

಺༰͸ҎԼͷςΩετࣜܗͱͳΔɽ✓ ✏
1578458878 1 2

1578458878 16 1

1578458878 7 2

1578458878 8 0

...✒ ✑
͜Ε͸ɼςϯϓϨʔτϑΝΠϧͷఆٛʹ͍ͨͮجϑΥʔϚο

τͰ͋ΓɼCSV ͱಉ౳ͷ Space-Separated Values (SSV)

ͱͳΔɽΫϥΠΞϯτ͕ੜ੒͢Δࣜܗ UDPύέοτ͸ฒ

ྻૹ৴͞Ε͍ͯΔͨΊɼ౸ணͷॱংอূ͸ͳ͘ϩάʹॻ

ΕɼΫϥΠΞϯτ·ࠐ͖ ID͸౸ணॱʹϥϯμϜʹه࿥͞
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ΕΔɽ

4.3 ϩάͷϩʔςʔγϣϯ

receiver (rsyslogd)Ͱϩάͱͯ͠ CSVσʔλΛ֨ೲ͢Δ

ϑΝΠϧ͸ɼLinuxͷϩάϩʔςʔγϣϯͷ࢓૊Έʢlogro-

tate σʔϞϯʣΛ༻͍ͯ 1 ෼୯ҐͰ৽͍͠ϑΝΠϧ΁ͱ

ϩʔςʔτ͞ΕΔɽ͜Ε͸ 1ͭͷϩάϑΝΠϧ΁ͷ௥هΛ

େԽ͢Δ͜ͱڊଓ͚Δ͜ͱʹΑΓɼϩάσʔλࣗମ͕͍ߦ

Λ๷͙ҙਤ͕͋Δɽ͜ͷ࢓૊ΈʹΑΓɼ1෼ʹ 1ϑΝΠϧ

৽͍͠ CSVσʔλϑΝΠϧ͕ੜ੒͞ΕΔ͜ͱʹͳΔɽ

4.4 graph generator

graph generatorʹ͸ॲཧ͕ෳ਺ଘ͢ࡏΔɽҎԼʹɼgraph

generatorͷ۩ମతͳۀ࡞ϑϩʔΛ໌͢هΔɽ

( 1 ) ϩάϑΝΠϧ͔ΒͷσʔλͷಡΈࠐΈ

( 2 ) σʔλͷιʔτ

( 3 ) ఆ͞Εͨඵ୯Ґͷσʔλͷൈ͖ग़͠ࢦ

( 4 ) σʔλΛ഑ྻ΁స׵

( 5 ) ഑ྻσʔλ͔Β PNGը૾Λੜ੒

( 6 ) ੜ੒ࡁΈ PNGը૾܈ΛGIFΞχϝʔγϣϯ΁ͱม׵

ຊ࣮ݧͰ͸ɼ্هॲཧΛ࣮͢ݱΔͨΊʹ graph generator

Λ Python 3Ͱ࣮૷͢Δɽ(1), (2), (3), (4)ͷॲཧΛͨ͏ߦ

ΊɼPythonͷ PandasϥΠϒϥϦ [13]Λ༻͍ΔɽPandas

͸ɼPythonͰσʔλղੳΛࢧԉ͢ΔػೳΛఏ͢ڙΔϥΠ

ϒϥϦͰ͋Δɽಛʹɼ਺ද͓Αͼྻܥ࣌σʔλΛૢ͢࡞Δ

ͨΊͷσʔλߏ଄ͱԋࢉΛఏ͢ڙΔɽ

ਤ 5ʹɼ(1)͔Β (4)·ͰͷॲཧΛࣔ͢ɽ͜͜Ͱ͸ɼPan-

das DataframeͷػೳΛ༻͍ϑΝΠϧ͔ΒಡΈग़ͨ͠σʔ

λʹ’time’, ’id’, ’status’ͷ 3ͭͷΧϥϜ໊Λ෇͚Δɽ࣍ʹ

σʔλΛؒ࣌ͱΫϥΠΞϯτࣝผࢠͰιʔτ͠ɼάϥϑੜ

੒ؔ਺ (create graph)΁ͱσʔλͱҾ਺ͷؒ࣌Λ౉͢ɽά

ϥϑੜ੒ؔ਺͸ɼड͚औͬͨύϥϝʔλͷத͔ΒҾ਺ͱ͠

ͯ౉͞Εͨ֘౰ؒ࣌ͷσʔλΛൈ͖ग़͠ɼ100 x 100ͷ഑

ྻ΁ͱσʔλΛม͢׵Δɽ

,ɼ(5)ʹ࣍ (6)ͷը૾ੜ੒ॲཧ΁ͱҠΔɽ(5)ͷॲཧͰੜ

੒͞ΕΔը૾͸ɼ(4)ͷॲཧͰඵ୯Ґͷؒ࣌ͷύϥϝʔλ

ຖʹੜ੒͞ΕɼPNGϑΝΠϧͱͯ͠อଘ͞ΕΔɽ͜ͷॲ

ཧ͸ɼMatplotlibͷػೳΛ༻͍࣮ͯ૷Λͨͬߦɽਤ 5ͷྫ

Ͱ͸ɼrange(10)Ͱ 10ճͷϧʔϓΛॲཧ͢ΔͨΊɼελʔ

τͷ unixtime͔Β 10ඵޙ·Ͱͷը૾͕ੜ੒͞ΕΔɽ

(6)ʹؔͯ͠͸ɼਤ 6ʹࣔ͢Α͏ʹੜ੒͞Εͨը૾Λ·

ͱΊ͋͛ΔͨΊʹ Python ͷ Pillow ϥΠϒϥϦΛ༻͍ͯ

GIFΞχϝʔγϣϯը૾΁ͱม͢׵Δɽ

Ҏ্͕ɼgraph generatorͷେ͖ͳॲཧͷྲྀΕͱͳΔɽ

4.5 httpd

graph generatorʹΑͬͯੜ੒͞Εͨ GIFը૾͸ɼWeb

αʔό্ʹެ։͞ΕΔɽຊڀݚͰ͸ Web αʔόͱͯ͠

1 fname = ର৅ͷϩάϑΝΠϧύε’’

2 df = pd.read_csv(fname , names=(’time ’, ’id ’, ’

status ’), sep=’ ’, skipinitialspace=True)

3 df = df.sort_values ([’time ’, ’id ’])

4

5 t = ελʔτͷunixtime

6 for i in range (10):

7 create_graph(df , t)

8 t += 1

9

10 files = sorted(glob.glob(’./img /*.png ’))

11 images = list(map(lambda file: Image.open(file

), files))

12

13 images [0]. save(’./img/out.gif ’, save_all=True ,

append_images=images [1:], duration =1000 ,

loop =0)

14

15 def create_graph(df, time):

16 df2 = df[df.time == time]

17 status = df2.status

18

19 Z = status.values.reshape (100 ,100)

20

21 ax0.imshow(Z, cmap=cmap)

22 plt.savefig (’./img/’ + str(time) + ’.png ’)

ਤ 5 ϩάͷಡग़͠ͱσʔλՃ޻ɼը૾ੜ੒

Fig. 5 Log read, processing, generate images
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ਤ 6 GIF Ξχϝʔγϣϯੜ੒

Fig. 6 Generate GIF animation

Apache2Λར༻ͨ͠ɽApache2ଆͰಛʹಈతͳॲཧ͸ߦΘ

ͣʹɼgraph generatorʹΑΓੜ੒͞Εͨը૾Λɼϒϥ΢β

ͰදࣔͰ͖ΔܗͰެ։͢Δɽ

4.6 ϒϥ΢β

graph generatorʹΑΓɼ४ϦΞϧλΠϜʹ GIFը૾͕

ੜ੒͞Εஔ͖͑׵ΒΕΔɽϢʔβ͕ར༻͢Δϒϥ΢β͸ɼ

৽͘͠ੜ੒͞Εͨը૾ΛࣗಈతʹಡΈࠐΉ͜ͱ͸ͳ͍ɽͦ

͜Ͱɼຊ݅ڀݚͰ͸Ϣʔβ͕ར༻͢Δϒϥ΢βʹϓϥάΠ
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ද 1 ධՁڥ؀

Table 1 Environment

ϋʔυ΢ΣΞ SuperMicro E300-9D

CPU Intel Xeon D-2146NT (2.30GHz/8 cores)

Memory size 64 GB

Disk size NVMe SSD 1TB

OS Ubuntu 18.04.3 LTS

ද 2 ૹ৴ύέοτͱड৴ϩάߦ਺

Table 2 Packet per seconds and received logs

ඵ਺ pps ϩάߦ਺

1 ඵ 10,000pps 10,000 ߦ

10 ඵ 100,000pps 100,000 ߦ

20 ඵ 100,000pps 200,000 ߦ

30 ඵ 300,000pps 300,000 ߦ

40 ඵ 100,000pps 400,000 ߦ

50 ඵ 100,000pps 500,000 ߦ

60 ඵ 600,000pps 600,000 ߦ

ϯΛಋೖ͠ɼ5ඵʹҰ౓Webαʔό΁ͱઃஔ͞Εͨ GIF

ը૾ΛϦϩʔυ͢ΔॲཧΛ͏ߦɽ͜ΕʹΑΓɼϢʔβ͸੾

Ε໨ͳ͘ 1ඵִؒͰܧ͕ࢹ؂ଓ͍ͯ͠ΔΑ͏ʹը໘Λ֬ೝ

͢Δ͜ͱ͕Ͱ͖Δɽ

5. ධՁ

5.1 ධՁڥ؀

ධՁڥ؀Λද 1ʹࣔ͢ɽຊڥ؀͸ CPUʹ෺ཧ 8ίΞɼ

HyperThreading ͕༗ޮͳ৔߹ʹ 16 ίΞͷॲཧ͕Մೳͳ

Xeon D-2146NTΛ౥͢ࡌΔɽ·ͨϝϞϦ͸ 64GB, σΟε

Ϋʹ NVMeͰ઀ଓ͞Εͨ SSDΛ 1TB౥͍ͯ͠ࡌΔɽΫ

ϥΠΞϯτɼαʔόڞʹಉ͡εϖοΫͷϚγϯΛར༻͠ɼ

1GbpsͷωοτϫʔΫεΠονʹ઀ଓΛ͍ͯ͠Δɽ

5.2 ύέοτड৴ͱϩάอଘ

ΫϥΠΞϯτ͔Β 10,000 pps ͷ UDP ύέοτΛૹ৴

͠ɼsyslogσʔλͱͯ͠ड৴͠ϩάϑΝΠϧ΁ͱอଘՄೳ

͔ΛධՁͨ͠ɽ1ඵ͔Β 60ඵ·Ͱͷ UDPύέοτΛΫϥ

ΠΞϯτ͔Βૹ৴͠ɼαʔόଆͰ syslogͱͯ͠هड़Ͱ͖ͨ

ϩάߦ਺Λද 2Ͱද͢ɽ

ΫϥΠΞϯτ͔Βૹ৴ͨ͠ UDPύέοτͱɼαʔόଆ

Ͱ rsyslogܦ༝͕ड৴͠ه࿥ͨ͠ϩάߦ਺͕Ұக͍ͯ͠Δ

͜ͱ͕Θ͔ΔɽUDPΛ༻͍͍ͯΔ͜ͱ͔Βɼύέοτ͸

ૹ৴ॱʹϩάʹه࿥͞ΕΔΘ͚Ͱ͸ͳ͍͕ɼύέοτ͸औ

Γ͜΅͠ͳ͘ड৴͍ͯ͠Δɽ

5.3 σʔλͷಡΈࠐΈͱը૾ੜ੒

ຊڀݚͰ͸ड৴ͨ͠σʔλ͔Βಛఆͷ 10ඵؒΛൈ͖ग़

͠ඵ͝ͱͷ PNGը૾Λੜ੒ͨ͠ޙɼGIFΞχϝʔγϣϯ

Λੜ੒͢Δɽσʔλ͸ϝϞϦ্Ͱॲཧ͞Εɼಛఆͷσʔ

1 for i in range (10):

2 t_array.append(t)

3 t += 1

4

5 Parallel(n_jobs =10)([ delayed(create_graph)(x)

for x in t_array ])

6

7 def create_graph(time):

8 df2 = df[df.time == time]

9 status = df2.status

10

11 Z = status.values.reshape (100 ,100)

12

13 ax0.imshow(Z, cmap=cmap)

14 plt.savefig (’./img/’ + str(time) + ’.png ’)

ਤ 7 ը૾ੜ੒ॲཧͷฒྻԽ

Fig. 7 Parallel image generation

ਤ 8 Core εέʔϧධՁ

Fig. 8 CPU core scale evaluation

λൈ͖ग़͠ʹؔͯ͠΋ Pythonͷ DataFrameΛ༻͍ͯॲ

ཧ͞ΕΔɽPNGը૾࡞੒ʹؔͯ͠͸ create graphؔ਺΁

σʔλ͕౉͞ΕͨޙɼҾ਺ͱͯ͠౉͞Εͨ unixtimeΛݕ

ఆඵͷσʔλͷΈ͕ൈ͖ग़͞ΕΔɽγʔέࢦΩʔͱͯ͠ࡧ

ϯγϟϧʹ 10ඵ෼ͷը૾Λੜ੒͢Δॲཧʹؔͯ͠͸ɼ4.4

અͰઆ໌ͨ͠ॲཧϑϩʔͱͳΔ͕ɼ͜ͷॲཧΛฒྻԽ͠ॲ

ཧΛߴ଎Խ͢Δ͜ͱ͕Ͱ͖Δɽಛʹ࣮ݧͷڥ؀͸ CPUί

Ξ͕ ʢHyperThreadingར༻ʹΑΓݸ8 Δͨ͢ࡏʣଘݸ16

ΊɼίΞεέʔϧΛྀ࣮ͨ͠ߟ૷͕ՄೳͱͳΔɽ

5.3.1 ฒྻॲཧ

ը૾ͷฒྻॲཧͷͨΊʹ Pythonͷ JoblibϥΠϒϥϦΛ

༻͍ͨɽ͜ΕʹΑΓγʔέϯγϟϧॲཧͰ͋ͬͨը૾ੜ੒

෦෼Λɼਤ 7Ͱࣔ͢ίʔυͷΑ͏ʹฒྻԽ͢Δ͜ͱ͕Մೳ

ͱͳΔɽࠓճ͸ 10 CPUίΞΛ༻͍ͯฒྻԽΛͨͬߦɽ

ฒྻॲཧʹΑΔޮՌΛଌఆͨ͠ਤ͕ɼਤ 8Ͱ͋Δɽ͜ͷ

ॲཧ଎౓͸ɼ֤ CPUίΞ਺Ͱͷॲཧؒ࣌ͷ 10ճͨ͠ߦࢼ

ฏؒ࣌ۉͱͳΔɽίΞ 1ͭͷ৔߹ͱ 2ͭͷ৔߹Ͱ͸ೋഒۙ

͘ͷॲཧ଎౓ͷ͕ࠩ֬ೝͰ͖͕ͨɼ2ίΞ͔Β 10ίΞͷؒ
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ʹ͸ͦ͜·Ͱେ͖ͳॲཧ଎౓ͷࠩ͸ΈΒΕͳ͔ͬͨɽ

6. ࡯ߟ

6.1 UDPड৴νϡʔχϯά

rsyslogdͰ 10,000ppsͷ UDPύέοτΛड৴͠Α͏ͱ

ͨ͠৔߹ʹɼૹ৴ͨ͠ύέοτ͕ਖ਼͘͠ड৴Ͱ͖ͳ͍ࣄ৅

Λ؍ଌͨ͠ɽrsyslogdࣗ਎ͷύϑΥʔϚϯενϡʔχϯά

Λߦͳ͕ͬͨվળ͞ΕͣɼnetstatίϚϯυʹͯύέοτυ

ϩοϓΛ֬ೝͨ͠ͱ͜Ζʮreceive buffer errorsʯͷ૿ՃΛ

֬ೝͨ͠ɽ͜Ε͸ OSͷιέοτόοϑΝͷ஋͕଍Γͣɼ

UDPύέοτΛυϩοϓ͍ͯ͠Δঢ়ଶͰ͋ͬͨɽ͜ͷࣄ

৅Λվળ͢ΔͨΊʹɼ/etc/sysctl.confʹҎԼΛ௥ͨ͠هɽ✓ ✏
net.core.rmem_default=8388608

net.core.rmem_max=8388608✒ ✑
͜ΕʹΑΓɼUDP ύέοτͷυϩοϓ͸ఀ͠ࢭɼ

10,000ppsͷUDPύέοτΛ rsyslogd͕શͯड৴͠ɼϑΝ

Πϧ΁ͱॻ͖ࠐΉ͜ͱΛ֬ೝͨ͠ɽ

6.2 શମͷॲཧؒ࣌

ຊڀݚͰ͸ɼ४ϦΞϧλΠϜॲཧͱͯ͠ͷՄࢹԽγες

ϜΛ࣮ͨ͠ݱɽ͜͜Ͱͷ४ϦΞϧλΠϜʹ͍ͭͯͷॲཧ࣌

ؒʹ͍ͭͯड़΂Δɽ

ड৴ͨ͠σʔλ͸ 1ϑΝΠϧʹ syslog৘ใͱͯ͠ه࿥

͞Ε͍ͯ͘ɽ͜ͷϑΝΠϧ͸ 1෼ʹҰճ cronʹΑΓɼϩ

άϩʔςʔγϣϯ͕ߦΘΕΔɽϑΝΠϧΛ·͙ͨࠁ࣌ͷά

ϥϑΛੜ੒͢Δʹ͸ɼϩʔςʔγϣϯલͷϩάϑΝΠϧͱ

ϩʔςʔγϣϯޙͷϩάϑΝΠϧͷ̎ͭͷϑΝΠϧΛࢀর

͢Δඞཁ͕͋Δɽ

graph generatorͷಈִؒ࡞ΛͲͷఔ౓ʹ͢Δ͔ʹΑΓɼ

ੜ੒͞ΕΔը૾਺ͱͦͷը૾Λ࡞ʹجΒΕΔGIFΞχϝʔ

γϣϯͷ௕͕ܾ͞·Δɽྫ͑͹ɼ10ඵ෼ͷΞχϝʔγϣ

ϯΛ࡞੒͢Δ৔߹ɼ৽چೋͭͷϩάϑΝΠϧ͔Βσʔλ

Λൈ͖ग़͢͜ͱ͕ٻΊΒΕΔɽgraph generator͸ Pandas

Dataframe Λ༻͍ͯσʔλΛॲཧ͢ΔͨΊɼಡΈࠐΜͩ

σʔλΛιʔτ্ͨ͠ͰࢦఆඵͷσʔλΛબ୒͢Δɽͭ·

ΓɼϋʔτϏʔτύέοτͷड৴஗Ԇ͕ൃੜͨ͠৔߹ʹ

΋ɼ৽چϑΝΠϧͷͲͪΒ͔ʹσʔλ͕͋Δ৔߹ʹ͸ɼϩ

άϑΝΠϧࣗମ͕όοϑΝϦϯάͷΑ͏ͳߏػͱͳΓը૾

ੜ੒࣌ʹ஗Ԇ͕ٵऩ͞ΕΔɽ

graph generatorΛͲͷఔ౓ͷִؒͰಈͤ͞࡞Δ͔ɼ·

ͨԿඵͷGIFΞχϝʔγϣϯΛੜ੒ͤ͞Δ͔͸ɼಈͤ͞࡞

Δڥ؀ͷ CPUΫϩοΫ਺ɼίΞ਺ɼϝϞϦ༰ྔɼσΟε

Ϋ΁ͷΞΫηε଎౓ʹԠͯ͡࠷େ஋ɼ࠷খ஋͕ܾఆ͠ɼ͜

ΕΒͷ஋্͕࣮ࣄͷνϡʔχϯάύϥϝʔλͱͳΔɽ

ຊ࣮ݧ͸ɼද 1ʹࣔ͞ΕΔڥ؀Ͱ࣮ͨ͠ࢪɽύϥϝʔλ

ͱͯ͠ɼ5ඵִؒͰ graph generatorΛಈͤ͞࡞ɼ10ඵͷ
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ਤ 9 ਤͷੜ੒ॲཧؒ࣌ͷ֓೦

Fig. 9 Processing images of image generation

GIFΞχϝʔγϣϯΛੜ੒ͤ͞Δ͜ͱʹ੒ޭͨ͠ɽ

ਤ 9ʹॲཧؒ࣌ͷ֓೦Λਤࣔ͢Δɽॲཧ 1ɼॲཧ 2ɼॲ

ཧ 3͸ 5ඵ͓͖ʹىಈ͞ΕΔ graph generatorΛҙຯ͢Δɽ

graph generator͸ಛఆؒ࣌Λύϥϝʔλͱͯ͠༩͑ΒΔɽ

graph generatorʹ 5ඵલͷؒ࣌Λࢦఆͨ͠৔߹ɼ5ඵ෼ͷ

ड৴஗ԆΛྀ͠ߟɼࢦఆؒ࣌ͷલޙ 5ඵΛɼͭ·Γىಈ࣌

͔ؒΒ͠ࢉٯલ 10ඵ෼͔Βىಈؒ࣌·ͰΛσʔλऔಘͷ

ൣғͱ͢Δɽͦͯ͠ɼͦͷ 10ඵ෼ͷσʔλΛ༻͍ɼ10ඵ

෼ͷ GIFΞχϝʔγϣϯΛੜ੒͢Δɽ͜ΕΛ 5ඵ͓͖ʹ

Γฦ͢͜ͱʹΑΓ࿈ଓͨ͠܁ GIFΞχϝʔγϣϯ͕ੜ੒

͞ΕΔɽ10ඵ෼ͷσʔλΛର৅ʹ͍ͯ͠Δ͜ͱ͔Βɼ5ඵ

෼ͷ GIFΞχϝʔγϣϯ͸લճ graph generator͕ੜ੒͠

ͨൣғͱಉؒ࣌ͷը૾Λੜ੒͢Δɽͪ͜Βʹؔͯ͠͸ɼ5

ඵ෼ͷόοϑΝΛ௒͑ͯσʔλΛ஗Ԇͯ͠ड৴ͨ͠৔߹ɼ

Δॏෳॲཧʹ΋ҙຯ͸͋͑ݟʹඳըՄೳͰ͋ΔͨΊແବ࠶

Δ΋ͷͱ͑ߟΔɽ

6.3 ॲཧͷεέʔϥϏϦςΟ

ຊڀݚͰ͸ CPUίΞεέʔϧΛ໨తͱͯ͠ɼॲཧͷฒ

ྻԽΛධՁͨ͠ɽ͔͠͠ͳ͕Β 5.3.1અͰ͸ɼCPUίΞ͕

̎ͭҎ্Ͱ͸ॲཧ଎౓ʹେ͖ͳ͕ࠩݟΒΕͳ͔ͬͨɽίΞ

਺͕̐ͷ࣌ʹฏۉॲཧ଎౓͕࠷଎ͱͳΓɼίΞ਺͕ 10ͷ࣌

ΑΓ΋ૣ͘ॲཧ͕ऴྃͨ͠ɽ͜ͷॲཧ஗Ԇ͸ Pythonͷฒ

ྻॲཧ࣌ʹɼϝϞϦ্ʹల։͞ΕͨॲཧσʔλΛ֤ CPU

ίΞ΁ॲཧϓϩηεΛׂΓ౰ͯΔߦʹ࣌ΘΕΔϝϞϦί

ϐʔʹؔ࿈͢Δ஗Ԇ͕ݪҼͰ͸ͳ͍͔ͱਪଌ͢Δɽద੾ͳ

CPUίΞ਺ͱద੾ͳϝϞϦίϐʔͷλΠϛϯάͰࠓճͷ

ʹڥΒΕΔɽ֤؀͑ߟ଎ʹͳͬͨͱ࠷Ͱ͸ίΞ਺͕̐ڥ؀

దͨ͠ϓϩάϥϜͷύϥϝʔλͷνϡʔχϯά͕ඞཁͰ

͋Δɽ

7. ͷ՝୊ޙࠓ

ຊڀݚͰ͸ 1 ສͱ͍͏਺஋Λجʹλʔήοτࢹ؂ͷ४

ϦΞϧλΠϜॲཧͱՄࢹԽΛ࣮૷ͨ͠ɽ͔͠͠ɼޙࠓλʔ

ήοτͷ਺͕͞Βʹ૿Ճ͍ͯ͘͠Մೳੑ͸େ͍ʹ͑ߟΒΕ
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Δɽͦͷ৔߹ʹɼ1ͭͷγεςϜͰ 10ສλʔήοτɼ100

ສλʔήοτͱσʔλॲཧ͜͏ߦͱ͸ɼϋʔυ΢ΣΞੑೳɼ

ωοτϫʔΫଳҬɼετϨʔδੑೳɼͦͷଞݯࢿػࢉܭͷ

ք͕͋ΔɽݶΔͱੑೳͷεέʔϧΞοϓʹ͸ྀ͢ߟքΛݶ

ͦ͜ͰɼMulti-access Edge Computing (MEC) [14] ͷΑ

͏ʹॲཧΛ෼ࢄԽɼޮ཰Խͤ͞ू໿ͨ݁͠ՌΛதԝͰॲཧ

͢ΔϦιʔε΁ͱूΊΔ͜ͱͰɼॲཧΛ෼ͤ͞ࢄΔ͜ͱʹ

ΑΓॲཧͷن໛ΛεέʔϧΞ΢τ͢Δ͜ͱ͕ՄೳͰ͋Δͱ

Δɽ͑ߟ

ຊڀݚͰ͸ϚΠΫϩαʔϏεΛؚΉେྔͷΠϯελϯε

͕σϓϩΠ͞Εͨ৔߹Λ૝ఆ͠ɼͦΕΒͷεςʔλεΛ؂

Λϕʔڀݚ૊ΈΛྫͱ࣮ͯ͠૷ͨ͠ɽຊ࢓ΔͨΊͷ͢ࢹ

εͱ͠ɼUDPύέοτʹ৘ใΛ෇Ճ͢Δ͜ͱͰεςʔλ

εҎ֎ͷ஋Λ͢ࢹ؂Δ͜ͱ͕Ͱ͖Δɽྫ͑͹෇ਵ৘ใʹɼ

Global Navigation Satellite System (GNSS) ͔ΒऔಘՄೳ

ͳܦ౓Ң౓ͷ৘ใΛ෇Ճ͢Δ͜ͱͰɼλΠϧঢ়ʹදͯ͠ݱ

͍ͨεςʔλε৘ใΛɼ஍ਤʹϚοϐϯά͢Δ͜ͱͰҐஔ

৘ใͱͯ͠ѻ͏͜ͱ͕ՄೳͱͳΔɽ͜Ε͸େྔͷࣗಈं͕

Խͷ༷ʹɼࣗಈंͷঢ়ଶΛ४ࢹͲ͜Λ૸͍ͬͯΔ͔ͷՄࠓ

ϦΞϧλΠϜʹද͢ݱΔ৔߹ʹ༗ޮʹಇ͘ͱ͑ߟΔɽ
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