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͋Β·͠ զʑͷڀݚάϧʔϓͰ͸ɺੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒߏஙख๏ͷ NFV
Ͱ͸ɺఏҊख๏Λࠂ΁ͷద༻ΛఏҊ͍ͯ͠Δɻຊใڥ؀ NFVϑϨʔϜϫʔΫ্ͷίϯϙʔωϯτͱ࣮ͯ͠૷͠ɺ࣮ݧ
ʹΑͬͯੑೳධՁΛ݁ͨͬߦՌΛࣔ͢ɻ·ͣɺΦʔϓϯιʔεϓϩδΣΫτͰ͋Δ Open Platform for NFV (OPNFV)
Λ༻͍ͯ NFVڥ؀Λߏங͠ɺͦ͜ʹఏҊख๏Λ࣮͢ݱΔγεςϜΛ࣮૷ͨ͠ɻ࣍ʹɺಈըετϦʔϛϯάΛ૝ఆͨ͠
τϥώοΫʹରͯ͠ɺVNFʹର͢Δ CPUݯࢿͷׂΓ౰ͯͱαʔϏενΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕ద੾ʹ
ݮΑΔੑೳධՁͰ֬ೝͨ͠ɻ·ͨɺτϥώοΫͷ૿ʹݧΘΕɺϑϩʔͷύέοτΛաෆ଍ͳ͘ॲཧͰ͖Δ͜ͱΛ࣮ߦ

΍ VNFͷ௥Ճ౳ͷಈతͳڥ؀ͷมಈʹରͯ͠΋దԠతʹ੍͕ޚՄೳͰ͋Δ͜ͱΛࣔͨ͠ɻ
Ωʔϫʔυ Network Functions Virtualization (NFV)ɺVirtualized Network Function (VNF)ɺSoftware Defined Networking
(SDN)ɺService Function Chaining (SFC)ɺΦʔϓϯιʔειϑτ΢ΣΞɺੜԽֶ൓Ԡࣜ

1. ͸ ͡ Ί ʹ

Network Functions Virtualization (NFV:ωοτϫʔΫػೳԾ૝
Խ)γεςϜΛޮ཰తʹӡ༻͢ΔͨΊʹ͸ɺ֤ Virtualized Net-
work Function (VNF:Ծ૝ԽωοτϫʔΫػೳ)ͷ഑ஔɺαʔό
ͷݯࢿ VNF΁ͷ഑෼ɺٴͼϑϩʔͷܦ࿏౳ΛɺτϥώοΫྔ
΍αʔόෛՙ౳ʹԠͯ͡ద੾ʹܾఆ͢Δඞཁ͕͋Δɻ͞Βʹɺ

NFVγεςϜͷΑ͏ͳωοτϫʔΫαʔϏε͸ɺγεςϜͷো
มಈʹ΋ૉૣ͘ରԠ͢ΔͨΊɺڥͳมԽ౳ͷ؀ܹٸ΍धཁͷ֐

ࣗ཯෼ࢄతʹಈ͢࡞Δ͜ͱ͕๬·͍͠ [1]ɻͦͷΑ͏ͳڍಈΛ
Δํ๏ͷ͢ݱ࣮ 1ͭͱͯ͠ɺࣗ཯෼ੑࢄ΍ࣗݾ૊৫ੑͷ͍ߴɺ
ੜԽֶߏػΛ༻͍Δख๏͕͋Δ [2]ɻզʑͷڀݚάϧʔϓͰ͸ɺ
ੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒ

ஙख๏ΛɺNFVʹద༻͢Δ͜ͱΛఏҊ͍ͯ͠Δߏ [3]ɻ͜ͷख
๏Ͱ͸ɺαʔόΛλϓϧۭؒͱͯ͠ɺαʔϏεཁٻɺαʔϏε

धཁɺٴͼαʔόݯࢿ౳Λλϓϧۭؒ಺ͷԽֶ෺࣭ͱͯͦ͠Ε

ͧΕද͠ɺαʔόͷڍಈΛੜԽֶ൓Ԡࣜͱͯ͠هड़͢Δɻ͞Β

ʹɺෳ਺ͷλϓϧۭؒΛ઀ଓͯ͠ωοτϫʔΫΛߏ੒͢Δ͜

ͱͰɺෳ਺ͷαʔό͔ΒͳΔωοτϫʔΫγεςϜʹ͓͚Δɺ

αʔϏε΍ཁٻͷҠಈɺ֦ࢄΛද͢ݱΔ͜ͱ͕Ͱ͖Δɻ͜ΕΛ

NFV ഑ஔ͞Ε֤ͨαʔόࢄద༻͢Δ͜ͱʹΑͬͯɺ෼ʹڥ؀
ʹ͓͍ͯఏ͢ڙΔ VNFͷܾఆɺෳ਺छྨͷ VNFʹΑΔαʔό
ͼٴ༗ɺڞͷݯࢿ VNFͷ෼ߦ࣮ࢄ౳Λ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɻ
·ͨɺੜԽֶ൓Ԡࣜ͸ͦΕͧΕͷλϓϧۭؒʹ͓͍ͯಠཱʹఆ

ٛ͞Ε࣮ͯ͞ߦΕΔͨΊɺࣗ཯෼ࢄతͳڍಈΛ࣮͢ݱΔͷʹద

͍ͯ͠Δɻઌڀݚߦʹ͓͍ͯ͸ɺίϯϐϡʔλγϛϡϨʔγϣ

ϯʹΑΔಈূݕ࡞ɺٴͼ؆қͳ࣮ڥ؀ݧͰͷධՁͷΈ͕ߦΘΕ

͍ͯΔ [4, 5]ɻ
ຊใࠂͰ͸ɺଞͷίϯϙʔωϯτͱ࿈͢ܞΔ NFVϑϨʔϜ
ϫʔΫ্ͷίϯϙʔωϯτͱͯ͠ఏҊख๏Λ࣮૷͢Δ͜ͱͰಈ

త NFV੍ޚγεςϜΛ࣮͠ݱɺ࣮ӡ༻Λ૝ఆ࣮ͨ͠ݧʹΑͬ

ͯͦͷੑೳධՁΛ͏ߦɻ·ͣɺNFVΛ࣮͢ݱΔιϑτ΢ΣΞ؀
ΦʔϓϯιʔεϓϩδΣΫτͰ͋ΔɺOpenͨ͠ࢦͷ࣮૷Λ໨ڥ
Platform for NFV (OPNFV) [6]Λ༻͍ͯ NFVڥ؀Λߏங͠ɺͦ
͜ʹఏҊख๏Λ࣮͢ݱΔγεςϜΛ NFVϑϨʔϜϫʔΫ্ͷ
ίϯϙʔωϯτͱͯ͠ઃ͠ܭɺ࣮૷͢Δɻ࣍ʹɺಈըετϦʔ

ϛϯάΛ૝ఆͨ͠τϥώοΫΛաෆ଍ͳ͘ॲཧͰ͖Δ͜ͱΛ࣮

ΑΔੑೳධՁͰ֬ೝ͢Δɻ۩ମతʹ͸ɺhttperfʹݧ [7]Λ༻
͍ͯੜ੒ͨ͠τϥώοΫʹ͍ͭͯɺVNFʹର͢Δ CPUݯࢿͷ
ׂΓ౰ͯͱɺOpenDaylight [8]ΞϓϦέʔγϣϯʹΑΔαʔϏε
νΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕ద੾ʹߦΘΕ্ͨͰɺ

ϑϩʔͷύέοτ͕ VNFʹΑͬͯશͯॲཧ͞Εɺॲཧ஗Ԇ͕ൃ
ੜ͠ͳ͍͜ͱΛ֬ೝ͢Δɻ͜͜Ͱɺܦ࿏੍ޚʹؔͯ͠͸ɺNFV
ʹ͓͚Δඪ४Ͱ͋Δ Network Service Header (NSH) [9]Λ༻͍ͯ
αʔϏενΣΠχϯάཁٻΛ࣮͠ݱɺͦΕʹैͬͨઃఆΛ͏ߦ

͜ͱͰܦ࿏੍ޚΛ͏ߦɻ·ͨɺτϥώοΫͷ૿ݮ΍ VNFͷ௥
Ճͱ͍ͬͨڥ؀ͷಈతͳมಈʹରͯ͠΋ɺCPUݯࢿͷׂΓ౰ͯ
΍ܦ࿏ͷઃఆΛదԠతʹ͑ߦΔ͜ͱΛࣔ͢ɻ

2. ੜԽֶ൓ԠϞσϧʹͮ͘ج NFVγεςϜ

λϓϧۭؒϞσϧ [2]͸ɺ෼ࢄγεςϜΛද͢ݱΔϞσϧͰ
͋Δɻਤ 1ʹɺੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧͷ֓ཁ
Λࣔ͢ɻ෼ࢄγεςϜͷ֤ίϯϙʔωϯτ͸ɺλϓϧۭؒͱ͠

ͯϞσϧԽ͞ΕΔɻλϓϧۭؒ͸ɺੜԽֶ൓Ԡ͕͜ىΔ৔ͱఆ

ٛ͞ΕΔɻλϓϧۭؒ಺ͷλϓϧ͸Խֶ෺࣭ʹ૬౰͠ɺλϓϧ

ͷྔ͸Խֶ෺࣭ͷೱ౓ʹ૬౰͢Δɻ෺࣭ೱ౓͸ɺλϓϧۭؒ಺

ʹԽֶ൓ԠࣜΛఆٛ͢Δ͜ͱʹΑͬͯɺ૿Ճɺٴͼݮগ͢Δɻ

Խֶ൓Ԡࣜͷ࣮ߦ଎౓͸ɺ֤൓Ԡ෺ͱ൓Ԡ଎౓ఆ਺ͷੵʹ

Αܾͬͯఆ͞ΕΔɻࣜ (1)Ͱ͸ɺ൓Ԡ෺ X ͱ Y ͷೱ౓͕ͦΕ

ͧΕ xͱ yͰ͋Δͱ͖ɺ൓Ԡ଎౓ఆ਺͕ aͳͷͰɺ൓Ԡ଎౓͸

axy Ͱ͋Δɻ

X |Y a−→ Z (1)
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: Chemical SXbVWanceV (TXSleV)

ਤ 1 ੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧ

͜ͷੑ࣭ʹΑΓɺԽֶ൓Ԡͷ൓Ԡ଎౓͸൓Ԡ෺ͷೱ౓ͱ൓Ԡ଎

౓ఆ਺ʹΑ੍ͬͯ͞ޚΕΔɻ͞Βʹɺଞͷλϓϧۭؒ΁ͷλϓ

ϧͷ֦ࢄ΍ҠಈΛද͢ݱΔੜԽֶ൓ԠΛఆٛ͢Δ͜ͱʹΑͬͯɺ

ෳ਺ͷλϓϧۭؒʹ͓͚Δ૬࡞ޓ༻ΛදݱͰ͖Δɻ֤λϓϧۭ

ؒʹ͓͚ΔԽֶ൓Ԡ͸ಠཱʹൃੜ͢ΔͷͰɺࣗ཯෼ࢄతͳڍಈ

͕දݱͰ͖Δɻ

ੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒ

ஙख๏Λߏ NFV΁ద༻ͨ͠γεςϜͰѻ͏൓ԠࣜΛࣜ (2)–(11)
ʹ·ͱΊΔɻ͜͜ͰɺVNFɺRSRCɺٴͼ PKT ͸ͦΕͧΕɺ

VNFͷधཁɺαʔόݯࢿɺٴͼύέοτΛҙຯ͢ΔԽֶ෺࣭Ͱ
͋ΓɺGRAD ͸ύέοτͷసૹઌΛܾఆ͢ΔͨΊͷޯ഑৔Λ

੒͢ΔͨΊͷԽֶ෺࣭Ͱ͋Δɻ·ͨɺc0–c11ܗ ͸ͦΕͧΕɺͦ
ͷ൓Ԡͷ൓Ԡ଎౓ఆ਺Ͱ͋Δɻৄࡉʹ͍ͭͯ͸ [5]Λࢀর͞Ε
͍ͨɻ

∀f ∈ F ,VNFf |RSRC
c0
!
c1

RS VNFf (2)

∀c ∈ C ,RS VNFfh (c)|PKTc

c2
!
c3

MEDIATEc (3)

∀c ∈ C ,MEDIATEc
c4−→






VNFfh (c)|VNFfh (c)|RS VNFfh (c)

|toserve(VNFfh (c),PKTc)|PKTc\fh (c) (c\f %= ∅)

VNFfh (c)|VNFfh (c)|RS VNFfh (c)

|toserve(VNFfh (c),PKTc) (otherwise)

(4)

∀f ∈ F ,VNFf
c5−→ 0 (5)

∀f ∈ F ,VNFf
c6−→ VNF!f (6)

∀f ∈ F ,VNFf |RSRC
c7−→ VNFf |RSRC |GRADf (7)

∀f ∈ F ,RS VNFf
c8−→ RS VNFf |GRADf (8)

∀f ∈ F ,GRADf
c9−→ 0 (9)

∀f ∈ F ,GRADf
c10−−→ GRAD!f (GRAD−

f ) (10)

∀c ∈ C ,PKTc
c11−−→ PKT!c (GRAD+

fh (c)
) (11)

3. NFVϑϨʔϜϫʔΫ্΁ͷ࣮૷

ຊষͰ͸ɺETSI ISGʹΑͬͯఏҊ͞Εͨ NFVϑϨʔϜϫʔ
Ϋ [10]ͱɺͦ ͷSoftware Defined Networking (SDN)ͱͷ౷߹ [11]
ఏҊख๏ͷ࣮૷ํ਑ʹ͍ͭͯड़΂Δɻ͍ͨͮجʹ

3. 1 NFVϑϨʔϜϫʔΫ
ਤ 2ʹࣔ͢ NFVϑϨʔϜϫʔΫ͸ɺҎԼʹࣔ͢ 3ͭͷओཁ

ͳίϯϙʔωϯτ͔Βߏ੒͞ΕΔɻ

Virtualized Network Functions (VNFs)
ωοτϫʔΫػೳͷιϑτ΢ΣΞ࣮૷Ͱ͋ΓɺԾ૝Ϛγϯ্Ͱ

ΕΔɻ͞ߦ࣮

NFV Infrastracture (NFVI)
VNFΛ࣮͢ߦΔͨΊͷج൫Ͱ͋Γɺ෺ཧݯࢿͱԾ૝ݯࢿͷ྆ํ
Λ؅ཧ͢Δɻ෺ཧݯࢿ͸ɺϋΠύʔόΠβͷΑ͏ͳԾ૝ԽϨΠ

ϠΛհͯ͠Ծ૝Խ͞ΕɺVNFΛ഑ஔ͢ΔԾ૝Ϛγϯͱͯ͠ఏڙ
͞ΕΔɻ

NFV Management and Orchestration (NFV MANO)
VNF΍ NFVIʹ͓͚ΔϥΠϑαΠΫϧ΍ݯࢿͷΦʔέετϨʔ
γϣϯΛ؅ཧ͢ΔɻNFV Orchestrator (NFVO)ɺVNF Manager
(VNFM)ɺٴͼ Virtualized Infrastructure Manager (VIM) ͱ͍͏
3 ͭͷػೳؚ͕·ΕΔɻNFVO ͸ɺService Function Chaining
(SFC) Λ؅ཧ͠ɺVNF ΛΦʔέετϨʔτ͢ΔɻVNFM ͸ɺ
VNF ͷϥΠϑαΠΫϧ (আ࡟ͼٴ৽ɺߋ੒ɺ࡞) Λ؅ཧ͢Δɻ
VIM ͸ɺNFVI ʹ͓͚ΔίϯϐϡʔςΟϯάɺωοτϫʔΫɺ
ɻ͏ߦΓ౰ͯΛׂݯࢿΛ؅ཧ͠ɺVNF΁ͷݯࢿͼετϨʔδٴ

3. 2 ఏҊํࣜͷ࣮૷ํ਑

࣮ӡ༻Λ૝ఆͨ͠ NFVڥ؀΁ͷఏҊख๏ͷద༻ͷͨΊɺSDN
Λ౷߹ͨ͠ NFVϑϨʔϜϫʔΫ্ʹఏҊख๏Λ࣮͢ݱΔɻຊ
અͰ͸ɺఏҊख๏ͷ࣮૷ํ਑ʹ͍ͭͯड़΂Δɻ

ఏҊख๏Ͱ͸ɺੜԽֶ൓Ԡࣜͷ࣮݁ߦՌʹ͍ͯͮجɺVNFʹ
ର͢ΔׂݯࢿΓ౰ͯͱϑϩʔͷܦ࿏੍ޚΛ͏ߦɻϑϨʔϜϫʔ

Ϋ্ͷίϯϙʔωϯτͱͯ͠ఏҊख๏Λ࣮͢ݱΔͨΊʹɺఏҊ

ख๏ͷػೳΛෳ਺ͷίϯϙʔωϯτʹ෼ׂ࣮ͯ͠૷͢Δɻ͜͏

͢Δ͜ͱͰɺطଘͷ NFVίϯϙʔωϯτͱ࿈ͤ͞ܞΔ͜ͱ͕Մ
ೳʹͳΔɻ࣮͢ݱΔඞཁ͕͋Δػೳͱͦͷ࣮૷ํ਑ʹ͍ͭͯɺ

ҎԼʹड़΂Δɻ

ੜԽֶ൓Ԡࣜͷࢉܭ

֤αʔόͰఆٛ͞ΕͨλϓϧۭؒͷੜԽֶ൓ԠࣜͷࢉܭΛ͏ߦɻ

ࣗ཯෼ࢄతͳ੍ޚͷͨΊɺ෼͞ߦ࣮ࢄΕΔ͜ͱ͕๬·͍͠ɻͦ

ͷͨΊɺVNFͱ࣮ͯ͢͠ݱΔͷ͕ద੾Ͱ͋Δɻ
ϑϩʔϨʔτͱ VNF಺ͷ଺ཹσʔλྔͷऔಘ
৽͘͠γεςϜʹೖΔϑϩʔʹରͯ͠͸ɺͦͷϑϩʔͷྔʹ૬

౰͢Δೱ౓ͷ෺࣭ PKT Λ֘౰͢Δλϓϧۭؒʹ౤ೖ͢Δɻ·

ͨɺVNF ಺ʹ଺ཹ͍ͯ͠Δύέοτͷྔʹ૬౰͢Δೱ౓ͷ෺
࣭ PKT Λ֘౰͢Δλϓϧۭؒͷ PKT ͷೱ౓ͱ͢Δɻϑϩʔ

Ϩʔτͱ଺ཹσʔλྔͷऔಘʹ͸ SDN Switch͔Βͷ౷ܭ৘ใ
Λऔಘ͢Δඞཁ͕͋Γɺ͜ͷػೳ͸ VIMͷػೳͱ࣮ͯ͢͠ݱ
Δͷ͕ద੾Ͱ͋Δɻ

VNFʹର͢ΔׂݯࢿΓ౰ͯ
෺࣭ೱ౓ʹԠͨ͡ VNF΁ͷׂݯࢿΓ౰ͯΛ͏ߦɻ͜ͷػೳ͸
VIMͷػೳͱ࣮ͯ͢͠ݱΔͷ͕ద੾Ͱ͋Δɻ
ύέοτϑΥϫʔσΟϯά

෺࣭ GRAD ͷೱ౓ʹԠͨ͡ύέοτϑΥϫʔσΟϯάΛ࣮ݱ

͢Δɻ͜ͷػೳ͸ܦ࿏ީิͷ؅ཧɺ෺࣭ೱ౓ʹԠͨ͡ܦ࿏ͷબ

୒ɺٴͼ SDN Switchʹର͢ΔύέοτϑΥϫʔσΟϯάͷઃ
ఆͱ͍͏ 3ͭͷػೳʹ෼ղ͢Δ͜ͱ͕Ͱ͖Δɻ1ͭ໨ͷػೳ͸ɺ
αʔϏενΣΠχϯάΛ؅ཧ͢Δ͜ͱ͔ΒɺNFVOͷػೳͱ͠
ೳ͸ɺSDNػΔͷ͕ద੾Ͱ͋Δɻଞͷ͢ݱ࣮ͯ Controllerͷػ
ೳͱ࣮ͯ͢͠ݱΔͷ͕ద੾Ͱ͋Δɻ

— 2 —
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SDN
Switch

BRO

VNF SWaWXV

RoXWing

BRTS
ConcenWraWion of

Chemical SXbVWanceV

BRM

BRC

ReVoXrce
AllocaWion

VNF ConWrol

FloZ RaWe

ConcenWraWion of
Chemical SXbVWanceV

ਤ 2 NFV ϑϨʔϜϫʔΫ্΁ͷఏҊํࣜͷ֤ίϯϙʔωϯτͷ഑ஔ

ίϯϙʔωϯτؒͷ෺࣭ೱ౓ͷ΍ΓऔΓ

λϓϧۭ͕ؒ෼͞ߦ࣮ࢄΕΔ͜ͱ͔Βɺ༷ʑͳػೳΛ࣮͢ݱΔ

ίϯϙʔωϯτؒͰɺ෺࣭ೱ౓ͷ΍ΓऔΓ͕ߦΘΕΔɻ͜ͷ΍

ΓऔΓ͸ɺαʔόͷ૿ݮ౳ͷڥ؀มಈʹରͯ͠ద੾ͳॲཧ͕ߦ

ΘΕΔΑ͏ʹɺ1ͭͷίϯϙʔωϯτΛܦ༝ͯ͠͏ߦɻ͜ͷػ
ೳ͸ NFV શମͷΦʔέετϨʔγϣϯʹؔΘΔͨΊɺNFVO
ͷػೳͱ࣮ͯ͢͠ݱΔͷ͕ద੾Ͱ͋Δɻ

׵ͷ஋ͱ෺࣭ೱ౓ͷม࣮ݱ

෺࣭ೱ౓Λར༻͢ΔίϯϙʔωϯτͰ͸ɺ࣮ݱͷ஋ͱ෺࣭ೱ౓

ͷม͕׵ඞཁͰ͋Δɻίϯϙʔωϯτؒͷ෺࣭ೱ౓ͷ΍ΓͱΓ

༝͞ΕΔίϯϙʔωϯτͰ͸ɺ֤λϓϧۭؒͷ෺࣭ೱ౓Λܦ͕

ू໿Ͱ͖Δ͜ͱ͔Βɺม׵ͷػೳ΋͜ͷίϯϙʔωϯτͰ࣮ݱ

͢Δɻ

ਤ 2 ʹɺNFV ϑϨʔϜϫʔΫ্ʹఏҊख๏Λ࣮͢ݱΔͨΊ
ͷγεςϜͷίϯϙʔωϯτͷ࣮૷Λࣔ͢ɻఏҊख๏Λ࣮͢ݱ

ΔγεςϜ͸ɺҎԼͷ 4ͭͷओཁͳίϯϙʔωϯτ͔Βߏ੒͞
ΕΔɻ

Biochemical Reactions Orchestrator (BRO)
ఏҊख๏Λ࣮͢ݱΔγεςϜͷΦʔέετϨʔγϣϯΛ͏ߦɻ

BRTSͱ͸෺࣭ೱ౓ͷ΍ΓऔΓΛ͍ߦɺBRTSؒͷ෺࣭ͷ΍Γऔ
Γ΋ BROΛܦ༝͢ΔɻBRCʹରͯ͠͸෺࣭ೱ౓ͷ৘ใͱܦ࿏
ͷީิΛఏ͢ڙΔɻBRM͔ΒϑϩʔϨʔτͱ଺ཹσʔλྔΛ
औಘ͠ɺBRM΁ VNF͝ͱͷׂݯࢿΓ౰ͯྔΛ఻ୡ͢Δɻ·ͨɺ
෺࣭ೱ౓ͱׂݯࢿΓ౰ͯྔ΍σʔλྔͱͷม׵Λ͏ߦɻNFVO
ͷϞδϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

Biochemical Reactions Tuple Space (BRTS)
֤αʔόʹରԠ͢ΔλϓϧۭؒͷੜԽֶ൓ԠࣜΛ࣮͢ߦΔɻ෼

ʹͷͨΊʹλϓϧۭؒ͝ͱߦ࣮ࢄ VNFͱ࣮ͯ͠͞ݱΕΔɻ
Biochemical Reactions Manager (BRM)
SDN Switch ͔Βͷ֤ VNF ʹؔ͢Δ౷ܭ৘ใͷऔಘͱɺNFVI
ʹର͢Δ VNF΁ͷϦιʔεׂΓ౰ͯͷઃఆΛ͏ߦɻVIMͷϞ
δϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

Biochemical Reactions Controller (BRC)
෺࣭ೱ౓ʹ͍֬ͨͮج཰తͳύεͷબ୒ͱɺSDN Switch ʹର
͢Δύέοτॲཧ΍ύέοτϑΥϫʔσΟϯάͷઃఆΛ͏ߦɻ

SDN ControllerͷϞδϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

...

ClieQW

Media¬SeUYeUVNF 0

VNF 2

VNF 1

ClieQWVNF 0 VNF 1

VNF 0 VNF 2

VNF 0
VNF SeUYeU

VNF SeUYeU

VNF SeUYeU

FiUeZall IPS

FiUeZall

: FiUeZall aV VNF
: IPS aV VNF

SFC ReTXeVWV
ClienW → Media SeUYeU

Media SeUYeU → ClienW

SFPV
ClienW → Media SeUYeU

Media SeUYeU → ClienW

ਤ 3 ΞϓϦέʔγϣϯγφϦΦ

͜ΕΒͷ۩ମతͳ࣮૷಺༰ʹ͍ͭͯ͸ࢴ໘ͷ౎߹্লུ͢Δɻ

4. ࣮ ݧ ؀ ڥ

4. 1 ΞϓϦέʔγϣϯγφϦΦ

ຊߘͰݧ࣮͏ߦͰ͸ɺಈըετϦʔϛϯάαʔϏεΛ૝ఆ͠

ͨϑϩʔʹରͯ͠ɺαʔϏενΣΠχϯάཁٻʹԠͨ͡ VNF
ͷద༻Λ͏ߦγφϦΦΛѻ͏ɻ

૝ఆ͢ΔγφϦΦΛਤ 3ʹࣔ͢ɻ͜ͷڥ؀͸ 3୆ͷVNFαʔ
όͱΫϥΠΞϯτ܈ɺϝσΟΞαʔό͔Βߏ੒͞ΕΔɻαʔϏ

ενΣΠχϯάཁٻͱͯ͠͸ɺҰൠతͳηΩϡϦςΟରࡦͰ͋

ΔϑΝΠΞ΢Υʔϧͱ IPSͷ૊Έ߹ΘͤΛ૝ఆ͍ͯ͠Δɻωο
τϫʔΫ಺ʹ͸ 3୆ͷ VNFαʔό͕ଘ͠ࡏɺαʔό಺ʹ 1ͭ
ͣͭͷ VNF͕࣮͞ݱΕ͍ͯΔɻϑΝΠΞ΢ΥʔϧΛ࣮͢ݱΔ
VNF 0ɺIPSΛ࣮͢ݱΔ VNF 1ͱ VNF 2͕ VNFͱͯ͠ଘ͠ࡏ
͍ͯΔɻ

·ͣɺΫϥΠΞϯτ͸ϝσΟΞαʔόʹରͯ͠ϦΫΤετΛ

ૹΔɻϦΫΤετ͸ NFVڥ؀ʹೖΓɺͦͷϑϩʔ͸ {Firewall
→ IPS}ͱ͍͏αʔϏενΣΠχϯάཁٻΛ͍ͯͬ࣋Δͱ൑ఆ
͞ΕΔɻ͜ͷαʔϏενΣΠχϯάཁٻʹରԠ͢Δ SFPͱͯ͠
͸ɺ{VNF 0 → VNF 1}ͱ {VNF 0 → VNF 2}ͷ 2छྨͷީิ
͕ଘ͢ࡏΔɻఏҊख๏ʹΑͬͯ SFP͕ܾఆ͞ΕɺαʔϏενΣ
Πχϯάཁ͕ٻຬͨ͞ΕͨޙɺϝσΟΞαʔόʹϦΫΤετ͕

౸ண͢Δɻ

ɺϝσΟΞαʔό͸ͦͷϦΫΤετʹରͯ͠ϨεϙϯεΛʹ࣍

ฦ͢ɻϨεϙϯε͸ NFVڥ؀ʹೖΓɺͦͷϑϩʔ͸ {Firewall}
ͱ͍͏αʔϏενΣΠχϯάཁٻΛ͍ͯͬ࣋Δͱ൑ఆ͞Ε

Δɻ͜ͷαʔϏενΣΠχϯάཁٻʹରԠ͢Δ SFPͱͯ͠͸ɺ
{VNF 0} ͷ 1 छྨͷީิ͕ଘ͢ࡏΔɻఏҊख๏ʹΑͬͯ SFP
͕ܾఆ͞ΕɺαʔϏενΣΠχϯάཁ͕ٻຬͨ͞ΕͨޙɺΫϥ

ΠΞϯτʹϨεϙϯε͕౸ண͢Δɻ

͜ͷγφϦΦʹ͓͚Δϑϩʔͷ૿ݮ΍ VNFαʔόͷ૿ݮʹ
ରͯ͠ɺಈత͔ͭదԠతʹ VNFʹର͢ΔׂݯࢿΓ౰ͯ΍ܦ࿏
ΘΕΔ͜ͱΛ֬ೝ͢Δɻߦ͕ޚ੍

4. 2 ڥωοτϫʔΫ؀ݧ࣮

ຊߘͷ࣮ݧͷͨΊʹߏஙͨ͠ωοτϫʔΫڥ؀Λਤ 4 ʹࣔ
͢ɻ͜ͷωοτϫʔΫ͸ΫϥΠΞϯτɺϝσΟΞαʔόɺNFV
αʔόͷ 3୆ͷ෺ཧαʔόͰߏ੒͞ΕɺͦΕͧΕ͸ 1 Gbpsͷ
ΠʔαωοτʹΑͬͯ઀ଓ͞Ε͍ͯΔɻ

NFV αʔόͰ͸ OPNFV Fraser 6.2 Λ༻͍ͯ NFV ߏΛڥ؀
ஙͨ͠ɻਤ 4 ʹ͓͍ͯɺController0 ʹ͸ BRO ͱ BRC ͕഑ஔ
͞Ε͓ͯΓɺ·ͨɺCompute0ɺCompute1ɺٴͼ Compute2 ͸
VNF αʔόʹ૬౰͠ɺͦΕͧΕʹ BRM ͕഑ஔ͞Ε͍ͯΔɻ

— 3 —
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ਤ 4 ڥωοτϫʔΫ؀ݧ࣮

Compute0ʹ͸ϑΝΠΞ΢ΥʔϧͰ͋Δ VNF 0Λ࣮͢ݱΔԾ૝
Ϛγϯ vnf0ɺCompute1ͱ Compute2ʹ͸ IPSͰ͋Δ VNF 1ͱ
VNF 2 Λ࣮͢ݱΔԾ૝Ϛγϯ vnf1 ͱ vnf2 ͕ͦΕͧΕଘ͠ࡏ
͍ͯΔɻ·ͨɺ֤ίϯϐϡʔτϊʔυʹ͸ BRTSΛ VNFͱ͠
ΔͨΊͷԾ૝Ϛγϯ͢ݱ࣮ͯ brts0ɺbrts1ɺbrts2͕ଘ͍ͯ͠ࡏ
Δɻbrts0ɺbrts1ɺٴͼ brts2Ͱ࣮͍ͯ͠ݱΔ BRTSΛͦΕͧΕ
BRTS 0ɺBRTS 1ɺٴͼBRTS 2ͱݺͿɻBRTS 0Ͱ͸Compute0ɺ
BRTS 1 Ͱ͸ Compute1ɺBRTS 2 Ͱ͸ Compute2 ʹରԠ͢Δλ
ϓϧۭ͕࣮ؒ͞ݱΕΔɻ͜ΕΒ͸ OpenStack [12]ͷΠϯελϯ
εͱ࣮͍ͯͯ͠͠ݱΔɻϝσΟΞαʔό͸ NGINX [13]ʹΑͬ
ɺಈըετϦʔϛϯάαʔϏε͸͠ݱ࣮ͯ HTTPʹΑͬͯఏڙ
͞ΕΔɻ

4. 3 VNFͷ࣮ݱ
ຊߘͷ࣮ݧͰѻ͏ VNFͰ͋ΔϑΝΠΞ΢Υʔϧͱ IPSͷ࣮
આ͢Δɻ͍֓ͯͭʹݱ

ϑΝΠΞ΢Υʔϧ͸Netfilter [14]ʹΑ࣮ͬͯ͠ݱɺIPS͸Net-
filterͱ Snort [15]Λ૊Έ߹Θ࣮ͤͯ͢ݱΔɻNetfilter͸ɺLinux
Χʔωϧ 2.4Ҏ߱ʹ͓͚ΔύέοτϑΟϧλϦϯά΍ NAT౳ͷ
ύέοτॲཧͷͨΊͷϑϨʔϜϫʔΫͰ͋ΔɻSnort͸ɺCisco
ࣾʹΑͬͯఏ͞ڙΕ͍ͯΔΦʔϓϯιʔεͷωοτϫʔΫ৵ೖ

γεςϜͰ͋ΓɺIPࢭ஌ɾ๷ݕ ωοτϫʔΫ্ͰͷϦΞϧλ
ΠϜτϥώοΫ෼ੳ΍ύέοτϩΪϯά౳Λ࣮͢ߦΔ͜ͱ͕Ͱ

͖ΔɻNetfilter ΍ Snort ͷઃఆʹ͓͍ͯ͸ɺϑΟϧλϦϯά΍
Ξϥʔτͷϧʔϧͷઃఆ͸ͤͣɺ୯७ͳసૹͷΈΛ͏ߦ΋ͷͱ

͢Δɻ

4. 4 ಈըετϦʔϛϯάαʔϏεͷ࣮ݱ

4. 1અͰࣔͨ͠γφϦΦʹԊ࣮ͬͨݧΛͨ͏ߦΊɺಈըετ
ϦʔϛϯάαʔϏεΛ૝ఆͨ͠ HTTPͷϑϩʔΛ httperf [7]
ʹΑͬͯੜ੒͢Δɻ

۩ମతͳϑϩʔͷઃఆʹ͍ͭͯ͸ɺYouTube ౳ͷಈը഑৴
αʔϏεʹ͍ͭͯड़΂ΒΕ͍ͯΔจݙ [16] Λߟࢀʹܾఆ͢
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(b)ϝσΟΞαʔό͔ΒΫϥΠΞϯτ΁ͷϑϩʔ

ਤ 5 ύέοτͷϧʔςΟϯά

ΔɻYouTube ʹ͓͚Δ 1080p ͷಈըͷ࠶ੜϏοτϨʔτ͸໿
3.60 MbpsͰ͋Γɺσʔλͷૹ৴͸ͦΕΑΓे෼େ͖͍଎౓Ͱ
Ε͍ͯΔ͞༺࠾ΘΕ͍ͯΔɻͦ͜Ͱߦ 2छྨͷσʔλૹ৴ϝΧ
χζϜͷ಺ɺҰํͷϝΧχζϜͷޙ൒Ͱ͸ 32–128 KBͷσʔλ
Λ 1ԟ෮Ͱऔಘ͠ɺฏۉͰ໿ 6.13 MbpsͰσʔλΛ఻ૹ͍ͯ͠
Δɻ͜ΕΛ໛ͨ͠ϑϩʔΛҎԼͷΑ͏ʹੜ੒͢Δɻ

64 KBͷϑΝΠϧΛϝσΟΞαʔόʹ഑ஔ͠ɺΫϥΠΞϯτ
͔Β 1ίωΫγϣϯ͋ͨΓʹ 10ճϦΫΤετΛ͏ߦͱ͢Δɻ͜
ͷઃఆͰ͸ɺ1ඵ͋ͨΓʹ 1ίωΫγϣϯΛੜ੒͢Δͱ 5 Mbps
ͷϑϩʔ͕ྲྀΕΔ͜ͱʹͳΓɺ1080pͷಈըͷ࠶ੜϏοτϨʔ
τҎ্ͷϑϩʔ͕ྲྀΕΔ͜ͱʹͳΔɻ

ෳ਺ੜ੒͢Δ͜ͱʹ࣌Ͱ͸ɺ্ड़ͷίωΫγϣϯΛಉݧ࣮

Ͱɺෳ਺ͷΫϥΠΞϯτ͔ΒͷϑϩʔΛ໛͢ΔɻҎ߱Ͱ͸ɺ

httperfͰઃఆ͢Δɺ͜ͷίωΫγϣϯͷ 1ඵ͋ͨΓͷੜ੒
਺ΛίωΫγϣϯϨʔτͱݺͿɻ

4. 5 ϑϩʔͷܦ࿏ઃఆํ๏

OpenFlow ϓϩτίϧΛ༻͍ͨɺ4. 1 અͰࣔͨ͠γφϦΦʹ
ԊͬͨϑϩʔϧʔςΟϯάͷ۩ମతͳ࣮૷ʹ͍ͭͯઆ໌͢Δɻ

ຊ࣮ݧͰѻ͏ϧʔςΟϯάʹ͍ͭͯ֓આͨ͠΋ͷΛਤ 5ʹࣔ
͢ɻຊ࣮ݧͰѻ͏ VNF ͸ɺσϑΥϧτͰ͸ NSH ʹରԠͯ͠
͍ͳ͍ͨΊΠϯελϯε͕઀ଓ͞Ε͍ͯΔԾ૝εΠονͰ͋Δ

br-int ͕ SFC ϓϩΩγ [17] ͷ໾ׂΛ͏ߦɻϑϩʔΛࣔ͢໼
ҹͷ৭͸ͦΕͧΕύέοτͷঢ়ଶΛ͓ࣔͯ͠ΓɺΦϨϯδ͕ݩ

ͷύέοτɺϐϯΫ͕ NSHʹΑΔΧϓηϧԽ͕ߦΘΕͨύέο
τɺ͕ͦࢵͷ্ʹ GREʹΑΔΧϓηϧԽ͕ߦΘΕͨύέοτ
Λࣔ͢ɻͳ͓ɺϔομͷॻ͖͑׵ʹ͍ͭͯ͸͜ͷਤͰ͸ද͞ݱ

Ε͍ͯͳ͍ɻຊਤʹࣔ͢ύέοτॲཧΛ OpenFlowϓϩτίϧ
Λ༻͍࣮ͯͨ͠ݱɻৄࡉʹ͍ͭͯ͸ࢴ໘ͷ౎߹্লུ͢Δɻ
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5. ࡯ߟՌͱ݁ݧ࣮

ຊষͰ͸ɺϑϩʔ͕Խֶ෺࣭ೱ౓ʹैͬͯϧʔςΟϯά͞Ε

Δ͜ͱͰෛՙ෼ߦ͕ࢄΘΕɺ·ͨɺϑϩʔϨʔτʹԠͨ͡ CPU
͕ݯࢿ VNFʹద੾ʹׂΓ౰ͯΒΕΔ͜ͱΛ֬ೝ͢Δɻ

5. 1 ධՁγφϦΦͱύϥϝʔλઃఆ

4. 1અͰࣔͨ͠γφϦΦͰɺಈతͳܦ࿏੍ޚͱׂݯࢿΓ౰ͯ
ͷ੍ߦ͕ޚΘΕΔ৔߹ͷϑϩʔʹ͍ͭͯѻ͏ɻ

httperf ΛҰఆͷίωΫγϣϯϨʔτ 10 Ͱ 100 ඵ࣮ؒߦ
͢Δɻ࠷ॳͷ 50ඵؒ͸ɺIPS͕࣮͞ݱΕΔ VNF 2͸࢖༻Ͱ͖
ͳ͍΋ͷͱ͠ɺBRTS 2͸ଞͷλϓϧۭؒʹ઀ଓ͞Εͳ͍ɻͦ
ͷͨΊɺVNF 1͕ɺIPS͕ద༻͞ΕΔ΂͖શͯͷϑϩʔΛॲཧ
͢Δɻ࣮ݧ։ޙ࢝ 50ඵ͕ܦաͨ࣌͠఺Ͱ VNF Ͱ͖Δ༺࢖2͕
Α͏ʹͳΓɺBRTS 2͕ଞͷλϓϧۭؒʹ઀ଓ͞ΕΔɻࠓճͷ
࣮૷Ͱ͸؆୯ͷͨΊɺCompute0 Ͱ͸ϑΝΠΞ΢ΥʔϧͷΈɺ
Compute1ͱ Compute2Ͱ͸ IPSͷΈ͕࣮͞ߦΕΔ΋ͷͱ͢Δɻ
·ͨɺBRTS 2ͷଞͷλϓϧۭؒͱͷ઀ଓ͸ॳΊʹ͏ߦ΋ͷͷɺ
ͦͷஈ֊Ͱ͸෺࣭ͷ΍ΓऔΓΛͤͣɺ50ඵ͕ܦաͨ࣌͠఺Ͱ෺
࣭ͷ΍ΓऔΓΛ࢝ΊΔΑ͏ʹઃఆ͠ɺ෺࣭͸ BRTS 1ͱ BRTS 2
ͷؒͰͷΈҠಈ͕ߦΘΕΔ΋ͷͱ͢Δɻ

BRTS 0 Ͱ͸ɺੜԽֶ൓Ԡࣜͱͯࣜ͠ (2)–(5) Λఆٛ͠ɺ෺
࣭ೱ౓ͷॳظ஋ͱͯ͠ɺRSRC ͸ 1,000ɺVNF ͸ 1,000ɺଞͷ
෺࣭ʹ͍ͭͯ͸ 0Λઃఆͨ͠ɻBRTS 1Ͱ͸ɺੜԽֶ൓Ԡࣜͱ
ͯࣜ͠ (2)–(10) Λఆٛ͠ɺ෺࣭ೱ౓ͷॳظ஋ͱͯ͠ɺRSRC

͸ 1,000ɺVNF ͸ 1,000ɺଞͷ෺࣭ʹ͍ͭͯ͸ 0 Λઃఆͨ͠ɻ
BRTS 2Ͱ͸ɺੜԽֶ൓Ԡࣜͱͯࣜ͠ (2)–(10)Λఆٛ͠ɺ෺࣭
ೱ౓ͷॳظ஋ͱͯ͠ɺRSRC ͸ 1,000ɺଞͷ෺࣭ʹ͍ͭͯ͸ 0
Λઃఆͨ͠ɻ·ͨɺશͯͷ൓Ԡࣜͷ൓Ԡ଎౓ఆ਺ͱͯ͠ 0.2Λ
ઃఆ͢Δɻ

5. 2 ࡯ߟՌͱ݁ݧ࣮

ਤ 6ʹɺ࣮݁ݧՌͱͯ͠ಘΒΕͨɺ֤λϓϧۭؒʹ͓͚ΔԽ
ֶ෺࣭ೱ౓ɺγεςϜ͕؍ଌ֤ͨ͠ VNFʹର͢ΔϑϩʔϨʔ
τ΍֤ VNF಺ͷ଺ཹσʔλྔͱ͍ͬͨ౷ܭ৘ใɺ֤ VNFʹର
͢Δ CPUׂݯࢿΓ౰ͯྔɺΫϥΠΞϯτ͔ΒϝσΟΞαʔό
֤͍ͯͭʹϑϩʔ͚ͨ޲ʹ SFP ͕ద༻͞Εͨϑϩʔͷ਺ɺٴ
ͼ httperfͷίωΫγϣϯ͋ͨΓͷϦϓϥΠ਺ͱ࣮ؒ࣌ߦͷɺ

ର͢ΔભҠΛࣔ͢ɻʹؒ࣌աܦ

·ͣɺIPSͱͯ͠ VNF 1ͷΈ͕࢖༻͞Ε͍ͯΔલ൒ͷ 50ඵ
ʹ͍ͭͯड़΂Δɻਤ 6(h) ΑΓɺ͜ͷؒظͰ͸ɺΫϥΠΞϯτ
͔ΒϝσΟΞαʔόʹ͚ͨ޲શͯͷϑϩʔʹରͯ͠ {VNF 0
→ VNF 1}ͱ͍͏ SFP͕બ୒͞Ε͍ͯΔ͜ͱ͕Θ͔Δɻ·ͨɺ
ਤ 6(a) ͱਤ 6(b) Ͱ͸ϑϩʔϨʔτʹԠͨ͡஋ʹ֤෺࣭ೱ౓͕
ऩଋ͍ͯ͠Δ͜ͱ͕Θ͔Δɻ͔͠͠ɺऩଋ·Ͱʹ͔͔Δؒ࣌͸

໿ 20ඵఔ౓Ͱ͋Δɻ͜Ε͸શͯͷ൓Ԡࣜͷ൓Ԡ଎౓ఆ਺Λ 0.2
ʹઃఆͨ͠ӨڹͰɺ֤ੜԽֶ൓Ԡࣜͷ࣮ߦ଎౓͕খ͍ͨ͞ΊͰ

͋Δɻ൓Ԡ଎౓ఆ਺ͷઃఆ͸ɺऩଋʹࢸΔ·Ͱͷա౉ಛੑ΍ɺ

൓ԠࣜͷࢉܭΛ࣮͢ߦΔαʔόͷॲཧੑೳͳͲΛྀͯ͠ߟઃఆ

͢Δඞཁ͕͋Δɻ۩ମతͳઃఆํ๏ʹ͍ͭͯ͸ޙࠓͷ՝୊ͱ͠

͍ͨɻ

ɺVNFʹ࣍ ൒ͷޙͰ͖ΔΑ͏ʹͳͬͨ༺࢖2͕ 50ඵؒʹ͍ͭ
ͯड़΂Δɻਤ 6(a)–6(c)ΛݟΔͱɺBRTS 0ʹ͓͚Δ෺࣭ೱ౓͸
લ൒ͱൺ΂ͯมԽ͸ͳ͍ɻҰํɺBRTS 1ʹ͓͚Δ෺࣭ೱ౓͸ɺ

BRTS 2͕઀ଓ͞Εͨ௚ޙɺGRAD ͷೱ౓͕ݮগ͠ɺͦͷ্ޙ

ঢ͢Δ͜ͱ͕Θ͔Δɻ͜Ε͸ɺBRTS 2ʹରͯ͠ GRAD ͷ֦ࢄ

ΊͰ͋Δɻ·ͨɺBRTSͨ͏͔޲ʹͼऩଋ࠶ޙΘΕɺͦͷߦ͕ 2
Ͱ͸γεςϜ΁ͷ઀ଓ௚͔ޙΒ֤෺࣭ೱ౓͸ऩଋ஋΁͍ۙͮͯ

͍͖ɺ࠷ऴతͳऩଋ஋͸ BRTS 1ͱಉ༷ʹͳΔ͜ͱ͕Θ͔Δɻ
ਤ 6(h)ΑΓɺBRTS 2ͷ઀ଓ͠ޙ͹Β͘͢ΔͱɺΫϥΠΞϯτ

͔ΒϝσΟΞαʔόʹ͚ͨ޲ϑϩʔʹରͯ͠ {VNF 0 → VNF 2}
ͱ͍͏ SFP͕બ୒͞ΕΔΑ͏ʹͳΓɺVNF ΕΔΑ͏͞༺࢖2͕
ʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɻ·ͨɺ࠷ऴతʹ͸ VNF ͞༺࢖1͕
ΕΔ SFPͱɺVNF ΕΔ͞༺࢖2͕ SFP͕΄΅ۉ౳ͳ֬཰Ͱબ
୒͞Ε͍ͯΔ͜ͱ͕Θ͔Δɻ͜Ε͸֤λϓϧۭؒͷ GRAD ͷ

ೱ౓ʹԠͯ͡ɺద੾ʹϑϩʔϧʔςΟϯά͕ߦΘΕ͍ͯΔ͜ͱ

Λ͍ࣔͯ͠Δɻ͜ΕʹΑ֤ͬͯ VNFʹର͢ΔϑϩʔϨʔτ΋
มԽ͠ɺ֤ BRTSʹ͓͚Δ෺࣭ೱ౓ʹӨڹΛ༩͍͑ͯΔɻࠓճ
ͷ࣮ݧͷઃఆͰ͸࠷ऴతʹ SFP͸ۉ౳ʹબ୒͞Ε͕ͨɺ൓Ԡ଎
౓ఆ਺Λม͢ߋΔ͜ͱͰɺ͜ͷ੍ޚΛม͢ߋΔ͜ͱ΋ՄೳͰ͋

Δ [5]ɻྫ͑͹Ϋϥ΢υΤοδίϯϐϡʔςΟϯάʹ͓͍ͯɺҰ
ఆͷϑϩʔϨʔτҎԼͰ͸Τοδʹ഑ஔͨ͠ VNFͷΈΛ࢖༻
͠ɺͦΕҎ্ʹͳΕ͹Ϋϥ΢υʹ഑ஔ͞Εͨ VNF΋࢖༻͢Δ
Α͏ʹ੍͢ޚΔ͜ͱ΋ՄೳͰ͋Δɻ

ਤ 6(g)ΛݟΔͱɺԽֶ෺࣭ೱ౓͕ऩଋͨ͠ޙ͸ɺVNFʹର
͢Δ CPU͕ݯࢿਖ਼ׂ͘͠Γ౰ͯΒΕ͍ͯΔ͜ͱ͕Θ͔Δɻ·
ͨɺਤ 6(i)ΛݟΔͱɺશͯͷ࣮ݧʹ͍ͭͯશͯͷϦΫΤετ͕
ॲཧ͞Εɺ࣮ؒ࣌ߦʹ͍ͭͯ΋ϑϩʔϨʔτʹରͯ͠ CPUࢿ
Λআ͖ɺ૿Ճ͍ͯ͠ͳ͍͜ͱ͕ޙ௚࢝։ݧෆ଍͍ͯ͠Δ࣮͕ݯ

Θ͔Δɻ

͜ΕΒͷ݁Ռ͔ΒɺVNF΁ͷಈతͳׂݯࢿ౰ɺϑϩʔܦ࿏ͷ
ಈతͳઃఆͳͲ͕ਖ਼͘͠ಈ͍ͯ͠࡞Δ͜ͱ͕֬ೝͰ͖ͨɻ

6. ·ͱΊͱޙࠓͷ՝୊

ຊใࠂͰ͸ɺੜԽֶ൓ԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮج

͘αʔϏεۭؒߏஙख๏Λ࣮૷͠ɺ࣮ݧʹΑͬͯͦͷੑೳධՁ

Λͨͬߦɻ࣮૷Ͱ͸ɺOPNFVΛ༻͍ͯߏஙͨ͠ NFVڥ؀ʹɺ
ETSI ISGʹΑͬͯఏҊ͞Εͨ NFVϑϨʔϜϫʔΫ্ʹ഑ஔ͠
ͨ 4ͭͷओཁͳίϯϙʔωϯτ͔ΒͳΔγεςϜΛߏங͠ɺఏ
Ҋख๏Λ࣮ͨ͠ݱɻੑೳධՁͰ͸ɺಈըετϦʔϛϯάΛ૝ఆ

ͨ͠τϥώοΫʹରͯ͠ɺVNFʹର͢Δ CPUݯࢿͷׂΓ౰ͯ
ͱαʔϏενΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕ద੾ʹߦΘ

ΕɺϑϩʔͷύέοτΛաෆ଍ͳ͘ॲཧͰ͖Δ͜ͱΛ֬ೝͨ͠ɻ

·ͨɺڥ؀ͷಈతͳมಈʹରͯ͠΋੍ޚΛదԠతʹ͑ߦΔ͜ͱ

Λࣔͨ͠ɻ

ඞཁͳʹ׵ͷ஋ͱ෺࣭ೱ౓ͷม࣮ݱͷ՝୊ͱͯ͠ɺޙࠓ VNF
͝ͱͷύϥϝʔλΛػցతʹܾఆ͢Δख๏ͷఏҊ΍ɺαʔόؒ

ͷ఻ૹ஗Ԇؒ࣌΍ϦϯΫଳҬ౳ͷཁૉΛఏҊख๏΁ಋೖ͢Δ͜

ͱ͕͑ߟΒΕΔɻ·ͨɺຊใࠂͰѻΘͳ͔༷ͬͨʑͳγφϦΦ

Ͱͷ࣮ݧධՁ΋͛ڍΒΕΔɻ
จ ݙ

[1] I. Foster, C. Kesselman, C. Lee, B. Lindell, K. Nahrstedt, and A. Roy,
“A Distributed Resource Management Architecture that Supports
Advance Reservations and Co-allocation,” in Proceedings of 1999
Seventh International Workshop on Quality of Service, pp. 27–36,
May 1999.

[2] M. Viroli, M. Casadei, S. Montagna, and F. Zambonelli, “Spatial Co-

— 5 —



 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 0  20  40  60  80  100

C
o
n
ce

n
tr

a
tio

n

Elapsed Time (s)

VNF
RSRC

RS_VNF
MEDIATE

PKT

(a) BRTS 0 ʹ͓͚ΔԽֶ෺࣭ೱ౓

 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 0  20  40  60  80  100

C
o
n
ce

n
tr

a
tio

n

Elapsed Time (s)

VNF
RSRC

RS_VNF
MEDIATE

PKT
GRAD

(b) BRTS 1 ʹ͓͚ΔԽֶ෺࣭ೱ౓

 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 0  20  40  60  80  100

C
o
n
ce

n
tr

a
tio

n

Elapsed Time (s)

VNF
RSRC

RS_VNF
MEDIATE

PKT
GRAD

(c) BRTS 2 ʹ͓͚ΔԽֶ෺࣭ೱ౓

 0

 1x107

 2x107

 3x107

 4x107

 5x107

 6x107

 7x107

 0  10  20  30  40  50  60  70  80  90  100

F
lo

w
 R

a
te

 (
b
p
s)

Elapsed Time (s)

VNF 0

(d) VNF 0 ʹର͢ΔϑϩʔϨʔτ

 0

 200000

 400000

 600000

 800000

 1x106

 1.2x106

 1.4x106

 1.6x106

 1.8x106

 0  10  20  30  40  50  60  70  80  90  100

F
lo

w
 R

a
te

 (
b
p
s)

Elapsed Time (s)

VNF 1
VNF 2

(e) VNF 1 ͱ VNF 2 ʹର͢ΔϑϩʔϨʔτ

-200000

 0

 200000

 400000

 600000

 800000

 1x106

 1.2x106

 1.4x106

 0  10  20  30  40  50  60  70  80  90  100

R
e
m

a
in

in
g
 D

a
ta

 S
iz

e
 W

a
iti

n
g
 t
o
 b

e
 P

ro
ce

ss
e
d
 (

b
yt

e
s)

Elapsed Time (s)

VNF 0
VNF 1
VNF 2

(f) ֤ VNF ಺ͷ଺ཹσʔλྔ

 0

 20

 40

 60

 80

 100

 0  10  20  30  40  50  60  70  80  90  100

A
llo

ca
te

d
 C

P
U

 R
e
so

u
rc

e
s 

(%
)

Elapsed Time (s)

VNF 0
VNF 1
VNF 2

(g) ֤ VNF ʹର͢Δ CPU Γ౰ͯྔׂݯࢿ

 0

 2

 4

 6

 8

 10

 0  10  20  30  40  50  60  70  80  90  100

N
u
m

b
e
r 

o
f 
F

lo
w

s

Elapsed Time (s)

{VNF 0 -> VNF 1}
{VNF 0 -> VNF 2}

(h) ΫϥΠΞϯτ͔ΒϝσΟΞαʔόʹ͚ͨ޲ϑϩʔʹ

͍֤ͭͯ SFP ͕ద༻͞Εͨϑϩʔͷ਺

 0

 2

 4

 6

 8

 10

 0  10  20  30  40  50  60  70  80  90  100
 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

N
u
m

b
e
r 

o
f 
R

e
p
lie

s 
P

e
r 

C
o
n
n
e
ct

io
n

E
xe

cu
tio

n
 T

im
e
 (

s)

Elapsed Time (s)

Number of Replies Per Connection
Execution Time

Execution Time = 1

(i) httperf ͷίωΫγϣϯ͋ͨΓͷϦϓϥΠ਺ͱ࣮

ؒ࣌ߦ

ਤ 6 ࣮ ݧ ݁ Ռ

ordination of Pervasive Services through Chemical-Inspired Tuple
Spaces,” ACM Transactions on Autonomous and Adaptive Systems
(TAAS), vol. 6, no. 14, pp. 1–24, June 2011.

[3] G. Hasegawa and M. Murata, “Biochemically-inspired Method for
Constructing Service Space in Virtualized Network System,” in Pro-
ceedings of ICIN 2016, Mar. 2016.

[4] K. Sakata, “Adaptive and Autonomous Placement Method of Virtual-
ized Network Functions based on Biochemical Reactions,” Master’s
thesis, Osaka University, Feb. 2018.

[5] R. Kurokawa, “Biochemically-inspired, Adaptive, and Autonomous
VNF Control for Service Function Chaining,” Master’s thesis, Osaka
University, Feb. 2019.

[6] “OPNFV: Home.” available at https://www.opnfv.org.
[7] “GitHub - httperf/httperf: The httperf HTTP load generator.” avail-

able at https://github.com/httperf/httperf.
[8] “Home - OpenDaylight.” available at https://www.opendayli

ght.org.
[9] “Network Service Header (NSH).” available at https://www.rf

c-editor.org/rfc/pdfrfc/rfc8300.txt.pdf.
[10] ETSI GS NFV 002, “Network Functions Virtualisation (NFV); Ar-

chitectural Framework.” available at http://www.etsi.org/d

eliver/etsi gs/nfv/001 099/002/01.01.01 60/gs n
fv002v010101p.pdf.

[11] ETSI GS NFV 005, “Network Functions Virtualisation (NFV);
Ecosystem; Report on SDN Usage in NFV Architectural Frame-
work.” available at https://www.etsi.org/deliver/etsi
gs/NFV-EVE/001 099/005/01.01.01 60/gs nfv-eve0
05v010101p.pdf.

[12] “Home - OpenStack is open source software for creating private and
public clouds.” available at https://www.openstack.org.

[13] “NGINX — High Performance Load Balancer, Web Server, & Re-
verse Proxy.” available at https://www.nginx.com.

[14] “netfilter/iptables project homepage - The netfilter.org project.” avail-
able at https://www.netfilter.org.

[15] “Snort - Network Instruction Detection & Prevention System.” avail-
able at https://www.snort.org.

[16] H. Hisamatsu, G. Hasegawa, and M. Murata, “Network Friendly
Transmission Control for Progressive Download over TCP,” Journal
of Communications, vol. 7, no. 14, pp. 213–221, Mar. 2012.

[17] “Service Function Chaining (SFC) Architecture.” available at
https://www.rfc-editor.org/rfc/pdfrfc/rfc7665.
txt.pdf.

— 6 —


