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͋Β·͠ զʑͷڀݚάϧʔϓͰɺੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒߏஙख๏ͷ NFV
ͰɺఏҊख๏Λࠂͷద༻ΛఏҊ͍ͯ͠Δɻຊใڥ NFVϑϨʔϜϫʔΫ্ͷίϯϙʔωϯτͱ࣮ͯ͠͠ɺ࣮ݧ
ʹΑͬͯੑධՁΛ݁ͨͬߦՌΛࣔ͢ɻ·ͣɺΦʔϓϯιʔεϓϩδΣΫτͰ͋Δ Open Platform for NFV (OPNFV)
Λ༻͍ͯ NFVڥΛߏங͠ɺͦ͜ʹఏҊख๏Λ࣮͢ݱΔγεςϜΛ࣮ͨ͠ɻ࣍ʹɺಈըετϦʔϛϯάΛఆͨ͠
τϥώοΫʹରͯ͠ɺVNFʹର͢Δ CPUݯࢿͷׂΓͯͱαʔϏενΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕దʹ
ݮΑΔੑධՁͰ֬ೝͨ͠ɻ·ͨɺτϥώοΫͷ૿ʹݧΘΕɺϑϩʔͷύέοτΛաෆͳ͘ॲཧͰ͖Δ͜ͱΛ࣮ߦ

 VNFͷՃͷಈతͳڥͷมಈʹରͯ͠దԠతʹ੍͕ޚՄͰ͋Δ͜ͱΛࣔͨ͠ɻ
Ωʔϫʔυ Network Functions Virtualization (NFV)ɺVirtualized Network Function (VNF)ɺSoftware Defined Networking
(SDN)ɺService Function Chaining (SFC)ɺΦʔϓϯιʔειϑτΣΞɺੜԽֶԠࣜ

1.  ͡ Ί ʹ

Network Functions Virtualization (NFV:ωοτϫʔΫػԾ
Խ)γεςϜΛޮతʹӡ༻͢ΔͨΊʹɺ֤ Virtualized Net-
work Function (VNF:ԾԽωοτϫʔΫػ)ͷஔɺαʔό
ͷݯࢿ VNFͷɺٴͼϑϩʔͷܦ࿏ΛɺτϥώοΫྔ
αʔόෛՙʹԠͯ͡దʹܾఆ͢Δඞཁ͕͋Δɻ͞Βʹɺ

NFVγεςϜͷΑ͏ͳωοτϫʔΫαʔϏεɺγεςϜͷো
มಈʹૉૣ͘ରԠ͢ΔͨΊɺڥͳมԽͷܹٸधཁͷ

ࣗࢄతʹಈ͢࡞Δ͜ͱ͕·͍͠ [1]ɻͦͷΑ͏ͳڍಈΛ
Δํ๏ͷ͢ݱ࣮ 1ͭͱͯ͠ɺࣗੑࢄࣗݾ৫ੑͷ͍ߴɺ
ੜԽֶߏػΛ༻͍Δख๏͕͋Δ [2]ɻզʑͷڀݚάϧʔϓͰɺ
ੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒ

ஙख๏ΛɺNFVʹద༻͢Δ͜ͱΛఏҊ͍ͯ͠Δߏ [3]ɻ͜ͷख
๏ͰɺαʔόΛλϓϧۭؒͱͯ͠ɺαʔϏεཁٻɺαʔϏε

धཁɺٴͼαʔόݯࢿΛλϓϧۭؒͷԽֶ࣭ͱͯͦ͠Ε

ͧΕද͠ɺαʔόͷڍಈΛੜԽֶԠࣜͱͯ͠هड़͢Δɻ͞Β

ʹɺෳͷλϓϧۭؒΛଓͯ͠ωοτϫʔΫΛߏ͢Δ͜

ͱͰɺෳͷαʔό͔ΒͳΔωοτϫʔΫγεςϜʹ͓͚Δɺ

αʔϏεཁٻͷҠಈɺ֦ࢄΛද͢ݱΔ͜ͱ͕Ͱ͖Δɻ͜ΕΛ

NFV ஔ͞Ε֤ͨαʔόࢄద༻͢Δ͜ͱʹΑͬͯɺʹڥ
ʹ͓͍ͯఏ͢ڙΔ VNFͷܾఆɺෳछྨͷ VNFʹΑΔαʔό
ͼٴ༗ɺڞͷݯࢿ VNFͷߦ࣮ࢄΛ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɻ
·ͨɺੜԽֶԠࣜͦΕͧΕͷλϓϧۭؒʹ͓͍ͯಠཱʹఆ

ٛ͞Ε࣮ͯ͞ߦΕΔͨΊɺࣗࢄతͳڍಈΛ࣮͢ݱΔͷʹద

͍ͯ͠Δɻઌڀݚߦʹ͓͍ͯɺίϯϐϡʔλγϛϡϨʔγϣ

ϯʹΑΔಈূݕ࡞ɺٴͼ؆қͳ࣮ڥݧͰͷධՁͷΈ͕ߦΘΕ

͍ͯΔ [4, 5]ɻ
ຊใࠂͰɺଞͷίϯϙʔωϯτͱ࿈͢ܞΔ NFVϑϨʔϜ
ϫʔΫ্ͷίϯϙʔωϯτͱͯ͠ఏҊख๏Λ࣮͢Δ͜ͱͰಈ

త NFV੍ޚγεςϜΛ࣮͠ݱɺ࣮ӡ༻Λఆ࣮ͨ͠ݧʹΑͬ

ͯͦͷੑධՁΛ͏ߦɻ·ͣɺNFVΛ࣮͢ݱΔιϑτΣΞ
ΦʔϓϯιʔεϓϩδΣΫτͰ͋ΔɺOpenͨ͠ࢦͷ࣮Λڥ
Platform for NFV (OPNFV) [6]Λ༻͍ͯ NFVڥΛߏங͠ɺͦ
͜ʹఏҊख๏Λ࣮͢ݱΔγεςϜΛ NFVϑϨʔϜϫʔΫ্ͷ
ίϯϙʔωϯτͱͯ͠ઃ͠ܭɺ࣮͢Δɻ࣍ʹɺಈըετϦʔ

ϛϯάΛఆͨ͠τϥώοΫΛաෆͳ͘ॲཧͰ͖Δ͜ͱΛ࣮

ΑΔੑධՁͰ֬ೝ͢Δɻ۩ମతʹɺhttperfʹݧ [7]Λ༻
͍ͯੜͨ͠τϥώοΫʹ͍ͭͯɺVNFʹର͢Δ CPUݯࢿͷ
ׂΓͯͱɺOpenDaylight [8]ΞϓϦέʔγϣϯʹΑΔαʔϏε
νΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕దʹߦΘΕ্ͨͰɺ

ϑϩʔͷύέοτ͕ VNFʹΑͬͯશͯॲཧ͞ΕɺॲཧԆ͕ൃ
ੜ͠ͳ͍͜ͱΛ֬ೝ͢Δɻ͜͜Ͱɺܦ࿏੍ޚʹؔͯ͠ɺNFV
ʹ͓͚Δඪ४Ͱ͋Δ Network Service Header (NSH) [9]Λ༻͍ͯ
αʔϏενΣΠχϯάཁٻΛ࣮͠ݱɺͦΕʹैͬͨઃఆΛ͏ߦ

͜ͱͰܦ࿏੍ޚΛ͏ߦɻ·ͨɺτϥώοΫͷ૿ݮ VNFͷ
Ճͱ͍ͬͨڥͷಈతͳมಈʹରͯ͠ɺCPUݯࢿͷׂΓͯ
ܦ࿏ͷઃఆΛదԠతʹ͑ߦΔ͜ͱΛࣔ͢ɻ

2. ੜԽֶԠϞσϧʹͮ͘ج NFVγεςϜ

λϓϧۭؒϞσϧ [2]ɺࢄγεςϜΛද͢ݱΔϞσϧͰ
͋Δɻਤ 1ʹɺੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧͷ֓ཁ
Λࣔ͢ɻࢄγεςϜͷ֤ίϯϙʔωϯτɺλϓϧۭؒͱ͠

ͯϞσϧԽ͞ΕΔɻλϓϧۭؒɺੜԽֶԠ͕͜ىΔͱఆ

ٛ͞ΕΔɻλϓϧۭؒͷλϓϧԽֶ࣭ʹ૬͠ɺλϓϧ

ͷྔԽֶ࣭ͷೱʹ૬͢Δɻ࣭ೱɺλϓϧۭؒ

ʹԽֶԠࣜΛఆٛ͢Δ͜ͱʹΑͬͯɺ૿Ճɺٴͼݮগ͢Δɻ

ԽֶԠࣜͷ࣮ߦɺ֤ԠͱԠఆͷੵʹ

Αܾͬͯఆ͞ΕΔɻࣜ (1)ͰɺԠ X ͱ Y ͷೱ͕ͦΕ

ͧΕ xͱ yͰ͋Δͱ͖ɺԠఆ͕ aͳͷͰɺԠ

axy Ͱ͋Δɻ

X |Y a−→ Z (1)
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ਤ 1 ੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧ

͜ͷੑ࣭ʹΑΓɺԽֶԠͷԠԠͷೱͱԠ

ఆʹΑ੍ͬͯ͞ޚΕΔɻ͞Βʹɺଞͷλϓϧۭؒͷλϓ

ϧͷ֦ࢄҠಈΛද͢ݱΔੜԽֶԠΛఆٛ͢Δ͜ͱʹΑͬͯɺ

ෳͷλϓϧۭؒʹ͓͚Δ૬࡞ޓ༻ΛදݱͰ͖Δɻ֤λϓϧۭ

ؒʹ͓͚ΔԽֶԠಠཱʹൃੜ͢ΔͷͰɺࣗࢄతͳڍಈ

͕දݱͰ͖Δɻ

ੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮ͘جαʔϏεۭؒ

ஙख๏Λߏ NFVద༻ͨ͠γεςϜͰѻ͏ԠࣜΛࣜ (2)–(11)
ʹ·ͱΊΔɻ͜͜ͰɺVNFɺRSRCɺٴͼ PKT ͦΕͧΕɺ

VNFͷधཁɺαʔόݯࢿɺٴͼύέοτΛҙຯ͢ΔԽֶ࣭Ͱ
͋ΓɺGRAD ύέοτͷసૹઌΛܾఆ͢ΔͨΊͷޯΛ

͢ΔͨΊͷԽֶ࣭Ͱ͋Δɻ·ͨɺc0–c11ܗ ͦΕͧΕɺͦ
ͷԠͷԠఆͰ͋Δɻৄࡉʹ͍ͭͯ [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. NFVϑϨʔϜϫʔΫ্ͷ࣮

ຊষͰɺETSI ISGʹΑͬͯఏҊ͞Εͨ NFVϑϨʔϜϫʔ
Ϋ [10]ͱɺͦ ͷSoftware Defined Networking (SDN)ͱͷ౷߹ [11]
ఏҊख๏ͷ࣮ํʹ͍ͭͯड़Δɻ͍ͨͮجʹ

3. 1 NFVϑϨʔϜϫʔΫ
ਤ 2ʹࣔ͢ NFVϑϨʔϜϫʔΫɺҎԼʹࣔ͢ 3ͭͷओཁ

ͳίϯϙʔωϯτ͔Βߏ͞ΕΔɻ

Virtualized Network Functions (VNFs)
ωοτϫʔΫػͷιϑτΣΞ࣮Ͱ͋ΓɺԾϚγϯ্Ͱ

ΕΔɻ͞ߦ࣮

NFV Infrastracture (NFVI)
VNFΛ࣮͢ߦΔͨΊͷج൫Ͱ͋ΓɺཧݯࢿͱԾݯࢿͷ྆ํ
Λཧ͢ΔɻཧݯࢿɺϋΠύʔόΠβͷΑ͏ͳԾԽϨΠ

ϠΛհͯ͠ԾԽ͞ΕɺVNFΛஔ͢ΔԾϚγϯͱͯ͠ఏڙ
͞ΕΔɻ

NFV Management and Orchestration (NFV MANO)
VNF NFVIʹ͓͚ΔϥΠϑαΠΫϧݯࢿͷΦʔέετϨʔ
γϣϯΛཧ͢ΔɻNFV Orchestrator (NFVO)ɺVNF Manager
(VNFM)ɺٴͼ Virtualized Infrastructure Manager (VIM) ͱ͍͏
3 ͭͷػؚ͕·ΕΔɻNFVO ɺService Function Chaining
(SFC) Λཧ͠ɺVNF ΛΦʔέετϨʔτ͢ΔɻVNFM ɺ
VNF ͷϥΠϑαΠΫϧ (আͼٴ৽ɺߋɺ࡞) Λཧ͢Δɻ
VIM ɺNFVI ʹ͓͚ΔίϯϐϡʔςΟϯάɺωοτϫʔΫɺ
ɻ͏ߦΓͯΛׂݯࢿΛཧ͠ɺVNFͷݯࢿͼετϨʔδٴ

3. 2 ఏҊํࣜͷ࣮ํ

࣮ӡ༻Λఆͨ͠ NFVڥͷఏҊख๏ͷద༻ͷͨΊɺSDN
Λ౷߹ͨ͠ NFVϑϨʔϜϫʔΫ্ʹఏҊख๏Λ࣮͢ݱΔɻຊ
અͰɺఏҊख๏ͷ࣮ํʹ͍ͭͯड़Δɻ

ఏҊख๏ͰɺੜԽֶԠࣜͷ࣮݁ߦՌʹ͍ͯͮجɺVNFʹ
ର͢ΔׂݯࢿΓͯͱϑϩʔͷܦ࿏੍ޚΛ͏ߦɻϑϨʔϜϫʔ

Ϋ্ͷίϯϙʔωϯτͱͯ͠ఏҊख๏Λ࣮͢ݱΔͨΊʹɺఏҊ

ख๏ͷػΛෳͷίϯϙʔωϯτʹׂ࣮ͯ͢͠Δɻ͜͏

͢Δ͜ͱͰɺطଘͷ NFVίϯϙʔωϯτͱ࿈ͤ͞ܞΔ͜ͱ͕Մ
ʹͳΔɻ࣮͢ݱΔඞཁ͕͋Δػͱͦͷ࣮ํʹ͍ͭͯɺ

ҎԼʹड़Δɻ

ੜԽֶԠࣜͷࢉܭ

֤αʔόͰఆٛ͞ΕͨλϓϧۭؒͷੜԽֶԠࣜͷࢉܭΛ͏ߦɻ

ࣗࢄతͳ੍ޚͷͨΊɺ͞ߦ࣮ࢄΕΔ͜ͱ͕·͍͠ɻͦ

ͷͨΊɺVNFͱ࣮ͯ͢͠ݱΔͷ͕దͰ͋Δɻ
ϑϩʔϨʔτͱ VNFͷཹσʔλྔͷऔಘ
৽͘͠γεςϜʹೖΔϑϩʔʹରͯ͠ɺͦͷϑϩʔͷྔʹ૬

͢Δೱͷ࣭ PKT Λ֘͢Δλϓϧۭؒʹೖ͢Δɻ·

ͨɺVNF ʹཹ͍ͯ͠Δύέοτͷྔʹ૬͢Δೱͷ
࣭ PKT Λ֘͢Δλϓϧۭؒͷ PKT ͷೱͱ͢Δɻϑϩʔ

Ϩʔτͱཹσʔλྔͷऔಘʹ SDN Switch͔Βͷ౷ܭใ
Λऔಘ͢Δඞཁ͕͋Γɺ͜ͷػ VIMͷػͱ࣮ͯ͢͠ݱ
Δͷ͕దͰ͋Δɻ

VNFʹର͢ΔׂݯࢿΓͯ
࣭ೱʹԠͨ͡ VNFͷׂݯࢿΓͯΛ͏ߦɻ͜ͷػ
VIMͷػͱ࣮ͯ͢͠ݱΔͷ͕దͰ͋Δɻ
ύέοτϑΥϫʔσΟϯά

࣭ GRAD ͷೱʹԠͨ͡ύέοτϑΥϫʔσΟϯάΛ࣮ݱ

͢Δɻ͜ͷػܦ࿏ީิͷཧɺ࣭ೱʹԠͨ͡ܦ࿏ͷબ

ɺٴͼ SDN Switchʹର͢ΔύέοτϑΥϫʔσΟϯάͷઃ
ఆͱ͍͏ 3ͭͷػʹղ͢Δ͜ͱ͕Ͱ͖Δɻ1ͭͷػɺ
αʔϏενΣΠχϯάΛཧ͢Δ͜ͱ͔ΒɺNFVOͷػͱ͠
ɺSDNػΔͷ͕దͰ͋Δɻଞͷ͢ݱ࣮ͯ Controllerͷػ
ͱ࣮ͯ͢͠ݱΔͷ͕దͰ͋Δɻ

— 2 —
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ਤ 2 NFV ϑϨʔϜϫʔΫ্ͷఏҊํࣜͷ֤ίϯϙʔωϯτͷஔ

ίϯϙʔωϯτؒͷ࣭ೱͷΓऔΓ

λϓϧۭ͕ؒ͞ߦ࣮ࢄΕΔ͜ͱ͔Βɺ༷ʑͳػΛ࣮͢ݱΔ

ίϯϙʔωϯτؒͰɺ࣭ೱͷΓऔΓ͕ߦΘΕΔɻ͜ͷ

ΓऔΓɺαʔόͷ૿ݮͷڥมಈʹରͯ͠దͳॲཧ͕ߦ

ΘΕΔΑ͏ʹɺ1ͭͷίϯϙʔωϯτΛܦ༝ͯ͠͏ߦɻ͜ͷػ
 NFV શମͷΦʔέετϨʔγϣϯʹؔΘΔͨΊɺNFVO
ͷػͱ࣮ͯ͢͠ݱΔͷ͕దͰ͋Δɻ

ͷͱ࣭ೱͷม࣮ݱ

࣭ೱΛར༻͢ΔίϯϙʔωϯτͰɺ࣮ݱͷͱ࣭ೱ

ͷม͕ඞཁͰ͋Δɻίϯϙʔωϯτؒͷ࣭ೱͷΓͱΓ

༝͞ΕΔίϯϙʔωϯτͰɺ֤λϓϧۭؒͷ࣭ೱΛܦ͕

ूͰ͖Δ͜ͱ͔Βɺมͷػ͜ͷίϯϙʔωϯτͰ࣮ݱ

͢Δɻ

ਤ 2 ʹɺNFV ϑϨʔϜϫʔΫ্ʹఏҊख๏Λ࣮͢ݱΔͨΊ
ͷγεςϜͷίϯϙʔωϯτͷ࣮Λࣔ͢ɻఏҊख๏Λ࣮͢ݱ

ΔγεςϜɺҎԼͷ 4ͭͷओཁͳίϯϙʔωϯτ͔Βߏ͞
ΕΔɻ

Biochemical Reactions Orchestrator (BRO)
ఏҊख๏Λ࣮͢ݱΔγεςϜͷΦʔέετϨʔγϣϯΛ͏ߦɻ

BRTSͱ࣭ೱͷΓऔΓΛ͍ߦɺBRTSؒͷ࣭ͷΓऔ
Γ BROΛܦ༝͢ΔɻBRCʹର࣭ͯ͠ೱͷใͱܦ࿏
ͷީิΛఏ͢ڙΔɻBRM͔ΒϑϩʔϨʔτͱཹσʔλྔΛ
औಘ͠ɺBRM VNF͝ͱͷׂݯࢿΓͯྔΛୡ͢Δɻ·ͨɺ
࣭ೱͱׂݯࢿΓͯྔσʔλྔͱͷมΛ͏ߦɻNFVO
ͷϞδϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

Biochemical Reactions Tuple Space (BRTS)
֤αʔόʹରԠ͢ΔλϓϧۭؒͷੜԽֶԠࣜΛ࣮͢ߦΔɻ

ʹͷͨΊʹλϓϧۭؒ͝ͱߦ࣮ࢄ VNFͱ࣮ͯ͠͞ݱΕΔɻ
Biochemical Reactions Manager (BRM)
SDN Switch ͔Βͷ֤ VNF ʹؔ͢Δ౷ܭใͷऔಘͱɺNFVI
ʹର͢Δ VNFͷϦιʔεׂΓͯͷઃఆΛ͏ߦɻVIMͷϞ
δϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

Biochemical Reactions Controller (BRC)
࣭ೱʹ͍֬ͨͮجతͳύεͷબͱɺSDN Switch ʹର
͢ΔύέοτॲཧύέοτϑΥϫʔσΟϯάͷઃఆΛ͏ߦɻ

SDN ControllerͷϞδϡʔϧͱ࣮ͯ͠͞ݱΕΔɻ

...

Client

Media ServerVNF 0

VNF 2

VNF 1

ClientVNF 0 VNF 1

VNF 0 VNF 2

VNF 0
VNF Server

VNF Server

VNF Server

Firewall IPS

Firewall

: Firewall as VNF
: IPS as VNF

SFC Requests
Client → Media Server

Media Server → Client

SFPs
Client → Media Server

Media Server → Client

ਤ 3 ΞϓϦέʔγϣϯγφϦΦ

͜ΕΒͷ۩ମతͳ࣮༰ʹ͍ͭͯࢴ໘ͷ߹্লུ͢Δɻ

4. ࣮ ݧ  ڥ

4. 1 ΞϓϦέʔγϣϯγφϦΦ

ຊߘͰݧ࣮͏ߦͰɺಈըετϦʔϛϯάαʔϏεΛఆ͠

ͨϑϩʔʹରͯ͠ɺαʔϏενΣΠχϯάཁٻʹԠͨ͡ VNF
ͷద༻Λ͏ߦγφϦΦΛѻ͏ɻ

ఆ͢ΔγφϦΦΛਤ 3ʹࣔ͢ɻ͜ͷڥ 3ͷVNFαʔ
όͱΫϥΠΞϯτ܈ɺϝσΟΞαʔό͔Βߏ͞ΕΔɻαʔϏ

ενΣΠχϯάཁٻͱͯ͠ɺҰൠతͳηΩϡϦςΟରࡦͰ͋

ΔϑΝΠΞΥʔϧͱ IPSͷΈ߹ΘͤΛఆ͍ͯ͠Δɻωο
τϫʔΫʹ 3ͷ VNFαʔό͕ଘ͠ࡏɺαʔόʹ 1ͭ
ͣͭͷ VNF͕࣮͞ݱΕ͍ͯΔɻϑΝΠΞΥʔϧΛ࣮͢ݱΔ
VNF 0ɺIPSΛ࣮͢ݱΔ VNF 1ͱ VNF 2͕ VNFͱͯ͠ଘ͠ࡏ
͍ͯΔɻ

·ͣɺΫϥΠΞϯτϝσΟΞαʔόʹରͯ͠ϦΫΤετΛ

ૹΔɻϦΫΤετ NFVڥʹೖΓɺͦͷϑϩʔ {Firewall
→ IPS}ͱ͍͏αʔϏενΣΠχϯάཁٻΛ͍ͯͬ࣋Δͱఆ
͞ΕΔɻ͜ͷαʔϏενΣΠχϯάཁٻʹରԠ͢Δ SFPͱͯ͠
ɺ{VNF 0 → VNF 1}ͱ {VNF 0 → VNF 2}ͷ 2छྨͷީิ
͕ଘ͢ࡏΔɻఏҊख๏ʹΑͬͯ SFP͕ܾఆ͞ΕɺαʔϏενΣ
Πχϯάཁ͕ٻຬͨ͞ΕͨޙɺϝσΟΞαʔόʹϦΫΤετ͕

౸ண͢Δɻ

ɺϝσΟΞαʔόͦͷϦΫΤετʹରͯ͠ϨεϙϯεΛʹ࣍

ฦ͢ɻϨεϙϯε NFVڥʹೖΓɺͦͷϑϩʔ {Firewall}
ͱ͍͏αʔϏενΣΠχϯάཁٻΛ͍ͯͬ࣋Δͱఆ͞Ε

Δɻ͜ͷαʔϏενΣΠχϯάཁٻʹରԠ͢Δ SFPͱͯ͠ɺ
{VNF 0} ͷ 1 छྨͷީิ͕ଘ͢ࡏΔɻఏҊख๏ʹΑͬͯ SFP
͕ܾఆ͞ΕɺαʔϏενΣΠχϯάཁ͕ٻຬͨ͞ΕͨޙɺΫϥ

ΠΞϯτʹϨεϙϯε͕౸ண͢Δɻ

͜ͷγφϦΦʹ͓͚Δϑϩʔͷ૿ݮ VNFαʔόͷ૿ݮʹ
ରͯ͠ɺಈత͔ͭదԠతʹ VNFʹର͢ΔׂݯࢿΓͯܦ࿏
ΘΕΔ͜ͱΛ֬ೝ͢Δɻߦ͕ޚ੍

4. 2 ڥωοτϫʔΫݧ࣮

ຊߘͷ࣮ݧͷͨΊʹߏஙͨ͠ωοτϫʔΫڥΛਤ 4 ʹࣔ
͢ɻ͜ͷωοτϫʔΫΫϥΠΞϯτɺϝσΟΞαʔόɺNFV
αʔόͷ 3ͷཧαʔόͰߏ͞ΕɺͦΕͧΕ 1 Gbpsͷ
ΠʔαωοτʹΑͬͯଓ͞Ε͍ͯΔɻ

NFV αʔόͰ OPNFV Fraser 6.2 Λ༻͍ͯ NFV ߏΛڥ
ஙͨ͠ɻਤ 4 ʹ͓͍ͯɺController0 ʹ BRO ͱ BRC ͕ஔ
͞Ε͓ͯΓɺ·ͨɺCompute0ɺCompute1ɺٴͼ Compute2 
VNF αʔόʹ૬͠ɺͦΕͧΕʹ BRM ͕ஔ͞Ε͍ͯΔɻ
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Overcloud Controller0

virbr0

br-admin

br-external

192.168.122.1/24

192.2.0.99/24

192.168.37.199/24

Undercloud
192.168.122.167/24

192.168.37.1/24

Overcloud Compute0192.0.2.6/24

12.0.0.21/24

192.0.2.12/24
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192.0.2.8/32

11.0.0.28/24

192.168.37.18/24
192.168.37.19/32

12.0.0.28/24
12.0.0.30/32

br-
ex

 : Linux bridge

 : Open vSwitch

 : Physical Machine

 : Virtual Machine

 : NIC

11.0.0.31/24

br-
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br-
int

Client

eno3
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192.168.37.98/24

192.168.37.103/24
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12.0.0.23/24

11.0.0.22/24

br-
ex

Media Server
enp2s0

eno4
192.168.37.99/24

192.168.37.104/24

192.0.2.1/24

192.0.2.10/24

12.0.0.29/24

11.0.0.29/24

Tunnel

172.16.1.10/24
192.168.37.213/24

172.16.1.4/24
192.168.37.210/24

Overcloud Compute1

br-
int

br-
ex

Tunnel

172.16.1.6/24
192.168.37.214/24

172.16.1.7/24
192.168.37.211/24

Overcloud Compute2

br-
int

br-
ex

Tunnel

172.16.1.14/24
192.168.37.215/24

172.16.1.3/24
192.168.37.212/24

vnet0

vnet1

vnet2

vnet7

vnet12

vnet10

vnet9

vnet4

vnet16

vnet6

vnet18

vnet15

vnet13

vnet3

vnet5

vnet8

vnet17

vnet14

vnet11

br-
admin

br-external

virbr0

br-
tenant

br-
storage

eth0

eth2

eth1

eth0

eth1

eth2

eth3

eth0

eth1

eth2

eth3

eth0

eth1

eth2

eth3

eth0

eth1

eth2

eth3

NFV Server

br-ctlplane

br-ex-
int-patch

br-ex-
patch

tape633
3457-c7

br-ex-
patch

tun5343
cbebb9b

br-ex-
int-patch

tune630
dee3c7f

eth0tap5039
9913-e3

eth0tap1b8c
748f-0a

br-ex-
patch

tun781b
6af6ade

br-ex-
int-patch

eth0tape25c
60f0-a4

eth0tapf756
1dc2-2c

br-ex-
patch

tun49a6
2651932

br-ex-
int-patch

eth0tap7baf
6d13-bf

eth0tap206b
5759-51

NAT

NAT

NAT

brts0

vnf0

brts1

vnf1

brts2

vnf2

ਤ 4 ڥωοτϫʔΫݧ࣮

Compute0ʹϑΝΠΞΥʔϧͰ͋Δ VNF 0Λ࣮͢ݱΔԾ
Ϛγϯ vnf0ɺCompute1ͱ Compute2ʹ IPSͰ͋Δ VNF 1ͱ
VNF 2 Λ࣮͢ݱΔԾϚγϯ vnf1 ͱ vnf2 ͕ͦΕͧΕଘ͠ࡏ
͍ͯΔɻ·ͨɺ֤ίϯϐϡʔτϊʔυʹ BRTSΛ VNFͱ͠
ΔͨΊͷԾϚγϯ͢ݱ࣮ͯ brts0ɺbrts1ɺbrts2͕ଘ͍ͯ͠ࡏ
Δɻbrts0ɺbrts1ɺٴͼ brts2Ͱ࣮͍ͯ͠ݱΔ BRTSΛͦΕͧΕ
BRTS 0ɺBRTS 1ɺٴͼBRTS 2ͱݺͿɻBRTS 0ͰCompute0ɺ
BRTS 1 Ͱ Compute1ɺBRTS 2 Ͱ Compute2 ʹରԠ͢Δλ
ϓϧۭ͕࣮ؒ͞ݱΕΔɻ͜ΕΒ OpenStack [12]ͷΠϯελϯ
εͱ࣮͍ͯͯ͠͠ݱΔɻϝσΟΞαʔό NGINX [13]ʹΑͬ
ɺಈըετϦʔϛϯάαʔϏε͠ݱ࣮ͯ HTTPʹΑͬͯఏڙ
͞ΕΔɻ

4. 3 VNFͷ࣮ݱ
ຊߘͷ࣮ݧͰѻ͏ VNFͰ͋ΔϑΝΠΞΥʔϧͱ IPSͷ࣮
આ͢Δɻ͍֓ͯͭʹݱ

ϑΝΠΞΥʔϧNetfilter [14]ʹΑ࣮ͬͯ͠ݱɺIPSNet-
filterͱ Snort [15]ΛΈ߹Θ࣮ͤͯ͢ݱΔɻNetfilterɺLinux
Χʔωϧ 2.4Ҏ߱ʹ͓͚ΔύέοτϑΟϧλϦϯά NATͷ
ύέοτॲཧͷͨΊͷϑϨʔϜϫʔΫͰ͋ΔɻSnortɺCisco
ࣾʹΑͬͯఏ͞ڙΕ͍ͯΔΦʔϓϯιʔεͷωοτϫʔΫ৵ೖ

γεςϜͰ͋ΓɺIPࢭɾݕ ωοτϫʔΫ্ͰͷϦΞϧλ
ΠϜτϥώοΫੳύέοτϩΪϯάΛ࣮͢ߦΔ͜ͱ͕Ͱ

͖ΔɻNetfilter  Snort ͷઃఆʹ͓͍ͯɺϑΟϧλϦϯά
Ξϥʔτͷϧʔϧͷઃఆͤͣɺ୯७ͳసૹͷΈΛ͏ߦͷͱ

͢Δɻ

4. 4 ಈըετϦʔϛϯάαʔϏεͷ࣮ݱ

4. 1અͰࣔͨ͠γφϦΦʹԊ࣮ͬͨݧΛͨ͏ߦΊɺಈըετ
ϦʔϛϯάαʔϏεΛఆͨ͠ HTTPͷϑϩʔΛ httperf [7]
ʹΑͬͯੜ͢Δɻ

۩ମతͳϑϩʔͷઃఆʹ͍ͭͯɺYouTube ͷಈը৴
αʔϏεʹ͍ͭͯड़ΒΕ͍ͯΔจݙ [16] Λߟࢀʹܾఆ͢
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ex

Tunnel
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: Encapsulated Packet (NSH)

: Encapsulated Packet (NSH + GRE)

: Original Packet

(a)ΫϥΠΞϯτ͔ΒϝσΟΞαʔόͷϑϩʔ
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Media Server
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tun
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int-patch eth0tap
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patch

tun

br-ex-
int-patch eth0tap

NAT
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 : Open vSwitch  : Physical Machine

 : Virtual Machine : NIC
: Encapsulated Packet (NSH)

: Original Packet

(b)ϝσΟΞαʔό͔ΒΫϥΠΞϯτͷϑϩʔ

ਤ 5 ύέοτͷϧʔςΟϯά

ΔɻYouTube ʹ͓͚Δ 1080p ͷಈըͷ࠶ੜϏοτϨʔτ
3.60 MbpsͰ͋Γɺσʔλͷૹ৴ͦΕΑΓेେ͖͍Ͱ
Ε͍ͯΔ͞༺࠾ΘΕ͍ͯΔɻͦ͜Ͱߦ 2छྨͷσʔλૹ৴ϝΧ
χζϜͷɺҰํͷϝΧχζϜͷޙͰ 32–128 KBͷσʔλ
Λ 1ԟ෮Ͱऔಘ͠ɺฏۉͰ 6.13 MbpsͰσʔλΛૹ͍ͯ͠
Δɻ͜ΕΛͨ͠ϑϩʔΛҎԼͷΑ͏ʹੜ͢Δɻ

64 KBͷϑΝΠϧΛϝσΟΞαʔόʹஔ͠ɺΫϥΠΞϯτ
͔Β 1ίωΫγϣϯ͋ͨΓʹ 10ճϦΫΤετΛ͏ߦͱ͢Δɻ͜
ͷઃఆͰɺ1ඵ͋ͨΓʹ 1ίωΫγϣϯΛੜ͢Δͱ 5 Mbps
ͷϑϩʔ͕ྲྀΕΔ͜ͱʹͳΓɺ1080pͷಈըͷ࠶ੜϏοτϨʔ
τҎ্ͷϑϩʔ͕ྲྀΕΔ͜ͱʹͳΔɻ

ෳੜ͢Δ͜ͱʹ࣌Ͱɺ্ड़ͷίωΫγϣϯΛಉݧ࣮

ͰɺෳͷΫϥΠΞϯτ͔ΒͷϑϩʔΛ͢ΔɻҎ߱Ͱɺ

httperfͰઃఆ͢Δɺ͜ͷίωΫγϣϯͷ 1ඵ͋ͨΓͷੜ
ΛίωΫγϣϯϨʔτͱݺͿɻ

4. 5 ϑϩʔͷܦ࿏ઃఆํ๏

OpenFlow ϓϩτίϧΛ༻͍ͨɺ4. 1 અͰࣔͨ͠γφϦΦʹ
ԊͬͨϑϩʔϧʔςΟϯάͷ۩ମతͳ࣮ʹ͍ͭͯઆ໌͢Δɻ

ຊ࣮ݧͰѻ͏ϧʔςΟϯάʹ͍ͭͯ֓આͨ͠ͷΛਤ 5ʹࣔ
͢ɻຊ࣮ݧͰѻ͏ VNF ɺσϑΥϧτͰ NSH ʹରԠͯ͠
͍ͳ͍ͨΊΠϯελϯε͕ଓ͞Ε͍ͯΔԾεΠονͰ͋Δ

br-int ͕ SFC ϓϩΩγ [17] ͷׂΛ͏ߦɻϑϩʔΛࣔ͢
ҹͷ৭ͦΕͧΕύέοτͷঢ়ଶΛ͓ࣔͯ͠ΓɺΦϨϯδ͕ݩ

ͷύέοτɺϐϯΫ͕ NSHʹΑΔΧϓηϧԽ͕ߦΘΕͨύέο
τɺ͕ͦࢵͷ্ʹ GREʹΑΔΧϓηϧԽ͕ߦΘΕͨύέοτ
Λࣔ͢ɻͳ͓ɺϔομͷॻ͖͑ʹ͍ͭͯ͜ͷਤͰද͞ݱ

Ε͍ͯͳ͍ɻຊਤʹࣔ͢ύέοτॲཧΛ OpenFlowϓϩτίϧ
Λ༻͍࣮ͯͨ͠ݱɻৄࡉʹ͍ͭͯࢴ໘ͷ߹্লུ͢Δɻ
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5. ߟՌͱ݁ݧ࣮

ຊষͰɺϑϩʔ͕Խֶ࣭ೱʹैͬͯϧʔςΟϯά͞Ε

Δ͜ͱͰෛՙߦ͕ࢄΘΕɺ·ͨɺϑϩʔϨʔτʹԠͨ͡ CPU
͕ݯࢿ VNFʹదʹׂΓͯΒΕΔ͜ͱΛ֬ೝ͢Δɻ

5. 1 ධՁγφϦΦͱύϥϝʔλઃఆ

4. 1અͰࣔͨ͠γφϦΦͰɺಈతͳܦ࿏੍ޚͱׂݯࢿΓͯ
ͷ੍ߦ͕ޚΘΕΔ߹ͷϑϩʔʹ͍ͭͯѻ͏ɻ

httperf ΛҰఆͷίωΫγϣϯϨʔτ 10 Ͱ 100 ඵ࣮ؒߦ
͢Δɻ࠷ॳͷ 50ඵؒɺIPS͕࣮͞ݱΕΔ VNF 2༻Ͱ͖
ͳ͍ͷͱ͠ɺBRTS 2ଞͷλϓϧۭؒʹଓ͞Εͳ͍ɻͦ
ͷͨΊɺVNF 1͕ɺIPS͕ద༻͞ΕΔ͖શͯͷϑϩʔΛॲཧ
͢Δɻ࣮ݧ։ޙ࢝ 50ඵ͕ܦաͨ࣌͠Ͱ VNF Ͱ͖Δ༺2͕
Α͏ʹͳΓɺBRTS 2͕ଞͷλϓϧۭؒʹଓ͞ΕΔɻࠓճͷ
࣮Ͱ؆୯ͷͨΊɺCompute0 ͰϑΝΠΞΥʔϧͷΈɺ
Compute1ͱ Compute2Ͱ IPSͷΈ͕࣮͞ߦΕΔͷͱ͢Δɻ
·ͨɺBRTS 2ͷଞͷλϓϧۭؒͱͷଓॳΊʹ͏ߦͷͷɺ
ͦͷஈ֊Ͱ࣭ͷΓऔΓΛͤͣɺ50ඵ͕ܦաͨ࣌͠Ͱ
࣭ͷΓऔΓΛ࢝ΊΔΑ͏ʹઃఆ͠ɺ࣭ BRTS 1ͱ BRTS 2
ͷؒͰͷΈҠಈ͕ߦΘΕΔͷͱ͢Δɻ

BRTS 0 ͰɺੜԽֶԠࣜͱͯࣜ͠ (2)–(5) Λఆٛ͠ɺ
࣭ೱͷॳظͱͯ͠ɺRSRC  1,000ɺVNF  1,000ɺଞͷ
࣭ʹ͍ͭͯ 0Λઃఆͨ͠ɻBRTS 1ͰɺੜԽֶԠࣜͱ
ͯࣜ͠ (2)–(10) Λఆٛ͠ɺ࣭ೱͷॳظͱͯ͠ɺRSRC

 1,000ɺVNF  1,000ɺଞͷ࣭ʹ͍ͭͯ 0 Λઃఆͨ͠ɻ
BRTS 2ͰɺੜԽֶԠࣜͱͯࣜ͠ (2)–(10)Λఆٛ͠ɺ࣭
ೱͷॳظͱͯ͠ɺRSRC  1,000ɺଞͷ࣭ʹ͍ͭͯ 0
Λઃఆͨ͠ɻ·ͨɺશͯͷԠࣜͷԠఆͱͯ͠ 0.2Λ
ઃఆ͢Δɻ

5. 2 ߟՌͱ݁ݧ࣮

ਤ 6ʹɺ࣮݁ݧՌͱͯ͠ಘΒΕͨɺ֤λϓϧۭؒʹ͓͚ΔԽ
ֶ࣭ೱɺγεςϜ͕؍ଌ֤ͨ͠ VNFʹର͢ΔϑϩʔϨʔ
τ֤ VNFͷཹσʔλྔͱ͍ͬͨ౷ܭใɺ֤ VNFʹର
͢Δ CPUׂݯࢿΓͯྔɺΫϥΠΞϯτ͔ΒϝσΟΞαʔό
֤͍ͯͭʹϑϩʔ͚ͨʹ SFP ͕ద༻͞Εͨϑϩʔͷɺٴ
ͼ httperfͷίωΫγϣϯ͋ͨΓͷϦϓϥΠͱ࣮ؒ࣌ߦͷɺ

ର͢ΔભҠΛࣔ͢ɻʹؒ࣌աܦ

·ͣɺIPSͱͯ͠ VNF 1ͷΈ͕༻͞Ε͍ͯΔલͷ 50ඵ
ʹ͍ͭͯड़Δɻਤ 6(h) ΑΓɺ͜ͷؒظͰɺΫϥΠΞϯτ
͔ΒϝσΟΞαʔόʹ͚ͨશͯͷϑϩʔʹରͯ͠ {VNF 0
→ VNF 1}ͱ͍͏ SFP͕બ͞Ε͍ͯΔ͜ͱ͕Θ͔Δɻ·ͨɺ
ਤ 6(a) ͱਤ 6(b) ͰϑϩʔϨʔτʹԠͨ͡ʹ֤࣭ೱ͕
ऩଋ͍ͯ͠Δ͜ͱ͕Θ͔Δɻ͔͠͠ɺऩଋ·Ͱʹ͔͔Δؒ࣌

 20ඵఔͰ͋Δɻ͜ΕશͯͷԠࣜͷԠఆΛ 0.2
ʹઃఆͨ͠ӨڹͰɺ֤ੜԽֶԠࣜͷ࣮ߦ͕খ͍ͨ͞ΊͰ

͋ΔɻԠఆͷઃఆɺऩଋʹࢸΔ·Ͱͷաಛੑɺ

ԠࣜͷࢉܭΛ࣮͢ߦΔαʔόͷॲཧੑͳͲΛྀͯ͠ߟઃఆ

͢Δඞཁ͕͋Δɻ۩ମతͳઃఆํ๏ʹ͍ͭͯޙࠓͷ՝ͱ͠

͍ͨɻ

ɺVNFʹ࣍ ͷޙͰ͖ΔΑ͏ʹͳͬͨ༺2͕ 50ඵؒʹ͍ͭ
ͯड़Δɻਤ 6(a)–6(c)ΛݟΔͱɺBRTS 0ʹ͓͚Δ࣭ೱ
લͱൺͯมԽͳ͍ɻҰํɺBRTS 1ʹ͓͚Δ࣭ೱɺ

BRTS 2͕ଓ͞ΕͨޙɺGRAD ͷೱ͕ݮগ͠ɺͦͷ্ޙ

ঢ͢Δ͜ͱ͕Θ͔Δɻ͜ΕɺBRTS 2ʹରͯ͠ GRAD ͷ֦ࢄ

ΊͰ͋Δɻ·ͨɺBRTSͨ͏͔ʹͼऩଋ࠶ޙΘΕɺͦͷߦ͕ 2
ͰγεςϜͷଓ͔ޙΒ֤࣭ೱऩଋ͍ۙͮͯ

͍͖ɺ࠷ऴతͳऩଋ BRTS 1ͱಉ༷ʹͳΔ͜ͱ͕Θ͔Δɻ
ਤ 6(h)ΑΓɺBRTS 2ͷଓ͠ޙΒ͘͢ΔͱɺΫϥΠΞϯτ

͔ΒϝσΟΞαʔόʹ͚ͨϑϩʔʹରͯ͠ {VNF 0 → VNF 2}
ͱ͍͏ SFP͕બ͞ΕΔΑ͏ʹͳΓɺVNF ΕΔΑ͏͞༺2͕
ʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɻ·ͨɺ࠷ऴతʹ VNF ͞༺1͕
ΕΔ SFPͱɺVNF ΕΔ͞༺2͕ SFP͕΄΅ۉͳ֬Ͱબ
͞Ε͍ͯΔ͜ͱ͕Θ͔Δɻ͜Ε֤λϓϧۭؒͷ GRAD ͷ

ೱʹԠͯ͡ɺదʹϑϩʔϧʔςΟϯά͕ߦΘΕ͍ͯΔ͜ͱ

Λ͍ࣔͯ͠Δɻ͜ΕʹΑ֤ͬͯ VNFʹର͢ΔϑϩʔϨʔτ
มԽ͠ɺ֤ BRTSʹ͓͚Δ࣭ೱʹӨڹΛ༩͍͑ͯΔɻࠓճ
ͷ࣮ݧͷઃఆͰ࠷ऴతʹ SFPۉʹબ͞Ε͕ͨɺԠ
ఆΛม͢ߋΔ͜ͱͰɺ͜ͷ੍ޚΛม͢ߋΔ͜ͱՄͰ͋

Δ [5]ɻྫ͑ΫϥυΤοδίϯϐϡʔςΟϯάʹ͓͍ͯɺҰ
ఆͷϑϩʔϨʔτҎԼͰΤοδʹஔͨ͠ VNFͷΈΛ༻
͠ɺͦΕҎ্ʹͳΕΫϥυʹஔ͞Εͨ VNF༻͢Δ
Α͏ʹ੍͢ޚΔ͜ͱՄͰ͋Δɻ

ਤ 6(g)ΛݟΔͱɺԽֶ࣭ೱ͕ऩଋͨ͠ޙɺVNFʹର
͢Δ CPU͕ݯࢿਖ਼ׂ͘͠ΓͯΒΕ͍ͯΔ͜ͱ͕Θ͔Δɻ·
ͨɺਤ 6(i)ΛݟΔͱɺશͯͷ࣮ݧʹ͍ͭͯશͯͷϦΫΤετ͕
ॲཧ͞Εɺ࣮ؒ࣌ߦʹ͍ͭͯϑϩʔϨʔτʹରͯ͠ CPUࢿ
Λআ͖ɺ૿Ճ͍ͯ͠ͳ͍͜ͱ͕ޙ࢝։ݧෆ͍ͯ͠Δ࣮͕ݯ

Θ͔Δɻ

͜ΕΒͷ݁Ռ͔ΒɺVNFͷಈతͳׂݯࢿɺϑϩʔܦ࿏ͷ
ಈతͳઃఆͳͲ͕ਖ਼͘͠ಈ͍ͯ͠࡞Δ͜ͱ͕֬ೝͰ͖ͨɻ

6. ·ͱΊͱޙࠓͷ՝

ຊใࠂͰɺੜԽֶԠࣜΛ༻͍ͨλϓϧۭؒϞσϧʹͮج

͘αʔϏεۭؒߏஙख๏Λ࣮͠ɺ࣮ݧʹΑͬͯͦͷੑධՁ

Λͨͬߦɻ࣮ͰɺOPNFVΛ༻͍ͯߏஙͨ͠ NFVڥʹɺ
ETSI ISGʹΑͬͯఏҊ͞Εͨ NFVϑϨʔϜϫʔΫ্ʹஔ͠
ͨ 4ͭͷओཁͳίϯϙʔωϯτ͔ΒͳΔγεςϜΛߏங͠ɺఏ
Ҋख๏Λ࣮ͨ͠ݱɻੑධՁͰɺಈըετϦʔϛϯάΛఆ

ͨ͠τϥώοΫʹରͯ͠ɺVNFʹର͢Δ CPUݯࢿͷׂΓͯ
ͱαʔϏενΣΠχϯάཁܦͨͬैʹٻ࿏ͷઃఆ͕దʹߦΘ

ΕɺϑϩʔͷύέοτΛաෆͳ͘ॲཧͰ͖Δ͜ͱΛ֬ೝͨ͠ɻ

·ͨɺڥͷಈతͳมಈʹର੍ͯ͠ޚΛదԠతʹ͑ߦΔ͜ͱ

Λࣔͨ͠ɻ

ඞཁͳʹͷͱ࣭ೱͷม࣮ݱͷ՝ͱͯ͠ɺޙࠓ VNF
͝ͱͷύϥϝʔλΛػցతʹܾఆ͢Δख๏ͷఏҊɺαʔόؒ

ͷૹԆؒ࣌ϦϯΫଳҬͷཁૉΛఏҊख๏ಋೖ͢Δ͜

ͱ͕͑ߟΒΕΔɻ·ͨɺຊใࠂͰѻΘͳ͔༷ͬͨʑͳγφϦΦ

Ͱͷ࣮ݧධՁ͛ڍΒΕΔɻ
จ ݙ
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