K(EZBIFDY 7 =T T IV F -
Xy hU—7 (SDN) H:fr5r B OB ZEER SB[

ERE 28 4E 3 H

ENHEBRREIEAN  FREEPIEE
(AexEEEE ¥ —)



1

S DN N Y N2 15— 5
(S R 0 | /Y . O 5
N VY . O 6

KE IR AFHEBAICT LD SDN/NFV BB S oo 9
2 R N[ 1 = o T 9

A. 2013 12 AD SDNT—=OLa3YTERE (oo 9
B, SDX BHZE oottt ettt et e et n et e a et eneas 11
2 0 10 | =TS 12
A, SDN B T BB IR IR oottt anas 12
T ] 0T PPN 16
P2 T N1 =TT 18
A, SDN/NFV BB I oottt ettt ettt ettt etenes 18
T A O o 3 - - - R 19
OB D)z o5 RO 19
p S = o O 20

SDN BRI D BT BB R YR T 2 oottt 21
3.1 FaY (=T L= 72 R 21
I 1 =1 | TR 22
3.3 LW IS o 11 (= ST TTPRT 22

KEZHEITSD SDNINFV DITAURT LN oottt en et es et ea s en st aens 23
/0 T ST o | s b D G OO 23

A. Open Networking Foundation & OPeNFIOW............cceuiiieiiiiienieie e 23
B. ONRC, ON.LaD, ONOS.......cocoiieeeieeeeteecieteee e ee e e ettt es st ess s tess st atensseeteesenns 24
C.  OPENDAYIGNT ...t ab e e aaaeae s 25
D.  Open COMPULE PrOJECL ... ..uiiiiiiiiiei ettt et ee ettt et e e e et e e e abbe e e e s anbaeeaeanbeeaeea 27
/0 N | =1V s s B G o OO 27
N @ 1= N = P 28
=N W SR N Y A e 3 R 29

YD T Bl B 2 02 OO 30
ST R O T N/ W o A B ol R o L AR 32
5.2  IBMODIUT OB ST A% oottt 36

RKE® SDN/NFV, TyP-aVEa—TAVTHRBBTODIIE o 39

6.1 SDIN/NFV ottt 39



N 2) M 4 SV =3 2= Loy i <1 iy =SSR 39

B.  ONLLAD & AT&T ..ottt ettt ettt ettt ettt e et s et e s et e s ee st eneas 41

(ON-4 i SRt A N e - 44

B.2 I T a T A e 46
NV s I by = =Py ) [ P = Ry 3 4 T 46

I A e e R = 01 =) T 49

VARE J/>L 11:/p1: s B A ey bt 10 e 51
71 FIURR—=RRYRT=IDHRTARRYTRIE oo 51
A. Open Networking Foundation & Optical Internatworking Forum QEYHHA ................... 52

B. Vello Systems &M OSO DEXUHEA ...ocveivieiiiieeceeeeeeeeee e 53

VA PR Ly 5 QO G5 ot b 1) |1 OO 53
73 VIR IITRAAYFHIBEIF coooeoieeeeeeeeeeee et 56
7.4 ROADM DIRTARIRYTZAE oottt ettt 57
75 BEMRERBEARICEITEF—TUoV—ZRYTEIITDFIA oo 58



Mz 1
K% 2
X% 3
X% 4
X% 5
X% 6
Xz 7
X% 8
X% 9
H% 10
Xz 11
M 12
H%* 13
X% 14
X% 15
K% 16
Xz 17
H% 18
H% 19
®% 20
Xz 21
H% 22
H% 23

B &

Open Networking Foundation @ SDN 7 —FT 7 F N ..o 6
N S R A e Tl SR 7
LY 3 == | Ol w2 TR 8
NFV & SDN, =T A /R=UFUDBAR oot 9
KEIRBUTFD SDX BMBAFEO R TUT ettt 12
DOE H'BAFELTLVS SDN #EBELLIzA U TUD IV —ERTL—2 e, 14
ESnet M 2013 F 1 AR R TORROD et 16
KEFBFFDIREFLTOBDTILTFEALL SDNHBERE ..o 17
SDX [2&% ESnet & AARNet EDET TR oo 18
SDN 7—FTOF¥[ZH1T5 OpenFlow DIEEN ..o 23
CISCO D) 10T T2 T T T oo et e et r et r et ee e e et e e e e e ee e e aeeaaas 30
AV A—TFAV T BBEFNFNICHABE TED/INTA—TUR e 32
CiSCO DMERIET D 10T VI 0L oottt 33
CisCO M DMO &ETAT /=R I R E B T —FTITF N oo, 34
[ Yy I N e VL) ko d DAV QL = o | 35
MEC EIERHT D ..ottt ettt n e e st e et ee et 39
(OO D I e s 43
NN WA N Y R TR APy t) o ar i TS 47
GIASIGNE T A T T A ettt ettt e 50
FSURAR—FRYRT =D SDNBADIERE .o 52
A—H2yh- AL YFHIGHRY LIF2ERICEDEZEALETDUTTIoX2T (2014 F) ... 54
T—R3EANDRTARYI R RAYFDBEAZALFTA oo 55

YILRAYFEEL VoIP & IMS #23DTHIFIKIR (2014 & 2015 FDOFE 3 MFHALLE) ....57



1 SDN/NFVEADER

CC Tl XE O BATHEEAS REHER . KFA° SDN/INFV OB FEOCERITEHTIE R EL-TLY
%.SDN ENFV DZEIZDWVTEFNREFIhEEDH D,

1.1 SDN QO#=E

KEIZBWC.YIbD 7 - TI7AUR -2 ykT—% (Software Defined Network: SDN) D& K EEi%
(+ABILTULVSaYY—2 7 Ld Open Networking Foundation (. SDN %, BRI TEEN T AE, HhD>3
ARENBLIERHEDLH D END. SADKBEN DBNGT T r—avI2e>T, BREMGHHTA
T—XTIOF¥IEEB LTS, T=EAVY—L T LIZENIE, SDN BAIZEST, RybT—2HI#H G&
ERBZREL. BEZEIDIN—TAU T HEEEZER) LT+ T —T 17 e JERSN-BREVIZES
EEZIETHHEE) LENBEL. RN —VRIHZEEE T O 30T TELLIITHRBIEN. TT U r—23
DRRYRT = —EXMITOBZALBAEEIZEE D, SDN [T&-T, RYMT—V(ZIERDEEEAEMNS
naeEEING L

o EEOTOTSIVIATEE: FUbT—IRIHETAT—T 1o THEEEDIVBES CEICEY, Ry
FO—klHEERE T 5305 TES,

o BEM: TATU—TAUUBENLRYNTI—VHIHEDVRB S CEICKY, EEBEIF=—XDEIL
[ZIEC. RYRT—OEEDS 719 -JO—ZFEFHICRETES,

o HREHNEFHE: SDNDEAIZLHO>T, RYRT—U10T) Dz X (network intelligence: &R
WIBEERN) (X, FVET—VDLAKGEIRET SV I Y 7EHED SDN a2 A—F LI/ L)
8N 5, SDN avbA—3I&, 7V r—ar bRy o—I P2 (policy engine: FERIIZE
FINTFRIS—ITFEHRNERT HNHITET HHER) ITE VT, BE—DFE X1y F (logical
switch) EL TR RSN D,

o JOUSEVJEBELTHRERRE: R, BEOBEHO SDNTOJSALIZKST, RyRT—VEHE
BlE. RybT—0-)Y—ROIRGHRELEE., RiE. R#ELE1TA5. SDN TOJ S LIFTA
TSAIR TR T (proprietary software: VI 7 DFEROCHRE. HEREHIRT V7
FOT7)ITIRTFELEW O, EBEITOISLEZBE-DRITAXTES,

o F—TUEBEERVFFIE: A—TIAZEICEDEEESINS SDN Tl E— DRI A HiH
BICHEMZEHEL TV A LSLHEBCTORILERAE 2. SDN IV E—JICE>THRRAHS
N5, Ry —ODFREHOERAMNEFELEINS,

LT DB L. Open Networking Foundation 5 8"RLTULVS SDN 7—FTIF ¥ ThH b, rYrT—IE.
IVRA—YARFATIESRR 7TV r—2 a0 TERESND 7T 5r—av L 44— (Application
Layer) . RYRD—0 DT+ —T 42 #EEEHIHT 50> bO—JLL A (control layer) . /X4y R R #E40

! Open Networking Foundation — Software-Defined Networking Definition, URL:
https://www.opennetworking.org/sdn-resources/sdn-definition
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TAD—T AV T BEEET DER TR SN =12 75 LAY (infrastructure layer) 25 8BS 5, SDN
aUbA—3IE, AV PA—LLAVIZRESN. AT LAV LIZH DRV T —F T BRI KO TET
ENBITFT—T1o U HeeE . (iR L) FHILTHIET 5, SDN BRALBIO R YT —ITIE, 747 —
TAVTBEEEHIHT DY IR TILEE . YT —F U T HIBRICRE SN TV, SDN o ba—3(E,
AME—SOFRYNT—F T BERERTET LTIV r—3 g/ —RNYUR A 3—T1—R
(northbound interface: NBD#EHT. 1275 LAY EIEY D RIND UK A2 H2—Tx—X (southbound
interface: SBI) XM TRBIEZETTS %

K% 1 Open Networking Foundation @ SDN 7—xT49F¥
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Business Applications
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SDN
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MNetwork Device Metwork Device

Hi#8: Open Networking Foundation®

1.2 NFV O =

k7 —2{R 481t (Network Function Virtualization: NFV) &, RAEERMERANTRY NI —I#EE
ZRRAY—/N\TERT LM THY . SDN L3 EHLGERICHD, 2012 F 10 A, INESEEFEL
##& (European Telecommunications Standards Institute: ETSI) RIZBIRSN-EELEHITIL—T
(Indsutry Specification Group: ISG) [&. NFV D7RT A bAR—/R—ZEFK L. RFAYDTavILEILT

2 Webtorials, “The 2015 Guide to SDN and NFV,” 2015, URL:
http://www.webtorials.com/main/resource/papers/webtorials/2015-Guide-to-SDN-and-

NFV/2015 Guide Chapter_1.pdf

ONE Solution Brief, “OpenFlow-enabled SDN and Network Functions Virtualization”, February 17, 2014:
https://www.opennetworking.org/images/stories/downloads/sdn-resources/solution-briefs/sb-sdn-nvf-solution.pdf
3 Webtorials, “The 2015 Guide to SDN and NFV,” 2015, URL:
http://www.webtorials.com/main/resource/papers/webtorials/2015-Guide-to-SDN-and-

NFV/2015 Guide Chapter 1.pdf
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(Dusseldorf) THfEEN1=I SDN & OpenFlow & 5 %% (SDN & OpenFlow World Congress) [IZ#ULV T
FERLUIz AARTAR—I—[E LTORGKRFBEZSEESOHERMELL O THERSN.NFV D
EEFAHHTRRLE %

E%E 2 NFVHRITAMR—N—BEDE

AT&T BT Century Link
China Mobile Deutsche Telekom KDDI
NTT Orange Telecom ltalia
Telefonica Telstra Verizon
W ETSI®

ISG DHRTARR—/R—[L NFV % [ BREZHLERVNT—IBRE . (T 220N T—0/—F,
ZLTIVRFA—HFIERISHREINTULD) KIRELGY —/\ RMYF . ANL—DIT#HET 5. L& ED
ITHEEREMIEERLTLNS, FRR—/NUINFVEEATNIE, F-AHRZTEBMT 5L ER
ZREOKIRES—N\LETRBT LIV I DT O BEICKELTRYN I —INOIEIERIGAICHEE; (£
LLEA D REBY RERR) DX RTRERRY TR DT T AD R YT —OMBEDRENTRELH D EN T B, TDE.
ISG £ 2013 % 1 A.ETSI DAL BHZIZUADYIA4T ToT4RIRIZEWNT., IEEZE/HELT=,

AL EIZIE. 28 MEEBLEL. BIENHICHTS 150 LI EDEMREENSMLT: 6,

ROBIENFV ZFAL. ChETENDOTATSA TR - 2y bT—IBBAEITL CTE-HEE (LR &
FAMENHDRENGEKIES —/NERMYTF | ANL—DBRICA VA= ILENZRYNT—F T Y
Ih0x7 (BEDANEEEHBADERFERLTLD,

4 ONE Solution Brief, “OpenFlow-enabled SDN and Network Functions Virtualization”, February 17, 2014:
https://www.opennetworking.org/images/stories/downloads/sdn-resources/solution-briefs/sb-sdn-nvf-solution.pdf

® “ Network Functions Virtualization: A Introduction, Benefits, Enablers, Challenge & Call for Action”, October 22-24,
2012: https://portal.etsi.org/NFV/NEV_White Paper.pdf

® ETSI, “Network Functions Virtualization Introductory White Paper,” October 22, 2012, URL:
https://portal.etsi.org/nfv/nfv_white paper.pdf

ONE Solution Brief, “OpenFlow-enabled SDN and Network Functions Virtualization”, February 17, 2014:
https://www.opennetworking.org/images/stories/downloads/sdn-resources/solution-briefs/sb-sdn-nvf-solution.pdf
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Heg: ETSI

NFV & SDN DE&RIZDLT, ETSI (. MEIZERBICEVETERICHLIM. BEVIKFELTLSD
[T TIEAEWN=H. TRENIMERISERSN DI ELTRETHIENTL TS, ERIC. EFEDOZLDT
—A+ A, SDN TIFEWANZ XL TERINTLSH, 5L o=T—2 2T NFV 28 AT SE
[XATRETH D, LMOLEMNS, NFV HY SDN TRV T—I 42 T5% 2L, SDN ARy T —oHlfHET+
D—TAVTHREDYIVBELETA L, R T—O DR T+—I U RAE L BEOXRFBEOEBRMER L,
HEEEAN-XLOBILEINRETES, F-NFVEH SDN £ AAEOE N —/\OF BZEETS
ELVSHBDBEEBIFTLS S,

LUTOEIE, 250 o7z NFV & SDN O+EERZRERLIzE D TH D, NFV (LR H IR EE FH (CAPEX) 4
EAEA (OPEX). BEAR—X HBEBENFOEIRICEIDEVWSFSAEHL. £ SDN L. RvkT
—OEBEILTHIET, RYNT—HDRARER ST BEL AELRA/R—a ERBTHILIEK
MDEVSFIREEFD, CDT=H.NFV &£ SDN DZENZENDEZ V) 12— a ElAEHhEHILITK

"HLEt.p5
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ST KYKREZLMEEZEABTENTES, INZTNFV A SDN (&, i DEREBZ -A—T Y
TR 7 ON— KR PIZE>TEBRAINDIELZL [HF—ToA/R—2 3y | OHEHEIZHEID Y,

E%*& 4 NFV & SDN, A—F A /R—L 3> DOBR
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2 REFRBAFHEEEIZLS SDN/INFV BFRBIR T IE

Tl XEDEPHAFHEEMNERLTLVS, SDN & NFV O ERFREOE RIZAET-RYBHAE. &
B EIZBNT B,

2.1 NITRD

A. 2013 % 12 A SDN 7—9LayTERE

EFBAFICKS SDN BER M OARMFKEDOZIEZTASIL TS EEHEBD—DIE. NITRD THS,
NITRD @ PCA D—DT#Hd KRERYFT—FJ (LSN)DT—F T J I —T &, D1ak&d 2011 &
EEAS SDN BERMTDBFEITSTELTEY. 2011 F£ 5 BIC(E, UEER 2L T+—FKZED Open
Network Research Center TLY £ 9T747 - T4LU2%#&HTULV = Guru Parulkar 22 A% LSN AL /\%
fhifL. SDN IZDWTDTLEUEEELT=, BFLEIL. NSF. Cisco, Docomo, DT, Ericsson,
Google. Huawei, NEC. Xilinx EDXIEFZT T =HD T, LSN DA/ \Zx L., SDN T DBEAS,
SDN ZHELT By T—IDIERE. OpenFlow I2DOWTHDTY—TJ40 5 %1752 BMELT=,
Prular KIXEEEBAD ST, SDN FiAY, RyRT—H LIZHETEA/R—2a 0 F R T E oM FIZHEB1ES
S5EMRAR%ERL,NITRD I2&% SDN HifiBIEADXEERLE

‘HLEt.p.6

YELE. p6

1 Guru Parulkar, “OpenFlow/Software Defined Networking: Enable Network Innovations”, May 10, 2011, URL:
https://www.nitrd.gov/nitrdgroups/images/c/c2/SDN-LSN-May2011-DIST.pdf
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Parulkar KIZ&dFL 2% NITRD & 2012 FDEEFE T US Ignite D ZiEZHIRL. FIZ 2013 £ 12
A 16 B& 17 HIZ NSF AECRfESNT=. SDN [CDLWTHEREET -7 a3y (2HSMLTINVS, [
7—4933vFZ1E NSF 4 NITRD QOREFREZITTEL, 7LV XELHERTZED DOD % DARPA,
DOE & TFDEMHARADICIMA . INT2—RKEPV(RAVI U REITAVMRAVTATTREEZED
K. Google ¥ IBM, Verizon 0 KEIEEDEZRENSMLI-. ChoDBEGRE. XKEBDA/~A—Y
AVERBLTHIEEEMEL-. SDNEEBEL-TOMAT - Ry T—Y D% - HREBEERICDOLNT
DEREERLEEFL. TOMATERIZAITO—KRIYTOEELIT o, RT—L 3y T TR
NE=ERBBILUTOEY .

o HTEMD SDN DEEHE EFED R EA U EZ—RyNeDY— LU RGHEEREAAEET S SDN T
AR T - 2T =V DRFEEERICDLER)Y—R
e SDNZTORAT - RybT—V%ZFRT BIZHI->TREL, FRORBTLYY—X | EHHERRE

OERTOCTHE
o TILFEALLY SDNDTORIAT 2y T—O%ERT BIZH -2 TRHEL, VI Iz T7Y—IL
NiERE

o OAVEA—TAVTH T—ARRN—CRADISHREMELOHMBEEREMEEET S SDN k18
by I —H D ETREHE

e NITRD DEE/NEERA, OSTP IZIRHT S, SDN TARA T - Ry b T —OERICHELIARE
HEITOSIIMOYY—R  EFTOCIIREFICDVWTDREZFEDHT-. T2 a3y T DRR
REZEDORHE

T—92avT DS MES [EHEREMIZ, KEPFENEITH LT SDN BEOHRFAFKITT TICZHERS
NTLBEH, ZNoDTAScIMIMMIZLIzR YR — IV RBETOARIARBREZTO>TLSLDMERE
BHEL. ERBFOTOBRRBEESER. BRORYNT—0-FA(UEENTERAREL SDN #5%
FTEHERNETHAHEERL -, Th(T EROHR. BFERSE. o E1—T10 7 -)Y—RREITE O THRB
REEWT HIHEICIE. EROF VT —OEBRMICECHELNHY . THIZEEL, SDN HEHD Rk
J—0%RBILSEDEENZRADVLEN H D= TH 5. 2013 F 12 5O SDN 7—923avTH4RTRL
fo. REMGIREBEIILUTOEY

o EFBAFHEEIL. ATRELRRY BUORFE T, TILFRAMVIREBE TERAM AT 8E% SDN HEAfTE# .
BE BRYTINETHD

12 \White Hhouse, “Fact Sheet: Bolstering High-Speed Broadband to Boost the Economy”, June 13, 2012, URL:
https://www.whitehouse.gov/sites/default/files/microsites/ostp/broadband fact sheet 06 13 2012.pdf

DOE, NITRD, and NSF, “Operationalization of Software-Defined Networks (SDN) Program Review”, December 16-17,
2013, URL: https://www.nitrd.gov/pubs/SDN_Program_Review Report 2013.pdf

13 DOE, NITRD, and NSF, “Operationalization of Software-Defined Networks (SDN) Program Review”, December 16-
17, 2013, URL: https://www.nitrd.gov/pubs/SDN_Program Review Report 2013.pdf
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o HADEETIE. BEDAI—RYb- AU IFZ ETHLWF TA—F L ERAI§EAE, VIO T -
TI7AVR-THRF T (Software Defined Exchange: SDX) &3, SDN DEMDIE A+
EECERZTET-RITORREEITINETH D,

o HAN—EXI)TADBILIE, IILFRACL  RILFLAVIZEOTHERSNS SDN [TEOTHF
AIRTHY . EBERPBFORRRAREIL. BAMD DFRIICEREINERETHD,

o AVEA—TAVY T—HAN—D O HEDYINIIT - TIFAVR- AV TSHADMDESR
ERETTDLI.ENT S,

o SDNBAZMMRSE D=0, BEY—/ILO, EETHEMOMBADTZEEBLELRL,

o SDN DBEOERDAEZLOS1-6%. BEEEEOEELRIET S,

B. SDXBA%

SDX DEAFIL. Bk 2013 £ 12 AIZ NSF AR CHRE SN, EREHE SDN 7—93vTHIRRL
FEELGRED—DOTHT=. SDX &lE, RILFRALY SDN IZEWT, RYRT—9-ETUL T, H—
EXTIVRFIOPDRELELGEDIRAVMEBBFIEHT L0530 2T HLLEZDRAUDIETHY.
SDX METHTENIL. SDN D/NTA—T U XM EMN ST+ THK, SDN &3E SDN D 2 FEFED Ry T —
JDEFEERL—XIZTHIEMTELDLEHFIN TS, ELMEZLIX, SDX [E. SDN FE=E. £LLIE
SDN &3E SDN R DHE#EHGEARA VAL TERL. BRERYEIT—Y (TARFTY TRy T—2:

WAN) 2FZEF|T 50020 b0—)LTL—2DFRENEEILDTH S EFNBAISREEEDHTIND
SDX MlELTIL, DOE MEFELIz/N\M/IN\TA—T 2 AR YT —9TH S Energy Science Network
(ESnet) J® SDX h'# 5 (ESnet M EHAIZ DLV TIL &) 24,

B SDN 77— a3y Tld, 4 EURNICHLL SDX L. ERLEIRT A& BRIELEHfTO—F
IVvTEERESNT, RIA—RTy 7L EIBAFOKE. Internet2 GRS o 2—RybEALV=, %
BERDAA—2IM AV ISRREZERTEFEETODIN) EM, #FHLL SDX DERFKIZH T
FELGRBNZFESLELELALE, REEIIDZREBBRRITIEZATIKIEEZRELTHY. A—FIy T D&
R4 (2018 FEB) 121, KE D RBIRNV A HERFLI-#23ZF AL T, SDX 0:ERAZEITIEL TS, FA
—R2yTOBEIZUTOESY *°,

* DOE ASCR, “Software Defined Networking for Extreme-scale Science,” August 5-6, 2014, URL:
http://www.orau.gov/ioninfrastructure2014/intelligent-network-infrastructure-workshop-report.pdf (p. 10)

A. Gupta, et al., “SDX: A Software Defined Internet Exchange,” August 17, 2014, URL:
http://gtnoise.net/papers/2014/qupta-sigcomm2014.pdf

B DOE, NITRD, and NSF, “Operationalization of Software-Defined Networks (SDN) Program Review”, December 16-
17, 2013, URL: https://www.nitrd.gov/pubs/SDN_Program Review Report 2013.pdf
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B 5 REHRBRFO SDX HiffifiRO—F<v7

Fi& FEHE BiR
1 NSF. DOE, GENI, US Ignite, | #)#%! SDX Z#EL . ¥R D#IBEZ O, KK T T4 —2
K= Internet2. RESHE M IVEDRREREERT S,

FYZDERBIFHE. X2 | EXa)TAOTIFRASOEEE D, SDX HfTITx T HEME
DTHRME-EFR. REME | OBSZEGEL. RLAGBEORY I —0ZEHL TERESR
HEaRE vk —HELTDKEZ £ (F (increase heterogeneity) . Sh0&E
ZIBOL ZE L PCHEEERZRIET 5.
FYRT—=H-FRL—2 Ry Dgded 2~-3 /3—230 D SDX L. REMAERZRIRT
4 | F TIT)r—2a 0 0B0OM | 5. RFICHEMIZOVLTOHRELIIFE LY avEMET 5,
RE. BEKE

2-3

HB81: NSF.DOE. NITRD®

20134 12 B® SDN 7—4933vF[2&D SDX ~DIREIL. ZDHE OEFRBAFHEID SDX BFE D
BHEZ5-T=E1E 2 5, A1 Global Environment for Network Innovations (GENI) /8\—kF—Sv 7
MR ERST 2014 F 6 AICEELT- SDXRET—92avT TlL, SDX [FEH DR ALV FES RV
D—ODEBREXZ., FYRIT—00YITR DT T IFAVR AV TS5, U5 ORAVEa—T40 T  EvY
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IBM (£, 58ROHE - S - B D BHIBAEHODELA, 0T ED LU H (L, BHRINEICE>THETR
ARDEZRTHY. TOAITHELVT IBM DIFHREBLBITEENEBT - RILT RO ELYBD, F-Fy
FO—H DTy THHRREETSTYS - O 1—T12 5%, IBM OBV 21— av EEREAEL,
A—HIF, FNTNOEET LICHRITA R ENT -, MR EETT A ENTED LG FEINTL
3%,

IBM &, Ty -avEa—Ta0 &8 BLL- AX— M TAITOY)2—a> DK -EBRAZEEL
T3, X EKEI YLD Navigant Research (&N (E, 2014 FE[CAR—I T+ RBEZXELESE
¥ED 11L& 2411& IBM & Cisco THY ., T 2 #E, AY— b ToBER T O Y —E RDBAFIZE
ALTWBIEh ., ZTOEREA S OIRE/N——DHEILTHEY . BICHE Tz 7EHHHITELTL
%%,

Navigant Research (&, IBM DRI —rTABEEDT T r—300Y)a—av i, R DL 1LER
MDY —EREEFICBLEVEREZL L TVNSESHLTHEY . SEDFRIRELDELT. IBMD
[RY—R—T4—X YY) 2— 3> (Smarter Cities Solutions) 1ZZ TV, BV 1—avld,
IBM A S LTz. BT BB E TSV IA—LTHS. ATV Db ARL—2a0 X%
(Intelligent Operations Center: I0C)Z#H#%&EL TS, DTSV I+—LAlE, FETOITEMREX
ZIH5ELEMELTEY. IBMDT—REE, @i IRV MNEBBREZ DV I VI 7EEEBELT
EREh TS %,

IBM (&, ETBRAD=—XPERENZES>TIU TV FRL—2a30 XU BEHAREITA XL,
IBM B2 EE >4 (IBM Emergency Management Center) . IBM K &REE >4 (IBM Water
Management Center) . IBM X @&t >4 (IBM Transportation Management Center) ZME AL Z .
SRIEAVTI AR T  BEREOEBRITIZET SN I+ —LZEBMEATHILETEL TS,
IBM (&, HEUAITFRESN - I EHoN-FHRE. BN THEL-ERGE -BERREXE
AT LTHD Watson ] TATSLEBLTHN-BEL, RITERIANKYNEMICEBEETEDLS.
EMZEFRETEIIELLMFICANTNS, CORMAE. TP -avEa—T42 7 OSSN ERIICH
2TWAEEZLND ™,

IBM DAY —HA—- 74— XERB& (&, #25 - I5 K (instrumentation) . #8 B #4514 (interconnectedness) .
ZLTAo 7)oz X (Intelligence) D 3 DMI(7A) 124 ELTHEY . FAMHOITERL R (L. H2F-ImEK T

% wall Street Journal, “Forget the Cloud: The ‘Fog’ is Tech’s Future,” May 18, 2014, URL:
http://www.wsj.com/articles/SB10001424052702304908304579566662320279406

92 Navigant Research, “Navigant Research Leaderboard Report: Smart City Suppliers,” 2014, URL:
http://www.ibm.com/smarterplanet/global/files/us__en_us__smarter_cities___navigant_research_report.pdf (pp. 13)
%1BM, “IBM Intelligent Operations Center”: http://www-03.ibm.com/software/products/en/intelligent-operations-center
°1BM, “IBM Intelligent Operations Center”: http://www-03.ibm.com/software/products/en/intelligent-operations-center
IBM — Watson, URL: http://www.ibm.com/smarterplanet/us/en/ibmwatson/
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HB 0T ZBLT. EFOLI—TA)TA A2, WATOZOMBERICHESN - YIS REEDT
—AFUEL, IBM DAL TV FARL—2a0 XU AR T A EEH PV TICIVR
MREE ERAL TR TED L5245, CNETIZIBM DAV TSI ARL—av X w2 R1E,. 75
SULDIVFTOrrA0  HEDEIH, AN FLADR—FIVHEDITHREREZIIELTNS %,
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2014 &£ 9 A.ETSI [EE/ASJ)L-TyP-aVEa1—T42% (Mobile Edge Computing: MEC) &IN5
A= T T47%05 LT, REBOSMEZEIL. Huawei, IBM, Intel, Nokia Networks, NTT
DoCoMo. ZL T Vodafone THY . RENDKEHKIL 28 IZLD, [ENSIL Ty -avEa—T127 X,
IyP-avEa—T40T O#EEE . ENMILBERVNI—JICBATEEEZBMELTEY. LATUY
HBIRIZIENC &0, FIATHREHRENLLBEME &, UT LI LTODERR YN T —IERIZT Y
TRATELILZEDHENH S ETSIORBA=STTA4TTIE BN -TyD-aVEa—T4V T D&
RICHELGEMNES. IL—LT—0E)I7LUR-T—XTIF ¥, TLT API DR E LRAFIZERY
HATLS %,

ENAII-IYD-aAVEa—TAUT T BENAMLNBEEN TN T NOETEFEEME O, MHRE®
BATEREINSZEDZWNVER L - YA THA NI EEHEHNLIZ R VMBI TEATEE
. BRAY—/N(MEC H—/\)ZRFK T HTLEBEL TS, MEC H—/\& FRT A RYI R /\—K)
I7IZE O THREINSFET. ChIEaRMNIBED =0 TH D, RS —/\EHETEHILIE. SHDOE
NAIILBEEEBEDRYNI—VIZEBATIOICEEICEETH D, ETSI IZENIEX, MEC H—/\IZIX
ALY LT —O#EE (UNF) DRRAMIEBE L7 —F T O FvERBT 5T ET. TOHEERE. £/ 1)L
BEEIEBEATIADEEITES>T. MEC ENFV DEAEEATHENATREICAES Y,

MEC H—/\[X, 2R T —OKRIGEGEKIZERE SN S ITORAVE 2 —T 40T O AT LELTHEREL |
BRAGUMEBEIUAN —#EEEEITT S, MEC I, LLTFIZRT 5B I—Ry—RE Y R—r3 5L
MREFEINTS %,

% Frost and Sullivan, “IBM: 2014 Global Best-in-Class Smart City Integrator Visionary Innovation Leadership Award,”
2014, URL: http://www.ibm.com/smarterplanet/global/files/us __en us cities FS IBM_Award_Report.pdf
SiliconAngle, “Internet of Things and Smart Cities: What Happens When the Unconnected Connect,” January 7, 2015,
URL: http://siliconangle.com/blog/2015/01/07/internet-of-things-and-smart-cities-what-happens-when-the-
unconnected-connect/
% ETSI — Mobile Edge Computing, URL:
https://portal.etsi.org/portals/O/tbpages/mec/docs/mec%20executive%20brief%20v1%2028-09-14.pdf
" Embedded Systems Engineering, “How Mobile Edge Computing is Helping Operators Face the Challenges of
Today’s Evolving Mobile Networks,” August 17, 2015, URL:
http://eecatalog.com/intel/2015/08/17/how-mobile-edge-computing-is-helping-operators-face-the-challenges-of-
todays-evolving-mobile-networks/
% ETSI, “MEC Introductory Technical White Paper,” September 2014, URL:
https://portal.etsi.org/Portals/0/TBpages/MEC/Docs/Mobile-edge  Computing -

Introductory Technical White Paper V1%2018-09-14.pdf
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o HEENRYIEEROS—S 3 BB (Active device location tracking) : [REOAY—FT/RAITD,
11 & 1HERE B

o HRRIIEOL T YD TN (Augmented reality content delivery) : RY—kI742%4271L
Yb, V7SI LR E TRESNSEEZE o1 BN TUYDA—/N—L A

o ENEMEMT (Video analytics): RY—hoToMITEEXHMELT, AT THREL-ENE D fEHT

o BT OER-RyEI—OUFREELTUYDEZREIL (Radio access network-aware content
optimization): EFTRYET—IPENASIEBEOBRE -BENICE I HEERENVENHRE

o SEREIOLTIVE DNS Fyyi 4 (Distributed content and DNS caching): a>TovUE
KURA Y - R— L+ D AT L(DNS) T—HE IR A—HFIZKYELVMERRICF vy ad 5T EIC
KU 9D HR—IL - RT =T DRI T—D - T4V IEER

o FI)y—LavERERIINT+—IVARMEIL (Application aware performance
optimzation): #ERRYETI—IBLUVENSIVERDORE -RENIZEDIT IV r—a ke
DHE

INSNDI—RT7—RIZIE, BT EA—REF—AOKF Intel EMMHALTERELTLS., BET—
REEFT—FTIFvDIGigaSight)IZFLIL =, BEEHTZETERDOI—RT—IDEEND, UTD
(&, MEC kA BIEfEHT I R—bDHIZERLTEY . COFITIE, BN ILIESR CIRESIN-BIBET—
AWM EFBEREMBIZRESINT: MEC —/\2E{ESN ., MEC H—/\ETEEDBIFNITHONI=E.
FEHINSZREMEPLCA (EFOFELA, TN EEYE) KB -EBEOANHE SN, BIET—42
DART—REL(IZYE—F-H—NRIREEEIND, JE—FH—NTE, PIEOAPOF—T—FOHEH
T—ADAIT—REFRICT—AN—RbEh  WRENARELH D, GigaSight ERI4k. MEC H—/ (D
FEANHL, ARRLORT— M T1%, ZFITRR Y,

% ETSI, “MEC Introductory Technical White Paper,” September 2014, URL:
https://portal.etsi.org/Portals/0/TBpages/MEC/Docs/Mobile-edge  Computing -
Introductory Technical White Paper V1%2018-09-14.pdf

38


https://portal.etsi.org/Portals/0/TBpages/MEC/Docs/Mobile-edge_Computing_-_Introductory_Technical_White_Paper_V1%2018-09-14.pdf
https://portal.etsi.org/Portals/0/TBpages/MEC/Docs/Mobile-edge_Computing_-_Introductory_Technical_White_Paper_V1%2018-09-14.pdf

E%& 16 MEC BEfRHDHI

CorellT
Video streams Events, meta data and video clips
High bandwidth Low bandwidth

HE: ETSI

6 XE® SDN/NFV, Iy -avEa—Tc 7 HRERTOS o+

2o KEOKREPHRBEETEBEEN TS, SDNINFV, TyJ-avEa—742 5 (BT 51
BOHRARITODIIOMNIDONT, TOPIDOER-HE. S, FH-HEER. SRORTD
- VEDEREELD B,

6.1 SDN/NFV

A TVURPVRBEDSI—DTFTIHKE

BRPOHEM: YILIz7 - TI7AUR A 3—2 Y- THORF ¥ (Software Defined Internet
Exchange: SDX)

SNEE: JVURAMN KE. O3—CTFIRKRE. AV ITAHIILZTRKREN—HL—R A)—SURKE. &
H)THIL=TF KZE, Google

EEBE: #EROAA—RINRETIE B— DRI T—I - FALUDSMD R AL ADT—HER5%E
BEEHET SI28Y ., BETOra/LDO—FETHS BGP (Border Gateway Protocol) 1 RFAL TLVS, L
DLIDBZE. T—ADERELIL BEYE>TLARYRT—VIZRESNTLEL., R T—U2EKEH
B9 HZENEHLL TURA—FOERICGL-T—REEEHREMICEERTELRO LV BELH S, =
D= . BIZIEHEY EIRVET—IDB YA N—HBDHEEEHE>TULV=ELTEH. BGP NZDRYET—4
[CEBEMICT—2%Z8ELTLES LTI EEHY TS, BGP TR IRy I —IEERY O —(F, KE
OFEERRR., LX) TAHEIEHEIZLGEYAETHY . ChoDEEEZRRT 571-8 . BGP #EIET 5
Y#AEHDHLEDD FERUICIEE>TLEN 1,

19 Nick Feamster, et al. “SDX: A Software Defineed Internet Excange,” 2013, URL:

http://gtnoise.net/papers/2013/feamster-ons2013.pdf
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BGP OREEMEL T, TUV R RFEDI—DT IR KZICEEINDEHKZEIL. SDN DARYLD

—OEBEHEEEFAL. KUYEEENE TRYT ST LR T ILFEALS SDN OEEICFEF L=,
ZDRYRT—IIZENTIL, SDX IZEEEESh D SDN AV rO—3(2&> T, RybIT—oDMRE. EA. &

Fa)TARRFFSTHEFERE EHORYNT—IONSRIET S, [§HREZ(TE -1z SDN I bA—

SlE. RYET—ODMRE. BHE. FLTEET 4O T7I)r—ao0teXa) T4 EfEEEL. TV

FoY—-IORDT—RERERBRERET D, COBEEL ULTDOELIBA—RT—REYR—IFEHEER
ShTLB 0,

o FAMUEBF(EXTIVr—a EEETY Y (Domain-based or application-specific
peering): AUA—FYbF—ERTONAS FET TV r—2a>Tan( A 1L BFED UL
D—9%&FEof=T—RERE Y —E X BIZEHERN)—Z25 - H—E R) IZBBMEEREL. T
BRENEEHBIIENTED, L. TNIZIERYNT—VRIED R SHBBETH D,

o ERFMETYS (Remote control peering) : ZFUr—SarFang & d, T—2E5iE(C
BRL. HEDHRELH ORI —IDIAEERTIZLICLY. U —ERDBEEHERT HEMN
TES, SDX [F, Z5L o —ERDEDHRERDODZTT ) r—a BEEICHL. HFhlE S
ZEKRTED,

e WMEHDHATILFEAL KR (Enforceable multi-domain policies): BGP (&, ®*vk7
— - RUVIESFORTHALHY  ARICTHAN—HEEZZ(THE. TURI—FDORIVITGERT
BARYNT—IONBEEHIC, FEABMEBICT —2EEE T HAEEMELNHSH, SDXDHFE. TR
—FOFEHICEIRA VI FICT =% EE T HIENTES2H ., YT = EEEEF2T
A DWEDAREIZED,

o BIMRYNI—U:-F5T499-T2P=TF1)>% (Dynamic network traffic engineering): SDX
FEBDRINT—IDNDRYNT—IHBETNI VREZIEL. RV T—OELIUVT T r—ay
EXENLDBEBER-T-H. oI =B TOT—REnEZ BEIMICRET S,

AF7ODTHMIIE, Google $XIEFIToTLVS, Google &, B# TIToTL V= SDX B TOSzHMN T
A xHk-h—T 47> (Project Cardigan) JICE89 31 E. TR REEDI—D T IR KRZICR
HITBHILT. SDX DRAREHEL TE, TP IO H—TAT7UIF. Za—P—FVFOMR-HE XY
rO—OTHAHE -HERYLT—2-—21—P—F 2K (Research and Education Network New
Zealand:REANNZ) |O Ry kT —o D Ri#ELEBAEL TS %,

191 Nick Feamster, et al. “SDX: A Software Defineed Internet Excange,” 2013, URL:

http://gtnoise.net/papers/2013/feamster-ons2013.pdf

2 Google, “Project Cardigan: An SDN Controlled Exchange Fabric,” URL:
https://www.nanog.org/meetings/nanog57/presentations/Wednesday/wed.lightning3.whyte.sdn.controlled.exchange.f
abric.pdf; REANNZ, URL: https://reannz.co.nz/
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TYORP U RFEED VT IRRENETETHTODIMIBSMLTVAHARESIL. BGP ZFIALT
FYRT—VBMHIERERITERAIE . SDX DX EZEMEL T, SERLEHMICBCGP ZFIATHILE
BREIL TS, 1L, REIMIICIE BGP ZREL . F-EHRDRYNT—DF A 3—aRINT 5 —RIIF
EELT EED SDX 2B AT LA REMZREL TS, COBMEERT 51-0HIT. AT IRTIE,
E7UL I BAREMIIT 558, 85 SDXBTT —42BHI A REHITINENDHS %,

FPEHEHEME: K70 IIMIIZIE, NSF A idEE 2010 F£~2014 FICEHFETHREZHLTS
Y. ZOEEILRIE 357 BRILIZ LD, FNEFNDOBIFKEDEMIZLITD@EY 1,

e NSFBIR&#1040705(QVE1—4 L AT L2k I—I BN TR RZIZH L, 2010 £
10 A~2014 £ 9 AT 20 BFILE &)

e NSFBIR&#1040838 (A EaA—42 L AT LRy D=V R EEIVE 1 — 27 EH R
(International Computer Science InstituteJ(ZxfL . 2010 £ 10 H~2015 & 9 AT 210 AFIL%
2+ 5)

e NSFBIE®#1261357 (AVE1—4 L AT LRI =V FHIA)—FUFRZITxL, 2012 £
9 A~2015 % 4 AT 428 ARILEFE)

e NSFBIRE #1409056 (AVE 1—4 L AT L2y T—IFMN TR RZIZH L, 2014 F
10 A~2017 £ 9 AT 35 AFILER )

e NSF B &#1409076 (A E1—42- L XT LR yhT—YFEH Georgia Tech Research
Corporation'®|Z%fL . 2014 £ 10 A~2015 £ 3 AT 50 ARLET5)

AT a—)b: NSFIZ&D SDX ADELIRMIE 2010 FIZRItES ., D71 ED 2017 EEFTOH#EN
FESNTLVA,NSF (L, 2017 ELIFLBIREEBINOF CESIRBEHTAAIEEENH D,

B. ON.Lab & AT&T

TaPzHrE: TEREURELTOEVNSILA T4 RBE%ET (Central Office Re-architected as a
Datacenter: CORD)

SMBERE: ON.Lab, AT&T.PMC-Sierra(fybT—I#3RE LUV IO 7EETE) . Sckipio (HiRE
T LA EICEOFEARA—H)  ONOS %

LE-HEE: Onlab & AT&T AFE(VS CORD IE. AT&RT GEDBEFEENBHO R YN T —VEHC
EHT 5t rIILA T X (central offie, CO: BERE) DERLICHRYBLTOD I HNTH S, K
DEUIINA T RIZIE, BEERRYNT—HZEBERTHDIZWNER, #5300 FEEDER - TTSATY

103 NSF, “NeTS: Medium: Collaborative Research: A Software Defined Internet Exchange, Award 1409056,” August

11, 2014, URL: http://www.nsf.gov/awardsearch/showAward?AWD_ID=1409056
104 #7485, NSF CNS-1261462 DIERIFAFE TEHAT=,
1% Georgia Tech Research Corporation (&, Georgia Tech NRE VA ILE=-HEREL L THS.

41



http://www.nsf.gov/awardsearch/showAward?AWD_ID=1409056

ADEBEASNTHEY . FEEETNOE—EBT OMENITAVAM—ILL. BERAY—ERIZEH>TEETS
WHELHD, CNoDHRIE. RETOTSAI2) - AT LEFRALTEY., RFERECERENSL.
FHMHEICERITHIEN B R ELTIEESN S, AR MR EZREEB EDT=H. SDN & NFV DRE%
WMYANBRAEHEIN. TNOORYMBAH EEUMSIILA T REERADATEH T TO—FENSIKYIL,
TISATORADEES Ty hDHERREL, LEHMBREMLGEDTHD ',

CORD AT IHLTIE, VNS ATAREERTH5TOTSA LA R - —E X% ARAMOH DK
TA b RYI R T TS54 72 X (white box appliance) L TIEEIT 57 vbT— - H—EXICEEH]AOND
KBNSV TLADT —FOFvE#RARETH LY, ChHDRREEARRLESELTLVS, SDN
BELUNFV OREBEEUMIILA T RALKIEERTAHIET. BEFEEL. V7V Y—ERRED
BEEBLEIICRYNT—OERRICEET HIENTREICH D, TNICKH>TEEE L. RERELEAR
BZHIHTESED. FILLD (B LEBRFEO T —ERZRBLI) Y—EXRZEATEHREIZ. mybT—0%
FYRRICHTOV S LTEDELSICHD20H. Y—EXRDOTIGERAZMRSEEENTED,

FRATODIVMCIE ERIETOT A TR BRFRICE O TEITIN TNV =RV T =0 H—ERF R
EL. RAMDHIHRTARY IR H—/IN—, AL —UHEER . RAYFIZE O THRANESN SR B
(virtual machine: VM) ETHEISE S NFV REZFEALz, ChoDRBIER YT —0-—E XL,
J—RINGURAVB—TT—REY YD RINYUR A B—TT—X([Z ONOS 1Z# %R AL T=. SDN Hil{E
TL—UI2&->TEEBINS, REBIERYNT—9-H—E X& SDN #ilfHiU—E XD ML, EHLI-LT
FTIIr—a R TEI R A—HIZABS ., ON.Lab DIEEERIEEV SO R -ARL—T42 5 - R T
Ls (extensible cloud operating system: XOS)#RZEIZE DI NFV A—4 AL —2IZ &> THifEHIEN

é 107Q

UTOEIE. CORD 7—FTIFvDMIETHD, CORIEENIIVA T RDT IR -SRI T—H

ADYOERLTEY  REBOIVRA—HRT IR oL BEHDEEED/N\YIR—2-Ruk
D—=I9~ADT IRV IIZHEH LTINS, FybT—o2KIE, B LED SDN FlfEITL—2& NFV 4 —

FRARL—RIZ&HTERISN ., YT —0 - H—E XL T DN 25 (Commodity hardware) £ T

RAREND,

196 ¥OS Project, “CORD FAQs,” URL: http://xosproject.org/wp-content/uploads/2015/06/CORD-FAQs.pdf (pp. 1 — 2)

197 oNOS Project, “Proof of Concept CORD White Paper,” June 2015, URL: http://onosproject.org/wp-
content/uploads/2015/06/PoC_CORD.pdf (p. 2)
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AT&T DEURSIILATARIE, BRE 300 L LD TOTSA TR #BICE>THERSNTEY., BfENT
NZOLHY—-A42T5%, ONOS, XOS. #L T OpenStack 1> Ah—JLLT=RT A FRYI X THRIES
NEEBAUTIITEERA  RBIEA1V I EH I HILEEEL TS, ATET [ERTAMRYIREA
DFRIFARMLBICBESBENEEZTEY . RRMEOREOEZOTISHRARBOEMHICLY. BE
BT OBV 12— a0 DREGEAMNETEEICHEDELTUINVD, BB AT&T (£, ONOS, XOS,
OpenStack BE DA —TY—R YTz TERTAMRYIAEREDHEN . WEDKELRE LY
STWBHIEERHTNS 1,

AT&T & On.Lab I%. /31 )L CORD(Mobile CORD: M-CORD) &ME(ENDTODTIREFH IR EL.
CORD O REE/NAIL-2ybT—IZH LT B EFETEILTLVS, M-CORD Tl&, CORD 7—F 7%
FyIZTyl - avEa—T4U T DBEFEML. ENSIL-RYRT—HDI v () 2o so0-T
— A AERBETHIEEFRET . YMIA - T—E U ADBEIZE ST ATET [ETRTHOT—4%E1Y
FI—0DHLEICRET KOOI, Ry T—ID Iy T—EEBERITTED LI D, T, —HL

198 ONOS Project, “Proof of Concept CORD White Paper,” June 2015, URL: http:/onosproject.org/wp-

content/uploads/2015/06/PoC CORD.pdf (p. 2)

nght Reading, “Highlights of Light Reading’s White Box Strategies for Common Service Providers,” November 22,
2015, URL: http://community.comsoc.org/blogs/alanweissberger/highlights-light-readings-white-box-strategies-
communications-service-provider
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BEIYDTTIZEICKY, BB, TRREDUTILAA LEERE., ZLTIloT 77U r—av el
=T —2EHMT T )r—avE b D —I N KU RMICRZ DL ITHDEHMBShTNS 1O

FHE-HERX: ATOCIHMDFTEFERITAMSNTULVELA, ON.Lab & AT&T AHEL TSI EN
Hh-oTLVE,

ArTa—)L: ON.Lab & AT&T (£ 20154 1 AIZCORDE IV EEREL. FE 6 BICHEZEE1To
f-. MEXHRERERZE 2016 &2 . AR ER%E 2016 K. F£1=1£ 2017 EUHIZFFELTLS L,

C. ¥HFa—tyYKRE7I—AME

Tz e BIANREBER LT DODBEERASTEE
for Collaborative Adaptive Sensing of the Environment)

onfi

(Ultra-High Speed Bandwidth
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110 ON.Lab, “CORD: Central Office Re-architected as a Data Center,” URL:

http: SDx Central, “ONOS and AT&T Team Up to Deliver CORD,” June 11, 2015, URL:
https://www.sdxcentral.com/articles/news/cord-onos-att/2015/06/
lllls-{dn.ieee.org/images/fiIes/pdf/MobiIeEdgeCIoud/CORD_Guru_ONLabs-20f2.pdf (Slides 22 - 42)
112 UMass, CASA — About, URL: http://www.casa.umass.edu/main/about_us/overview/
UMass, CASA — Industry Collaboration, URL: http://www.casa.umass.edu/main/casa-
nsf/industrial _collaboration/current_members/

13 UMass, CASA — About, URL: http://www.casa.umass.edu/main/about _us/overview/
UMass, CASA — Industry Collaboration, URL: http://www.casa.umass.edu/main/casa-
nsf/industrial _collaboration/current members/
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114 UMass, “Computer Researchers Help Lay Groundwork for White House US Ignite Initiative,” URL:

https://www.umass.edu/newsoffice/article/computer-researchers-help-lay-groundwork-white-house-us-ignite-initiative
115 UMass, “Nowcasting: UMass/CASA Weather Radar Demonstration,” January 7, 2013, URL:
http://www.euroview2011.com/fileadmin/content/euroview2011/slides/slides_distribution_zink.pdf (Slide 6)
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Data Portal) MRS, fiEIEE 3BEDTTIVr—2av(C& T BERADT VA PAENTHNI
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17 Array of Things — FAQ, URL: https://arrayofthings.github.io/fag.html
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o “City Environmental Sensors: Array of Things”: http://postscapes.com/city-environmental-sensors-array-of-things

Chicago Magazine, “Chicago’s ‘Array of Things’ Takes Another Step Towards Reality,” September 17, 2015, URL:
http://www.chicagomag.com/city-life/September-2015/Chicagos-Array-of-Things-Takes-Another-Step-Towards-

Reality/
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11 Array of Things — FAQ, URL.: https://arrayofthings.github.io/fag.html

Governing, “Obama Places $160 Million Bet on Smart Cities, Internet of Things,” September 16, 2015, URL:
http://www.govtech.com/Obama-Places-160-Million-Bet-on-Smart-Cities-Internet-of-Things.html

122 RFID Journal, “Waggle: An IOT Platform by Scientists, for Scientists,” May 18, 2015, URL:
http://www.rfidjournal.com/articles/view?12823/2

123 ychicago News, “University of Chicago to Serve as Testbed for Array of Things Project,” July 13, 2015, URL:
http://news.uchicago.edu/article/2015/07/13/university-chicago-serve-test-bed-array-things-project

Github — Array of Things, URL: https://github.com/ArrayOfThings

124 Rob Mitchum, “National Science Foundation awards $3.1 million to Array of Things project”, September 14, 2015::
http://news.uchicago.edu/article/2015/09/14/national-science-foundation-awards-31-million-array-things-
project#sthash.BSb7hRgs.dpuf
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A—RF—AOVKZE  RUDILNAZTMEYIYN—=THIZHS Intel T7K - EVIIN—T T4V FURD 7
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lcloudlet] EFEIEN D /NEULIES R T LAIZEWNTHE D M HRBTEETT 5,

LI TOEIE. cloudlet [ZERB SN -{RABHEM (VM) IZ&>TEBIE T —42Z2 MBI 5 +AERLTLNS, 3
— U NENS IR ETHERE T L. BET—2(EFT cloudlet IZESN S (RTER) , cloudlet TIE.
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EOHEEIRE LG, BREBRLEEDAIT 200 HETHhns, CNSOWNEANTE T LI T,
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DMDETIFHRHNEEEIN, I7VR ETOHEDEHEORERENE HILSn S (B EER) , cloudlet ALY
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125 ychicago News, “University of Chicago to Serve as Testbed for Array of Things Project,” July 13, 2015, URL:

http://news.uchicago.edu/article/2015/07/13/university-chicago-serve-test-bed-array-things-project

126 City Environmental Sensors: Array of Things”: http://postscapes.com/city-environmental-sensors-array-of-things
127 Mahdev Satyanarayanan, et al., “Edge Analytics in the Internet of Things,” April/June 2015, URL:
http://elijah.cs.cmu.edu/DOCS/satya-edge2015.pdf
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128 Mahdev Satyanarayanan, et al., “Edge Analytics in the Internet of Things,” April/June 2015, URL:

http://elijah.cs.cmu.edu/DOCS/satya-edge2015.pdf

29 Mahdev Satyanarayanan, et al., “Edge Analytics in the Internet of Things,” April/June 2015, URL:
http://elijah.cs.cmu.edu/DOCS/satya-edge2015.pdf

139 carnegie Mellon University @ Software Engineering Institute (. EBBFE L ICL>TEESNIHREHFELLET
$%,DOD WEEZFREL. VIV 7 OMRMKELFRNTTLS, FEHIIRESROIL:
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153 NSF, “Award Abstruct #1065336"; http://nsf.gov/awardsearch/showAward?AWD [ID=1065336¢

Open Networking Foundation, SDM Hottest Topics: A Panel Discussion”, URL: https://www.sdxcentral.com/wp-
content/uploads/2015/12/ONF-SDN-NFV-Optical-Networks-Webinar-Slides.pdf
134 Open Networking Foundation, SDM Hottest Topics: A Panel Discussion”, URL: https://www.sdxcentral.com/wp-
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