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ABSTRACT

ABSTRACT

Leveraging the concept of infrastructure as a service (IaaS), optical network vir-
tualization provides a solution to sharing the physical infrastructures among different
logical optical networks. In this paper, we focus on transparent virtual optical network
embedding (VONE) over the inter-data-center elastic optical infrastructures. First of all,
we propose a novel integer linear programming (ILP) model, which is based on the clas-
sic all-or-nothing multi-commodity flow problems. Then, to integrate the consideration
of the substrate fiber links’ spectral continuity and consecutiveness into the node map-
ping, we design a layered-auxiliary-graph (LAG) approach, by which we decompose
the substrate optical network (SON) into several layered graphs according to the band-
width requirement of the virtual optical network request (VONR) and the spectral usage
of all the SFLs in the SON. Taking the advantages of LAG, we then propose an effi-
cient heuristic algorithm, which achieves coordinated node and link mapping. Through
extensive numerical simulations, we demonstrate that our proposed VONE algorithm
achieves much lower blocking probability than benchmark algorithms. Finally, to put
our VONE algorithm into practice, we also propose and implement an elastic optical
network virtualization platform by extending the software-defined networking based
network virtualization platform, OpenVirteX (OVX). Through a proof-of-concept ex-
periment, we demonstrate that our platform can achieve virtualization of elastic optical
networks. We also test the performance of our elastic optical network virtualization
platform by a series of experiments, which indicates that by opearting our network vir-
tualization platform on PCs, even when the SON has a scale of 50 nodes and the virtual
optical networks have a scale of 10 nodes, the platform could still finish creating of
user’s virtual network in 0.6 seconds, starting the virtual networks in 22 seconds, stop-

ping the virtual network in 14 seconds and deleting the virtual network in 1.4 seconds.

Keywords: Elastic optical network, Network virtualization, Virtual optical network
embedding, software-defined networking (SDN), OpenFlow, Layered-auxiliary-graph
(LAG)
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(BRI, #R3B 004D DL A oy Foop I 2 e SR e Sl e, 3k
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o n' AR RO EER B 0 TR R (AL SIS SEAE O .
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(us,vs)eks (vs,us)eks
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WAE— MK IE ST e
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WES. 'k, BATENH7)ZHBIE (Layered Auxiliary Graph, LAG) f#4)4#
T7i%, ARJE REIRAE 77 2 4 B B B it A8 v (0 A AR e R B A ARV
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BN IRJZ6MZ% GS (Ve ES), BIGCIIZEIE R 147 %5 75 K & n', 702
HBENEE T AR k

W 2k EoEME G

1 G]S(ub — GS;

2 GEUb TR AR BE RS 1T T A AR IE N 1T
3 for G® P A —4R4E% e° € B do
k+n"—1

4 if > bi[j] >0 then

eS

=k
N G SRR o

end

S W

7 end

BOR 3. R E R

YT =N ZEIER GT(VT ET), FRATRYE HAE IR K& nm DLK
JEE 2B 2% b R A A5 s 10 RS 2 X 28 A R R — NN R R . BT S
XTHE KR, BNSKRERZECW I — RO ENE k FE k+nm—1
ATV 7 G FE ARG B ST e, W SRz E S AE B TR, BTk L
Nk ZHE . BE3AGH T 0 2B EM RS E RIS, B34 H T X
P12 14 223 110 R U ' o) 26 Bl i SIS 9l Ry S ) 0 IZ S B R AT T 2. NI LA R
JE 4B ECA B R e m iz B A @ 1 4n s . BT E2.1(b) Fros B 6 9 25 1 3k
FEL 3 AN TR, R, B TR N AZA A AN R R E NS 5 B 7
AN HT T AR R IE SIS SR B AT A, AE2.1(a) FAVRE 2B 1 R A HER
(A,B) #1 (B,D) EHI2ATHE, FelIA eI 1Z 5 B, i
fih B B35 BN A R Bh I, T, FRAVESE T EI3.1(e) B 5 ZHiBIE .
3.2 T RS

FEAT LS, RLT SR B IR AR, AR T BRI
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K 3.1 7RG R &

EF, ey B, DART RveVHFHATRES v £ EHHE G L&)
o

BN kR0 E RIS § MER T GNP, EADEMAIER G
W TSR My, BFPIRAS F

1 X GRS IR AN A v H R R R IR R S B

2 T GT R v IR AT SE By

3 FEERTT BB Bor MR BN/ BT st AT HE T

IR0 R BHIEA MR EINAT GRUP LR JE T s AT HE

for &— AN BT EV € VT, BT EEMRKEEIRF do

E~S

5

6 F = FAILED;

7 for GPU° W & —NAARITEY v, #H A TTREEA KRB
do

8 if c5. > ¢ AND (3, > (3, then

9 Mn (V") < vs;

10 PRGN AL vS;

1 F = SUCCEEDED;

12 break;

13 end

14 end

15 if F = FAILED then

16 | return(F);

17 end

18 end

19 return(My,F);
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ERATREDRGEA R, BRI R EMCRBVNIRFE, AR )
JZ B B MR BN B A B mUE R DNRZ T R FIR3 22171 Rk
S SEAR DI AR . I, FRATTRL— AN SR TR A BRATT B Y AR A B
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Rkt

M TARREL, w320, B, WATHESE —E0ZME, REx ﬁfﬁ
E A T B BT R, ORISR T, T, AT A

WA TR, ORI, DABERHE, BB LZ, S i E RS2 1
HARET S B RIEAE (LE3B.26e)), FR, BT R A o BARKH
TR, Bk, ARG e, SRR EA, RIS T 2 EREEER
REF AL C, BT CREBW L™ Al a MTHRBTIRRR R, R A B
T a R, TRBRATEY AL a BRI AL C, SR, BT A b
A e 73 BB B9 5 B AE, T2 740 2.1(c) P9 s i 4521

“““‘\

@% 1= LE-E (O) ==

Ok L= (@ F=

B 3.2: T 00 2 BHEA B AT RO SRS

3.3 SERRARET

TR SR E, AT A BT e e . FRATROBE R W R 3 T 00 J2

i B EI R R B AR o« BART S, X TR MRERDCEER, IR Gz
FFNFENL SO0 CAR,  IRJERAZOG R AR T 21 0B B T N 70 2 4y B0 ) A
B, SRJE, JFUR N — A BERDCEER AU, WIR BT RO BE R AR s, S
AW ) BATHONIZE O BC B IR B, AR — 20 = 4Bl
K, EE AR, WORPTA RSB R, 2% OE N 235 Kt P 2E .
FE3AJE R T BATIE W K2 T 0 2 SR B Ay JZ B R i 30 1038 W R
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Hew st

BN 5 kAN R BB ER § ANEE T B G, RERDEMIZEIER GT
M BERS RS My, BUGPIRES T
for G" Y H— AR E WAL e = (u",v") do
BRI /L wr A vT 8 GRS U RS2 MY 5w A v
1E GEMP HR B R R AR SRETR w B v NS AR R p;
if "G &EMAu Fva93ki2 then
| return(F = FAILED);
end
Mt (e") < p;
7E GJwo kR p LIFTA e e sk,

O 0 9 SN N A W N -

end
return(M,F = SUCCEEDED);

UK 3.3: 2T 00 2 i B P R e L

[
=]

LG X 4% e B #2.7%  (Layered-Resource Capacity and Layered-Shortest-Path based
Transparent Virtual Optical Network Embedding Algorithm) {54 %AY, FA1EHAC
£ LRC-LSP 5k,

HIN: IREEML% Gs, lEROEMZiER G
i RIS T

Giemp = G%
fork=1toBS—n"+1do
KR RZ3AES k290 2B Govb;
RGP FT R T G EETE, JFLE G
LT A B KRBT G #EATHERP
for —/~ Gu°, #BT KM S 2 do
K HE3 208047 15 5T
if 97 & B4t A2 then
K B33 AT RS LT
if 4 3% B4t A 27 then

N GT e TEIR;

return(F = SUCCEEDED);
end

o 0 9 S N A W -

I
W N = D

end

—
=

end

o
9]

end
Fric G # FHZE;
G* = G‘iemp;

return(F = FAILED);
5% 3.4: LRC-LSP 535

e
© I &

o
-]
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BN VY

BMNE HEHE

FEART N, ATBT 7 KB K7 F A 1 o7 B DAL 2R 2 A AR
XA S = B S 0 m R B AT 7ol B, BAME A 14 JHsehs
PV AMENRIZ I B 26N 38 LA AT A0 B35 A0 A R 5 110 A 14 T B
SRATEHATT SR 0 AR B B, 25 8 8 R UL X 2 RS A O — SR 2 ),
MMERMEREIFARE S 2B FIRMERE, JA1 st 73S B mlE—
A 14 mUSEERIINAT—AS 50 mLREHLIE VR Z S R 26 ABH 28 R AP 2 e K
JEBRAR I PN T TR — DA BRI I SR B TR RE

&] 4.1: Deutsche Telecom (DT) $h#h CEERg EEFFREKE, H47: km)

41 HEZH

ERATGFE T, FEERHF 14 55 23 4% 5 1 Deutsche Telecom (DT) #h
FROARI—A 50 5 141 SREEREROBENLIR S . B4 B4 27050 45 13X 4 4
PR B4 TP EERR S5 B R B (R kmD o HAEENLIR 42
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SR T EVE

K 4.2: BENLIRFS (BERSKE: 100 km)

KIS EM A W T2 ek s AhAE BT B GT-ITMP 224 o FEREMLI b,
FRA VBB T A B B 1 FE 32 100 kmo DT 401 b i 3R B 6 1) K B 5 SR 04
B — 8. FrA AL 283 R AR AT GT-ITM LR, Hoiig— A i
JCRAZE (T AR 51 04, RIS, (R — A R AU R0 4 H A Ao 79 4 R 404
RUZ IR A AR R 0.5, gl n AN R B RDEM 4T ik 0D Kk
PUOGHERE . XT3 SR G, &M®mfﬂﬁﬂ%mXMﬁ¢%Mm
AR R4 RS 7 BA TR H b B S S U E B v

4.2 XEEHEE
ENZ e BTG, T BT 0 IR BAE (0 [0 IR 2% BT 5 I A 14055
e 0 4 WGt B . S T SR G RO TR AT M R, e R TRATR 4y

A BB R0 H, AT BUAT I 2/3 J5 2% 1 K2 90000 2 W SR B0 Al 1 i 548
o ME NI RS . B, AT EAMITEIR S Yu Minlan 25 A AESC
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0 &

P HIFA

R 4.1 FEVTESHHE B BUE

HESH DT #Rfl | REHLFRTD
T AN 14 50
HEIK KA 23 141
RIS E A = 200 units 200 units
E UG T TR A 2 200 FS’ 200 FS’
MR FIETR R E [1,10] units | [1,20] units
7 BT IR R oK & (1,10 FS’ | [1,20] FS’
— AR AL N 48 HR R DL AN 3,4] 2,10]

BN RZE6MEE GS, DGR G

B TR My, BREPIRES F

LR R UL AT v € VS I A By RV

CS

vS

'Z(uS,VS)GES bfus,vs);

2 WHEANEIAT S V€ VT I AE By

3 FE IR S H R 2NN A RE R R T HE
F2 IR B YR B MR BN G Z M 48 B 1 st AT HE T
for T A BT & v, HBH EEHKF ) do

=

o e 9 &N W

1
12
13
14
15
16
17
18
1

-]

39] , EI]

for i A AARICHI R EMIET S v, BT REEH X2 do

F = FAILED;
if ¢« > ¢l AND 3,5 > (3, then
Mn (V") < v3;
FRICHIHT AT vs;
F = SUCCEEDED;
break;
end
end
if F = FAILED then
\ return(F);
end
end
return(My,F);

Bk 4.1 BT RIS S A
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SR T EVE

HR 301 R ) R T SRR AR B A K- I ) O AR R AL X A R B R, e TR AT
REPRIE S JE R B, [RS8 T 452 OUs I SR Be 8 TARAE 33 16 M
4, BATRIBM T BT RS, BE4AG T T RIES SN AU R
FIPAARAS . SEfr b, FRATBETH T P RhBERS IS S0y, BI, BRSO AR
HH 454 Frist-Fit FIATRE 20 e 7 28 22 1B g i St DA B 5 3 J2 A B 1R ) e 5 B
FAlE LRC-LSP, FA15 7l 9 X B SRy 4 RC-(SP-FF) 1 RC-LSP, %
1A 2RERA 355 25 T X AN EIE R D AR

HIN: JRJEMLE G, EHOEMZIER GT

Ml LIRS F

1 R EEA 3T S

2 if T %84t AR 7 then

3 for B AEETL " = (U, v") € E" do

4 ST 2w A v B 2R JE T A M (u”) B My (v7);

5 K B i A2 SR 25 548 M (u) A1 M (vT) 2 T8] ) e 0 %
& p;

6 if 3% 7~ 8| 7% /2 then

7 Fric G #BH ZE;

8 Gs = Giemp;

9 return(F = FAILED);

10 end

11 M (e") < p;

12 7E G HIER p BT &I 1 BT B 6 4755 2%

13 end

14 HEFTABES es c{e’: e e M (e"), Ve €E"} EFEEBKE
NN AT A S

15 if £ 429038 32 4% 2] then

16 | N GT 2 BC BT,

17 else

18
19
20
21 end

22 return(F = SUCCEEDED);
23 end

24 Hic GT B PH ZE;

25 GS = Giemp;

26 return(F = FAILED);
B3k 4.2: RC-(SP-FF) .14

Fric G™ i PH 2E;
G* = G‘iemp;

return(F = FAILED);

43 MEEITMESH

TEA/NTIH, AT NS MR O 3% B AR “ T
FH Z€ AN P 15 B K G R AR K B = AN PR RefR b R PEAS AT YL, I HIRATE
24



SR T EVE

BN JRZ6MEE GS, EADEMZER G
M WUPIRE F

1 Giemp = G%;
2 SR EVEA AT L
3 if T & B4R ) then
4 fork =1toB*—n"+1do
5 fEFH SRS IS k B ERBIE Gy,
6 for Ve = (u",v") € E" do
7 AREURE AT fwt A v BRS BRIRE 19 5 M (u™) Al
Mn (V7);
8 K BB B 23 M (w™) T M (v7) Z T8 B
FLERAT p;
9 if X7~ 2| 3% 42 then
10 PRt ERLE 215K GT # [H %,
11 G® = Giemp;
12 return(F = FAILED);
13 end
14 M (e") < p;
15 £GP IR p B id I DG £ 5 %
16 end
17 NI ZETE SR GT 23 BeAH L 558
18 return(F = SUCCEEDED);
19 end
20 end
21 BRIt LGNS TE SR GT i P ZE;
22 G* = Giemps
23 return(F = FAILED);
B% 4.3: RC-LSP 510k

PH 28 AR Jfe FERIMERETR bR, RO FH 28 R B B0 R B WA SR i e s,
I, BRI WAL B O I E R RR, L T AR A DA K ) R 54
(Physical Layer Impairments, PLIs)P®! 4K 8 TR B R K (B, Sl 5 Mk
WiEE R, DR, FRATHE AR BTG N 2% B S KOG R AT T S R AR —
MEReTRR. &5, W SEMMEREER, FRATAT DATE 2 FE R AT EE S
AR T 22 00, DB IR o 2 ) A PR JRATT I B e AT A o IR =AM 1
REFRAR I E LT

ENX 431 (FAIFR). 2 —ARDFEAT 8§ —NEP y fo—N B A XHF & g, 1T

g(v) AR AXF ik giBATEFEY v LIRFQEEAT 69/, OPT A EH vy a4
i, ARABAMARB R X3 T Ep] y TR A,

g(y) — OPT

A=
OPT °

4.1)

ENX 432 (PHIEZR), MERZ XN ARLB KRR, WE&E/TIA2 P4 EEN
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SR T EVE

JE B0 2535 K G AN R B X BT ) R B IR A R LR 2508 KA AN R AG pb B, B

I Ny (T)
1m

Po = I NL(T)’ (2)

HEd, No(T) A= Ny (T) 2 A& 0-T i8R 2] 34 69 5 69 & bl R %35 K a9 A A=k
R 04 2 B0 2% 3 K A9 N

EX 433 CEFYRKABREKE). FARKARZKEZ XA LB KIFEA, B
2B AT AL T BT A AR 69 R A 2597 K B AT B 69 B3k b R K ORISR0 K E A9
XA, BP
ZGTeQ(T) maxcreer len (Mg (e"))
1Q(T)| ’
o, Q(T) &7 O-T B AR H 69 8% WL F % F KM R ES, Mi(e") £
TR NGRS o7 Mg B 89 R E AR, len() AR F, BREHMAXRZGK
FAl.

1= lim (4.3)

T—o0

4.4 HEGRURERTH

44.1 DTHHINTNAESL

R 42 AFFERA R BTEX . OREEMEEZIEM A ZE: 1%-10%)

ik LRC-LSP | RC-LSP | RC~(SP-FF)

M | 26.21% | 40.95% 21.05%

e reip o | BONAE | 304.35% | 391.30% 83.72%
LR IR B/AME | 0.00% | 0.00% 0.00%
FRUEZE | 0.3151 0.3850 0.2072

KAEHE 77 b 99.94% | 98.48% 93.18%

IS AL E E 7 b 35.56% | 21.00% 34.50%

® 43 AFEEERA R R EN T (RZEICMZEBIERHZ: 11%-20%)

Bix LRC-LSP | RC-LSP | RC-(SP-FF)

EIE | 7.24% 28.50% 9.84%

B R E:yjtfﬁ 130.43% | 188.46% |  62.50%
B/ME | 0.00% 0.00% 0.00%

PREZE | 0.1454 0.2848 0.1403

KA 4 b 95.82% | 69.24% 55.38%

B8 AR 4t 67.22% | 19.37% 31.25%

#E DT T, JRATE 6 L T &/ SRR IR . AEISED 20, A1)
G2 90 46 0 1 6 5 BRI 95 9 U590 50y 100 A S0 100 435116
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BN VY

A FRATTHE 2 P 28 () B s M FH 28 [ e AE — e Ju L, 6 TR — MR RS
FEIFRATT A B 100 FAS [F] B B30 0 AT 77 20, B 100 AN B 73 A1 AN [B] IR JE D6 N 4%
N7 ITERGER, T EEAMR A HREE N by B p. RAEMSHE, X T8—
AMRE AL FUHERIER R RN wy 2w, 1355040, [F3E, TR
HA B, FoAr B IR AR R R wy B o (3851040, HARYE R R %
T B TR A 2w, FRATTBEHLAN 100 A5 Fa A8 FRIERE 100 - w AN S A bR e N
C . 285, FRATBENLAE B 50 N 3-4 A1 A, ATRANT S 2 A LR N
0.5 BB IIEMZEIER, AT RBTHFE IR R R EN 1-10 DML, REARHE % )
IR TR RN 1-10 M st . AR E, FATE R B LRC-LSP. RC-LSP. LA
K RC-(SP-FF) 7£3% 100 /N [A] (R JECJZ 9 48 R AR IR IX 50 A 2 J80 56 X 2% 1
3K, AEEEAN B AR AN R E X 2 1 RS S L AERE AR . FR42F01K43 57
WGt T BIER A 1-10% AT 11-20% K500 R ASE B K07 B2 5, WHA
FREIRATTUAE B, FATIEE T 599 LRC-LSP WSR R AR &S w1, HA2, M
FA2\MN VR IAE THIER 2R IE BN, FRATI SR SR A 1 ) B2 1)~ 32
B KBS L RC-(SP-FF) B2 —%, T H, WAV IEN&LZE (Y, KRGS
BARMR BTG R & SAE SR LB SR T RC-(SP-FF). iX 3 % & i 78 SR
MZERMCAER TS, 52 BT SR EHR I ZENAR, Hik, Sk LRC-LSP
()T A & SR IR AN LU LU SRR I 2 /0, TR RE R BT M By, B9% RC-(SP-FF)
S R B AR AT R LY, Rk, MIXNE, RC-(SP-FF) [k this
oo MRAIMILER, FRATAT DU B FURFH RN 11-20% B, Db, 202480
IR 2 2 i o Bk 2 ANl 7, 2 W% LRC-LSP A1 F1E— N
PR ZE S g, Rk, PR U, B ST S AR “FEES” &L
B, B, fEBIEA RN 11-20% ML T, 5Hi% LRC-LSP B AR
(BB, [ 4 B e O e L R A e CHIT, SRR HE R 1) R 4816 9 48 45 SR I AN
B R AU X 2517 SR S AN B ERAED

10D5..‘...f

Xi/{i>‘

EE
T

E (/ : : : : : : ; bl —e—LRC-LSP

b : : —=-RC-LSP ||

4 ——RC-(SP-FF)||

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

m#HE (Erlangs)

K 4.3: DT #h$M T HIBHZE R

NRAL7R, (£ DT Wb T, JRE MRG0 I T RN 58 SR 25 i &
N 200 NEAL, [FIRY, BEASRESDGMIZIERA 3 — 4 DRI R, ARE A
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SR T EVE

R AR A 0.5, AT AT RITHETEIE RN 1—-10, RABEI SR,
RER RO CHE B B 5 58 F5 SR 1 — 10 AN 5e A, AR M 51045

K43 7R T =ANFEIEAE DT $dME R JE 6 28 1 17100 T BH 28 22 il 11 28 &
TS, MBI, AT AR 215 1L LRC-LSP 2 A R HER, &
15 RC-LSP 1 [H 28 W& A% T 5% RC-(SP-FF). X i W18 i 4y 2 % Bh K i 5 20 A
T RIS B B R B BT R A OB S, AR B B R B BRI e S Sy
B PR A 0] 8 B >R 5 B T AR OR R 92 750 325 BH s 30006 O 28 B S IR R, MR
PR PG FH ZE 22

500
asol-
E 400/
53
350
s
. 300(-
H
sy
a5 250
3R 200
K
1 150

gﬁ_\? 1001

50

10 20 30 40 50 60 70 80
1 #E (Erlangs)

Kl 4.4: DT $h3h TP RAKOEEARKE

KI4.450 11 T BT A W 555 15 0 1 o 300 TX 465 155 SR W 53 I B K 6 B AR T K B 1)
TS INERRATT UG 2, 5k LRC-LSP )7 3% KO B A2 1 K BE &
=B, K FEBEE RC-(SP-FF) 1) 73%, % RC-LSP If) 68%. 3F
H M E4.43A4117] LU B 575 LRC-LSP 15 B (- F ¥ i KO B R K S i Kt
#ERE 313 km, /T TR QPSK ) 500 Gb/s Y I1EAZA 4> Z F (Optical
Orthogonal Frequenct Division Multiplexing, O-OFDM) {55 4% 4tk PR #E 25 P71,

442 FEANIRINTRYTES

10° ¢

T

10°L , ; , : ———
g , : —=RCLSP |
S e R (R e s e e roenn)

3 1 1 1 1 1 1 1
10 0 15 30 45 60 75 90 105 120 135 150

R E (Erlangs)

] 4.5: BEHLIRIN T OB 82

FHE=Z
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BN VY

ElLRCLSP

ElRC-LSP

[CIRC-(SP-FF)

10 20 30 40 5 60 70 80 90 100 110 120 130 140 150
% E (Erlangs)

K 4.6: BEHLIAN T BP R RKOEEE KE

T DT $h4b IR BRI, EAR T Z4.4.1/0 T DT $hEMENIKE N 2%
I, FRATTI R LG 2 IR BAR MR L 4 N5 . N T IS RATE LI
PERE, FRATZEE42FT 7810 50 N A 141 45BE M I BENLEEAL I 3 L 3-1T T AR B
KPR CIN L8 15 SR ) o FEIXLE405 A AT B 4L 2815 SR 2-10 A7 A4,
PN R B L IR AR SRR 0.5, [, BT ST SRR SRR 1-20
ANERAL, BRI R AOLEE B T 95 TR SR BN 1-20 AN A i A o

K451 E4.65) Ml @7 7 AR BENLIA AMECN IR Z 6 28 S L N = AN REER
PHEZER AP R K T . WE4STHRATER], Hik LRC-LSP FIBH%E ik
e SANEIE R RN, (B2, BERTEYR RC-LSP I FH % R H L 8L RC-(SP-FF)
MR TIRZ . teah, W46, Tl TR L B3k LRC-LSP i) - %) i KB k4%
K EE L E YL RC-(SP-FF) I 7 —8, X% T 78BN FME N R E Y6 25 30
DL T, JRE MR TIRZ, AR, EHOEMZIERNFBIR TR Z,
X FECP R OGN 25 R A TE 2 OB EEES, T 5RE RC-(SP-FF)
T s B B8 WIS R 350 08 A 25 18 3L 1 O X % R B B s ) R 1, Xk R T
AR e R 28 R 1 B 19 R B G Z T B AR R LB R, TR, B )
1) R HUL X 288 17 SR IR A KOG R AR IR BEARNITD & il EL e, XA R 1 4
QAL BENLIE AME N R Z e 8 Fh ik, vk RC-(SP-FF) 1 RC-LSP BH & R 1) %
ALLAE DT $H R TIRZ .
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FhE  WliEra

FHE HKTE

* DAYI_IGHT

MR R GR

Project 7 ’
an Floodllght

5.1: RGIHELL

51 ZRGHRH

B 1HEIR 13 T8R4 U SN 2% (Software-Defined Elastic Optical Net-
working, SD-EON)S9 ZEHA [ [0 2% (e AUAL RGEHELE . MEIFRIRATAT LA th, E1%
LAY, BRI RS R B — s 8 b
O e SCHR G 2%, 3222 AT AR T PR K I 3 52 el (Bandwidth-Variable
Wavelength Selective Switchs, BV-WSS*), EH:X £ BV-WSS HI7E4FF124 BV-WSS
#H P& OpenFlow 75 & [ OpenFlow f{EE (OpenFlow Agent, OF-AG) 4% . KE#l
12N 2 FE T OpenFlow TS — AN ML E BERE 7, SEBR_Fgfh /2 Mo o 26 A0
W 28 325 | g 2[RI OAREE, T IRZ LT S, e T, o3 H P B
BIEH S, NS TR RS, T8RN, cESH
J I 2% 3] 9 5 R JE 6 2% 2 18] OpenFlow YH 2 . T 4% E R 482 & P
F T30 EH O LM 48 () OpenFlow #5#1 %%, f1 POX %), Floodlight!0] 4544

5.2 A — A READLI 2% 1) A= i A R F s 1 iz R G AR AR .

VEE, XERES T EA BV-WSS _EEERSYE G
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Fhw WRra

[/ 5/
3 1/
B
bR 2

OBR>O

-\.\'\ -
xtended OFChan|nTé|\'\-\_\'\i///-"/

B RNAE | BN %R
AR LR E BN DEWIAR T

£E

3

BRE €
e [\iERsES 5] PN
AN
Extended OF Channel /,",/'/ oA \.\'\‘
HERLERAF5E B 25 P \_\. O
Paetoid] R0 P RPN
e /f@:! TN
L 4 @( J‘;' \'J /@f
EF €3
FEE 10038 14 K P 4% R 5 2 : t
JiEJZ R 2%

B 5.2: AL R GE LAE RS SEH

1. Gz

(a) I R AU 5 SCIRPE DG I 2% i B R G i O RESRLER 1 22 X
[

(b) MERNIAEE SCERIE G 2 8 B R eI B P MBI s R 2 5, K H

FUR SN A SAEE DR 2, RIS, RIHr web UUHIBES 2% H
R G T

2. Jazh

(a) FH 3@ R 0L 3 s SO e X 24 85 B 2R G 1) FH P w o LT I BhEE I
— IR R 4

(b) FEAWERAL 5E U O 00 2% 7 P 2R 455 A SCHR P SR B R UL 30 A o S 2%
RIS AL 2 2% (R0 A5 BRI, % R RSO ' R 4 St
e [ B SRR IR (5 2 A 38 2 R UL D' IR 4 TR A5 85 AT R U1 IR 45 Tk
5t

(C) REAPABERAE S 190 2 I 25 4 Pt S ) 5 5 e Tt 0 R MR AP R S s o %
EHARG.
(d) MERNIAEE SCRRE I 28 5 2 2R 450 A IS 28 SR rh S B R 400 38 47 22 g
BFOCAR, JRRIX L ¢ RiE I E-OVX $R AL APT C & S /E M 2% .
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Fhw WRra

(¢) B-OVX I EAEF )G, WIKEMEIRS(E B R W4 i3t &
SO E B R G, SR, SRR E LM ahis
k.

() REFLERAE 58 SRR N 24 58 3 R Sl B web DT, KRz MR 4L 2% 112
ITIREECN “Running”.

(a) F Pl A e S O IR 4% R G B P s T T4 L R
A 2%

(b) RERNER AL 2 SCH: G X 48 8 PR 28 48 M\ BSUHIE PR SR B R FV 30 A 5 SN 4%
145 5 DL JZ 48 FI3R 8 5 RS 8., FE4% 18 R 401300 o' ) 465 ok B
DB ROMT IX LA B R IE 25 FE U5 e o 2% L BT 285 2R AT X 285 5 8 4] T
EH.

(c) FEFLTHI: e [0 2% B S 28 15 JES J2 WX 4% B VEDIR S B Ty R FL A 7 S
T RS

(d) RERNBRAL 2 SCHA TG N 48 85 PR 2R 48 A\ B0 R S B R UL R 4% 1) 1D, 3
I E-OVX 4L APT A3 15 1% B 40 N 245 [H L &

(e) E-OVX $ATIE 1L EEBC B, M5 12 5 F0L IR 265 6F I8 P ok 0 281) 4 34 ) ke
BR R, KRR MRS BRI 4% 5 7
A8, SIFEE, 1ZBEEHMAE LN EIREE,

(f) FEALMAE 8 B S 28 5 T 2 40 8 3 R 2 48 W RS B 5\ Bl
Fe, Bz TR SO “ Awaiting ™.

4. Mk
(a) FH 3B RO A s SRR Y R £ 5 T R 5 1 P 7 b TR T M % 1% R
A&

(b) FEAWERALF & SCoR 6 0 2 i T R G B H P N BRE SR 2 5, EL
38 R P R R AU X 2845 2B, RIS, Rl web Ui, 380
JHIZIA 2% T B o

5.2 AR

IEWIRTSCATIR, FATHF & F 2T OpenFlow v1.0PY, TiZ A K Open-

Flow WHMIFASCRCALTINES, A UM% R # e/ 2%, O 1 SCRp i
PEC R 28 BATTR Hefil 7 — 284 g . MRS OpenFlow B, FATHERKH] OF
HIVLECIE, AT 9 AR AR SR T B s H i R R bson — 26otig. T5&, FRATHE OF
PRSCRASIN 140 = AN 5 5 6 R 48 AR DS KT R UL BE T A S AT O
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Fhw WRra

)
AR EHls

—

EHLA

(a)

il i A2 L e It T
Output Port
. | Input port | Destination | Set OoE_Start
Set OoE_Length

I:‘ Input port | Destination | Starting FS |Number of F§’ Output Port

(b)

5.3: SCFFHEE M4 1) OF 1 TAEIRBEE: (a) EHL A BIEHL B KOGEE (b)
Xof A BB IR AR

« HH™Y A (Optical over Ethernet Destination, OoE_DST) : iZULEC I 5] A
FEIRAN TR — AN S B F — H 0 S e R — i R B 2 50k
BEE . SLhr b, LIS AT —DMRIEKRR S, H— R
FAER H bR 5 . HXT M AT A2 Set OoE_DST.

o RRUGAIE S B AE (Optical over Ethernet Starting Frequency Slot, OoE_Start):
OB B IATT FEAE T hr, HXSRAT NN Set OoE_Start.

o PREHT B AN 44 (Optical over Ethernet Length of Frequency Slots, OoE_Length):
ZOGEE A TEAE AN, HON AT 92 Set OoE_Length.

KIS 3 LAENL A BIFEHL B HOLEE I SLILE R T ¥ B J5 1) OF B s Wifar sk
UG SPE S R 28 B SCRERD, 24 POX (B A OF #i13%) Bl dr £ A 3
FEHLBHERZ G, EEHE %N A (HERTHID BTN B (HIENT
BHL) FI—20ts (R, B s S U R gsa) LLE I B re i
R IRE, POX F& i &% A0t B A2 e Ml K 1% FlowMod 7 2. (El5.3(a) 4Lt
ML) . EI5.3(b) HEAR TR L ERRERAE B UL RAT . K
I LLE R, NS OF-AG & “#8 57 KR BV-T #:4FE— Bt & fI4
TR, FIEDRE S B R % B4 0 1o T R DA e LA AR He L 7
P MK RN ity B2 ISR A5 B R B0 o7 g T RP AT . X LR B i, oK
Brt, MEHL A BN DS BML L FE S br B S BE S, Hik, FE
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FEN ARSI R S SR SOt E 5, RN, AL ENL B fd R+
WM RS, # T2 DSl B S e A S

5.3 FEINgERRER

K52 I ZR B2 0 0 s 1 RS S B0 EE D RE I T, B 3k
T BAE 2% B WL & 3247 = A D ae i R AB & SO O X 2%
B R4 (Virtual Software-Defined Elastic Optical Network Management System,
vSD-EONMS), RSN 25 i 25 (Virtual Elastic Optical Network Embedder,
VEONE) Al £ ] OpenVirteX (E-OVX). FHEIFEAN TG ——AHX=ANThREML,

53.1 RV E G EMBER RS

RE R 8 SO G N 24 8 B R 4 & FE T Bootstrap 192 A1 Django!'%! JF %
K= NEJEALH P80 . B o] DUR 28 5 s i iz D S F/ g 2 EH D e
WAt X4, HEEDREW R :

L QU AN B BT (R, S BT B U h ) BB RS .
2. EEARA KA S SCHAE B I 2% (P ] 45 -

3. EHE (Uash/fE/MER) FLAA e GG 2%

4. LABTAL 07 S P I RE DL 2%

KI5 4f 7R 1 REAER AT 52 SCHRTE G I 48 48 B 2R G ) RE DL 2% e i DA
FEATATLAE S, 2 E A 7 MR

Bie1 H P s, B AT DU % 5 B 07 0] 2 40009 4% 61 22 DUIAT (new virtual
network), H S H P A O THE (my profile), Bk 5 %15 (change
password) VL RIEFIE K (logout).

Bl 2 REINN AR5 B . Iz EH IR R R UM 4 )R (type), HE
RETAN 28 (1) 44 7 (name) LA AZ R AN 45 () FE4E IR (description).

e 3 RE UL 45 FUBLAS R S 5 8 o AR SR P I S AR 1 A R A D %
AR AT B LA BN BE it 25 R DA Az i s A A5

B 4 A pfE R, R, HP & EIRE A AL B EE R Pl b
ORISR, BeAh, HPIE Al DRSS 75 SR 28 A I sl IR 1T =

B s BEEGAE R o IZAHUEVE ] 95 R oy O 2 R AU 45 1) B 2RO HE I 10 ELIE
AT s 115 MZ RE DG b 75 SR B iy FEAE AN B, R EE R
R W R P AE AR R 2 g 3 (R 2 3 B R UGN 45, T84 AE B % BRI
— I X AP AR AT ARBE B ) B E AT
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Home  About o

new virtual network new virtual network

type name 9 M:PIOME

change password

Transparent Optical Network v identical nal

f your VN (no blani

logout
description

general configuration e

nede number link number controller type contreller ip controller port

= - Default v : 6633 =

switch configuration

id name resource action

© e :

: L :

< :
=

link configuration

id name bandwidth source (switchiport) destination (switchiport) action
4 link1 = vl v’
2 link2 = vl v
8 linka : vl vt
& linka = vl vl
2 Inks v v)f
6 links H vl vl
T
host configuration
id name switch connected (switeh/port) action e
—
1 hi swi v /| portt v
2 B sw2 v /| portt *
3 ha sw3 v //|port1 v
4 A swa v /| port1 ¥
. >

5.4 R AV S SCRRME G X 28 7 2 28 400 7 2 O T
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fibe 6 EHUEE . IZBERAEVEHI ™ 8BS Il js /0 45 81 i R 4010 28 v g 32 4L
HOH PAL NS B AL L Hovig 1

BRER 7 AR AT . A BRE VR ] P AEAR TN 2@ O i A o e AR
H OO EROEMS, AR RS EaEE R, “R”
SR, 7 AT PSS B AL B RV EOLN S . T R
i 97 Al 5, Tl BBk R AL T (#1550,

demo nvp's virtual network

Devirsualize = Morew

5.5: MEAVER AT e SCHRPE G 4845 PR AR e T ool DT

KIS.5 s 1 P A DT B — AN Se . A o P T BUE B e T A R
U2 FIFEARG R (B, 5 SECREERED, FIRFEen PldEd “action” B
T UL T R BB A BN YIS S (virsualize), B 1Z R FULIN 4% 1)
RA, Flan, XFT “Awaiting” IRESFEINLS, ERLUES) (start) B0 MIER
(delete) 1ZHZIAA 25

532 ERSEMEEILEERET AR

JEE DL 5 51 1) 248 T AT 5% 50 A2 A R AL T (5 o F T RE UL I 28 I SR AR A R
FAATF SR, BATTIEFERAZ IRy — RS AR ER . EEAG U R 5L
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1. 7 s R I T 2 sl B R UL I 2 RS SRS

2. JiEiZIh RE ) AR 1

3. B SR AL T DORSE H ™ 75 SR AN [F) B 3 L (R 5R FH A S R REE AL 1] 2% e
AP

APl
Entry Point

vnet 1 vnet 2
( vsil ‘ 1 [ Virtual network components }
T
Gl\lﬁ)bal
= I [ virtualize [devirtualize ‘
[ [T —pss] |
|
Nﬁ;@ [ physical network components J
(a) (b)

5.6: (a) J@IL E-OVX, JREVHM L (B SmaMas (Ef) MEHE i
SIETE, HR, AFEFERIN S EZE FRRRER, AP HEE B2 B
CHIREIM 2% . BN 2% vnet 1 FlI vnet 2 BIFR3ME E DA B L APL Bd B I EAN]
53 25 2 [) 1R S R 4 A7 i 7F Global Map (£ f2) Hrl104] (b) 7E Global
Map 1, REFL 2% 543 X 4% 2 8] 1R 43 FdE L OpenFow Y1 2. 1A RE FUAK DL % A K
P 2 1104

5.3.3 #AREHY OpenVirteX

] OpenVirteX (E-OVX) AT & H#% L. OpenVirteX /& Stand-
ford KZFF K H12E T OpenFlow R M 2% iE ML ¥ &5 . E-OVX ARE—AN U
D285 DA S B D 24 Fa ST R i LB AR SR IME B . 6 T EL N 4% (1 B ME R
E-OVX i $h N R ISR SE B, Tt T RERLM LS, E-OVX IS Bh I APT #2144
RS S

5.6/ 7%, E-OVX KM B W 25 Fl K 00 0 48 7218 4 E AR A PRFIE: D
FH 77 40 3 T 28 0 i 0L TN 28 2 TR B 5 1) — 5 o S 2 i A R 4544 (BT, Global
Map); 2) 7E OpenFlow Ji 2 FH/F Hp #6518 OF W EME S MMEH. X
P AN 2 1A T WA 20 B P AR 40

« PR S E-OVX (bR #E 2 [ L (5.6 i),

- IREVHEMZ 5 E-OVX KR % 1 2 [/ )3 7> (5.6 P it o)) .
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M E A FEHT BT MR B ) OF HIE o i T4 BEEE 7
5L 85 PR MRG0, TR, RO R 02 R P IR 4 i 4 L
EERAEMNZ, OVX B S ey @ Ity 5 )2 80 i 2 8] 1IE %

FEARTTH NoRIH S, FATHEGEN4H E-OVX I LR EZDfE: bRl
oy Hhb AL FEA D RE R M A SR R A . SERR b, FhREATH OVX
WA AT =KIhEE, AN H iR 1 h RERE S AE E-OVX i 1 A
LA o

5.3.3.1 FRIMNERIE

IEQIATI AR, E-OVX #EVFH A iRYE B & R “AEm” BamH .
brl, XEERIHIALTEESKEDEEI— X (B, AFE—E K
JEY I ED, BT L5 AR e P B SEPR R R i . B-OVX il it fif A
FE MR P 28 R IE R 1) LLDP J8 B m FH A sl gt mn iME 2. Bk
ME R, G NEW R ER T Hi% O LLDP 74 B 35— LA,
E-OVX “RIiE " X N O % 1) 73 — v /E9E, DRIk, E-OVX “{hi&” LLDP M v
HIE, R & BRI P s, O Pl gs G T BT W)
FES

5.3.3.2 HhubERIE

L P R R \

Hihl:

E-OVX

R
Hiht

/—\/
=2 MR D WHRAZ M
VM AU AL HHL HES VM

: itk D D D\ it :

C mm )

5.7: E-OVX Hulik 25t 5 p1 1) 524 190]

E-OVX #EVFHH P oy Mo EALG FEbdE, #EVF 24 AT Re S I AE R Z ) B
Pgg P AEE . A T X ARE I AL, B-OVX JyREA R 0L 45 73 e — S ME— )
ID, &X#f, XF&—DimEHL, E-OVX NHA KA ID K4 H &
RER PRI

" EH T F RO £ W AT SR R, SebR b, BIMAINMEARRR A AERT, BRI A
T LA B I X A Y R
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E-OVX il id bl e S AL AR SE B b bk fR A AL, ATt S ik ¢ . BT
o, AETRAIRE, E-OVX B Azl EdhE S L], RIEA A Hepl
¥ FH P T P I e e B B % R Mk, T RS R BT AR R IS
K5 7] 17zt CS AL — A Se 4]

PR A, RS ML P RS S R AT 1. B
HE UL, P AR A8 AN T B A6 B A A T

5.3.3.3 iTHIThREERIL

E-OVX #EVFEE B I0E A SRRl 4, ik, M T BARYE B 2
i RRE 12 H DR BB L. Oy T SRR R TRE,  E-OVX W2 AEHS R 40
o 255 v ()3 LA 4 Th R B LS B R N 45 2 v . DR, E-OVX AT I AT RE
EORE R AU 48 R — 2R RN TR B I ERAT R R AR OF “AT 87
E-OVX B SELXM “BiE”, 1202t Te e P R SRR Z M2«
)7, PH, ERBL “EER” kB SRS EEE R, AR FE M2
AN E AR — M6z B XA, E-OVX #in] kA~ = #4)
WA MBS RGTH AT EEEEN “RR .

5334 SERIEERL

E-OVX {5 F A "F A 5 SO LA R Se BLAE BEIR A R UL . AR T 5 i
N TR P fEfl s <t e B ARG M- 1z, B-OVX #EVFRE—
MR WL BE RS (R AA T S8 R A A —JT 4R, WAR, AF ) fE 5 EU B I 2%
BeSG 2Tk EAUE SR “ES 7, N PRSI, R ACENL i
ITHE MARECE, BEURAERE DN OSSR &R MR O BERS kS IR 'S
JRANEE I 28 ) N bs, SRV, AERE N H AL S B 2

SIS HLHISSL, SIS s S xR A T S B BT 1.
Rk, R ] 3 AS /5 2R E 2

54 WWER
54.1 RIGIFE

BATLRH 6 & “PC” #% 7 WESSH/RIISLIIAE:. K, BEVAENTT
ARCE W

RERLIRE B SN REH R4 (K5.8(a)) E— & 2G WAE L3 64 i
Ubuntu 12.04 #:/E R4t VirtualBox 195 BRI, B I8 i M B 0k 12 21 406 )
%, ik, SYEEIER DB SRFENLZRE 6 8G NIEF4E 3.40
GHz R R4 —ARHE 2 13-2130 X% CPU %23 64 fif Windows 7 BV K] & =
Wi o AR MySQLU! {i django #i#i 2, KM Apachel'"”) k% django.
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P 1) OpenVirteX(15.8(b)) IB1TE— 6 4 G WAFHE# 3.10 GHz JeHF /R L&
i5-2400 JU1% CPU %% 64 fif Ubuntu 12.04 ¥:4E K RS G AL

REFL MG g B 2 (B5.8(c)) HIBLE 54 E R OpenVirteX HIFHE . 3
11K MATLAB R2011 SKSZELERATT) LRC-LSP 5%, AT REWS AN & L8442
SRR N 2 R G S, FRATTFIES SR MATLAB 1 web B84 7 — 4
web JIl 55 2% I T £ 4000 % [ .

JRJE B AE 2 Xt e 4 (E5.8(d) K A Mininet!'®! Sk L, s2Fr |,
Mininet PN £E % 8828 #e M1 Open vSwitch 01 [{) A B 35 A S Fp i dE e i 2%, Ik
T HA AN 3R E o« 1247 Mininet B2 — & 1 G WAF %3 64 £ Ubuntu 12.04
EE R4 VirtualBox FE AL, B I Mr B A SO B B AP N 25 . X N4
HENE—E 4 G NAFAHEE 3.00 GHz JekE R F5 1 ES700 X% CPU %% 64 fif
Windows 7 HEMLAR (1) & =X FE I .

P Etlas (K5.8(e)) KRR POX #8081, CA1iZiTE—G 4G
WA 42 3.00 GHz 97 /R 755 ES700 X% CPU %¢3% 64 137 Windows 7 JE AL AR 1)
UM . LR, FATRH Python H1 1) 2 i FEHEL (B, Multiprocessing) >k
SEHLUR P POX i 8 IBhaS SR 3 5 6. RN, A 7 S8l el ik e Sk
FEM S H RGNS, FRATE POX B 2E7E — 1 web TS5 #5 1, % web
1R 55 2% 5% T 5 2544 R 51 X 2% 5] 48 Twisted 100 S2BL, WA 8888 i . EAK
T e MBI SOG4 L R G R A 2 POX B4 AT JE 3
POX 13 & B2 J5, (B id 2 3t fEAR IR 3 — N iR ie 17 POX ¥ 1%k
FEIMANIZATHEREBAS, 2 U B A5 IR POX KB HITE R 5, BEa
MIBAT A BAF o RO AR E 5 bR

MR - C(E5.8(6) KA Safari 31 B g8 (MY SRy in) KRR & SCo M ' o 2%
EH R

542 ZRGIhEEMIRK

X7, FATRA KIS 97~ B DT $h4ME R JZ Bt 2 SCHPEE 4%
PN HE LA S SCI 2% 1) A= i Jo 0 R DRI BT 1) AR Ge i s s B 17 kg 4L
MIThfE. ZSEIMRARM T .

Step 1 FH /il ik i3 SUBCPE e SCBRPE G IO 2485 457 B 28 0 1) i 0L D) 445 1) s T T 1) s —
AN LS. 1015 B B PL B Y X 4% o oA swy, 1 =1,2,3FThy, §=1,2,3
IR A SEALAEE § AT Bt Ros GERD i H
T, AHNUNEERS b IECT o iR R S AT AR SR T B B
ARG 82 s 75 SR R 717 5 A A4

Step 2 & 8% kUL N 4%
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BHE ARTA
2 AU 5 S s
- £ R R TR J = B M OpenVirteX
|l 1P:192.168.109.158 || IP: 192.168.109.106
: | 0S: Ubuntu 12.04 x64 :: 0S: Ubuntu 12.04 x64
1 RAM:2G ] RAM: 4 G
: : _ Software: django J : Software: Eclipse (Java)
\‘:J‘_ ) _-l.:) <—>
(a) (b)
JiE 0038 4 S I 4R Bt KRB e S5
5938 - P -

IP: 192.168.109.103

0S: Ubuntu 12.04 x64
RAM: 4 G

Software: MATLAB R2011

<>

(c)

A PRblEE

IP: 192.168.109.130
0S: Windows 7 x64
RAM: 4 G

Software: Python

<>

(e)

| |
11P:192.168.109.174  |!
: 10S: Ubuntu 12.04 x64 : I

I I
1 I
I I
| 1

_—— — — ————— — — — — —

LA

IP:192.168.109.178
0S: Windows 8
RAM: 6 G

Software: Safari

>

(f)

Kl 5.8: SEIGIE (S22l WNLE, EZk: I

Step 3 L KA E SCH LM E B AR S P L i AR T A EE
— MZEMME, FRGSES 10HE 2.

Step 4 M E-OVX F2HLI) APT 4% 3REL hy Flhs SR “VM” (2B FJE Mininet
HAIER host). RJG, I xterm BTN FHL .

Step 5 M hy 1] hs KIZEEHE
Step 6 i KIETEZ )G, 1FIEIZREIRIZE .
Step 7 FRRZEAM hy 1] ha KIEEHE

Step 8 MR ZEEINLS

K511 /2 bk S0 st B2 s JL A e SO G I 25 45 BE R A ML A | Wire-
shark ME LR, NEPRESEH, LR S5AREHES A RRELS
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K 5.9: GRS A R Z 28 $h 41 AR 28w 3Rt 15 )

20 20

P 5.10: St oh g g ik e A 0 R 400 R0 45 4 4
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BT

W

R 5.1 AN E SCHME N 28 B AR ST 4 SR TR

AR EX =3 FP#E1E EIR S E X GRME A MNBEIRR G
5 ) R ALY 2% 5 ik | I P R AL S B T, AR A
1 T, FFeae el | IR PEN S i, R P ES
oA 2% LN 2518 B &7
o P FEAR I e U & A 2 BIE 7, [A]
2 PR SR L2 B P P o B T
3 Bl “start” %40
B 5 LN 2545 B 35 25 RE FUL 3 O R 4%
4 B BT 8 3FE 47 K 400 X 2 O B, 3R E A g 455
3B
5 ) FH P 2 1) 2 A R A 328 o 1) o) T R, 3R
HaT F ) POX i
6 [ B-OVX KIEMLE R, FFmH 776
PERLHL R £ S B POX 555 2R (1 =k
. Tl P AR v, ) P R s i P 2%
o sl 4
g | pu Tvirsuale T B 9 B
9 s “stop” %4
10 1% iz 400 N 2% B IR 43 TS B K B e
A X 2% B B s AR A T B YRURE IR
11 1] B-OVX RIE1E b L 2515 3R
12 m] P i sl g PR B & 154 1E POX #2528
HIiE 3R
13 Tl P AR v, 1) P R s i P 2%
AR
FMZ B U HRPIRAS, tnS At T4k
& = NN Z%, RS K
1 o “delete” Jidl | M S 1k RN 2%, 2R J5 M 2 A

BRizMes; S0, EEMER, JRRERIR
8125 i
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BT

WY 6

No Time

Source

6 802 65.262922
806 65.281492

192.168.109.178
192.168.109.158

11497 120.218141
91499 120.272275
503 120.286702
1506 120.304910

192.168.109.178
192.168.109.158
192.168.109.178
192.168.109.158

©1928 155.479786

192.168.109.178

11936 155.524156
9
956 156.578013

192.168.109.158
192.168.109.103

11971 156.656117
(5)
972 156.663637

192.168.109.158
192.168.109.130

1979 156.666173
1982 156.669023

(o)
2360 156.856007
2363 156.868210

192.168.109.158
192.168.109.105

192.168.109.158
192.168.109.105

+2370 156.918171
372 156.926721
2376 156.962180

192.168.109.158
192.168.109.178
192.168.109.158

2379 157.021294
2380 157.023502

192.168.105.178
192.168.109.158

Destination Protocol __Length Info
192.168.109.158 HTTP 508 GET /new/ HTTP/1.1
192.168.109.178 HTTP 74 HTTP/1.1 200 OK (text/html)
192.168.109.158 HTTP 74 POST /new/ HTTP/1.1 (application/x-www-form-urlencoded)
192.168.109.178 HTTP 408 HTTP/1.1302 FOUND (text/html)[Malformed Packet]
192.168.109.158 HTTP 536 GET /user/nvp_demo/ HTTP/1.1
192.168.109.178 HTTP 74 HTTP/1.1 200 OK (text/html)
192.168.109.158 HTTIP 69 POST /vnManager/ HTTP/1.1 (application/x-www-form-urlencoded) |
192.168.109.103 HTTP 500 POST /vhem/tvonem.m HTTP/1.1 (application/json)
192.168.109.158  HTTP 993 HTTP/1.0 200 OK (text/html) ‘
192.168.109.130 HTTP _ 265 POST/HTTP/L.1 (application/json)
192.168.109.158 HTTP 235 HTTP/1.1200 OK (application/json) ‘
192.168.109.105 HTTIP 417 POST ftenant HTTP/1.1 (application/json-rpc])
192.168.109.158 HTTP 591 HTTP/1.1 401 Unauthorized (text/html)
:
192.168.109.105 HTTP 370 POST /tenant HTTP/1.1 (application/json-rpc)
192.168.109.158 HTTP 66 HTTP/1.1200 OK (application/json)
192.168.109.178  HTTP 74 HTTP/1.1200 OK (text/html])
192.168.109.158 HTTP 544 GET /user/nvp_demo/ HTTP/1.1
192.168.109.178  HTTP 74 HTTP/1.1 200 OK (text/html)
192.768.109.158  HTTP 573 GET /static/bootstrap/css/bootstrap.min.css HTTP/1.T
192.168.109.178 HTTP 207 HTTP/1.1 304 NOT MODIFIED

(s)
2449 157.382795 192.168.109.158 192.168.109.178 HTTP

208 HTTP/1.1 304 NOT MODIFIED

©7206 593.212047 192.168.109.178 192.168.109.158  HTTP

[7212593.258338 192.168.109.158 192.168.109.103 HTTP 1428 POST /vnem/tvonemReleaseResource.m HTTP/1.1 (application/json) '

68 POST /vnManager/ HTTP/1.1 (application/x-www-form-urlencoded)

223 594.150057 192.168.109.103 192.168.109.158 HTTP 637 HTTP/1.0 200 OK_(text/html)
7230 594.285884 192.168.109.158 192.168.109.105 HTTP 340 POST /tenant HTTP/1.1 (application/json-rpc)
7232 594.287559 192.168.109.105 192.168.109.158 HTTP 591 HTTP/1.1 401 Unauthorized (text/html)
ﬁ238 594.288423 192.168.109.158 192.168.109.105 HTTP 371 POST /tenant HTTP/1.1 (application/json-rpc)
7241 594.320713 192.168.109.105 192.168.109.158 HTTP 66 HTTP/1.1 200 OK (application/json)
67252 594.360955 192.168.109.158 192.168.109.130 HTTP 273 POST /HTTP/1.1 (application/json)
253 594.369540 _192.168.109.130 192.168.109.158 HTTP 255 HTTP/1.1 200 OK (application/json)
17260 594.371781 192.168.109.158 192.168.109.178 HTTP 74 HTTP/1.1 200 OK (text/html)
'l‘”ZGZ 594.382787 192.168.109.178 192.168.109.158 HTTP 544 GET /user/nvp_demo/ HTTP/1.1
7266 594.421716  192.168.109.158 192.168.109.178 HTTP 74 HTTP/1.1 200 OK (text/html)
2304 634.588085 192.168.109.178 192.168.109.158 HTTP 70 POST /vnManager/ HTTP/1.1 (application/x-www-form-urlencoded)
307 684.627273 192.168.109.158 192.168.109.178 HTTP 74 HTTP/1.1 200 OK (text/html)

K 5.11: R E SR I 2% 4 B & 45 L Wireshark JTUEL#K 2]

Protocol

Destination

No.  Time Source Length

Info

14 123.819936

00:00:00_00:11:02

00:00:00_00:00:00

15 124.998103 00:00:00_00:07:02 OoE
16 130.084441  00:00:00_00:07:02 00:00:00_00:11:02 OoE
18 135.086566 ~ 00:00:00_00:07:02 00:00:00_00:11:02 OoE
19 140.081686  00:00:00_00:07:02 00:00:00_00:11:02 OoE
21 145.085713  00:00:00_00:07:02 00:00:00_00:11:02 OoE
22 150.088648  00:00:00_00:07:02 00:00:00_00:11:02 OoE
24 155.082098  00:00:00_00:07:02 00:00:00_00:11:02 OoE
25160.077309  00:00:00_00:07:02 00:00:00_00:11:02 OoE
27 165.082180  00:00:00_00:07:02 00:00:00_00:11:02 OoE
28 170.086263  00:00:00_00:07:02 00:00:00_00:11:02 OoE

Frame 14: 75 bytes on wire (600 bits), 75 bytes captured (600 bits)
Ethernet Il, Src: 00:00:00_00:07:02 (00:00:00:00:07:02), Dst: 00:00:00_00:00:00 (00:00:00:00:00:00)
OoE Protocol, REQ_TYPE: LIGHTPATH_SETUP_REQ (1) Dst: 0x3 (3) Req_id: 0x0 (0) frequency_slot_start_index: 0x0 (0) frequency_slot_number: 0x0 (0)

75 0 > 0 [Request to set up a new lightpath to 0x3: Bandwidth requirement = Ox1e GHz]

34 0 > 0 [Lightpath set up successfully, Req_id = 0x0]
256 0>0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
286 0 >0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
286 0 >0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
286 0 >0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
286 0> 0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
286 0>0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
223 0>0[Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
244 0> 0 [Dst =0x3|0x0, Slot = (0, -1), Modulation = BPSK]
(

244 0> 0 [Dst = 0x3|0x0, Slot = (0, -1), Modulation = BPSK]

0000 00 00 00 00 00 00 00 00 0000 07 02 09 08 00 00
0010 0003 000000000000 000000 1e 10000000 .
0020 000049 20616d2061 206c6967 68747061 .lama lightpa
0030 74682073 65747570 2072 657175657374 thsetup request
0040 20 6f 6f 6520 70 61 63 6b 65 74 ooe pac ket

K 5.12: FHL hy I Wireshark JTELHEL &
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No.  Time Source Destination Protocal  Length Info
15 142.681371  00:00:00_00:07:02 00:00:00_00:11:02 256 0>0 [Dst = 0x3]0x0, Slot = (1, 3), Modulation = BPSK]
17 147.684074  00:00:00_00:07:02 00:00:00_00:11:02 OoE 286 0> 0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
18 152.676253  00:00:00_00:07:02  00:00:00_00:11:02 OoE 286 0>0 [Dst =0x3|0x0, Slot = (1, 3), Modulation = BPSK]
20 157.683075  00:00:00_00:07:02 00:00:00_00:11:02 OoE 286 0> 0 [Dst =0x3|0x0, Slot = (1, 3), Modulation = BPSK]
21 162.687105  00:00:00_00:07:02 00:00:00_00:11:02 OoE 286 0> 0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
23 167.676207  00:00:00_00:07:02 00:00:00_00:11:02 OoE 286 0> 0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
24 172.683369 00:00:00_00:07:02 00:00:00_00:11:02 OoE 223 0>0[Dst =0x3|0x0, Slot = (1, 3), Modulation = BPSK]
26 177.676194  00:00:00_00:07:02 00:00:00_00:11:02 OoE 244 0>0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
27 182.687209  00:00:00_00:07:02 00:00:00_00:11:02 OoE 244 0> 0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
29 187.686920  00:00:00_00:07:02 00:00:00_00:11:02 OoE 244 0>0 [Dst = 0x3|0x0, Slot = (1, 3), Modulation = BPSK]
30 192.679496  00:00:00_00:07:02 00:00:00_00:11:02 OoE 244 0> 0 [Dst =0x3|0x0, Slot = (1, 3), Modulation = BPSK]

Frame 15: 256 bytes on wire (2048 bits), 256 bytes captured (2048 bits)
Ethernet II, Src: 00:00:00_00:07:02 (00:00:00:00:07:02), Dst: 00:00:00_00:11:02 (00:00:00:00:11:02)
OoE Protocol, REQ_TYPE: DATA_SENDING (0) Dst: 0x3 (3) Req_id: 0x0 (0) frequency_slot_start_index: 0x1 (1) frequency_slot_number: 0x3 (3)

0000 00 00000011020000 0000070209080000 ........ ...

0010 00 03 000000010000 0003000000000000 ........ ........

0020 0000090909090909 092020200d0a2020 ... .

0030 20202e4545454545 4545454545454545  EEEEE EEEEEEEE
0040 4545202020204b 45 4545454545454545 EE  KE EEEEEEEE
0050 4545452020200d0a 2020202020454545 EEE .. EEE
0060 45 45 45 45 45 45 45 45 45 45 45 45720202020 FFFFFFFF FFFE

K& 5.13: £H1 hs | Wireshark JVELE K

(1o RSN —ANZLENEXT B 7 458 DL RS SRR e SRR E P 26 45 B R 4
IR T VR 2

KI5 12805130 Al s 17 ML hy FIENL hy b Wireshark ST HIZE R . M
BIS.2BATATLLER], FHL hy B miEhlas ik 7 — M e E gk (LIGHT-
PATH_SETUP_REQ) 7 R . — 2% 317 & 3 47 % 9 30 GHz ot (R, [&]5.12
AR 1 ANEERED, SR, IE] T ok B M2 F M T RN R R, SRk T
WIhZ Ja, EHLh G 78RR A . WRISA3ETLLEH, ML he B
BT ENL h EEE.

KI5 1427 1 ke IS 10 MEFL R A o S 28 TRt 5C 22, M AT TR LA
BH], BN swy, swo T sws 73 4B BV B 7, 6 F1 11, FEHOL
BERE (swi, sWa), (swa, swi) 7 A 2R ZEW P 7 - 6 16 — 12 — 11,

EIS. 157N 1 Seig i #2 1 E-OVX HL#% | Wireshark #IUEL I &5 5T M
BATTLUE B hy JFUG R EEH RS, BT M A iR E k% 7 —4 OF
PacketIn 45 (B, BEHEE 3 MEEE) 3 E-OVX, E-OVX Kl HoE 14
PE, RENZEE QR E BN, SRS, RN b 1 2R i U 45 HR 6 BN B
I'1J& PacketIn XN [ FH Pyl ey CRE, EIFRES 4 MR, P as =2
Bz )5, KB h AT —%3 hs KO, T2, RIS IR
BN FME BT Bt AT i, BT EZH P S gR R R — & hy 2
hs HI96HE, BD swy — swa — sws HAEZIEE E I 1-3 =/ANIG A5 50/, 4R
J&, ‘B LA FlowMod i B HIE B MK B T REN R “A2#AL”. BE-OVX #i3R
XL FlowMod 7 S A lix Le v B G, SREX e TR S (BRI, &

“E5 1275 2 MK B AR S R A Ny, (B2, T E-OVX RS A 5 R
FHUEA, B, JRATRA T AL E H A (B, FHLhe) ) MAC 9IS F ALy F5E T %

G I S B
URT TR, BRI K E O To R B A T
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B 5.14: 5. 1057 HE AU 52 S 2% (R R 5k 2

A final-ovx-cap.pcapng [Wireshark 1.12.3 (v1.12.3-0-gbb3e9a0 from master-1.12)] = B
Fle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

Ccodd R AT |EE QD BB K% B

Filter: | ofp v | Bxpression... Clear Save

No. Time Source Destination Protacol Length Info
185922 499.531956000 192.168.109.174 192.168.109.105 OFP 148 48518 > 6633 [Type:Packetin]
185924 499.532054000 192.168.109.174 192.168.109.105 OFP 148 48519 > 6633 [Type:Packetin]

185965 499.778844000 192.168.109.174 192.168.109.105 159 48512 > 6633 [Type:Packetin]
185967 499.780301000 192.168.109.105 192.168.109.130 212 53961 > 54125 [Type:Packetin]

189746 500.941943000 192.168.109.130 192.168.109.105 178 54125 > 53961 [Type:FlowMod]
189748 500.942108000 192.168.109.130 192.168.109.105 162 54125 > 53960 [Type:FlowMod]
189750 500.942510000 192.168.109.130 192.168.109.105 162 54125 > 53959 [Type:FlowMod]
189752 500.942531000 192.168.109.130 192.168.109.105 124 54125 > 53961 [Type:Packet Out]
189754 500.943544000 192.168.109.105 192.168.109.174 162 6633 > 48517 [Type:FlowMod]
189755 500.947087000 192.168.109.105 192.168.109.174 202 6633 > 48510 [Type:FlowMod]
189756 500.951067000 192.168.109.105 192.168.109.174 194 6633 > 48522 [Type:FlowMod]
189757 500.951257000 192.168.109.105 192.168.109.174 210 6633 > 48512 [Type:FlowMod]
189758 500.952322000 192.168.109.105 192.168.109.174 OFP 156 6633 > 48512 [Type:Packet Out]

.

.

>
@ ¥ File: "C:\Users\ipl-eon-22\Desktop 3\re... | Packets: 403536 - Displayed: 84704 (21.0%) - Marked: 11 (0.0%) - Load time: 0:26.109 Profile: Default

Kl 5.15: E-OVX _I Wireshark $VELE; &
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FhE WA

LD, IR e RAE L X R R AL o

09746 5004140000 192.168.100.1301 92168100105 OFP 178 54125 » 3061 (Type St

P
Frame 189746: 178 bytes on wire (1424 bits), 178 bytes captured (1424 bits) on |nteri

Ethernet I, Src: AsustekC_85:b5:0b (c8:60:00:85:b5:0b), Dst: Micro-St_bc:e0:9f (8¢:8
Internet Protocol Version 4, Src: 192.168.109.130 (192.168.109.130), Dst: 192.168.1(
Transmission Control Protocol, Src Port: 54125 (54125), Dst Port: 53961 (53961), Se:

OF-EXT, Type: FlowMod (14)
Header

189748 500042108000 192,168 109,130 192.168.109.105 GFP 162 54125 » 53950 [lyparFomhlact]

a
Frame 189748: 162 bytes on wire (1296 bits), 162 bytes captured (1296 bits) on |n|er1.

Ethernet II, Src: AsustekC_85:b5:0b (¢8:60:00:85:b5:0b), Dst: Micro-St_bc:e0:9f (8¢:8
Internet Protocol Version 4, Src: 192.168.109.130 (192.168.109.130), Dst: 192.168_1(

version: 1

Type: FlowMod (14)

length: 112

xid: 16
Match OF-EXT, Type: FlowMod (14)
Inport: 1 -Header
unused_match version: 1
DL_TYPE: OoE (2312) Type: FlowMod (14)
unused_match length: 96
Destination: Node_3 (3) xid: 17
Starting_Frequency: 0 Match
Number_of_Frequency_Slots: 0 Inport: 2

Command: OFPFC_ADD (0)

IdleTimeout: 0

HardTimeout: 0

Priority: 32768

Bufferld: 4294967295

OutPort: Any (65535)

Flags: 0
Actions

Action_Type: SET_OOE_START (13)
Starting_Frequency: 1
Action_Type: SET_OOE_LEN (14)
Number_of_Frequency_Slots: 3
Action_Type: OUTPUT (0)

unused_match

DL_TYPE: OoE (2312)
unused_match

Destination: Node_3 (3)
Starting_Frequency: 1
Number_of_Frequency_Slots: 3
Command: OFPFC_ADD (0)
IdleTimeout: 0

HardTimeout: 0

Priority: 32768

Bufferld: 4294967295
QOutPort: Any (65535)

) Flags: 0
Output_Port: 2
B85 Actions
0000 ERRERER IR GIORIEEREN RN Action_Type: OUTPUT (0)
nn1n 3

Output_Port: 3

0000 & 89 ab bc e0 of 38 60 0(] 85
nntn i

Kl 5.16: POX Ki%k45 E-

. T TR — .=
Frame 189757- 210 bytes on wire (1680 bits), 210 bytes captured (1680 bits) on interf:
Ethernet I, Sre: Micro-St_be:e0:9f (8¢ 89:a5.bc-e0:9f), Dst: CadmusCo_07:ad:e9 (081
Internet Protocel Version 4, Src: 192.168.109.105 (192.168.100.105), Dst: 192.168.1¢
Transmissicn Control Protocol, Sre Port: 6633 (6633), Dst Port: 48512 (48512), Seq: &
OF-EXT, Type: FlowMod (14)

Transmission Control Protocol, Src Port: 54125 (54125), Dst Port: 53960 (53960), Ser

“ 250 =
- Frame 189750: 162 bytes on wire (1296 bits), 162 bytes captured (1296 bits) on interf:
- Ethernet Il, Src: AsustekC_85:b5:0b (c8:60:00:85:b5:0b), Dst: Micro-St_bc:e0:9f (8c:8

Internet Protocol Version 4, Src: 192.168.109.130 (192.168.109.130), Dst: 192.168.1(
Transmission Control Protocol, Src Port: 54125 (54125), Dst Port: 53959 (53959), Ses
OF-EXT, Type: FlowMod (14)
Header
version: 1
Type: FlowMod (14)
length: 96
xid: 18
Match
Inport: 2
unused_match
DL_TYPE: OoE (2312)
unused_match
Destination: Node_3 (3)
Starting_Frequency: 1
Number_of_Frequency_Slots: 3
Command: OFPFC_ADD (0)
IdleTimeout: 0
HardTimeout: 0
Priority: 32768
Bufferld: 4294967295
QutPort: Any (65535)
Flags: 0
Actions
Action_Type: OQUTPUT (0)
Output_Port: 1

@ O m -

OVX 1] FlowMod 74 .

Header - 1 01000 4 5 A Y 414 1 - 400 i _m
version: Frame 189756: 194 byles on wire (1552 bits), 184 bytes captured (1552 bits) on inter:
Type: F'owMod 14) Ethernet Il, Src: Micro-St_bc e0:9f (8:89:a5/bc:e0:9f), Dst: CadmusCo_07:ad:e (081
length: 144 Internet Protocol Version 4, Src: 192.168.109.105 (192.168.109.105), Dst: 192.168.1¢
%id: 264 Transmission Control Protocol, Src Port: 8633 (6633), Dst Port: 48522 (48522), Seq: ©

Match OF-EXT, Type: FlowMad (14)

Inpart: 2 Header

unused_match version: 1

DL_TYPE: OcE (2312} Type: FlowMad (14)
unused_match length: 128 £

Destination: Mode_3 (3) Frame 189754: 162 byte:

5 on wire (1296 bits), 162 byles captured (1296 bis) on intarf:

Starting_Frequency: 0 e 267 Ethemet I, Src: Micro-St_bc e0:f (Bc-89:a5 bo:e0:91), Dt CadmusCo_07-ad-e9 (08

Mumber_of_Frequency_Siots: 0 Inport 13 Internet Protocal Version 4, Src: 192.168.109.105 (192.168.109.105), Dst: 192 168.1(

Command: OFPFC_ADD (0) umrsed match Transmission Control Protocol, St Port: 6633 (6633), Dst Port: 48517 (48517), Seq::

L?e:;r_‘mt; oo DL TYPE: OGE (2312) o:-sdm. Type: Flowhod (14)

lardTimeout: eader - s T 358 kb o

Priorty: 32768 amdnnm;:de 3(3) version: 1 Frame 189755: 202 bytuon wire (1616 hiz) 202 by‘wsl:iplmed (1818 bits) on umrt
Bufferid: 4294967295 Starting_Frequency: 81 Type: FiowMod (14) Ethernet Il, Src: Micro-St_bc:e0:9f (8c:89:a5:bc:e0:6f), Dst. CadmusCo_07:ad:e0 (081
OutPort: Any (65535) Number_of, Frequency_Siots:3  length; 96 Internet Protocol Version 4, Sre: 192.168.109.105 (192.168.108.105), Dst: 192.168.1¢
Flags: 1 Command OFPFC_ARD (0) xid: 258 Transmission Control Protocol, Src Port: 6633 (6333), Dst Port 48510 (48510), Seq::
Actions \dleTimeout 0 Match OF-EXT, Type: FlowMod (14)

Action_Type: SET_OOE_START (13) HardTimeout: 0 Inport: 11 Header

Starting_Frequency: 81 Priority: 32768 unused_match version: 1

Action_Type: SET_OOE_LEN (14) Bufferld: 4204967295 DL_TYPE: CoE (2312) Type: Flowhiod (14)

Number_of_Frequency_Siols: 3 OutPort: Any (65535) unused_match length: 136

Action_Type: SET_DL_SRC (4) Flags: 1 Destnation: Nade_3 (3) xid 264

len: 16 Actions. Starting_Frequency: 81 s

new_dl_addr: 0342305010000 (180470 action_Type: SET_DL_SRC (4)  Number_of_Frequency_Slofs: 3 mpot 13

Action_Type: SET_OL_DST (3) len: 16 Gommand: Mody_all_matching_flows (1) o “Seesrach

fen: 16 new_dl_addr: 0xa42305010000 (" [dleTimeout: 0 — 2312)

new_dl_addr: 0242305100008 (180470 Acton Type: SET_DL_DST(5)  piardTimeout 0 unused_match

Action_Type: OUTPUT (0) len: 16 Priorty. 32768 Destination: Node_3 (3)

Qutput_Pert: 12

new_di_addr: 0xa42305200008 (*
Action_Type: OUTPUT (0)
Qutput_Port: 15

Bufferld; 4294967295

OutPort: Any (65535)

Flags: 0

Actions

Action_Type: OUTPUT
Qutput_Port: 13

0000
nnin

Starting_Frequency: 81
MNumber_of_Frequency_Slots: 3
Command: OFPFC_ADD (0)
IdleTimeout: 0
HardTimecut: 0
(@) Priority: 32768
Bufferld: 4204967295
QutPort: Any (65535)
Flags: 1
Actions.
Action_Type: SET_OOE_START (13)
Starting_Frequency: 1
Action_Type: SET_DL_SRC (4)
len; 16
new_dl_addr: 0x7T02 (1794)
Action_Type: SET_DL_DST (5)
len: 16
new_d_addr: 0x1102 (4354)
Action_Type: OUTPUT (0)
Output_Port: 2

5.17: E-OVX RIEZEZEM 4% 1) FlowMod H &



Fhw WRra

[Fininets dpctl dump-TLo
P sw_1
INXST_FLOW (xid=0x4):
brorx Sl 2 oo
INXST_FLOW reply (xid=0x4)
Ak sw_3

INXST_FLOW
S 4

INXST_FLOW
HE SW 5

INXST_FLOW
HE S 6

INXST_FLOW
Pk sy 7

INXST_FLOW
b Sy 8

INXST_FLOW
b 5y 9

INXST_FLOW
prak sw_10
INXST_FLOW
Pk gy 11
INXST_FLOW
Pk w12
INXST_FLOW
Pk sy 13
INXST_FLOW
PRk sw_14

ek gy 1
INXST_FLOW reply
=
INXST_FLOW reply

R G 3 - o ol
= S

NXST_FLCW reply
o Sy 5 -
INXST_FLOW reply

brk Sy_6

NAST_FLOW reply (xid=0x4):

cookle=0x100000002, duration=50. 7295, table=0, n_packets=10, n_bytes=2641, ocoe,in_port=13,dl_src=a4:23:05:01:00:00,dl_dst=a4:23:05:10:00:08, ooe_dst=0
x3,00e_start=8l,coe_lengt 00, mod_d1_dst:a4:23:05:20:00: 08, output: 15

INXST_FLOW reply (xid=0x4):

cookie=0x100000002, duration=50.805s, table=0, n_packets=10, n_byte:
3 actions=mod_ooe_start:81,mod_ooe_length:3,mod_dl_src: 105
ok gy B -
INKST_FLOW reply (xld 0 4) ¢
ok Sy G memmmmmen
INKST_FLOW reply (xid=0x4)
P+ sw_10
NCST_FLOW reply (xid=0x4):

S e
INKST _FLOW reply (xid=0x4)
cookle=0x100000002, duration=5S1. 0955, table=0, n_packets=10, n_bytes=2641, ooe,in_port=13,dl_src=a4:23:05:01:00:00,d1_dst=a4:23:05:20:00:08, coe_dst=0
x3,00e_start=6l,coe lengt od_ocoe_start:1,mod_dl_src:00 00:07:02, mod_d1_dst: 00:00:00:00:11:02, output:2

641, ooe,in_por
0, mod_d1_dst:a4:2

dl_src 0:00:00:07:02,d1_dst=00:00:00:00:11:02,00e_dst=0x
5:10:00:08, output:12

INXST FLOW reply (xid= 0x4)
cookie=0x100000000, duration=51.154s, table—o n_packets=10, n_bytes=2641, ocoe,in_port=11,dl_src=a4:23:05:01:00:00,dl_dst=a4:23:05:20:00:08, ooe_dst=0
%3,00e_start=81,coe_lengt i
PA* sw 13 -----e--
N(ST_FLOW reply (xid=0x4):

ok Sy 14 -
).

ﬁmmsb ap(t aum ?o S

BHAK U T oo .

INXST_FLOW reply (xid=0x4)

otk Sl 2 oo

INXST_FLOW reply (xid=0x4):

otk Sl 3 oo

INXST FLCM reply (xid=0x4)

btk gy

NXSTfLCW reply
vk Sl 5 oo
INXST_FLOW reply
et SW_6
INXST_FLOW reply
brork Sl 7 oo
INXST_FLOW reply
xS g -
INXST_FLOW reply
oAk S 9 oo
INXST_FLOW reply
HAK U 10— - - - <
INXST_FLOW reply
ok gy 11 -
INXST_FLOW reply
P sw_12 --------

INXST_FLOW reply (xid=0x4):

cookie=0x100000000, duration=265.554s, table=0, n_packets=26, n_bytes=6726, ooe,in_port=11,dl_src=a4:23:05:01:00:00,dl_dst=a4:23:05:20:00:08, ooe_dst=
Dx3,00e_start=81,coe_length=3 actions=output:13

browck gl 13 oo
INXST_FLOW reply (xid=0x4)

|uxsT FLOw reply (xid=0x4):
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KIS 1611851750 3 s T MO P POX 42 il #% & 1% 3] E-OVX f#) FlowMod
THE A E-OVX FIJEJZ 28 #ALH) FlowMod T8 B E5.18/@ R 7 3 A sz i f
B RERZ YL ERRGEE . b, EE7HE 1 27EFENL hy 1 hs TFHRE
ZHTHIFARES, FAT0] UG B AL iy A X 28 o plr 7 A8 L B &R iR . 18
BITHE 2 JBR T hy KA FIMERE S, i 3RATT LUE B E AL sw,
sWes swia A swyy BHIL TR, MRS S IATAT LIS H 12 F000 45 (1) BT
KR, 755U B O 52 AT B0 X 2% i i 2% E 15 2RI ¢ & (BRI,
BIS 140 7R R 5% 2. 454 1RI5. 1681 815.171¢) FlowMod 78 & LA & 5,187
B ITHE 2 RIRAGE S, FRATATLUE 2R P il 48 POX fE#EUR B Packetln VH &,
FtE I B AAE AL 2 5, N T @6 swy — swy — sws IFEH E A
1-3 BNELLAEH, X =& I HIL T & 7 ElS.16F7~ 1) FlowMod V¥ 5., T
E-OVX #3k X FlowMod JH & 2 J5, MR LT ¢ 206 1X L8 FlowMod Y4
BM5Z )G, KEBXSEAZ L. BAME, E-OVX BHeRKIEH NI
Bt (B, pHAZHpl swy) ) FlowMod W B H 4T N Set OoE_Start HI%iE £
T M RN E (RLL81), kA, BEHE TH . AN PLEIE. H
(1) MAC HuhiE FIVCEC I (7] OoE_Start FIVLERE « X T R IELE H A AL swe [
FlowMod 7§ &, BN A ZME 7L YR, BB MAC H#ilik 2L OoE_Start
MUCHECAE . X T H AL swqq, BN 7474 Set OoE_Start K473 94 £
{100 B s ATV T 0 S 4055 [ R A0 DX 28 R OGE R (R AEL . IG A, e IR AE R UL BE R 20 0 )
EBRES P ERAZ AL swrn b, TR T —MESURZER T FlowMod 78 2. IX 5 iE Y
T IRATH R GRS T R 2% R AL T RE

543 ZRGMEENIR

12 b — /N FRATT I — N 7 B R BRI E 1 FRATT I 2R 40 e 0% S R 5L S I
I EIL, XANTT, AR E4.25R 1 50 sSBENLIL N MR E B A e
P LR MR R A IIMERE. LT, KEMS P REREN, AT
SRR MR Y6 2T B 1% i) 46 1 55 B0 VR 25 5 RN Y B8 B IR 2 40 i A 200 B AT 200
FS’. WFT R, FRATH R GT-ITM THBEHLAER, FA%E N 2-10, |
MBI AT, AT R WAL REEZIE8 0.5, BAS T SRR B B THE %
PR B8 YR 75 SR 20 BN 1-20 BAALFT 1-20 FS*, BIRMIB AT 40 A, A T ARIESE
ok B A, AT AT 9000 SRR L . A B IR ERATT R G P
PR IR B R CHD, GBI, S50, (51RO BR KRR 2% ) AR K B Sk i
BRIMAKRGMMER. LRSI T, FRATEL 10 MERM LN —H, Bk
ROV 10 MERIMES, AR5, BRKXEIE], T RERKxEL, &EHE
EAIMER. —Hele am, St NT—41, EZE 9000 AN 251 >R 435 Ak
Hi5E,

TSREGTT AR 1T, BAVRR AR T
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EER M, BRSNS 3N, MIERERAE S b B st R Ik
AR, MR RARRE SR8, IR S8 1 I A7 IH R R A A2 AR AR 11
TERY .

R 5.2 FRIEICM R AL G DUR EE AR A CRAz. 280

BAE _ "

5 RtiE] 129.650 | 5105.110 | 4215.880 | 161.488
=% S1NNLE] 94.247 | 1616.887 | 1539.228 | 108.545
B 1< E] 601.168 | 22034.953 | 14446.369 | 1226.696
FrEE 27.852 | 2533.605 | 1916.246 | 73.625

TGS 2800 T 1K DU Fh E B AR BT TR I (R P340 BeME . BORAE DL KR
2. BES19EAR T X VUM 3 B E R R 2RI ) R, A 4% X R4 3
PSRBT B RBER A . 456 RS 2FES.19, ATATLARR], ZR%A
B, JABh. 15 A R — A RN 28T 45 5% 75 B 40 130 =40, 570, 4 #2F1 160
ZM, BRI TEEL 90 =8, 280, 1.5 B0 100 250, &8 FHEL 600 =),
28, 14128, HAd, 90% UL LRIERE AT LATE 170 2R A A, 9 N
B8, 7R AL, 175 ZFPMIBR. S4h, WS U 2% h 2k 1 A e A DY g
TERIFRHEZE, AT LUE 2 T B s At B i/ R RE R G A T2 S HAl
R A5 [R] B AN 75 B ATAR AT o 5, PR (a0 A BL T 8 sh A 1k 5 0 TR
Z, mHEeMR IR e, IR bREZ WA RN, U IX PN R S
U2 R OC RAR/N . SR, X T ashfifsil, HFEEEH RS . E-OVX A
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