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Abstract

Future Internet should support more efficient mobility management, flexible traffic engineering and various emerging
new services. So, lots of traffic engineering techniques have been suggested and developed, but it's impossible to apply
them on the current running commercial Internet. To overcome this problem, OpenFlow protocol was proposed as a
technique to control network equipments using network controller with various networking applications. It is a software
defined network, so researchers can verify their own traffic engineering techniques by applying them on the controller. In
addition, for high-speed packet processing in the OpenFlow network, programmable NetFPGA card with four 1G-interfaces
and commercial Procurve OpenFlow switches can be used. In this paper, we implement an OpenFlow test-bed using
hardware-accelerated NetFPGA cards and Procurve switches on the KREONET, and implement CSPF (Constraint-based
Shortest Path First) algorithm, which is one of popular QoS routing algorithms, and apply it on the large-scale testbed to
verify performance and efficiency of multimedia traffic engineering scheme in Future Internet.
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Fig. 1. Traffic separation of OpenFlow protocol.
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Fig. 2. Functions of S/W and HW in OpenFlow.
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3. OpenFlow's Flow Table.

Flow Table <Z1¥ 3>3} 2
Flow Tableo] gt 3ol A <
of EA yA Hesta
Header Fields™= 7} AlZ-¢] DOl et
= 988 3 10-Tupleol2t Eelx A
WA= 12-TupleZbA] Aol 7hs3ith E2
44 9= #H 4 MAC IDE A8 Hd) TCP
}Xl o]t} Action A <] I

A& YR StatsS A9
=tk [ﬂrﬂ‘r/ﬂ 2 ?ﬂx}ﬂ 94’5}*

1

o

U CR |
o opot oo

3
b
ol

off o
o

N
-

40 o ae w }0
41 e AY rﬁ

£l
)
N
N

i
m_l

e A2E B3 298 HEs
TCP E7}A ALg3] Flow Table2 ZHAdshd
Flow Table®] Statsol+= 7} E@XES SAAE
3l 71%°] ATk 1 F ‘port_stats @ FES A}
g9 7HE tdEs Z1F - 9lon

=
AL Aptgon sk CSPF 4ueEe 1
- At

olE &3

r'zotori
wot 2 o o

7 §ls 7
o} whabA OpenFlow
sttt 2 OpenFlow
&9t F8 I+

2= AF3st7] 938 Python



38 KREONET OpenFlow LIEQ3 BHAEHIE 7|89 QoS =tRE ZZ Mol 7¥ a45F 9

!‘

W
1/ T \\‘
Event OpenFlow Initial
Maonogement :l'l:'ff"i:l connection
j'// /\ /
Message Packet
Management Management /
\\\‘/ /

nox/src/include nox/src/lib

a8 4 2 3E 74

Fig. 4. Core code composition.

nox/src/| nn;\</ netapps

nox/src/nox/webapps

2
nox/src/nox/lib

nox/src/nox/coreapps/pyrt DR/ O S ole

ag 5 ofEgAHoM H mE
Fig. 5. Application-related code.

NOX HEE? 9 = 4L <ad 49 F8 2
% g 5>¢] ofFgAlA

F-Eo] Yt} F8& FE=E OpenFlowste
Secure Channel 43} OpenFlow 7|5 23 % 4
x] _g_z# uL AL§L4 J,}a], OpenFlow nﬂ/\]x] e So
7155 gt

OpenFlow 7] AAL&  STP(Spanning Tree
Protocol) AH8-4J 51} IP fragmentation®l thsk 2], &
A7l 243t & AAgstd W A8y &
OpenFlow YEYFo 7o) EojeALY thay
7§, == OpenFlow HWAIA| 7} @S A9 o]& 7
A5 oA HeEA| FojrE TS gk Eg A
S27F 43k WEHS Flow Table® WHe
OpenFlowdll Al A¥3st= 31 9A] NOX<]
th o Eg Aol =
3511 Nxﬂ &t ]E

Z]
A

L
R
KX
=<
7

il

maoﬂ NOXOﬂH ?—Eﬂ S ogled o
Za Aol A5 NOXolA AZstE 72
'‘pyswitch’ o] Z2]A o] 23S & & 3

o
&
I
R

Azt spel el
dAel o the ol AolA
AAelde] FESE FE B o

FeAol A% 7o
3= a9E A F Urh F FEZE x| sHA
OpenFlow 29142 Ahgateld STP ol Zaj7 o4
3} 'pyswitch® o] Zg]Alo]AS o] ALgEH HiEd),

ojuf STP o]ZglA|o]A]= 'discovery
Aol F-& ofZgAlo]dom A E o] glo]
A7IA ot 3 F&ele AaE d T %E‘r.
o]Zg Ao Fr o FAL C++E H
@stAl Pythondl Al ARE-3H7] 93k SVVIG(Slmpliﬁed
Wrapper and Interface Generator) Z=9} ¢l o] 2]
Aol =, agal ofEFAoldS Adste &
ZAlold ZER vs F vk vl olEE Aol
A= VEAA SEt ) dd SER e 5

e
2
fH
A
X
o

NOX¢] el we} 25 i

w EAE A= —% mlQl o &2
CSPF &dagas +
STP ol &g7leld& f}f}’?ﬂ AHg-stA

II. OpenFlow QoS &tY L1E|E +&

1. CSPF 2¢112|Z"

OpenFlow ZZEZE Flow Tableoll A 7} 2914 ¢
EAXES NOXE Hide 750 9t EARERE
[3£ 113} 2] of2] o] 9ot A NetFPGASH
£ 2~9x AN E A%sle] A E Ay EyE
o] 4 nlo]E o} AR £ A A3 B
t}. o]# OpenFlow Z2EZ9] 54 753 o] AL n}
goz J53 2 FAGMe] AT} EMo
&

&40]
g o] va) 8] A7 Bolxivhs AAE
7,

o
—

3H, OpenFlow HEYZNA9 QoS €S 714
2o S F CSPF dug|so] Agsivg= 2
2o o237



20114 98 MXtSSe

E 1. Flow Tablee| EAXI=Z
Table 1. Statistics of Flow Table

Counter | Bits
Per Table
Active Entries 32
Packet Lookups 64
Packet Matches 64
Per Flow
Received Packets 64
Received Bytes 64
Duration (seconds) 32
Duration (nanoseconds) 32
Per Port
Received Packets 64
Transmitted Packets 64
Received Bytes 64
Transmitted Bytes 64
Receive Drops 64
Transmit Drops 64
Receive Errors 64
Transmit Errors 64
Receive Frame Alignment Errors 64
Receive Overrun Errors 64
Receive CRC Errors 64
Collisions 64
Per Queue
Transmit Packets 64
Transmit Bytes 64
Transmit Overrun Errors 64
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Fig. 7. Available bandwidth based CSPF algorithm.
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Fig. 16. Topology of Scenario 3
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