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Abstract Currently, the architecture of network device is closed. This is detrimental to
the network innovation. Software defined networking (SDN) (McKeown 2009) decouples
the vertically coupled architecture, and reconstructs the Internet as a modular structure.
The idea of SDN is widely accepted by both of the academic and industry researchers, and
is considered as a promising way to re-architect the Internet. OpenFlow as a typical
instance of the SDN has been deployed by many universities and research institutions all
over the world. However, the research and technologies on transitioning the existing
networks to SDN are not mature. So this paper takes the instance OpenFlow for example
and proposes a simple and practical Border Gateway Protocol (BGP) based transition
solution named BTSDN. BTSDN fully explores the characteristics of OpenFlow network,
proposes to continue using the current BGP protocol, and retains the legacy BGP border
routers to connect the OpenFlow network with the rest of Internet. The experiment at the
end of this paper preliminary verifies the feasibility of BTSDN.
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1 Introduction
Currently, the architecture of the network device is closed. This is not favor of network
innovation. Protocols related to the core network lay or core network device are hard to
apply. Software defined networking (SDN) [1] decouples the vertical and tight coupled
architecture, and reconstructs the Internet as a modular structure. At the same time, it opens
up the control plane and the protocol implementation in control plane. Then the architecture in network device is no longer closed. In this way, SDN promotes the rapid
innovation and the evolution of the network. Currently the idea of SDN is well received by
both of the academic researchers and industry researchers. SDN becomes a hot topic in
recent years and is considered as a promising way to re-architect the Internet. In addition,
some research groups are formed like the Open Networking Summit [2]. Besides, the Open
Networking Foundation [3] is defining the standard for SDN. And more than 100 companies have joined this foundation to accelerate the creation of standards, products, and
applications, such as NEC, Google, Facebook, Microsoft, IBM, VMware, Juniper, Cisco
and so on.
Software defined networking already has some implementations such as OpenFlow [4],
NetOpen [5], in which OpenFlow as the most popular instance is deployed by many
universities and research institutions in the world. To give readers a more concrete picture,
we use OpenFlow to explain the whole ideas of this paper. SDN adopts the centralized
control model. Currently a popular architecture is composed by the controller, FlowVisor
[6], OpenFlow switch, and OpenFlow protocol as shown in the figure below (Fig. 1).
Software defined networking separates the control plane from the network equipment,
and moves it to the SDN controller. Controller takes charge of all the functions in control
plane, while the OpenFlow switch retains only the basic data forwarding function.
FlowVisor can achieve the network virtualization, and different applications on the network controllers such as multicast [7], network situation assessment [8] and network status
statistics could form their own private virtual networks. Furthermore, the SDN controller
can just run in normal host or server to control the data packet forwarding in OpenFlow
switches through a standardized OpenFlow protocol and a secure channel.
At present, SDN is considered as a promising way to re-architect the Internet. Transitioning the existing network to SDN becomes an important issue to the network researchers
in current stage. However, so far the SDN itself is not mature in many aspects and the

Fig. 1 Architecture of SDN
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research on the transition issue just starts. In such situation, this paper takes the most
widely deployed instance OpenFlow for example, and proposes a practical solution named
BTSDN by integrating SDN networks to the current Internet with the Border Gateway
Protocol (BGP) [9] and the BGP border routers. In BTSDN, the SDN networks and the
current Internet coexist with each other, and the SDN networks can be incrementally
deployed to the Internet, finally to replace the current Internet globally.
The main contributions of BTSDN are as follows: (1) It proposes that the controller runs
Internal Border Gateway Protocol (IBGP) to learn the global routing information from
border routers. (2) It proposes a feasible transition solution for the existing networks to
SDN through the existing BGP protocols and BGP border routers.
The rest of the paper is organized as follows: the next Section presents the related work.
Section 3 describes the design of the BTSDN architecture for transitioning the existing
networks to SDN. Then this paper gives emulation and evaluation to the proposed solution
in Sect. 4. Finally, Sect. 5 concludes this paper.

2 Related Work
At present, the technologies on transitioning the existing networks to SDN are few and not
mature because SDN itself just started a few years ago. However, there are several preliminary progresses in connecting different OpenFlow networks together.
Tunneling [10]: different OpenFlow networks in different locations can be transparently
connected together by the tunneling software. In the connected networks, OpenFlow can be
further divide into virtual LANs (Local Area Networks). OpenFlow web site [11] provides
the tunneling software for OpenFlow deployment. Also there some researchers focusing on
building federated experiment testbed such as OFELIA [12], a European project providing
OpenFlow based experimental facilities. Those works are either to make a LAN larger or
to build a federated environment for experiment. They are not designed for the transition of
the existing networks to SDN.
RouteFlow [13] is one of the implementations of IP routing on OpenFlow switches. The
inter-domain is the standard BGP. RouteFlow instantiates a Virtual Machine (VM) for each
OpenFlow switch with as many virtual network interfaces as there are active ports in the
corresponding device, and runs a stack of open-source routing protocols on the virtual
topology. All control messages are exchanged between VMs as if they are running a
distributed control plane. Such a solution incurs the overhead of distribution without the
benefits of scale.
WE-bridge [14] does not use BGP. It tries to take the advantage of SDN/OpenFlow
network. It tried a multiple IP header fields matching routing solution among different
administrative inter-domains. In WE-bridge testbed, there are no legacy routers in SDN
networks. Also, the purpose of the routing solution is to achieve policy and fine-grained
inter-domain routing for future SDN networks, not for the transition stage to pure SDN
networks. Thus, WE-Bridge is not designed for on transitioning the existing networks to
SDN.
To enable incremental deployment of SDN, we conducted a research work of SND-IP
network peering [15] in 2013. This work focuses on the interaction between BGP based
SDN domain and legacy IP network. This solution has successfully applied BGP between
SDN and IP domains or between SDN and SDN domains. This solution has several
deployments such as Internet2. In this solution, we totally discarded the legacy border BGP
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routers in OpenFlow network. In the real world, border routers usually have a high performance and were bought with high prices. During the incremental deployment of
OpenFlow, the network operators probably will not to throw the border routers directly. On
the other side, we run software BGP in the SDN domain since we noticed that it needs
years to enhance the BGP software to make sure it works well in large networks. Thus, in
this paper, we propose another solution named BTSDN for transiting to SDN/OpenFlow
network by retaining the border BGP routers, which can be deployed at the current stage.

3 Architecture of BTSDN
3.1 Overview of BTSDN
As mentioned above, BTSDN uses the BGP and retains the BGP routers in networks. The
geographical distribution of BGP border routers, OpenFlow switches, and the controller is
organized as in the Fig. 2.
In BTSDN, the functions of BGP including Internal Border Gateway Protocol (IBGP)
and External Border Gateway Protocol (EBGP) [9] are the same as them in the Internet
today. The inter-domain is still running the EBGP while the intra-domain is running the
IBGP and OpenFlow protocol. BTSDN lets OpenFlow controller running the IBGP (we
run a software BGP Quagga [16] as a network application above controller) to get the
global routing information from the border EBGP routers which will be explained later.
Further, each border router connects to one or several OpenFlow switches downstream.
In the BTSDN architecture, OpenFlow switch such as S(n) directly connected to a
border router plays the role of the OpenFlow protocol proxy for the border routers. Since
the traditional BGP routers do not support the OpenFlow protocol, the controller could not
control the behavior of the border routers. But the controller can install certain instructions
into the flowtable (specified in OpenFlow protocol) on OpenFlow proxy, and in this way
indirectly control the border router. Therefore, in BTSDN, the controller still can control
the behavior of the entire intra-domain network.

OpenFlow Autonomous System
OF switches
S1

PC or Server

BGP border
router 1
S(n)
EBGP

Indirect control

Indirect control

Internet
EBGP

Controller
IBGP
BGP border
router 2
OF
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Fig. 2 Architecture of BTSDN
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In addition, the OpenFlow switch forwards each packet according to the actions in the
matched entry, in which, the matching fields of each flowtable entry are as follows:

The IP address, MAC address, switch port are all included in the matching fields.
Compared with a single OpenFlow flowtable, the current router needs two tables which
mean the routing table and the ARP (Address Resolution Protocol) table to achieve the
packet routing and forwarding. The routing table is for finding the next hop router, and the
ARP table is for finding the MAC address of next hop router. Compared with the current
packet routing and forwarding process, in OpenFlow, the controller masters the entire
topology and computes the routing path. The only task of the OpenFlow switch is forwarding packet by the routing path installed by controller. In Fig. 2 after a packet entering
this domain, even the destination MAC address is wrong, the OpenFlow switch (n) to
switch 2 can still forward it to OpenFlow switch 1. But the switch 1 must know and rewrite
the destination MAC address to the MAC address of the host; otherwise, the host will not
accept the packet. When an intra-domain packet wants to be sent to other autonomous
domain, the OpenFlow switch (n) should also know the MAC address of the directly
connected border router port.

3.2 Inter-Domain Packet Delivery
OpenFlow moves the control plane out of the network forwarding equipment to the controller. The distributed intra-domain route computing becomes to a centralized route
computing model. However, the OpenFlow network still retains the following characteristics: (1) OpenFlow does not change the format of the IP packet. (2) The centralized
control model only changed the routing in intra-domain. Besides, the current Internet uses
BGP for inter-domain routing. In the past decades, BGP has been widely deployed and now
constitutes a critical part of the Internet infrastructure. Based on the characteristics of
OpenFlow network, BGP can still be used for inter-domain routing in BTSDN.

AS B
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P
EBG

Router 1

Controller

Router 2

Router 3

Router 4

Router 5
IBGP

P
EBG

Fig. 3 Controller running IBGP

123

1834

P. Lin et al.

3.3 Intra-Domain Packet Delivery
In this section, we explain the intra-domain routing in two scenarios. (1) Scenario of a data
flow exits the OpenFlow domain. (2) Scenario of a data flow enters the OpenFlow domain.

3.3.1 Controller Running IBGP
In BGP, border routers in inter-domain run External Border Gateway Protocol (EBGP) and
in intra-domain run IBGP to set up a full mesh network for the routing information
synchronization. By the IBGP synchronization mechanism, an IBGP router can learn the
global routing information in real-time. Therefore, if we let controllers to run IBGP, they
also can learn the global inter-domain routing information (Fig. 3).
As shown in the figure above, in BTSDN, the BGP still works as the same as in current
Internet. The only difference is that the controller also runs the IBGP as an IBGP router to
learn the global routing information.
BGP connections setup process for Controller and Routers: as mentioned before, we run
software BGP software Quagga [16] as a network application above controller, and let
Quagga to talk to all the border routers. Before Quagga can talk to those routers, it needs to
know the IP address and MAC address of each router. Thus, we configure the Quagga as
configuring a normal router, and tell Quagga all the border routers’ IP addresses. Floodlight
[17] can learn all the IP and MAC pairs of all the host/routers by its proxy ARP. So for the
MAC address of those routers, we design and add an ARP proxy module, which can extract
the ARP entries from Floodlight and insert those entries into the system ARP table. Then
we pre-install forwarding paths between controller and border routers. In this way, the
Quagga on controller can step up all the connections with all the border routers.
In OpenFlow, controllers can master and control the entire real-time intra-domain
routing information such as the congestion and bandwidth. After running IBGP, the
controller also masters the global routing information of the Internet. So the controller can
send packets to correct egress routers and calculate out the best routing paths for all the
data flows whether they enter or exit the OpenFlow domain. This advantage of mastering
the global routing information is more obvious in the Multi-homing [18] scenarios, since
packets with different source IP address should exit the OpenFlow domain through different egress routers.

3.3.2 Data Flow Exits OpenFlow Domain
In the current Internet, once a switch receives a packet from a downstream host, it will
forward this packet to its default gateway and the packet will be routed according to a
distributed interior gateway protocol such as OSPF [19], RIP [20], IS–IS [21]. But this does
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Packet
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Router
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MAC address
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Fig. 4 Data flow exits OpenFlow domain
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not work in OpenFlow network, because OpenFlow network works in a centralized
manner. All the forwarding paths are calculated by the central controller in real-time. So
once a new data flow is sent out from a host and reaches the directly connected OpenFlow
switch, the switch will send the first packet to the controller if there is no matched flow
entry in flowtable. Then controller calculates out a routing path (several flowtable entries)
and installs it to the related OpenFlow switches. Then those OpenFlow switches forward
this data flow according to the installed flowtable entries.
As in Fig. 4, until the data flow reaches the switch N which is directly connected to the
BGP border router, the whole process in BTSDN is the same with that in current OpenFlow
environment. But in BTSDN, after packets reaching switch N, the packet forwarding is
different. As analyzed in the previous section, only when router receives a packet whose
destination MAC is the same with the MAC address of corresponding router port, the
router will accept the packet (except for special packets such as broadcast packets).
Otherwise, router will discard the packet. With no change to the existing BGP protocol and
BGP border routers, the forwarding from switch N to BGP border router can use the
following method:
Destination MAC addresses rewriting: The ARP proxy module can learn the IP and
MAC address pair of each router. Based on such information, we added a destination
MAC rewriting module to controller. This module inserts the destination MAC rewriting
flow entry to switch N. Before forwarding packet to the router, OpenFlow switch will
first resets the destination MAC address in the packet to the MAC address of router
according to the MAC rewriting flow entry, and then forwards packet to the BGP border
router.
Once the border router receives a data package, the router firstly resolves the destination
IP address in the header. Then it will find out the next hop router and the forwarding the
packet to the corresponding router port according to the FIB (Forward Information Base)
table. Then in link layer, the router will find out the MAC address of next hop router in the
ARP binding table and rewrites the destination MAC address to the MAC address of next
hop router, and at last sends the packet to the Internet.

3.3.3 Data Flow Enters OpenFlow Domain
In the current Internet, the border router itself computes the intra-domain routing path by
certain distributed interior gateway protocol such as OSPF, and finds out the next hop
router. Then by the MAC address learning process, it substitutes the destination MAC
address in packet to the MAC address of next hop router, and sends the packet out to the
appropriate router port.
However, OpenFlow is a centralized control model and all the routing paths are
computed by the controller. In such situation, the border router should send the first
packet of a new data flow to the controller. However, the legacy BGP router does not

Fowarding path
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Switch
Switch
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1
Rewrite

Host
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Fig. 5 Data flow enters OpenFlow domain
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support the OpenFlow protocol and cannot send the first packet to the controller. Thus, in
BTSDN, once a data flow enters the OpenFlow domain, the first issue is how does a
border router forward the first data packet to the downstream OpenFlow switch? This can
be achieved by the redirect function in routers. The border router should redirect all the
packets received from the Internet to the directly connected OpenFlow switch. OpenFlow
switch is responsible for sending the first packet to the controller. Then the controller
carries out the routing path calculation and installation. At last all the routing path
related OpenFlow switches forward the data flow to switch 1 as shown in Fig. 5.
Because the destination host only accepts packets whose destination MAC address is the
same with the MAC address of itself (except for special packets such as broadcast packets).
The method here is the same with the method when data flow exits an OpenFlow domain.
The destination MAC rewriting module adds the destination rewrite flow entry to OpenFlow switch 1. OpenFlow switch will resets the destination MAC address in data packets to
the MAC address of host/server according to the flow entry, and then sends the packet out
to host/server.
In such scenario, the OpenFlow switch N plays the role of the OpenFlow protocol proxy
of the border router. Thus the controller indirectly controls the border routers by directly
controlling the OpenFlow proxy switches.

Table 1 Configuration for router connectivity manager

{
"routers": [
{
"switchDpid": "100",
"switchPort": "2",
"routerIpAddress": "100.0.0.1",
"tcpPort": "179"
},
{
"switchDpid": "200",
"switchPort": "3",
"routerIpAddress": "100.0.0.2",
"tcpPort": "2000"
}
]
}

123

BTSDN: BGP-Based Transition for the Existing Networks to SDN

1837

3.4 High Availability Design
In Fig. 3, we only draw one Quagga in it. For real network, single instance of Quagga
software could not meet the requirement of high availability characteristic. Thus, we
designed running several instances of Quagga software inside the SDN/OpenFlow network. All the Quagga instances and all the border routers are connected in full mesh.

3.4.1 Data Plane Connectivity
For the data plane connectivity, we designed and implemented a new module to controller,
named router connectivity manager.
Firstly, we run Quagga software on a normal host or server and attach this host/server to
an OpenFlow switch port of data plane. The network administrator knows the exact
location of all the software Quagga routers and border hardware routers. The network
administrator needs to configure two things: (1) Login all the software and hardware
routers, configure each router as in the legacy network, such as tell each router the AS
number, the peer IP address, the peer AS number, and so on. (2) Write down all the
locations of all the software and hardware routers in a configuration file for the router
connectivity manager. Each location should be represented by OpenFlow switch DPID
(data path ID) and switch port (Table 1).
For each router entry, it includes the switch DPID, switch port, the IP address of the
router, and the BGP communication port. The switch DPID and port is used for calculate
connectivity paths. The router IP address and TCP port are used to match for flow entries.
The router connectivity manager will automatically calculates all the paths according to the
network topology and the configuration above, and pro-actively install all the paths for all
the software and hardware routers.
Furthermore, for each router pair, there should be four flow paths and in each direction
there should be two paths with the flow entries as follows:

Match fields in IP header

Action

dstIpAddress

srcIpAddress

dstTcpPort

rewriteDstMac

dstIpAddress

srcIpAddress

srcTcpPort

rewriteDstMac

In the table above, the MAC address of each router can be learned by proxy ARP.

3.4.2 Quagga Responsibilities
The Quagga software here has two responsibilities: (1) learn global route table. (2) The
network administrator can also configure all the local and public routes into the Quagga.
Quagga can announce those routes to its peers. In such way, hosts in other networks can
also access the hosts with the IP addresses in this SDN network.
However, we should pay attention that all software Quagga hosts/servers do not route
traffic. The purpose of running software Quagga is just to exchange routes with other BGP
peers. The legacy border hardware BGP routers route traffic as they do in legacy non-SDN
networks.
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All the software Quagga routers are peering with each other. Each software Quagga has
a global route table including local public routes.

3.4.3 Traffic Classifier
Before we calculate and install all the forwarding paths, we should classify the traffic by
judging where traffic comes from and where this traffic wants to go. Then, we can conclude
what is the path should be looks like, what we should match for this traffic and what
actions should we carry out to this traffic.
Since all the routes are in Quagga, we can classify all the traffic according to the next
hop of the destination IP address together with the switch port where the traffic comes
from. The figure below shows the workflow about how to prepare to classify traffic
(Fig. 6).
Table 2 below shows the traffic classification categories. Four cases will be concluded
from the location of next hop IP address and incoming switch port. After traffic classfication, then we can calculate the correct flow path which is composed by flow entries.

4 Experiment and Results
4.1 Experiment Environment and Design
As shown in Fig. 7, ten PC nodes emulate three ASes (Autonomous Systems). AS 1 is an
OpenFlow AS. AS 2 and AS 3 are legacy IP (non-OpenFlow) domains.
Hardware configuration: ten PCs and each with three network interface cards (Intel Core
2 Quad processor, 4 GB memory, network interface card 100 Mbps/port).
Software configuration: three PCs (PC1, PC2, and PC3) play the role of web users and
were installed with the Microsoft Windows XP Professional operating system. All other

Extract destination
IP address of a traffic
Find out the longest
matching IP prefix in the
Quagga route table
Find out the next hop IP
address of this IP prefix

Judge location of
next hop IP address

Fig. 6 Work flow of preparing how to classify a traffic
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Table 2 Traffic classification categories
Case
number

Traffic conditions

Traffic category

Case 1

Next hop IP address belongs to local BGP router,
incoming switch port is connected to edge BGP
router

This is a traffic from Internet to access
local host/server

Case 2

Next hop IP address belongs to local BGP router,
incoming switch port is not connected to edge
BGP router

This is a traffic from local host/server to
access a local host/server

Case 3

Next hop IP address belongs to peer BGP router,
incoming switch port is connected to edge BGP
router

This is a transit traffic from Internet to
transverse local network and to Internet
again

Case 4

Next hop IP address belongs to peer BGP router,
incoming switch port is not connected to edge
BGP router

This is a traffic from local host/server to
access Internet

AS 2; Quagga; Router2
Eth0:2.2.2.1/24
Eth1:6.6.6.2/24

PC2 IP: 2.2.2.2
Gateway:2.2.2.1
Ftp server

Eth2:5.5.5.2/24

EBGP

EBGP

Eth1:6.6.6.1/24

Eth2:5.5.5.3/24

AS 1; Quagga

Quagga; AS 3
Eth2:4.4.4.1/24
Eth1: 4.4.4.3/24
Router3
EBGP
Eth0:3.3.3.1/24
Eth0:1.1.1.1/24
MAC:88-88-88-88-88-88

Router1

Eth0
Eth1
IBGP

Eth0

Eth2

Eth1
S1

S2
Three Open vSwitches

AS 1
Controller
IP: 1.1.1.2
Gateway:1.1.1.1
Quagga

Eth0
S3 Eth1
PC3 IP: 3.3.3.2
Gateway:3.3.3.1
Ftp server
PC1 IP: 1.1.1.8
Gateway:1.1.1.1
MAC: 5C-FF-35-0F-F7-32

Fig. 7 The experimental topology

PCs including the controller are installed with Ubuntu-10.04-desktop-i386. The BGP
software is quagga-0.99.20, and the switch software is Open vSwitch-1.4.0. Controller is
Floodlight [17] and the FTP (File Transfer Protocol) server is WinFTP version 2.1.2.
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4.2 Experimental Results and Analysis
We carry out the whole experiment in two steps.
Step 1 Verifying the feasibility of the controller running IBGP to get global routing
information.
Firstly, we use the static flow pusher API (Application Programming Interface) in
Floodlight to install the BGP path between controller/Quagga and router 1. Then we
configure all the Ethernet ports with the number shown in the experiment topology. Then
we start the BGP demon processes of Quagga software in the three border routers and the
controller. Then we configure all the BGP routers with the AS numbers in Fig. 7, and also
configure the controller with AS number 1. At last, it also needs to start the IP forwarding
function in all the Quagga nodes.
Then router 2 announces IP address prefix 2.2.2.0/24 and 77.77.77.0/24, router 3
announces prefix 3.3.3.0/24, router 1 announces prefix 1.1.1.0/24. After about 6 s, we look
up the route table in router 1, and find that router 1 has learned all the routes to the network
1.1.1.0/24, 77.77.77.0/24, 2.2.2.0/24 and 3.3.3.0/24. Then we find that the controller also
has learned all the IP prefixes as in the table below (Table 3).
Thus, the approach of letting controller running IBGP to gain the global route items is
feasible.
Step 2 Verifying the feasibility of BTSDN.
The target of this step is to verify that whether PC 1 can communicate with PCs in other
non-OpenFlow domains in proactive and passive models respectively. We install the
WinFTP software in PC 2 and PC 3. PC 1 will upload and download files from those ftp
servers.
In this step, we firstly start the redirection function in router 1, and use the static flow
pusher API of Floodlight controller to manually install the forwarding flow paths for PC1:
(S1, S2, S3), (S3, S2, S1). We also add the destination MAC rewriting instructions into S3
and S1. The main instructions are show in the table (Table 4).
After such configuration, flow path installation, destination MAC address rewriting,
finally PC1 can upload and download files from all the FTP servers. The target of step 2 is
achieved.

Table 3 The routes learned by IBGP in controller
Router# show ip route
Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF, I
- ISIS, B - BGP, [ - selected route, * - FIB route
K[* 0.0.0.0/0 via 1.1.1.1, eth0
B 1.1.1.0/24 [200/0] via 1.1.1.1 inactive, 00:04:50
C[* 1.1.1.0/24 is directly connected, eth0
B[* 2.2.2.0/24 [200/0] via 6.6.6.2 (recursive via 1.1.1.1), 00:04:50
B[* 3.3.3.0/24 [200/0] via 4.4.4.3 (recursive via 1.1.1.1), 00:04:50
B[* 77.77.77.0/24 [200/0] via 6.6.6.2 (recursive via 1.1.1.1), 00:01:05
C[* 127.0.0.0/8 is directly connected, lo
K[* 169.254.0.0/16 is directly connected, eth0
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Table 4 Main instructions installed to Open vSwitch
Fields

Action 1

Action 2

S1

Source IP: 1.1.1.8 import: eth2

Set the destination MAC address
to 88-88-88-88-88-88

Output through eth0

S3

Destination IP: 1.1.1.8 import: eth0

Set the destination MAC address
to 5C-FF-35-0F-F7-32

Output through eth1

4.3 Evaluation
This experiment preliminary proves the feasibility of BTSDN. Besides, BTSDN uses BGP
as the Inter-domain routing protocol, so it inherits the advantages and disadvantages of
BGP. The main advantages are: BGP is a mature protocol, and has been globally deployed.
BGP has the ability to handle the inter-domain routing with no performance problem. The
disadvantage of running BGP for the inter-domain is that we cannot route packets with
multiple fields of IP header although OpenFlow supports this and it is still destination IP
address based routing due to the nature of the BGP. Considering the main purpose of this
solution is for transition stage of SDN, so not taking the full advantage of SDN/OpenFlow
is acceptable.
BTSDN does not adopt any new protocol or new network equipment. It fully explores
the characteristics of OpenFlow and uses the traditional BGP protocol and BGP border
routers to help the existing networks transitioning to SDN. BTSDN is a simple and
practical solution.

5 Conclusion
Currently SDN is well received by both of the academic researchers and industry
researchers. SDN has been applied to campus and enterprise. However, there are few
transition solutions for the existing networks to SDN. In this paper, we present a simple
and practical legacy BGP and BGP border router based solution BTSDN for transiting the
existing networks to SDN.
BTSDN fully explores the characteristics of OpenFlow network: OpenFlow does not
change the format of IP packet, and the centralized control only takes effect in intradomain. So BTSDN reuses the current BGP to connect the OpenFlow network and the rest
of the Internet at the same time BTSDN still retains the traditional BGP border routers.
In order to achieve a cooperation of OpenFlow network and the legacy BGP border
routers, BTSDN makes usage of the flow entries without changing the border routers.
Besides, by running the IBGP on OpenFlow controller, the controller knows not only the
entire intra-domain network status, but also the global routing information. This is very
important for controller to calculate out a correct and reasonable routing path for crossdomain packets. For validation, we built a BTSDN environment and preliminary verified
its feasibility.
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