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Abstract
A Data center network is an interconnection of servers. The tree 
hierarchy connection of servers that is currently being practiced, 
uses only one of the two Ethernet ports that each of the server has. 
This does not provide high network capacity and robustness to 
link/node failure. In this paper, we see a novel approach to build 
the network wherein both the server ports are actively used for 
connectivity, instead of keeping one of the ports as backup. This 
approach provides better scalability as well as makes the networks 
more effective in handling node crashes or communication link 
failure. We design such a networking structure called FiConn [1]. 
We have further developed a low-overhead traffic-aware routing 
mechanism to improve effective link utilization based on dynamic 
traffic state.
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I. Introduction
In recent years, many large data centers are being built to provide 
increasingly popular online application services,\ such as search, 
e-mails, IMs, web 2.0, and gaming, etc. In addition, these data 
centers also host infrastructure services such as distributed file 
systems (e.g., GFS [8]), structured storage (e.g., BigTable [7]), 
and distributed execution engine (e.g., MapReduce [5] and Dryad 
[11]). In this work, we focus on the networking infrastructure 
inside a data center, which connects a large number of servers via 
high-speed links and switches. We call it Data Center Networking 
(DCN).
There are three design goals for DCN. First, the network 
infrastructure must be scalable to a large number of servers and 
allow for incremental expansion. Second, DCN must be fault 
tolerant against various types of server failures, link outages, or 
server-rack failures. Third, DCN must be able to provide high 
network capacity to better support bandwidth-hungry services.
Two observations motivate these goals. First, data center is growing 
large and the number of servers is increasing at an exponential 
rate. For example, Google has already had more than 450,000 
servers in its thirty data centers by 
2006 [2, 9], and Microsoft and Yahoo! have hundreds of thou- 
sands of servers in their data centers [4, 19]. Microsoft is even 
doubling the number of servers every 14 months, ex-ceeding 
Moore’s Law [22]. Second, many infrastructure services request 
for higher bandwidth due to operations such as file replications 
in GFS and all-to-all communications in Map Reduce. Therefore, 
network bandwidth is often a scarce resource [5]. The current 
DCN practice is to connect all the servers using a tree hierarchy 
of switches, core-switches or core-routers. With this solution it is 
increasingly difficult to meet the above three design goals. It is thus 
desirable to have a new network structure that can fundamentally 
address these issues in both its physical network infrastructure 
and its protocol design.
The  designs of both the network structure and associated protocols 
to interconnect thousands of [3] or even hundreds of thousands 
of servers at a data center, with low equipment cost, high and 

balanced network capacity, and robustness to link/sever faults is 
done by Data center [10]. In this paper, a simple issue addressed 
is that whether it is possible to build a scalable, low-cost network 
infrastructure for data centers, using only the commodity servers 
with two ports and low-end, multi-port commodity switches. If 
ther exists a possibility to solve this problem, there are several 
advantages.
Firstly, the cost of building a data-center network will reduce 
considerably [4]. The need for high-end, expensive switches is 
eliminates as standard, off-shelf servers with two ports are also 
readily available. Second, the wiring becomes relatively easy since 
only two server ports are used for interconnection [4-5].
We do not need to add additional hardware or wires on a server 
except the two NIC ports. Third, it may spawn more academic 
research into data centers. New problems and solutions in data-
center networking, systems, and applications can be found, 
implemented, and assessed through an easy-to build test bed at a 
university or institution.

Fig. 1: DCell1 Structure with n= 2. It is Composed of Two DCell0' 
s

Neither current practice nor recent proposals [4-5] can solve 
our problem. The tree-based solution requires expensive, high-
end switches at the top level of the tree in order to alleviate the 
bandwidth bottleneck. The scaling of the Fat-Tree solution [3] is 
limited to the number of ports at a switch, and it also needs more 
switches. DCell [4] and BCube [5] typically require more ports 
per server—e.g., four—to scale to a large server population. The 
fundamental problem is that, we need to design a new network 
structure that works for servers with node degree of only 2 in 
order to scale.
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Fig. 2: Tree Hierarchy Structure of a Data Center Network

In this paper, we propose a scalable solution that works with 
servers with two-ports only and low-cost commodity switches. 
FiConn[1][3] defines a recursive network structure in levels. A 
high-level FiConn is constructed by many lowlevel FiConns. 
When constructing a higher-level FiConn, the lower-level FiConns 
use half of their available backup ports for interconnections and 
form a mesh. This way, the number of servers in FiConn, N, 
grows double-exponentially with FiConn levels. Although we 
use the backup port of each server, the server’s reliability is not 
compromised because it still uses the other port when one fails.
Routing over FiConn is also effective. FiConn uses trafficaware 
routing to improve effective link utilization based on dynamic 
traffic state. In the traffic-aware[3] routing we use no central 
server(s) for traffic scheduling, and do not exchange traffic state 
information among even neighboring servers. Instead, the traffic-
aware path is computed hop-by-hop by each intermediate server 
based on the available bandwidth of its two outgoing links.

II. Related Works

A. Data Center Structures
We now discuss some interconnection structures proposed for 
data centers.
DCell: DCell[4] is a new, level-based structure as illustrated in 
fig 2. In DCell0 , n servers are connected to a nport commodity 
switch. Given t servers in a DCellk , t+1 DCellk ’s are used to 
build a DCellk+1 . The t servers in a DCellk connect to the other t 
DCellk ’s, respectively. This way, DCell achieves high scalability 
and high bisection width. We now discuss four interconnection 
structures proposed for data centers, the current practice of the 
tree-based structure, and two recent proposals of Fat-Tree [8], 
DCell [9], and BCube [10].
Dcell structuring places the interconnection intelligence on the 
servers. The server node degree in a DCellk is K+1.This means 
that the server port degree is not fixed and increases as the level of 
the network increases. In order to accommodate additional server 
ports in the higher levels of the DCell structure, extra hardware 

cost is incurred to increase the scalability of the network

B. HCN(Hierarchical Irregular Compound Networks)
HCN [6] is a recursively defined structure. A high-level HCN(n,h) 
employs a low level HCN(n,h-1) as a unit cluster and connects 
many such clusters by means of a complete graph. HCN(n,0) is 
the smallest module (basic construction unit), which consists of 
n servers each with dual-ports and a nport mini-switch. For each 
server, its first port is used to connect with the mini-switch while 
its second port is employed to interconnect with another server 
in different smallest modules for constituting larger networks. 
A server is available if its second port has not been connected. 
HCN(n,1) is constructed using n basic modules HCN(n,0).
In HCN(n,1), there is only one link between any two basic modules 
by connecting two available servers that belong to different basic 
modules. Consequently, for each HCN(n,0) of HCN(n,1) all its 
servers are associated with a level-1 link except one server which 
is reserved for the construction of HCN(n,2). Thus, there are n 
available servers in HCN(n,1) for further expansion at a higher 
level. Similarly, HCN(n,2) is formed by n level-1 HCN(n,1), and 
has n available servers for interconnection at a higher level.

Fig. 3: An Example of HCN(n,h) where n= 4 & h=2

1. Tree
In current practice, servers are connected by a tree hierarchy of 
network switches, with commodity switches at the first level and 
increasingly larger and more expensive switches at the higher 
levels. It is well known that this kind of tree structure has many 
limitations [8-9]. The top-level switches are the bandwidth 
bottleneck, and high-end high-speed switches have to be used. 
Moreover, a high-level switch shows as a single-point failure spot 
for its subtree branch. Using redundant 

2. BCN(Bidimensional Compound Networks)
BCN[6] is a multilevel irregular compound graph recursively 
defined in  the first dimension, and a level one regular compound 
graph in the second dimension. In each dimension, a high-level 
BCN employs a one low level BCN as a unit cluster and connects 
many clusters by means of a complete graph.
Let BCN(α,β,0) denote the basic building block, where α+β =n. It 
has n servers and a n-port mini-switch. All servers are connected 
to the mini-switch using their first ports, and are partitioned into 
two disjoint groups, referred to as the master and slave servers. 
Here, servers really do not have master/slave relationship in 
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functionality. The motivation of this partition is just to ease the 
presentation.

(i). Hierarchical BCN in the First Dimension
For any given h≥0, we use BCN(α,β,h) to denote a level-h BCN 
formed by all master servers in the first dimension. For any h>1, 
BCN(α,β,h) is an irregular compound graph, where G is a complete 
graph with a nodes while G1 is BCN(α,β,h-1) with α available 
master servers. It is worth noticing that, for any h≥0, BCN(α,β,h) 
still has α available master servers for further expansion, and is 
equivalent to HCN(α,h). The only difference is that each mini-
switch also connects b slave servers besides a master servers in 
BCN(α,β,h).

(ii). Hierarchical BCN in the Second Dimension
There are b available slave servers in the smallest module BCN 
(α,β ,0). In general, there are sh=αh.β available slave servers in 
any given BCN(α,β,h) for h≥0. We study how to utilize those 
available slave servers to expand BCN(α,β,h) from the second 
dimension. A level-1 regular compound graph G(BCN(α,β,h)) 
is a natural way to realize this goal. It uses BCN(α,β,h) as a unit 
cluster and connects sh+1 copies of BCN (α,β,h) by means of 
a complete graph using the second port of all available slave 
servers. The resulting G(BCN(α,β,h)) cannot be further expanded 
in the second dimension since it has no available slave servers. 
It, however, still can be expanded in the first dimension without 
destroying the existing network.

Fig. 4: A G(BCN(4,4,0)) Structure. It is Composed of Slave 
Servers in Five BCN(4,4,0) in the Second Dimension

III. Existing System
Existing network architecture typically consists of a tree 
of routing and switching elements with progressively more 
specialized and expensive equipment moving up the network 
hierarchy. Unfortunately, even when deploying the highest-end 
IP switches/routers, resulting topologies may only support 50% 
of the aggregate bandwidth available at the edge of the network, 
while still incurring tremendous cost. Non-uniform bandwidth 
among data center nodes complicates application design and limits 
overall system performance

A. Tree
In current practice, servers are connected by a tree hierarchy of 
network switches, with commodity switches at the first level and 
increasingly larger and more expensive switches at the higher 
levels. It is well known that this kind of tree structure has many 
limitations [8-9]. The top-level switches are the bandwidth 

bottleneck, and high-end high-speed switches have to be used. 
Moreover, a high-level switch shows as a single-point failure 
spot for its subtree branch. Using redundant switches does not 
fundamentally solve the problem, but incurs even higher cost.
Ethernet switches to support the full aggregate bandwidth of 
clusters consisting of tens of thousands of elements. Similar to 
how clusters of commodity computers have largely replaced 
more specialized SMPs and MPPs, we argue that appropriately 
architected and interconnected commodity switches may deliver 
more performance at less cost than available. 

IV. Proposed System
In this paper, we explore a new server-interconnection structure. 
We observe that the commodity server machines used in today’s 
data centers usually come with two built-in Ethernet ports, one for 
network connection and the other left for backup purposes.
We believe that if both ports are actively used in network 
connections, we can build a scalable, cost-effective interconnection 
structure without either the expensive higher-level large switches 
or any additional hardware on servers. 
We have proven that FiConn is highly scalable to encompass 
hundreds of thousands of servers with low diameter and high 
bisection width. We have developed a low-overhead traffic-aware 
routing mechanism to improve effective link utilization based on 
dynamic traffic state. 
We have also proposed how to incrementally deploy FiConn. 
FiConn a novel server-interconnection network structure that 
utilizes the dual-port configuration existing in most commodity 
data-center server machines it is a highly scalable structure because 
the total number of servers it can support is not limited by the 
number of server ports or switch ports. It is cost-effective because 
it requires less number of switches and links than other recently 
proposed structures for data centers. Fincon Interconnection
FiConn is a recursively defined structure. A high-level FiConn 
is constructed by many low-level FiConns. We denote a level k 
FiConn as FiConn . FiConn is the basic construction unit, which is 
composed of n servers and an n-port commodity switch connecting 
the servers. Typically, n is an even number such as 16, 32, or 48. 
Every server in FiConn has one port connected to the switch in 
FiConn , and we call this port level-0 port. The link connecting a 
level-0 port and the switch is called level-0 link. Level-0 port can 
be regarded as the original operation port on servers in current 
practice. If the backup port of a server is not connected to another 
server, we call it an available backup port. For instance, there are 
initially servers each with an available backup port in a FiConn0 

Algorithm 1 shows the construction of a FiConn upon FiConn s. 
In each FiConn k-1 (Line 2), the servers satisfying are selected 
as level- servers (Line 3), and they are interconnected asLines 
4–6 instruct.
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Fig. 5. FiConn with n=4. The FiConn is composed of 4 FiConn 
’s,

A. Traffic-Oblivious Routing
The routing principle of TOR is that, for any pair of servers, if 
the lowest common level of FiConn they belong to is FiConn , 
the routing path between them is constrained to the two Fi- Conn 
’s comprising the two servers, respectively, and the level- link 
connecting the two FiConn ’s. Hence, the routing path between 
two servers can be recursively calculated
Algorithm 2 shows how TOR works on a server s to route a packet 
destined to dst . The function TORouting() returns the next-hop 
server. First of all, the lowest common FiConn level of s and dst 
is found based on their identifiers, say, (Line 2). If is zero (Line 
3), it means the destination server is within the same FiConn as s  
, and the function returns dst (Line 4). Next, we get the level- link 
connecting the two FiConn ’s comprising s and dst, respectively, 
say (Line 5). If is itself (Line 6) i2, then is returned (Line 7). 
Otherwise, we recursively compute and return the next-hop server 
from toward (Line 8)i1.

B. Traffic-Aware Routing in Ficonn
TOR balances the use of different levels of FiConn links and serves 
as the basis for FiConn routing. However, it has two limitations. 
First, a pair of servers cannot leverage the two ports on each to 
improve their end-to-end throughput in TOR. Second, TOR cannot 
further utilize the available link capacities according to dynamic 
traffic states to improve the networking throughput. To overcome 
these limitations, we design TAR in FiConn.
The Ficon takes too a long path or even falls into a loop. Solution 

is needed to limit the bypassing times and avoid path loops.

1. Path Redundancy
A redundant path implies that there are intermediate servers to 
be removed from the path without reducing the throughput of 
the path. 

2. Imbalance Trap
Assume that a level- server routes a flow via its level- outgoing link 
and there is no traffic in its level-0 outgoing link. All subsequent 
flows that arrive from its level-0 incoming link will bypass its 
level- link because the available bandwidth of its level-0 outgoing 
link is always higher. In this case, the outgoing bandwidth of its 
level- link cannot be well utilized even though the other level- 
links in the FiConn are heavily loaded. In the example of Fig. 
6, all subsequent flows from FiConn to FiConn will bypass the 
level-1 link of [2,0]. In fact, the problem results from the idea 
that TAR seeks to balance the local outgoing links of a server, 
not links among servers. We call it an imbalance trap problem, 
and corresponding mechanism is demanded.
Taking the solutions above together, we design the algorithm 
of TAR in FiConn, as illustrated in Algorithm 3. The function 
TARoute() returns the next-hop server when a level- server routes 
the path-probing packet pkt
Lines 2–3 handle the case when the path-probing packet arrives at 
the destination server . The packet is delivered to the upper layer. 
Lines 4–8 are the SRR processing. If once routed the pathprobing 
packet and now receives the packet from the next hop of the flow 
in the routing table (Line 4), it is an indication that this is the SRR 
processing. then gets the original previous hop of the flow (Line 
5) and erases the routing entry (Line 6). If is not the source server 
for the flow (Line 7), it just routes the path-probing packet to the 
original previous hop (Line 8)

Algorithm 3: Traffic-aware routing (TAR) in FiConn
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Lines 9–10 are for the case when is the level- proxy server in the 
current FiConn (Line 9). It modifies as BYONE Lines 11–12 get 
the next hop by TOR. First, we find the next destination server 
(Line 11). The function getPRDest() returns the lowest-level proxy 
server in PR field of the packet; if there is no proxy server, it 
returns the destination server of the packet. Then, we compute 
the next hop toward the next destination server using TOR (Line 
12). Lines 13–14 process the special case for source server to 
compute the next hop. The difference for a source server from other 
intermediate servers is that if the next hop using TOR is within 
the same FiConn but the available bandwidth of its level- link is 
higher than that of its level-0 link (Line 13), its level- neighboring 
server is selected as the next hop (Line 14). Note that virtual 
flows are considered to compute the available bandwidth.Lines 
15–20 are responsible for the cases that do not need tobypass 
the level- link. Lines 16–17 reduce vfc by one if this flow is to 
be routed by level-0 link. Lines 21–29 deal with how to bypass 
the level- link

V. Conclusion
In this paper, we propose FiConn, a novel server interconnection 
network structure that utilizes the dual-port configuration existing 
in most commodity data-center server machines. It is a highly 
scalable structure because the total number of servers it can support 
is not limited by the number of server ports or switch ports. It 
is cost-effective because it requires less number of switches and 
links than other recently proposed structures for data centers. 
We have designed trafficaware routing in FiConn to make better 
utilization of the link capacities according to traffic states. We 
also have proposed solutions to increase the bisection width in 
incomplete FiConns during incremental deployment.
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