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About 

Data centers are indispensable in modern computing scenarios including cloud computing. Data centers play an important role in 
the new era of computing where huge amount of computing resources and network services are required. There are applications 
in the real world that need network services in large-scale and also data intensive computing resources. These needs are fulfilled 
by data centers. Typically a data center is made up of hundreds or thousands of servers which are interconnected to provide 
scalable services to the users of it. Conventional data centers have problem in scaling up to the network bandwidth requirements 
when increased number of servers are connected in cost-effective fashion. To overcome this problem Liao et al. proposed an 
architecture that provides scalable and efficient interconnectivity among servers involved in data center. The architecture 
facilitates low-end dual port servers and switches which are plug and play devices. The data center architecture can scale to new 
servers without the need for any changes in the existing servers. Moreover they developed routing schemes for new data center 
architecture. In this paper we built a custom simulator to demonstrate the proof of the concept. Our simulation results are 
encouraging.  
 
Index Terms –Data center, dual port server, switch, interconnectivity, routing scheme 
 
1. Introduction 

For modern storage and processing requirements data centers are widely used. They are required for 
running large scale network servers, data analysis and data storage [1], [2]. The demand in data centers is in 
petabytes. The data centers need very high range of processing power in order to handle data incentive requests. It is 
also estimated the data storage and processing needs will grow in future naturally due to the need for medical image 
processing, web searching, scientific computing and social networking. In order to meet the growth it is essential to 
have flexible and scalable data centers. Towards these new architectures of data centers are required. Traditionally 
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the data centers can be built with in-expensive servers but the solution is not efficient and scalable or in other words 
providing such solution is challenging. Interconnection of servers is has its impact on the performance of network of 
servers which are part of data centers. As the demand grows the more servers are connected to data centers. This 
will cause problems in existing data centers while making it a cost-effective and scalable solution in terms of band 
width requirements of distributed processing of data and storage. To make the solution viable commodity servers are 
used. There are two types of interconnectivity which is being used in the world now. They are switch centric and 
server centric. Switch centric [3], [4], [5] means the switch functionality is extended in order to interconnect servers 
while server centric refers to the concept where server acts as both storage and processing node [6], [7], [8].  
 
In this paper server centric approach is used which was originally proposed by Liao et al. [9]. We built a new 
connectivity architecture that facilitates scalable and highly flexible mechanisms to support new servers into the data 
center. In this architecture each server has dual port and the servers are off-the-shelf commodity servers. The 
switches are also low-cost and they are used to make data center possible. Each server plays two roles known as 
node and relay node. It does mean that each server can store data and also involve in communicating with other 
nodes. The structure of the network is somewhat similar to multistage inter-connectivity schemes presented in [10] 
and [11]. However, our approach offers many advantages over them as it is suitable for large size and highly 
scalable data centers. For each server only two network interfaces are required. Every server needs two ports. The 
nodes in existing data centers are also equipped with two ports. Therefore to convert to our architecture no need to 
upgrade existing servers. The existing servers work fine with new requirements and can accommodate new servers 
into the network with ease. The expansion of the data center is cheaper and cost effective with negligible 
deployment overhead. The node sin the data center has two interfaces for rich connectivity among other servers and 
support the bandwidth needs of data-intensive applications. The data center architecture we build is symmetric in 
nature and it can get rid of network bottlenecks. We also implemented an efficient routing scheme to make the data 
center more efficient and scalable. The server consume less resources while data forwarding and also avoid table 
lookup on routing [12]. The reminder of the paper is organized as follows. Section II provides review of existing 
literature on the study area. Section III provides the proposed architecture and its functionalities. Section IV presents 
the experimental results while section V concludes the paper.  
 
2. Proposed Architecture for Data Center 

We built a new architecture for data centers to make it highly scalable and efficient with perfect routing 
capabilities. Our work is based on the concepts provided in [9] where reader can find more details of the 
architecture. The devices used in the architecture include n-port switches and dual port servers. The architecture 
looks like 2k columns of switches and servers. The vertical view of the architecture is as shown in figure 1.  

 
Fig. 1 –Vertical view of the architecture (excerpt from [9]) 

The servers are connected like a circle with clockwise and counter-clockwise neighbors. Each server in the network 
can be uniquely identified with unique IDs given to them. The interconnectivity is as simple as the server have two 
ports and switches have n-ports. Thousands of servers and switches can participate in the data center architecture 
which can provide very high range network services and large scale data servers with highest scalability and 
negligible overhead cost when the network needs to be expanded. The expansion is very easy as the off-the-shelf 
commodity servers need to be connected to existing ones without the need for any changes in the existing servers. 
The switches and servers simply accommodate new servers without causing any maintenance cost or even the 
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overhead is negligible on the overall network. The two dimension view of the same architecture is as shown in 
figure 2. 

 
Fig. 2 – Two dimensional view of the architecture (excerpt from [9]) 

 
As can be seen in figure 2, each columncontains 16 servers. Each server has two labels. For instance the first server 
lable is “00” while the last server label is “33”. Thus all the servers and switches are connected in data centers in 
flexible way. The result of this server inter-connectivity is a lost solution for data centers consisting of low cost off-
the-shelf commercial servers and plug and play switches. The whole network is expandable with ease without the 
need for upgrading the equipment in the existing data center. This is the salient feature of the new architecture. 
Moreover, we have implemented a routing algorithm that is suitable to the proposed architecture.  
 
3. Routing Algorithm 

The routing algorithm is meant for efficient communication among the nodes in the data center. Each node serves as 
a data storage and node and also data forwarding node. The algorithm takes many inputs. They are address of the 
server where algorithm runs, address of the destination server, forwarding direction, input parameters such as 
direction consisting of clockwise or counter-clockwise. The default direction is clockwise. The algorithm is shown 
in figure 3. 
 

 
Fig. 3 – Algorithm used in data center 
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As can be seen in figure 3, the algorithm performs its analysis of the parameters sent to it and makes appropriate 
routing decisions automatically. Between source and destination, the nodes can act as intermediate relay nodes. 
They can either store data or forward it to the next intended node as per the routing scheme. The routing scheme is 
highly efficient and it is tailored keeping the new architecture in mind. This algorithm interestingly is not fault 
tolerant. The algorithm for fault tolerant routing is presented in figure 4.  
 

 
Fig.  4–Fault tolerant routing algorithm 

As can be seen in figure 4, the algorithm considers the number of fault nodes as well while making routing 
decisions. It also computes average path length that is used in the algorithm for representing failed nodes. The 
simulations revealed that average path length increases when number of fault servers is more or failed servers are 
more.  
 
4. Results 

We built a custom simulator to demonstrate the efficiency of the new architecture. We made extensive 
simulations on the data center with number of servers and switches. The experiments are made in terms of number 
of failed servers versus path length and number of server columns and path length. The experimental results are 
presented in figure 5 and 6. 
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Fig. 5 –Number of failed serves vs. path length 

 
As can be seen in figure 5, it is evident that the horizontal axis represents the number of failed servers while the 
vertical axis represents path length. As the number of failed servers grow in number, the path length increases. This 
is an important observation which means that the less number of failed servers, the efficient the data center is.  
 

 
Fig. 6 – Number of server columns vs. path length 

As can be seen in figure 6, it is evident that the horizontal axis represents the number of server columns while the 
vertical axis represents path length. The average path length is proportional to number of servers present in columns.  
 
5. Conclusion 

In this paper we studied the problems in existing conventional data centers. The data centers are suffering from in 
scaling up to the network bandwidth requirements when increased number of servers is connected in cost-effective 
fashion. To overcome this problem Liao et al. proposed an architecture that provides scalable and efficient 
interconnectivity among servers involved in data center. We implement the architecture through a custom simulator. 
Our experiments include commercial off-the-shelf servers, and plug and play switches which are cost-effective. The 
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proposed architecture is highly scalable where servers are commodity servers with dual port feature. We also 
implement routing algorithms that meet the new requirements of the data centers. With our architecture, the data 
center becomes highly scalable with best routing performance. We built a custom simulator which demonstrates the 
proof of concept. The empirical results revealed that our architecture is effective and can be used in the real world 
data centers.  
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