
A Survey of Data Center Network Topology Structure 
 

Mingyao Zhao1, Zhijie Han3, Xiaoyu Du1,2* 

1 School of Computer and Information Engineering, Henan University, Henan, China 

2 Henan Province Engineering Research Center of Spatial Information Processing, Henan University, Henan, China 

3 School of Software, Henan University, Henan, China 

zhaomingyao1997@163.com, hanzhijie@126.com, dxy@henu.edu.cn 

 

 

Abstract—In the new application mode, data center network 

(DCN) is faced with many challenges. Firstly, this paper 

introduces the requirements of modern data center network, 

such as network scalability, network fault tolerance, network 

bandwidth, equipment overhead, etc. Then it introduces the 

characteristics of the traditional data center network 

architecture and divides the data center network into two types: 

switch-centered and server-centered. Then, the representative 

structures of the two types of structures are reviewed in detail, 

and the above requirements are compared. Finally, a summary 

of the paper is made and the future development direction is 

pointed out. 

Keywords-Data center network; Structural features; Topology; 

Scalability; Fault tolerance 

I  INTRODUCTION 

Data center network is a network within the data center 
that connects a large number of servers through high-speed 
links and switches. Data center is the center of data 
transmission, computing and storage, and it concentrates 
various hardware and software resources and key business 
systems. Traditional data center networks are usually tree-
like in structure [1]. The total bandwidth of such networks is 
limited by the available bandwidth of the root nodes, which 
become the performance bottleneck of the system and require 
expensive high-end switches to build as the network grows in 
size. In recent years, with the extensive application of virtual 
simulation technology and the development of cloud 
computing and other emerging application modes, the data 
center network has been developing rapidly, and the data 
center network is undergoing profound changes in the aspects 
of composition, structure, function, scale and application 
mode [2][3]. A modern data center can often be tens of 
thousands or even millions of servers. In order to adapt to the 
new requirements of data center network development, many 
new network structures have been proposed successively, 
such as Fat-Tree [4],Clos [5], DCell [6], BCube [7], FiConn 
[8], etc. Different from the traditional data center network, 
these new networks generally have some new features, such 
as providing multi-path connection and sharing network 
resources among multiple users. It is of great significance to 
study and analyze the characteristics of data center network 
to improve the performance of data center network and to 
design a reasonable resource management scheme and 
system [9]. 

This paper analyzes and compares data center network 
requirements, data center network classification and various 
data center network structure performance analysis, so as to 
comprehensively understand the characteristics of data center 
network. 

II DATA CENTER NETWORK REQUIREMENTS 

As data centers gather a large number of services, higher 
requirements are put forward for data center network, and the 
performance of data center network will directly affect the 
operation effect of data center. Compared with traditional 
network, data center network has higher requirements in the 
following aspects: 

1) Network scalability: With the growth of data center 
business, the scale of data center will continue to expand, 
because this requires the network can accommodate more 
routers and switches, and easy to expand, the addition of 
equipment can not affect the performance of existing services. 

2）Network fault tolerance: The topology of data center 

network requires to ensure that there are multiple parallel 
paths between different nodes, reduce single point failure of 
link, make the network have better fault-tolerant performance, 
and ensure service quality. 

3)  Network bandwidth: Due to the huge amount of data 
transmission, the data center requires the network to have 
high bandwidth to meet the demand of high throughput 
transmission. In addition, when there is a large number of 
sudden business, the network needs to automatically achieve 
business diversion. 

4) The equipment cost: The scale of the data center 
network is large, so the construction of the data center needs 
to fully consider the cost issue. 

III DATA CENTER NETWORK CLASSIFICATION 

A. The switch-centric data center network 

The switch-centered data center network is one in which 

switches undertake all routing addressing and forwarding 

functions in the whole data center. 

1) Tree structure 

At present, most of the data center is according to many 
of the root tree structure to deploy, tree structure is the most 
typical switch centered network structure, it is usually 
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divided into two levels or three levels to deploy, in more 
traditional root tree structure, servers are connected to the 
switches on the edge level, boundary level switches to 
connect to the aggregation level switch or directly connected 
to the core level switches, the aggregation level switches 
connected to several core level switches, then through the 
core level switches connected to the Internet. The figure 
below shows a traditional network of data centers with three 
levels and multiple trees. The structure of multiple root trees 
is characterized by clear hierarchy and easy deployment, but 
it has a fatal disadvantage: the entire network is very 
dependent on the switches in the core level, and once a switch 
in the core level fails, thousands of servers will be affected, 
Therefore, the data center network with traditional multi tree 
structure must use large high-end commercial switches as the 
switches of the aggregation level and the core level to ensure 
the stable operation of the entire network as much as possible, 
which makes the cost of the entire network expensive and 
complex. The tree structure as shown in Figure 1.  

 

Figure 1. Tree structure 

2) Fat-Tree structure 

The Fat-Tree [4] structure is a typical improvement of tree 
structure. In fat tree structure, the network topology is still 
divided into three levels, namely core level, junction level 
and access level. However, different from the tree structure, 
the fat tree structure stipulates that an intermediate node can 
have multiple parent nodes, thus increasing the number of 
links between the upper and lower switches and between the 
aggregation level switch and the core switch. In addition, 
switches at the sink level and access level are divided into 
several different domains, and full connection can be realized 
between switch devices at different levels in each domain. 
The topology of fat tree uses two routing tables for two-level 
routing, and each switch has fixed coding rules. From the 

Figure 2 ， Fat-Tree structure will be divided into k 

aggregation level switches and edge switches a pod, each 

within the pod is / 2k  level aggregation switches and / 2k  

level edge switches, each switch port number is k, each level 

edge switches / 2k a switches directly connected with the 

aggregation level, the aggregation level of each switch / 2k  

a switch directly connected with core level, the benefits of 
such connections are greatly enhance the robustness of the 
entire network, regardless of any of the aggregation level and 
core level switch malfunctioned, There are other paths you 
can take. However, although Fat-Tree structure provides 

multiple parallel paths to choose from, the characteristics of 
the Tree structure determine that the communication 
efficiency of the whole network will be affected if the traffic 
of multiple paths in the network is not balanced, which 
indicates that Fat-Tree structure cannot well support 
multicast communication. The Fat-Tree structure as shown in 
Figure 2. 
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Figure 2. Fat-Tree structure 

3) Clos structure 

Since the traditional shortcomings of root tree structure, 
researchers have been trying to transform, one of which is 
Clos [5] network a kind of representative, it is on the basis of 
traditional multiple root tree structure increased the number 
of core level switches, make the next level of a level switches 
and switch are connected in order to increase the robustness 
of the entire network. The Clos structure as shown in Figure 
3. 

 
Figure 3. Clos structure 

B.  The server-centric data center network 
In the server-centered data center network, the server 

undertakes the main interconnection and routing functions, 
while the switch only undertakes the simple vertical and 
horizontal switching functions. The advantage of this is that 
all switches in the network can use the cheap commodity 
switch, which reduces the construction cost of the network in 
the source. 

1) DCell structure 
The DCell [6] structure is a server-centered topology, in 

which the server has the same data forwarding function as the 
switch. DCell topology builds large-scale networks 
recursively through low-end branch switches and multi-port 
servers. In DCell topology, there are two link connection 
modes, that is, server is connected to server, and switch is 
connected to server. There is no interconnection between 
switches. DCell0 is the basic unit for building a DCell 



topology, with each cell acting as a node and acting as the 
basic unit of the next level structure, which ensures that the 
connections at each level are a complete graph. K  represents 
the number of levels of DCell topology, and N  represents 

the number of interfaces of switches in DCell0. A very small 

K  and N  can accommodate a large number of servers, thus 

ensuring the high scalability of the network. DCell is 
composed of 5 DCell0 networks through full connection, and 
the number of DCell0 network servers in the figure is 4, 
usually in the number of servers in DCell0 network is no more 
than 8, so only the 8-port commodity switch with single-port 
bandwidth between 1Gbps and 10Gbps can meet the needs of 
the whole network construction in DCell network. The DCell 
structure as shown in Figure 4. 

  

Figure 4. DCell structure 

2) BCube structure 
BCube [7] is a modular version of DCell that is connected 

in a hierarchy other than BCube0 by a micros witch. It differs 
from DCell in the number of cells per level. If DCell has N  

DCellk-1 in the k level, then there are 1n  DCellk in the 1k    

level. While BCube has the same number of units n at any 

level, it is easy to conclude that BCubek has 1nk  servers (n 

is the number of servers in BCube0). The BCube structure as 
shown in Figure 5. The BCube structure ensures that the 
switch is only connected to the server, and the switch will 
never be directly connected to each other, which enables us 
to regard the switch in the BCube network as a vertical and 
horizontal virtual node connecting to the adjacent servers, 
and the transfer of traffic is mainly done by the server. So if 
use 8-port small switch to build the network, can 
accommodate 4096 servers in a BCube network. Therefore, 
BCube network achieves the goal of using low-end 
commodity switch to build the data center by placing routing 
function on the server. 

 

Figure 5. BCube1 structure 

3)  FiConn structure 
FiConn [8] is also a recursive definition of network 

structure, it and DCell design standards are very similar, but 
they differ in that FiConn structure within the server only two 

ports, and structure DCell k server port number is 1k  , that 

means that Fi Conn structure node degree is always in 2, and 
FiConn link cost is smaller than DCell. The FiConn topology, 
in which switching devices and servers are capable of 
forwarding, was also proposed by Microsoft staff. It is also a 
server-centric topology. Modern commercial server devices 
typically have two Ethernet ports, one for network 
connections and one as a standby port. The core of FiConn 
topology is to realize network interconnection by using 
standby server ports, and to eliminate large-scale high-
performance switching equipment while ensuring good 
network performance, thus saving interconnection cost. 
FiConn adopts a recursive approach, and the high-level 
FiConn structure is constructed from the low-level FiConn 
structure. The low-level FiConn uses half of the available 
standby terminals to achieve interconnection and form a mesh 
structure. The FiConn structure as shown in Figure 6. 

 

Figure 6. FiConn structure 

4) Snow structure 

Snow structure [10] also is a kind of network structure 

of recursive definition, it with a level 0 Snow Snow0 as the 

basic unit for network extension, a level 0 Snow Snow0 is 

composed of n servers connected to a small switches, and 

according to the data center of the relevant literature, n values 

are usually between 3 ~ 8, figure 7 is a Snow0 structure 

diagram, figure in the server is not real link between the 

dotted line, but to expand structure and definition of a virtual 

connection. When expanding from Snow0 to Snow1, first 

break the three virtual connections of Snow0 and connect one 

Snow0 respectively. When connected to the newly added 

Snow0 of the switches and the original Snow0 connected to 

the server, then the connection becomes a real connection, we 

call this the virtual link into a real link connection for the real 

connection, real connection not only emphasizes the real 

existence of link, more important is emphasized the 

connection state transition from virtual to real, so Snow0 

inside the connection between the server and the switch is not 

called it a real connection, Figure 8 is a structure diagram of 

Snow1. 



Figure 8 shows that instead of a full Snow0 being added to 

the broken virtual connection, there is a missing virtual 

connection Snow0, which is defined as a Cell to distinguish it 

from Snow0. There are 6 virtual connections and 6 real 

connections in Snow1. When expanding from Snow1 to 

Snow2, break all virtual connections and real connections and 

add a Cell at the break point, and so on. When expanding 

from Snowk-1 to Snowk, it is necessary to break all virtual 

connections and real connections in Snowk-1 and add a Cell at 

the break point. 

SwitchServer

 
Figure 7. Snow0 structure 
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Figure 8. Snow1 structure 

5) ExCCC-DCN structure 

ExCCC-DCN [11] is for Exchanged Hyper Cube network. 

The ExCCC(Exchanged Cube-Connected Cycles) network is 

a Exchanged topology structure proposed in 2017. It is for 

Exchanged hypercube EH (Exchanged Hyper Cube). EH 

structure is a topological structure proposed in 2005, and EH 

structure is a deformation of Hypercube. According to the 

relevant knowledge of graph theory, a physical network can 

be abstracted into a graph for representation. The rule is that 

a point is used to represent a node in the network and an edge 

is used to represent a link in the network. Considering that 

communication in the network is always bidirectional, 

undirected graph is generally used to represent the structure 

of the network. Then EH can be defined as

   ,  ,    1| , }1{EH s t V E s t   , where s  and t  

represent the scale of EH network, V  represents the set of 

nodes, and E represents the set of edges. Figure 9 is the 

structure diagram of an EH (1,2). 
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Figure 9. EH(1,2) structure 

The rule of EH expansion into ExCCC is to replace each 

point in EH with a ring, thus greatly increasing the capacity 

of the entire network. Similarly, ExCCC network can also be 

defined by an undirected graph, but since each node in EH(S, 

T) is replaced by a ring when the EH network is converted 

into ExCCC network, for an   s t   dimensional EH 

network, its corresponding ExCCC network is an   1s t   

dimensional network. From the definition of nodes, it can be 

seen that in Ex CCC network, the address of each node is 

composed of three parts, and the corresponding length of each 

part is respectively s , t and 1. Moreover, because the 

address of the node is represented by binary number, each bit 

of node address has only two values, namely 0 and 1. 

The E set of edges in ExCCC contains three types of edges, 

which are cycle-edge, Cube-Edge and Exchanged edge 

respectively. Figure 10 is a structural diagram of Ex- 

CCC(1,2). The side represented by the thin solid line in the 

figure is for cycle-edge, the side represented by the thick solid 

line is for cube-edge, and the side represented by the dashed 

line is for exchanged-edge. 
0001;1 0011;1

0001;0 0001;2

0011;2 0011;0
1010;0 1010;1

0010;0 0010;1

0101;1

0101;0 0101;2

0011;1

0011;00011;2

1001;1

1001;0 1001;2

1011;1

1011;2
1011;0

1000;1 1000;0

0000;1 0000;0

1100;1

0100;1

1100;0

0100;0

1101;1

1101;0 1101;2

1111;1

1111;2 1111;0

1110;0

0110;0

1110;1

0110;1

 
Figure 10. ExCCC (1,2) structure 

6) BCCC structure 

The network structure is a recursively defined, new server 

centric network topology. The remarkable advantages of the 

structure are good scalability, small network diameter, and 

high server port utilization [12]-[15]. BCCC is a recursively 

defined structure composed of switches and servers. First, 

connecting n servers to a switch with n port is called an 



element. A BCCC (n, 0) is connected to n switches through 

one element, and a BCCC (n, k) is connected to 
kn  h 

elements through n BCCC (n, k-1). First, need to index n  

BCCC (n, k-1) from 0 to 1n  . Each server in the structure 

is represented as 1 1 0k k ka a a a  ,  0 0, 1a k  ,  0, 1ia n  ,

1 1i k   。In addition to n  BCCC (n, k-1), 
kn  elements 

required to build BCCC (n, k) contain 
1kn 
 servers. These 

servers can also be represented as 1 1 0k k ka a a a  ，

 0, 1ia n  ，1 1i k   。According to the node code, 

1 1 0k k kA a a a a   and 1 1 0' ' ' ' 'k k kA a a a a   belong to 

the same element and 1 1'k ka a   and 'i ia a ， i ，

0 i k  . In general, build a BCCC (n, k), which requires 
1( 1) kk n   dual port servers, ( 1) kk n  n-port switches, and 

1kn 
( 1)k  switches. The BCCC structure as shown in Figure 

11. 
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Figure 11. BCCC structure 

IV PERFORMANCE ANALYSIS OF VARIOUS DATA 

CENTER NETWORK STUCTURES 

A. Network scalability:  

The Tree topology structure adopts vertical way to 
achieve expansion, network expansion capacity is limited by 
the number of ports of high-level network equipment, 
expansion capacity is limited; The topology of fat tree can 
support more servers by means of horizontal expansion, so as 
to meet the expansion requirements of data center. DCell 
adopts recursive method, which can support large-scale 
servers and is convenient for expansion. BCube also adopts 
recursive method, which can carry out modular construction 
and has good network expansibility [16]. FiConn also uses 
recursive method to construct the network topology, and the 
network scalability is good. The snowflake structure also 
adopts recursive topology construction, which can reach the 
number of millions of servers in the later period and can 
support the construction of large and expensive servers. It can 
be seen that the snowflake structure's network scalability is 
very good. The number of Cycle-Edge is the largest among 
all the edges of ExCCC-DCN, so it can be seen that ExCCC-
DCN is very suitable for building a large-scale data center 
network. Moreover, in the whole ExCCC-DCN, the port 

number of each switch is a relatively small constant, and each 
server only needs two ports, so the scalability is very good. 

B. Network fault tolerance: 

 The Tree structure network has poor fault-tolerant 

performance. When the network link or node fails, it is easy 

to separate the network into independent subnets, resulting in 

network paralysis and deterioration. The fat tree network at 

all levels has multiple redundant transmission paths and no 

single point of failure, and has good fault tolerance 

performance. However, the internal fault tolerance 

performance of Pod is poor, and it is more sensitive to the 

fault of the underlying switching equipment [17]. DCell 

adopts recursive definition, decentralization and complete 

interconnection, etc., which can support the fault tolerance of 

routing better. The connection mode and recursive structure 

of BCube enable the modular construction of data center and 

good implementation. BCube performs better than DCell in 

the case of incomplete structure and has the best fault-tolerant 

performance. The FiConn network has multiple parallel links 

between different servers, so the fault tolerance of the 

network is very good [18]. The connection mode and 

recursive structure of the snowflake structure enable the data 

center to be modular, with multiple redundant transmission 

paths, and the routing can easily calculate the path size and 

length, with strong fault tolerance. ExCCC-DCN has very 

low construction cost and energy consumption. 
C. Network bandwidth:  

The traffic distribution of tree topology is not uniform, 

and the core nodes are easy to become the bottleneck of 

network performance. With the expansion of network scale, 

the fat tree structure has higher throughput and can achieve 

load balancing between multiple links in the core level to 

avoid network performance bottleneck. DCell using recursive 

definition, decentralization, fully connected, etc., can well 

support routing fault tolerance, and provide better than tree 

structure and fat tree topology aggregation of bandwidth, but 

the DCell topological defects is uneven distribution of flow, 

the bottom flow rate on the link on the high side, hierarchical 

full connection and server implementation forward capability 

will affect throughput and network latency [19],[20]. BCube 

and FiConn network has a large bandwidth and can meet the 

demand of high throughput transmission of data. The traffic 

distribution of snowflake structure is uneven, and the traffic 

of snowflake structure at the lower level is higher, which will 

affect the throughput and network delay. ExCCC-DCN has 

better fault tolerance. 
D. The equipment cost:  

The high performance requirement of treetop topology 

device results in high device overhead. The network 

equipment of fat tree topology is mostly commercial 

equipment, so the cost of network equipment can be greatly 

reduced. DCell networks replace high performance switches 

with long chains, which leads to increased link overhead. 

FiConn makes full use of the standby port of the server and 

saves some device overhead. The advantage of snowflake 

structure is that the micro-switch replaces the expensive 



switch, so the cost is low. ExCCC-DCN has very low 

construction cost and energy consumption [21-23]. 
E. The managing complexity:  

The traditional tree topology structure is simple and easy 

to implement. Topology rules and symmetry of fat tree 

structure are beneficial to network cabling and automatic 

configuration. The interconnection between each level of 

DCell topology makes the routing complexity too high, 

which is not conducive to automatic configuration, 

management and engineering implementation. DCell 

network replaces high performance switches with long links 

and increases link overhead. There are many switches in 

BCube, so THE cost of routing layout and deployment in 

BCube is relatively high. The complexity of FiConn topology 

wiring is high. If the underlying server and switch fail, the 

level of the snowflake structure may directly reduce one level, 

which will reduce the number of servers by a lot. The 

underlying switch and server are relatively difficult to 

manage, with high management complexity and relatively 

high cost. However, ExCCC-DCN has a complex structure, 

and its wired link deployment mode also has some 

shortcomings. 

Ⅴ     CONCLUSION 

This paper first introduces the status quo of data center 
network, then introduces the requirements of modern data 
center network from several aspects, then introduces the basic 
characteristics of different types of data center network, and 
compares the structure from different aspects. Through 
analysis, it is found that the two types of schemes have their 
own advantages and disadvantages. It is hoped that 
subsequent researchers can propose more new structures with 
high fault tolerance and scalability to promote the 
development of data center networks. This paper is of great 
learning significance for the people who are first exposed to 
the data center network. 
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