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Abstract: The internet now plays crucial roles such as
streaming videos, social networking, managing large scientific
data. There is a need for high-speed Internet. The volume of data
handled by the data centers is increasing very rapidly. Hence, the
need to handle data center traffic effectively becomes inevitable.
At present, the government office network uses a data center
network design based on Fat-Tree that employs high-end IP
switches. Unfortunately, the resulting network performance has
delays of more than 0.06 ms, throughput of about 500 kbps, and
packet loss rate is 2. This research introduces BCube to re-design
and improve network performance (i.e., delay, throughput, and
packet loss). Through this research, we propose a new data center
design in the government office that improves the network
performance significantly, with delays less than 0.004 ms,
throughput more than 515 kbps, and packet loss rate 0, two–three
percent better compared to the Fat-Tree data center network
design that contributes significantly to the data center operations
in the government office and its overall business performance
through the data center network design.
Keywords: Data Center Networks Design,
Performance, Delay, Throughput, Packet loss

Network

I. INTRODUCTION
The needs of the data center are driven by the various uses
of cloud computing that have led to the use of smartphones
and tablets, as well as devices and sensors connected to the
internet. Therefore, with more and more data being
generated, a data center facility that is capable of handling
large amounts of data is required. Some companies such as
Facebook, Google, and Amazon already have a massive data
center facility to support their services and their colocation
facility stores business applications from companies around
the world. It takes more than nine hectares to place several
rack servers. As predicted by the Cisco Global Cloud Index
[1], global data center traffic is rising at an annual rate of
27%, and by the end of 2021, it will have reached 19.5
zettabytes. Current IT trends have led to the concepts of
social networking, openness, sharing, collaborations, mobile,
easy maintenance, one-click, distribution, scalability,
concurrency, and transparency. A data center is a facility
used for the placement of several physical server collections,
including a virtual machine and data storage system. The
development of a data center itself is very advanced, as

shown by the establishment of many data center service
provider companies. Data center networks are an important
part of big data computing and processing systems that
require high bandwidth communication and scalability
between servers [2]. The government office uses a high-end
IP switch/router with a Fat-Tree data center network design at
present. The performance of the existing data center network
design can only produce about 1.35 terabits, more than 40
terabits of available aggregate bandwidth capacity in the
government office data center network, non-uniform
bandwidth between data center nodes will complicate the
design of the application and limit the overall capacity of the
data center. However, there are two perceived shortcomings
with the implemented Fat-Tree model that have not been
expected by the government office. Based on the KPI
performance that has been approved by the government
office [3], the data center network is underperforming. Based
on data from the government office data center networks that
show an average delay of more than 0.006 ms, a throughput
of about 500 kbps, and a packet loss rate is 2, this result
necessitates research that can contribute to a re-design of the
data center to improve network performance. In this research,
BCube [3–5] data center network architecture is selected to
solve the network performance issue. Some studies regarding
data center network design develop data centers based on
BCube [6–9]. BCube is a server-centric data center network
design in which the server is a critical component for
forwarding data, connectivity switches are elementary,
servers have better forwarding functions, and bandwidth
consumption does not oversubscribe. The server-centric data
center topology has high scalability, symmetry, and
uniformity [11]. Most server-centric data center designs are
defined recursively, which means that high-level structures
grow from some of the low-level structures recursively. This
kind of topology has advantageous features for designing
global layered indices. Hence, this research is focused on
improving the network performance at the government
office, so that the design of the data center network can be
optimal, and the network performance will be improved for
the government office’s data center. In this work, the
researchers will re-design the data center in the government
office using a modification of the traditional data center
based on BCube, with the following contributory changes:
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 Introducing a new design of the BCube data center
network combined with Fat-Tree
 Improving network performance on delay,
throughput, and packet loss, in particular
The above contributions will have a high impact on the
data center network in the government office. They will offer
an excellent network performance and implement a new
design of the BCube data center.
II. RELATED WORKS
Research by [8] and [12] introduced a new method known
as BCube Connected Crossbars (BCCC), incorporating the
advantages of server-centric networks while removing
BCube’s limitations. BCCC can be built using dual-port
commodity servers and switches, making it a cost-effective
network solution for large-scale data centers. Another feature
of BCCC that it is easy to expand from an existing data center
to a larger data center without modifying the existing
topology.
These two research studies addressed three key points.
First, they introduced how to build BCCC and provided
detailed schemes for servers and switches in BCCC. Second,
they proposed three efficient routing algorithms for unicast,
broadcast, and multicast. Third, they provided a
comprehensive comparison between BCCC and some
famous structures in terms of design and capital expenditure.
Another research [10] has proposed a cost-effective data
center with good scalability named Hyper-BCube by
combining DCell and BCube designs to overcome the
limitations of each design.
A study [13] on the classic design of BCube explained
that all servers are not connected directly to other servers.
This is also valid for switches; that is, switches are not
connected to other switches. By placing the switch in the
middle of the server, communication can be achieved
between the servers.
Judging from the classic design of this BCube, the
interconnection bandwidth (IBW) is very low, resulting in the
data flow from different nodes on the data center network,
such as server to server (srv-srv), switch to switch (swc-swc),
and server to switch (srv-swc) and vice versa. On the other
hand, the enterprise switch provides many one-gigabit ports
and several 10-gigabit ports at high speed. It should be noted
that the classic BCube design uses only a one-gigabit port.
With the modification proposed by researchers in the
classic BCube design, one-gigabit ports are replaced by 10
gigabits at high speed, which will be used for interconnection
between different switch layers, modified in various
horizontal, vertical, and hybrid forms. This modification only
adds additional links without adding a switch or router, to
increase the IBW between switches on the classic BCube
design. The performance is improved with the new design
(horizontal and hybrid-BCube) compared to the classic
BCube design.
Many research efforts focused on evaluating DCNs
architectures using IP communication. Fat-Tree and BCube
architectures have been evaluated in a study [14] using the
nix-vector protocol [15] with IP addresses. BCube performs
better than Fat-Tree in both metrics average packet delay and
average throughput due to its network architecture,
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characterized by the presence of several possible paths for
sending traffic flows.
A method [16] is focused on aggregating an uncertain
incast transfer and minimizing the amount of caused network
traffic. Prior approaches, relying on deterministic incast
transfers, remain inapplicable. A review of this paper takes
the first step toward the study of aggregating uncertain incast
transfers and proposing efficient approaches from two
aspects, that is, the initialization of uncertain senders and
incast tree building.
A study based on a comparison between Fat-Tree and
BCube [17] conducted performance evaluations between the
two using the IPv4 protocol. The results of the research
indicated that BCube architecture has a better performance
than the Fat-tree for throughput and packet delay.
Studies with data center architecture performance
analysis using content-centric communication (CCN) [18]
performed comparisons between NDN and IP-based
communication and found that Fat-Tree can offer a better
communication performance. Their simulation results
showed that NDN outperforms IP in terms of average packet
delay and throughput. This is mainly due to the in-network
cache mechanism allowed by the content store (CS) structure
held on each content node.
A research focused on a comparison between Fat-Tree,
DCell, and BCube [19] and demonstrated that BCube
recovers better if the connection fails, but DCell is better if all
the switches are down. For the failure of the connection,
BCube retains at least 84% of its servers when 40% of its
connections are broken, compared to 74% in DCell since
BCube uses a redundant interface system as a server-based
network.
Throughput is an important indicator of the quality of
network performance. The throughput shows the success rate
of sending packets from one point on the network to another.
[20].
III. DATA CENTER NETWORKS DESIGN
A. Fat-Tree Data Center Network Design
A fundamental class of universal routing network called
Fat-Tree [21] allows for the interconnection of commodity
switches and hosts. Several decades ago, Charles Clos
designed a network topology known as the Clos network that
ensures high bandwidth for end devices using smaller
commodity switches that are interconnected together [22].
The Fat-Tree data center network design adopted by Al-Fares
et al. [4] can be seen as an interplay of these two fundamental
concepts. In Fat-Tree [4], network elements follow the
hierarchical organization of network switches in four layers,
namely, core switch, aggregation switch, edge switch, and
end-host layers. In a k-ary Fat-Tree, there are (k/2)2 k-port
switches in the core switch layer. Below the core switch
layer, there are k pods, where k = recursion depth, enumerated
from pod 0 to pod k - 1. Each core switch has one port that is
connected to each of the k pods. Within each pod, there is an
aggregation switch layer and edge layer, each containing k/2
switches. Each k-port switch in the edge layer is connected to
k/2 end hosts.
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The remaining k/2 ports of each edge switch are
connected to the k/2 of the k ports of each aggregation switch.
The number of end hosts that the architecture can support is
k3/4.
The Fat-Tree data center network design also
incorporates several improvements to achieve better
performance and fault-tolerance, such as two-level table
routing, flow scheduling, flow classification, and
Bidirectional Forwarding Detection. An illustration is
depicted in Figure 1 with k = 4.
Figure 2: BCube Data Center Network Design with n = 4
and k = 4
IV. RESEARCH METHODOLOGY

Figure 1: Fat-Tree Data Center Network Design with k =
4
B. BCube Data Center Network Design
The BCube data center network design is a recursive
structure by nature [5]. For example, a BCube1 is constructed
from n BCube0 and n n-port switches. In a more general form,
a BCubek (k  1) is constructed from n BCubek-1S and nk
n-port switches. A BCube0 contains n servers that are
connected to an n-port switch. For each server in a BCubek,
there are k + 1 ports, enumerated from level-0 to level-k. A
BCubek has N = nk + 1 servers and k +1 level of switches.
Each level contains nk n-port switches. The switches are
denoted in the form of < l, sk-1 sk-2 … s0 >, where l(0  l  k) is
the level of the switch and (sj  [0, n - 1], j 2 [0, k - 1]) allows
the enumeration of a unique address for each switch. Each
server in a BCubek is enumerated using the addressing
scheme as ak, ak – 1 … a0 (ai  [0, n - 1], i  [0, k]). To
construct a BCubek, first, enumerate the n BCubek – 1S from 0
to nk - 1. Next, enumerate the servers in each BCubek - 1 from
0 to nk - 1, as the number of servers is equal to nk. To connect
the switches to the servers, the level-k port of the i-th server (i
 [0, nk - 1]) in the j-th BCubek - 1 (j  [0, nk - 1]) is connected
to the j-th port of the i-th level-k switch.
The core of the BCube data center network design is its
server-centric network structure, where servers with multiple
network ports connect to multiple layers of switches. Servers
act not only as end hosts but also relay nodes for each other.
In Figure 2, the BCube data center network design with n = 4
and k = 1 is illustrated.

This research methodology includes the re-design and
simulation of the new data center network design, consisting
of four phases. The first phase is the current data center
network analysis and the second phase is the literature of
studies on and data collection of the new design data center
network in the government office based on BCube. The third
phase is the process of designing a new data center network
based on BCube. Finally, the last phase is the simulation and
evaluation of the data center network in the government
office based on BCube. The diagram in Figure 3 illustrates
how this research process works.

Figure 3: Research Methodology
A. Requirement Analysis Data Center Network
Existing
The initial phase of this research starts with an analysis of
the existing data center network requirements, improving
communication between servers and switches, and vice
versa, and determining the technical objectives. The
reciprocity of this research is to design a data center that has
high availability and improved network efficiency for the
government office. This data center currently uses the
Fat-Tree design.
B. Study Literature and Data Collection
The second phase in this research, literature analysis, is
conducted to collect the data needed from numerous studies
on the BCube data center network design. Further, the
average data delay, packet loss, and throughput from the
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current data center network in the government office were
included in the data collection.
C. Plan of New Data Center Network Design Based on
BCube for the Government Office
The third phase is the process of redesigning the current
data center network in the government office that is based on
Fat-Tree to replace it with a data center network design based
on BCube. This phase involves selecting the flow of data
traffic used during the simulation.

the path information embedded in the packet header. In this
scenario, the server/host in the architecture of the BCube data
center becomes very dominant compared to the switch.

D. Experiment on and Evaluation of Data Center Based
on BCube
The final phase of this research involves experimenting with
and evaluating the new data center network based on BCube
using the ns-3 [23] software. The specifications of the PC
used are stated in Table 1.
Table 1: PC specification
No

Hardware

Specification

1

Memory

16 GB 2400 MHz DDR4

2

CPU

Intel Core i7-8750, 2.20
GHz Gen 8

3

Graphics

Intel UHD Graphics 630
1536 MB

4

Operating System

Ubuntu 18.04 64 bits

Figure 5: New Data Center Network Design Based on
BCube in the Government Office
B. Experimental Simulation Results
The researchers use the ns-3 software in this simulation
and run with the metrics shown in Table 2.
Table 2: Comparison of the Simulation Setting for the
Fat-Tree and BCube Data Center Network Designs

V. EXPERIMENTS

Parameters

A. Experimental Design
The first trial in the design process for the new data center
is conducted on the ns-3 simulator. It begins by setting the
network data center architecture, either Fat-Tree or BCube,
and further attempting to add several links to the switch from
each server, and vice versa. The researchers measure the
network output (delay, packet loss, and throughput). The
delay is defined as the result of the difference between the
time received and delivery, while packet loss is the class that
counts the number of packets lost. This class records the
packets lost in a sequence number using the client/server
transmission. Any packets beyond a given timeframe are
deemed lost. Throughput is the number of packets received at
a specific time. The simulation flow of this research is shown
in Figure 4.

Fat-Tree

BCube

100 sec

100 sec

1024 bytes

1024 bytes

1 Mbps

1 Mbps

Random selection of
two hosts and sending
data between them

Random selection of
two hosts and sending
data between them

Traffic flow pattern

Exponential random

Exponential random

Routing protocol

Nix-vector protocol

Nix-vector protocol

n varied (2–12)

K = 2, n varied (2–12)

Simulation time
Packet size
Data rates between
switches
Communication
pattern

Variable parameter

The average delay simulated in the design of the Fat-Tree
data center network is observed to increase the first time and
the average delay is 0.00682375 ms with switches (k) = 2 and
servers = 2. On the other hand, the average delay in the design
of the BCube data center network is 0.00288266 ms and so
on. The delay from BCube is more stable than Fat-Tree.
Similar to Fat-Tree, the delay will increase at the beginning
of the simulation as the host will first scan the server
information. However, BCube does have a smaller delay than
Fat-Tree. The average packet delay in the BCube design is
0.004 ms based on the measurement results. The simulation
results using ns-3 are summarized in Table 3.

Figure 4: Simulation Flow
As shown in Figure 5, additional links from each server
connect with the top-of-rack (ToR) switch. Data traffic on a
data center is expected to increase the network efficiency of
the data center with additional connections. In this
simulation, the BCube design runs by sending information to
the BCube ID. The source obtains the routing path based on
the source-destination BCube IDs and writes all path
information into the packet header. It is submitted based on
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Table 3: Comparison of the Simulation Result of Delay,
Packet Loss, and Throughput of the Fat-Tree and BCube
Data Center Network Designs
Data
Center

Fat-Tree

Average
Average
Packet Throughput
loss rate
(kbps)
0
494.714

Switches

Servers

Average
Delay (ms)

2

2

0.00682375

4

16

0.00635411

0

503.975

6

54

0.00669762

0

505.415

8

128

0.00664817

0

513.236

10

250

0.00659701

0

509.127

12

432

0.00672581

2

514.322

2

2

0.00288266

2

509.828

4

16

0.00373647

0

515.159

6

54

0.0044258

0

515.487

8

128

0.00486099

0

509.772

10

250

0.00491856

0

510.288

12

432

0.00499315

0

513.938

BCube

Figure 7: Comparison of the Fat-Tree and BCube Data
Center Network Designs for Average Throughput

The average delays in the Fat-Tree and BCube data center
network designs are shown in Figure 6.

As the number of servers increases, the throughput increases.
One of the reasons why BCube performs better in all the
network performance parameters is because its network
architecture has multiple possible paths to send a network
element traffic flow. This will bring about lesser traffic
congestion and make more bandwidth available.
Additionally, servers in the BCube data center network
design act as relay nodes and help each other to speed up
packet routing and traffic flow, thus resulting in improved
network performance in comparison to the Fat-Tree data
center network design. As for the Fat-Tree data center
network design, the consistent overall performance is due to
the fundamental properties of Fat-Tree networks that were
theoretically proven to be very efficient for the network
interconnection. One may also argue that to a large extent, the
network performance of both data center network designs is
independent of the size of the data center networks. The
results in the present study have shown that the BCube data
center network design performs slightly better than Fat-Tree
in terms of average delay and packet loss, while for the seems
to be fairly constant.
VI. CONCLUSION

Figure 6: Comparison of the Fat-Tree and BCube Data
Center Network Designs for Average Delay
BCube’s average delay packet produces fewer values
than the Fat-Tree, indicating that BCube’s data transfer is
faster compared to Fat-Tree. Meanwhile, the packet loss rate
observed using Fat-Tree is 2. It is high and increases with the
number of servers. In the case of BCube, the loss of packets is
0, which is expected to enhance the performance. This
appears to be the expected behavior because each pair of
nodes has a particular path in Fat-Tree, and thus, the path will
be less dense. From the simulation results, the throughput in
BCube reaches 515.159 kbps with switches = 6 and servers =
54 while in Fat-Tree, it reaches 505.145 kbps. The Fat-Tree
and BCube simulations are started with switches = 2, servers
= 2, level 1, and so on. Figure 7 shows that the average
throughput seems to be constant between Fat-Tree and
BCube.

This research compares the current network architecture
of the data center network in the government office that is
based on Fat-Tree with BCube. Through this research, the
comparative network performance of Fat-Tree and BCube
data center network architectures is reported. The simulation
result shows that the average delay and packet loss is two
three percent and offers better performance. The average
throughput seems to be relatively constant between BCube
and Fat-Tree.
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