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Abstract—Network services have been significantly increased
in today’s enterprise networks. The time and cost of deploying
these services are recently considered as critical challenges for
enterprise networks. Network Functions Virtualization (NFV) is
a promising solution to offer cost-efficient, scalable and more
rapid deployment of such services. It allows the implementation
of fine-grained services as a chain of Virtual Network Functions
(VNFs). These chains need to be placed in the network. The
chain placement is critical since it effects on both quality of
service (QoS) and the provider cost. This paper formulates the
problem of VNF placement and chaining as an Integer Linear
Program (ILP) and proposes a Cost-efficient Centrality-based
VNF Placement and chaining algorithm (CCVP). The objective
is to find the optimal number of VNFs along with their locations
in such a manner that the provider cost is minimized. Apart from
cost minimization, the support for large-scale environments with
a large number of servers and end-users is an important feature
of the proposed algorithm. Finally, the algorithm behavior is
analyzed through simulations.

I. I NTRODUCTION
Computer network services are nowadays considered as a
key component in keeping the network running at all times.
To provide various network services, telecommunication
service providers network includes a number of middleboxes.
They can support various types of functions (e.g., Firewalls,
Network Address Translators (NATs), load balancers and
Intrusion Detection Systems (IDSs)) and for this reason middleboxes are important for network operators.
By increasing network requirements in both scale and
variety, service providers have to add new middleboxes and
upgrade already existing middleboxes continuously. A recent
research shows that the number of different middleboxes in
enterprise network is comparable to the number of physical
routers [1]. However, adding and updating middleboxes comes
out with high Capital Expenditures (CAPEX) and Operational
Expenditures (OPEX).
To address these issues, Network Functions Virtualization
(NFV) [2] [3] has been proposed to transform middleboxes
from specialized hardware appliances to software running on
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inexpensive, commodity hardware (e.g., x86 servers with 10Gb
NICs) [4].
NFV-based (i.e., software-based) middleboxe is a good
solution to reduce CAPEX, as network operators do not
longer need to buy specialized hardware. In addition, softwarebased middleboxes can be deployed and managed dynamically
without necessary network administrators to reduce OPEX [3].
In addition to improving OPEX and CAPEX costs, NFV gives
an opportunity to network operators to manage their network
functions easily. The software-based middleboxe is referred to
Virtual Network Functions (VNFs) in NFV terminology that
can run on the top of a virtualized infrastructure.
In order to use VNFs, they can be placed on computational
nodes (e.g., servers, switches, data centers) that meets their
resource demands. The computational nodes must provide
NFV Infrastructure (NFVI) functions to support the execution
environment. The placed VNFs can be also chained together
to provide a required service.
Placement and chaining of the VNFs can affect both quality
of service (QoS) and cost. For this reason, placement and
chaining of the VNFs has recently attracted both network
providers and researchers.
In this paper, the cost includes the license, computing
and communication cost. Where the license cost includes
instances and sites license and it is computed based on the
number of utilized VNF instances and sites (i.e., the servers).
The computing cost includes the cost of running VNFs on
servers and communication cost is defined as the sum of the
bandwidth used by the chains in the network. Although, some
studies (e.g., [1]) consider the cost of transferring, booting and
attaching a VM image to devices before deploying a VNF, we
do not need to consider this cost in our work as we assume
that the network provider is owner of NFVI.
The VNF placement and chaining problem in this paper is
defined as follow: consider a chain of VNFs which should
be placed on a given NFVI for the requested traffic (flows)
from different sources and destinations. In order to minimize
the overall cost four metrics should be considered: (i) how to
find the optimal number of VNFs instances (ii) how to find

