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Abstract—Virtual network function (VNF) is the key issue
and can provide various network services and is widely de-
ployed in 5G communication. Routing and VNF deployment for
the VNF service chain (VNF-SC) is a very important and well-
known NP-hard problem. For this problem, if determining the
number and locations of data centers is additionally considered,
it will be more complexity. In this paper, we investigate a
network planning problem by determining all these factors,
i.e, by determining not only the optimal routing and the
optimal VNF deployment for VNF-SCs, but also the optimal
number and locations of data centers. To achieve this purpose,
a three objectives optimization model, which minimizes capital
expenditure, the maximum index of used frequency slots and
the number of deployed VNFs on all data centers, is estimated.
To solve this model efficiency, we integrate three objectives
into one objective by using a weighted sum strategy. Then,
a high-performance memetic algorithm with three populations
(tp-MA), which includes well-designed crossover, mutation, and
local search operators, is proposed. To demonstrate reasonable
of the model and high performance of the designed algorithm,
a series of experiments are conducted in several different
experimental scenes. Experimental results indicate that the
effectiveness of the proposed model and the efficiency of the
proposed algorithm.

Index Terms—5G Network, Datacenter Placement, Multi-
objective Optimization, Memetic Algorithm

I. INTRODUCTION

IN recent years, service providers are facing the problem
to deploying some new network services flexibly and

effectively. To realize this, researchers developed the network
function virtualization (NFV) to satisfy various demands
of users [1], [2]. NFV utilizes virtualization technology to
decouple network functions from dedicated hardware into
virtual network functions so that these functions can run as
software images on commodity hardware as well as custom-
built hardware [3], [4], [5]. With NFV technology, traditional
hardware-based network appliances are replaced by software-
based virtual network functions (VNFs), and VNFs can be
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realized on the datacenters (i.e., VNF service chain, VNF-
SC) [6], [7], [8]. The deployment of new network services
can be easily realized by routing data traffic through a series
of VNFs on datacenters [9], [10], [11]. In general, VNF-
SC has many advantages, such as high bandwidth capacity
and low power consumption [12], [13], [14]. So, VNF-SC is
especially beneficial. However, it is difficult and challenging
to use the VNF-SCs.

Some researches have been done on network planning
problems using the VNF-SCs, which mainly focused on the
VNF-SC routing and VNF deployment problem[15], [16].
However, there are some challenges to serve VNF-SCs. The
widely investigate problems are VNF-SC routing and VNF
deployment To optimize the cost of the VNF deployment,
an integer linear programming model is first established,
and then three heuristic algorithms are proposed to solve
the integer linear programming model effectively [17]. An
efficient algorithm, which is based on the back-to-back
strategy, is designed for the sake of minimizing the total cost
of the energy consumption and the revenue loss due to QoS
degradation [18]. Besides, a heuristic-based algorithm, which
is divided into two sub-algorithms: one-hop optimal traffic
scheduling problem and VNF chain composition problem
is proposed to solve the mixed-integer linear programming
model effectively. Marouen, et al. [19] proposed an algorithm
based on the eigendecomposition for the VNF deployment
in EONs for the sake of respecting user’s requirements and
maximizing provider’s revenue. A strategy, which is based on
graph partitioning game theory, is proposed to improve the
overall allocation performance of deploying service chains
satisfying server affinity, collocation, and latency constraints
[20]. Shohreh et al. [21] formulated the problem of VNF
placement as an integer linear programming model and
proposes a cost-efficient centrality-based VNF Placement
algorithm for the sake of finding the optimal number of
VNFs along with their locations with the provider cost is
minimized. In two domain EONs, literature [22] proposed
an integer linear programming model and designed two time-
efficient heuristics algorithms to minimize the total resource
cost of VNF provisioning. A systematic method to elastically
tune the proper link and server usage of each demand based
on network conditions and demand properties is proposed,
and the importance of the relation between the link and
server usage in VNF placement and path selection problem
is investigated [23]. To minimize the spectrum and the
switch port usage, an integer linear programming model is
established to solve the resource allocation problem in intra-
DC EONs [24]. These studies investigate the routing and
VNF deployment problem for VNF-SC. However, they have
not investigated the DC placement problem. In general, the
location of DC affects on the efficiency of routing and VNF
deployment for VNF-SC. So, not only are routing and VNF
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deployment for VNF-SC investigated, but also DC placement
problem is investigated.

In this paper, we investigate a network planning problem
in EONs by considering all these factors, i.e., we should
determine not only the optimal routing and VNF deployment
scheme for VNF-SC, but also the optimal number and
location of data centers. To handle this problem, we first
set up a three objectives optimization model. Then, these
three objectives are integrated into one by using a weighted
sum method. The major contributions of this study are
summarized as follows:

• Not only the optimal routing and VNF deployment for
VNF-SCs, but also the optimal scheme of data centers
placement is investigated.

• A multi-objective optimization model, which minimizes
the number of placed data centers, the maximum index
of used frequency slots and the number of deployed
VNFs on all data centers, is established.

• We design an effective three population memetic algo-
rithm (tp-MA) with a novel encoding scheme and tailor-
made crossover, mutation and local search operators to
solve the proposed model.

The rest of this paper is organized as follows. Section
II describes the problem formulation, and establishes the
optimization model. To solve the optimization model ef-
fectively, we propose a memetic algorithm with tailor-made
operators in section III. To evaluate the algorithm proposed,
simulation experiments are conducted, and the experimental
results are analyzed in Section IV. The paper is concluded
with a summary in Section V.

II. PROBLEM DESCRIPTION AND MATHEMATICAL
MODELING

A. Problem Description

We can use an undirected graph V = (V,E) to denote
a network, where V = {V1, V2, · · · , VNV

} and NV denotes
the nodes set and the number of the nodes in the network,
respectively. E = {lij |Vi, Vj ∈ V } denotes the link set, and
NE denotes the number of links in the network. If lij = lji =
1, there is a link between Vi and Vj , otherwise, lij = lji =
0. Let F = {f1, f2, · · · , fNF

} denote the set of available
frequency slots (FSs) in each link, and NF be the number of
frequency slots. V NF = {V NF1, V NF2, · · · , V NFNvnf

}
denotes the VNF set that this network can be realized, and
Nvnf is the number of VNFs. Now, given some data centers,
we have to select the same number of nodes in EONs as
the number of given data centers and connect these selected
nodes to the given data centers. In general, each selected
node uniquely connects to one data center and each data
center also uniquely connects to one selected node. In this
way, we can consider this node connected to a data center
as a DC-node which has the all resources and functions of
the data center without any cost.
R = {R1, R2, · · · , Rk, · · · , RNR} denotes a set

of VNF-SCs, where NR is the number of VNF-
SCs, and Rk is the k-th VNF-SC. Rk can be
represented as Rk = (sk, dk, Bk, V NF

I
k , V NF

D
k ),

where sk and dk are the source and destination node.
V NF I

k = {V NF I
k1
, V NF I

k2
, · · · , V NF I

k
NI

k

} and

V NFD
k = {V NFD

k1
, V NFD

k2
, · · · , V NFD

k
ND

k

}. In V NF I
k ,

all the required VNFs are independent and the order of
these VNFs is flexible. However, all the required VNFs in
V NFD

k are dependent. That is to say, VNFs in V NFD
k

can not be arranged freely, they must be arranged in a
special order. Bk = (b0k, B

I
k , B

D
k ), where b0k is the number

of frequency slots occupied by the initial data in Rk.
BI

k = (bIk1
, bIk2

, · · · , bIk
NI

k

) and BD
k = (bDk1

, bDk2
, · · · , bDk

ND
k

)

are the numbers of frequency slots of Rk required to send
the given data. The changed data will continue to be sent
to the next DC-node. Generally, let bIk or bIk denotes the
number of frequency slots occupied by the changed data
after V NF I

kt
or V NFD

kt
is realized. Each frequency slot has

the same bandwidth Cfs, and the capacity of a frequency
slot is ML × Cfs, where ML is the bits per symbol in
a specific modulation level. ML can be assigned as 1, 2,
3 and 4 for different modulation level of BPSK, QPSK,
8QAM and 16QAM. If the modulation level of connection
request Rk is denoted by MLk, the number of frequency
slots b0k of connection request Rk required can be calculated
by

b0k =

⌈
BI

k

MLk × Cfs

⌉
. (1)

where BI
k denotes the number of frequency slots occupied by

the initial data in Rk without modulation level considered.
Since these VNFs must be realized on data centers, the

data center placement scheme should be determined. If the
number of data center is smaller, it will reduce the perfor-
mance of the network, otherwise, it will increase the capital
expenditure. Also, the location of the data centers can also
affect on the performance of the network, so the optimal data
center placement scheme should be determined. To complete
the VNF-SC, we have to do the following things: 1) select
a path from the source node to the destination node to send
the given data i.e., routing. 2) assign which DC-nodes in the
path to realize which VNFs, i.e., VNF deployment. 2) assign
the frequency slots in each link of the path for VNF-SC.

B. Mathematical Modeling

To achieve the some objectives, the optimal schemes
of data center placement, routing, VNF deployment and
frequency slots assignment should be determined. In this
paper, the first objective is minimize the capital expenditure,
that is to say, the should minimize the number of placed data
centers. This objective can be expressed as

minNDC = min

{
NV∑
i=1

xi

}
(2)

where x = (x1, x2, · · · , xi, · · · , xNV
), and xi(i =

1, 2, · · · , NV ) is boolean variable, xi = 1 if and only if there
is a data center connected to node Vi, otherwise, xi = 0.
Since we have NDC ≤ NV , we can normalize NDC by
NDC/NV . Then we have 0 ≤ NDC/NV ≤ 1 and the
objective can be re-expressed as

min f1 = min

{
1

NV

NV∑
i=1

xi

}
(3)

The second objective is minimize the maximum index of
the used frequency slots to serve all the VNF-SCs, that is to
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say, the should minimize the number of data centers. This
objective can be expressed as

minNU
F = min

{
max
lij∈E

n(Flij )

}
(4)

where n(Flij ) is the maximum index of used frequency slots
on link lij of Rk. Note that NU

F ≤ NF . We can normalize
NU

F by NU
F /NF . Thus, we have 0 ≤ NU

F /NF ≤ 1. So this
objective can be expressed by

min f2 = min

{
NU

F

NF

}
(5)

The third objective is minimize the number of deployed
VNFs on all data centers. If λi denotes the number of
deployed VNFs on node Vi, this objective is

minN I
vnf = min

{
NV∑
i=1

xiλi

}
(6)

Note that λi ≤ Nvnf and NDC ≤ NV . We can normal-
ize N I

vnf by N I
vnf/(Nvnf × NV ). Thus, we have 0 ≤

N I
vnf/(Nvnf ×NV ) ≤ 1. So this objective can be expressed

by

min f3 = min

{
N I

vnf

Nvnf ×NV

}
(7)

Now we integrate the three objectives into one to be
minimized as follows

min f = min

{
α
NU

F

NF
+ β

NU
F

NF
+ γ

N I
vnf

Nvnf ×NV

}
(8)

where α, β and γ are three weights to adjust the importance
of the three objectives, and we have 0 ≤ α, γ, δ ≤ 1,
α + γ + δ = 1. Since 0 ≤ f1, f2, f3 ≤ 1, thus, 0 ≤ f ≤ 1.
The objective should be made under some conditions. These
conditions constitute the constraints of the problem as fol-
lows:
Constraint (a): The number of DC-nodes should be not be
greater than the number of nodes in EONs and not less than
ndc. That is

ndc ≤ NDC =

NV∑
i=1

xi ≤ NV , (9)

Constraint (b): Each VNF service chain Rk(∀Rk ∈ R) must
occupy one and only one path. That is,

NQ
k∑

q=1

λqk = 1, ∀Rk ∈ R (10)

where Qk = {Q1
k, Q

2
k, · · · , Q

NQ
k

k } is the set of candidate
paths for the VNF-SC Rk with NQ

k being the number of
candidate paths. λqk is a boolean variable, and λqk = 1 if and
only if the path Qq

k is occupied by Rk, otherwise, λqk = 0.
Constraint (c): Each VNF of Rk(∀Rk ∈ R) required can only
be deployed in one datacenter. We can express this constraint
by ∑

vi∈V q
k

ψi
kt = 1, ∀V NFkt ∈ (V NF I

k ∪ V NFD
k ) (11)

where ψi
kt is a boolean variable, ψi

kt = 1 if and only if the
V NFkt is deployed in Vi, otherwise, ψi

kt = 0. V q
k denotes

the set of datacenters in path Qq
k.

Constraint (d): VNFs on the datacenters, which connect to
the nodes of each candidate paths in Qk, can satisfy the
specific order of the VNFs in V NFD

k . That is

V NFD
ka
∈

∪
vi∈V q

k (bD)

V NFvi , ∀⟨V NFD
ka
, V NFD

kb
⟩ (12)

where ⟨V NFD
ka
, V NFD

kb
⟩ represents that V NFD

ka
should be

implemented before V NFD
kb

. V q
k (b

D) denotes the set of data
centers in path Qq

k (the order of data centers in V q
k (b

D) is
the same as that of data centers appeared in path Qq

k), and
these data centers must be located in front of the data center
that V NFD

ka
is deployed in.

Constraint (e): Assuming that lij and li′j′ are two different
links on the path of Rk(∀Rk ∈ R) occupied, the index of
the first frequency slot, which are assigned to Rk on lij and
li′j′ , must be identical. This can be given by

fkij = fki′j′ , ∀rk ∈ R (13)

where fkij and fki′j′ are the index of the first frequency slot
that Rk occupied on link lij and li′j′ , respectively.
Constraint (f): We must assign consecutive frequency slots
to Rk(∀Rk ∈ R). We can express this constraint by

fk
ij+Bk+GF−1∑

u=fk
ij

ϕq,uk,ij = Bk +GF, ∀rk ∈ R (14)

where ϕq,uk,ij is a boolean variable. ϕq,uk,ij = 1 if and only if
the u-th frequency slot on link lij of path Qq

k is occupied by
Rk, otherwise, ϕq,uk,ij = 0. GF is the number of guaranteed
frequency slots.
Constraint (g): For any two VNF-SC Rk and Rk′ which
occupy the same link lij , if the start frequency slot index
of Rk is smaller than that of Rk′ , this case is denoted by
Rk ≺ rk′ . Then these two VNF-SC should satisfy

fkij +Bk +GF ≤ fk
′

ij , ∀Rk ≺ Rk′ (15)

Based on above objectives and constraints, we can set up
a global constrained optimization model as follows:

min f = min

{
α

NU
F

NF
+ β

NU
F

NF
+ γ

NI
vnf

Nvnf×NV

}
s.t.

(a)ndc ≤ NDC =
NV∑
i=1

xi ≤ NV ;

(b)
NQ

k∑
q=1

λqk = 1, ∀Rk ∈ R;

(c)
∑

vi∈V q
k

ψi
kt = 1, ∀V NFkt ∈ (V NF I

k ∪ V NFD
k );

(d)V NFD
ka
∈
∪

vi∈V q
k (bD) V NFvi , ∀⟨V NFD

ka
, V NFD

kb
⟩;

(e)fkij = fki′j′ , ∀rk ∈ R;

(f)
fk
ij+Bk+GF−1∑

u=fk
ij

ϕq,uk,ij = Bk +GF, ∀rk ∈ R;

(g)fkij +Bk +GF ≤ fk′

ij , ∀Rk ≺ Rk′ ;
(16)

The problem of data center placement, routing, VNF de-
ployment and spectrum assignment for VNF-SC in EONs is
a hardest combinatorial optimization problems. The existing
algorithms cannot be applied directly, and are necessary to
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make some improvements or revisions. To solve the global
constrained optimization model established, we propose an
efficient algorithm and denote it as tp-MA (three-population
Memetic Algorithm).

III. PROPOSED TP-MEMETIC ALGORITHM

Memetic Algorithm have been proven to be an effective
technique for many hard problems[25], [26]. However, it
is not suitable to directly apply the algorithms mentioned
above to the problems of VONs mapping in EONs, and it
is necessary to make some improvements or revisions on
them. In this section, we will describe the proposed tp-
MA detailed, which includes encoding scheme, crossover
operators, mutation operators and local search operators.

A. Encoding scheme

Note that there are four necessary steps to solve the prob-
lem: 1) determining the scheme of the data center placement;
2) routing; 3) VNF deployment; 4) spectrum assignment. It is
much easier to assign spectra using first fit strategy [27] than
using the method with encoding. Thus, we do not encode in
the step of spectrum assignment. Therefore, it only needs
to encode for the solutions in steps 1, steps 2, and steps 3.
So it is necessary and reasonable to use three populations,
i.e., data center placement population, routing population and
VNF deployment population.

In data center placement population, each individual
presents a data center placement scheme. We assume that
x = (x1, x2, · · · , xNV ) is an individual in data center
placement population. We have xi = 1(1 ≤ i ≤ NV ) if
and only if a data center connect to node vi.

Similar to data center placement population, each in-
dividual in routing population presents a routing scheme.
Qk = {Q1

k, Q
2
k, · · · , Q

q
k, · · · , Q

NQ
k

k } denotes the candidate
paths set of VNF-SC Rk which is calculated by K-Dijkstra
algorithm in advance, where NQ

k is the number of the
candidate paths and Qq

k is the q-th path. We assume that
y = (y1, y2, · · · , yNR) is an individual in path selection
population. yk = q if and only if Rk occupies the path Qq

k.
Each individual in VNF deployment population presents

a VNF deployment scheme for all the VNF-SC. We assume
that z = (z1, z2, · · · , zNR) is an individual in VNF deploy-
ment population, where zk represent the VNFs in V NF I

k

and V NFD
k deployment schemes of Rk, respectively. ND =

max1≤k≤NR
{N I

k , N
D
k }. As shown in Fig.1, it denotes a

VNF deployment scheme for a VNF-SC. The first column
denotes the scheme of VNF deployment of dependent VNFs
for R1. Three VNFs are deployed on the V2, V2 and V4. The
second column denotes the scheme of VNF deployment of
independent VNFs for R1. These two VNFs are deployed on
the V4 and V5. Similarly, the third and forth columns are the
scheme of VNF deployment of VNFs for R2.

B. Crossover Operators

Since three different populations exist, three different
crossover operators are presented to solve the optimization
model effectively. Algorithm 1 is used to generate offspring
for the datacenter placement individuals. Offspring for rout-
ing individuals are generated by Algorithm 2. Algorithm

ü
ý
þ

S
ch
em
e
o
f
V
N
F
d
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m
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t

1R 2R 3R 4R

Fig. 1. An example of encoding scheme for VNF deployment

3 is used to generate the new VNF dependent individuals.
These three crossover operators have an advantage that the
offsprings obtained by them are all the feasible solutions.

Algorithm 1: Crossover operator for datacenter place-
ment individual
Input: Individual x in datacenter placement population,

minimum number of datacenters ndc
Output: Offspring xc obtained by crossover operator

1 Two individuals x′ and x
′′

are selected randomly.

2 Let A = xTx′ and C = x
′′T
x′,

xA = diag(A),xC = diag(C);
3 for k = 1, 2, · · · , NV do
4 if rand() ≤ 0.5 then
5 xci = xAi

∨
xCi ;

6 else
7 xci = xAi

∧
xCi ;

8 end
9 end

10 if diag((xc)T (xc)) ≤ ndc then
11 Let n

′

dc =
∑NV

i=1 x
c
i ;

12 An integer n is generated randomly, and
ndc ≤ n ≤ NV ;

13 n′ = n− n′

dc;
14 Q denotes a indexes set that the elements are zeros

in xc;
15 Generate a permutation of Q randomly, and denote

is as Per;
16 xcPer(1:n′) = 1;
17 end

C. Mutation Operators

Similar to the crossover operator, we also design three
mutation operators to generate new individuals. Algorithm
4, which used to generate offspring, is the mutation operator
for data center placement individuals. Offspring for routing
individuals are generated by mutation operator in Algorithm
5. As shown in Algorithm 6, the mutation operator is used
to generate the new VNF dependent individuals. These three
mutation operators have an advantage that the offsprings
obtained by them are all the feasible solutions.
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Algorithm 2: Crossover operator for the routing individ-
ual
Input: Individual y in routing population
Output: Offspring yc obtained by crossover operator

1 An individual y′ = (y′1, y
′
2, · · · , y′NT

) is selected in the
population;

2 Let A = yT y′, and C = diag(A)
3 for k = 1, 2, · · · , NR do
4 y

′

k = mod(Ck, N
Q
k ) + 1;

5 if f(x, y, z) ≤ f(x, y′, z) then
6 y

′

k = yk;
7 end
8 end

Algorithm 3: Crossover operator for VNF deployment
individual
Input: Individual z in VNF deployment population
Output: Offspring zc obtained by crossover operator

1 Let zc = z, An individual z′ = (z′1, z
′
2, · · · , z′NR

) is
selected in the population;

2 for k = 1, 2, · · · , NR do
3 η is generated randomly, and 0 ≤ η ≤ 1;
4 if η ≤ 0.5 then
5 zck(:, 2× k)↔ z

′

k(:, 2× k);
6 else
7 zck(:, 2× k + 1)↔ z

′

k(:, 2× k + 1);
8 end
9 if f(x, y, z) ≤ f(x, y, zc) then

10 if rand() ≥ exp(f(x, y, z)− f(x, y, zc)) then
11 zc = z;
12 end
13 end
14 end

Algorithm 4: Mutation operator for data center place-
ment individual
Input: Individual x in datacenter placement population
Output: Offspring xm obtained by mutation operator

1 for i = 1, 2, · · · , ⌊NV /2⌋ do
2 x′i = xNV −i;
3 end
4 An integer p is generated randomly in [1, NV ];
5 Let A = xTx′, and xm = A(p, :);
6 if

∑NV

i=1 x
m
i < ndc then

7 Let n
′

dc =
∑NV

i=1 x
m
i ;

8 An integer n is generated in [ndc, NV ];
9 n′ = n− n′

dc;
10 Q denotes a indexes set that the elements are zeros

in xm;
11 Generate a permutation of Q randomly, and denote

is as Per;
12 xmPer(1:n′) = 1;
13 end

Algorithm 5: Mutation operator for routing individual
Input: Individual y in routing population
Output: Offspring y′ obtained by mutation operator

1 for k = 1, 2, · · · , NR do
2 y′k = NQ

k − yk;
3 end
4 Let A = yT y′, and C = diag(A)
5 for k = 1, 2, · · · , NR do
6 y′k = mod(Ck, N

Q
k ) + 1;

7 end

Algorithm 6: Mutation operator for VNF deployment
individual
Input: Individual z in data center placement population
Output: Offspring z′ obtained by mutation operator

1 Let z′ = z;
2 for k = 1, 2, · · · , NR do
3 η is generated randomly, and 0 ≤ η ≤ 1;
4 if η ≤ 0.5 then
5 An integer µ is generated randomly, and

1 ≤ µ ≤ ND
k ;

6 A node ω, which satisfy the relationship of
dependent in paths’ set, is selected;

7 z
′

k(µ, 2× k)← w;
8 else
9 An integer µ is generated randomly, and

1 ≤ µ ≤ N I
k ;

10 A node ω is selected;
11 z

′

k(µ, 2× k − 1)← w;
12 end
13 if f(x, y, z) ≤ f(x, y, z′) then
14 if rand() ≥ exp(f(x, y, z)− f(x, y, zc)) then
15 zc = z;
16 end
17 end
18 end

D. Local Search Operator

Local search is an important operator in memetic algo-
rithm, and it can help to get more precise solutions. In
this paper, a local search operator, which can accelerate
the convergence and enhance the searching ability of the
proposed algorithm, is designed. Three local search operators
for data center placement individual, routing individual and
VNF deployment individual are shown in Algorithm 7,
Algorithm 8 and Algorithm 9.

E. Fitness Function

Fitness function is an indicator which can evaluate the
quality of individuals. In general, a fitness function is derived
from the objective function of the programming model. We
establish a global optimization model. So, we use formula
(17) to define the fitness function to measure the quality of
individuals. Since all the individuals are feasible solutions,
the smaller the value of its fitness function is, the better the
quality of the individual will be.
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Algorithm 7: Local search operator for the data center
placement individual
Input: Individual x in datacenter placement population
Output: Offspring xl obtained by local search operator

1 xl = x;
2 if rand() ≤ 0.5 then
3 NDC =

∑NV

i=1 xi;
4 if NDC ≤ ndc then
5 Q denotes an index set that the elements is 0 in

x;
6 Generate a permutation of Q, and denote is as

Per;
7 An integer num is generated, and

1 ≤ num ≤ NV −NDC , xlPer(1:num) = 1;
8 else
9 if rand() ≤ 0.5 then

10 Q denotes an index set that the element is 0
in x;

11 Generate a permutation of Q, and denote is
as Per;

12 An integer num is generated, and
1 ≤ num ≤ NV −NDC , xlPer(1:num) = 1;

13 else
14 Pos = [ind1, ind2, · · · , indNDC

] denotes an
index set that the element is 1 in x;

15 Generate a permutation of Pos, and denote
as Per;

16 An integer num is generated, and
1 ≤ num ≤ NDC − ndc, xlPer(1:num) = 0;

17 end
18 end
19 else
20 An integer num is generated, and 1 ≤ num ≤ NV ;
21 for i = 1, 2, · · · , NV do
22 if rand() ≤ 0.5 then
23 xl(mod(i+ num,NV ) + 1) = xi;
24 else
25 xl(mod(i+NV − num,NV ) + 1) = xi;
26 end
27 end
28 end

Algorithm 8: Local search for the routing individual
Input: Individual y in routing population
Output: Offspring yl obtained by local search operator

1 yl = y; num = randint(NV );
2 if rand() ≤ 0.5 then
3 for i = 1, 2, · · · , NR do
4 yl(mod(i+ num,NV ) + 1) = yi;
5 end
6 else
7 for i = 1, 2, · · · , NR do
8 yl(mod(i+NV − num,NV ) + 1) = yi;
9 end

10 end

Algorithm 9: Local search operator for VNF deployment
Input: Individual z in the population
Output: Offspring zl obtained by mutation operator

1 Let zl = z;
2 for k = 1, 2, · · · , NR do
3 η is generated randomly, and 0 ≤ η ≤ 1;
4 if η ≤ 0.5 then
5 An integer µ is generated randomly, and

1 ≤ µ ≤ ND
k ;

6 A node ω, which satisfy the relationship of
dependent in paths’ set, is selected;

7 zlk(µ, 2× k)← w;
8 else
9 An integer µ, ν is generated randomly, and

1 ≤ µ ≤ N I
k ;

10 zlk(µ, 2× k − 1)↔ zlk(ν, 2× k − 1);
11 end
12 if f(x, y, z) ≤ f(x, y, zl) then
13 if rand() ≥ exp(f(x, y, z)− f(x, y, zc)) then
14 zc = z;
15 end
16 end
17 end

f(x, y, z) = α
NU

F

NF
+ β

NU
F

NF
+ γ

N I
vnf

Nvnf ×NV
(17)

IV. EXPERIMENTS AND ANALYSIS

To demonstrate the effectiveness and efficiency of the
proposed algorithm, several experiments are conducted, and
the results are presented in this section. In section IV-A,
the parameters used in the algorithms will be given. Exper-
imental results are presented in section IV-B. Finally, the
experimental analysis is given in section IV-C.

A. Parameters Setting

In the experiments, two widely used networks are used,
i.e., NSFNET with 14 nodes and 21 links and US Backbone
with 27 nodes and 44 links, respectively[28], [29]. We
assume that each frequency slot is 12.5 GHz. There are Nvnf

= 8 VNFs, and each VNF-SC has 1-5 VNFs to realize. Each
VNF-SC requires frequency slots satisfy uniform distribution
in [5, 10], and Each link has 1000 frequency slots, i.e., NF

= 1000. In proposed three populations memetic algorithm
(we denote it as tp-MA), following parameters are chosen:
population size Ps = 100, crossover probability pc = 0.8,
mutation probability pm = 0.1, maximum iterations Gmax =
1000, number of elites is 10.

B. Experimental Results

By our knowledge, there is no existing algorithm focusing
on the problem of data center placement, we compare the
proposed algorithm with the other two algorithms, which
investigate path selection and VNF deployment for VNF-
SC in EONs. The one is modified by the algorithm proposed
in literature [7](briefly LBA), and the other one is LF-LBA,
which includes the least fist strategy and LBA algorithm. In
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this way, we can make comparisons between the proposed
algorithms and these two efficient algorithms. Besides, to
demonstrate the proposed tp-MA can solve the global op-
timization model effectively, two recent algorithms, which
denoted by CDFO[30] and EGO[31], are selected to compare
with tp-MA.

To demonstrate the performance of proposed model and
algorithm, we design two experimental scenes. In the first
scene, we fixed the number of datacenter as NDC = NV /3
and NDC = 2NV /3, respectively. Fig.2 and Fig.3 show
the results obtained in NSFNST topology and US Backbone
topology when α = 0, β = 1, γ = 0. Fig.4 and Fig.5 show
the results obtained in NSFNST topology and US Backbone
topology when α = β = 0, γ = 1. Fig.6 and Fig.7 show
the results obtained in NSFNST topology and US Backbone
topology when α = β = γ = 1/3. In each experiment,
number of VNF-SCs are set as NR = ωNV (NV − 1), and
ω = 0.25, 0.5, 1, 2 and 4, respectively.

In the second experimental scene, the number of datacen-
ters is not fixed, and the number of VNF-SCs are set as NR =
ωNV (NV −1), where ω = 0.25, 0.5, 1, 2 and 4, respectively.
Fig.8 shows the results obtained in NSFNST topology and
US Backbone topology when α = 0, β = 1, γ = 0. Fig.9
shows the results obtained in NSFNST topology and US
Backbone topology when α = β = 0, γ = 1. The results
obtained in NSFNST topology and US Backbone topology
when α = β = γ = 1/3 are shown in Fig.10.
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Fig. 2. Results obtained in NSFNET when α = 0, β = 1, γ = 0.

C. Experimental Analysis

In the first experimental scene, the experimental results
obtained by the proposed algorithm (tp-MA) and four com-
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Fig. 3. Results obtained in US Backbone when α = 0, β = 1, γ = 0.
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Fig. 4. Results obtained in NSFNET when α = β = 0, γ = 1.

pared algorithms are shown in Fig.2 to Fig.7. The exper-
imental results are shown in Fig.2 and Fig.3 in NSFNET
and US BackBone when α, β and γ are selected as 0,
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Fig. 5. Results obtained in US Backbone when α = β = 0, γ = 1.
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Fig. 6. Results obtained in NSFNET when α = β = γ = 1/3.

1 and 0, respectively. Thus, the objective function is to
minimize the maximum index of used frequency slots. From
the experimental results, we can see that the tp-MA can
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Fig. 7. Results obtained in US Backbone when α = β = γ = 1/3.
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Fig. 8. Results obtained when α = 0, β = 1, γ = 0.

obtain better results than the four compared algorithms.
The objective obtained by the tp-MA is 5.2%-6.8% less
than those compared algorithms when the number of VNF-
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Fig. 9. Results obtained when α = β = 0, γ = 1.
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Fig. 10. Results obtained when α = β = γ = 1/3.

SCs is 0.25NV (NV − 1). When the number of VNF-SCs
is 4NV (NV − 1), the objective obtained by the proposed

algorithms is 10.5%-13.4% less than those obtained by
compared algorithms. That is to say, the proposed algorithm
can obtain a smaller maximum index of used frequency slots
and save more frequency slots used than the four compared
algorithms with the increase of the number of VNF-SCs. In
general, the least first strategy can decrease the maximum
index of used frequency slots. However, VNF dependency
makes it disabled. So, LBA can obtain better results than LF-
LBA in some cases, and LF-LBA is better than LBA in other
scenarios. With the high-performance crossover, mutation
and local search operator, tp-MA can find optimal data center
placement, routing and VNF deployment schemes to serve
all the VNF-SCs. So, tp-MA can obtain a better solution
than the four compared algorithms. Also, when the number
of data centers is NDC = 2NV /3, the value of objective
function obtained is smaller than that obtained when the
number of data centers is NDC = NV /3 for the same
number of VNF-SCs. When the number of data centers is
NV /3, it will result that some links occupied by a large
number of VNF-SCs became key links. So, the frequency
slots used are imbalanced on different links. The VNF-SCs
are deployed on different links balanced when the number
of data centers is 2NV /3. So, the maximum index of used
frequency slots and the number of frequency slots used are
small.

Fig.4 and Fig.5 show the experimental results in NSFNET
and US BackBone when α, β and γ are selected as 0, 0 and
1, respectively. Thus, the objective function is to minimize
the number of deployed VNFs on all data centers. The
objective obtained by the tp-MA is 2.7%-4.2% less than
those obtained by compared algorithms when the number
of VNF-SCs is 0.25NV (NV − 1). When the number of
VNF-SCs is 4NV (NV − 1), the objective obtained by the
proposed algorithms is 5.1%-6.9% less than those obtained
by compared algorithms. That is to say, proposed algorithm
tp-MA can obtain a smaller number of deployed VNFs on
all data center and save the number of deployed VNFs on
all datacenter than the four compared algorithms with the
increase of the number of VNF-SCs. Also, when the number
of data centers is NDC = 2NV /3, the value of objective
function obtained is smaller than that obtained when the
number of data centers is NDC = NV /3 for the same
number of VNF-SCs.

The experimental results are shown in Fig.6 and Fig.7
in NSFNET and US BackBone when α, β and γ are all
selected as 1/3. Thus, the objective function is to minimize
the number of placed datacenters, the maximum index of
used frequency slots and the number of deployed VNFs on
all datacenters. Similarly, we can see that the tp-MA can
obtain better results than the four compared algorithms. The
objective obtained by the tp-MA is 4.0%-7.1% less than those
obtained by algorithms LBA and LF-LBA, respectively when
the number of VNF-SCs is 0.25NV (NV − 1). When the
number of VNF-SCs is 4NV (NV −1), the objective obtained
by the proposed algorithms is 8.7%-14.2% less than those
obtained by algorithms LBA and LF-LBA, respectively. The
proposed algorithm tp-MA can obtain a smaller number of
placed datacenters, the maximum index of used frequency
slots and the number of deployed VNFs on all datacenters.
Besides, it can decrease the number of placed datacenters,
the maximum index of used frequency slots and the number
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of deployed VNFs on all datacenters than the four compared
algorithms with the increase of the number of VNF-SCs.
Also, when the number of data centers is NDC = 2NV /3,
the value of objective function obtained is smaller than that
obtained when the number of data centers is NDC = NV /3
for the same number of VNF-SCs.

V. CONCLUSION

In this paper, we investigate a resource allocation problem
by considering all these factors, i.e., we should determine
not only the optimal routing and VNF deployment scheme
for VNF-SC, but also the optimal number and location of
data centers. To minimize the number of placed data centers,
the maximum index of used frequency slots and the number
of deployed VNFs on all data centers, we first set up a
three objectives optimization model. Then, three objectives
are integrated into one objective by using a weighted sum
method. To solve the model efficiency, a high performance
three populations memetic algorithm, which includes well-
designed crossover, mutation, and local search operators,
is proposed. To demonstrate reasonable of the model and
high performance of the designed algorithm, a series of
experiments are conducted with several different scenes.
Experimental results demonstrate that the proposed algorithm
has a higher performance than the compared algorithms.
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