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Network function virtualization (NFV) can provide the resource according to the request and can improve the flexibility of the
network. It has become the key technology of the next-generation communication. Resource scheduling for virtual network
function service chain (VNF-SC) mapping is the key issue of the NFV. Aiming at previous research primarily focused on
constructing service paths with a single objective, for example, latency minimization, cost minimization, or load balance, which
ignored the overall performance of constructed service paths, a multiobjective model, which minimizes benefit, expense, time
delay, and load balance, to solve the service path constructing problem, is established. In this model, VNF-SCs are divided into
two classes, i.e., part of the required VNFs in each VNF-SC is dependent, and others are independent. To solve this
multiobjective model, an algorithm based on discrete difference brain storm (MO2DBS) in the framework of MOEA/D was
proposed. In the new algorithm, a two dimensional integer coding is designed. In addition, a difference mutation was used to
replace the original Gaussian mutation to adjust the mutation step adaptively. Simulation experiments show that the proposed
algorithms can obtain higher benefit, load balance, lower expenses, and time delay than the compared algorithms.

1. Introduction

Network function virtualization (NFV) [1–3] proposes the
concept of “softwarization,” which decouples network
functions from customized hardware devices and uses vir-
tualization technology to build software units. Through the
deployment and combination of VNF, diversified service
customization can be realized. Compared with the tradi-
tional middlebox approach, NFV enables flexible develop-
ment, deployment, and migration of network functions,
thus effectively reducing the cost of equipment investment.
Combined with SDN (software defined network) [4, 5] tech-
nology, the management program on the upper layer of the
controller is adopted to control the network, which further
improves the manageability and reduces the operation and
maintenance cost [6, 7].

In NFV architecture, in order to meet diversified applica-
tion requirements and realize on-demand service customiza-
tion, the controller needs to implement the service routing

algorithm to map each service in the demand to the node that
can carry the service in order to build an end-to-end data path,
so that the network flow is processed by the required service in
turn [8]. This kind of directly connected sequence composed of
nodes and links is called service path, which traverses the whole
network to meet specific function and performance require-
ments. This problem is called service path construction
problem, and the ordered service sequence contained in
application request is called service chain. In the process of
constructing the service path, the following problems need to
be solved [9]: (1) the execution of the service requires comput-
ing and storage resources, and the transmission of data requires
bandwidth resources. Under the condition of limited resource
capacity, how to allocate resources efficiently to map more ser-
vice chains. (2) Service providers need to pay for rented
resources to build service paths according to the users’ demands
and provide customized services to users through the service
paths to obtain benefits. Therefore, costs and benefits need to
be included in the evaluation system, and how to effectively rent
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resources should be considered to reduce costs and improve
benefits. (3) A service instance can be deployed on any network
node. The location of the service bearer node affects the trans-
mission delay and link resource usage of the service path, the
performance affects the processing delay of the service instance,
and the available resources affect the capacity of carrying the
service. Therefore, it is necessary to solve the problem of how
to choose among many candidate service instances and con-
struct the optimal service path [10, 11].

Since service path construction is an NP-hard problem
[12–14], the research work has been mainly focused on
designing heuristic algorithms to obtain approximate opti-
mal solutions. Literature [15] proposed a layered graph to
solve the problem of service execution sequence. The
method of constructing service step search graph, which
ensured the service execution sequence and also took into
account the problem of excessive use of resources, is pro-
posed [16]. Literature [17] used the reciprocal of the avail-
able resource capacity to reset the weights of hierarchical
graph edges and proposed a load balancing algorithm.
Literature [18] proposed a heuristic algorithm based on
dynamic programming to achieve the balance between cost
and performance through the dynamic orchestration of
VNF. Literature [19] proposed a mapping algorithm based
on service chain decomposition, so that VNF based on the
same implementation technology can be preferentially
interconnected and mapped to the same server, thus effec-
tively reducing the overall cost. Literature [20] maps topol-
ogy fragments to candidate servers in data centers by
requesting topology segmentation and uses virtual gate-
ways to construct service chain diagrams to realize traffic
aggregation, so as to solve cross-domain service chain
mapping problems. Literature [21] studied the mechanism
of network function division, description, and combination
under SDN architecture and proposed a node-first algo-
rithm. This literature builds the security service path
through the flexible combination of VNF, so as to provide
customized security services.

These studies have been explored from different perspec-
tives, but they may be aimed at minimizing overhead, mini-
mizing end-to-end delay, or load balancing. Few studies
have been able to comprehensively consider the construction
of a service path that not only optimizes delay and cost but
also balances load. Aiming at previous research primarily
focused on constructing service paths with a single objective,
for example, latency minimization, cost minimization, or
load balance, which ignored the overall performance of con-
structed service paths, a multiobjective model, which mini-
mizes benefit, expense, time delay, and load balance, to
solve the service path constructing problem, is established.
In this model, VNF-SCs are divided into two classes, i.e.,
part of the required VNFs in each VNF-SC is dependent,
and others are independent. To solve this multiobjective
model, an algorithm based on discrete difference brain storm
(MO2DBS) in the framework of MOEA/D was proposed. In
the new algorithm, a two dimensional integer coding is
designed. In addition, a difference mutation was used to
replace the original Gaussian mutation to adjust the
mutation step adaptively. Simulation experiments show

that the proposed algorithms can obtain higher benefit,
load balance, lower expenses, and time delay than the
compared algorithms.

2. Multiobjective Service Path Building Model

2.1. Network Model

2.1.1. Physical Network. The topology of the physical network
can be described as a weighted undirected graph, denoted as
GS = ðNS, LS, AS

N , AS
LÞ, where NS and LS denote the set of

nodes and links in the network, respectively. AS
N denotes the

resource property of node nS in NS, including the available
CPU capacity CðnSÞ of the node and the service set SðnSÞ =
Sk that can be provided by the node nS. The processing time
of the service sk in Ns denoted as dskðnsÞ, per time unit CPU

capacity, is cS. AS
N denotes the resource property of the link,

including the link available bandwidth BðlSÞ, transmission
delay DðlSÞ, and unit bandwidth resource cost bS. The set of
all acyclic paths in the physical network is represented as ΠS.
The set of acyclic paths between any two nodes nSi and
nSj ∈N

S is marked as ΠSðnSi , nSj Þ. pS represents a acyclic path
in the physical network, and HðpSÞ denotes the length of path
pS, i.e., hop number. As shown in Figure 1, S1~S4 in physical
network nodes represent the services that nodes can instanti-
ate, the numbers inside nodes represent the current available
computing capacity of nodes, and the numbers on links repre-
sent available bandwidth and transmission delay.

2.1.2. Service Request. A service request represents a user’s
specific functional and resource requirements in the form of
a logical service path, whose topology can be described as a
weighted directed graph labeled as GR = ðNR, LR, RR

N , RR
LÞ.

The directivity of an edge represents a constraint on the execu-
tion order of a service instance.NR = fnR0 , nR1 ,⋯,nRc , nRc+1g rep-
resents a collection of logical path nodes. nR0 and nRc+1 denote
the source node and the destination node, respectively. c repre-
sents the number of services required. LR = f<nR0 , nR1>,<nR0 ,
nR1>,⋯,<nRc , nRc+1 > g denotes a set of logical links. RR

N denotes
the collection of requirement attributes of node nRi , service
needs SðnRi Þ, computing capacity requirements μðSðnRi ÞÞ, the
rental unit computing capacity required to pay fees cR, etc. Sim-
ilarly, RR

L denotes the collection of requirement attributes of
link lR; it consists of the bandwidth requirement ðlRÞ and the
charge for renting unit bandwidth bR. Each service request
can be represented by the triplet SRðGR, ta, tdÞ, where ta
indicates the arrival time of the request and td indicates the
duration of the request. As shown in Figure 1, for service
request SR1, A and G represent the source node and destina-
tion node, respectively, S1~S3 within logical nodes, A, B, and
C represent the required service, the numbers inside the nodes
represent the computing power demand, A~G represent the
underlying network nodes, and the numbers on the logical link
represent the bandwidth required for data transmission. In
addition, the dotted arrows in Figure 1 represent the mapping
of services. Dashed lines between A and G indicate that there is
no mapping between nodes.

2 Wireless Communications and Mobile Computing



2.2. Formula Description. SC = SðnR1 Þ, SðnR2 Þ,⋯, SðnRc Þ denotes
the service chain required in the service request; each remain-
ing logical node represents a required service except the source
node and the destination node. Service path to complete the
build process can be described as after receiving the user’s ser-
vice request, the service is mapped to the controller; in turn,
SC can provide the service and computing ability to meet the
demand of the underlying nodes. At the same time, in the ser-
vice load between the nodes to establish and meet the corre-
sponding optimal underlying path bandwidth demand, it
ensures that the data flows on the path pass through the
service instances agreed on the SC and finally build an end-
to-end service path that meets the requirements of specific
functions, performance, and latency. If the path does not exist,
the request is rejected.

2.2.1. Objective Function. A single service path built for a
service request needs to achieve the following goals:

(1) Profit. Similar to literature [5, 13], the revenue obtained
by the service provider for successfully constructing a service
path for a service request is equal to the sum of the fees paid
by the users for renting computing resources and bandwidth
resources, as defined below:

R SPð Þ = 〠
nr∈NR

μ S nR
� �� �

cR + 〠
lr∈LR

μ lR
� �

bR: ð1Þ

The cost paid by a service provider to successfully con-
struct a service path for a user is equal to the sum of the

computing resources of the underlying node and the band-
width resources of the underlying link, as defined below:

C SPð Þ = 〠
nr∈NR

μ S nR
� �� �

cR + 〠
lr∈LR

〠
PS∈ML lRð Þ,ls∈PS

μ lR
� �

bR: ð2Þ

The profit of the service request is the revenue minus to
the cost; thus, the profit can be defined as

P SPð Þ = 〠
lr∈LR

μ lR
� �

bR − 〠
lr∈LR

〠
PS∈ML lRð Þ,ls∈PS

μ lR
� �

bR: ð3Þ

Since PðSPÞ < RðSPÞ, thus, we can normalise the objec-
tive as follows:

min f1 = min P SPð Þ
R SPð Þ

� �
: ð4Þ

According to the definition, we can see that 0 ≤ f1 ≤ 1.

(2) Transmission Delay. The end-to-end delay of the service
path represents the time taken by the data flow from the
source node to the destination node and is composed of
the execution delay of the service instance on the service
path and the transmission delay of the communication link,
as defined below:
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Figure 1: Examples of physical network and service paths.
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D SPð Þ = 〠
nR∈NR

〠
nS∈MS S nRð Þð Þ

dS nRð Þ − 〠
lr∈LR

〠
PS∈ML lRð Þ,ls∈PS

d lS
� �

:

ð5Þ

Another variable is defined:

D′ SPð Þ = 〠
nR∈NR

〠
nS
dS nRð Þ − 〠

lr∈LR
〠
ls∈PS

d lS
� �

: ð6Þ

Obviously, we have DðSPÞ <D′ðSPÞ; thus, 0 ≤ f2 =DðSPÞ
/D′ðSPÞ ≤ 1. The second objective is defined as

min f2 = min D SPð Þ
D′ SPð Þ

( )
: ð7Þ

(3) Load Degree. When constructing the service path, besides
the functional requirements of the service, the load of the ser-
vice bearing node and its adjacent links should be considered
to map the service and logical links to the resource-rich under-
lying nodes and links as far as possible. Load degree (LD) mea-
sures the resource usage and load of a service path. The
definition of the load intensity of the bottom node nRik in the
service path is as follows:

LDnRik
= 〠

S nRð ÞanRik∈Mik

μ S nR
� �� �

C nRik

� � ,∀nRik ∈N
SP: ð8Þ

The load intensity of a node takes into account the available
computing capacity of the node and the computing capacity
demand of the service. According to Formula (3), its value
ranges from 0 to 1. The smaller the value is, the more likely it
is to map services to this node, and the more beneficial it is
to load balancing of the underlying node. Based on the idea
of node load intensity, the load intensity of link Sl in the service
path is defined as follows:

LDlRik
= 〠

PS∈ML lRð Þ,lRik∈PS ,

μ lR
� �

B lRik

� � ,∀lRik ∈ L
SP: ð9Þ

The load intensity of the service path SP is defined as

LD SPð Þ =wN 〠
nSik

∈NSP

LDnSik
+wL 〠

lSik∈L
SP

LDlSik
, ð10Þ

wherewN andwN are the two weight parameters used to adjust
the load intensity of nodes and links, and 0 ≤wN ,wN ≤ 1 and
wN +wN = 1. Similarly, another variable is defined:

LD′ SPð Þ = 〠
nSik

∈NSP

LDnSik
+ 〠

lSik∈L
SP

LDlSik
: ð11Þ

Obviously, we have LDðSPÞ < LD′ðSPÞ; thus, 0 ≤ f3 = LD
ðSPÞ/LD′ðSPÞ ≤ 1. The third objective is defined as

min f3 = min LD SPð Þ
LD′ SPð Þ

( )
: ð12Þ

2.2.2. Constraints

(1) For computing resource constraints, ensure that the
resources available on the underlying nodes can
meet the needs of executing the service instance:

〠
u∈NR

xS uð Þ
i μ S uð Þð Þ ≤ C ið Þ,∀i ∈NSP: ð13Þ

The xSðuÞi value is 1 if the service SðuÞ required by the log-
ical node u is mapped to the underlying node i, and other-
wise is 0

(2) Bandwidth resource constraints ensure that the
bandwidth available on the underlying link is suffi-
cient to bear the logical link mapped to

〠
lv,u∈LR

yuvij μ lu,vð Þ ≤ B li,j
� �

,∀li,j ∈ LSP: ð14Þ

If the underlying link Li,j carries the logical link Lu,v, the
yuvij value is 1. Otherwise, the value is 0

(3) The service-to-underlying node mapping constraint
ensures that services in the same service request
can be mapped to only one underlying node.

〠
i∈NS

xS uð Þ
i = 1,∀u ∈NR ð15Þ

(4) The underlying node hosts constraints on services,
and one underlying node can host multiple services
for the same service request.

〠
u∈NR

xS uð Þ
i ≤ λ,∀u ∈NSP ð16Þ

(5) Connectivity constraints on logical links to mapped
underlying network paths:
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〠
Li, j∈LSP

yuvij − 〠
Lj,i∈LSP

yuvji = xS uð Þ
i − xS vð Þ

i ,∀i ∈NSP ð17Þ

(6) End-to-end latency constraint ensures that the end-
to-end latency of service paths meets the service level
agreement (SLA) requirements.

〠
u∈NR

〠
i∈NSPxS uð Þ

i dS uð Þ ið Þ
+ 〠

lu,v∈LR
〠

Li, j∈LSPyijdli, j
≤Dmax ð18Þ

(7) Variable’s constraints:

∀i ∈NS,
u ∈NR,
xSi uð Þ ∈ 0, 1f g
∀Li,j ∈ L

S,

Lu,v ∈ L
R,

yuvij ∈ 0, 1f g

ð19Þ

3. Multiobjective Discrete Difference Brain
Storm (MO2DBS)

In recent years, BSO, as a new swarm intelligence optimiza-
tion algorithm, has attracted extensive attention of many
scholars. BSO and its improved version have been success-
fully applied in some fields, for example, satellite formation
optimization [22], BRUShless DC motor optimization [23],
image processing [24], and route planning [25]. On the basis
of BSO, scholars at home and abroad derived different brain-
storming optimization algorithms based on its clustering,
selection, mutation, and other methods, which improved
the performance of the algorithm [26]. BSO has the follow-
ing four methods to select individuals to be mutated: (1)
select a class according to roulette probability, and select
the class center of the class as individuals to be mutated.
(2) A class was selected according to the roulette probability,
and a random individual in the class was selected as the indi-
vidual to be mutated. (3) Two classes were randomly
selected, and the class centers of the two classes were fused
to become individuals to be mutated. (4) Two classes were
randomly selected, and one individual was randomly
selected from each of the two classes and fused into the indi-
vidual to be mutated. Select the fusion process in the opera-
tion by pressing the following formula:

y = r · x1 + 1 − rð Þ · x2, ð20Þ

where y is the individual to be mutated after the fusion of
two individuals, x1 and x2 are the two individuals receiving

fusion, and r is a random number from 0 to 1 that adjusts
the weight of two individuals.

The mutation operation will add disturbance quantity to
the individual to be mutated, which is called the mutation
step size in this paper. Gaussian mutation is carried out
as follows:

yd = xd + ξ ·N μ, σð Þ, ð21Þ

where yd is the d-dimension of the new individual, xd is
the d-dimension of the individual to be mutated, and
Nðμ, σÞ is a Gaussian random number whose mean value
is ¦ I and variance is ¦O. The calculation formula of coefficient
of variation is as follows:

ξ = log sig 0:5emax − e
k

� 	
× rand ð Þ, ð22Þ

where emax is the maximum number of iterations, e is the
current iteration number, k is the coefficient regulating the
slope of the S-type transfer function log sigðÞ, and rand ðÞ
is a random number between 0 and 1.

At the beginning of human brainstorming, everyone’s
ideas are very different. When creating new ideas, take into
account the differences between the existing ideas. There-
fore, difference variation is used to determine the variation
step. The mutation operation based on differential variation
is as follows:

y =
R × Hd − Ldð Þ + Ld , rand ðÞ < pr ,
x + R: × xa − xbð Þ, else,

(
ð23Þ

where Ld and Hd are the boundary values of the search
space, pr means that there is a certain probability to get a
random new individual, and xa and xb are any two different
individuals in the population.

Differential variation has two advantages over Gaussian
variation. On the one hand, the operation of Gaussian vari-
ation includes logsigðÞ function, Gaussian distribution func-
tion, random function, and four mixed operations, while
difference variation only has random function and four
mixed operations, which greatly reduces the amount of
computation. On the other hand, the step size of differential
variation is based on the contemporary population and
adaptively adjusts according to the dispersion degree of indi-
viduals in the population: there is a larger step size when the
population is dispersed, and a smaller step size when the
population is concentrated. The mutation step size is con-
firmed in real time according to the population feedback,
and the algorithm can capture the search feature better.

4. Experiment and Analysis

4.1. Experimental Setting. The underlying network topology
is randomly generated by GT-ITM tool, which contains 50
nodes and about 130 links. The computing capacity of the
bottom node and the bandwidth of the bottom link are
evenly distributed [50,100], and the cost of unit computing
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resource cS and bandwidth resource bS are 1. The number of
service types supported by the underlying network is set to
10. Each underlying node provides one to five service types
randomly. According to literature [5, 24], the processing
time of a service instance depends on the type of the service
and the processing capacity of the network node. The trans-
mission delay of the underlying link is proportional to the
Euclidean distance between the two endpoints of the link,
which is set according to the above principle and ranges
from 1 to 10 time units.

The arrival process of service requests obeys the Poisson
distribution, with an average of four requests arriving within
100 time units, and the duration of each service request
obeys an exponential distribution with an average of 1000
time units. The service chain is composed of four services,
the service type is random and nonrepetitive, the computing
power required by each service is evenly distributed in
[1, 50], and the bandwidth required by logical link is evenly
distributed in [1, 50], and the charges cR and bR for unit
computing power and unit bandwidth are both 1. The
maximum allowable end-to-end delay Dmax is set to 100
time units. The time of each simulation experiment was
about 50000 time units, and the data were recorded every
4000 time units from the 2000 time unit. Each group was
set up for 10 simulation experiments, and the experimental
results were averaged.

The population size was set as 100, the upper limit of
iterations was set as 10000, and the weight parameters
wN and wL of load intensity in Equation (10) are set as
0.5 and 0.5.

4.2. Experimental Results. To demonstrate the performance
of the proposed algorithm, three compared algorithms are
introduced. The first literature [27] proposes a novel algo-
rithm to map NSCs to the network infrastructure while
allowing possible decompositions of network functions.
The algorithm is based on integer linear programming
(ILP) which minimizes the cost of the mapping. To solve
the scalability issue of the ILP formulation, it targets to min-
imize the mapping cost by making a reasonable selection of

the network function decompositions, represented as DSBM.
Similarly, literature [28] proposes a novel backtracking heu-
ristic algorithm for virtual network composition. Based on
this algorithm, two approaches with two different objectives
are presented. The first approach (Backtracking-CR) was
aimed at composing a virtual network using the least
amount of network resources, while the second (Backtrack-
ing-LB) applies load balancing for virtual network composi-
tion. Furthermore, a linear programming approach that
optimizes the virtual network composition with an objective
of using the least amount of network resources is presented
and used to bench mark the heuristic algorithm.

The number of data center nodes is fixed as ND =NV /5,
ND = 2NV /5, ND = 3NV /5, and ND = 4NV /5. In each experi-
ment, number of VNF-SCs is set as NR = ρNVðNV − 1Þ, and
ρ = 0:25, 0.5, 1, 2, and 4, respectively. Figures 2–5 show the
profit obtained in NSFNET and CHNNET when ND =NV /5,
ND = 2NV /5, ND = 3NV /5, and ND = 4NV /5.

The transmission delay obtained in NSFNST and
CHNNET when ND =NV /5, ND = 2NV /5, ND = 3NV /5,
and ND = 4NV /5 is shown in Figures 6–9, respectively.

Similarly, Figures 10–13 show the load degree in
NSFNET and CHNNET when ND =NV /5, ND = 2NV /5,
ND = 3NV /5, and ND = 4NV /5.

4.3. Experimental Analysis. In simulation experiments, the
underlying network builds a service path of long-term aver-
age income, and the success rate of average build, average
cost, revenue cost ratio, average load intensity, and the
end-to-end delay of the main evaluation index were mea-
sured and recorded, showing that they change over time,
so as to compare different construction strategy of long-
term running effect.

Main reason is that when only target path delay, ignor-
ing the underlying network resources and effective use of
load balancing, hard to avoid service path through long
and resources fragments, leads to excessive consumption of
resources, uneven load, and easy generation resource bottle-
neck, the path of service building success rate and long-term
benefits is greatly reduced. And only to load strength
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Figure 5: Total profit obtained when ND = 4NV /5.
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Figure 9: Transmission delay obtained when ND = 4NV /5.
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Figure 11: Load degree obtained when ND = 2NV /5.

9Wireless Communications and Mobile Computing



compared to optimize the target scene, with the aim to opti-
mize the path overhead scene only consider only logical link
by mapping the underlying network path length, because the
algorithm allows multiple services mapping to the same
underlying node, therefore, the probability of a single under-
lying node load multiple services to improve, make the path
length shorter, link resource consumption is reduced. The
resources saved make it possible to build more service paths,
so the success rate of service path building is slightly higher.
However, since the former does not consider the load of
nodes and links, the possibility of generating resource frag-
ments increases and the probability of receiving service
requests with large resource demands decreases. Therefore,
the long-term average income of the two is relatively close.

When only a single optimization objective is considered,
the algorithm achieves the best performance in the corre-
sponding evaluation indexes, and when only the path cost
and load intensity are considered, the two algorithms
achieve close performance. Figure 5 shows the average
income and the ratio of average cost. The index can reflect
the resources used for the efficiency of the algorithm, only

target path overhead. The algorithm achieved the lowest cost
and highest earnings; therefore, revenue/cost ratio is highest,
which can be the most efficient use of the resources, but only
to delay as the goal, the highest cost, income minimum,
resource utilization are the worst. According to the above
comparison and analysis, if only a single optimization objec-
tive is considered when constructing the service path, it is
difficult to achieve the mapping effect of low overhead, low
latency, high income, and high reception rate. Therefore,
the three factors need to be considered comprehensively.
(1) Both of them are optimized to minimize end-to-end
delay and only consider to avoid overuse of resources, with-
out considering efficient resource allocation and load balan-
cing. (2) Although the candidate graphs constructed by both
of them are different (hierarchical graph and step search
graph), Dijkstra shortest path algorithm is applied to con-
struct the service path on the candidate graph, and the
resources are reserved during the construction of the short-
est path spanning tree. Due to the NP complexity of service
path construction and the insufficiency of Dijkstra algorithm
in dealing with resource reservation, effective service paths
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Figure 12: Load degree obtained when ND = 3NV /5.
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Figure 13: Load degree obtained when ND = 4NV /5.
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have not been discovered and constructed in both of them,
resulting in low success rate and low profit of construction.
As in hierarchical graph, in order to minimize the time
delay, Dijkstra algorithm in the map service does not take
into account the service load node at this time, resource uti-
lization, minimum value is always the option of vertical side,
in the corresponding node at the same time to make the
same request multiple services, resource consumption too
fast, the formation of resource bottleneck, affect the subse-
quent service path to build. From the perspective of the algo-
rithm, the reasons are as follows: (1) the algorithm utilizes
the population evolution effect of the particles to expand
the search scope and can effectively find the existing service
path. (2) The algorithm comprehensively considers the two
factors of service path cost and load intensity, reduces link
resource consumption, balances network load, and can effec-
tively improve revenue and build more service paths.

As the number of service requests increases and the
amount of available resources decreases, the end-to-end
delay increases gradually. As the resource bottleneck
appears, the number of failed service path construction
increases. When the curve flattens until convergence, it indi-
cates that no new service path is constructed. Its long-term
average revenue and cost-of-income ratio were significantly
lower than those of algorithm, and its average cost and load
intensity were significantly higher than those of the
algorithm. The main reason is that the algorithm does
not consider the path length and load of the underlying
network when initializing and updating particle positions,
resulting in high link resource consumption and many
resource fragments.

4.4. Complexity of Proposed Algorithm. In the proposed
algorithm, K shortest paths should be calculated for
each connection request in advance, and its complexity
is oðKðNsÞ2Þ. There are NR connection requests, so the
complexity for all connection requests for calculating K
shortest paths is oðKðNsÞ2NRÞ. The fitness function calcula-
tion in the proposed algorithm remains the most compli-
cated, and its complexity is oð2GmPsðNsÞ2NFÞ, where Gm,
Ps, and NF denote iteration times, population size, and
maximum of frequency slots. Therefore, the complexity of
proposed algorithm is OðKðNsÞ2NR + 2GmPsðNsÞ2NFÞ.

5. Conclusion

Network virtualization functions to the network layer and
transport layer network function in the form of a software
unit in the core network routers or server; using the control-
ler to the function of network to carry on the arrangement
and combination, to build an end-to-end service path, and
to support a variety of custom service solves the present
middle box deployment flexibility and scalability of the
defect. Aiming at the key problem of service path construc-
tion in the above service delivery mechanism, this paper,
from the perspective of reducing delay, reducing overhead,
and balancing load, transforms multiple indexes into a single
service path quality evaluation index by weighted sum

method and establishes an integer linear programming
model of service path construction problem. Then, a discrete
particle swarm optimization model for service path con-
struction was established according to the characteristics of
particle swarm parallel search, and the proposed algorithm
was designed for service path construction. In order to fur-
ther reduce resource consumption, reduce the probability
of resource fragmentation, and improve the convergence
speed of particle swarm optimization, an optimization strat-
egy was proposed to guide the initialization and updating of
particle positions. Combined with the proposed algorithm,
the proposed algorithm was obtained. Simulation results
show that compared with the existing service path construc-
tion algorithms, the proposed algorithm can effectively opti-
mize the comprehensive quality of service path and improve
the success rate of service path construction and long-term
average return. Compared with the rand-proposed algo-
rithm, which uses random method to initialize and update
particle positions, the proposed algorithm formulates evalu-
ation criteria for candidate nodes and paths, which provides
effective guidance for particle flight and further optimizes
the performance of the algorithm.
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