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Optimize the Deployment and Integration for
Multicast-Oriented Virtual Network
Function Tree

Ying Changg, Hongxue Yang, Qinghua Zhu

Abstract: Due to the development of network technology, the number of users is increasing rapidly,
and the demand for emerging multicast services is becoming more and more abundant, traffic data
is increasing day by day, network nodes are becoming denser, network topology is becoming more
complex, and operators’ equipment operation and maintenance costs are increasing. Network func-
tions virtualization multicast issues include building a traffic forwarding topology, deploying the
required functions, and directing traffic. Combining the two is still a problem to be studied in depth
at present, and this paper proposes a two-stage solution where the decisions of these two stages are
interdependent. Specifically, this paper decouples multicast traffic forwarding and function delivery.
The minimum spanning tree of traffic forwarding is constructed by Steiner tree, and the traffic for-
warding is realized by Viterbi-algorithm. Use a general topology network to examine network cost
and service performance. Simulation results show that this method can reduce overhead and delay

and optimize user experience.

Keywords: multicast; service function chain (SFC); network functions virtualization (NFV); soft-

ware defined network (SDN); Viterbi-algorithm

1 Introduction

In the future, the 6G wireless network will be
characterized by node densification, intelligenti-
zation of terminals, diversification of functions
[1], such as integration of heaven and earth com-
munication [2]. These characteristics have promp-
ted operators to lower their hardware input. The
appearance of network functions virtualization
(NFV) has provided a solution to the aforesaid
problem. According to the NFV technology [3], it
is virtualized to decouple specific functions of

hardware with specific functions, and deploy the
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network functions on the universal server. This
can significantly reduce the hardware input and
maintenance cost, thus accelerating the function
development efficiency. Additionally, to realize
flexible control of traffic data, software defined
network (SDN) has been applied to the service
function chain (SFC) [4]. With the rapid devel-
opment of the SDN/NFV technology, the SFC
technology has gradually emerged as a popular
service mode. Logically, the SFC connect net-
work services into a set of orderly services. The
traffic data pass by the corresponding service
device in accordance with the path information
in the message. It even plays an important role
in network security [5].

Usually, a data flow needs to flow through a
series of network functions to reach the destina-
tion, that is, the SFC. The emergence of NFV
reduces the cost of the embedded solution of SFC

and makes the choice of deployment location
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more flexible. NFV transforms specialized hard-
ware devices into virtual network functions that
run on general-purpose servers in the form of vir-
tual machines, containers, or processes. NFV can
effectively improve the flexibility of service func-
tion chain deployment and management, and
reduce maintenance operations. The birth of
SDN technology has further leveraged the advan-
tages of SFC technology. The resource allocation
of SFC based on virtualized infrastructure is not
simple, and it mainly includes three stages:
VNF chain composition, VNF forwarding graph
embedding and VNF scheduling. Because of the
diversified placement modes of SFC middleware,
the network has been faced with problems, such
as traffic rotation and path complication. So,
finding an optimal layout has been a tricky issue.
It is of vital significance for scholars to study
optimized placement of the service chain and
design of an optimized middleware placement
plan.

The VNF nodes and chain mapping process
in the SFC are corresponding to the nodes and
chain mapping process of the traditional virtual
network embedding (VNE) [6]. Special note is
that VNE prior presents a virtual network topog-
raphy, while the service function chain embed-
ding (SFCE) does not provide a fixed topogra-
phy. Optimization of VNF has been proved to be
NP-hard, and many scholars have proposed effi-
cient heuristic and metaheuristic approaches [7].
But to solve the optimal layout overhead has
been an NP-hard issue. So, this paper proposes a
universal algorithm that can bring down the
overall expenditure.

So far, multiple heuristic SFCE methods
have been proposed in [8-10]. In [11], an adapta-
tive multicast clustering technology is developed,
which minimizes the resources required for the
establishment of the sense-based SFC. In [12], an
availability-sensed SFC mapping is put forward
to minimize the consumption of physical
resources, and provide high availability for the

future service request within the polynomial

time. In [13], a cost-saving algorithm based on
reliability is introduced to minimize the embed-
ding cost required to balance the capital expendi-
ture and the operation expenditure of the
telecommunication service provider [14]. In [15], a
dynamic service is in connection with the exist-
ing study ’s method, which dynamically gener-
ates a service chain through reinforcement learn-
ing. In [16], it models the embedding problem as
a Markov decision process, in which the reward is
modeled as an adjustable weighted function,
including combined delay (wired and wireless
delay) and remaining resource. Accordingly, a
lightweight and adjustable Q-learning-based SFC
embedding strategy is proposed.

The NFC

between network service function and hardware

technology seeks decoupling
equipment to change the service placement mode
of the traditional network. The SDN framework
separates the control surface from the data plane
to change the network architecture. The combi-
nation between NFC and SDN has strengthened
the network flexibility and scalability to make
resource sharing possible and to provide techno-
logical support for the development of SFC. By
efficiently improving the network construction
efficiency, the SFC technology can cut down the
overall operation expenditure. But relevant tech-
nologies of this field still have a huge room for
improvement. How to integrate the NFV technol-
ogy, SDN, cloud computing and SFC-related

technologies calls for further exploration.

2 Models

2.1 Related Technologies

SFC is a network solution after the integration of
NFV, SDN, cloud computing and other technolo-
gies. Its main functional components include SFC
system management interface, policy controller,
flow classifier, hardware equipment, and network
middleware, SFC allows network service does not
follow linear order, and can change the order

without affecting service performance. SFC may
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also have multiple branches.

Different VNF placement and SFN chain
plans can bring about dramatic changes to cost
and benefit of the telecommunication service
provider. This problem has been defined as an
issue of VNF Placement and Traffic Steering
(VNFP-TS). Nevertheless, current researchers
generally focus on one aspect [17,18]. For exam-
ple, Refs.[6] and [19] focus on the multi-stage
solution for NFV-enabled multicast over the
hybrid infrastructure. In this paper, the propaga-
tion delay and bandwidth overhead are compre-
hensively considered to analyze the comprehen-
sive overhead under different VNF placement
and traffic steering. In this paper, an efficient
model is designed for the mapping from the
NFV-based virtual multicast request to the basic
network, attempting to reduce the propagation
delay and minimize the resources required under
the prerequisite of satisfying functional require-

ments.

2.2 System Model

First, conduct system modeling for the underly-
ing network topography, and the model is an
undirected graph, which can be written as
G = (N, E), where N denotes the set of physical
nodes made up of switching nodes, N,, and func-
tional nodes, N;; E denotes the set of physical
chains.

Placement of VNF is infeasible to all switch-
ing nodes, nN,. Therefore, consumption of capac-
ity is not taken into account. As to functional
nodes, nN,, placement of multiple VNFs is
viable. The available capacity of computing
resources is ¢(n), so placement of VNF's will con-
sume the computing resources. If the computing
resources available are smaller than VNF-occu-
pied resources, VNF placement is considered a
failure. Every VNF can cope with multiple SFC
requests. Since the delay within the node is
extremely short, the consumption of delay is
omitted.

In terms of every physical chain, e, ,, (€ E),

n € N,meQ,,Q, is a set of adjacent nodes of the
node n. In order to simplify the model, it is
believed that the available bandwidth resources
are infinite, but the data traffic, while passing
the physical chain, can cause consumption of
band-
width overhead is denoted by pu. Communication

chain bandwidth resources, whose unit

of data traffic between physical chains is a main
factor of delay. The communication delay is
denoted by 0 (e, ,.); while the unit delay punish-
ment overhead is represented by e.

All multi-cast dialogues in the network is
indicated by ¢ = (s,,D,,F,,L,,b,), where s, is a
set of source nodes. D, is a set of destination
nodes. D, ={d!|i € [1,|D,|]}, where d! denotes

the destination node, i, of the ¢ source node. The

function set required is indicated by F,, which
can be written as F, = {f|j € [0,|F,|+ 1] }.f/ is
the j required function of the ¢ source node.
Regarding the data traffic of d", it must traverse
f7 in the order of 0,1,2,...,|F,|. Besides, the node
resources occupied by Vf7 are denoted by Vg L,
is a set of virtual chains, which can be written as
L,={l*|k € [1,|F,| + 1]}, where I} is the virtual
chain between f/~' and f/. b, denotes the band-

width demand.
2.3 Decision-Making Variable

To indicate the constraint condition of every
SFC, three wvariables, including z7™ € {0,1},
yyvm €4{0,1}  and  zienm (27¢) € {0,1}, are
defined. Among them, z?" € {0,1} is used to
denote the case deployment of f7 of the request
f2. On the node of n, y,5"™ € {0,1} is used to
denote the deployment of the virtual chain, {7, of
the request ¢ that flows to the destination node,
d, on the
zienm € {0,1} is used to indicate the deployment

physical  chain, e, ,, while
of the virtual chain, I/ , of the request ¢ on the
physical chain, e, ., (e).

2.4 Objective Function

In this paper, two indexes are used to examine
the model performance, end-to-end delay and
bandwidth

consumption, because these two
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indexes can represent two optimization perspec-
tives. Specifically, end-to-end delay can reflect
the performance of the network application, so
users hope to minimize it, but the network sup-
plier attempts to minimize the total bandwidth
consumption to reduce the opportunity and oper-
ation cost of congestion. When NFV-MP is
solved under the minimized cost, the delay over-
head is indicated by cost(7}); while the band-
;). In this

paper, these two indexes are combined, and their

width overhead is indicated by cost(R

weighting and combined objective function can
be used to denote the comprehensive overhead.
cost (7,) and cost (R,) are defined as

cost ZnENZ
cost (R ZHENZ Yl b 2

So, the final objective function can be writ-

7“71, m,(s

)e 1

ten as

mlnmumz acost (T,) + Beost (R,) 3

where a and 8 can be used to strike a balance

between cost (7,) and cost(R,), and o+ 8 = 1.

2.5 Constraint
2.5.1 Ensuring Placement of All VNFs

> mn=1 @

When j = 0, the source node position is iden-
tified, and x)*s = 1. When j = |F,| 4 1, the desti-
nation node identified, and
a:!,Fq|+1’d = 1. Otherwise, it means from f/ to f/*".
2.5.2 Ensuring Placement of Adjacent VNFs to

Be on the Same Node

Y <@ amn)] B ()

Fyq|+1,e Fql.d Fq|+1,d
LA O AL

6)

position is

where |E| =

ber of directed physical chains in the network.

D nenDomea, Enm indicates the num-

2.5.3 Flow Maintenance
To ensure all virtual chains to be deployed and

prevent all data traffic from shunting after pass-

ing the last VNF, the constraint between the

node variable and the chain variable exists.

Jsen,m J.em,n j—1,n 3.n
§ Ya,a - E yqd =T, —— (D
meEQy meEQn

Sk 5 ke
Ya,d - Ya,d =
meEQy meEQy

|Fq|,d |Fq|+1,d,
— x4

(8
2.5.4 Node Capacity Restriction

All functional nodes are limited by the comput-
ing resource capacity. VNF placement is only
viable under the condition of meeting the capac-

ity restriction.

quQngquxf’,n XV <e(n) 9

2.5.5 Constraint Between Variables
The difference between the decision-making vari-

7Cn7n

able, y, ;"™ and z2cwm lies in whether the desti-

Jren,m

nation node is considered. Therefore, y, ;*™ and

z»enm should meet the following constraint.

Yo < zhenm (10

2.6 NP-Hard Problem Verification

This part aims at verifying whether the optimal
comprehensive overhead of SFC is an NP-hard
problem. It can be verified from the perspective
of polynomial time reduction of the Steiner Tree
Problem. Assume that there is a topological
graph, G = (V,

node set and the chain set, respectively. In terms

E), where V and E represent the

of every chain, e € F, its chain overhead is C..
Regarding a subset of a given node set, the
Steiner Tree Problem is to find out a minimum
cost tree OPT,, of all nodes that crosses D.

First of all, an SFT-embedded case is con-
structed. Copy G to G’; copy D to D’. In addi-
tion to G, P =
{Po,p1,...,P,}. Each chain can generate over-
head. Connect d; € D’ in G’ to p, € P, and endow

consider the mnode set

this side with a random overhead. Besides, p, can
be adopted as a source node, and other nodes in
P can be adopted as the server for placement of
VNFs. All nodes in G’ can only be adopted as

intermediate nodes or destination nodes. This
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paper assumes that some VNFs have already
been placed in P; every node in P has the capac-
ity limitation. Placement of new VNFs in P can
generate costs.

Assume that a multicast task in the G’ U P
is 6 = (P =p,, D = D’',1), and that this paper can
find the optimal solution, OPTg, as the SFT
embedding. Since all VNFs can be placed on P,
this paper can delete P, and the side between P
and G'. The remnant subgraph of OPT., G’, is
the OPT of G. Otherwise, OPT, is not the opti-
mal solution plan. This means that this paper
can find the optimal solution to the Steiner Tree
Problem. However, the Steiner Tree Problem has
been proved to be the NH-hard problem [12], so
the hypothesis is not verified. The optimal com-
prehensive overhead of SFC is an NP-hard prob-

lem.

3 Algorithm

In this part, a two-stage approximation algo-
rithm is proposed to address the issue of optimal
SFT embedding. At the preparation stage of the
algorithm, a topographical network is first con-

structed.

3.1 Network Construction

Algorithm 1 describes the generation process of
multiple service chains. First, the objective net-
work is converted into a multistage overlay net-
work containing all information of the primitive
network, such as the information of nodes and
chains. The USANET model is used to construct
the topographical network. The primitive net-
work contains 24 nodes. The weight of each side
represents the chain propagation delay. Since
nodes are divided into switching nodes and func-
tional nodes, VNF can be placed on functional
nodes only, so the capacity of switching nodes is
set to be 0. The computing resources capacity of
all nodes randomly generated. The computing
resources required to randomly generate 8 VNFs
and the computing resources required to gener-
ate each VNF. Refer to Algorithm 1 for more

details.

Step 1 Randomly generate the service chain
length, Length, source node position, InNode,
and the service chain bandwidth consumption.
The first column of the multicast service chain
matrix stores the service chain length; the sec-
ond column stores InNode nodes; the 19th col-
umn stores the service chain bandwidth demand.

Step 2 When the VNF number to be placed
by the service chain is Length—1, and Column
3-10 of the multicast service chain matrix are
used to store the VNF types of storage service
chains, placement is not necessary, and the com-
puting resource demand is set to be 0. Therefore,
3 — (Length +1) of the multicast service chain
matrix stores Length -1 unrepeated VNF types,
and the computing resource demand is set to be
0, which means no placement of VNFs is neces-
sary. Column 11 to 18 of the multicast service
chain matrix is corresponding to the aforesaid
VNF computing resource demand. If VNFs are
not placed, the computing resource demand is set
to be 0.

Step 3 Rank the service chain in an ascend-
ing order by the service chain. If the service
chain length is equal, rank the bandwidth con-
sumption by the ascending order, and save the
service chain ranking results in Column 19 of the
multicast service chain matrix.

Through the aforesaid three steps, a ran-
dom multicast service chain matrix can be gener-
ated. The construction process can ensure the
total number of the multicast service chain
demand of the multicast service chain, position of
the source node, number and position of destina-
tion nodes, number and type of VNFs, band-
width demand and VNF sequence to meet the
requirements of VNF placement.

3.2 Two-Stage Algorithm

In this part, a two-stage approximation algo-
rithm is proposed to address the issue of optimal
SFT embedding.

3.2.1 Finding Out a Feasible Solution Plan

At this stage, a placement algorithm is set to
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find out the feasible solution for the issue of opti-
mal embedding of the service function tree
(SFT). First, SFC is embedded in the topo-
graphical network. Then, the last node of SFC is
connected to all destinations. Refer to Algorithm
2 for more details.

Step 1 Read the service chain matrix,
acquire the service chain length (Length), source
node position (InNode) and so on, and embed
InNode into the corresponding nodes of topogra-
phy as the initial nodes of the service chain.

Step 2 Use the graphshortestpath function
from the source node to the destination node
(placement of the nodes of the last VNF) in turn
to find the shortest path required to find the
embedded adjacent VNF. Save the path, band-
width overhead and delay information.

Step 3 Find a Steiner tree connected to all
destination nodes in terms of nodes placed with
the last VNF. So, the Steiner tree generated by
Step 2 can generate a feasible solution to the
issue of SFT embedding. But the solution thus
obtained might be the locally optimal solution.
The solution thus obtained calls for further verifi-
cation. If the corresponding problems still exist,
adjustments should be made.

3.2.2 Optimizing the Feasible Plan

Since some nodes might not have adequate
resources for placement of multiple VNFs, it is
necessary to check every functional node in
sequence. If the last node fails in VNF place-
ment or the current nodes have inadequate
capacity, the VNF placement of the current
nodes is inadequate. On the contrary, if the
nodes have adequate capacity, the shortest over-
head is compared repeatedly according to the
shortest path. After the placement finishes, the
bandwidth use status and the remaining node
resources are updated.

After placement of each node is finished, the
minimum overhead and corresponding path from
the source node to the current node is reserved.
When placement of the last VNF is completed,

multiple placement paths and corresponding min-
imum overhead can be obtained to reserve the
ultimate outcomes. So, embedding of SFC is
completed. At last, the generation of the Steiner
tree from the last VNF to the destination node is
completed. Generation of the Steiner tree prob-
lem will generate the bandwidth overhead only.
The overhead for placement of each VNF and the
overhead for generation of Steiner tree problem
are added up to obtain the final results. Multiple
paths are compared to obtain the minimum over-
head and reserve the final results. See Algorithm
3.

Algorithm 3 Optimized Deployment Results

Input DeployCell

OutPut NodeResource, Path, Delay, and the final
deployment overhead

1 Nis the DeployCell array length.

2 for i=1: N

3 Cost=axDeplay+p*Bandwidth
4 end

5  Cost=min (Cost)

3.2.3 Algorithm Analysis
The time complexity of this algorithm can be
O(Jif* x [5° x [¢] + N |),

denotes the number of all nodes, |j| denotes the

written as where  |i]
number of functional nodes, |¢| denotes the ser-
vice chain length, and |N| denotes the Deploy-
Cell array length.

4 Experiments

In this part, the algorithm performance verifica-
tion method is introduced. Following that, the
algorithm performance is verified. The verifica-
tion focuses on quantizing the performance of the
algorithm in reducing the chain propagation

delay and bandwidth resource overhead.

4.1 Experimental Parameter Setting
In order to verify this algorithm, this paper uses
the USANET model to generate a topographical

network, which is a 24-node, 43-chain network.
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As to this network, the influence of the SFC
length and number, number of destination nodes,
and average resources occupied by each VNF
placement is assessed. The generation of the
topographical network, generation of node
parameters, and generation of VNF parameters
are all priori content. The settings can be made
in advance according to the experiment needs
without occupying the application operation
length of time. All the parameters are set as
below.

Node parameters: Randomly choose 20% of
nodes as switching nodes. Randomly set comput-
ing resource capacity of function nodes by the
6 -8 uniform distribution. The switching node
computing resource capacity is set to be 0.

Chain parameters: The bandwidth of adja-
cent nodes is set to be infinite, whose delay is
linked to the distance. The chain bandwidth of
non-adjacent nodes is set to be 0, whose delay is
set to be infinite. The bandwidth within the same
node is set to be infinite, whose delay is set to be
0.

VNF parameters: The total number of VNF
types is 8, and the resources occupied feature the
1-2 uniform distribution. Each VNF can handle
any service chain.

SFC: The number of SFC is set to be 10,
whose length follows the 2 -6 uniform distribu-
tion, while the number of VNF follows the 1-5
uniform distribution, and the corresponding VNF
resource demand is distributed. The bandwidth
demand of the service chain features the 6-8 uni-
form distribution. All service functions are
ranked by the service chain length and band-
width demand in a descending order.

Chain connection overhead: To facilitate
computing, the chain connection overhead of any
adjacent node is set to be the comprehensive cost
of the delay overhead and the bandwidth over-
head by the weight. To highlight the optimiza-
tion of delay, the delay overhead weight is 0.7,
and the bandwidth overhead weight is 0.3.

VNF placement cost: When the resource
capacity of functional nodes is adequate, the
VNF of any type can be placed, and the corre-
sponding capacity resources are deduced after

functional nodes finish VNF placement.

4.2 Verification Algorithm

Referring to Section 3, this paper proposes an
algorithm, which first embeds an SFC with the
shortest overhead in the service chain. Then, the
last VNF and all destination nodes construct a
Steiner tree, and the node resources are updated.
Thereby, the embedding of a service functional
tree is finished.

According to the Greedy algorithm, each
step looks for the node with the shortest path of
the current node and the next node. The VNF is
placed in order. After VNF placement is com-
pleted, the shortest path between the last VNF
and the destination node is found to connect and
update the node resources and to finish the
embedding of a service function tree.

Under different parameter settings, the per-
formance of these two algorithms are compared,
which involves the total chain delay and total

overhead and algorithm operation length of time.

4.3 Verification and Simulation

4.3.1 Influence of Service Function Chains

To assess the influence of the number of SFC,
this paper subsequently uses two algorithms for
placement of 10 SFCs. After 10 times of opera-
tion, the average is obtained. As shown in Fig. 1,
combining the experimental data analysis, the
randomly-generated service chain matrix length
features 2 —6 uniform distribution, and the ser-
vice chain matrix is arrayed in a descending
order. Therefore, when the service chain length is
short, the performance period of these two kinds
of algorithms is close to each other. When the
service chain length increases, the time complex-
ity of the Viterbi algorithm obviously exceeds the
Greedy algorithm.
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1.4
—&— Viterbi
1.2 } —=— Greedy
1.0
5 08}
£
£ 06
=4
0.4
0.2
p——% : " : i ;
1 2 3 4 5 6 7 8 9 10

SFC number
Fig. 1 Code operation length of time at different numbers of
SFCs

According to Fig. 2 and Fig. 3, the Viterbi
algorithm can efficiently reduce the overhead and
delay of the chain. The overhead of the Viterbi
algorithm is reduced by 13.66% on average in
comparison with the Greedy algorithm, and the
delay is reduced by 10.16%.

300

I Viterbi

250 b e Greedy

200

150

Total cost

100

501

1 2 3 4 5 6 7 8 9 10
SFC number

Fig. 2 Total overhead for placement of different numbers of
SFCs

350
. Viterbi
300 + | Greedy

Total delay (ms)
— — [}®) (o)
(= W (=) wn
S & & S

W
(=]
T

1 2 3 4 5 6 7 8 9 10
SFC number

Fig. 3 Total overhead for placement of different numbers of

SFCs

4.3.2 Influence of SFC Length
To assess the influence of the SFC length, this

paper assumes the SFC length to be the integer
of 2—6 subsequently. When there is a large num-
ber of SFCs, network saturation of the Greedy
algorithm will appear. Then, the performance
improvement of the algorithm is verified at dif-
ferent SFC lengths. Each time every five service
chains are placed and operated ten times to
obtain the average.

As shown in Fig. 4, as the SFC length
increases, the number of VNFs for placement
increases. The operation length of time of the
Viterbi algorithm is obviously longer than that of
the Greedy algorithm. As one observes in Fig. 5
and Fig. 6, when the network capacity is ade-
quate, the deployment overhead and the SFC are
linearly correlated. When the network is not fully
loaded, the overhead of the Viterbi algorithm
reduces by 21.9% on average compared with the
Greedy algorithm, and the delay reduces by
7.192% on average.

3.0
—e— Viterbi
sk Greedy
— 20f
Py
£ 157
=
&
1.0
05¢
0 — ——— iv .
20 25 3.0 35 40 45 50 55 6.0
SFC length

Fig. 4 Code operation time at different SFC lengths

200
130 . Viterbi
[ Greedy

160
140
120 ¢
100
80
60
40 1

Total cost

SFC length

Fig. 5 Total overhead for VNF placement at different SFC
lengths
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250
I Viterbi
mm Greedy
200

150 1

100

Total delay (ms)

50

SEC length

Fig. 6 Total overhead for VNF placement at different SFC
lengths

4.3.3 Influence of the Number of Destination
Nodes

To assess the influence of the number of destina-
tion nodes, this paper assumes the number of
destination nodes to a random number from 2 to
6. 10 service chains are placed. The number of
destination nodes is set to be a random number
from 2 to 6. The average is obtained after opera-
tion for 10 times.

As shown in Fig. 7, the operation length of
time of the Viterbi algorithm is obviously longer
than that of the Greedy algorithm. As the num-
ber of destination nodes increases, the algorithm
operation length of time is not changed signifi-
cantly, because the algorithm operation length of
time is mainly decided by the SFC embedding
process. The construction of the Steiner Tree will
not exert too much influence on the code opera-
tion time. As shown in Fig. 8 and Fig. 9, when
the number of destination nodes increases, the
overhead for the last destination node to be con-
nected to the destination node will increase. The
overhead of the Viterbi algorithm reduces by
37.9% compared with that of the Greedy algo-
rithm. The delay reduces by 10.32% on average.
According to the comprehensive overhead equa-
tion, when the number of destination nodes
increases, the bandwidth overhead of the Viterbi
algorithm is far lower than that of the Greedy

algorithm.

1.6
14 r 'S“\f_,_he,/

1.2 b —=— Viterbi
—+— Greedy
1.0

0.8 F

Runtime (s)

0.6
041

0. 24 *

20 25 3.0 35 40 45 50 55 6.0
Number of destination nodes

Fig. 7 Code operation length of time at different numbers of

destination nodes
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400

Total cost

300
200
100 1

0

2 3 4 5 6
Number of destination nodes

Fig. 8 Total overhead for placement of VNFs at different num-

bers of destination nodes
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B W (o)

(= (= (=

(=] (=] (=]
T

(%]

(=3

(=]
T

Total delay (ms)

2 3 4 5 6
Number of destination nodes

Fig. 9 Total delay for placement of VNFs at different num-

bers of destination nodes

5 Conclusion

This research examines the multicast NFS tree
placement and establishes the mathematical
model with the minimization of comprehensive

overhead as the objective to verify the optimal
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NFS tree placement to be an NP-hard problem.
Thereby,

address the issue of function service placement.

a two-stage algorithm is wused to
At the first stage, a feasible solution to the prob-
lem can be obtained through embedding of SFC.
At the second stage, the Steiner Tree is estab-
lished to realize embedding of the NFS tree.
Through comparison, the optimal solution is
obtained. The MATLAB simulation is used to
compare the algorithm overhead optimization
and study the algorithm performance, total over-
head and total delay under different parameter
settings. According to experimental results, the
NFS placement approach based on the minimum
spanning tree can reduce the total overhead by
around 37.9% and the delay by 10.32% at most
in comparison with the Greedy algorithm.

Future research can be carried out from the
following perspectives. To optimize the algo-
rithm performance in a large-scale real network,
the performance of this algorithm proposed by
this paper can be verified in a large-scale-real
network. In response to dynamic changes of the
network and SFC,
topographical network changes and SFC migra-

underlying topographical

tion and leaving should be considered. Not only
should the placement of VNF's be considered, but
their migration and release should also be taken
into account. To optimize the algorithm model of
unexpected traffic, researchers can think about
how to reserve resources for unexpected traffic
under the prerequisite of reducing the compre-

hensive overhead.
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