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Abstract—By introducing software-deﬁned networking (SDN)
and network function virtualization (NFV), low-earth-orbit
(LEO) satellite networks can facilitate virtual network function (VNF) placement, which will provide computing services
for satellite applications on-demand. In this paper, we study
the VNF placement problem in a decentralized LEO satellite
network due to the requirements for real-time processing and
network resilience, where our aim is to jointly optimize end-toend service delay and network bandwidth cost in a dynamic
environment. To this end, a decentralized LEO satellite network architecture is ﬁrst implemented for resource management
by establishing the neighboring sub-network for each satellite.
Then we formulate the VNF placement problem as an integer
non-linear programming problem with multiple constraints of
network resources and service requirements. A neighbor-based
VNF placement (N-VNFP) approach is proposed to address the
optimization problem. Finally, we conduct the experiments to
evaluate the performance of the proposed N-VNFP approach in
a Walker constellation with 66 LEO satellites. The simulation
results show that the proposed N-VNFP approach provides an
effective solution for resource management in a decentralized
LEO satellite network and also outperforms the two centralized
baselines, i.e., Viterbi and Greedy, in terms of end-to-end service
delay and network bandwidth cost.
Index Terms—Satellite network, virtual network function,
resource management, distributed optimization.

I. I NTRODUCTION
There is currently a rapid increase in satellite services and
applications, e.g., for remote sensing, environment monitoring, target recognition, etc. Low-earth-orbit (LEO) satellite
networks are required to provide service provisioning in a
ﬂexible and efﬁcient way, as a large amount of data is produced
by these satellite services and applications. This needs to be
processed, stored, and transmitted in real-time [1]. However,
ﬂexible service provisioning can not be properly supported in
existing proprietary satellite networks.
Software-deﬁned networking (SDN) and network function
virtualization (NFV) have emerged as new paradigms in decoupling software and hardware, enabling network resources
to be allocated on-demand [2]. By integrating SDN and NFV
into LEO satellite networks, ﬂexible service provisioning for
satellite applications is possible [3]. Note that on-board resources in LEO satellite networks, such as computing, storage,
and bandwidth, are severely limited compared to the terrestrial
networks, allocating on-board resources in SDN/NFV-enabled
LEO satellite networks has been a challenging problem [4].

Some existing research work has focused on the resource
allocation problem in SDN/NFV-enabled LEO satellite networks [5]–[7]. The authors in [5] discussed a dynamic controller placement in SDN-enabled LEO satellite networks,
where the trafﬁc demands can change dynamically. In [6], the
authors proposed a dynamic resource allocation architecture
and implemented an advanced K-means algorithm to address
the problem in satellite edge computing. A virtual network
function (VNF) embedding and data routing joint optimization
problem is considered in software-deﬁned satellite networks
in [7]. However, these existing work considered the resource
management problem in only centralized SDN/NFV satellite
networks, where one or more controllers are deployed to
manage satellite network resources for satellite applications.
Considering the mobility of satellites, it is difﬁcult for centralized architectures to manage on-board resources efﬁciently in
large-scale satellite networks. Moreover, real-time processing
requirements for satellite applications can not be guaranteed
due to the high transmission delay in typical satellite networks.
In this paper, we investigate the resource management
problem for VNF placement in a decentralized LEO satellite
network [8], where no centralized controllers are used to
manage network resources. Each satellite is viewed as an
agent to manage the neighboring sub-network resources and
provide computing services for satellite applications. Here,
the neighboring sub-network for each satellite is composed of
nearby satellites [9]. We ﬁrst implement a satellite network architecture based on the neighboring sub-networks for resource
management in a decentralized satellite network. Then we
formulate the VNF placement problem as an integer non-linear
programming problem with multiple constraints to jointly optimize end-to-end service delay and network bandwidth cost.
Due to the assumption that satellite applications should be
processed by the satellite and its neighbors as much as possible
to guarantee the service quality [10], we propose a neighborbased VNF placement (N-VNFP) approach, which can provide
computing services for satellite applications in parallel and
improve the real-time performance of VNF placement, to
manage the network resources in a decentralized LEO satellite
network. Finally, we evaluate the performance of the proposed
N-VNFP approach compared with Viterbi [11] and Greedy
[12] in a Walker constellation with 66 LEO satellites.

v

v

v

v
v

v

v
/(26DWHOOLWH
1HWZRUN

v
v

v

v
v


Sv

S v

v



N0DQDJH6XEQHWZRUN5HVRXUFHV
LQD'LVWULEXWHG:D\








^f



M2EWDLQWKH1HLJKERULQJ
6XEQHWZRUNIRU(DFK6DWHOOLWH

Fig. 1. Decentralized LEO satellite network architecture.

The reminder of this paper is organized as follows. Section
II introduces the system model. In Section III, we formulate
the VNF placement problem and propose the N-VNFP approach to address it. In Section IV, we conduct the experiments to evaluate the performance of the proposed N-VNFP
approach. Finally, we provide the conclusion in Section V.
II. S YSTEM M ODEL
A. Decentralized LEO Satellite Network
1) Network Architecture: The proposed architecture of a
decentralized LEO satellite network is shown in Fig. 1. The
satellite network is made up of LEO satellites and each satellite
has four inter-satellite links with its neighbors, where two
inter-satellite links are from satellites in the same orbit and the
other two links are from satellites in different orbits [13]. The
neighboring sub-network of each satellite, which is shown as
step 1 in Fig. 1, can be established through multi-hop communication between satellites. Each satellite has the autonomous
ability to manage the neighboring sub-network resources and
place the VNFs for satellite applications in the neighboring
sub-network. Each satellite application can be viewed as a
user request and consists of multiple VNFs in a speciﬁc
order. When a user request accesses the network through one
satellite, the satellite will be considered as the access satellite
for the user request. In the proposed decentralized satellite
network, all the satellites can manage their neighboring subnetwork resources and provide computing services for user
requests in parallel, as shown in step 2 in Fig. 1. Then we
can deploy user requests by solutions obtained in step 2 to
the satellite network in a distributed and cost-efﬁcient way, as
shown in step 3 in Fig. 1. Note that the satellite network is
built based on a time-evolving method [9], where the satellite
network topology is unchanged in a time slot and can be
varying over different time slots.
2) Network Model: The satellite network is indicated as
a graph G(V, E), where V and E are indicated the set of
satellites and the set of links, respectively. For each satellite,
two physical resources of central processing unit (CPU) and
memory are considered as R = {CP U, M emory}, and the
r-th resource capacity for satellite v is denoted as Cvr , r ∈ R.
For link e, we denote the bandwidth capacity as Be and the
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Fig. 2. Example of VNF placement in a decentralized satellite network.

transmission delay as te . The hops of neighboring sub-network
Sv for satellite v can be denoted as h, where the distance
between two neighboring satellites is indicated as one hop.
B. User Requests
The set of user requests is indicated as U with M user
requests and user request u is indicated as a directed acyclic
graph G(Fu , Hu ). The set of VNFs is represented as Fu =
{fu,1 = fu,s , fu,2 , · · · , fu,|Fu | = fu,d }, where |Fu | indicates
the number of VNFs in Fu , fu,s and fu,d are the source and the
destination of user request u to route trafﬁc ﬂow, respectively.
For VNF fu,i , we indicate the r-th required resources as
cru,i , r ∈ R, and the computing time as tu,i . The set of edges
for user request u is denoted as Hu . We indicate the edge
between two adjacent VNFs fu,i1 and fu,i2 as hiu1 ,i2 and the
bandwidth requirements as biu1 ,i2 . The maximum acceptable
delay for user request u is denoted as tmax
.
u
C. VNF Placement in a Decentralized Satellite Network
Similar to the existing work related to edge computing [7],
we provide computing services for user requests in a quasistatic scenario. In each time slot, user requests can randomly
arrive following a Poisson distribution and ask for computing
services from a decentralized LEO satellite network. The
computing service can be provided for each user request by
the neighboring sub-network of the access satellite and all
user requests can be deployed to the satellite network in
parallel. We assume that the source and the destination for
each user request are both located at the access satellite. The
service requirements of user requests can be also guaranteed
in the running time. When user requests are deployed to the
satellite network, the adjacent VNFs from a user request will
be deployed on the same satellite as much as possible to reduce
the deployment cost in terms of end-to-end service delay and
network bandwidth cost. Note that the required resources of
user requests may exceed the resource capacity of a satellite or
an inter-satellite link as multiple user requests from different
neighbouring sub-networks can ask for the available resources
of satellites and links at similar times, which can bring a
potential resource conﬂict. This potential resource conﬂict can
be addressed by a ﬁrst-come ﬁrst-served method, which will
be discussed in detail later.

Fig. 2 shows an example of placing VNFs in a decentralized
satellite network. There are 12 LEO satellites and the neighboring sub-networks for satellites v6 and v7 are established
with h = 1, respectively. Three user requests are represented
as u1 = {f1,s , f1,2 , f1,3 , f1,d }, u2 = {f2,s , f2,2 , f2,d }, and
u3 = {f3,s , f3,2 , f3,3 , f3,d }, respectively. The access satellite
for user requests u1 and u2 is satellite v7 , and then the neighboring sub-network for satellite v7 will provide computing
services for the two user requests. Due to the limited resources
of satellite v7 , VNFs f1,2 and f1,3 are deployed to satellite v8
and VNF f2,2 is deployed to satellite v6 . The access satellite
for user request u3 is satellite v6 , which can provide sufﬁcient
available network resources to deploy f3,2 and f3,3 . The VNF
placement strategies for three user requests are shown in Fig. 2.
III. P ROBLEM F ORMULATION AND P ROPOSED A PPROACH
A. Problem Formulation
Considering the real-time service requirements and the
limited network bandwidth resources, we investigate the VNF
placement problem to jointly optimize end-to-end service
delay and network bandwidth cost for user requests.
We ﬁrst denote a binary variable xu = {0, 1} to indicate
whether user request u is deployed to the satellite network.
Here, xu = 1 if user request u is implemented by the
neighboring satellites, otherwise xu = 0.
When user request u is deployed to the satellite network, we
v
use another binary variable yu,i
= {0, 1} to indicate whether
v
VNF fu,i is deployed to satellite v. Again, yu,i
= 1 if VNF
v
fu,i is deployed to satellite v, otherwise yu,i = 0.
When two adjacent VNFs for a user request are deployed
to different satellites, one available path between the two
satellites will be used to route the trafﬁc ﬂow between the two
adjacent VNFs. We assume that the d shortest paths between
two satellites can be computed in advance, where the path set
for satellites v1 and v2 can be indicated as Pvv12 . We use a
i1 ,i2
= {0, 1} to indicate whether path p,
binary variable zu,p
v2
p ∈ Pv1 , is used by edge hiu1 ,i2 to route the trafﬁc ﬂow.
i1 ,i2
i1 ,i2
= 0.
= 1 if path p is used by edge hiu1 ,i2 , otherwise zu,p
zu,p
p
We also use a binary variable qe = {0, 1} to indicate
whether link e is used by path p. If link e is used by path
p then qep = 1, otherwise qep = 0.
For the VNF placement problem, each VNF for a user
request can be deployed to one and only one satellite. We
assume that the access satellite for user request u is satellite
v, then the VNF deployment constraint can be described as
X
v̄
yu,i
= 1, ∀fu,i ∈ Fu .
(1)
v̄∈Sv

Given the limited network resources, when we deploy the
VNFs for user requests to a satellite we need to guarantee that
the resource requirements of user requests should not exceed
the resource capacity. The resource constraint for satellite v
can be described as
X X
v
yu,i
· cru,i ≤ Cvr , ∀r ∈ R.
(2)
u∈U fu,i ∈Fu

When two adjacent VNFs for a user request are deployed to
different satellites, it is guaranteed that one of available paths
between the two satellites will be used by the edge to route the
trafﬁc ﬂow between the two adjacent VNFs. We also assume
that the access satellite for user request u is satellite v, adjacent
VNFs fu,i1 and fu,i2 are deployed to satellites v1 and v2 ,
respectively. The path selection constraint can be indicated as
X

X

v1
v2
yu,i
·yu,i
−
1
2

v1 ∈Sv v2 ∈Sv ,
v1 ̸=v2

X

i1 ,i2
zu,p
= 0.

(3)

v
p∈Pv12

We also guarantee that the bandwidth requirements for user
requests should not exceed the bandwidth capacity of link e
when user requests are deployed to the satellite network. The
bandwidth resource constraint for link e can be indicated as
X X X X X
v1
yu,i
·y v2 ·z i1 ,i2·qep·biu1 ,i2 ≤Be . (4)
1 u,i2 u,p
u∈U hi1,i2∈Hu v1 ∈V v1 ∈V, p∈Pvv2
u
1
v1 ̸=v2

Furthermore, when user request u is deployed to the satellite
network, we need to ensure that the service delay cannot exceed the maximum acceptable delay. We use tu to indicate the
service delay for user request u. The service delay constraint
can be indicated as
X
max
tu =
tu,i + ttr
,
(5)
u ≤ tu
fu,i ∈Fu

where transmission delay ttr
u can be described as
X
X X X X
v2
v1
i1 ,i2
ttr
·te . (6)
·zu,p
·yu,i
yu,i
u=
2
1
i ,i2
∈H

hu1

v ∈Sv v2 ∈Sv , p∈Pvv2 e∈p
1
v1 ̸=v2

u 1

For the VNF placement problem, end-to-end service delay
Cdelay and network bandwidth cost Cbw for user requests can
be described as
P

1
x u · tu
 Cdelay = ∑ xu ·
u∈U
u∈U
P
(7)
xu · cbw
 Cbw = ∑1xu ·
u ,
u∈U

u∈U

where the network bandwidth cost of user request u can be
indicated as
X
X X X X
v1
v2
i1 ,i2 i1 ,i2
cbw
yu,i
·yu,i
·zu,p
·bu . (8)
u =
1
2
i ,i2
∈H

hu1

v ∈Sv
u 1

v2 ∈Sv , p∈Pvv2 e∈p
1
v1 ̸=v2

Therefore, the optimization problem for VNF placement can
be formulated as
min
s.t.

Cdelay , Cbw
(1) − (5).

(9)

For the optimization problem in equation (9), we consider
the end-to-end service delay as the primary optimization
objective and the network bandwidth cost as the secondary
optimization objective. Here the primary optimization objective has a high priority in ﬁnding VNF placement strategies
when user requests are deployed to the satellite network.

Algorithm 1 Neighbor-based VNF Placement.
Input: User requests U ;
Output: a∗ = {a∗u |u ∈ U };
1: Initialize: ∀u ∈ U, au = a∗
u = ∅, Unext = ∅;
2: while U ̸= ∅ do
3:
Update the neighboring sub-network resource state for
each satellite;
for each satellite v ∈ V in parallel do
4:
5:
for each user request u in access satellite v do
6:
Search VNF placement strategy au by Viterbi in
the neighboring sub-network;
7:
end for
8:
end for
9:
for each user request u ∈ U in parallel do
10:
if au ̸= ∅ and there is no resource conﬂict then
11:
Deploy user request u by au and a∗u ← au ;
else if au̸=∅ and there is resource conﬂict then
12:
13:
Initialize au = ∅ and Unext = Unext ∪ {u};
14:
end if
end for
15:
16:
U ← Unext and Unext = ∅;
17: end while
18: return a∗ ;

B. Proposed Approach
As the VNF placement problem is proved to be NP-hard
in [11], [12], we propose the neighbor-based VNF placement
approach using the Viterbi algorithm to tackle the VNF
placement problem in a decentralized LEO satellite network.
For the proposed N-VNFP approach, each satellite can only
obtain the neighboring sub-network resource information to
manage the neighboring sub-network resources and provide
computing services for user requests in the neighboring subnetwork. All satellites can make the VNF placement strategies
for user requests in parallel, where the VNF placement strategy
for each user request is implemented by the Viterbi algorithm
exploiting the neighboring sub-network of the access satellite.
In that case, satellite resource capacities may be less than
the resource requirements of user requests as user requests
from different neighboring sub-networks are deployed to the
satellite network in parallel, then we consider that there may
be a resource conﬂict among these user requests.
For a user request, the VNF placement strategy can be made
by the access satellite and the VNFs are usually deployed to
multiple satellites due to the limited resources of satellites.
In order to place the VNFs and build the service chain, the
VNF placement strategy for a user request needs to be shared
among the related satellites. Each satellite has a ﬁrst-in ﬁrstout sequence to receive the VNF placement strategies from
other satellites and can provide computing resources for VNF
placement via a ﬁrst-come ﬁrst-served method to address the
potential resource conﬂict problem. That is, each satellite has
priority to provide computing services for user requests by the
VNF placement strategies that come ﬁrst. When the resource

Algorithm 2 Viterbi Algorithm.
Input: user request u, access satellite v;
Output: au ;
1: Initialize: au = ∅, A = {au,s };
2: Obtain the topology Γu for the VNFs except fu,s ;
3: for each fu,i ∈ Γu do
4:
Anext = ∅;
5:
for each a ∈ A do
Update the neighboring sub-network resource state;
6:
7:
for each v̄ ∈ Sv do
8:
Calculate the required resources for the satellite;
9:
Sort the paths by delay in an ascending order;
for each candidate path from the path set do
10:
11:
if all resource requirements are satisﬁed then
Obtain the VNF placement strategy au,i ;
12:
13:
Anext = Anext ∪ {au,i } and break;
end if
14:
end for
15:
16:
end for
17:
end for
18:
Sort Anext by deployment cost in an ascending order;
19:
A ← Anext [: B];
20: end for
21: if A ̸= ∅ then
22:
Obtain strategy au with minimum deployment cost of
service delay and network bandwidth;
23: end if
24: return au ;

requirements of the VNFs are more than the resource capacity,
we consider that these user requests will fail to deploy to
the satellite network in the current iteration. Under these
circumstances, the access satellites will update the resource
information about their neighboring sub-networks and then redeploy the VNFs from these failed user requests. If all user
requests are either deployed to the satellite network or they
fail to deploy to their neighboring sub-networks due to the
resource limitation, the iteration will terminate. The proposed
N-VNFP approach is shown in Algorithm 1, which can be run
on all satellites in parallel.
For each user request, the Viterbi algorithm [11] is used
to deploy the VNFs and choose the routing path in the neighboring sub-network, where we consider the end-to-end service
delay optimization as the primary objective and the network
bandwidth cost optimization as the secondary objective. The
Viterbi algorithm can be implemented based on a multi-stage
graph for the states and their relationships. We assume that
each placement strategy for a VNF is viewed as a possible
state, all possible states from the same VNF can make up a
stage, and the number of stages is equal to the number of
the VNFs for a user request. However, there is a deployment
cost in terms of CPU, memory, and computing delay when
we deploy the VNFs to the satellites. The weighted edge
between two possible states from two adjacent stages indicates

a path cost, such as the transmission cost and the bandwidth
cost. For the Viterbi search tree, we calculate the cumulative
cost, which includes the VNF deployment cost and the path
cost, and remain B VNF placement strategies with minimum
deployment costs in the current stage into the next stage. When
the Viterbi search procedure is over, then the most likely path
with minimum cumulative cost can be an approximate VNF
placement strategy for the user request. The Viterbi algorithm
is shown in Algorithm 2, which can be run on each satellite
to manage the neighboring sub-network resources.
For the Viterbi algorithm, we can indicate the computational
complexity as O(dB|Sv ||F |), where the number of satellites
in a neighboring sub-network is |Sv | and the average number
of VNFs for a user request is |F |. For the proposed NVNFP approach, only one user request can be deployed to
the satellite network for each iteration in the worst case,
2
then the maximum number of iterations is M 2+M . The
computational complexity of the proposed N-VNFP approach
can be indicated as O(M 2 dB|Sv ||F |). We can ﬁnd that the
computational complexity of the proposed N-VNFP approach
will increase as the search tree width increases as well as the
number of candidate paths. Due to the real-time performance
of the proposed N-VNFP approach, there is a tradeoff between
computational complexity and solution performance.
IV. S IMULATION R ESULTS
To evaluate the performance of the proposed N-VNFP
approach in a decentralized LEO satellite network, we conduct
the experiments in a Walker constellation [14] with 66 LEO
satellites, where the number of orbits is 6, each orbit includes
11 LEO satellites, and the seed satellite parameters for altitude,
inclination, and right ascension of ascending node are 780 km,
86 degree, and 15 degree, respectively, and others are viewed
as zero. Each satellite has 96 vCPUs and 112 GB memory, the
bandwidth capacity of each link is 100 Mbps. For each user
request, the number of the VNFs follows a truncated powerlaw distribution with exponent 2, where the minimum value is
2 and the maximum value is 7 [15]. The required resources for
each VNF except the source and the destination follow uniform
integer probability distributions as follows [1, 2] vCPUs, [2, 4]
GB, and [10, 30] milliseconds and the required bandwidths
for each edge can be randomly generated by [1, 4] Mbps. We
assume that the running period for each user request follows
the exponential distribution, where the mean number of time
slots is 3 and the maximum acceptable delay can guarantee the
VNF deployment in the neighboring sub-network. The number
of candidate paths between two satellites is 8 and the width
of the Viterbi search tree is 4 [8]. Each experiment is run over
a period of 30 time slots and repeated for 10 times, then we
obtain the average results.
For the proposed N-VNFP approach, the neighboring subnetwork scale has an impact on the VNF placement performance, where the neighboring sub-network for each satellite
is established by the hops. Therefore, we conduct the experiments to obtain the simulation results of the proposed
N-VNFP approach in four neighboring sub-networks with

Fig. 3. Percentages of allocated requests in neighboring sub-networks.

different hops, i.e., h = {0, 1, 2, 3}. Fig. 3 shows the average
percentage results of allocated user requests in the four neighboring sub-networks. As the increase in the number of hops,
the neighboring sub-network for each satellite can provide
more available network resources for user requests, then the
percentage of allocated user requests for the proposed NVNFP approach can correspondingly increase. Compared with
the case of h = 0, the average performance improvement of
the proposed N-VNFP approach is 7.93% for h = 1, 9.01%
for h = 2, and 9.26% for h = 3. Note that the complexity of
resource management also increases in a decentralized satellite
network as the number of hops increases. Therefore, there is
a tradeoff between solution performance and network design
complexity for the proposed N-VNFP approach. Based on the
above discussion, we can ﬁnd that the performance difference
between the cases of h = 2 and 3 is relatively close and then
the number of sub-network hops can be considered as h = 2.
In order to meaningfully evaluate the performance of the
proposed N-VNFP approach in a decentralized satellite network, two centralized VNF placement approaches of Viterbi
[11] and Greedy [12] are used as the baseline cases, which
deploy user requests to the satellite network one by one. We
conduct the experiments for the neighboring sub-network with
h = 2 and obtain simulation results for different user requests
in terms of end-to-end service delay, network bandwidth cost,
and percentage of allocated user requests, as shown in Fig. 4.
Fig. 4(a) illustrates the average end-to-end service delay
results for different user requests. We can observe that the endto-end service delay results for Greedy, Viterbi, and N-VNFP
are close to each other when the number of user requests
is small. However, the performance difference for Greedy,
Viterbi, and N-VNFP will be obvious as the number of user
requests increases, where the proposed N-VNFP approach will
outperform the two baselines of Greedy and Viterbi. That is
due to the fact that the available network resources are gradually decreasing as the number of user requests increases. For
the proposed N-VNFP approach, when the available network
resources cannot satisfy with the resource requirements of
user requests, some user requests will fail to deploy as the
resource limitation. Then these failed user requests can be

(a) End-to-end service delay

(b) Network bandwidth cost

(c) Percentage of allocated user requests

Fig. 4. Simulation results for different user requests with Greedy, Viterbi, and proposed N-VNFP.

re-deployed to the satellite network after updating these subnetwork resource states, which can improve the exploration
ability of solution space. However, Greedy and Viterbi are
used to deploy user requests one-by-one. On average, the
performance improvement of the proposed N-VNFP approach
for all cases in Fig. 4(a) is 9.78% over Greedy and 8.89%
over Viterbi. The average bandwidth cost results for different
user requests are shown in Fig. 4(b). Similar to the results
in Fig. 4(a), the average bandwidth costs obtained by the
proposed N-VNFP approach are better than that of Greedy and
Viterbi. The proposed N-VNFP approach reduces the average
bandwidth cost by 50.50% over Greedy and 44.82% over
Viterbi. We also provide the percentage results of allocated
user requests in Fig. 4(c). Considering that the proposed NVNFP approach performs better than the two baselines of
Greedy and Viterbi for reducing the deployment costs of user
requests, more user requests can be deployed to the satellite
network by the proposed N-VNFP approach compared with
Greedy and Viterbi. The average percentage of allocated user
requests obtained by the proposed N-VNFP approach is 1.89%
over Greedy and 1.83% over Viterbi, respectively.
Based on the above discussion, it is demonstrated that
the proposed N-VNFP approach is effective and efﬁcient to
allocate the available network resources and place the VNFs
for user requests in decentralized satellite networks, where the
proposed N-VNFP approach also has good dynamic scalability
and can be applied in different scale satellite networks.
V. C ONCLUSION
In this paper, we discussed the dynamic resource management for VNF placement in a decentralized LEO satellite
network, where SDN and NFV are introduced to provide
ﬂexible and efﬁcient service provisioning. We implemented a
decentralized satellite network architecture by the neighboring
sub-network to manage network resources in a distributed
way. Then we formulated the VNF placement problem as an
integer non-linear programming problem to jointly optimize
end-to-end service delay and bandwidth cost. We proposed
the N-VNFP approach to address the problem. The simulation
results in a Walker constellation with 66 LEO satellites demonstrated the effectiveness of the proposed N-VNFP approach for

deploying user requests in a decentralized satellite network.
Compared with Greedy and Viterbi, the proposed N-VNFP
approach can reduce the end-to-end service delay by up to
10%, save the bandwidth cost by around 50%, and improve the
percentage of allocated user requests by up to 2%, respectively.
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