
Cluster Computing         (2025) 28:1013 
https://doi.org/10.1007/s10586-025-05663-9

to provide various services, such as broadband internet 
access and communication [1], earth observation [2], geo-
location (Global Navigation– GNSS), weather forecasting, 
IoT, and M2M [3, 4]. The need for enhanced global connec-
tivity and low-latency computing and communications fos-
ters this model, enabled by the exponential growth of LEO 
satellite constellations and the development of high-speed 
inter-satellite link technologies [4].

LEO satellite constellations populate space with thou-
sands of spacecraft. For example, Starlink claims to have 
deployed 5289 satellites [5], and with Project Kuiper, Ama-
zon aims to increase global broadband access through a con-
stellation of 3236 LEO satellites [6]. Smaller constellations 
are operated by OneWeb, Planet, Swarm Technologies, and 
Spir, accounting for hundreds of satellites [4].

The new frontier is to leverage these abundant com-
putational resources in space to create a new computing 
model, the Satellite Edge Computing [4, 7–9] (c.f. Fig. 1), 
that offers a quality of service level comparable to the one 

1  Introduction

Satellite Edge Computing (SEC) is an emerging comput-
ing paradigm that leverages the increasing number of Low 
Earth Orbit (LEO) satellites to extend terrestrial cloud 
and edge computing capabilities into space. SEC involves 
deploying computational edge nodes within LEO satellites 
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Abstract
Satellite Edge Computing (SEC) enables deploying computational services on Low Earth Orbit (LEO) satellites and trans-
forms LEO constellations into distributed platforms composed of hundreds to thousands of nodes. SEC has the potential to 
offer a Quality of Service level comparable to mature edge computing solutions, with the advantage of offering global con-
nectivity and low-latency computing in geographical locations not reached by high-speed internet links or 5G networks. 
The fulfillment of SEC requires computation offloading, resource allocation, and load distribution solutions challenged 
by scarce computational resources, energy constraints, high-speed motion of computing nodes, communication instability, 
and fault detection and recovery. This paper focuses on the problem of computation offloading and resource allocation 
(i.e., task scheduling) by proposing a distributed solution dealing with resource constraints, execution time constraints, 
satellite motion visibility (sunset), and minimizing the overall average response time. Our solution is based on a system 
model that captures satellites’ orbital motion and removes the classical assumptions made in the literature on the satellite 
network topology and the maximum number of one-hop connections among satellites. Using DES simulation, we assess 
the performance of the proposed scheduling algorithms when long-running tasks are executed, i.e., tasks with a service 
time in the range of sunset time, 25 to 176 seconds. Results show that the proposed solution allows for achieving a very 
high success rate of the tasks, guaranteeing the execution before sunset; the resource allocation policy permits the comple-
tion of a high percentage of tasks within the deadline.
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offered by mature edge computing solutions, particularly in 
terms of availability, latency and response time. For exam-
ple, the Satellite Mobile Edge Computing [7] model envi-
sions offering Mobile Edge Computing services via satellite 
links to users without a proximal Mobile Edge Comput-
ing server. The Satellite Terrestrial Edge Computing Net-
work [8] proposes to extend existing computing resources 
in multi-layer heterogeneous edge computing clusters. The 
LEO Edge Computing prototype [9] demonstrated that LEO 
Edge Computing can improve the performance of the tra-
ditional setting where LEO satellites use resources within 
cloud computing data centers.

Figure 1 shows the SEC scenario. Satellites are equipped 
with computational nodes, here named Satellite Edge Node 
(SEN). A SEN is reachable by Ground Users (GU) or 
ground stations from any location on Earth through satel-
lite ground links with latency comparable to or better than 
Internet latency [10].

Compared to terrestrial Edge computing, a Satellite Edge 
Computing platform has scarce computational resources 
shared by heterogeneous workloads from semi/real-time 
spacecraft control to interactive services and long-running 
tasks. Moreover, Inter-Satellite Links (ISL) are unstable, 
and battery lifetime is limited (a satellite can recharge bat-
teries only when facing the sun). Finally, LEO satellites 
move at high speed, and a Ground User is directly connected 
through a ground link with an LEO satellite only for a short 
time, ranging from a few seconds to minutes, depending on 
the position of the GU to the satellite. Receiving the task’s 
result before the satellite is no longer visible by the GU 
(no direct link with the satellite) contributes to reducing 

the latency, avoiding additional delays due to rerouting the 
result to a visible satellite. The problem of packet routing 
in LEO satellite networks has gained attention in the last 
few years  [11–14]. However, the studies are at their pre-
liminary stage, and there is no convergence on which is the 
solution that balances performance (i.e., reduced latency), 
energy consumption, and resource utilization. Hence, mak-
ing Satellite Edge Computing capable of meeting quality of 
service requirements for innovative services, like extended 
reality and edge AI, but also for long-running observation 
and monitoring tasks means addressing new challenges in 
computation offloading and resource allocation, load distri-
bution, mobility management, fault detection, and recov-
ery [7, 8].

In this paper, we address the problem of task scheduling 
in LEO satellite networks. Task scheduling includes offload-
ing ground users’ task requests (or computation offloading) 
and allocating SEN resources for task execution.

The main research questions we investigate in this paper 
are:

	● RQ1: How can we model satellite network dynamics 
and LEO satellite resources to investigate solutions 
to the satellite edge computing challenges through 
simulation?

	● RQ2: How can we offload computation to LEO satel-
lites and allocate LEO satellite constellation resources 
to a flow of GU tasks to serve them within response time 
deadlines and before the satellite’s sunset?

Fig. 1  Satellite edge computing 
scenario
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An effective Satellite Edge Computing scheduling algo-
rithm must make semi-real-time (or real-time) decisions, 
scale with the workload and constellation size, and handle 
the fast-moving satellites, ensuring tasks are completed by 
their deadlines and that the results of the processing are sent 
to the ground users preferably when a direct connection 
with the satellite is in place. To address the above challenges 
and answer our research questions, we propose a decentral-
ized orbit-aware task-scheduling solution that minimizes 
the average task response time under resource and execu-
tion time constraints. The decentralized approach addresses 
scalability and high availability requirements. Moreover, 
it eliminates the overhead of continuously collecting and 
maintaining, in a central location, updated information 
about the state of thousands of satellites and ISLs.

The proposed Decentralized Orbit-aware Task Sched-
uling algorithm makes offloading and resource allocation 
decisions. Offloading is based on the selection of the best 
SEN, the Access Point (AP) to the constellation, seen by 
the GU, and used to request the task execution, and on the 
relocation of the task execution request in case of scarce 
resources at the AP. Relocation considers the SEN sunset 
time and position. Resource allocation decisions are based 
on the task service demand (in terms of CPU, memory, and 
storage) and the task deadline.

This paper enhances the state of the art and the contribu-
tion of our previous work [15] as follows:

	● We introduce a system model that captures the orbital 
motion of satellites and the view of an observer of the 
LEO constellation. Therefore, the model can represent 
evolving satellite network topologies due to satellite 
motion and potential failures of SENs and ISLs. The 
proposed model leverages the Simplified General Per-
turbation 4 (SGP4) model [16–18].

	● We model a real network topology that removes the as-
sumption made in the literature (e.g.  [11, 12]) of hav-
ing a grid topology where each satellite has a direct link 
with only four neighbors, while in reality, each satellite 
can directly connect with tens of other satellites in the 
constellation

	● We formulate the orbit-aware task scheduling problem 
(offloading and resource allocation) as an optimization 
problem that minimizes average task response time 
while considering resource constraints and satellite po-
sition to the ground user.

	● We propose an offloading strategy that selects the AP 
closer to the observer and an offloading strategy that 
selects the AP that has the longest sunset time. That 
enhances the previous work [15], which used a round-
robin AP selection.

	● We perform an extensive simulation study to evaluate 
the performance of an offloading strategy that is based 
solely on the AP position, of an offloading strategy that 
also considers the sunset time, and of a resource alloca-
tion strategy based on the minimization of the average 
response time under deadline and resource constraints

Using event-driven simulation, we conduct experiments to 
assess the performance of the proposed scheduling algo-
rithms when long-running tasks are executed, i.e., tasks 
with a service time in the range of the sunset time, that is, 
25 to 176 seconds. We consider a real satellite constellation, 
parameterizing the simulator with StarLink constellation 
data, tasks belonging to two priority classes, different values 
of the task arrival rate, and service demands.

Results show that the orbit-aware offloading allows 
achieving a very high success rate of the tasks, guaranteeing 
the execution before sunset; the resource allocation policy 
permits the completion of a high percentage of tasks within 
the deadline; and the dynamic priority reduces the average 
response time and increases the success rate with respect to 
the static priority queue management.

The paper is organized as follows. Section  2 reviews 
the state of the art in Satellite Edge Computing. Section 3 
presents the satellite edge node model, the satellite orbit 
model, the network topology model, the workload model, 
and the response time model. The problem formulation is 
introduced in Sect.  4. The task scheduling algorithms are 
described in Sect. 5. Section 6 details the simulation frame-
work and its main components. Experimental results are 
analyzed in Sect. 7. Section 8 concludes the paper by outlin-
ing future directions.

2  Related work

The task scheduling problem in Satellite Edge Computing 
consists of offloading the task to the more appropriate satel-
lite and allocating the resources for the task execution on the 
satellite. These two challenges are jointly addressed, typi-
cally by formulating complex optimization problems solved 
with different techniques, e.g., [1, 1914 and].

There are three categories of scheduling solutions in Sat-
ellite computing: central, semi-distributed, and fully-dis-
tributed. In the first case, a single node (a satellite or a base 
station) computes the offloading and resource allocation 
strategy for all the requests and nodes in the constellation [1, 
20, 23]. In the semi-distributed approach, a LEO constella-
tion is partitioned into clusters of satellites, and each cluster 
has a controller node that takes scheduling decisions cen-
trally [2, 19, 24]. Finally, in the fully-distributed solution, 

1 3

Page 3 of 18   1013 



Cluster Computing         (2025) 28:1013 

node that is the access point to the satellite cluster and 
takes scheduling decisions. Experimental results consider a 
Walker topology; however, they do not specifically analyze 
the effect of the satellite motion on task offloading deci-
sions. In [19], the authors consider a quasi-static scenario, 
a grid topology where each satellite has four neighbors, and 
a three-tier architecture where tasks can be processed at the 
origin, on an LEO satellite, or on a cloud data center. The 
approach partitions the satellite network constellation into 
sub-networks, and for each sub-network, offloading and 
resource allocation decisions are taken centrally. A similar 
satellite network partitioning approach is proposed in  [2] 
where the authors address the problem of image processing 
task distribution among a cluster of satellites on the same 
orbital plane. Semi-distributed solutions mitigate the scal-
ability, availability, and time to make decisions problems 
we have seen in the centralized solutions. However, there is 
the risk that the SEN elected as scheduler gets overloaded.

Although the fully distributed approach does not provide 
global optimization, it mitigates the drawbacks of the cen-
tralized and semi-distributed solutions. To the best of our 
knowledge, only [3], [25] and our previous work [15] pro-
pose a fully-distributed solution.

Authors in [3] propose that each LEO satellite solves a 
local offloading stochastic optimization problem to mini-
mize the long-term completion delay of the satellites serv-
ing tasks from aerial aircraft and ground users. Experiments 
show results for a static network satellite topology. In [25], 
the author proposes a computing resource-sharing strategy 
based on blocked job offloading in LEO satellite networks. 
This strategy allows satellites to share computing resources 
with adjacent satellites, enhancing job execution probability 
and resource utilization efficiency.

All the above-cited works consider a static satellite net-
work with a simplified grid topology. In this paper, we con-
sider the motion of satellites to the source of task requests, 
which introduces further challenges and allows us to draw 
more realistic conclusions.

To fill the gap in distributed scheduling for SEC, research-
ers can get inspired from mature results in the field of Edge 
Computing and Mobile Edge Computing, where distributed 
or decentralized scheduling solutions have been widely 
investigated  [26], and some of them address challenges 
similar to those in SEC. For example, a scalable and decen-
tralized online optimization framework to jointly minimize 
the server’s cost of workload scheduling while maximizing 
the operator’s utility of service pricing is proposed in [27]. 
The solution is based on a mean-field game to model the 
collective scheduling behavior of all edge servers. A decen-
tralized task scheduling solution based on Deep Reinforce-
ment Learning is presented in [28]. The proposed solution 
allows edge nodes to make decisions without knowing the 

all the satellites in the constellation can make scheduling 
decisions [3, 15, 25].

The authors in [23] proposed a centralized satellite task 
time optimization scheduling algorithm based on a dynamic 
priority queue. The proposed solution shows to be adaptable 
to highly dynamic satellite network conditions, reduce task 
response time, and efficiently use satellite cluster computing 
resources. The problem of scheduling communication and 
computation resources in an edge computing network com-
posed of Geostationary Orbit (GEO) and LEO satellites is 
proposed in [20]. The solution uses a centralized approach: 
the scheduler runs at the GEO level, guiding the Inter-
Satellite Link connections and edge computing resources 
scheduling, supported by software-defined networking 
mechanisms. The scheduling problem is also addressed 
in [21], where the authors propose a joint optimization prob-
lem of offloading decision and computing resource alloca-
tion, which aims to reduce the user processing delay and 
energy consumption when the total computing resources 
of edge nodes are limited. The problem of minimizing the 
total energy consumption in uploading and computation in 
a system where ground users and satellites can request task 
execution to LEO satellites is addressed in [1]. The authors 
provide a detailed/realistic energy consumption model for 
communication and computation. However, they consider a 
minimal set of satellites and do not consider the effect of the 
satellite motion. The authors in  [22] solve the problem of 
jointly optimizing communication and computing resources 
allocation and computation offloading decisions. Their goal 
is to minimize the long-term average total power cost of the 
GUs and the LEO satellite, with the constraint of long-term 
task queue stability. A straightforward scenario with users 
connected to a single LEO satellite validates the proposed 
solution.

The works mentioned above share a centralized approach 
with the advantage of having a global view of the network 
status and resource availability. However, the centralized 
solution is risky in a harsh environment like space. ISLs, 
communication, and computing components can fail with-
out prompt replacement or fast detection. Moreover, pro-
posals are to run the central scheduler on the ground or in 
a GEO satellite. That introduces non-negligible communi-
cation delays in exchanging system state data and schedul-
ing decisions. Finally, centralized solutions are not scalable 
with the number of satellites in the constellation and the 
workload.

An enhancement of the centralized approach is the semi-
distributed solution. In [24], the authors address the problem 
of offloading tasks to LEO satellites supported by a GEO 
satellite by minimizing the total communication and pro-
cessing delay under deadline constraints. LEO satellites are 
divided into clusters, and each cluster has a master satellite 
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Km [31]. Otherwise, a multi-hop communication technique 
is required.

3.2  Satellite constellation and orbit model

To calculate the orbital state vectors of satellites relative to 
the Earth-centered inertial coordinate system, we adopt the 
Simplified General Perturbation 4 (SGP4) model, which has 
been widely used since 1980 in the field of satellite motion 
prediction [16, 18]. SGP4 belongs to the SGP family and 
takes as input data in the Two-Line Element (TLE) format, 
a standard for distributing orbital information by the North 
American Aerospace Defense Command (NORAD). SGP4 
accounts for solar perturbations, atmospheric drag, perturba-
tions caused by the Earth’s gravitational field, and variations 
due to solar activity [32]. This model produces a negligible 
error that varies depending on the satellite’s altitude rela-
tive to the Earth’s surface. The model’s output is related to 
an observer, i.e., a position on the Earth’s surface, like a 
user or a ground station. For example, we consider that the 
observer has the coordinates (latitude and longitude) of the 
city of Rome.

The set of satellites that can eventually be reached by the 
observer in a time window [t0, t0 + ∆T ] is the observation 
instance O∆T

t0 . Because the satellites move on their orbits, 
the observation instance depends on the wall clock time t0 
and the observation time window ∆T , which in this paper 
correspond to the duration of a simulation. For example, 
the set of satellites that an observer can eventually reach 
between 10:00 am and 10:30 am is different from the set 
of satellites that the same observer can reach between 4:00 
pm–4:30 pm.

Usually, an observer can connect with a satellite only if 
the elevation φ of the satellite is greater than a parameter 
φmax that accounts for the natural and artificial barriers on 
the Earth’s surface, e.g., high grounds and buildings. φmax 
typically ranges from 20◦ to 40◦ [33, 34]. This angle defines 
a listening dome Dt, the set of satellites in the observation 
instance that at time t has an elevation φ ≥ φmax

Dt = {s ∈ O∆T
t0

| φs,t ≥ φmax, t0 ≤ t ≤ t0 + ∆T}� (1)

where φs,t is the elevation of satellite s at time t.
Figure 2 shows two consecutive listening domes at time t 

and t + ∆t, where ∆t = 30 sec, and φmax = 40◦. To clarify 
the dynamic, the figure also represents the satellites outside 
the listening dome with an elevation between 25◦ and 40◦. 
We call this area buffer zone. In Fig. 2(a) satellite s = 4718 
is in the buffer zone at t, φ4718,t < φmax, and enters the 
listening dome at t + 30sec (Fig.  2(b)), while satellite 
s = 4373 leaves the listening dome at time t + 30sec. The 

information of other nodes. The authors in [29] present a 
decentralized approach to address the online edge task 
scheduling and resource allocation problem. The proposed 
approach allows nodes to communicate asynchronously 
within k-hops communication distance, eliminating the 
need for a centralized scheduler. In [30], the authors propose 
advanced scheduling techniques that leverage decentralized 
decision-making to optimize resource utilization and mini-
mize delay and energy consumption in edge networks. Sim-
ilarly, [23] introduces an optimization framework for task 
scheduling that effectively handles the uncertainties inher-
ent in such environments, offering highly relevant meth-
ods for managing resource constraints and communication 
delays in satellite-based networks.

These contributions complement our approach by vali-
dating the potential of decentralized and energy-efficient 
scheduling strategies by using effective techniques rang-
ing from game theory, linear/non-linear programming, 
machine learning (deep learning), and genetic algorithms. A 
drawback of these solutions is their non-negligible compu-
tational cost. Satellite edge nodes are resource- and energy-
constrained; hence, scheduling algorithms should minimize 
the resources and energy used. Moreover, SEN should make 
scheduling decisions quickly. Hence, in  [15] and in this 
work, we propose a heuristic solution with a reduced per-
formance footprint.

3  System model

This section presents our system model. Specifically, we 
introduce the Satellite Edge Node model, the LEO constel-
lation model, the workload model, and the response time 
model. Then, in Sect. 4, we formulate the scheduling prob-
lem as an optimization problem.

3.1  Satellite edge node model

Each satellite in the constellation brings a payload of pro-
cessing and storage units, as represented in Fig. 1. This pay-
load is called Satellite Edge Node (SEN). We model a SEN 
i as a computational unit characterized by the CPU speed 
(MHz) Ci, the available RAM capacity Mi (MBytes), and 
the available storage capacity Vi (MBytes). Processing and 
storage units in a SEN can be a cluster of Rpi or Leon5 
boards, and we assume that a virtualization layer is used to 
pull such resources together to expose them as a single unit. 
The SEN CPU is modeled as a FIFO queue Qi with non-
preemptive priority.

SENs communicate by leveraging Laser Inter-Satellite 
Links (LISL) technologies. Two satellites can communicate 
directly (one hop) if within a given distance dmax = 659 
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of SEN i, which communicate with Intra-Orbital Plane LISL 
(IOPL); the neighbors in close orbital planes of SEN i, which 
communicate with Nearby Inter-Orbital Plane LISL (NIPL); 
and the neighbors in crossing orbital planes, i.e. intersecting 
orbital planes, where half of the satellites orbit in a northeast-
erly direction, while the other half moves in a southeasterly 
direction, creating intersecting orbital planes, which communi-
cate with Crossing Inter-Orbital Plane LISL (CIPL). IOPL and 
NIPL are generally permanent links, and their selection should 
be privileged in scheduling and communication decisions. At 
the same time, CIPLs are temporary links and should be con-
sidered unreliable. It is worth mentioning that two satellites can 
directly communicate if they are visible to each other, i.e., no 
barriers between them, like other satellites.

3.3.2  Network topology model

The LEO constellation network topology changes over time 
because satellites move, can fail unpredictably, and ISL com-
munication is unstable [35], e.g., if CIPLs links are used, We 
modeled this dynamic network topology with a Network 
Topology matrix N t, a Bandwidth matrix Bt, and a Latency 
matrix Lt where

	● N t = {nt
ij}, si, sj ∈ Dt, and nt

ij = 1 if at time t there 
is a direct link between SENs i and j, otherwise nij = 0;

	● Bt = {bt
ij}, si, sj ∈ Dt, and bt

ij  is the bandwidth be-
tween SENs i and j if nt

ij = 1; otherwise bt
ij = 0 if 

nt
ij = 0, and bt

ij = ∞ if i = j;

buffer zone concept is introduced only to show the dynamic, 
and in the simulations, is used to represent the satellites that 
will enter the listening dome soon.

3.3  Satellite network model

Satellites in O∆T
t0  are connected and form the SENs’ Net-

work Topology at time t. Orbital configurations and geomet-
ric relationships define this topology. The network consists 
of satellites organized based on the Walker Delta pattern, 
ensuring global coverage. In what follows, we first intro-
duce the concept and type of neighbor that impacts commu-
nication reliability. Then, we present the network topology 
model.

3.3.1  Satellite neighbor model

As mentioned above, two SEN i and j can communicate directly 
if their distance at time t d(t, i, j) is less than dmax. The inter-
satellite distances are computed using the 3D Euclidean for-
mula d(t, i, j) =

(
(xt

i − xt
j)2 + (yt

i − yt
j)2 + (zt

i − zt
j)2) 1

2  
where (xt

i, yt
i , zt

i) and (xt
j , yt

j , zt
j) are the Cartesian coordi-

nates of the satellites i and j at time t.
We call neighbors of SEN i at time t all satellites such that 

d(t, i, j) ≤ dmax, and we define the set of neighbors at time 
t Et

i = {sj ∈ O∆T
t0

| d(t, i, j) ≤ dmax}. Et
i  is composed of 

three subsets: the neighbors placed on the same orbital plane 

Fig. 2  An example of two consecutive listening domes and related buffer zones at time t (a) and t + 30sec (b)
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3.5  Response time model

In what follows, we propose a response time model for 
tasks processed by an SEN. We assume SEN i is modelled 
by an M/M/1 non-preemptive priority queue [39, 40]. Arriv-
als are a Poisson process, the service time is exponentially 
distributed, and tasks belong to two priority classes, that is 
wr ∈ {0, 1}, where 0 denotes high priority and 1 low prior-
ity. Moreover, we assume the queue is stable, that is, the 
utilization ρ < 1 always.

The average service time of tasks arrived in the queue Qi 
before a given task r, at time t, is defined as

sr,i =
∑

p∈Qi
cp,iΓ(i, r, p)∑

p∈Qi
Γ(i, r, p) � (2)

where cp,i is the service time of task p on SEN i, Γ(i, r, p) = 1 
if task p arrives in the queue of SEN i before task r, other-
wise Γ(i, r, p) = 0, and sr,i = 0 if no tasks enter the queue 
before r, i.e. the numerator and denominator are zero.

From the queue network theory [39, 40], we can define 
the average waiting time for the higher priority task in Qi as

W 0
r,i =

(1 + ρ1
r,i)sr,i

(1 − ρ0
r,i)

� (3)

where ρ0
r,i = λ0

rsr,i, ρ1
r,i = λ1

rsr,i, λ0
i  and λ1

i  identify the 
arrival rate of high and low priority task requests to SEN i, 
and ρ0

r,i + ρ1
r,i = ρr,i is the utilization of SEN i. The utili-

zation is essentially the ratio of the arrival rate and service 
rate in a queue system, or the product of the average service 
time and the arrival rate. 0 ≤ ρr,i < 1 for each task r and 
SEN i because the system is supposed in steady state. For 
low-priority requests, the average waiting time is defined by

W 1
r,i =

1 − ρ0
r,i(1 − ρ0

r,i − ρ1
r,i)

(1 − ρ0
r,i)(1 − ρ0

r,i − ρ1
r,i)

sr,i� (4)

Then, the estimate for the response time of task r, with pri-
ority wr and service time cr,i on SEN i is

Rr,i = cr,i + (1 − wr)W 0
r,i + wrW 1

r,i� (5)

4  Problem formulation

We aim to determine the tasks’ schedule that minimizes the 
average response time of tasks executed on the SENs, subject 
to deadlines (time constraints) and resource constraints.

Assuming the task schedule should be determined over 
the period ∆T = K ∆t, starting at time t0, where K is the 

	● Lt = {lt
ij}, si, sj ∈ Dt, and lt

ij  is the latency between 
SENs i and j if nt

ij = 1; otherwise, if nt
ij = 0, lt

ij = ∞; 
and if i = j, lt

ij = 0.N t, Bt, and Lt are built using Star-
Link constellation data obtained from the CelesTrak1 
repository, one of the main sources for distributing and 
monitoring orbital information. The site provides data 
broken down into specific categories, including naviga-
tion, communication, and earth observation satellites 
[36].

We assume that each SEN i, through the SGP4 model can 
evaluate Et

i  as defined in Sect. 3.3.1 and that Et
i  includes 

SEN i. Moreover, each SEN i can measure bt
ij  and lt

ij  for 
each j ∈ Et

i .

Modeling a variable number of neighbors and a dynamic 
network topology innovates the state of the art, which so far 
has proposed a grid network topology in which each SEN 
has four neighboors [11, 12, 15, 37, 38].

3.4  Workload model

Ground users request the execution of tasks over a direct 
satellite ground link with an SEN. Satellites are also reach-
able through a link with ground stations, which is used for 
command and control or to transfer large amounts of data.

We assume T  is the set of executable tasks and that we can 
profile tasks. For each task r, we determine the task service 
time as a function of the CPU speed cr,i = f(Ci); the memory 
demand mr, and the storage demand vr, assuming that a task 
is deployed as a container and needs storage to allocate the 
container image and volumes. A response time deadline T max

r  
is defined for each task r. The task’s service time could range 
from a few milliseconds to minutes. The scheduling of long 
tasks is challenging because the SEN designated to handle the 
task could leave the listening dome before the task is complete. 
For the selected φmax = 40◦, the average time in the listening 
dome is 138.53 sec. with a maximum value of 176sec and a 
minimum value of 25sec. Completing the processing of a task 
outside the listening dome adds more latency for returning the 
result to the GU. In this paper, we only consider long-running 
tasks, i.e., tasks with long service time, and we do not consider 
response rerouting.

We also assume that ground users’ requests arrive at a 
rate of λ requests per second. Each task is prioritized with 
priority wk: the lower the wk value, the higher the task pri-
ority. αk ∈ [0, 1] is the fraction of requests with priority wk, 
and 

∑
αk = 1. Hence, λwk = αkλ is the rate of requests 

with priority wk.

1  https://celestrak.org
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5  Task scheduling in satellite edge 
computing

5.1  Access point selection (offloading)

This work assumes that users communicate directly with the 
constellation through specific satellites identified as Access 
Points (APs). APs are satellites in Dt, and we select the ones 
that approach the observer and get closer to it. This choice 
allows us to avoid selecting those already moving away who 
would have a reduced residual visibility time (reduced sun-
set time).

To determine whether a satellite is moving closer or far-
ther away, we use the knowledge of its relative speed to 
the observer. For each satellite, the relative direction vec-
tor runit = r

||r||  is determined for the observer, and r is the 
position vector of the satellite relative to the observer. runit 
has the same direction as r but with unit magnitude, helpful 
in calculating the projection of the velocity vrel along this 
direction: vrel = v · runit. If vrel is negative, the satellite 
is approaching the observer. In contrast, if vrel is positive, 
the satellite moves away. This criterion allows dynamically 
selecting satellites representing valid candidates to act as 
access points.

By applying this filter to the list of satellites in Dt sorted 
by increasing distance to the observer, we select the first 
nAP  satellites. Then, we use a Round-Robin strategy to dis-
tribute the flow of requests among the APs, considering that 
the flow of tasks originates from a single location.

5.2  Decentralized task scheduling

This section details the Decentralized Task Scheduling with 
Deadline algorithm [15], named DTS-TMAX. The pseudo-
code is in Algorithm 1, which illustrates the main functions, 
and Algorithm 2, which describes the supporting functions 
for Algorithm 1. DTS-TMAX implements both offloading 
(TaskAssignment and PropagateSearch functions) and 
resource allocation (SearchNode function).

Each SEN runs two main agents: the Monitor and the 
LocalScheduler, at lines 1 and 10 of Algorithm 1 respec-
tively. The agents work under the assumption that each SEN 
knows or can compute shared model parameters like Ci, 
Mi, Vi, cr,i, mr, vr, T max

r , and wr. The Monitor running 
on SEN i interacts with the neighborhood SENs j ∈ Et

j  to 
collect data about the links’ bandwidth and latency (line 4), 
as well as the values for T t

j , cr,j , W 0
r,j , and W 1

r,j  (line 5), 
needed to compute (5). Moreover, the Monitor computes 
the local values of W 0

r,i, and W 1
r,i and sends them to the 

neighborhood SENs along with cr,i and the list of queued 
tasks T t

i  (line 6).

number of time steps at which the schedule is evaluated, 
T t

i  is the set of task execution requests on SEN i at time t, 
Dt0 ,...,DtK−1  are the listening domes for the observer, and 
(5) gives the response time of task r on SEN i, the schedul-
ing problem can be formulated as the following optimiza-
tion problem (Table 1 summarizes the notation):

min
K−1∑
j=0

∑
i∈Dtj




1
|T tj

i |

∑

r∈T
tj

i

xr,i

(
cr,i + (1 − wr)W 0

r,i + wrW 1
r,i

)




s.t. ∀t ∈ [t0, tK−1], ∀i ∈ Dt, ∀r ∈ T t
i

� (6)

xr,i

(
cr,i + (1 − wr)W 0

r,i + wrW 1
r,i

)
≤ T max

r � (7)

xr,imr ≤ Mi � (8)

∑
r∈T t

i

xr,ivr ≤ Vi � (9)

where: xr,i = 1 if r is assigned to SEN i, otherwise xr,i = 0. 
(6) defines the average response time over all the K time 
intervals in ∆T , that should be minimized. The tasks’ 
response time constraint is defined by (7) (T max

r  is the dead-
line for task r). The constraint is on the estimated response 
time of task r, and at a given time t is evaluated for all 
tasks and satellites. The constraints on memory and storage 
resources’ availability are defined by (8) and (9). (8) speci-
fies that the SEN should have enough memory to execute 
the task, and the constraint is evaluated at each time ti, on 
each task, SEN by SEN. (9) evaluates if SEN i has enough 
storage to host all the assigned tasks. The assessment is per-
formed SEN by SEN at each time ti.

Table 1  Main model notation
Notation Description
Dt Listening Dome at time t
i or si i-th SEN (both notations are used)
Ci Speed of SEN i (MHz)
Mi RAM available at SEN i
Vi Storage available at SEN i

Et
i

Set of neighborhoods of SEN i at time t

T Set of executable tasks
T t

i
Set of task execution requests on SEN i at time t

cr,i = f(Ci) Service time for task r ∈ T  on SEN i

mr , vr Memory and Storage demand of task r
λ Tasks’ arrival rate
αk Fraction of requests with priority k
wr ∈ W Priority of task r
T max

r deadline for completing task r
Rr,i Response time of task r at SEN i
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PropagateSearch propagates the search for a feasible node 
to a neighborhood node of i (line 23).

The TaskAssignment function in Algorithm  2 checks 
if the selected SEN j is a remote node (line 8). If i = j, r 
is queued in Qt

i (line 12). Otherwise, if i ̸= j, the deadline 
value T max

r  is decremented by the transmission overhead 
(line 9) to update the time remaining to complete the task 
before the deadline passes, and the r request is sent to j’s 
local scheduler (line 10), performing a further offloading. 
In case the scheduling decision taken by the SearchNode 
function is to propagate the search for a feasible solution, the 
PropagateSearch function in Algorithm 2 selects a neigh-
borhood SEN j (line 16), decreases the deadline T max

r  by 
the transmission overhead (line 17), and checks whether the 
deadline T max

r  is not expired. If there is still time to execute 
the task within the deadline (line 18), the function sends the 
request to the local scheduler of SEN j (line 19). Otherwise, 
the request fails (line 21). The PropagateSearch function 
can implement any SEN offloading policy, e.g., random, 
least loaded, or lower latency. We implemented the random 
selection.

The LocalScheduler listens for task requests (line 12) 
and then activates the SearchNode function that searches 
for a feasible schedule (i.e., implements the resource alloca-
tion strategy). More specifically, the SearchNode uses the 
function RTime to compute the Rr,i,j  value (line 17, Alg. 1) 
for all the neighborhood SENs. In case a task is relocated to 
a neighboring SEN, the response time is no longer the one 
defined in (5), but it also includes the time needed to transfer 
the task image and data volumes. The response time of task 
r when relocated from SEN i to SEN j is defined as

Rr,i,j = Rr,j + vr/bi,j + li,j � (10)

where the bandwidth bi,j  and latency li,j  are computed 
by the SEN i. Then, the SearchNode filters the SENs 
with available resources, and that guarantees the task’s 
deadline (line 18), that is, the SENs which satisfy con-
straints (7) – (9). This filtering is performed by the IsFea-
sible function defined in Algorithm 2 at line 24. If there is at 
least one feasible solution (|Efeasible| > 0), the SEN j with 
the lower Rr,i,j  (lines 19 and 20, Alg. 1) is selected, and the 
TaskAssignment function is executed (line 21). Otherwise, 

Algorithm 1  Decentralized Task Scheduling with Deadline (DTS-TMAX) algorithm executed by SEN  which receives 
task r execution request: main functions.Support functions are in Algorithm 2
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Algorithm 2  Support functions for the DTS algorithm

5.3  Orbit aware resource allocation

The SearchNode is the core function of the DTS-TMAX 
algorithm. The version described in Algorithm 1 and Sect 5.2 
does not consider the position of the satellites in their orbit. 
That can result in assigning a task to a SEN who will quit 
the listening dome before the task execution is completed. 
Although that is possible, it introduces an additional delay 
because the SEN, to return the result to the GU, should re-
route the answer to a SEN in the listening dome. To avoid 
this event, we introduce the Orbit-aware SEN selection 
strategy, named OrbitAware, implemented by the OrbitA-
wareSearchNode, that accounts for the orbital sunset of 
satellites, that is, the time to quit the listening dome. The 
longer the orbital sunset, the more suitable the SEN is for 
executing tasks. Hence, OrbitAwareSearchNode dif-
fers in how the set Efeasible is computed at line 18 of the 
SearchNode, that is

Efeasible = {j ∈ E s.t. IsFeasible(r, j) = True AND Rr,i,j < OrbitalSunsetj}

where OrbitalSunsetj  is the orbital sunset time for SEN j 
If the server i and the neighbors are unfeasible for an assign-
ment, i.e., Efeasible = ∅, it propagates the search to other 
nodes, offloading the task.

5.4  Priority management in decentralized task 
scheduling

Task requests have different priorities, and the SEN queue 
scheduling impacts performance. In our previous research, 
we considered a classic non-preemptive FIFO with two-pri-
ority class scheduling. We observed that low-priority classes 
were heavily penalized because they starved waiting for the 
CPU. To overcome this issue, in this paper, we propose to 
dynamically assign tasks to different priority queues based 
on the load of the satellite edge nodes, optimizing response 
times and improving resource utilization [41].

We enhanced the SearchNode function with a dynamic 
priority management logic that takes advantage of four key 
parameters calculated by the Monitor function:

1 3
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	● AVG_service_timei: The average service time for SEN i.
	● waiting_timei: The total waiting time of tasks (high and 

low priority) in the queue for SEN i.
	● H: the threshold for the maximum waiting time of high-

priority tasks.
	● L: the threshold for the maximum waiting time for low-

priority tasks, calculated as H plus an additional pre-
defined value.

Algorithm  3 describes the dynamic priority assignment 
policy. When a new task arrives, if a few small tasks are in 
the queue or the queue is empty, it gets a high priority. Its 
priority remains unchanged if the waiting time is in [Hi, Li]. 
That is because if the task has a high priority and the wait-
ing time is higher than expected, it must be prioritized, and 
if it is a low-priority task and the waiting time is lower than 
expected, it can wait in the queue for high-priority tasks to 
be completed. Finally, if the SEN queue length grows, the 
waiting time will be longer than expected, and new tasks 
will be delayed. Therefore, if it is originally a high-priority 
task, it is marked low-priority. This dynamic prioritization 
ensures that high-priority tasks are processed with minimal 
delay while lower-priority tasks are queued accordingly to 
balance the system load. The results presented in Sect. 7.3 
show that dynamic priority management reduces the total 
number of failed requests and the average response time.

Algorithm 3  Task Priority Assignment Algorithm

6  The simulation framework

The simulation framework designed and implemented to 
evaluate task scheduling strategies in a Satellite Edge Com-
puting environment leverages SimPy, a process-based dis-
crete-event simulation library for Python. The SimPy library 
has been selected because it allows custom implementations 
of satellite-specific model components. At the same time, 
its integration with Python’s ecosystem facilitates the seam-
less use of astronomical and data analysis libraries. SimPy 
ensures precise control over events such as task arrivals, 
queue management, and resource allocation.

The simulation framework allows for the reproduction of 
the behavior of SENs under different workload conditions 
and consideration of the dynamics of a real LEO satellite 
constellation. Collecting performance measures, the frame-
work provides valuable insights into the efficiency of dis-
tributed edge systems.

This section presents the simulation framework imple-
mented to reproduce the LEO satellite dynamics, the SEN’s 
system state evolution, and the task scheduling algorithms.

6.1  Satellite edge node implementation

Each SEN is represented as an instance of the EdgeServer 
class, encapsulating a priority-based task queue that man-
ages task execution according to predefined priorities, a 
dynamically updated utility value that reflects the serv-
er’s suitability for processing tasks based on factors such 
as CPU load, queue length, latency, and orbital data (like 
orbital subset time); and neighbor tables storing real-time 
network metrics such as latency and bandwidth to facilitate 
task offloading. This modular design supports scalability 
and enables the straightforward integration of new schedul-
ing policies or network models.

Task queues are implemented using the PriorityResource 
class provided by SimPy, ensuring that tasks are processed 

according to their priority, i.e., that high-priority tasks are 
executed first. When a task requests a server resource via 
the request() method, it proceeds immediately to execution 
if the resource is available or waits in the queue until the 
resource is freed. Moreover, as tasks are executed and new 
tasks arrive, the queue dynamically updates to reflect cur-
rent priority levels and resource availability, thus maintain-
ing an efficient scheduling process.

6.2  Tasks generation and lifecycle

Each task is modeled as a discrete entity defined by its 
resource requirements (e.g., CPU, RAM, disk space, and 
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6.3  Scheduler implementation

The simulator implements two levels of task scheduling. 
The first is at the level of the satellite constellation, that is, 
the assignment of the task to a SEN. The second is at the 
level of SEN and is about the SEN resources assignment.

A task is created and assigned to an appropriate edge 
server using the LocalScheduler, SearchNode, and TaskAs-
signment functions presented in Sect. 5.2. These functions 
implement multiple scheduling approaches selected accord-
ing to the configuration parameters of the simulation. A 
resource-aware strategy, allocating tasks based on server 
utility values, is calculated dynamically by considering fac-
tors like estimated execution time, priority, queue length, 
and resource availability. An orbit-aware strategy that 
enhances the resource-aware strategy with satellite orbit 
and position data. Random and round-robin strategies that 
do not use system state information but ensure robustness 
under high-load conditions. The SearchNode implements 
the resource-aware and orbit-aware strategies.

Key performance metrics such as execution time, wait-
ing time, queue length, and completed and failed requests 
are collected.

7  Experimental results

7.1  Model parameters and performance metrics

We conducted experiments to analyze the effect of long-
running tasks on the performance of the proposed schedul-
ing policies. As summarized in Table 2, long-running tasks 
have an average service time exponentially distributed with 
mean µ in the range of 10 to 50 seconds. The inter-arrival 
time of task requests is exponentially distributed with 
mean λ = {1.5, 1, 0.5} seconds, which allows us to study 
the system in a stationary state. We simulate 10 minutes of 
wall clock time (∆T = 600sec), hence the number of task 

data transfer needs), its priority level (high or low), and its 
execution timeline (arrival, waiting, and execution times).

The inter-arrival time distribution for task requests can 
be configured. We implemented an exponential distribu-
tion. If a different distribution is considered, the waiting 
and response time model should be changed accordingly. 
A new function can be easily added to the simulation code. 
Tasks are injected into the simulation environment by the 
generate_tasks function. Once a task acquires the necessary 
resources, it transitions to the execution state; the execution 
time, which is proportional to the task’s resource require-
ments and the server’s processing power, elapses by using 
the env.timeout(ExecutionTime) that generates an appropri-
ate event after ExecutionTime seconds.

Table 2  Main simulation parameters used for all the experimental 
results reported
Parameter Value
Duration ∆T  (sec.) 600
Tasks inter-arrival time (sec.) exponential, 

µ = 0.5, 1, 1.5
Task service time (sec.) exponential, 

µ = [10, 50]
Task memory (RAM) demand (MByte) uniform, [50, 500]
Task disk demand (GB) uniform, [0.5, 1]
Task priority 20% high priority, 

80% low priority
Time Deadline T max

r (sec.) 30 ∀r

Buffer zone elevation 25◦

Period of listening dome evaluation ∆t (sec.) 30
Number of Satellites in the listening dome 23
Number of Satellites in the buffer zone 17
Number of Access Points 5
SEN Disk capacity (GB) 64
SEN Memory (RAM) capacity (GB) 4
ISL bandwidth (Mbps) 100 [9]

Fig. 3  Average Response time of successfully completed requests
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sunset time ranges from 25 to 176 seconds, with an average 
of 138.53 seconds.– The set of 40 satellites changes over 
time according to the StarLink orbital parameters. We con-
sider five access points that change with the movement of 
satellites and are selected according to the policy described 
in Sect. 5.1.

Performance metrics considered are:

	● the average, 90th and 95th percentile of response time
	● the percentage of requests that failed and were executed 

successfully
	● the percentage of requests with a violated deadline
	● the percentage of requests executed after sunsetFailed 

requests are the requests not executed in ∆T  because 
no feasible SEN is found, or because they remain in the 
queue of a SEN, or the task execution terminates after 
sunset (and therefore the SEN cannot return the response 
to the GU– re-routing mechanisms are not implement-
ed). Requests that violate the deadline Tmax but com-
plete before sunset are considered successful anyway.

requests generated depends on the inter-arrival time. Spe-
cifically, for λ = {1.5, 1, 0.5}, on average, we generate 400, 
600, and 1200 requests, respectively. The split between high 
and low-priority requests is 20/80%. The number of satel-
lites considered at a given time instant t to schedule the tasks 
is 40. We update their position every 30 seconds, and their 

Fig. 6  Percentage of executed after sunset

 

Fig. 5  Percentiles of the Response Time

 

Fig. 4  Observed Service Time values for µ = 30 sec and 
λ = {1.5, 1, 0.5}
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AP’s neighbor with the longest time to sunset, but that does 
not make a difference until the task response time is lon-
ger than the average sunset time. Hence, the OrbitAware 
algorithm can outperform DTS-TMAX in the case of over-
loaded servers, which violates our model assumptions and, 
therefore, is not considered in the experiments.

In Fig. 3, we observe the average response time increas-
ing with the Task Service Time and decreasing when the 

7.2  DTS-TMAX and OrbitAware analysis

Experimental results (Figs. 3, 5 and 6) show DTS-TMAX 
and OrbitAware task scheduling strategies with dynamic 
priority exhibit similar behavior. The reason is that DTS-
TMAX searches for a feasible SEN among the neighbors of 
the AP, which always has a long time to sunset, and there-
fore, the neighbor SENs also. The OrbitAware selects the 

Table 3  Ratio of executed after sunset and total failed requests
µ OrbitAware DTS-TMAX

λ = 1.5 λ = 1 λ = 0.5 λ = 1.5 λ = 1 λ = 0.5
10 0 0 0 0 0 0
20 0 1 0.59 0 0.71 0.66
30 1 0.81 0.56 0.66 0.63 0.49
40 0.8 0.49 0.56 0.66 0.49 0.54
50 0.66 0.47 0.54 0.53 0.6 0.58

Table 4  Percent of requests which violate the deadline Tmax = 30 (before or after sunset
µ λ = 1.5 λ = 1 λ = 0.5

DTS-TMAX OrbitAware DTS-TMAX OrbitAware DTS-TMAX OrbitAware
20 22.87 16.62 16.81 20.09 14.67 13.74
30 27.31 28.77 29.16 26.26 16.82 17.91
40 34.72 33.85 28.99 31.11 19.19 19.61
50 38.22 42.35 30.10 30.34 20.79 20.39

Fig. 7  Percentage of tasks successfully executed and failed for DTS-TMAX. The stacked plot reports the total; the blue area accounts for high-
priority requests, and the orange area for low-priority requests
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of long-running tasks (greater than 40 seconds) is similar for 
all the λ values. Secondly, with a shorter inter-arrival time, 
more tasks are injected into the system, the queue length 
increases, and the percentage of failed requests grows, 
as Figure  7(d–f) and Fig.  8(d–f) show. That also implies 
more tasks executed after sunset, c.f. Fig.  6 and Table  3. 
The ratio between requests executed after sunset and total 
failed requests, reported in Table 3 shows that when queues 
are empty (e.g., λ = 1.5 and µ = {30, 40} or λ = 1 and 
µ = {20, 30}) tasks fails mainly because executed after sun-
set. When the tasks compete for resources (e.g., µ ≥ 30 and 
λ = 0.5), 40-50% of requests fail because the algorithms 
do not assign resources in time, and the rest terminate their 
execution after sunset.

number of concurrent requests in the system increases (i.e., 
the inter-arrival time decreases). We can explain this coun-
terintuitive behavior as follows. Firstly, each inter-arrival 
time value produces a different distribution of the service 
demand (and therefore of the response time) due to the dif-
ferent number of requests generated. Figure  4 shows the 
observed service time of successfully completed requests, 
sorted in descending order, for the cases µ = 30sec and 
λ = {0.5, 1, 1.5}, and Fig. 5 reports the 90th and 95th per-
centiles of the response time. With λ = {0.5, 1} more short 
requests are generated as demonstrated by the decreasing 
trend of the 90 − th and 95 − th percentiles and of the aver-
age response time, which is 16.4, 22.6, and 24.4 seconds for 
λ = {0.5, 1, 1.5} respectively. On the contrary, the amount 

Table 5  Percentage of successful requests, Average Response Time, and Rate of change of low priority requests for DTS-TMAX with static prior-
ity (SP) and with dynamic priority (DP) management
µ Successful requests (%) Avg. Response Rate of change

Total High pri Low pri Time (sec) Low to High
SP DP SP DP SP DP SP DP

10 99.92 100 21.04 89.53 78.88 10.47 9.98 10.01 0.724
20 95.51 96.09 21.1 71.63 74.41 24.46 16.53 14.91 0.479
30 82.45 87.61 20.36 69.05 62.09 18.56 16.12 14.75 0.471
40 76.71 81.5 18.51 69.49 58.2 12.01 16.77 14.79 0.497
50 68.15 73.51 17.47 68.61 50.68 4.9 16.4 14.67 0.5173

Fig. 8  Percentage of tasks successfully executed and failed for OrbitAware. The stacked plots report the total; the blue area accounts for high-
priority requests, and the orange area for low-priority requests
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Firstly, we defined a system model that captures the 
orbital motion of satellites for a stationary observer and 
removes the limitation of the grid network model assump-
tion made in the literature [11, 12]. Indeed, in a real setting, 
a satellite does not have only for ISL like a grid, but rather it 
can connect directly to tens of neighbors, like in our model.

Secondly, the Orbit-aware scheduling problem, which 
considers both task computation offloading and resource 
allocation, is formulated as an optimization problem, solved 
using a heuristic approach. We studied two algorithms: the 
DTS-TMAX, early introduced in [15], and the newly pro-
posed OrbitAware. The DTS-TMAX embeds an offloading 
strategy that considers only the task completion time. The 
OrbitAware algorithm considers the sunset time, hence the 
satellite position in the listening dome, and the completion 
time in its offloading strategy. Moreover, we also proposed a 
first-hop offloading strategy to select the access point to the 
LEO constellation, which chooses the SENs moving in the 
direction of the ground user and close to him. The first con-
dition means those satellites have the longest time to sunset 
among the satellites in the constellation. The second condi-
tion ensures that the selected satellites are close enough to 
the ground user for optimal connectivity.

Thirdly, we introduced a dynamic task priority manage-
ment strategy to improve the throughput and reduce the 
average response time.

Finally, an extensive simulation study was performed to 
evaluate the impact of long-running tasks. Results demon-
strate that: 1) the AP selection that considers the position of 
the SEN to the ground user is beneficial for both DTS-MAX 
and OrbitAware algorithms; 2) in stationary conditions, 
both algorithms achieve a high success rate; 3) the percent-
age of requests executed after sunset is below the 15% for 
OrbitAware; 4) the percentage of requests that violate the 
deadline could reach high values when the mean of the ser-
vice time exponential distribution exceeded the deadline 
Tmax = 30 seconds; 5) the dynamic priority queue sched-
uling algorithm introduced outperforms the static priority 
queue management in terms of total successful requests and 
average response time.

8.1  Future directions

The obtained results are promising and stimulate further 
developments. We identified the following future directions.

The re-routing of request results to GU when the SEN 
is no longer visible should be investigated because it will 
increase the success rate and a better utilization of SEN 
resources. Routing protocols for Internet satellite links 
should be energy and computationally efficient. The LEO 
satellite routing problem is under the attention of the 

Concerning the percentage of requests that violate the 
timeout Tmax, it is also influenced by the different distribu-
tion of the service time, as Table 4 shows. For λ = 0.5, there 
are more short requests, and only 14–20% of requests vio-
late the 30-second deadline. For λ = {1.5, 1}, the amount 
of short requests decreases, resulting in more time deadline 
violations, between 16.6% and 42.3%.

Figures 7 and 8 demonstrate that the majority of failed 
requests are low-priority and that in the worst case (λ = 0.5 
and µ > 40) only between 20% and 26% of requests fail. 
The figure also shows that the introduced dynamic prior-
ity scheduling strategy transforms the low-priority requests 
into high-priority requests, allowing a high success rate and 
a low fraction of time deadline violations. Indeed, at the end 
of the simulation, the ratio of 80/20% is subverted: the high-
priority requests are between 100% (e.g., λ = 0.5, µ = 10) 
and 73% (e.g., λ = 0.5, µ = 50).

7.3  Priority management analysis

Here, we analyze the Dynamic Priority management intro-
duced in Sect.  5.4 and show how it improves the perfor-
mance of a static FIFO with a priority scheduler. We 
consider the inter-arrival time λ = 0.5 and the service time 
range µ = [10, 50]. Table  5 shows that dynamic priority 
(DP) queue management allows completing more requests 
than static priority (SP) queue management. Observing the 
percentage of high-priority requests, it is evident that for 
SP, no high-priority request fails its execution (we have the 
80/20 ratio) for µ ≤ 30 and 2-3% of high-priority requests 
fail their execution for µ ≥ 40. When the service time 
increases, the low-priority requests fail, with a failure rate 
higher than 22%, reaching the peak of 50% for µ = 50. The 
average response time also benefits from dynamic priority 
management. Table 5 also shows that DP reduces the aver-
age response time by 2 seconds.

Concerning DP, around 47-51% of low-priority requests 
change into high-priority, as measured by the rate of change, 
which is the ratio between the variation in the number of 
high-priority requests and the total number of requests.

The results reported in Table  5 are for DTS-TMAX. 
Results for OrbitAware, which were not reported for con-
ciseness, confirm the advantages of using DP over SP.

8  Conclusions and future work

This paper studied the problem of task scheduling, i.e., task 
computation outsourcing and resource allocation, in satel-
lite edge computing. The work enhanced the state of the art 
as follows.
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