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1 Introduction

In the continuously developing world of Cloud Computing and mobile technologies computer
demanding resource needs have witnessed a strong climb for mobile applications. The task —
resource management has become a major research paradigm for mobile resource offloading.
According to Roman et al. (2018), during the previous 10 years, cloud computing has evolved
as one of the most compelling solutions for hosting applications via the Internet infrastructure.
computer in the cloud is based on the usage of centralized computer resources hosted in data
centers. This method alleviates the load of infrastructure management and allows service
providers to deliver cloud services at charges that are fair for both consumers and enterprises.

The implementation is shown below
2 Prerequisites

Install python 3.11.4 and install

Ipip install pandas
Ipip install numpy
Ipip install matplotlib

Ipip install numpy==1.23.5
Ipip install pandas

Ipip install matplotlib

Ipip install networkx

Ipip install msgpack

3 Prerequisite Installation




3.1 Installation of libraries

Collecting numpy==1.23.
ing cached numpy-1.23.5-cp311-cp311-win_amd64.whl.metadata (2
Using cached numpy-1.23.5-cp311-cp311-win_amd64.whl (14.6 MB)
Installing collected packages: numpy
Attempting uninstall: numpy
Found existing installation: numpy 2.8.8
Uninstalling numpy-2.8.8:
Successfully uninstalled numpy-2.8.
Successfully installed numpy-1.23.5

Requirement already satisfied: y

Requirement already satisfied: .23.2 i rom pandas) (1.23.5)
Requirement already satisfied: python-dateutil»>=2.8.2 in (from pandas) (2.8
Requirement already : pytz>=2020.1 in (from pandas) (2823.3)

Requirement already satisfied: tzdata> 2.7 i (from pandas) (2823.

)
Requirement already satisfied: six»=1.5 in (from python-dateutil>=2.8.2->pandas) (1.16.8)
Requirement already s i matplotlib in (3.9.1)
Requirement already satisfied: contourpy>=1.8.1 i (from matplotlib) (1.1.8)
Requirement already satisfied: cycler>=0.1@ in (from matplotlib) (0.11.8
Requirement already satisfied: fonttools>=4.22.8 in (from matplotlib) (4.48.8)
Requirement already satisfied: kiwisolver .3.1 in (from matplotlib) (1
Requirement already satisfied: numpy>=1.23 in (from matplotlib) (1.23.5)
Requirement already satisfied: i .8 i (from matplotlib) (23.
Requirement already satisfied: pi i (from matplotlib) (9.5.)
Requirement already satisfied: py »=2.3.1 i (from matplotlib) (3.
Requirement already satisfied: python-dateuti 7 i (from matplotlib .8.2)
Requirement already isfi i 1.5 1 (from python-dateutil>=2.7->matplotlib) (1.16.8)
Requirement already isfied: networkx in (3.3)
Requirement already s ied: msgpack in (1.0.8)

3.2 Step 1: VSCODE installation

https://code.visualstudio.com/download

ﬂ Visual Studio Code Docs Updates Blog APl Extensions FAQ Learn O O search Docs

Version 1.92 is now available! Read about the new features and fixes from July.

Download Visual Studio Code

Free and built on open source. Integrated Git, debugging and extensions.

i ’

4 Windows Lo 4 rpm 4 Mac
Windows 10, 11 Debian, Ubuntu Red Hat, Fedora, SUSE macOSs 10.15+
User Installer ECINEEE) «deb (] [ Armé) ELL] 0ol chipJ Apple silicon [ Universal
R R— rem [Z) ER) COEE)
Installer rargz @@ cu
2ip snap ETTEDD
cu cu =

By downloading and using Visual Studio Code, you agree to the license terms and priv

Step 2: Open Folder with VSCODE


https://code.visualstudio.com/download

LORER

EDGESIMPY-TUTORIALS-MASTER

igging into EdgeSin

python -m pip install --upgrade pip

d: pip in

tall panda

tall matplotlib

Requirement
Requirement

4 Running the proposed Code

We need to run the codes in the following order to achieve the specific order. The Running of the proposed
component.

Tutorial

Loading datasets

Manipulating components

Monitoring simulation

Creating a placement algorithm

Creating a migration algorithm

Automating experiments

Using built-in and custom system models




4.1 Loading Dataset

curl https://raw.githubusercontent.com/EdgeSimPy/edgesimpy-tutorials/master/datasets/sample_datasetl.json --output dataset.json
simulator = Simulator()
simulator.initialize(input_file="dataset.json"

edge_server EdgeServer.all():
print(f"{edge_server}. CPU Capaci {edge_server.cpu} cores")

EdgeServer_1. CPU Capacity:
EdgeServer_2. CPU Capacity:
EdgeServer_3. CPU Capacity:
EdgeServer_4. CPU Capacity:
EdgeServer_5. CPU Capacity: 12 cores
EdgeServer_6. CPU Capacity: 12 cores

% Total % Received % Xferd Average Speed Time Time Time Current

Dload Upload Total Spent Left Speed

cores
cores
cores
cores

1
8
:
8

e e e e e -]
55 142k 55 81920 e 707k
100 142k 100 142k e 1212k

manipulating-components.ipynb X
notel s > @ manipulating-components.ipynb > ..
+ Code -+ Markdown | [» RunAll O Restart lear All Outputs | Variables

ComponentManager.sorted_by = classmethod(sorted_by)

Finally, we can test sorted_by in action. In the example below, we sort the list of EdgeServers by ID in descending order.

simulator = Simulator(
tick_duration=1,
tick_unit: conds",
stopping_criterion=

lator.initialize(input_file="htt githubusercontent.com/EdgeSimpP: impy-tutorials/master ample_datasetl

edge_servers = EdgeServer.sorted_by(attribute="id", order scending™)
edge_server edge_servers:
print(

{edge_server}")

EdgeServer_6
EdgeServer_5
EdgeServer_4
EdgeServer_3
EdgeServer_2
EdgeServer_1

4.3 Monitoring Simulation



monitoring-simulation.ipynb X

nots itoring-simulation.ipynb > Mt \ ng EdgeSimPy Simulations > M# Monitoring Custom Mef > # Creating a Simulator object

+ Code ~+ Markdown | [» RunAll 'O Restart = Clear All Outputs | [& Variables Outline
open(f“logs/{file}", “rb") data_file:
datasets[file.replace(".msgpack”, )] = pd.DataFrame(msgpack.unpackb(data_file.read(), strict_map_key=

Now we have all the simulation logs stored in Pandas data frames. To check the format of these files, let's access the edge server logs:

datasets["EdgeServer"

. Time Instance - . RAM Disk Ongoing .
Object Step D Coordinates Available Demand Demand Migrations Services

EdgeServer_1 [0, 01 131072
EdgeServer 2 [0, 2] 131072
EdgeServer_3 [6, 0] 131072
EdgeServer_4 [1, 31 131072

EdgeServer_5 131072 1024 1017

EdgeServer 6 131072

EdgeServer _1 131072

cement-algorithm.|pynb >

+ Markdown | [» RunAll 9 rt

Porposed Algorithm

All Outputs |

Early Exit on Success: Once & ce is successfully provisioned, there’s no need to continue iterating over remaining
Parallel Proc: g: If there are many services and edge serv consider parallel processing to speed up the migration process
Resource Optimization: Implement more sophisticated reso checks and load balancing to optimize the distribution of services across edge servers.

Caching Results: Cache the results of capacity checks for edge servers if multiple services are being provisioned simultaneo

heapq
logging
concurrent. futures ThreadPoolExecutor

logging.basicConfig(level=logging.INFO)

EdgeServerWrapper:

__1t_ (self, other):

( .edge_server.cpu, .edge_server.memory, .edge_server.disk) < \
(other.edge server.cpu, other.edge server.memory, other.edge server.disk)

edge_server_wrapper = heapq.heappop(edge_server_heap)
edge_server = edge_server_wrapper.edge_server

4.5 Migration Algorithm



+

rkdown |

simulator imulator(

tick_duration=1
tick_unit="
stopping_criterion
resource_management_algorithi

simulator.initialize(input_fil.

simulator.run_model()

= TIME STEP 1
- EDGE SERVERS
: EdgeServer_1,
: EdgeServer_2,
: EdgeServer_:
EdgeServer_4,
EdgeServer_!
EdgeServer_t

‘capacity':
‘capacity':
'capacity':
‘capacity':
"capacity’

‘capacity':

- SERVICES -
Service_1, 'requiremen

*requiremen

*requiremen

*requiremen

*requirements’ :

stopping_criterion,

algorithm,

, 16384, 131@72], 'demand': [e, e, @],

, B192, 131072], [e, @, 8]
8192, 131072], ‘demand': [2, 4896, 88], ‘container_layer
16384, @72], 'demand’: [3, 5128, 1e17], _laye
16384, 131072], ‘'demand’: [2, 4896, 8], 'container_lay

'container_l.
*demand ‘container_la:

*contain [1, 2,

[11, * ‘available’: True,
o vailable’
ailable

‘available

, 2048], ' True,
2e48],
2048],
2e48], '

True,

: EdgeServer_4, True,

‘server’: EdgeServer 4, 'available': True,

5 Results from the proposed Code

[33, 34, 35],

*being_pr

*being
'being_provisioned': False}

ce_4, Service 5]}
1e, 11, 12, 13, 14, 15,
[service_3, Service_6]}

"being_provisioned
*being_provisicned’:

rovisioned*: False}

16,

Directory Structure for the running code with the parametric values a and b in the notebook directory.

- EDGESIMPY-TUTORIALS-... [}, B O @

> datasets
> EdgeSimPy-master
~ notebooks

N
2

automating-experiments.ipynb
creating-migration-algorithm.ipynb
creating-placement-algorithm.ipynb
dataset.json
including-custom-system-models.i...

loading-datasets.ipynb

manipulating-components.ipyn

monitoring-simulation.ipynb
.gitignore
EdgeSimPy-master.zip
£ Git-2.45.2-64-bit.exe
fl LICENSE
pyproject.toml
README.md

17,

18, 19




5.1 Resuts:

logs = pd.DataFrame(simulator.agent_metrics["NetworkFlow"])
logs.describe(

)

Time Step Instance ID Start End Source Target Actual Bandwidth Data to Transfer

count 42.000000 42.000000 42.0 26.000000 42.0 42.000000 42.000000 42.000000
mean  3.500000 4.000000 10 2615385 50 2714286 6428571 4916667
std 1.728527 2024243 0.0 1626700 00 1.686181 3.857320 7.548959
min 1.000000 1.000000 10  1.000000 5.0  1.000000 2.000000 0.000000
25%  2.000000 2.000000 10 1.000000 50  1.000000 2.000000 0.000000
50%  3.500000 4.000000 10  3.000000 50  2.000000 6.250000 0.000000
5.000000 6.000000 10  4.000000 50  4.000000 6.250000 10.000000

6.000000 7.000000 10 5.000000 50  6.000000 12.500000 23.750000

Time Instance e e Disk CPU RAM Disk Ongoing

D Demand Demand Demand Migrations T Layers Images

[0, 0]
[0,21
[6, 0]
1,31

nginx,

EdgeServer_5 '
=R ubunty,

EdgeServer 6
EdgeServer_1

EdgeServer 2

8  EdgeServer 3

9 EdgeServer 4 : 131072

6 Reference

[1]. Roman, R., Lopez, J., Mambo, M. (2018). Mobile edge computing, fog et al.: A survey and
analysis of security threats and challenges. Future Generation Computer Systems, 78, 680—
698.

[2]. Shahzadi, S., Igbal, M., Dagiuklas, T., Qayyum, Z. U. (2017). Multi-access edge computing:
open issues, challenges and future perspectives. Journal of Cloud Computing, 6, 1-13.

[3]. Mao,Y, You, C., Zhang, J., Huang, K., Letaief, K. B. (2017). A survey on mobile edge
computing: The communication perspective. IEEE Communications Surveys & Tutorials, 19,
2322-2358.

[4]. M. Satyanarayanan, G. Klas, M. Silva, S. Mangiante, The seminal role of edge-native
applications, in: 2019 IEEE International Conference on Edge Computing, IEEE, 2019, pp. 33—
40.

[5]. M. Satyanarayanan, P. Bahl, R. Caceres, N. Davies, The case for vmbased cloudlets in mobile
computing, IEEE Pervasive Computing 8 1125 (2009) 14-23.

[6]. H.Zhao, S. Deng, Z. Liu, J. Yin, S. Dustdar, Distributed redundancy scheduling for
microservice-based applications at the edge, IEEE Transactions on Services Computing
(2020).

[7]1. J. Wang, Z. Feng, S. George, R. lyengar, P. Pillai, M. Satyanarayanan, 1130 Towards scalable
edge-native applications, in: ACM/IEEE Symposium on Edge Computing, 2019, pp. 152-165.

7



[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].
[20].

[21].

[22].

[23].

[24].

[25].

[26].

P. Souza, A. Crestani, T. Ferreto, F. Rossi, Latency-aware privacypreserving service migration in
federated edges, in: International Conference on Cloud Computing and Services Science,
2022, pp. 288-295. 1135

P. Souza, T. Ferreto, F. Rossi, R. Calheiros, Location-aware maintenance strategies for edge
computing infrastructures, IEEE Communications Letters 26 (2022) 848—852.

Yu, Z., Xu, X. and Zhou, W. (2022). Task Offloading and Resource Allocation Strategy Based on
Deep Learning for Mobile Edge Computing. Computational Intelligence and Neuroscience,
2022, pp.1-11. doi:https://doi.org/10.1155/2022/1427219.

Vaisman, R., Kroese, D.P. and Gertsbakh, I.B. (2016). Improved Sampling Plans for
Combinatorial Invariants of Coherent Systems. IEEE Transactions on Reliability, 65(1),
pp.410-424. doi:https://doi.org/10.1109/tr.2015.2446471.

Li, X. (2021). A Computing Offloading Resource Allocation Scheme Using Deep Reinforcement
Learning in Mobile Edge Computing Systems. Journal of Grid Computing, 19(3).
doi:https://doi.org/10.1007/s10723-021-09568-w.

Ullah, 1., Lim, H.-K., Seok, Y--J. and Han, Y.-H. (2023). Optimizing task offloading and resource
allocation in edge-cloud networks: a DRL approach. Journal of Cloud Computing, 12(1).
doi:https://doi.org/10.1186/s13677-023-00461-3.

Mourita Mozib (2023). Distributed Deep Learning Based Framework to Optimize Real-Time
Offloading in Mobile Edge Computing Networks. International journal of science and
research, 12(6), pp.1812—1827. doi:https://doi.org/10.21275/sr23603125305.

Yang, H., Xu, C., Liu, S., & Zhang, J. (2020). A Privacy-Preserving Task Offloading Scheme for
Edge Computing in the Internet of Things. IEEE Internet of Things Journal, 7(7), 6124-6136.
Al-Fugaha, A., Guizani, M., Mohammadi, M., Aledhari, M. & Ayyash, M. (2015), ‘Internet of
things: A survey on enabling technologies, protocols, and applications’, IEEE communications
surveys & tutorials 17(4), 2347-2376.

Alghamdi, I. (2021), Computation offloading in mobile edge computing: an optimal stopping
theory approach, PhD thesis, University of Glasgow.

Cardellini, V., De Nitto Person’e, V., Di Valerio, V., Facchinei, F., Grassi, V., Lo Presti, F. &
Piccialli, V. (2016), ‘A game-theoretic approach to computation offloading in mobile cloud
computing’, Mathematical Programming 157, 421-449. Hu, Y. C,,

Patel, M., Sabella, D., Sprecher, N. & Young, V. (2015), ‘Mobile edge computing—a key
technology towards 5g’, ETSI white paper 11(11), 1-16. Liu, L., Z. Y. . S. L. (2019),

‘Task offloading and resource al location for mobile edge computing by deep reinforcement
learning based on sarsa’, leee Access . Mao, Y., Zhang, J., Song, S. & Letaief, K. B. (2017),
‘Stochastic joint radio and computational resource management for multi-user mobile-edge
computing systems’, IEEE Transactions on Wireless Communications 16(9), 5994—6009. Rego,
P.A,

Trinta, F. A, Hasan, M. Z., de Souza, J. N. et al. (2019), ‘Enhancing offloading systems with
smart decisions, adaptive monitoring, and mobility support’, Wireless Communications and
Mobile Computing 2019.

Satyanarayanan, M., Bahl, P., Caceres, R. & Davies, N. (2009), ‘The case for vm-based
cloudlets in mobile computing’, IEEE pervasive Computing 8(4), 14-23.

Wang, S., Zhang, X., Zhang, Y., Wang, L., Yang, J. & Wang, W. (2017), ‘A survey on mobile edge
networks: Convergence of computing, caching and communications’, leee Access 5, 6757—
6779.

Zhang, K., Mao, Y., Leng, S., Zhao, Q., Li, L., Peng, X., Pan, L., Maharjan, S. & Zhang, Y. (2016),
‘Energy-efficient offloading for mobile edge computing in 5g heterogeneous networks’, IEEE
access 4, 5896-5907.

Souza, P.S., Ferreto, T. and Calheiros, R.N. (2023). EdgeSimPy: Python-based modeling and
simulation of edge computing resource management policies. Future Generation Computer
Systems, [online] 148, pp.446—459. doi:https://doi.org/10.1016/j.future.2023.06.013.



