NetSim Multi-Parameter Sweeper Python Script

Software: NetSim v13.2 (64 bit), DOT NET CORE SDK 3.1, Python 3.7.4

Project Download Link:

https://qgithub.com/NetSim-TETCOS/Multi-Parameter Sweeper v13.2/archive/refs/heads/main.zip

Introduction

When users want to sweep one or more parameters, they change their values between simulation
runs, and compare and analyse the performance metrics from each run. NetSim multi-parameter
sweeper enables users to automate the sweep process.

Consider an example, where a user wishes to create and simulate a network scenario for all possible
values of one or more parameters in combination and analyse a set of performance metrics across
the simulation runs. This is extremely time consuming to do manually using the NetSim GUI.

The multi-parameter sweep program enables users to automate the sweep process across multiple
input parameters, simulate each run, save each result, and compare specific output metrics via a
spreadsheet software like MS Excel.

The sweep program runs NetSim via its CLI interface.

File Organization

The project directory consists of several binaries which are responsible for different tasks during a

multi-parameter sweep:


https://dotnet.microsoft.com/download/dotnet-core/3.1
https://www.python.org/downloads/windows/
https://github.com/NetSim-TETCOS/Multi-Parameter_Sweeper_v13.2/archive/refs/heads/main.zip
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Figure 1: project directory consists of several binaries
1. input.xml: This file contains the base NetSim network configuration that is to be simulated. This
file is created by copy pasting the Configuration.netsim file that can be obtained by saving a network

configuration in NetSim and renaming it to input.xml.
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Figure 2: NetSim input Configuration.netsim file



9 The values of parameters which are to be varied during each simulation run needs to be

specified as {0}, {1}, {2}, etc. respectively.

1 For Example, if the X and Y coordinates of a device is to be varied the values can be modified

in the input.xml file as shown below:

B Ele Edit View Project Debug XML Test Analze Tools Extensions ow Search (Ctrl+Q Solution = O
G- B-o W 2 b Attach.. - A = & LiveShare &7

E
3
o1
3
3
b
X

version="1.8" encoding="UTF-8" standalone="no
xmlns:ns@ ns@:noNamespaceSchem: iy

—

DEVICE_COUNT="4

DEFAULT DEVICE NAME="UE" DEVICE ID-"4" DEVICE IMAGE-"UserEquipment.png” DEV!
X _OR_LON-"{@}" Y OR LAT-"{1}" 7Z-"8
MODEL="NO_MOBILITY

ID="1" INTERFACE_TYPE="LTE_NR
TYPE="NETWORK_LAYER
NAME="IPVA" SETPROPERTY="TRUE
DEFAULT GATEWAY="11.2.1.1" TP ADDRES5="11.2.1.2" SUBNET R

TWNC_"NATAIL TRV 1 AVED

2
E‘l
B
g
T
T
F
T
®

Figure 3: Modify X and Y coordinates in input input.xml file
2. Script.txt: This file should be updated with the parameter from the output metrics of NetSim that

is to be logged at the end of each simulation run for the purpose of analysis.

At the end of every simulation, NetSim generates a Metrics.xml file which contain the performance
metrics written in a specific format based on which it is loaded in the results dashboard.

Each Metric is part of a results table which can be accessed using a menu in the results dashboard.
A NetSim Metrics.xml file is shown below:
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Figure 4: NetSim output Metrics.xml file

For Example, if the application throughput is to be logged for each simulation run then the script file

can be updated as shown below:

| script.bxt - Notepad - O *
File Edit Format View Help

|MENU NAME="Application_Metrics"

TABLE NAME="Application_Metrics"

SET A="Throughput (Mbps)" WHERE "Application Id"="1"

Figure 5: The application throughput is to be logged for each simulation modified in Script.txt

3. ConfigWriter.exe: This executable takes one or more command line arguments as input and
generated Configuration.netsim file by replacing the arguments in place of the variable parameters
specified in the input.xml file.

If there are two variable parameters specified in the input.xml file ({0} and {1}) then two arguments

need to be passed while calling ConfigWriter.exe.

4. MetricsCSV.exe: This executable is used to convert the Metrics.xml file present in the output folder

into a comma separated file, MetricsPrint.csv.



5. MetricsReader.exe: This executable is responsible for reading the output parameter from the
Metrics.xml file generated after each simulation and logging it to the results file.
It uses the Script.txt file to determine which parameter to read from the Metrics file.

If multiple parameters are to be read and logged, then the MetricsReader.exe can be called multiple

times with Script.txt file having information about the parameter to be read each time.

6. Support i n:gSonzlLthedéssipporting files such as ConfigWriter.dll, MetricsReader.dll,
NetSimMetricsReader.dll, NetSimXmlIReader.dll, etc. which are present in the project folder are
used by other executable such as ConfigWriter.exe and MetricsReader.exe for various purposes

during a multi-parameter sweep.

7. MultiParameterSweeper.py uses python programming language which is less complex and offers

more flexibility as the number of input and output parameters increases.

1 Users can also write the script to run the multi-parameter sweep process in a preferred

programming language as per the convenience.

1 The script can be configured to run multiple simulation iterations based on the number of
parameters to be varied and the range of values of each parameter.

1 NETSIM_PATH variable can be set to the path of NetSim 64-bit binaries (bin_x64) in the install

directory or workspace which is to be used to run Simulations.

1 LICENSE_ARG variable can be set to License server port and IP details in case of floating on

premise licenses or the path of license file in case of node locked or cloud licenses.
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@ cfimport sub
import s
import T
import shutil
import math

import datetime
import time
import os

# Set the path of 64 bit NetSim Binaries to be used for simulation.

NETSIM_PATH = "C:\\Users\\HP\\OneDrive\\Documents\\NetSim\\Workspaces\\Default Workspace v13_2_34\\bin_x64"
# Floating on-premise License

LICENSE_ARG = "5853@192.168.0.9"

# Node Locked/ Cloud License

# LICENSE_ARG="\"C:\\Program Files\\NetSim\\Pro_v13_1\\bin\"";

# Set NETSIM_AUTO environment variable to aveid keyboard interrupt at the end of each simulation
os.enviren["NETSIM_AUTO"] = "1"

# Create IOPath directory to store the input Configuration.netsim file and the simulation output files during each iteration
Fif not es.path.exists("IOPath"):
os.makedirs("I0Path")
# Create Data directory to store the Configuration.netsim and the Metrics.xml files associated with each iteration
=if not os.path.exists("Data"):
os.makedirs("Data")
# Clear the I0Path folder if it has any files created during previous multi-parameter sweep runs
Eifor Toot, dirs, files in os.walk("IOPath"):
B for file in files:

os.remove(os.path.join(root, file))

# Delete result.csv file if it already exists

Fif as.path.isfile("result.csu"):
No issues found Ln:1  Ch:1 SPC

Figure 6: User need to set NetSim Path based on 64-bit

For example,

NETSIM_PATH=
"C:\\Users\\HP\\OneDrive\\Documents\\NetSim\\Workspaces\\Default_Workspace_v13_2_34\\bin_x
64"

Floating on-premise license (<port no>@<server ip address>):
LICENSE_ARG ="5053@192.168.0.9"
Node Locked or Cloud licenses (path of license file):

LICENSE_ARG="\"C:\\Program Files\\NetSim\\Pro_v13_1\\bin\""

1 The MetricsCSV.exe will convert the Metrics.xml file inside the output folder into a csv file.

CRLF
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# If only one output parameter is to be read only one Script text file with name Script.txt to be provided
# If more than one output parameter is to be read, multiple Script text file with name Scriptl.txt, Script2.txt,...
# ..., Scriptn.txt to be provided
OUTPUT_PARAM_COUNT = 1
if os.path.isfile("Metrics.xml"):
# Write the value of the variable parameters in the current iteration to the result log
csvfile = open("result.csv", "a")
csvfile.write("\n" + str(i) + ", ")
csvfile.close()
if OUTPUT_PARAM_COUNT == 1:
# Call the MetricsReader.exe passing the name of the output log file for updating the log based on script.txt
os.systen("MetricsReader.exe result.csv")
alse:
for n in 1ge(1, OUTPUT_PARAM_COUNT + 1, 1):
os ("Script® + str(n) + ".txt", "Script.txt")
os em("MetricsReader.exe result.csv")
csvfile = open("result.csv", "a")
esvfile.write(",")
csvfile.close()
os.rename("Script.txt”, "Script" + str(n) + ".txt")
alse:
# Update the outout Metric as crash if Metrics.xml file is missina
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Figure 7: MetricsPrint.csv file will be created in the IOPath and then copied into the respective output folder

8. Multi-Parameter Sweeping process is started by opening command prompt in the directory of

the Multi-Parameter-Sweeping project and starting the python script as shown below:

Figure 8: Running python script using cmd prompt

9. This starts the Multi-Parameter-Sweeping process which runs NetSim simulations iteratively

for different values of Y parameter of UE.

10. At the end of the process the Multi-Parameter-Sweeping folder will have the following file and

folders created:



Multi-Parameter-Sweeper

@ New ~ (}g

« v o2

> ¢% Home

» @ OneDrive - Personal
> [l This PC

» ﬁ MNetwaork

> 0N Linux

17itemns 3 items selected

© &D W

MName

Data

|0Path
E configwriter.dll
ConfigWriter.exe
LT ConfigWriter.runtimeconfig.json
e inputaml
MetricsCev.exe
E metricsreader.dll
MetricsReader.exe
in) MetricsReader.runtimeconfig.json
j MultiParameterSweeper.m
D MultiParameterSweeper.py
D MultiParameterSweeper-fmt.py
[2] NetSimMetricsReader.dll
[2] NetSimXmiReader.dIl
@ result.csv

|:] Script.txt

Sync pending

’Nf Sort ~

Status

Fl
(3

® ® ® @ @ @ @ @ @ @ @ @ @ L

(]

View e

< Desktop * ToDo @ Multi-Parameter_Sweeper_v13.2 » Multi-Parameter-Sweeper

Date medified

21-10-2022 17:41
21-10-2022 17:41
20-01-2022 00:06
20-01-2022 00:06
20-01-2022 00:06
20-10-2022 13:19
20-01-2022 00:06
20-01-2022 00:06
20-01-2022 00:06
20-01-2022 00:06
20-10-2022 1418
21-10-2022 17:36
21-10-2022 17:30
20-01-2022 00:06
20-01-2022 00:06
21-10-2022 17:41

NN - INIT ONNA
20-U1-20£2 0000

Type
File folder

File folder

Application exten...

Application

JSON File

Microsoft Edge H...

Application

Application exten...

Application

JSON File

M File

Python source file

Python source file

Application exten..
Application exten..

Microsoft Excel C...

Text Document

-

Size

] X

&g Error ~

Search Multi-Para...

5KB

171 KB

1KB

36 KB

SKB

171 KB

1KB

S KB

6 KB

6 KB

5 KB

0 KB

1KB

El=

Figure 9: After Simulation Multi-Parameter-Sweeping folder contains output files like result.scv, Data etc

9 Data: Contains multiple folders created based on date and time of simulation inside which

multiple output folders corresponding to each simulation run, with its name including the value

of the parameters in that iteration gets created.
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Figure 10: Based on values in the iteration, Output folder gets created in the Data directory inside a folder named as per

date and time of simulation along with a copy of result.csv file.

9 Each folder contains the all the output files associated with the simulation run.
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Figure 11: Each folder contains all the output files and the Metrics.xml file converted to MetricsPrint.csv file

Note: User should keep a back-up of the data folder to avoid data loss.

1

each simulation run.

10 Path: Used for storing the Configuration.netsim file and the simulation files generated during

Result.csv: This is the output log which contains the parameter varied during each simulation

run and the output parameter associated with each run. The result.csv file will also be copied

into the output folder after each simulation.
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Figure 12: Iterated value and Throughput obtained listed in result.csv

Example 1: Modifying a single input parameter and logging a single output parameter

Consider the following network 5G network scenario in NetSim, comprising of a Wired Node, Router,
gNB and a UE.

U
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Figure 13: Network Topology

The network configuration has the initial distance between the gNB and UE as 50 meters with the gNB
located at (500,0) and UE located at (500,500).

Multi-Parameter Sweeper is configured to run simulations for different distance between the gNB and
UE by varying the UE Y coordinate value from 500 to 2000 in steps of 500 meters.

The network scenario is saved and the content of the Configuration.netsim file is copied to the Multi-
Parameter-Sweeper directory and renamed as input.xml.

Refer to the Example 1 directory which is part of the project folder (Multi-Parameter-

Sweeper_v13.1\Examples\Multi-Parameter-Sweeper-Example-1)
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Figure 14: Renamed Configuratic_)n.netsim to in-put.xml and pasted in Multi-Pafameter—Sweeper diréctory

1. The value of the Y coordinate of UE that is to be modified during each simulation run is updated

( A{ 0} ocpnfigunatiort fike @s shown below:
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Figure 15: Modified Y coordinate of UE in input.xml
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2. The Script.txt file is updated with the details of the output parameter to be read from the

Metrics.xml file and added to the result csv log file. In this case the Application throughput is to

be logged for each simulation run.

Eile Edit Format View Help

IMENU NAME="Application_Metrics"

TABLE NAME="Application_Metrics"

SET A="Throughput (Mbps)" WHERE "Application Id"="1"

Figure 16: The application throughput is to be logged for each simulation modified in Script.txt

3. MultiParameterSweeper.py is updated to pass the Y coordinate value during each iteration to

generate Configuration file run simulation and update the result csv log.

The MultiParameterSweeper.bat batch script modified for running simulations for different values

of Y coordinates starting from 500 up to 2000 in steps of 500 is shown below:

1
1
)l

A result.csv file is created and added with headings Y and Throughput (Mbps).

A MetricsPrint.csv is created inside every output folder.

For loop is set to iteratively run simulations for values starting from 500 to 2000 in steps of
500.

The value of the parameter Y in the current iteration is written to the result log file for analysis.
The value of the parameter Y in the current iteration is passed as input to ConfigWriter
executable to generate Configuration.netsim file for each simulation.

NetSim simulation is run via CLI mode by passing the apppath, iopath and license server
information

Configuration file and Metrics file are copied and renamed appending the value of the
parameter in the current iteration.

The MultiParameterSweeper.py python script modified for running simulations for different values of

Y coordinates starting from 500 up to 2000 in steps of 500 is shown below:
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MultiParameterSweeper.py + X

# Set the path of 64 bit NetSim Binaries to be used for simulation.

NETSIM_PATH = "C:\\Users\\HP\\OneDrive\\Documents\\NetSim\\Workspaces\\Default Workspace v13_2_34\\bin_x64"
# Floating on-premise License

LICENSE_ARG = "5853@192.168.0.9"

# Node Locked/ Cloud License

# LICENSE_ARG="\"C:\\Program Files\\NetSim\\Pro_v13_1\\bin\"";

# Set NETSIM_AUTO environment variable to aveid keyboard interrupt at the end of each simulation
os.enviren["NETSIM_AUTO"] = "1"

# Create IOPath directory to store the input Configuration.netsim file and the simulation output files during each iteration
Fif not os.path.exists("IOPath"):
os.makedirs("I0Path")

# Create Data directory to store the Configuration.netsim and the Metrics.xml files associated with each iteration
Eif not os.path.exists("Data"):
os.makedirs("Data")

# Clear the IOPath folder if it has any files created during previous multi-parameter sweep runs
Efor root, dirs, files in os.walk("IOPath"):
Bl for file in files:
os.remove(os.path.join(root, file))

# Delete result.csv file if it already exists
Eif os.path.isfile("result.csv"):
os.remove("result.csv")

# create a csv file to log the output metrics for analysis
csvfile = open(*result.csv", "w")

csvile.close

No issues found Ln:4 Ch:14 SPC  CRLF

Figure 17: To Create result.csv file, added with headings Y and Throughput (Mbps) and NetSim installation Path and

License information

1 NETSIM_PATH variable is set to the path of NetSim 64-bit binaries in the install directory or
workspace in the system.
LICENSE_ARG variable is set to the license server details

A result.csv file is created and added with headings Y and Throughput (Mbps).
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MultiParameterSweeper.py + X

esvfile.close()
# create a folder with name as year-month-day-hour.minute.seconds inside the data folder

today = time.strftime("%Y-%m—%d-%H.%M.%5")
foldername = str(today)

time simulation needs to be run and the input parameter range
cffor i in range(see, 2001, 5680):

=] if es.path.isfile("Configuration.netsim"):

os.remove("Configuration.netsim")

B if os.path.isfile("IOPath\Configuration.netsim"):
| os.remove("T0Path\Configuration.netsin®)
if os.path.isfile("IOPath\Metrics.xml"):

—m

os.remove("I0OPath\Metrics.xml")

# Call ConfigWriter.exe with arguments as per the number of variable parameters in the input.xml file
cmd = "Confighirite
printlcm
os.system(cmd)

# Copy the Configuration.netsim file generated by ConfigWriter.exe to IOPath directory
B if os.path.isfile("Configuration.netsin"):
shutil.copy("Configuration.netsim", "IOPath\Configuration.netsim")

SstrIOPATH = os.getcwd() + "\IOPath"

# Run NetSim via CLI mode by passing the apppath iopath and license information te the NetSimCore.exe

emd = (
'start "NetSim_Multi_Parameter_Sweeper" /wait /d '
P
+ NETSIM_PATH

+om
@ No issues found Ln:4  Ch:14  SPC_ CRLF




Figure 18: Varying Distance and set license server information

1 For loop is set to iteratively run simulations for values starting from 500 to 2000 in steps of

500.
1 The value of the parameter Y in the current iteration is passed as input to ConfigWriter

executable to generate Configuration.netsim file for each simulation.

Figure 19: Modify parameters in MultiParameterSweeper.py

1 The value of the parameter Y in the current iteration is written to the result log file for analysis.
1 Configuration file and Metrics file are copied and renamed appending the value of the

parameter in the current iteration.

4. Multi-Parameter Sweeping process is started by opening command prompt in the directory of

the Multi-Parameter-Sweeping project and starting the python script as shown below:



