NetSim Multi-Parameter Sweep Program

Software: NetSim v13.1 (64 bit), DOT NET CORE SDK 3.1, Python 3.7.4

Project Download Link:

https://qgithub.com/NetSim-TETCOS/Multi-Parameter Sweeper v13.1/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:
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Figure 1: project directory consists of several binaries
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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

Debug XML Test Analyze Tools Extensions Window Help Search (Ctrl+Q) O Solutionl — O

P Attach... ~

S @ =

|& Live Share

1.8" encoding="UTF-8" standalone="no
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e The values of parameters which are to be varied during each simulation run needs to be

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

e 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:
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version="1.8" encoding="UTF-8" standalone="no

xmlns:ns@

—

DEVICE_COUNT="4

DEFAULT DEVICE NAME="UE" DEVICE ID-"4" DEVICE IMAGE="UserEquipment.png” DEV
X_OR_LON="{@}" Y OR_LAT="{1}" 7-"8
MODEL="NO_MOBILITY

ID="1" INTERFACE_TYPE="LTE_NR
TYPE="NETWORK_LAYER
NAME="IPV4" SETPROPERTY="TRUE
DEFAULT_GATEWAY="11.2.1.1" IP_ADDRESS="11.2.1.2" SUBNET_P

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. Supporting DLL’s: Some the supporting files such as ConfigWriter.dll, MetricsReader.dll,
NetSimMetricsReader.dll, NetSimXmIReader.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. runTest.py uses python programming language which is less complex and offers more flexibility

as the number of input and output parameters increases.

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

programming language as per the convenience.

e 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.

e NETSIM_PATH variable can be set to the path of NetSim 64-bit binaries in the install directory

or workspace which is to be used to run Simulations.
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4 dimport shutil Yy
import math |%

5
& import sys

7 import datetime
8 dmport time

o dimport es

11 #Set the path of 64 bit NetSim Binaries to be used for simulation.
12 INETS]M_PATH="C:\\User5\\Navya\\Documents\\NetS:'Lm\\WUr‘kspaces\\NetS:[m_\rl3_1_26_default_u.rorkspace\\bin_x64" I

14  #Set NETSIM_AUTO environment variable to avoid keyboard interrupt at the end of each simulation
15 os.environ[ "NETSIM_AUTO'] = '1°

17 #Create I0Path directory to store the input Configuration.netsim file and the simulation output files during each iteration
18 =lif not os.path.exists('IOPath"):
19 os.makedirs( IOPath’)

21 #Create Data directory to store the Configuration.netsim and the Metrics.xml files associated with each iteration
22 =if not os.path.exists('Data’):
23 |_ os.makedirs('Data‘)l

25  #Clear the IOPath folder if it has any files created during previous multi-parameter sweep runs
26 Elfor root, dirs, files in os.walk('IOPath'):
27 @ for file in files:

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

29

38 #Delete result.csv file if it already exists

31 Flif{es.path.isfile("result.csv"}): M
99 % - & Mo issues found Ln:23 Ch:24 SPC  LF

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

For example, for 64bit the respective paths can be set as follows:
64-bit:

NETSIM_PATH="C:\Users\Navya\Documents\NetSim\Workspaces\NetSim_v13 1 26_default_work
space\bin_x64"
¢ <license information> - License server details or the path of license file in case of node locked

or cloud licenses
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58 cmd="ConfigWriter.exe "+str(i) +

59 print(cmd) -

6@ os.system{cmd)

61

62 #Copy the Configuration.netsim file generated by ConfigWriter.exe to IOPath directory

63 [ if(os.path.isfile("Configuration.netsim™)}):

64 shutil.copy("Configuration.netsim”,"I0OPath\Configuration.netsim™)

65

66 strIOPATH=0s.getcwd()+"\IOPath"

67

68 #Run NetsSim via CLT mode by passing the apppath iopath and license information to the NetSimCore.exe =1

69 I cmd=NETSIM PATH+"\\MetSimcore.exe -apppath "+NETSIM PATH+" -iopath IOPath -license 5@53@192.168.0.9”| I

7@

71 #print(cmd)

72 os.system(cmd)

73

74

75 #Create a copy of the output Metrics.xml file for writing the result log

76 E if(os.path.isfile("IOPath\Metrics.xml")):

77 shutil.copy("I0OPath\Metrics.xml", "Metrics.xml")

78

79 cmd="MetricsCsv.exe IOPath"

L] os.system{cmd) -
9% -~ % Mo issues found Ln: 69 Ch: 105 SPC LF
[T Ready 2,

Figure 7: User need to set NetSim Path based on 64-bit and license file server information

For Example, the command for server-based license and node-locked/ cloud licenses can be

entered as follows:

Server based license (<port no>@<server ip address>):

cmd=NETSIM_PATH+"\NetSimcore.exe -apppath "+NETSIM_PATH+" -iopath IOPath -license
5053@192.168.0.9”

Node Locked or Cloud licenses (path of license file):

cmd=NETSIM_PATH+"\\NetSimcore.exe -apppath "+NETSIM_PATH+" -iopath I0Path -license
"+"\"C:\\Program Files\\NetSim\\Standard_v13_1\\bin\""

e The MetricsCSV.exe will convert the Metrics.xml file inside the output folder into a csv file.
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73 #print(cmd) +
74 os.system(cmd)| -
77 #Create a copy of the output Metrics.xml file for writing the result log
78 B if(os.path.isfile("IOPath\Metrics.xml")):
79 shutil.copy("I0Path\Metrics.xml", "Metrics .xml™)
80
81 cmd="MetricsCsv.exe IOPath"
82 os.system( cnd)
83
84 #humber of Script files i.e Number of Output parameters to be read from Metrics.xml —
85 #IF only one output parameter is to be read only one Script text file with name Script.txt to be provided
86 #If more than one output eter is to be read, multiple Script text file with name Scriptl.txt, Script2.txt,...
87 #...,Scriptn.txt to be pr d
88 OUTPUT_PARAM_COUNT=1;
89
98 o if(es.path.isfile("Metrics.xml™)):
91 #hrite the value of t riable parameters in the current iteration to the result log
92 csvfile = open(“result.csv”, 'a')
93 csvfile.urite( \n'+str(i)+’,")
94 csvfile. close()
95
9 = if (OUTPUT_PARAM_COUNT
97 #Call the MetricsReader.exe passing the name of the output log file for updating the log based on script.txt ~
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Figure 8: 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:

R —
B Select CAWindows\System32\cmd.exe

3.1-main\Multi-Parameter- 3.1-main\Multi-Paramet

Figure 9: 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:
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Figure 10: After Simulation Multi-Parameter-Sweeping folder contains output files like result.scv, Data etc

o 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 11: 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.

e Each folder contains the all the output files associated with the simulation run.
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Figure 12: 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.
e |O Path: Used for storing the Configuration.netsim file and the simulation files generated during
each simulation run.
o 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 13: 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.
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Figure 14: 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)

[4 || = | Multi-Parameter-Sweeper-Example-1 — m] s
Home  Share  View [7]
L:I & cut i) x !ﬁ T New item ~ .ﬂ Eopen+  Hselectan
Wil Copy path L T Easy access - 1 Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties
e 7] Paste shortcut  to+ o~ = folder = & History - Invert selection
Clipboard Organize New Open Select
« v 4 ||« Multi-Parameter-Sweeper v13.1-main » Examples > Multi-Parameter-Sweeper-Example-1 v O Search Multi-Parameter-...
Mame Date modified Type Size
3t Quick access "
| ConfigWriter.dil DLL File 5K
@ OneDrive - Personal [ ConfigWriter.exe Application 171 KB
5 This PC o ConfigWriter.runtimecenfig.jsen JSON File 1KB
| inputxml XML Document 36 KB
=¥ Network (5] MetricsCsv.exe Application 58KB
Aj MetricsReader.dll DLL File 5K
(5] MetricsReader.exe Application 171 KB
o MetricsReader.runtimeconfig.json JSON File 1KB
7 NetSimMetricsReader.dll DLL File 10KB
Aj NetSim}mIReader.dll DLL File 5KB
[# runTest.py Pythen File 6 KB
= Scriptaet Text Document 1KE
12items 1 item selected 35.1 KB E

Figure 15: Renamed Configuration.netsim to input.xml and pasted in Multi-Parameter-Sweeper directory

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

(“{0}”) in the configuration file as shown below:
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version="1.8" encoding="UTF-8" standalone="no

xmlns:ns@ ns@:noNamespaceSchemalocation="Configur;

DEVICE_COUNT="4

[0-E-0-00-FH-FE-M0

DEFAULT E="EPC" DEVICE_ID="2" DEVIC MAGE="EPC.png" DEVICE_NAME="EPC_2" DEVICE_TYPE
¥_OR_LAT="200.54999999999398" Z

A" DEVICE_ IMAGE="UserEquipment.png" DEVICE NAME="UE_4" DEV.

=]
T

TYPE="APPLICATION LAYER

QI—Hw—v—H

Figure 16: Modified Y coordinate of UE in input.xml

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.

| Script.xt - Notepad - O X
File Edit Format WView Help

\M ENU NAME="Application_Metrics"

TABLE NAME="Application_Metrics"

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

Figure 17: The application throughput is to be logged for each simulation modified in Script.txt

3. runTest.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 runTest.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:
o Aresult.csv file is created and added with headings Y and Throughput (Mbps).

o 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 runTest.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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#5et the path of 64 bit NetSim Binaries to be used for simulation.
NETSIM_PATH="C:\\Users\\Navya\\Documents\\NetSim\\Horkspaces\\NetSim_v13_1_26_default_workspace\\bin_x64"

#Set NETSIM_AUTO environment variable to avoid keyboard interrupt at the end of each simulation
os.environ['NETSIM_AUTO'] = *1°

#Create I0Path directory to store the input Configuration.netsim file and the simulation output files during each iteration

S1if 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

i not os.path.exists('Data’):

os.makedirs( 'Data’')

#Clear the IOPath folder if it has any files created during previous multi-parameter sweep runs

26 =for root, dirs, files in os.walk('IOPath'):

for file in files:
os.remove(os.path.join(root, file))

#Delete result.csv file if it already exists

=lif(os.path.isfile("result.csv")):

os.remove("result.csv")

#create a csv file to log the output metrics for analysis
esvfile = open(“result.csv”, 'w')

#Add headings to the C5v file
csvfile.write( 'Y, THROUGHPUT (Mbps), ")

csvfile.close()

|& Live Share &

runTestpy = X
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Figure 18: To Create result.csv file, added with headings Y and Throughput (Mbps) and NetSim installation Path

NETSIM_PATH variable is set to the path of NetSim 64-bit binaries in the install directory or

workspace in the system.

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

foldername= str(teday)|

#Iterate based on the number of time simulation needs te be run and the input parameter range
for i in range(56@, 2061, 500):

5 if(os.path.isfile("Configuration.netsim®)):
os.remove(“Configuration.netsin”)

5 if(os.path.isfile("IOPath\Configuration.netsim”)):
os.remove( " TOPath\Configuration.netsin®)

E if(o0s.path.isfile("I0Path\Metrics.oml")):
os.remove("IOPath\Metrics.xml™)

#Call ConfigWriter.exe with arguments as per the number of variable parameters in the input.xml file
cmd="Confighriter.exe "+str(di

print(cmd)
os.system(cmd)

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

strI0OPATH=0s.getcwd ( )+ " \I0Path"”

the NetSimCore.exe

arameter Sweepe
ith \""HNETSIM PATH+™\ Vs trIOPATHE
-license "+"\"C:\\Program Files\\NetSim\\Standard v13 1\\bin\""
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Figure 19: Varying Distance and set license server information

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

500.

e 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.
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88 & if(os.path.isfile("Metrics.xml")):
89 #hirite the value of the variable parameters in the current iteration to the result log
20 csvfile = open(“result.csv’, 'a’)
91 [[esvfile.write("\n"+str()+ . ) |
92 TEvTile.close()
93
94 if (OUTPUT_PARAM_COUNT==1):
95 #Call the MetricsReader.exe passing the name of the output log file for updating the log based on script.txt
96 os.system("HetricsReader.exe result.csv™)
97 else:
98 for n in range(1,0UTPUT_PARAM COUNT+1,1):
99 os.rename("Script +str(n)+ . txt”, "Script. txt™);
100 os.system("MetricsReader.exe result.csv")
101 csvfile = open(result.csv”, ‘a’)
102 csvfile.write(”,")
103 csvfile.close()
104 o0s.rename("Script.txt”, "Script estr(n)+". txt");
1es
106 else:
107 #Update the output Metric as crash if Metrics.xml file is missing
108 csvfile = open("result.csv”, 'a')
109 covfile.write(\n'+str(i)+, + crash'+, )|
110 Tsviile. close()
111
112 #Name of the Output folder to which the results will be saved
113 IUUTPIJT_PATH:'Data\\'+5tr(fulder‘name)F'\\Dutput_‘+;tr(i); |
114
99 % hd @ Noissues found Ln: 69 Ch: 143

Figure 20: Modify parameters in runTest.py

Colk25 SPC_LF

e The value of the parameter Y in the current iteration is written to the result log file for analysis.

e 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:

E¥ Select C\Windows\System32iemd.exe
i z s [

13.1-main\Multi-Pa

Figure 21: Running python script using cmd prompt

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

different values of Y parameter of UE.

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

7 || = | Multi-Parameter-Sweeper-Example-1 - O X
“ Home  Share  View [7]
& cut ] x _Il I Mew item - /| miopen - FH select an
= 5 copy path * £7] Easy access 7] Edit Select none
Pinto Quick Cepy Paste Move Copy Delete Rename  Mew Properties g
e Paste shorteut  go- ¢ 5 folder o History B invert selection
Clipboard Organize Hew Open Select
« © 4 || « Multi-Parameter-Sweeper v13.1-main > Examples > Multi-Parameter-Sweeper-Example-1 v o Search Multi-Parameter-...
Name Date modified Type Size
# Quick access
Data File folder
@ OneDrive - Personal |OPath o
I This PC | ConfigWriter.dll DLL File 5KB
[E] ConfigWriter.exe Application 171 kB
g PP
b Network IT ConfigWriter.runtimeconfig jsen JSON File 1KB
7 inputxml XML Document 36 K8
[52 MetricsCsv.exe Applicstion 58 KB
PP
7 MetricsReader.dll DLL File 5KB
[ MetricsReader.exe Application 171KB
PP
IT MetricsReader.runtimeconfig.json JSON File 1KB
7] NetSimMetricsReader.dll DLL File 10 KB
" NetSimxmIReader.dl DLL File 5KB
B3 result.csv Microsoft Excel C... 1KB
[# runTest.py Python File 6KB
=] Scriptixt Text Document 1KB

15items 3 items selected =

Figure 22: After Simulation Multi-Parameter-Sweeping folder contains output files like result.csv, Data etc

¢ Data: Contains multiple folders corresponding to each simulation run, with its name including
the value of the parameters in that iteration. The output folders will be created inside folder

with name in the format Year-Month-Day-Hours-Minutes-Seconds.



" L W
Detete New Properties
. foldes .
© © 1 L« Gamples » MultiParameter-Sweeper-Eample-1 » Data vie . t P
¢ Favorites
2022-01-05-18.08.08
«} Homegroup g 2022-01.05-18.08.08 - TN
E Home  Shar view
% my computers < o s ®
o P N : b E
o4 7
B Netwer Delete MNew Propertie
- folder S L istory on
< « * 1k « Multi-Parameter-Sweeper-Example-1 » Dats » 2022-01-05-18.0808 v o 5 »
Tem  State 3 Shared
jreorites — Lo 3
Output 500
3 Hemegroup Output 1000
Output 1500
1 my computers Output 2000
G result.cov
S Network
< >
Sitems  State 3R Shared

=
Figure 23: Based on distance Configuration.netsim files created in output folder

e Each folder contains the all the output files associated with the simulation run.

' [ = | Output_500 u] hd
Home Share Wiew e\
4y Cut New item ~ - Open selectall
| # B0 X % @ i |

w Copy path ﬂ Easy access = Edit Select none |

Pinto Quick Copy Paste Move Copy Delete Rename  MNew Properties |
| access d Paste shortcut to to - folder - &) History DD Invert selection
| Clipboard Organize New Open Select

« v p <« Examples » Multi-Parameter-Sweeper-Example-1 » 2022-01-05-18.08.08 » Output 500 v | D O Search Qutput_300

~
Name Date modified Type Size Lo
# Quick access
log 6:22 PM File folder

@ OneDrive - Personal B Configuration.netsim

\j Licenselog.tct

[ Animationxml

£ Metwork = Animation_Node_Movement.tet
= Configlogct
\j ethernet_log.txt
[ plot_Link_7_Throughput (Bi-directional A...
=] StaticARP.txt
5] StaticARP1.bxt
\j plot_Link_1_Throughput (Bi-directional A...
= plot_Link_2_Throughput (Bi-directional A...
\j plot_Link_4 Throughput (Bi-directional A...
\j plot_Link_6_Throughput (Bi-directional A...
\J plot_App1_CBR_Throughput.txt
[E ot Linle 3 Thenviabnns (0 dienctinmal & no nna T, VA . 2 a4 ve

32 items ] - 7' - [E=

08 PM NETSIM File 36KE
P Text Documnent 1KB
PM ML Document 5KB
PM Text Document 0KB
PM Text Document 48 KB
PM Text Document 2KB
PM Text Document 1KB
PM Text Document 1KB
PM Text Document 1KB
PM Text Document 1KB
PM Text Document 1KB
PM Text Document 1KB
PM Text Document TKB
PM Text Document 2,464 KB

[ This PC

72
22
22
72
22
72
22
72
22
72
22
72
22
72
22
72
22

Figure 24: Each folder contains the all the output files

e |OPath: Used for storing the Configuration.netsim file and the simulation files generated during
each simulation run.
o Result.csv: This is the output log which contains the parameter varied during each simulation

run and the output parameter associated with each run.



3 AutoSave (@ off) e e 2 2 B O X

File  Hom Inser Page Form Data Revie View Add- Help =

F10 ~ fx v
A B C D E &
1 Y THROUGHPUT(Mbps) '
2 500 9.951006
3 1000 6.073083
4 1500 1.657734
5 2000 1.657734
6 v
result ® 4 CEEEE——— >
Ready ] 0 -—F—+ 10

Figure 25: Distance Vs. Throughput obtained in result.csv

Varying multiple network parameters
In order to vary multiple network parameters during the multi-parameter sweep process each

parameter in the input.xml file can be modified as {0},{1},{2},{3},..{n} respectively.

Logging multiple output parameters

Each output parameter that is to be logged should be part of the Script.txt file. However, the Script.txt
file should contain only the details of one output parameter during the call to MetricsReader.exe.

To log multiple parameters, multiple script files can be used. If n output parameters are to be logged,
then there can be scriptl.txt, script2.txt, script.txt in the sweeper folder.
For Example, there can be two Script files as shown below:

MName - Date modified Type Size

Data File folder

10Path File folder
|%] ConfigWriter.dIl Application exten... 5KB
[ Config\Writer.exe Application 171 KB
LT ConfigWriter.runtimeconfig.json JSON File 1KB
‘,r,j input.xml ¥ML Document 35KB
%] MetricsReader.dll Application exten... 5KB
[] MetricsReader.exe Application 171 KB
LT MetricsReader.runtimeconfig,json JSON File 1KB
%] MetSimMetricsReader.dll Application exten... 10KB
%] MetSimXmlReader.dIl Application exten... 5KB
@ result.csv Microsoft Excel C... TKB
[# runTest.py 8 Python File 5KB
|=| Seriptlbet 10-04-2021 23:20 Text Document 1KB
|=| Seript2.tet 10-04-2021 23:20 Text Document 1KB

Figure 26: Multiple output parameters

Example 2: Modifying multiple input parameters and logging multiple output parameter

1. Consider the following network 5G network scenario in NetSim, comprising of a Wired Node,
Router, gNB and a UE.
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Figure 27: Network Scenario

2. Properties configured in the LTE_NR interface of the gNB is shown in the table below:

Tx_Power(dBM) 40

Tx_Antenna_Count 8

Rx_Antenna_Count 4

CA_Type Single Band

CA_Configuration n78

CA_Count 1

Numerology 0

Channel Bandwidth (MHz) 10

PRB Count 52

MCS Table QAM64

CQI Table Table 1

X_Overhead XOHO0

DL UL Ratio 4:1

Outdoor Scenario Rural Macro

LOS Mode Standard
| viskss Lk popenes
‘ Channel Characteristics ‘ No_Pathloss ‘
[T

Link Speed (Mbps) 10000

BER 0

Propagation Delay (ps) 0

‘ Application Properties



Packet Size (Byte) 1460

Inter Arrival Time (Us) 166
Generation Rate (Mbps) 100
Transport Control UDP
Start Time (s) 1
QoS BE
Simulation Time (s) 1.1

Table 1: gNB Properties

3. Traffic is generated at a rate of 70 Mbps and upon running simulation, the throughput achieved
is 59.95 Mbps.

4. We now find the max throughput for each possible bandwidth; Tx Antenna count and Rx
Antenna count combination varying the generation rate based accordingly.

5. Two more parameters to be taken care include, the PRB Count and Guard Band (KHz) which

vary with respect to the bandwidth.

Channel Bandwidth (MHz) 10,15,20,25,30,40,50

Tx_Antenna_Count 1,2,4,8,16,32,64,128

Rx_Antenna_Count 1,2,4,8,16

PRB Count 52,79,106,133,160,216,270

Guard Band (KHz) 312.5,382.5,452.5,522.5,592.5,552.5,692.5
Reference Inter Arrival Time 166

(Microseconds)

Reference Bandwidth 10
Reference DL MIMO Layer 2
Count

Table 2: Input variable values

6. Inter Arrival Time for each case is calculated based on the Reference IAT Bandwidth and DL

MIMO Layer Count as shown below:

Ref IAT

(Curr BW) . (Curr DL MIMO Count)
Ref BW Ref DL MIMO Count

For E.g. In case of Bandwidth of 20 MHz and DL MIMO Count of 4 inter arrival time is

Inter Arrival Time (Micro Seconds) =




9.

166

(7))

The network scenario is saved and the content of the Configuration.netsim file is copied to the

Inter Arrival Time (Micro Seconds) = = 41.5 Mbps

Multi-Parameter-Sweeper directory and renamed as input.xml.
Refer to the Example 2 directory which is part of the project folder (Multi-Parameter-
Sweeper_v13.1\Examples\Multi-Parameter-Sweeper-Example-2).

(] = | Multi-Parameter-Sweeper-Example-2 - [m] X
Home  share  View (7]
=N o cut B x @ T New item ~ @ @open - FHselectall
=l wa Copy path * £ Easy access ~ J Edit select none
Finto Quick Copy Paste Move Copy  Delete Rename  New Properties
(((((( [] Pasteshorteut  to-  to- B folde - lgHistory O Invert selection
Clipboard Organize New Open Select
€ = v 4 | <« Mubti-Parameter-Sweeper v13.1-main > Examples » Multi-Parameter-Sweeper-Example-2 v o O Search Multi-Parameter-...
Name - Date madified Trpe Size
# Quick access .
7] configwriter.dil 1 M DLL File 5KB
@ OneDrive-Personal [ ConfigWriter.exe 1 Application 171K8
= Thispe I Configiriteruntimeconfig,son 1 JSON File 1KB
- | ] inputaxml 1 XML Document 35KB
¥ Network [ MetricsCsv.exe 1 Application 58 KB
) metricsreader.dil 1 DLL File 5KB
[ MetricsReader.exe 1 Application 171KB
T MetricsReader.runtimeconfigjson 1 JSON File 1KB
| NetSimMetricsReader.dil 1 DLL File 10KB
7 NetsimxmiReader.dll 1 DLL File 5KB
[ runTest.py 1 Python File 6KB
[2] Scriptl.axt 1 Text Document t 1KB
[ Script2xt 176721 Text Document t 1KB
13items  1item selected 349KB =

Figure 28: Renamed Configuration.netsim to input.xml and pasted in Multi-Parameter-Sweeper directory

In the Input.xml file the value of the input variables are modified as shown in the table below:

Channel Bandwidth (MHz) {0}
Tx Antenna Count {1}
Rx Antenna Count {2}
Inter Arrival Time (Microseconds) {3}
PRB Count {4}
Guard Band (KHz) {5}

Table 3: Variables are modified to the input.xml file



0 Fie G Wew ok Qes @A T Ah ok Gumen Wodm Heb | s P st ) 5 x

fo-o|B-L@dP-C- P dttach - | 1| @] & e
336 </ PROTOCOL> +
3 </LAYER> 5
338 SLAYER TYPE="PHYSICAL_LAYER">
& <PROTOCOL HAME-"ETHERNET™ SE TBROPERTY-"TRUE">
30 <PROTOCOL_PROPERTY CONWECTED_T0="" CONMECTIOH_HEDIW="HIRED"/>
1 </PROTOCHL >
a2 </LAVER>
3 </INTERFACE>
a4 o <INTERFACE 1D-" TYPE-"56G_RAN">
245 <LAYER TYPE="DATALINK_LAVER">
6 & <PROTOCOL HEME-"LTE_WR" S TPROPERTY-"TRUE">

<PROTOZOL_PROPERTY ASSOCIATE_MMF="AMF_3" ASSOCIATE_SMF="SHF_2" ASSOCTATE_UPF="UPF_1" TSNSAENABLE="FALSE" MAC_ADDAE
</ PROTOCE >
</LAYER>
] <LAYER

AF1D0O0ADTOA" HASTER_NODE_TYPE="Non_nmiave_Cell” PDCP_DISCARD_DEL?

PHYSICAL_LAVER">
OL HAME-"LTE HR" SETFROPERTY-"TRUE

STHGLE_BAND" DUPLEX_MODE=" FRAMEDURATION_MS="10" GHE_HE TGH
"4:1" FREQUENCY_ RANGE-"FR1" Fhigh MHz-"3808" Flow MHz-"3300

SERTES_3GPP="38" SURFRAME
"G" OPERATING BAND-"n78" PREDANDH

1
<POSCH_CONF1G HCS_TABLE"QAMBALONSE® XOVTHIEAD- “XOHB" />
<PUSCH_CONFIG HCS_TABLE="QAMGALOWSE" TRANSFORY_PRECODING="ENABLE"/>
<CSIREPORT_CONF1G (QI_TABLE="TABLEL" />
<CHANNEL_MODEL ADDTTIONAL LOSS_PUGEL="NONE" BUILDINGS HEIGHT="5" FASTFADING MODEL="NONE" INOGOR_SCENARIO="INDDOR_OFFICE™ LOS HLOS SELECTION="3GPPTR3E.501-Table7.4.2-1" 021 BUILDING |
</BROTOCOL_PROPERTY>
</PROTOCOL>

</ INTERFACE>
: [AVER Vel

fewaver vpe
</DEVICE>
8 [oevice oEp CE WA "Fouler B DEVICE TVRE_"ROUTER” TNTERFACE COUNT-"2" TVRE"EC
4 LoEviCe DerauLT] g DEVICE N e_9™ DIVICE_IVPE-"WIkE UTERFACE_COUn
w [orvic o VICE AU 16 P T T THIERFACT COUNT—17 TP o
</DEVICE_CONF IGLURATION>

</CONNECT 10M] b
TON_CONFIGURATION COUNT-"1">

g ¢APPLICATION APPLICATION COLOR="Bx0GBOFFFF™ A

<PACKET_STZE DISTRIBLTION="CONSTANT" VALUE:

CINTER_ARRIVAL TIME DISTRISUTION-"CONSTA

LICATION_HETHOD="UNICAST* APPLICATION TYPE="(BR" APPLICATION WIDTH="2.6" DESTINATION COUNT="1% DESTINATION ID-"18" EMCRYPTIOH="NONE® END_TIME=*1¢
460"

AT

N_CONFIGURATIOH>

Figure 29: The above table 3 Variables are modified in input.xml file

10. The python script runTest.py is modified to run simulation for all possible combinations of
Bandwidth and Tx Antenna Count and Rx Antenna Count with the respective values of Guard
Band, PRB Count and the IAT that is calculated.

b Fie Edit View Git Project Debug Test Amalze Tools Extensions Window Help  Search (Ctl-Q) P Solution1 (] = X
-0 (B - M| Y- P Attach.. - | 50 [ @] o F 0 0 | 'm - |8 LiveShare &
§ runestpy & X - &
3 23 +
g 24 | bandwidth=[18,15,20,25,30,4,50] -
g 25 | Tx_Antenna_count=[8,16,32,64,128] —

& 26 | R_Antenna_count = [2,4,8,16]
3 27 | prb_count=[52,72,106,133,150,216,278]
2 25 | guard_band=[312.5,382.5,452.5,522.5,592.5,552.5,692.5]
2 29
30 ref_iat=166
31
32 =if(os.path.isfile("result.csv”)):
33 | os.remove("result.csv”)
24
35 csvfile = open("result.csv”, ')
36 csvfile.urite(” CHANNELBANDWIDTH Mz, Tx_ANTENNA_COUNT,RX_ANTENNA_COUNT, INTER_ARRIVAL_TIME(micro sec),THROUGHPUT (Mbps),Data Packets tramsmitted,’)
37 esvfile.close()
33
9 kep
40 JFor 1 in Bandwidth:
a1 k=1
42 for § dn Tx_antenna_count:
43 for z in Rx_Antenna_count:
44 iat=ref_iat/((i/18)*(3/2))
a5
16 1f(0s.path. isfile("Configuration. netsin"))
47 os. remove ("Conf iguration.netsin")
43
19 if(0s.path. isfile(" I0Path\Configuration.netsin”)):
so 0s.remove ("I0Path\Configuration.netsin")
51
52 (o5 .path. isfile("I0Path\etrics . xml")):
53 os.remove ("IOPath\Hetrics xml")
=
s5 cmd="Configiiriter.exe "#str(i)4' '+str(§)+ 4str(z)+’ str(iat)t’ 'tstr(prb_count[k-1])\
56 +' ‘+str(guard_band[k-1])
57 EUEC)
58 0s. svstem( cmd) N
975 - © No issues found n:1 Ch1 SPCLF
[ Ready 2,

Figure 30: Modified runTest.py based on input parameter

11. Multiple parameters are read from the Metrics.xml file and logged in the results.csv file along
with the input parameters such as CHANNELBANDWIDTH_MHz, TX_ANTENNA_COUNT,
RX_ANTENNA_COUNT, INTER_ARRIVAL_TIME (micro sec).

Throughput (Mbps)

Data Packets transmitted

Table 4: User need to modify these two parameters in Script files



12. Two script text files namely Scriptl.txt and Script2.txt are created with information to read each
of the parameters from the Metrics.xml file. The variable OUTPUT_PARAM_COUNT is set to
2 as per the number of Script files.
Scriptl.txt

| Script1.txt - Notepad - O x

File Edit Format View Help

MENU MAME="Application_Metrics"

TABLE MAME="Application_Metrics™

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

Figure 31: The application throughput is to be logged for each simulation modified in Script1.txt
Scritp2.txt

| Script2.xt - Notepad - O *

File Edit Format Wiew Help

MENU NAME="Link Metrics"

TABLE NAME="Link Metrics”

SET A="Packets transmitted\bata" WHERE "Link_id"="Al11"

Figure 32: The Data Packets transmitted is to be logged for each simulation modified in Script2.txt

13. In the python script runTest.py, MetricsReader is called to log each parameter specified in the
script text files separating the entries with a comma (“,”). If simulation crashes, without
generating the output Metrics.xml, then “crash” message is written to the log for each output
parameter. The input parameters that were varied during each simulation run are also logged

in the results.csv file.

0 Fie Edt Yiew Gt Project Debug Tet Amdyze Tools Extensions Window  Help h (Car » Solution! (K] a
©- RS I 2= P Atach.. - | B @i n s 16 LiveShare

c
csvfile.close()

1F(OUTPUT_PARAM_COUNT==1) :
#Call the Met
os.system("Me

csvfile.write('\n +str(£)s’, sstr(§)+’, sstr(fat)e’, "+ crash’s’, "+ crash’s’,")
csvfile.close()

Alame of the Output folder to which the results will be saved
OUTPUT_PATH="Data\\Output_"+str(i)+’_"sstr(j)+ _"+str(z);

| & o ssues found in1 chiisec I

Figure 33: Modify python script runTest.py file



14. The simulation Configuration file and all the output files associated with each simulation run is
saved to folders with name including the bandwidth and DL MIMO count values that were used

during each simulation run.
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t T_PATH):
PUT_PATH)

,OUTPUT_PATH)

Figure 34: Modify python script runTest.py file
15. 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:

Python Script:

v13.1-main\Multi-Parame

Figure 35: Running Python Script using cmd Prompt

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

different combinations of input parameters.
At the end of the process the Multi-Parameter-Sweeping folder will have the following file and folders

created:



I B + | Multi-Parameter-Sweeper-Example-2 - ] X

Home Share View o
)' % J_] & cut 4 LI% x |iﬁ T New item = @ T open v HHselectan
= Edit

wl Copy path 7] Easy access ~ select none

Pmat:(gljlck Copy Paste d Paste shorteut h:g\ie Ct?]p'y' De\vete Rename ’Zl‘edv;r Propfrt\es History EFlnvartsale:tmn
Clipboard Organize MNew Open Select
L R < Multi-Parameter-Sweeper_v13.1-main » Examples » Multi-Parameter-Sweeper-Example-2 [N O Search Multi-Parameter-...
Mame - Date modified Type Size
» ¥ Quick access
Data 1/6/2022 1:22 PM File folder
@, OneDrive - Personal 10Path 1/6/2022 1:25 PM File folder
[ This PC j configwriter.dll 21 12: DLL File 5KB
o [&] ConfigWriter.exe Application 171 KB
e Network LT ConfigWriter.runtimeconfig,json 50N File 1KB
\j inputxml XML Document 35KB
(5] MetricsCsv.exe Application 58 KB
j metricsreader.dll DLL File 5KB
[#] MetricsReader.exe Application 171 KB
o MetricsReader.runtimeconfig.json JSON File TKE
j NetSimMetricsReader.dll DLL File 10KE
"j NetSimXmlReader.dll DLL File 5KB
@ result.csv Microsoft Excel C... 2KB
[# runTest.py Python File 6KE
=] Scriptl.axt Text Document 1KB
\J Seript2 et Text Document 1KB

16items 3 items selected =

Figure 36: After Simulation Multi-Parameter-Sweeping folder contains output files like result.csv, Data etc

16. Data: The Data directory contains multiple output folders with the output files associated with

each simulation run.

g [ = | bata - o X
I e e view ®
> 3, o Cut r:\d ¥ Open ~  FHsetectan
* %8t e = vl 5
= w Copy path - = Edit Select none
Pinto Quick Copy | Paste .. Move Copy Delete Rename  New Properties ¢
Reces: [£] Paste shotat o> o~ ) folder & ©History 5 Invert selection
Clipboard Organize New Open Select
& 9 v 4 ||« Multi-Parameter-Sweeper-Example-2 > Data v o Search Data
Name Date modified Trpe Size
# Quick access
2021-08-02-12.25.00 File folder
@ OneDrive
a x
I This PC -]
*
¥ Network o -
s o
+ 25 Duta > 2021060212250 v e
o Quick access 5 4 )
@ Oncdie
T This PC
@ Network
Titem  1item selected
>
B result.csv e X v

Figure 37: Based on input parameter Configuration.netsim and other files created in output folder
17. I0Path: Used for storing the Configuration.netsim file and the simulation files generated during
each simulation run.
18. Result.csv: This is the output log which contains the parameter varied during each simulation

run and the output parameter associated with each run.
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Figure 38: Based on script result stored in result.csv file




