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Overview 
 
This lab introduces the reader to pScheduler commands, and how to use the default and 
specific tools to run latency, throughput and trace tests. It demonstrates how to invoke 
the pScheduler command to properly run a measurement test using the available tools. 
 
 
Objectives 
 
By the end of this lab, the user will: 
 

1. Understand pScheduler commands. 
2. Measure latency using owamp, twamp and ping tools. 
3. Run throughput tests using iperf3 and nuttcp tools. 
4. Use traceroute, tracepath and paris-tracecoute tools to identify the hops from a 

source to a destination. 
 
 
Lab topology 
 
Figure 1 illustrates the topology used for this lab. The topology includes three perfSONAR 
nodes labeled perfSONAR1, perfSONAR2, perfSONAR3 and a Client host. The perfSONAR 
nodes run a Linux CentOS 7, and the Client runs a lightweight Linux distribution (Lubuntu). 
The Client host is used to access perfSONAR graphical user interface. 
 

 

 
Figure 1. Lab topology. 
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Lab settings 
 
The information in Table 1 provides the credentials to access to perfSONAR nodes. 
 

Table 1. Credentials to access perfSONAR1, perfSONAR2 and perfSONAR3. 
 

Device 

 

IP Address 

 

Account  

 

 

Password 

 

perfSONAR1 192.168.1.10 admin admin 

perfSONAR2 192.168.2.10 admin admin 

perfSONAR3 192.168.3.10 admin admin 

 
 
Lab roadmap 

 
This lab is organized as follows: 
 

1. Section 1: Introduction. 
2. Section 2: Latency tests. 
3. Section 3: Throughput tests. 
4. Section 4: Trace Tests. 

 
 
1 Introduction 
 
pScheduler is responsible for managing the execution of network measurements, or more 
generally tasks, in perfSONAR. When the user wants to run a network measurement on 
perfSONAR, it is performed through pScheduler command-line. pScheduler is part of the 
scheduling layer, as it is shown in the figure 2. The scheduling layer is responsible for: 
 

• Finding time-slots to run the tools while avoiding scheduling conflicts that would 
negatively impact results. 

• Executing the tools and gathering results. 

• Sending to the results to the archiving layer (if needed). 
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Figure 2. perfSONAR layers3. 

 
pScheduler handles the coordination, execution and optionally storage of the task 
requested. Many of the tools pScheduler executes could be run independently of 
pScheduler. However, pScheduler provides additional features that the tool by itself does 
not provide. These features are listed below: 
 

• Measurement Integrity: pScheduler maintains a schedule of all measurements to 
be run and will not allow any measurements to run simultaneously if doing so 
would adversely affect the result in a significant way. For instance, it will not run 
two throughput tests at the same time as the competition for resources could 
affect the results of each. In contrast, it will run latency tests in the background as 
the low resource consumption does not significantly affect results of parallel tests. 

• Simplified Coordination: In addition to simplifying coordination during task 
execution, pScheduler will contact each end device and handle bringing up any 
daemons as required. It also has a plug-in architecture that allows for sending the 
result elsewhere, such as a long-term storage system, as well the measurement 
completes. 

• Access Control: pScheduler has a limits system that allows the definition of rules 
about who can run what type of measurements and other rules such as how long 
a test can run, and which tests are allowed to run in a specific node. 

• Diagnostics: pScheduler provides the tools to visualize the schedule. It specifies 
when a task ran, is running or will run. Additionally, it keeps for some amount of 
time information about the outcome, including whether the result was a failure 
or not, which can be useful for diagnosing issues within a network. 

 
In addition to these foundational features, pScheduler allows plug-ins for new tests, 
tools and archivers to be written. This means that pScheduler allows extensions to 
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perform new type of measurements or other functions, as well as the ability to have 
their results sent to new types of storage and/or analysis tools. 
 
In this lab, the user will run latency, throughput and trace tests using pScheduler 
command-line interface (CLI). These tests include, latency, throughput and traceroute 
measurements. 

 
 
1.1 The pScheduler command 

 
The user interacts with perfSONAR using pscheduler command. The pScheduler 
command is the primary way for the command-line to create new pScheduler tasks4. The 
basic syntax is as follows: 
 
pscheduler command [args]             (1) 

 
pscheduler: command used to interact with perfSONAR. 
command: describes the type of test that will be performed. These commands could be 
task commands or administrative and diagnosis commands, and each command has its 
own lists of arguments args. The task commands are listed as follows: 
 

• task: give pScheduler a task that consists of making one or more measurements. 

• result: fetch and display the results of a single, previously-concluded run by its 
URL. 

• watch: attach to a task identified by URL and show run results as they become 
available. 

• cancel: stop any future runs of a task. 
 
The following commands are  for diagnosis and administrative: 
 

• ping: determine if pScheduler is running on a host. 

• clock: check and compare the clocks on pScheduler hosts. 

• debug: Enable debugging on the internal part of pScheduler. 

• diags: Produce a diagnostic dump for the perfSONAR team to use in resolving 
problems. 

 
For more information about pScheduler tasks, diagnosis, and administrative commands, 
the user can get access to the help by typing on the perfSONAR command-line: 
 
pscheduler -help  

 
To get more details about a specific command, using the format of the command (1) type: 
 
pscheduler [command] --help 

 
 
2 Latency tests 
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In this section, the user will run latency measurement tests using pScheduler tools. 
pScheduler uses One-Way Ping (OWPING), Two-Way Ping (TWPING) and Round-Trip Time 
(RTT) to measure the latency as shown in the tools layer in figure 2. First, the user will run 
a latency test using the default configuration then, the user will specify a tool to run a 
latency test. 
 
 
2.1 One-way ping 

 
In this part, the user will run a latency test between perfSONAR1 (192.168.1.10) and 
perfSONAR2 (192.168.2.10). The default tool used to perform this measurement is one-
way ping (owping), as shown in figure 2. The user interacts with pScheduler using 
command-line interface (CLI). 
 
Step 1. On the topology, click on perfSONAR1 then, enter the username admin and 
password admin. Note that the password will not be displayed while typing it. Proceed 
similarly with perfSONAR2 and perfSONAR3. 
 

 
 

Step 2. In perfSONAR1 command line, follow command format (1) and type: 
 
pscheduler task latency --source 192.168.1.10 --dest 192.168.2.10  

 

• pscheduler: command to interact with perfSONAR. 

• task: pScheduler command to specify a measurement test. 

• latency: test type. 

• --source: specify where the test should originate, in this case it is perfSONAR1 
node (192.168.1.10). 

• --dest: destination node, in this case it is the perfSONAR2 node (192.168.2.10). 
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The default tool used by pScheduler to run the default test is one-way ping (owping) tool. 
The task is scheduled, and the results are shown below. There are three sections in the 
report:  
 

• Packet Statistics: It shows a summary of the number of sent and received packets, 
as well as the number packet lost, duplicated and reordered. The Packet Statistics 
of the last test is shown in the table 2. 

• One-way Latency Statistics: It summarizes the One-way Latency Statistics as 
shown in the table 3 and a Histogram of the delay values. 

• TTL Statistics: It shows the time-to-live statistics. The results are shown in the table 
4, where the values do not vary. 

 

In order to navigate through the result summary, press Shift+Page Up to scroll up 
Shift+Page Down to scroll down. 
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Table 2. Packet Statistics. 
Packet Sent 100 packets 

Packet Received 100 packets 

Packet Lost 0 packets 

Packet Duplicated 0 packets 

Packet Reordered 0 packets 

 
Table 3. One-way Latency Statistics. 

Delay Median 1.33ms 

Delay Minimum 1.26ms 

Delay Maximum 2.03ms 

Delay Mean  1.34ms 
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Delay Mode 1.36ms 

Delay 25th Percentile 1.30ms 

Delay 75th Percentile 1.36ms 

Delay 95th Percentile 1.43ms 

Max Clock Error 6.75ms 

 

 
Figure 3. One-way Latency Statistics Histogram. 

 
Table 4. TTL Statistics. 

TTL Median 254 

TTL Minimum 254 

TTL Maximum 254 

TTL Mean 254 

TTL Mode 254 

TTL 25th Percentile 254 

TTL 75th Percentile 254 

TTL 95th Percentile 254 

 
 
2.2 Two-way ping 

 
In the following steps, the user will specify a tool to run a two-way ping (twping) test 
between perfSONAR1 (192.168.1.10) and perfSONAR2 (192.168.2.10) using pscheduler 
command-line. 
 
Step 1. In perfSONAR1 command line, follow command format (1) and type: 
 
pscheduler task –-tool twping latency --source 192.168.1.10 --dest 192.168.2.10  

 

• pscheduler:  command to interact with perfSONAR. 

• task: pScheduler command to specify a measurement test. 

• --tool: command to specify the tool. 

• twping: tool for two-way ping measurement. 

• latency:  test type. 

• --source: specify where the test should originate, in this case it is perfSONAR1 
node (192.168.1.10). 
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• --dest: the destination node, in this case it is the perfSONAR2 node 
(192.168.2.10). 

 

 
 
In this case, the user specifies two-way ping (twping) as the tool to run the measurement 
test. The task is scheduled, and the results are shown below. The report format is like the 
latency report. 
 

In order to navigate through the result summary, press Shift+Page Up to scroll up 
Shift+Page Down to scroll down. 
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Table 5. Packet Statistics. 
Packet Sent 100 packets 

Packet Received 100 packets 

Packet Lost 0 packets 

Packet Duplicated 0 packets 

Packet Reordered 0 packets 

 
Table 6. One-way Latency Statistics. 

Delay Median 1.99ms 

Delay Minimum 1.92ms 

Delay Maximum 2.21ms 

Delay Mean  2.00ms 

Delay Mode 1.99ms 
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Delay 25th Percentile 1.97ms 

Delay 75th Percentile 2.01ms 

Delay 95th Percentile 2.07ms 

Max Clock Error 8.67ms 

 

 
Figure 4. One-way Latency Statistics Histogram. 

 
Table 7. TTL Statistics. 

TTL Median 254 

TTL Minimum 254 

TTL Maximum 254 

TTL Mean 254 

TTL Mode 254 

TTL 25th Percentile 254 

TTL 75th Percentile 254 

TTL 95th Percentile 254 

 
 
2.3 Round-Trip Time (RTT) 

 
In this part, the user will run a Round-Trip Time (RTT) test is between perfSONAR1 
(192.168.1.10) and perfSONAR2 (192.168.2.10) of the given topology, see figure 1. First, 
the user is going to type a pScheduler command to run a test in perfSONAR1 command-
line, then the user will repeat the same test in perfSONAR3 (192.168.3.10) command-line. 
 
Step 1. In perfSONAR1 command line, follow command format (1) and type: 
 
pscheduler task rtt --source 192.168.1.10 --dest 192.168.2.10  

 

• pscheduler: command to interact with perfSONAR. 

• task: pScheduler command to specify a measurement test. 

• rtt: test type. 

• --source: it specifies where the test should originate, in this case it is perfSONAR1 
node (192.168.1.10). 

• --dest: destination node, in this case it is the perfSONAR2 node (192.168.2.10). 
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The result above indicates that all five packets were received successfully by perfSONAR2 
node (192.168.2.10) (0% packet loss) and that the minimum, mean, maximum, and 
standard deviation of the Round-Trip Time (RTT) were 0.290, 0.347, 0.376 and 0.032 
milliseconds respectively.  
 
 
3 Throughput tests 
 
In this section, the user will run throughput measurement tests using pScheduler tools. 
These tools are iperf, iperf3 and nuttcp as shown in the tools layer in the figure 2. First, 
the user will run a throughput test using the default configuration then, the user will 
specify a tool to run a latency test. 
 
 
3.1 iPerf3 

 
The following throughput test is between perfSONAR1 node (192.168.1.10) and 
perfSONAR2 node (192.168.2.10). The tool used to run the default test is iperf3. 
 
Step 1. In perfSONAR1 command line, follow the command format (1) and type: 
 
pscheduler task throughput --source 192.168.1.10 --dest 192.168.2.10 

 

• pscheduler: command to interact with perfSONAR. 

• task: pScheduler command. 

• throughput: test type. 

• --source: specify where the test should originate, in this case it is perfSONAR1 
node (192.168.1.10). 

• --dest: destination node, in this case it is the perfSONAR2 node (192.168.2.10). 
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Shortly after starting the test submission, the user will see that the tool used to run the 
test is iperf3. The results above list the throughput every second (Interval), the number 
of retransmissions (Retransmits) and current windows size. At the end, it is summarized 
the time interval when the test took place, in this case form 0 seconds to 10 seconds, the 
throughput is 8.20 Gbps and the number of retransmissions is 2070. 
 
 
3.2 Nuttcp 

 
The following throughput test is between perfSONAR1 node (192.168.1.10) and 
perfSONAR2 node (192.168.2.10). The tool used to this test is nuttcp. 
 
Step 1. In perfSONAR1 command line, follow the command format (1) and type: 
 
pscheduler task –-tool nuttcp throughput --source 192.168.1.10 --dest 

192.168.2.10 -i1 

 

• pscheduler: command to interact with perfSONAR. 

• task: pScheduler command. 

• --tool: command to specify the tool. 

• nuttcp: tool used to run the test. 

• throughput: test type. 

• --source: specify where the test should originate, in this case it is perfSONAR1 
node (192.168.1.10). 

• --dest: destination node, in this case it is the perfSONAR2 node (192.168.2.10). 

• i1: indicates the interval is 1 second. 
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The results above indicate that the test did not failed. After that it is shown the nuttcp 
command used to run the task from local host or perfSONAR1 node (192.168.1.10). The 
summarized data indicates that 8133.3174 MB were transferred in 10.03 seconds. This is 
equivalent to 6800.8015 Mbps. The results also show the CPU usage, which in this case is 
20% for the transmitter (TX) and 24% for the receiver (RX). The number of retransmissions 
is 1052, the congestion windows size is 951 KB, and the Round-Trip Time (RTT) is 0.31ms. 
In addition, it is shown the nuttcp command used to run the server in perfSONAR2 node 
(192.168.2.10). Finally, there is a report indicating that there is not any error from 
perfSONAR2 node. 
 

In order to navigate through the result summary, press Shift+Page Up to scroll up 
Shift+Page Down to scroll down. 

 
 
4 Trace tests 
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In this section, the user will run trace measurement tests using pScheduler tools. These 
tools are traceroute, tracepath and paris-traceroute as shown in the tools layer in the 
figure 2. First, the user will run a trace test using the default configuration then, then the 
user will specify a tool to run a latency test. 
 
 
4.1 Traceroute 

 
Traceroute measures the path that a packet took as it traveled around the Internet to the 
website. It also displays the response times that occurred at each stop along the route. If 
there is a connection problem or latency connecting to a site, it will show up in these 
response times. The user will be able to identify which of the hops along the route may 
cause a problem3. 
 
Step 1. In perfSONAR1 command line, follow the command format (1) and type: 
 
pscheduler task trace --source 192.168.1.10 --dest 192.168.3.10 

 

 
 

Shortly after submitting the test, the default tool used to run the test is traceroute. In the 
figure above, there are several rows divided into columns on the report. Each row 
represents a hop along the route. In each hop, the packet gets its next set of directions. 
Each row is divided into five columns. A sample row is shown below: 
 

HOP NUMBER IP ADDRESS RTT  

1 
2 
3 

192.168.1.1 
192.168.2.2 

192.168.3.10 

0.2 ms 
0.9 ms 
0.9 ms 

 

• HOP NUMBER: It represents the number of the hop along the route. In this case, 
it takes two hops to reach the destination. 

• IP ADDRESS: The second column has the IP address of the destination; the 
previous hop has the IP address of the router. If it is available, the domain name 
will also be listed. 
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• RTT: The next column displays the Round-Trip Time (RTT) for the packet to reach 
that point and return to the source host. This measure is listed in milliseconds.  

 
 
4.2 Tracepath 

 
Tracepath traces a path from the source to destination, discovering the Maximum 
Transmission Unit (MTU) along this path. It uses UDP port or some random port. The 
difference from  traceroute is that this tool includes less options and the user is not 
required to be a superuser to run the tests. pScheduler allows the selection of the tool 
tracepath using the --tool command. 
 
Step 1. In perfSONAR1 command line, follow the command format (1) and type: 
 
pscheduler task –-tool tracepath trace --source 192.168.1.10 --dest 

192.168.3.10 

 

 
 
The first column shows the hop number, the second column shows the IP address or 
Domain name. The third column shows the Round-Trip Time (RTT) for the packet to reach 
that point and return to the source host. The last column shows the Maximum 
Transmission Unit (MTU) size. 
 

HOP NUMBER IP ADDRESS RTT  MTU 

1 
2 
3 

192.168.1.1 
192.168.2.2 

192.168.3.10 

0.148 ms 
0.389 ms 

1.4 ms 

1500 bytes 
1500 bytes 
1500 bytes 

 
 
4.3 Paris traceroute 

 
Paris traceroute is a new version of the traceroute network diagnosis tool. It addresses 
problems caused by load balancers with the initial traceroute implementation. By 
controlling the flow identifier of the probes, it can follow accurate paths in networks with 
load balancers. It is also able to find all the load balanced paths to the destination. Finally, 
it complements its output with information extracted from the received packets, allowing 
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a more precise analysis of the discovered paths. Paris traceroute, by controlling packet 
header contents, obtains a more precise picture of the actual routes that packets follow4. 
The user can select paris-traceroute tool using pScheduler –-tool command. 
 
Step 1. In perfSONAR1 command line, follow the command format (1) and type: 
 
pscheduler task –-tool paris-traceroute trace --source 192.168.1.10 --dest 

192.168.3.10 

 

 
 

Notice that it is not possible to prove the idea of Paris traceroute in the current lab 
topology. 

 
After the task is submitted, the user can see that the tool selected is paris-traceroute. The 
results of Paris-traceroute test are interpreted in the same way of traceroute test. In the 
figure above, there are several rows divided into columns on the report. These results are 
reordered in the table below. Each row represents a hop along the route. In each hop, the 
packet gets its next set of directions. Each row is divided into five columns. A sample row 
is shown below: 
 

HOP NUMBER IP ADDRESS RTT  

1 
2 
3 

192.168.1.1 
192.168.2.2 

192.168.3.10 

0.241 ms 
0.343 ms 
4.515 ms 

 

• HOP NUMBER: It represents the number of the hop along the route. In this case, 
it takes two hops to reach out the destination. 

• IP ADDRESS: The second column has the IP address of the destination; the 
previous hop has the IP address of the router. If it is available, the domain name 
will also be listed. 

• RTT Columns: The next three columns display the Round-Trip Time (RTT) for the 
packet to reach that point and return to the source host. This measure is listed in 
milliseconds. There are three columns, because the traceroute sends three 
separate signal packets. This is to display consistency, or a lack thereof, in the 
route. 
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This concludes Lab 4. 
 
 
References 

 
1.  NSRC, “What is perfSONAR?,” [Online]. Available: 

https://learn.nsrc.org/perfsonar/what-is-perfsonar. 
2. B. Tierney, J. Metzger, E. Boyd, A. Brown, R. Carlson, M. Zekau, J. Zurawski, M. 

Swany and M. Grigoriev, “perfSONAR: instantiating a global network 
measurement,” in SOSP workshop, Real overlays and distributed systems. 

3. How to use the linux traffic control panagiotis vouzis,” [Online]. Available:  
https://netbeez.net/blog/how-to-use-the-linux-traffic-control/. 

4. perfSONAR Project, “Creating and managing tasks,” [Online]. Available: 
https://docs.perfsonar.net/pscheduler_client_tasks.html. 

5. perfSONAR Project, “The pScheduler command-line interface,” [Online]. 
Available: https://www.perfsonar.net/media/medialibrary/2017/09/22/201709-
perfSONAR-11-pScheduler_CLI-v2.pdf. 

6. M. Feit, “CLI user's guide,” [Online]. Available: 
https://github.com/perfsonar/pscheduler/wiki/CLI-User%27s-Guide. 

7. ESnet, “esmond: ESnet monitoring daemon”. Available: 
https://software.ed.net/esmond/. 


