
Profiling Nios II Systems 
 
Introduction : 
There are a variety of ways to measure the performance of a Nios® II system, primarily 
three tools are used: the GNU profiler, called nios2-elf-gprof, the timestamp interval 
timer peripheral, and the performance counter peripheral. 
In this example, users will go through the steps to run the GNU profiler and the 
performance counter to profile their Nios II Systems. 
The performance counter peripheral and the timestamp peripheral are 
minimally intrusive hardware methods for measuring the performance of 
a Nios II system. They are simple to use and can easily be implemented in a system to 
measure the performance usage (aka profiling) and identify resource bottlenecks in the 
system. 
 
For more information about how profiling works in Profiling Nios II Systems and ways 
to troubleshoot several problems that might occur during profiling, please refer to 
Application Note 391 which is available at 
http://www.altera.com/literature/an/an391.pdf. 
 
For both the tutorials shown in this example, depending on their personal preferences, 
users can choose to follow either : 

a) The Nios II Software Build Tools for Eclipse flow  
b) The Nios II Command Line Interface flow 

 
 
Tutorial 1: Use the GNU Profiler to Measure Code Performance 
 

 
Hardware Considerations 
The profiler requires only a system timer. No special peripherals are 
required. If your Nios II hardware design already includes a system timer 
component, you do not need to change the design. 
 
For the first tutorial, use the example standard hardware design without 
modification. If your Nios development board contains another 
hardware design, follow the next few steps to program the standard 
hardware design. If the Nios development board already has the standard 
hardware design programmed, proceed to either Profiler GNU with Command Line 
Interface OR Profiler GNU with Software Build Tools for Eclipse. 
 
To program the FPGA with the standard hardware design for your Nios 
development board, perform the following steps: 
 
1. Create a copy of the standard hardware design directory for your 
development board in a new working directory 



(<project_directory>). 
For example, the standard Verilog HDL hardware design 
for the Nios II Embedded Evaluation Kit (NEEK), Cyclone® III Edition can be 
downloaded from http://www.altera.com/products/devkits/altera/kit-cyc3-
embedded.html?GSA_pos=3&WT.oss_r=1&WT.oss=NEEK%20standard. To use this 
design, copy this directory to another named <project_directory>. 
 
2. Start the Quartus II software, version 9.1 or later. 
 
3. In the Quartus II window, on the New menu, click Open Project. 
 
4. Open your new copy of the Quartus II project file for the standard 
Nios II hardware design for your board. 
 
5. On the Tools menu, click Programmer. 
 
6. Turn on Program/Configure, located on the same row as your 
standard.sof file, <your board>_standard.sof. 
 
7. Click Start to download the Nios II SRAM Object File 
<your board>_standard.sof to the FPGA. 

 



Profiler_gnu with Nios II Command Line Interface. 
 
Create the profiler_gnu Software Design 
To create the profiler_gnu software project in the Nios II software build 
flow, perform the following steps: 
 
1. Open a Nios II command shell. 
To start the Nios II command shell on Windows platforms, on the 
Start menu, click All Programs. On the All Programs menu, on the 
Altera submenu, on the Nios II EDS <version> submenu, click Nios II 
<version> Command Shell. 
 
2. Change to the working directory for your hardware and software 
projects (<project_directory>). 
 
3. Ensure that the working directory <project_directory> and all of its 
subdirectories are write-enabled, by typing the following command: 
 
chmod -R +w .  
 
4. Download the file profiler_software_examples.zip to 
<project_directory>. This .zip file can be found on the Altera 
literature pages with this document, at www.altera.com/literature/lit-nio2.jsp. 
 
5. Unzip the file profiler_software_examples.zip in your <project_directory>. 
 
6. Change to the directory software_examples/app/profiler_gnu. 
 
7. Create and build the application with the create-this-app 
script, by typing the following command: 
 
./create-this-app  
 
The create-this-app script runs the create-this-bsp script, 
which reads settings from the parameter_definition.tcl file in 
<project_directory>/software_examples/bsp/hal_profiler. This Tcl file 
contains the following two lines: 
set_setting hal.enable_gprof true 
set_setting hal.enable_exit true 
 
The first setting enables the GNU profiler, and the second setting enables 
the alt_main() function to call exit() following main(). 
 
 
 



Run the profiler_gnu Software Design 
To run the application and collect the GNU profiler data, perform the 
following steps: 
1. Open a second Nios II command shell. 
2. In the second shell, open a nios2-terminal session by typing the 
following command: 
nios2-terminal 
3. In your original Nios II command shell, write the .elf file to the 
development board, run the design, and write the GNU profiler 
data to the gmon.out file, by typing the following command: 
 
nios2-download -g --write-gmon gmon.out *.elf  
 
The GNU profiler writes the data to the gmon.out file when the 
application calls the exit() function. Figure 1 shows an example of 
the output on the nios2-terminal window. 
 
Figure 1 shows the GNU Profiler Output on nios2-terminal. 

 
 
Create the Profiler Report Based on the profiler_gnu Design 
 
When you run the project, it creates the gmon.out file. Format this file in 
a readable format by performing the following steps: 
1. In the original Nios II command shell, change directory to 
<project_directory>/software_examples/app/profiler_gnu. 
 
2. Type the following command: 
 
nios2-elf-gprof profiler_gnu.elf gmon.out > report.txt  
 
This command generates a flat profile report and a call graph, which 
are captured in the file report.txt. 
 
3. Use any text editor to view the report.txt file. 



 
 
Profiler_gnu with Nios II Software Build Tools for Eclipse 
 
Create the profiler_gnu Software Design 
 
Creating and Running the profiler_gnu Software Design in SBTE 
 
1. In Nios II Software Build Tools for Eclipse, right click in Project Explorer and select 
New -> Nios II Application and BSP from template. 
 
2. For SOPC Information File, browse to your project directory and select the .sopcinfo 
file. 
 
3. Name your project. 
 
4. Under Templates, select Blank Project. 
 
5. Click Finish to create your new Project. 
 
6. Unzip the profiler_software_examples.zip file to your project directory. The zip file 
can be found on the Altera literature pages with this document, at 
www.altera.com/literature/lit-nios2.jsp 
 
7. In Windows Explorer, browse to the 
(../profiler_software_examples/source/SBT_FLOW/profiler_gnu) folder. Drag and drop 
all the files in this directory into your project folder (not the BSP folder) in Project 
Explorer section of the Nios II Software Build Tools for Eclipse.  
 
8. Right click on your project in the Project Explorer and select Nios II -> BSP Editor. 
 
9. In the Nios II BSP Editor, tick enable_gprof to enable the GNU Profiler for your 
project. Save and generate your BSP settings. 
 
10. Build your project in Nios II Software Build Tools for Eclipse. 
 
Run the profiler_gnu Software Design 
 
To run the profiler_gnu software, right click on your project and select Run As -> Nios II 
Hardware. 



 
Figure 2.1 shows the Nios II Software Build Tools for Eclipse console after you have 
downloaded the software 

 
 
 
Figure 2.2 shows the Nios II Console 

 
 
 
Viewing the Profiler Report based on the profiler_gnu Design 
 
1. After you run the software until it exits, the gmon.out file is automatically created in 
your project folder in the Project Explorer of the Nios II SBTE. 
 
2. To view it, simply double click on it in the Project Explorer and Nios II SBTE will 
switch to the 'Profiling perspective' and you can view the report. 
The profiler report excerpts shown in Example 1 were generated on a 
NEEK, containing a Cyclone III 3C25 device with a Nios EDS software version 9.1,  
standard hardware design running at 100 MHz. 
 
NEEK results. Flat Profile and Call Graph Example. 

 
Flat profile: 

 

Each sample counts as 0.01 seconds. 



  %   cumulative   self              self     total            

 time   seconds   seconds    calls   s/call   s/call  name     

 85.86      3.40     3.40        1     3.40     3.44  checksum_test_routine 

 10.83      3.83     0.43        1     0.43     0.43  alt_busy_sleep 

 

...-DELETED PORTION-... 

 

 

       Call graph (explanation follows) 

 

 

granularity: each sample hit covers 32 byte(s) for 0.25% of 3.96 seconds 

 

index      % time    self  children    called     name 

                3.40    0.04       1/1           main [2] 

[4]            86.9    3.40    0.04       1         checksum_test_routine [4] 

                0.04    0.00   32000/32052       udivmodsi4 [8] 

                0.00    0.00   32000/32024       __umodsi3 [129] 

                0.00    0.00     300/300         alt_dcache_flush_all [19] 

 

************* 

                0.00    0.00     414/414         alt_exception [69] 

[16]           0.0    0.00    0.00     414         alt_irq_handler [16] 

                0.00    0.00     399/399         alt_avalon_timer_sc_irq [17] 

                0.00    0.00      15/15          altera_avalon_jtag_uart_irq [21] 

 

 

...-DELETED PORTION-... 

 
In Example 1, the call graph shows the checksum_test_routine() function call (index[4]) 
consumed 86.9% of the processing time during the execution of the design. 
 
The granularity statement in the call graph report states that the report covers 3.96 
seconds or 3960 miliseconds. Our Nios II timer or sys_clk_timer has a 10 milisecond 
timer to the timer interrupt is called once at the beginning before a full clock period has 
elapsed and once every 10 miliseconds thereafter. A precise report, therefore would show 
that the timer interrupt handler is called 396 times. Index[22] shows that the 
alt_avalon_timer_sc_irq is called 399 times, which is within the precision range of this 
measurement method. 



Tutorial 2: Use Performance Counters and Timers to Measure 
Code Performance 
 
This tutorial demonstrates the use of performance counters and 
timestamp interval timers to measure the performance of a Nios II system 
more precisely than is possible with the GNU profiler, by identifying the 
sections of code that use the most processor time. 
It will be using the same NEEK design as Tutorial 1 that already has an interval timer and 
a performance counter. You will change interval of the timer and the number of sections 
measured by the performance counter. The design from can be downloaded from 
http://www.altera.com/products/devkits/altera/kit-cyc3-
embedded.html?GSA_pos=3&WT.oss_r=1&WT.oss=NEEK%20standard 
 
 
Create the standard_perf_counter Hardware Design 
To create the standard_perf_counter hardware design, first copy the the NEEK Nios II 
Standard Processor System to a new directory named standard_perf_counter and perform 
the following steps: 
 
1. Start the Quartus II software, version 9.1 or later. 
 
2. In the Quartus II window, on the New menu, click Open Project. 
 
3. Open the Quartus II project file for the hardware design you just 
copied. For example, the standard project file for the Cyclone III 
development board is the file cycloneIII_3c25_niosII_standard.qpf, 
 
4. On the Tools menu, click SOPC Builder. 
The SOPC Builder window appears. 
 
5. Right click on the Performance Counter Unit and select Edit. 
 
6. Set the value of Number of Simultaneously Measured sections to 3. 
 
7. Click Finish. 
 
8. Right click high_res_timer and select edit. 
 
9. Under Timeout Period, set the Initial Period value number to 1 and the units to usec 
(microseconds). 
 
10. Click Finish. 
 
� If your design does not contain the Performance Counter Unit or the High_rest_timer 
then you will need to add them in. 
 



Figure 3 shows the SOPC Builder system’s performance_counter and high_res_timer 

 
 
11. Click the System Generation tab. 
 
12. Click Generate. The generation phase takes a few minutes. 
 
13. The final message should state "SUCCESS: SYSTEM GENERATION 
COMPLETED". When system generation is complete, click Exit. The 
hardware design is now ready to be compiled by the Quartus II 
software. 
 
14. In the Processing menu, click Start Compilation. 
 
15. When you see the message “Full Compilation was successful”, click 
OK. This step generates the file <your_board>_standard.sof. 
 
 
Program the standard_perf_counter Hardware Design to an 
FPGA 
 
Now you can program your new hardware design in the FPGA, by 
performing the following steps: 
1. On the Tools menu, click Programmer. 
 
2. Turn on Program/Configure, located on the same row as your 
standard.sof file, <your board>_standard.sof. 
 
3. Click Start to download <your board>_standard.sof to the FPGA. 
 



 
 
Profiler_performance_counter with the Nios II Command Line Flow. 
 
Creating and Running the profiler_performance_counter Software 
Design 
 
To create the profiler_performance_counter software project in the Nios II 
software build flow, perform the following steps: 
1. Open a Nios II command shell. 
To start the Nios II command shell on Windows platforms, on the 
Start menu, click All Programs. On the All Programs menu, on the 
Altera submenu, on the Nios II EDS <version> submenu, click Nios II 
<version> Command Shell. 
 
2. Change to the working directory for your hardware and software 
projects (<project_directory>). 
 
3. Ensure that the working directory <project_directory> and all of its 
subdirectories are write-enabled, by typing the following command: 
 
chmod -R +w . 
 
4. Download the file profiler_software_examples.zip to 
<project_directory>. This .zip file can be found on the Altera 
literature pages with this document, at www.altera.com/literature/lit-nio2.jsp. 
 
5. Unzip the file profiler_software_examples.zip in your <project_directory>. 
 
6. Change to the directory 
software_examples/app/profiler_performance_counter. 
 
7. Create and build the application by typing the following command: 
 
./create-this-app 
 
The create-this-app script runs the create-this-bsp script, 
which reads settings from the parameter_definition.tcl file in 
<project_directory>/software_examples/bsp/hal_profiler. This Tcl 
file contains the following two lines: 
 
set_setting hal.enable_gprof true 
set_setting hal.enable_exit true 
 
The first setting enables the GNU profiler, and the second setting 



enables the alt_main() function to call exit() following main(). 
 
8. Edit the parameter_definition.tcl file by adding the following two 
lines before the two lines described in Step 7: 
 
set_setting hal.sys_clk_timer sys_clk_timer 
set_setting hal.timestamp_timer high_res_timer 
 
The new lines set the HAL settings to use the appropriate SOPC 
Builder system components. 
 
To run the application and collect the GNU profiler data, perform the 
following steps: 
 
1. Open a second Nios II command shell. 
 
2. In the second shell, open a nios2-terminal session by typing the 
following command: 
 
nios2-terminal 
 
3. In your original Nios II command shell, write the .elf file to the 
development board, run the design, and write the performance data 
to the nios2-terminal, by typing the following command: 
 
nios2-download -g *.elf  
 
 
Figure 4 shows the performance_counter output that appears in the 
nios2-terminal window. Your output may vary. 

 
 



Profiler_performance_counter with Nios II Software Build Tools for 
Eclipse. 
 
Creating and Running the profiler_performance_counter Software 
Design 
 
1. In Nios II Software Build Tools for Eclipse, right click in Project Explorer and select 
New -> Nios II Application and BSP from template. 
 
2. For SOPC Information File, browse to your project directory and select the .sopcinfo 
file. 
 
3. Name your project. 
 
4. Under Templates, select Blank Project. 
 
5. Click Finish to create your new Project. 
 
6. Unzip the profiler_software_examples.zip file to your project directory.  
 
The design file can be found on the Altera literature pages with this document, at 
www.altera.com/literature/lit-nios2.jsp . 
 
7. In Windows Explorer, browse to the 
(../profiler_software_examples/source/SBT_FLOW/profiler_performance_counter) 
folder. Drag and drop all the files in this directory into your project folder (not the BSP 
folder) in Project Explorer section of the Nios II Software Build Tools for Eclipse.  
 
8. Right click on your project in the Project Explorer and select Nios II -> BSP Editor. 
 
9. In the Nios II BSP Editor, tick enable_gprof to enable the GNU Profiler for your 
project.  
 
10. Under sys_clk_timer, select sys_clk_timer and for timestamp_timer, select 
high_rest_timer. Save and generate your BSP settings. 
 
11. Build your project in Nios II Software Build Tools for Eclipse. 
 
12. To run the profiler_gnu software, right click on your project and select Run As -> 
Nios II Hardware. 
 



Figure 5 shows the Performance Counter Report on Nios II Console 

 
 
 
 
Conclusion : 
 
You should now be able to successfully utilize profiling for your Nios II Systems to 
enable you to track the resource usage based on code sections and identify possible 
bottlenecks that might slow your system down. For more explanation, refer to the 
application note available from the Altera website. 


