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Lab 4: Writing Basic Software Applications

Targeting MicroBlaze™ on XUP Spartan™-3E

Lab 4: Writing Basic Software Applications Lab

Introduction 

This lab guides you through the process of writing a basic software application. You will develop software in Xilinx Platform Studio (XPS) that will write to one of the OPB GPIOs; LEDs. An MSS file will be created and LibGen will be used to generate libraries specific to the hardware. 

Objectives 

After completing this lab, you will be able to:

· Write a basic application to access an IP peripheral

· Utilize XPS to generate an MSS file

· Generate a bit file

· Download the bit file and verify in hardware 

· Develop a simple linker script using the Linker Script Generator

Procedure 

The first three labs defined the hardware for the processor system. This lab comprises several steps, including the writing of a basic software application to access one of the peripherals specified in Lab2. 
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For each procedure within a primary step, there are general instructions (indicated by the 
symbol). These general instructions only provide a broad outline for performing the procedure. Below these general instructions, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the procedure. If you feel confident about completing a procedure, you can skip the step-by-step directions and move on to the next general instruction.

Opening the Project 
Step 1

General Flow for this Lab:
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Create a lab4 folder and copy the contents of the lab3 folder into the lab4 folder if you wish to continue with the design you created in the previous lab. Launch Project Navigator 8.1 and open the project file located in either the C:\xup\embedded\labs\lab4\projnav (if you want to continue with your created design) or C:\xup\embedded\completed\lab3\projnav directory.  Select system_i and start XPS from ISE.

· If you wish to continue using the design that you created in Lab 3, create a lab4 folder in the C:\xup\embedded\labs directory and copy the contents from lab3 to lab4 
· Open Project Navigator by selecting Start ( Programs ( Xilinx Platform Studio 8.1i
· Select File ( Open Project and browse to either the C:\xup\embedded\labs\lab4 \ or C:\xup\embedded\completed\lab3\ folder

If the project was already open, then close it
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Select system.xmp to open the project

Creating a BSP
Step 2

General Flow for this Lab:
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Specify the MicroBlaze processor operating system (standalone) and driver interface level.  The BSP is created based on the peripherals included in the design. 

· Click Software ( Software Platform Settings or clicking on the Toolbar button

[image: image35.png]‘v Xilinx Platform Studio - C:/XUP/Markets/Embedded/Workshops/courses/v81 Embedded/xupsp3e/labsolutions/lab4/system.xmp

) e £t yew Promet Haduare Software Devie Configuration Debug Simakion Window i o®
T #inolude mxparemecers.ht
Prict_| Applcations | P Catabg | 2 include "xgpio.n”
3
Sottwete Piecs M
A Sotware Applcaton Poect s
MDetauk: nictoblsze_0_boolocp s
0etauk: nictolsze_0_imdsub 7 xopto ap_ouc
& [Project: Testapp_Memory 8
5 Processor. miroblze_ 0 S %Gpio_Initialize(sgp our, YPAR LEDS GBIT DEVICE ID):
Executable: C:\XUP\Markets\E mbeddediworkshopsicourses'v81Embedded\supsp3s 10
(5 Conpier Opions
# Sources
Headsts
< >
< | 3| mSysemassentl.. | Basen | rgpio | B wparametes | B Unitec” |

code/system.c:24:2: varning: no nevline at end of file

mb-size code/executable.elf

text  data  bss dee hex filename
1792 102 2070 3964 £7¢ code/executable.elf
Done'!

>

[cres [ [ 567 [in 106613 [Tert A





Figure 4-2. Opening Software Settings for the microblaze_0 Instance

It will open the platform settings box (Figure 4-3)
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Figure 4-3. Software Platform Settings Dialog Box for the PPC405_0 Instance

· In the Software Platform panel, confirm that the operating system is standalone and core clock frequency is 100000000 (100 MHz- CPU speed)
· Select OS and Libraries panel and make sure that the stdin and stdout device points to RS232_DCE
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Figure 4-4. OS and Libraries panel of the Software Platform Settings for the microblaze_0 Instance

Select Drivers panel

· Use the default values 

·  Click OK to accept the settings 

Generate the BSP.

· Double-click the system.mss file under the Project tab in XPS to open the MSS file for this project

XPS has written the parameters that are specified in the Peripheral Options to the system.mss file

1. List the assigned driver for each of the following peripheral instances. (Note that you can obtain this same information from the Drivers panel of the Software Platform Settings dialog box.)

mb_opb: 








debug_module: 








dlmb_cntlr:








ilmb_cntlr:








LEDs_8Bit:








Push_Buttons_4Bit:







RS232_DCE:








lcd_ip_0:








2. Why do some of the above mentioned devices not have a specific driver (for example, the driver is specified as generic)?

________________________________________________________________

________________________________________________________________

________________________________________________________________

· Close the system.mss file

· Generate the BSP by selecting Software ( Generate Libraries and BSPs or clicking the [image: image4.bmp] button

This runs LibGen on the system.mss file to generate the BSP library files. 

3. List the created subfolders, their contents, and their possible purposes under the microblaze_0 folder in the lab4 folder.

________________________________________________________________

________________________________________________________________

________________________________________________________________

Creating a Basic C File
Step 3

General Flow for this Lab:





Create a basic C file to write data to the LEDs_8Bit peripheral.

· Select File ( New to open a new document in the XPS editor
The first step is adding the header files for the required functions. All of the header files related to this project were placed in the microblaze_0/include directory when LibGen was run.  
· Add the following to the C file:
· #include "xparameters.h"

· #include "xgpio.h"

· Click File ( Save As to open the Save As dialog box

· Create a new folder named code in the lab4 directory and save the file as system.c
· Add the following to the C file

main() {

The first step in main is to initialize the GPIO peripheral, which you will do next. As you are editing your source file, note that the XPS editor inserts special characters for spaces, tabs, etc. 

Write a main() function that initializes and sets the data direction for the LEDs_8Bit peripheral to output.

· Select the LEDs_8Bit ( Driver: gpio_v2_00_a ( View API Documentation in the System Assembly View window


[image: image5]
Figure 4-5 Accessing API Doc
· Click the File List link and then select the gpio.c file to view for a description of the functions in this driver. Find the description for the XGpio_Initialize function. This documentation contains a detailed description of the XGpio_Initialize function

The documentation outlines two parameters that XGpio_Initialize requires:

· InstancePtr is a pointer to an XGpio instance. The memory that the pointer references must be preallocated by the caller. Further calls to manipulate the component through the XGpio API must be made with this pointer. 

· DeviceId is the unique ID of the device controlled by this XGpio component. Passing in a device ID associates the generic XGpio instance to a specific device, as chosen by the caller or application developer.

· Define an XGpio type variable named gp_out that will be used as the first parameter in the XGpio_Initialize function call 

· Add the variable to the function call. It should now look like the following:

XGpio_Initialize(&gp_out,
The second parameter is the device ID for the device that you want to initialize. This information can be found in the xparameters.h file.

· In the Application tab, expand Processor entry under the TestApp_Memory project and double-click the Generated Header: microblaze_0/include/xparameters.h entry
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Figure 4-6. Double-Click the Generated Header File

· LibGen writes the xparameters.h file, which provides critical information for driver function calls. 

· This function call initializes the GPIO that is used as an output for the LEDs found on the board. In the xparameters.h file, find the following #define used to identify the LEDS_8BIT peripheral:

#define XPAR_LEDS_8BIT_DEVICE_ID 0

Note: The LEDS_8BIT matches the instance name assigned in the MHS file for this     peripheral.

This #define can be used as the device ID in the function call.

· Add the device ID to the function call so that it looks like the following:

XGpio_Initialize(&gp_out, XPAR_LEDS_8BIT_DEVICE_ID);

The file should now look like the following:


[image: image7]
Figure 4-7. Partially Completed C File

· Refer to the documentation to determine how to set all of the bits of the GPIO bus as outputs

The GPIO peripheral version that you are using can be configured as dual channel.

· Define a constant called LEDChan for channel 1. Add the code to perform this function and then save the file

Write a counter that continuously counts from 0 to 255 to drive the LEDs_8Bit peripheral output. Output the current value of the counter by using the appropriate function. Pause for 1 s between each count.

· Write code to implement a counter that continuously counts from 0 to 15

The count will be used to drive the output of the LEDs_8Bit peripheral.

The following code is provided as an example:

while(1) {
j = (j+1) % 256; }

You will also need to include the declaration of the variable j.

· Output the current value of j to the LEDs_8Bit peripheral

4. Referring to the information in the gpio.h API documentation (which you opened previously), which function can be used?

________________________________________________________________

· Add this function and the appropriate parameters to the C code

· Add the following code to create a software delay to pause between each count that gets displayed:

int i; 
for(i=0; i<10; i++);

· The final C program should look like the following:
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Figure 4-8. Final C Program

· Save and close the file
Select the Application tab, remove the lab3.c source file from the project and add the source code (system.c from the code directory) to the project. Compile the source code.

· Select the Applications tab to view the current project’s compiler options and sources
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Figure 4-9. Applications Tab for the Current Project

· Right-click Sources under Project: TestApp_Memory and select Add Existing Files…
· Browse to the code folder under the current project (lab4) and select the system.c file

· Right-click the lab3.c entry under Sources and select  Remove to remove the lab3.c file from the project

· Double-click Compiler Options under Project: TestApp_Memory in the Applications tab

· Select the Environment tab and change the Output ELF File entry to place the executable.elf file in the code directory under the current project directory by typing the path 
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Figure 4-10. Assigning the Destination Directory for the Executable File

· Click OK to accept the settings 

· Compile the C code by clicking the [image: image11.bmp] button

5. After the program has completely compiled, fill in the following by looking at the console output.

.text section (code):







.data section (variables):







.bss section (heap and stack):






Total size in decimal:







Total size in hexadecimal:







Linker Script
Step 4

General Flow for this Lab:





When the project was first created in BSB, a linker script was generated for the project along with the Testapp_memory.c  application. In this step you will create and modify a Linker Script using the Linker Script Generator Tool. 

· Using Windows Explorer, create a folder called src in code directory 

· Select the Applications tab in XPS

· Right-click on Project: TestApp_Memory to see the list of available options

Select the Generate Linker Script... option. Alternatively, you can select Software → Generate Linker Script
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Figure 4-11. Select Generate Linker Script Option

· Ensure that the following settings are setup 
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Figure 4-12. Linker Script Generator

This Tool allows you to specify where specific sections in your linker script are placed in memory. 

The Sections View displays the list of sections associated with the software application. If an ELF file is present for the software application, then the section view is populated from the ELF file settings. Each section has the size and memory assignment information. If the ELF file is not present, then the default sections for the processor that are associated with the software application are listed.

You can Add or Delete any sections you wish using the Add Section and Delete Section options respectively.

The Heap and Stack View details the size of the Stack and Heap and also the memory in which these sections can reside.

The Memories View provides a list of all the available memory in your system.

The ELF file used to populate section information is the ELF file used in pre-populating both the Sections view and the Heap and Stack view. The ELF file is the executable associated with the software application.

The Output Linker Script file name is the name of the file specified for linker script in the Set Compiler Option menu.

· Set the path to the Output Linker Script by using the browse button and browsing to C:\xup\embedded\labs\lab4\code\src directory and entering LinkScr.ld as the filename and then clicking Save button
· Click Generate to generate the linker script

Linker Script Analysis
Step 5

General Flow for this Lab:





Analyze the assembled object files and how they are linked by using the objdump utility from EDK shell. 

· Start the EDK shell by selecting Start ( Programs ( Xilinx Platform Studio 8.1i ( Accessories ( Launch EDK Shell 

· Change the directory to c:/xup/embedded/labs/lab4/code by using the cd command 

You can determine your directory path by using the pwd command.

· Type mb-objdump –h executable.elf at the prompt in the EDK shell window to list various sections of the program, along with the starting address and size of each section

6. From the objdump output, complete the following memory map table.

Note: Although there are many sections listed in the output, only some of them are being asked below.

	Section
	Starting Address
	Size in Hex  

	.text
	
	

	.rodata
	
	

	.sdata2
	
	

	.data
	
	

	.sdata
	
	

	.sbss
	
	

	.bss
	
	

	bss_stack
	
	


7. Looking at the objdump output, list the sections that consume no memory.

________________________________________________________________

________________________________________________________________

Change the stack size to 0x200, making sure that the heap size is set to 0x400. Generate the script file. Recompile the code, re-execute the objdump command, and analyze the output.

· Open the Linker Script Generator Tool in XPS. 

· Change the stack size to 0x200 in the Stack size field and set Heap size to 0x400, and regenerate the linker script
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 Figure 4-13. Modified stack size

A message will be displayed that it will make a backup of the current linker script.  Click OK

· Recompile the program

· Execute the mb-objdump command in the EDK shell

From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.bss
	
	

	bss_stack
	
	


Change the heap space to 0x80 bytes, keeping the stack size 0x200 in the linker script. Recompile the code, re-execute the objdump command, and analyze the output.

· Open the Linker Script Generator Tool in XPS 

· Change the heap size to 0x80 bytes in the Heap size field, keeping Stack size to be 0x200, and regenerate the linker script

· Recompile the program

· Execute the mb-objdump command in the EDK shell

8. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.bss
	
	

	bss_stack
	
	


Edit the system.c file to define a local variable k initialized with a value of 0, and increment it by 1 inside the while-loop. Recompile the code, re-execute the objdump command, and analyze the output.

main()
{











XGpio gp_out;







int j=0;

int i=0;










int k=0; /* add this statement */








XGpio_Initialize(&gp_out, XPAR_LEDS_4BIT_DEVICE_ID);
XGpio_SetDataDirection(&gp_out, LEDChan, 0x00);







while(1) {










j = (j + 1) % 16;








k = k + 1; /* add this statement */





Change the system.c file to define a local variable and increment it in the for-loop

The code should look like the following:

main()
{

XGpio gp_out;

int j=0;

int i=0;

int k=2;  /* add this statement */



XGpio_Initialize(&gp_out, XPAR_LEDS_4BIT_DEVICE_ID);

XGpio_SetDataDirection(&gp_out, LEDChan ,0x00);


while(1) {


j = (j + 1) % 16;


k = k + 1; /* add this statement */




· Save the system.c file 

· Recompile the program  
· Execute the mb-objdump command in the EDK shell

9. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.text
	
	


10. Has the .text section changed? Why or why not? 

________________________________________________________________

________________________________________________________________

Edit the system.c file to add a statement that will output the value of the variable k to the LEDs. Recompile the code, re-execute the objdump command, and analyze the output.

· Change the system.c file to add a statement that outputs the value of variable k to the LEDs 

The code should look like the following:

main()
{











XGpio gp_out;









int j = 0;


int I = 0;









int k = 0;


















XGpio_Initialize(&gp_out, XPAR_LEDS_4BIT_DEVICE_ID);



XGpio_SetDataDirection(&gp_out, LEDChan ,0x00);




while(1) {








 
   j = (j + 1) % 16;








   k = k + 1; 

   // write the value of j, k to the LEDs






      XGpio_DiscreteWrite(&gp_out, LEDChan ,j);





      XGpio_DiscreteWrite(&gp_out, LEDChan ,k);  /* add this statement */


      

      // software delay routine

      for(i=0; i<10, i++);


}


}

· Save the system.c file 

· Recompile the program  
· Execute the mb-objdump command in the EDK shell

11. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.text
	
	


12. Has the .text section changed? Why or why not?

________________________________________________________________

________________________________________________________________

Testing in Hardware
Step 6

General Flow for this Lab:

 Change for loop termination index from 10 to 1000000000 in the program.  Compile the program. Generate bit stream and configure FPGA. Verify the functionality of your system by observing the LEDs sequencing every 1 second.

· Change for loop termination index from 10 to 1000000000 and recompile the program.

· Click the Download Bitstream to FPGA button or go to Device Configuration ( Download Bitstream
Note: Once the bitstream is downloaded, you should see the DONE LED ON

You should see LEDs sequencing every 1 second
Conclusion 

Use Xilinx Platform Studio to define, develop, and integrate the software components of the embedded system. You can define a device driver interface for each of the peripherals and the processor. XPS creates an MSS file that represents the software side of the processor system. You can then develop and compile peripheral-specific functional software and generate the executable file from the compiled object codes and libraries. If needed, you can also use a linker script to target various segments in various memories. You can edit the linker script to control placement of various code segments into target memory.

Answers 

1. List the assigned driver for each of the following peripheral instances. (Note that you can obtain this same information from the Software Platform tab of the Software Platform Settings dialog box.)

mb_opb: 



opbarb


debug_module: 


uartlite


dlmb_cntlr:



bram


ilmb_cntlr:



bram


RS232_uart:



uartlite


LEDs_4Bit:



gpio


Push_Buttons_3Bit
:

gpio


lcd_ip_0:



generic


2. Why do some of the above-mentioned devices not have a specific driver (for example, the driver is specified as generic)?

Since we are using basic output functionality with lcd ip, generic drive is sufficient

3. List the created subfolders, their contents, and their possible purposes under the ppc405_0 folder in the lab4 folder.

· code – empty folder – this is where the executable file will be placed

· include – several header files – for included peripherals and functions

· lib – library files – lbc, libm, libxil

· libsrc – source for all the libraries

4. Referring to the information in the gpio.h documentation (the gpio information in the PDF file that is open), which function can be used?

XGpio_DiscreteWrite()





5. After the program has compiled completely, complete the following by looking at the console output.

.text section (code):


1728


.data section (variables):

88


.bss section (heap and stack):

2064


Total size in decimal:


3880


Total size in hexadecimal:

f28


From the objdump output, complete the following memory map table:

	Section
	Starting Address
	Size in Hex  

	.text
	0x00000050
	0x6b0

	.rodata
	0x00000740
	0x16

	.sdata2
	0x00000756
	0x6

	.data
	0x0000075c
	0x3c

	.sdata
	0x000007ac
	0x0

	.sbss
	0x000007ac
	0x0

	.bss
	0x000007ac
	0xc

	bss_stack
	0x000007b8
	0x804


6. Looking at the objdump output, list the sections that consume no memory.

.sbss2, .sdata, .sbss, .tdata, .tbss

7. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.bss
	0x000007ac
	0xc

	bss_stack
	0x000007b8
	0x604


8. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.bss
	0x000007ac
	0xc

	bss_stack
	0x000007b8
	0x284


9. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.text
	0x00000050
	0x6b0


10. Has the .text section changed? Why or why not?

No, because the k variable is not used for anything; it is optimized away.

11. From the object dump output, complete the following table:

	Section
	Starting Address
	Size in Hex  

	.text
	0x00000050
	0x6cc


12. Has the .text section changed? Why or why not?

Yes, because the variable k is being output, and therefore, not optimized away,

Note: The number might be different
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