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File placement

Linux under virtualbox

the file shared between windows and
—“ Shared folder

mount dir

_m NFS mount dir
linux-digilent

windows

bootbin Generated BOOT.BIN file.

sl etaa=r-n| devicetree file.

driver file.

driver

Xps projects

e e ramdisk mount dir

Zedboard_Linux_Design prebuilt SD image

arm kernel files and
scripts to build device tree.



Outline

* We'll add and GPIO (general purpose I/0) to control
LED.

e Also, to control LED under OS, we need driver.

fp=fopen(“/dev/gpio”);

set_led.out : :
User Space — fprintf(fp,0b11110000);

Kernel Space
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System Architecture
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XPS design
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Generate HDL Files
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Platform

= Project Files

 MHS File: system.mhs

- UCF File: data\system.uct

- IMPACT Command File: etc/download.cmd
- Implementation Options File: etc/fast_runtime.opt
- Bitgen Options File: etc/bitgen.ut

- Elf Files

=- Project Options

- Device: xc72020clgd84-1

- Netlist: TopLevel

- Implementation: XPS (Xflow)

-HDLVHOL

- Sim Model: BEHAVIORAL

- Design Summary
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IF Catalog +0 5 xl

Click on the IP Catalog.

5 £ EDKinstall Add AXI General Purpose 10 by double click it

- Analog
-- Arithmetic
[ Bus and Bridge
-- Clock, Reset and Interrupt
- Communication High-Speed
-- Communication Low-Speed
- DMA and Timer
-- Debug
- FPGA Reconfiguration
=t General Purpose [0
v 3 0
. gp LMBI/O Module
T TReTproCes0r CommUnicaton
-- Memaory and Memory Contraller
- PCI
-- Peripheral Controller
i Processor
[ USER
B Utility
-- Werification
& Video and Image Processing
- Praject Local PCares

' T | r

Search [P Catalog: Clear

& Tmoject & IF Catalog I
| Add IP Instance to Design E_ | i
P& Add 1P Instance to Desig - Click Yes when asked.




B.| ¥PS Core Config - axi_gpio_0 - axi_gpio_v1 01 b

=25

Component [nstance Name | axd_gpio_0
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Enable Channel 2

= Channel 1
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A configuration box will show up.

Modify Channel Width to 8. (Since we only have 8 LEDs)
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n T —
Instantiat d Connect IP - axi_gpic_0
% Instantiate an n by

axi_gpio TP with version number 1.01 b iz instantiated with name axi_gpio_0. Fleass make selection below:

@) Select processor instance to connect to; ZPE will make the Bus Interface connection,
= azmign the address, and make I0 ports external

processng_srstem? 0

(71 Teer will make necesary connections and sttings

o _nt

Ok

Help

Use the default settings.



| Zmg | Buslnterfaces | Poms | Addresses

A
}IK Mame IP Yersion Bus Mame
{ axi_interconnect 1 i1.06.a
- processing_system.7_ 0 4023
I_AT GPO axi_interconnect_1
= ax_geio O 101b
S_ad axi_interconnect_1

Click on Bus Interfaces. You’ll find the connection is automatically established.



Project

«+ 08 x

Platfarm

=+ Project Files
TE: system.mns
UCF File: data\system.ucf
T ommand rie. etc;download.cmd
Implementation Optians File: eto/fast_runtime.opt
Bitgen Options File: etc/bitgen.ut
Elf Files
= Project Options
Device: xc7z020clg484-1
Metlist: TopLevel
Implementation: XPS (xflaw)
HDL: WVHDL
Sim Model: BEHAVIORAL
Design Summary

_hl_l i

3 Project & IF Catalog

Click on Project tab
And double click the UCF File



system.ucf

NET axi_gpio_0_GPIO_lO_pin<0> LOC = T22 | IOSTANDARD=LVCMOS33; # "LD0“
NET axi_gpio_0_GPIO_l0_pin<1>LOC =T21 | IOSTANDARD=LVCMOS33; # "LD1“
NET axi_gpio_0_GPIO_l0O_pin<2>LOC = U22 | IOSTANDARD=LVCMOS33; # "LD2"
NET axi_gpio_0_GPIO_I0_pin<3>LOC = U21 | IOSTANDARD=LVCMOS33; # "LD3"
NET axi_gpio_0_GPIO_l0_pin<4>LOC = V22 | IOSTANDARD=LVCMOS33; # "LD4“
NET axi_gpio_0_GPIO_lO_pin<5>LOC = W22 | IOSTANDARD=LVCMOS33; # "LD5“
NET axi_gpio_0_GPIO_lO_pin<6>LOC = U19 | IOSTANDARD=LVCMOS33; # "LD6"
NET axi_gpio_0_GPIO_l0_pin<7>LOC = U14 | IOSTANDARD=LVCMOS33; # "LD7"

LD? e LDé\. LDS . LD4 " LD3 | LD2 ‘ (%gl‘ LDO

wo® n® az2»® w22»®  wan¥® wa® (122



Next...

* Export to SDK and generate BOOT.BIN,
devicetree.dtb

— Follow steps in the previous slides.

e Driver

— Under OS, we need driver to connect user
application and hardware.

* User application

— An user end program



Hello World Driver

 Before we work on the driver for LED, let’s take a
look at a simple driver. This will help you understand:
— How to compile a driver
— How to insert (insmod) and remove(rmmod) a driver
— How to print information in kernel.

* You need to compile kernel first since it need some
information from the kernel. Also, the driver you use
need to be compatible with your kernel. Or you’ll get

: disagrees about version of symbol module layout

insmod: can't 5': invalid module format



mkdir ~/win/driver/helloworld

cd ~/win/driver/helloworld
* We will use Makefile to compile driver

vi Makefile

KERN_SRC=/home/hadoop/linux-digilent
obj-m+=helloworld.o

all:

make —C S(KERN_SRC) ARCH=arm M="pwd" modules

clean:

lmake —C S(KERN_SRC) ARCH=arm M="pwd" clean

Note: the red region should be one tab, or an error will occur
when compiling.

hadoop@ubuntu:~/win/driver/helloworld$ make

make: Nothing to be done for “all'.



helloworld.c

#include <linux/kernel.h> Include files from kernel. Recall that we have
#!nclude <I!nux/|n|t.h> define KERN_SRC in Makefile. The header file
#include <linux/module.h> should exist under S(KERN_SRC)/include

#include <linux/version.h>

staticint __init hello_init(void){

printk(KERN_INFO "Hello World\n"); Operations related to insmod.

return O;
}
static void __exit hello_exit(void){
printk(KERN_INFO "Good Bye\n"); Operations related to rmmod.
}
module_init(hello_init); } Define the functions will be called
module_exit(hello_exit); when insmod and rmmod.

MODULE_LICENSE("GPL");

MODULE_DESCRIPTION(“Hellow world driver"); Driver information.
MODULE_AUTHOR("Chunchen Tu.");

MODULE_VERSION("1.00a");



insmod, Ismod and rmmod

Put the helloworld.ko into SD card. (Or use NFS)

insmod helloworld.ko

List the current driver

Ismod

Remove driver

rmmod helloworld (Note: There is no “.ko” in the command)

678 0 — Live 0xbf031000 (0)
helloworld

But driver for LED is not that easy...



LED driver — From User to Hardware

> fp=fopen(“/dev/gpio”);

device major number

of device_id.compatiable

physical address

axi gpio 0 gpic@41200000 {

fopio-cells = <2>;
|ccmpatible = "wxlnx,axi-gpio-1.01.b",

gplo—controller ;
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File operations

S* File operations */f

int gpio open{struct inode *inode, struct file *filp)

i

int gpio_releasge(struct inode *inode, struct file *filp)

{
s3ize t gpio_read(struct file *filp, char _ user %buf, size_ t count,
loff t *f pos)
{
s3ize t gpio write(struct file #filp, const char  user *buf, size t count,

loff t *f pos)
{

struct -file operations gpio fops

.owner = THIS5 MODULE,

.open = gpio open,

.release = gpio release

.read =-gpio_read,
Write = gpioc write,

This is related to operations like (in C) fopen, fprintf, fscanf

For example (in C):

will link to gpio_write function in the kernel.

fp=fopen(/dev/gpio);
fprintf(fp,0xf0);



Driver statistics operations

f¥ -Driver /proc Lilesysktem operations - so-that we can show some - statistics &/
static wvoid %gpio proc seq start(struct -seq file #%s, loff t *pos)

static wvold *gpio_proc seq next(struct seq file %=, wvoid *v, loff t %pos)

static void gpio_proc seq stop(struct seq file #s3, wvoid *v)

static int gpio_proc_seq show(struct seq file #*s, wvoid ¥wv)

/*-5EQ operations for /proc */
c

static struct sSeq operations gpioc proc sedq ops = {
.2tart = -gpio_proc =seq_ start,
.next = gpio_proc_seq next,

.2top = gpio_proc_ seq_ stop,
.show = gpio proc_ seq show

}:
static int gpio_proc open(struct inode %inode, struct file #*file)
i
static struct file operations gpio proc ops = {
.owner = THIS5 MODULE,
.open = gpio_proc_open,
.read = seq read,
.1llzeek = zeq_lseek,
.release = seq release
}:

Driver statistics. This will show up when you type: cat /proc/driver/gpio



Initialization and compatible

Ml R _ . Driver initialization.

static struct of device id

{ .compatible =|"x1nx, a#i-gpig-1.01.b", } Note that the compatible should be
{ /% end of tabl& %/ 7F . . .
;s consistent with the one in the
MODULE_DEVICE_TABLE (of, gpio_of_match); device tree.
Felse
f#define gpic_of match NULL . .
$endif /* CONFIG OF */ axli gpio 0: gpio@41200000
fogpio-cells = <2>;
static int gpio remove (struct platform device *pdev) |cmmpatihle = "ylnwx,axi-gpio-1.01.b",
{ gplio—controller ;
static int gpic probe (struct platform device *pdev)
i
static struct platform driver gpio driver = {
Jdriver = {

.name = MODULE HNAME,

.owner = THIS MODULE,

.of match table = gpioc of match,
be
.probe = gpio_probe,
.IEmOVE = gplio remove,

¥

static void  exit gpio exit(void)

module init(gpioc init):
module exit (gpio exit);



Flows of operations

insmod

gpio_init()

l

gpio_probe(){
e driver initialization
*  memory mapping

}

rmmod

gpio_exit()

l

gpio_remove(){

e free resource

e detach memory
mapping

}




Flows of operations

fprintf(fp,0xf0)

gpio_open ()

gpio_write(){
copy_from_user(ker_buf,usr_data)
iowrite8(ker_buf,virtual _addr)

}

fread(fp,buf)

gpio_open ()

l

gpio_release()

gpio_read(){
ker buf=ioread8(virtual addr)
copy_to_user(usr_bufker_buf)

}

l

gpio_release()




Address mapping

 We know that gpio is related to address 0x41200000. But we
cannot access it directly. axi_gpic 0: gpio€41200000 {

fgpig—cells = <2>;

compatible = "xlnx,axi-gpic-1.01.b",

— For security reason.

gpio—controller ;

* Map the physical address to virtual address.

gpic dev->dev physaddr = gplo resource-=sStart;
gpio_dev->dev_addrsize = gpio resource-rend -
gpio_ resource->start +
if ('request mem region({gpioc dev->dev physaddr, In this case, we map
gplc_dev->dev addrsize, MODULE NAME))} {
dev_err(&pdev->dev, "can't reserve I/g memory-at- 0x308X\n", OX412000000 -> Oxe0880000
gpio_dev->dev_physaddr) ; Once we want to operate gpio
status = —-ENODEWV;
goto fail; under kernel, we need to access
- _ _ _ | it through virtual address.
gpioc dev->dev virtaddr = ioremap(gpioc dev-»>dev physaddr,
gpioc dev->dev_addrsize);
PDEBUG("grin: mapped 0x%0x to- O0x%0x\n", gpio_dev->dev physaddr,

(unzigned int)gpio_dev->dev_virtaddr):

successfully




gpio write()

sgize t gplio write(struct file *filp, const char _ user *pbuf, size_ t count,
loff t *f pos)

{
struct gpio dev *dev = filp->private data;
int retwval =
FPDEBUG ("GFIC WEITEWn"):
transfer size = count;
PDEBUG {"USER write 0x%02x" ,*{buf));
iowrited ( ydev->dev virtaddr+ I
iowrites (¥ (buf) ,dev->dev_wirtaddr) ;
retorn count;

1

As the gpio_write is invoked (ex by fwrite), the OS will pass data and data size to gpio_write.
buf: buffer of data in from user.
count: data size



gpio write()

ssize t gpio write(struct file *filp, const char  user *buf, size t count,
1off © *f pos)

{ .
ctruct gpie dev 4dev = Filp >private data: Also please check the usage of gpio IP. We
should configure the tri-state register to O to
int retval =-0; . . .
PDEBUG ("GPIO WRITE\n") ; make gplio operating In output mode.
transfer size = count;
PDEBUG ("USER -write O0x%02x" ,* (buf)});
iowritel( cdev->=dev virtaddr+ Y
lowrited (* (buf) ,dev->dev wvirtaddr):
return - count ;
¥

Table 4: Registers

Base Address + Offset Register Access Default -
(hex) Name Type Value (hex) Description
C_BASEADDR + 0x00 GPIO_DATA Read/\Write 0x0 Channel 1 AXI GPIO Data Register
C_BASEADDR + 0x04 GPIO_TRI Read/\Write 0x0 Channel 1 AXI GPIO 3-state Register
C_BASEADDR + 0x08 GPIO2_DATA | Read/Write 0x0 Channel 2 AXI GPIO Data Register
C_BASEADDR + 0x0C GPIO2_TRI Read/Write 0x0 Channel 2 AXI GPIO 3-state Register
Table 7: AXI GPIO Three-State Register Description
; Core .
Bits Name Access Reset Value Description
AXI GPIO 3-state Control. Each 1/O pin of the AXI
GPIO is individually programmable as an input or
C_GPIOx_WIDTH - [1:0] | GPIOx_TRI | Read/Write cc?;TIBEIE;ﬁLEIT_Tz output. For each of the bits:
- = —< |+ 0=1/0O pin configured as output.
» 1 =1/0 pin configured as input.




mknod

 Next, we should create a device node

mknod /dev/gpioc 500
c: character device.

50: major number

0: mlnor number

fgdefine  GFPI I HO

int -gpio major =

gpio dev->devno = MEDEV (gpioc major, GPFIO MINOE)
'y gpio dev->devno, GPFIO MINOR) ;

PDEBUG{"deyno iz 0x%0x, pdey id is IFd\n

major minor
number number



User application

vi set_led.c

main()

*fp=fopen(

fprintf(fp,
fclose(fp);
return

"
’

It’s an easy example. Since there are only 8 leds, we only write a char into our
device. For a larger memory example, please refer to the next slide.



Cross compile and test

Use the cross compiler (the one we use to compile kernel)
arm-xilinx-linux-gnueabi-gcc set_led.c —o set_led.out

you’ll get an binary file set_led
insert the driver file gpio.ko and execute set_led

W W W

W
[

GPIO_ OPEN
GPIO WRITE
USER write f0
GPIO RELEASE

3
3
3
3

. LD3 102 LD LDO
B ocu21)®  cu2s¥ - (T2 12 ¥




gpio read()

* It’s easy just like gpio_write():
— set the tri-state register.
— ioread
— print out

* Tryit yourself



