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‘”I Alligator_OS: embedded operating system

General objective:

Hardware/software co-design approach for re-configurable
architectures based on the Xilinx ML507 PowerPC 440 platform.

This thesis aims to find a reliable solution for bringing the Linux
operating system on embedded devices, focusing on Xilinx re-
configurable architectures as a base platform.
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iwi Alligator_OS: embedded operating system

A field-programmable gate array (FPGA) is a
programmable logic integrated circuit designed to be
configured after manufacturing, hence "field-
programmable",

A common design pattern is to pair an FPGA with a
traditional CPU running an operating system like Linux.
Applications are run on the CPU while the FPGA

implements hardware interfaces and offloads some data
processing.



Alligator_OS main project task

* Part 1: Embedded Linux board bring up for Xilinx ML507
target platform (PowerPC 440).

OE/Poky build frameworks
* Part 2: Custom hardware implementation and integration
to the system bus.
* Part 3: Linux device drivers for custom hardware
Input device, emulate scroll wheel found on standard mice
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Getting to know the ML507 target

Firmware

Setup
Hardware[

Mount
Root
Filesystem

Ace = bitstream + u-boot

- Kernel
- Ramdisk

________ I

“Where is the console? |

*What drivers need to be probed? |
=How is data passed from

firmware to the kernel? |

|

1 |

Userspace



Getting to know the ML507 target
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* Design flow, hardware configuration

Software developmenti |  Xilinx Platform Studio EDK Gonfigware development

Create Project
I

CompactFlash

I
I
I
I XMP-file I
L
Result of SW partitionir!g L Choose target platform | R':esult of CW partitioning
o ] | L
¥ ‘ . IPlarfcm1 description Generated I : +
2 - XML-file core template L 3]
Develop software I | MHS-file | E Develop configware
' Xilinx configware :
: : iy Tde l * : HDLcode |
E Lk Configware integration | E
ELF-binary ' | | :
" | l HDL-code I '
' 4 '
| e Design synthesis i
; I ¥ l BIT-file I '
: I [1.5] : : I '
' CW/SW integration o
v l ACE-file |
E | (161 Upload to I E
v |



mm Getting to know the ML507 target

O

* Create base hardware platform with XPS
= xps_tft display; xps_ps2 keyboard module added manually

PPC440 PRC440MC Virtex-5
DDR2 APU FPU

PRPCAOME f———
MFCE
XPS
XPS XPS XP5UART| | XPS XPS Timabase
GPIO Timer 16550 GPIO BRAM WDT

MPLE
LA |
| XPSLL| | XPS MCH XP3 XPS XP35 XPS XPS
TEMAC EMC GPIO | |SysACE || INTC GPIO nc




. kl M Embedded Linux distributions

n

* Prebuilt distributions * Build frameworks
©emdebian
?lllll "l
#"% LiMo Foundation~

M eeGO . openembedded

» laseyd “ OpenBricks

Embedded Linux Framewark
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MN“ Embedded Linux distributions

Application Application

» 1 1
Standard C library

Bootloader

Bluetaoth Contact / Calendar IM [ Presense Service discovery

Multimedia Windowing Configuration Database

File system

User Interface Toolkit
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Core Infrastructure
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ZWE Embedded Linux distributions

Unified build approach using Openembedded.

Openembedded (OE) provides the infrastructure to build a
complete Linux distribution for any architecture that is
supported by the Linux kernel. The user must configure the
target platform and select the collection of packages for

generating a complete root file system. n

openembedded
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M Embedded Linux distributions
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* OE/Poky architecture

Upstrean
Project

SCMs
{optional)

Poky Workflow

Liser

Configuration

Source
Fetching

rpm
Generation

.deb GE'“"“':'IIE_
Generation neration
‘ipk A Fr, r . .
Generation Applicatior
Images e it

Output
Analysis for
package
splitting plus

package
relationships

/ Compile ¢
Autoreconf
as needed

[Yocto project]
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MI m Embedded Linux distributions

\

User configuration settings
Define target architecture
Set hwd project path

Upstream
Project
Rel

Local SCMs
Projects {optional)

User

C onfiguration

Source
Fetching

rpm
Generation

Output
Analysis for
package
Machine (BSP) spﬁmng PI“E r“h
Configuration package Generation

relationships

Configuration _
/ Compile / -ipk
Autoreconf Generation Images

as needed
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MI m Embedded Linux distributions

\

Metadata
Upstream
Project

Rel

i i * Describes how to build an application

Projects {optional)

* Custom steps for configure, compile

Source
Fetching

rpm
Generation

; 2D " =1 ﬂl.ltpl..[‘;
' = s A LR TR Dy I 3
itt -“b

relationships

Configuration _
/ Compile / -ipk
Autoreconf Generation Images

as needed
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MI m Embedded Linux distributions

\

Machine configuration descriptors
* Defines target information

HRsLraam Local SCMs

i Projects (optional) Arch, preferred kernel descriptors

* Particular target information
Main memory base address

Source
Fetching

rpm
Generation

Output
‘ Analysis for
| S Image
: iitti .deb
1 splitting plus -
N package

relationships

Configuration _
/ Compile / -ipk
Autoreconf Generation Images

as needed
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MI m Embedded Linux distributions

User

Configuration

Machine (BSP)

Configuration

Upstream
Project
Rel

Source
Fetching

Configuration
[ Compile §

Autoreconf
as needed

Local
Projects

Output
Analysis for
package
splitting plus

package
relationships

SCMs
{optional)
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Bitbake builds each distro component
* Fetch the source code

* Applies patch's sets

* Configure

* Compile

* Build installable package

rpm
Generation
.deb
Generation
Generation
Images

Image
Generation



MI m Embedded Linux distributions
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Distro image generation

Upstream

Project boce S * From a collection of packages

Projects {optional)

Rel * User defines the image type

Jffs2, ubifs, tar

Source
Fetching

rpm
Generation

relationships

Configuration _
/ Compile / -ipk
Autoreconf Generation Images

as needed

Output
Analysis for
i Image
ikt .deb
splitting plus .
package
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OE/Poky frameworks

* Dealing with
reconfigurable hardware
Q Build frameworks are
more suitable to handle

more frequent hardware
platform changes.

* OE/Poky
Hardware/software
integration automated
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Openembedded

Boot loader

[8]

Hilmx Platform Studio

Create project

[t]
Y

Choose target platform

Xidinx ISE

Linux kerme

_19)

[£]

Cusbom hardware

Customn hardware
design

Root file system

inteqration
I[B]

Synthesis

[4]
Y

[10]
L.

HW/SW integration

[11]

LII'SI

[HL

Corrpact Nash
deployment
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OE/Poky frameworks

]
<

Dealing with reconfigurable hardware: device tree

corrpatible _ "xlnx,xps-sysaceJ 01.3", "xlnx ppcdd0_0 C IDCR_BA... 0BO000O6GAAA BBEA11111111
interrupt-parent = <&xps_intc_0>’ DDR2_SDRAM C_MEM_BA.. 0x00000000 Bx@FFFFFFF
interrupts = < 6 2 >; Push_Buttons_5Bit C_BASEADDR 0x81400000 0x8140FFFF
reg = < 0xB83600000 0x10000 >; LEDs_Positions C_BASEADDR 0x81420000 0xBl42FFFF
xlnx,farrtLly = "yirtex5": LEDs_8Bit C_BASEADDR 0x81440000 6Ox8144FFFF
xlnx, mem-width = <0x10>; DIP_Switches_gBit C_BASEADDR 6x81460000 Bx8146FFFF
P . . [IG_EEPROM C_BASEADDR @x81600808 0Ox8168FFFF
wps_bram if_cntlr_1: xps-bram-if-cntlr@ffffoooo xps_intc_0 C BASEADDR 0x81800000 Ox8180FFFF

compatible = "xlnx, xps-bram-1f-cntlr-1.00.b"
reg = < OxfFFF0000 0x10000 =
¥lnx, famly = "virtex5",

Hard_Ethemet_MAC _fifo C_BASEADDR 0x81A00000 OxBlABFFFF

|
|
|
|
|
|
|
|
SysACE_CompactFlash ~C_BASEADDR 0x83600000 ©x8368FFFF |
|
|
|
|
|
|
|

}o xps_timebase_wdt_0  C_BASEADDR 0x83A00000 0xB3AQFFFF

xpg_intc_ﬂ: interrupt-cnntrgllerﬂe|3|j||:||:||:||:| xps_timer_0 C_BASEADDR @x83C00000 Bx83COFFFF
#ginterrupt-cells = <0x2>; RS232_Uart_t C_BASEADDR 0x83E00000 0xB3EOFFFF
compatible = "xlnx, xps-1ntc-2.00.a", "x1nx, x. FLASH C_MEMO_BA... GxFCAA00AA BxFDFFFFFF
interrupt-controller ; Hard_Ethemet MAC ~ C_BASEADDR OxFF000000 OxFFO7FFFF
FEE = = BxBTREUDND DXTOUGE & xps_bram_if_cntir 1 C_BASEADDR OXFFFFO900 OXFFFFFFFF
x1nx kind-of-1ntr = <0x152; orcdd_0 C SPLBOA..

xlnx, num-1ntr-inputs = <0xe>;

P
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0 Generating a Linux

distro )'OCtO ’

. PROJECT
" Simple
" ReprOdUC|b|e Applications 3

. Dates
* Reliable B

M OE/Poky frameworks

Desktop

A All changes are in @mn ﬁmm
upstream prOJectS; To Do list Video Player
making this work ( }Kba
available to every one.

openembedded *’

21 Part 1: EOF
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Part 2: Custom peripheral design
o C!

|
PLE PLE |
Master Slave
Device | | Device | gLB Master PLB
i ‘} — | I External DDR2
l Memory
[ ]
L] " |
| |
PLEB
S S b
PLB PLB
st ?LB Cross bar
Device Device ([ . '
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Part 2: Custom peripheral design
| |

Xilinx Platform Studio | Xilinx Platform Studio | Xilinx 1SE
Software Hardware Hardware
Peripheral wizard [1] HDOL implementation
| <
[4]
| [5] | Y[EJ
Y
| Add IP core | Synthesis check
(6] [3]
0y | Y | \
Software o Interconection Verification
config I system bus [
[11] | [7] |
Library generation | User constrains |
libgen
[12] (8]
| 4 |
Standalone Synthesis
driver | |
[13] | [9] |
Y
. . [14 |
Build project Deployment
23




Custom peripheral design

* Peripheral wizard creates two magic files created one
tells about the order on how to synthesis the custom
hardware module, the other one tell of the module
configuration parameters and external ports.

Processor Local Bus (version 4.6) Eus?IP_RdReq J

E EusZIP WReq

Bus2IP_RdiCE
BusZIP WirZE

PLB ¥4.5 PLB ¥4.6
Slave Master Eus2IP Daka
—
= =
. il jp2Bus Data
— W £ JP2Bus_Rdad:
FIFD | | FIFD = k:
e JF‘EEUS_MFI;:I:
[ Reg Mem User Logic Master Cntr JPEEUS_EWDF User Ll];il:

24



Custom peripheral design

Peripheral interconnection

plbvas
B BusiP_fd fieq

s Direct interface

BuIP RdCE

BuIP Wi E

Bus interface w} Peripheral -
1P2Bus_Data L s
1F2Bus_fd dck
1F2Bus_Wrkck
plbvbinferfice | Zimim ] userlogic Architecture independent —
plovds
bus Bus2(P, P e » wh_zth »

Bu2IP Wiieq wh_cye

BuIP_ RACE by

B[P WiCE vty _addr_in

Bus interface —}B"'"?'P-D"“ Wishbone —}“h-"a an Peripheral
1P B us_Data bridge il B 5 i logic 4
1F2Bus_Rddc wh_ack gut
1F2Bus_Wokck wh_irg_piz
plbv46_2_wb_encoder | o 1P8u fror user_logic wb_encoder
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Portable peripherals, examples
Wishbone peripherals design

* The wishbone bridge is a state machine that must
respond to read/write request from the system bus (PLB),
and forward the request to custom peripheral.

PLBread

Wishbone
read

Retry
enable
Retry

Wishbone
wWrite

Error

26
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Portable peripherals, examples

Wishbone wheel encoder

Wishbone interface

' wb_ep L L.
1 Dol o : 3 [ 5, 1 |
' wh_stb ) g U vhdski<os g
dESIgn vab_z[k | } b
= Emulates an input device "> e
much as how a mice |  PhaseB
scroll works. ;} Ira————
= Reports wheel event s
movements in Y-AXis q '
= Emulates Left click when  Push Button
jog is pressed : ) | | et “B
Scroll wheel 5 apl- -
*External ports
wb_data<0> j{)ﬂ T 3 9 whb_irg
whb_data<1> - ? 3en
wb_data<2> § gp2




plovds
bus

Bus interface

plevde 2 wh_encoder

"""""" I Wishbone interface Transmitter
Pn' 13 msuaq -__ 3 wib_sth i'-.
E ,:|:-ws=;eq wh oy |’
‘ ) ol wDataRe : i i
! B 21 RdCE ‘ | wih e L 9 : Latch data 3 FParity bit Transmit data
| BusdlP WiCE : | b addr |{
T : sy
:F.‘n_“l.i'_l'.uj > Wichbora whdam £ 3
| 128 Day bridge 3 “'"-""“-’L: wControlReg
|, IP2Eu RdAgk L, wbackou]!
E P28 Wordh . " i Busy Sync
% (B Emat user_logic .‘—Whl.qc e
{—r ' !
”””””” ‘ |nt*b ?
| Generate | P Bhit shift Synchronize
Pariry check |
’ interrupt e g et regiser data

PLB interface

28
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Wishbone interface

Racaiver

External ports

_].;.. PS2Dout
|3 Ps2Cikoul

P52Din |

F5 2C|k|n

Part 2: EOF
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Part 3: Linux device drivers

Kernel device drivers subsystems

System call interface

Char
driver

v v v l

ALSA Framebuffer 7
ore core

ALSA Framebuffer

st e VAL driver TTY driver

29

core

)

block
driver

serial
driver

'

Block layer

l% L

5C5l

A

libata

|

SATA
driver

usg
storage




Linux device drivers
Input subsystem

X €

X window Qt gpm

A A A

console

Device nodes

>

/dev/input/mice
/dev/input/eventx

User space

Kernel space

Virtual
terminal

Keyboard input

Input device
driver

Input event
Drivers “EvdeVv”

/V

Input devices

30



Linux device drivers

* Wishbone wheel encoder as input device
= Emulates a scroll wheel found on standard mice

struct wb_encoder_drvdata {
struct input_dev input; /* Input device subsystem */
int irq;
void _ _iomem base_addr; /* device addr space */
bool armed;
unsigned char dir; /* 0 - clockwise, 1 - CCW */

31



Linux device drivers

* The core functionality is part of the interrupt handler

switch (state) {
case 0x0:
if (!encoder->armed) break;
input_report_rel(encoder->input, REL_Y,
encoder->dir ? -1 : 1);
encoder->armed = false;
break;

if(encoder->key_pressed) /* Report key pressed */
input_report_key(encoder->input, BTN_LEFT, 1);

Part 3: EOF
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Results
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* Part 1: Custom embedded distro for target
Q Yocto project maintainer for Xilinx target support
http://git.yoctoproject.org/cgit/cgit.cgi/meta-xilinx/
* Part2: Custom peripheral design
Q Base hardware reference design
Technical report TR-XPS-TFT-Alligator_OS.pdf
Q Hardware base project
http://git.gitorious.org/xilinx/xilinx--mI507.git <«
Q Wishbone encoder integration
Check wb-encoder development branchon =

33


http://git.yoctoproject.org/cgit/cgit.cgi/meta-xilinx/
http://gitorious.org/xilinx/xilinx-ml507

Results

 Part 3: Linux wb_encoder drivers
http://gitorious.org/meta-xilinx/meta-xilinx
See wb-encoder branch
* Integrating all
Kernel error on initializing device
Stand alone drivers always return "0 on data read

It might be a hardware bug talk to the hardware engineer near by

Weaker point HDL Verification to be improved by future works.

34


http://gitorious.org/meta-xilinx/meta-xilinx

Results
|

| . External ports
Uart | chipset ———
Ethernet ~ chipset
Video chipset %

FPGA fabric



Conclusions

* Automate Linux image generation using OE/Poky build
frameworks for Xilinx embedded target platforms.

Openembedded and Poky build frameworks now
supports a generic mechanism for Linux images
generation for Xilinx target platforms, this generic
support have been tested in Xilinx ML507 (PowerPC 440)
and Xilinx ML405 (PowerPC 405);

36
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% Conclusions

* Xilinx ML507 hardware reference project

A hardware reference project is available online which
integrates most of the peripherals found in typically in
any embedded systems, hardware module's

configuration options can be inspected to reproduce the
same base platform.

* PLB to Wishbone bridge implementation

An initial effort of implementing a Wishbone bridge is
presented as an interconnection standard for hardware
devices, the interconnection scheme followed is a point
to point interconnection only supporting slave devices.
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Conclusions
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* Wishbone hardware modules examples

Two hardware peripherals where designed to present as
example on how to implement custom peripherals and
how to interconnect them to the processor local bus. The
first one is a wheel encoder module that works as input
device much as how a mice scroll works. The second one
is a PS/2 keyboard controller, the implementation is
incomplete but it presents how the design is partitioned.

 Linux device driver for Wishbone encoder

Example driver that forwards the events generated by the
wheel encoder, it uses the kernel input subsystem so the
Xserver and user space programs can work.
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Conclusions
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* Need to generate knowledge base for HDL verification
O To many tools and approach to do it
= System C/Verilog: Test bench
= Chip scope: Virtual Logic analyzer
= Xilinx BFM: Bus functional models
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Future work
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* HDL verification methodology

O Alot of info, procedures, that could cover a semester
course

* Improve hardware/software co-design

0 More automatization OE/Poky able to generate
bitstream

* Wishbone shared bus support

QO A bus arbitration mechanism that can later on be
integrated in Alligator_SP

40



Thanks for your attention
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Questions
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