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Overview

This application note describes how to incorporate an Impulse C generated hardware
module with a MicroBlaze microprocessor running the LynuxWorks BlueCat Linux 5.4.2
operating systems, using the Xilinx FSL interface for data communication. A complex
FIR filter application is used as an example to demonstrate the design method.

This example makes use of the Spartan-3A DSP 1800 Board, which features is a Spartan-3A
FPGA with a MicroBlaze soft processor. This tutorial also assumes you are using the Xilinx EDK
9.2 (or later) development tools. BlueCat Linux package version 5.4.2 from LynuxWorks provides
a Linux kernel and the development tools needed to compile Linux for the MicroBlaze embedded
processor.

This application note assumes you are already familiar with the design flow from Impulse C into
the Xilinx EDK tools. If you are not familiar with this design flow, please read the MicroBlaze
tutorials provided with Impulse CoDeveloper, in the Help and Support section of the CoDeveloper
Start Page.
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Complex FIR Example in CoDeveloper

In CoDeveloper, open the Complex FIR project as shown below. For details about this
example, please refer to Impulse C Xilinx MicroBlaze Tutorial #2.
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@] Start Page |&] Readme.htm | [} MB_DEN_Filter_hw.c [ ) ME_iDEN_Fiter.h |[) Complesiter.h |[) ComplexFiter.c |[] ME_D

32
=13 sation FIR & 13 33 IF 3IM ( cosin logwindow log; )
= 29 Source Files 34 IF 5IM ( log = cosim logwindow create ("complex £ir™): )
sre@ ComplexFilter. c ch . . . .
- hy (8] MB_DEN_Fiter_hs.c = °°—a“a3"—°°n?gE;?ii—ﬁ?méw—k:}dé aTme ’] :
sZc@ ME_IDEN Fiter_sw.c - co_array config(filt_hist,co_kind,"async”);
=E3 Header Files 39 = do { // Hardware processes run forewver
gy |h] ComplesFilerh an
SR [] MB_DEN_Fiter.h a1 ! co_stream open {filter_in, 0_RDONLY, INT TYPE{32));
:3 Project Files 4z co_stream open (filter out, 0 _WRONLY, INT TY¥PE(3Z)):
=423 Documert Files 23
= Readme ki 44 44 Init history pointers
. i 45 write idw = IF FILT LEN - 1:
[ Other Files a8 e B
47 .
48 Poi=0;
49 = do {
50 #pragma CO PIPELINE
51 A# Fill the Coefficient Memory
52 co_stream read (filter in, sinSample, sizeof(int3z));
53 coef mem[i] = inSample:
54 /7 Clear the filter history
55 i filt hist[i++] = O;
56 } while(i < IF FILT LEN]:
57
58 /# Begin to process incoming data
59 = while (co_stream read (filter in, sindample, sizecof({int32)) == co_err none) {
&0 IF 3IM [zawplesread++;)
52 filt hist[write idx] = inSauple;

In the Project Options Dialogue, Generate Tab, choose “Xilinx BlueCat Linux MicroBlaze FSL” as
the Platform Support Package {PSP).
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Then generate HDL and export the generated hardware and software using the “Generate HDL”,
“Export Hardware” and “Export Software” toolbar buttons.
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Building Hardware in Xilinx EDK

In EDK, created a new project called ComplexFIR. Refer to Xilinx MicroBlaze Tutorial #2 for
details of how to set up the MicroBlaze and its peripherals.

When using BlueCan Linux, besides the two FSLs for input and output streams, a third FSL is
used to connect MicroBlaze and the debugger module XMD for fast downloading of the Linux
image.
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The address map of the system is as follows:

Instance Peripheral Base Address High Address
dimb_cntir/ilmb_cntlir Imb_bram_if _cntlr 0x00000000 0x00001fff
RS232_Uart_1 xps_uartlite 0x84000000 0x8400ffff
Ethernet MAC xps_ethernetlite 0x81000000 0x8100ffff
DDR2_SDRAM mpmc 0x88000000 Ox8fffffff
xps_intc_0 xps_intc 0x81800000 0x8180ffff
xps_timer_0 Xps_timer 0x83c00000 0x83cOffff
debug_module mdm 0x84400000 0x8440ffff
fsl_v20_0/1/2 fsl_v20

In Software Platform Settings, choose “linux_bc54” as OS. In the OS and Libraries Tab, set the

parameters as follows:
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Then generate libraries and drivers. This action will update the configuration files for the Linux
kernel. Generate a bitstream for the design. Choose “bootloop” as the software application for
BRAM initialization.
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mDefault: microblaze_0_wmdstub

Download the bitstream to the FPGA.

Setting Up BlueCat Linux Environment

Install BlueCat Linux 5.4.2 according to the instruction provided by LynuxWorks. Here the
installation directory is: C:\cygwin32. The patch “5p4p2PATCH?” is needed to install the FSL driver.

The following command lines are used to set up the environment:

BlueCat shash-3.88%
exit
snocugwind2 >cygnus
"TARGET _PATH is co“cygwind2"

Command “make menuconfig” can be used to modify the Linux kernel configuration. This is
optional; we will just use the default configuration here.
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Building the Complex FIR Software into the Linux File System

Copy the software code and libraries from the Impulse C project directory to the BlueCat Linux

developer source directory as follows:

Fie  Edit P2 o WHE : (B iser apq

[s s Back - J fr ) ) Seareh | [f7 Folders v | File: Edit Wiew Faworites Tools  Help
; l & ?. o
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i | Address |7 CiMeiworkiMicroblaze 7 . 00V Comple

[E# Desktop :

£ l..:.d Iy Documents

| Faolders

= 4 My Computer ﬁexecutable.elf = 177 Hello_FsL
& b 31 Floppy (A {25 filk E HelpFiles
= Sa@ Local Disk () E-ﬁlMakeFile # | ImageFilterDMa_PLE4E_EDK
2 3 cvgwin3z {3l Makefilens & 71 Mandelbrat_YirkesdFy
1 bin ﬁ test_prog.c = [ Microblaze? .00
= 55 BlueCat [juser_app # [ Adder_sp3s_EDK
21 bin 71 ComplexFIR
| boot
E= B i Qulald
demo.sp3e
1= |h developer
# (7 home ML403_EDEK

local

S
sl

L) local.uclin:
2 £ arc :
(T adder —1 libImpulseC
1 code i _-_rﬁ ComplexFIR. zip
# ([5) user_apy # JB, EDK.zip

Next, modify the Makefile in $BlueCat/demo/developer directory. Add the following lines:
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cd src/user_app/libimpulseC; make all
cd src/user_app; make all

Add the following line to the developer.SPEC:
cp ./src/user_app/user_app tmp

Next, build the kernel by running:

make clean
make all

This will build the Linux kernel image with the example application. The current PSP supports up
to 4 FSLs. Minor modifications to the source code can be done to accommodate more FSLs (up
to 8). The following Linux commands are used to add FSLs as device:

mknod /dev/fslO ¢ 10 230
mknod /dev/fsl1 ¢ 10 231

The major number is 10, minor numbers can be 230 and up.

Download Linux Image to Target Board

First, open the Tera Term or other terminal application. Set the serial port to 57600, 8-N-1.

FaretTapnl Sarfb it sty pﬁ

Port: com__|
Baud rate: m
Data: m Cancel
Parity: m
Stop: m Help
Flow control: lm

0K

Next, open the XMD from EDK. Download the kernel image “developer.kdi” to the DDR SDRAM
starting at address 0x88000000. This will take a few minutes to complete. Then start execution.

dow —data ../developer.kdi 0x88000000
con 0x88000000

Using Impulse C with BlueCat Linux 5.4.2 on MicroBlaze via FSLs 6



Application Note IATAPP-111 Updated 9/22/2008

Instruction Cache Base Address BxBERRRAAR
Instruction Cache High Address BxBfFEEEEF
Data Cache Support on

Data Cache Basze Address.. (et GIG]nIG15]5]
Data Cache High Address.. AxBEFFEFFf

n
- (Mul32>

ompare Inotructlun Euppnrt
umher of FSL ports

[Connected to MDH UART Target

[Connected to "mh" target. id = @

[Etarting GDB server for "mb" target <(id = B> at TCPF port no 1234
MD: dow —data ..~/.. developer.kdi Bx88000008

IBustem Reset .... DOME

Downloading Data File — ..~/..~7developer.kdi at OxBBBBEOHH

HMD: con BxBEOOBOBA
Info:Processor started. Type '"stop" to stop processop

RUNNING> XMD:

Watch the Tera Term window for linux booting messages.

L e e GO N J Lj

File Edit Setup Control Mindow  Help

vhostname login: Linux version 2.6.13.4 (Mei Xulimpulse—lab-BH8} (gcc wersion 4
1.1> #41 Tue May 13 A2:48:88 PDT 2088

n node @ totalpages: 32768

DMA zone: 32768 pages,. LIFO hatch:15

Mormal zone: B pages,. LIF0 batch:1

HighMem =zone: B pages, LIFQ hatch:1

uilt 1 =zonelists

erne%ainmmand line: ramdisk_size=28472 hda=hswap hdhbh=bswap hdc=bswap hdd=bsuap
oot =

ps_intc_1.8@_a INIC at UxB1808HB8 mapped to BxFDFFFA@A

ID hash table entries: 1824 Corder: 18, 16384 hytes?

ps_timer_1.88.a TIMER at Bx83CHBBBAA mapped to BxFDFFEBAA

onzole: HMilinx UART Lite

entry cache hash tahle entries: 32768 Coprder: 5. 131872 hytes)>

Inode—cache hash table entries: 16384 {order: 4, 65536 hytes)

Emory: 124@32k availabhle

ET: Registered protocol family 16

egistering MicroBlaze FSL FIFO driver.

FSL channel{s)» registered.

tySA at MMIO BxB4008ABA (irg = 4> is a Hilinx UART Lite

io scheduler noop registered

io scheduler anticipatory registered

io scheduler deadline registered

io scheduler cfq registered

AMDISK driver initialized: 16 RAM disks of 28472K size 1824 hlocksize
thl: using fifo mode.

thi: Ho PHY detected. Assuming a PHY at address 8.

thl: ¥ilinx EMACLite #8 at Bx81000BAA mapped to BxCEPZ00BA, irg=5
ET: Registered protocol family 2

IF route cache hash tahle entriez: 2848 <(order: 1, 8192 hytes)
CP establizshed hash table entries: 8192 <{order: 4, 65536 bhytesd
CP bind hash table entries: B192 <order: 3, 32768 hytes)

CP: Hash tables configured <estabhlished 8192 bhind 8192>

CP reno registered

CPF bic registered

ET: Registered protocol family 1

AMDISK: Compresszed image found at hlock 2229588

reeing BlueCat RFS memory: 4234k freed

F8: Mounted root (ext2 filesystem).

reeing unused kernel memory: 73k freed

INIT: version 2.85% booting
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Log in as “root”.

The Complex FIR application is in the tmp directory.

cd tmp
Juser_app

The Complex FIR filter will execute as follows:

-EE-FEELTEH“ LGOI VT .%—Jt.JFig!

:File Edit Setup Control  Window  Help

myhostname login: root

logintpam unix?[23]1: session opened for user root hy {uid=8>
—— root[231: ROOT LOGIM ON console

—hazh-3.88# cd tmp

—bhazh-3.88# . user_app_complexFIR

O S . S s C—toFPGA Tools
PR N T Tl ot A S e e Par s for Hilinx FPGA
R o N e N S i e e G (R o R Platforms
P P A /;/_/- N N i LY g

Complex FIR Filter Acceleration demonstration, featuring the Xilinx
MicroBlaze, Spartan—3 FPGA and Impulse C—to—FPGA tools.

fRunning LynuxWorks BlueCat Linux 5.4.2 on Microhblaze.

ll===================Running the Software-Only Uersion================

——>» Begin filtering two slots
3o -uf- 30 Jof e 3ot Jof 3o -uf 030 3o - uf -3t —Jef e -JuE -0 Jof -JoF - Juf o3 Jef e 3nE-Jof - Jef 3o et oE-3uE e e 3mE-Jef 3o e el eE-3eE-To- -

——>» Done filtering two zlots

letarting at 63 second,., 58 milli-second

ending at ?1 second,. 648 milli-—second
..-total software execution time: 28570 milli—seconds

=—=—=—=—=—-—-—————-Running the Accelerated Uepsion==================
——2 Begin filterding two slots
e EaT e T T2 et it a e et at et s et ARt st a T et e Ea st atadetatatotstatstatatatetakotal

——> Done filtering two slots

fstarting at 71 second. 728 milli-second

ending at ?2 second. B milli—second
..-total FPGA execution time: 280 milli-—seconds
—————— > Uizit www.ImpulseC.com to learn more?!COMPLETE APFPLICATION

iPress Enter to continue...

~bash-3.08% B

Conclusion

The execution time with hardware acceleration is 102 times faster than the software only version.

Compared to the execution on standalone OS on MicroBlaze, which runs only 163 ms, the
BlueCat Linux does introduce latency in terms of execution time. But this latency is more than
made up for by the hardware acceleration achieved using Impulse C.
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