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Overview of the Department
> History

> Established in 2000 with the vision: Research and deS|gn Re
parallel signal processing algorithms and implement them as
hardware modules for FPGAs and embedded CPUs.

> People, and expected structure (from 2012)

> Ing. Martin Danék PhD. (1.0); deputy head of department
> Ing. Roman Bartosinski PhD.(1.0);
> Ing. Lukas Kohout (1.0);
> Ing. Jaroslav Sykora (1.0);

> Ing. Zdenék Pohl PhD. (1.0);
> Ing. Tomas Mazanec (1.0);

> Ing. Jifi Kadlec CSc. (1.0); head of department
> Ing. Radim Matulik (1.0);
> Mgr. Milada Kadlecova (1.0). (OTiA]
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Department of Signal Processing

> Topics

D
>
>

adaptive signal processing; digital communication algorlthms
processor micro-architectures; embedded systems archltectures
FPGA-based prototyping.

> Strengths

>

Algorithmic research, architecture design and implementations in
Field Programmable Gate Arrays (FPGA).

Strong track record of participation in the EU framework program
ICT collaborative research (2005-09: 2x STREP, 1x IP, 5x SSA).

Successful cooperation with a number of industrial customers
(2005-09: 1x ltaly,1x USA, 1x UK, 3x CZ).

Unique expertise in placement and routing algorithms for a
commercial FPGA chip, reaching up to bit-stream generation.

The highest involvement in the EU technology-oriented oA
ARTEMIS JU projects in the ASCR.
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National Projects 2005-2011

Adapt. | Digital | Proc Emb. | FPGA | FPGA | SSA | National
DSP | Com. | Micro [ Syst. [ based | techn Program -
Alg. Arch. | Arch. | Protot. | ology in CZ '
CAK 2 X X X X Apl. Res.\. =
Centers 1M
RETAC X X NPV1 PP2
RIPAC X X NPV1 TP2
SESAP X X NPV1 TP2
ORFEUS X X NPV1 TP2
ADSL X X NPV1 TP2
VLAM X X X NPV2
OKO-ICT 2x X | EUPRO
RICARDO X X Ind. Cont.
S.r.o. Research
ERA a.s. X X X Ind. Cont.
Research

UTiA|
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International Projects 2005-2011

Adapt. | Digital | Proc Emb. | FPGA | FPGA | SSA | EU
DSP | Com. | Micro | Syst. [ based | techn 4 Frame-
Alg. | Arch. | Arch. | Protot. | ology work:Pr. -
IST World X | FP6
|dealist (4x) X | FP6,FP7
Cosine (2x) X | FP6,FP7
XML-FED X EUREKA
AETHER X X X FP6
Apple-CORE X X X X FP7
SCALOPES X X X X ARTEMIS
JU
SMECY X X X X ARTEMIS
JU
ATMEL X X X Ind. Cont.
Corp. Research

UTiA]
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Vision and Opportunities

> Vision
> Our vision is to develop into a strong player in the area

of advanced computing architectures
for application specific signal processing.

> Opportunities (from early 2012 ...)

> Use of our EAKDSP embedded platform with soft-processor cores
and embedded operating systems with custom parallel hardware
accelerators as an effective path to increased design productivity

due to reuse.

oA
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Motivation

> To implement an accelerator for DSP Computing that
would

> Maximize the utilization of pipelined (floating-
point) units.

> Cover a whole class of problems rather than one
specific problem.

> Reuse the datapath and element counters.

> Use a simple sequencer to reduce HW muxes in
the datapath.

> Robust design and validation methodology
using the existing affordable Xilinx design tools.

oA
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Runtime re-programming:

Firmware can be changed on the fly

Micro
Blaze

PLB

PLB
Com.
Proc.

D D
— A =
A | BRAM |
processor
D B LD, reusing
- > BRAM - selection of
ALl 1Kk/32D <2 pipelined
floating point
D = D units
- < =
A
BRAM (¢
_A | 1k/32b )
VLIW
5 )
+— Prog0 :
1k/18b =lee
A A A Blaze
—>
A
D —-_— . -
<—5| Prog1 Ir Pico |
o | wiso s Blaze e
— A o 1
D ' cmd o IrPico I
5 «—> Blaze '
<—— Status [« I o !

v VvV v v v 9

Swap of

PicoBlaze firmware
can be done in few
clock cycles

Reprogram while
executing

LEDs, SWs, BTNs

LCD (2 lines ascii)
Rotary encoder
Serial/Par. FLASH
ADC/DAC controller
PWM
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PicoBlaze — Introduction

> KCPSM3 — (K)constant Coded Programmabl'é- s |
State Machine .2,
> 8-bit microcontroller by Ken Chapman, Xilinx

> Soft-core for Xilinx Spartan-3(E), Virtex-Il and
Virtex-1l PRO

> 96 Spartan-3 slices (10% of the XC3S100E)
> 50MIPS@100MHz

> Development tools: Mediatronix pBlazelDE,
kpicosim, PCCOMP

oA
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PicoBlaze — Features

—PCLK

Program in BlockRAM
Program length up to 1024 instructions

> RISC, Harvard architecture >
> 16 general purpose registers chs'ms;'

> 64B internal scratch pad memory :'::TZEELZT‘” OU;:E:Z;E
> 256 input and 256 output ports ———| RESET ReAD STROBE|—
> Single INTERRUPT input it EEEE
> 31-level deep HW stack S U
D

D

oA
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PicoBlaze — Instruction Memory

> 18KDbit BlockRAM instantiated in the design :
> BlockRAM content defined by the assembler

> One port of the BlockRAM is used for the

PicoBlaze core, the second port is not used

PROGRAM

ADDRESS[9:0]

—PpCLK

INSTRUCTION[17:0]

KCPSM3

IN_PORTI[7:0]
INTERRUPT
RESET

INSTRUCTION[17:0]
CLK

OUT_PORT[7:0]
PORT _ID[7:0]
READ_STROBE
WRITE_STROBE
INTERRUPT_ACK
ADDRESS[9:0]

oA
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Basic Computing Element (BCE)

'-----------------------------‘

Dual Port Dataflow Unit
<¢—p>| Memory 0
A (basic pipelined
floating-point
v vector & matrix
: operations)
Dual Port
4P| Memory Program
B Memory
' Simple 7
: CPU .
PicoBlaze 8 RUN / FINISHED
Dual Port
<4 Memory |[— Processor
y4 Ctrl & Status Reg
T
0
DATA INYERFACE :

signac processing



Vector operations supported by HW
1x FP Add and 1x FP Mult unit

HW version
COPY vector

> ADD vectors

> SUB vectors
MULT vectors
MAC

DOT PRODUCT

Special ...

ali] = z[j];
b[i] = z[j];

Z[i
z[i] =

z[i] =

J]

a[i] = bl];
b[i] = alJ};

+ bIK]; ali
] - bIK]; ali

j1 * blK]; ali]

= bj

= blj

=b_j

+ z[k]; b[i] = a
- z[K]; D[i]=a

17 z[k]; bli]=a

j] + z[K];
j] - z[K];
1] * z[K];

z[i] = Z[i] + a[j] " b[k]; Zz[i] =z[i] - a[j] * b[k];

Z[K] = a[i..i+nn] * b[i..i+nn];

oA
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Data-Flow Unit (DFU)

CONTROL PORTS

DATA READ A A ‘A
INTERFACE
MEM A ADS|ADS|ADS
B Z
OPERAND
SELECTION MAC DELAY
______ REGISTERS
OPERATIONS:
COPY
ADD
MUL - _——
MAC SEL DOTPROD SEL
X s DOT?ROD "
OPTIONAL: ; %LFI;?SF? WINDLUP
MAC i
DOTPROD | + ;
OPERATION "‘ DOTPROD ,"'
_ | sELECTION  ___ * +W|ND-UP J
] | ][ |<—l ) READ
* * el \ ADDRESS
__________________________________ | GENERATION
. (INC & WRAP
INTERMEDIATE AROUND)
RESULT REG
SELECTION FOR
DOTPROD WIND-UP WRITE
RESULT
SELECTION
——- g B
MEM A MEM B MEM Z WRITE ADS
DATA WRITE
INTERFACE ¥y Y  } Y
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Runtime re-programming:

Firmware can be changed on the fly

Micro
Blaze

PLB

PLB
Com.
Proc.

D D
— A =
A | BRAM |
processor
D B LD, reusing
- > BRAM - selection of
ALl 1Kk/32D <2 pipelined
floating point
D = D units
- < =
A
BRAM (¢
_A | 1k/32b )
VLIW
5 )
+— Prog0 :
1k/18b =lee
A A A Blaze
—>
A
D —-_— . -
<—5| Prog1 Ir Pico |
o | wiso s Blaze e
— A o 1
D ' cmd o IrPico I
5 «—> Blaze '
<—— Status [« I o !

v VvV v v v 9

Swap of

PicoBlaze firmware
can be done in few
clock cycles

Reprogram while
executing

LEDs, SWs, BTNs

LCD (2 lines ascii)
Rotary encoder
Serial/Par. FLASH
ADC/DAC controller
PWM
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Example of accelerator with
four SIMD FP data paths

Micro
Blaze

PLB

A

PLB
Com.
Proc.

H A 1l
«2l||| BRAM
1k/32b | HW batch
— || —x processor
T B reusing
«2 ||| BRAM > selection of
1k/32b pipelined
_A :rlJ‘— floating point
r > units
“—|||| BRAM [
1k/32b | | d
)
R | e VLIW
A
<——| Prog 0 :
1k/18b FlIS
Blaze
—— 5 A
<—| Prog 1 IrPico I
1k/18b < Blaze le—»
AN A [ 1o j
» Cmd o IrPico I
«—> Blaze '
< Status < I /O J'

Area: 40 - 50% of
Xilinx Spartan FPGA
3sd1800a

Power: 0,4 -0,6 W

Performance peak:
600 MFLOPs
Performance
typical:

200 MFLOPs
(Application
specific)
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SW Tool Chain for EdkDSP

> Single FPGA without OS:
> MicroBlaze: C: GCC (WinXP/Linux)
> PicoBlaze: ASM: kcpsm3(WinXP), C: PCCOM (WinXP)

> Multiple FPGA, 100 Mb Ethernet, uCLinux (no MMU)
> MicroBlaze: C: GCC (Linux) C++: G++ (Linux)
b PicoBlaze: ASM: kcpsm3(WinXP), C: PCCOM (WinXP)
> OS: Petalogix Petalinux-v0.40-final

> Board support for Xilinx FPGA starter kits (ISE/EDK 13.3):
> 3S1600E, 3S500E, 3S700AN
> 3SD1800A, 3SD3400A
> 6SLX16, 6SLX45T

oA
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Current HW Simulation/ Design Chain

> Simulation and Development of Acceleratorsz. & °\ s

> Mathworks Matalb/Simulink (2010b)
> Xilinx System Generator (13.3)

> Ethernet P2P, transaction based HW/SW co-
simulation:

> Free running MicroBlaze SW +
> Single EAKDSP Accelerator HW in Simulink
> HDL generation

> Accelerators are exported to EDK as netlist PLB
pcores

> Tools: Xilinx XPS 13.3 SDK 13.3 EDK 13.3

sig
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Simulation

Xilinx System Generator
> HW co-simulation

XSG 13.3

> Virtual platform
XSG 13.3

£ 1s232_vart - Xitinx Platf... (2 |[B][X]

Settings

WTTIE T _ O T O_pJrOgrar_SIore 0 - g
Wirite fill_ph_w01p1_program_stare to P1
PB: HW Operations: Code=1F

ah=0 hh=0 zh=0

TestWZza ... Ok

TestWB2A ... (K

TestWZiB ... 0]

TestWAZB ... 0]

ah=0 hh=0 zh=1

TestWZ2A ... Ok

TestWB2A ... (K

TestWZ2B ... (K

TestWAZB ... 0]

ah=0 hh=0 zh=2

TestWZ2A ... Ok

TestWB2A ... Ok

TestWZ2B ...

<} Figure 1: Test_coman/WaveScope Q@E

File Edit MWiew Cursor  Mets  Options  Help k"

NERAEX|EH 22HXRB | #FOC0CO0O

.. (4007E..

+0000

MMode

‘B |
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EdkDSP SW/HW Back End Tools

> ASSEMBLER for PicoBlaze Accelerators with FP data paths |
> Executable on PC (WinXP/Linux) \ ¢
> Executable directly on the FPGA (MicroBlaze with uCLlnux)

> C COMPILER for PicoBlaze Accelerators with FP data paths:
P Executable on PC (WinXP/Linux)
> Executable directly on the FPGA (MicroBlaze with uCLinux)

> Interface/Integration/Interaction with Front End Tools
> Dedicated Support for Stream Processing Video Appl.

> Board support:
> 3S500E, 3S700AN, 3S1600E, 3SD1800A, 3SD3400A - vsk
b B6SLX16, 6SLX45T, 6SLX110T - vsk UTiA]
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(0) LOAD <F.063

EdkDSP
C Compiler:

uchar
o ey > e somat

(9) LOAD =0.1
(A) ADD &2.80

(B) STORE 52,63

//add number tl
unsigned char Xx;

(5) LOAD sE.sF label 0 (C) LOAD sF.sE

(6) LOAD =2.0

void main() {
X = 0;

X +=1- Costareas > C@aara
L Comrenaa > Cmrerms D



(0) LOAD sF.63

EdkDSP Qoo >
C Compiler: @
uchar opt

ST
//add nurber t2 RS
unsigned char X; Coroansmar >
void mainQ) {

X = 0;

X = X+(1+1);
4 Comman>  Comema

(9) LOAD 0.2
{A) ADD 2,50
(B) STORE 22,63

label 0 (C) LOAD sF.sE




(0) LOAD sF.G2

EdkDSP
C Compiler: Spem

uint Comosmini >

(C)LOAD «0.1
(D) LOAD =10

//add number t3
unsigned Int Xx;

(10) STORE £2.62
(11) STORE £3.63
label 0 (12) LOAD sF sE

S &2,
] 3.

void main() {
x=0;
X +=1;

(B) FETCH 23,63



(0) LOAD sF.62

EdkDSP
C Compiler: oo

uint opt Conommai >

(C) LOAD 0,2
(D) LOAD £1.0

//add number t4
unsigned Int Xx;

void main() {
x =0
X = x+(1+1); e o

(B) FETCH 23,63



EdkDSP Batch processing & Visualisation

62,5 MHz Basic Computing Element 75 MHz
Ether- PLB V. <D AB,Z |« FP Accelerator
C_?t < A | BRAM | a | with PicoBlaze
ite ) Controller & 10
100 <2 REGs |
Mops ;.::::?45 Basic !
: Computing !
Rs232 : !
/O Micro . E !?T_e_f‘j[ ______
Blaze * """""""""""""""""""""""" BaS|c """""
< » 8.20.a ¢~ Computing |
c\, | | ] Element |
a
C
2 PLB NPI | Video R
Interface Out
1 75 MHz
I
MPMC 8-Port DDR 2 Controller I
16 |
DDR 2 | frame-buffers

RGB565

125 MHz

Spartan-3
Xilinx boards
supported by
UTIA:

3s500e
351600e
3s700an
3sd1800a
3sd3400a

RGB565
1024x768 70Hz
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EdkDSP Stream Processing

62,5 MHz Basic Compuﬂng Element 75 MHz
Ether- PLB | AB2 = FP Accelerator
net < BRAM A | with PicoBlaze
Lite controller
D
100 REGS |«
Mbps I
PLB | :
interface i »| Video In
Rs232 | <
/O Micro | I 27 WlRz
Blaze : I |
< » 8.20.a | PLB | ! Video
interface T :
C I filters
- 1! 27 MHz
C I :
|
) PLB | NP 14| video X
interface f Out .
1 75 MHz
A 4 A G>
MPMC 8-Port DDR 2 Controller &
o
DDR 2 ' frame-buffers

. RGB565

125 MHz

Video In
Xilinx
board:
3s5d3400a

RGB565
1024x 768 70Hz
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Demos and Opportunities

> Opportunities 2 P
> Use in education in your labs (5x x0331600e e
> Use in industrial automation and data processing
> Strategy towards FP7, Artemis JU and Eniac JU
> Strategy towards GACR / TACR
> Direct participation in industrial contracts

oA
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