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Short development iteration while
EB’EX@ achieving high performance

Until Now...

IPFlex’'s Technology Enables...
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EEEX® HW and SW enabling short iteration cycle

Dynamically

. Software to Siliconm™
Reconfigurable

Hardware Hardware design with C-like
Hardware functions reconfigured in language

a single clock / /
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lp RISC core and dynamically reconfigurable
FLEX. data flow machine

166MHz

376 32 bit processing elements

512KB Internal RAM

Direct 1/0

DDR SDRAM

Processor chip, design tool, evaluation boards
available
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lp RISC core and dynamically reconfigurable
LEX. data flow machine

PE Matrix

DAP
Debug UF
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lp DAP RISC and
LEX. DNA Parallel Data Processin

/ﬂ
*
PE matrix Memory

Memory
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EBEX@ Heterogeneous PE Matrix

PE Matrix

PE # Functionality

EXE 112 32 bit 2 inputs / 1 output

EXM 5 execution elements

° 16bitx16bit->32bit multipliers

DLE 136 32 bit 2 inputs / 1 output delay
element

RAM 32 DNA Internal memory element
16KBx32 =512KB

C16E

C32E 24 Address generators

LD

§ 16 I/O buffers
STx
Total 376
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EEEX@ Scalability with DNA Direct I/O

16 DNAs at 16Gbps flow-thru (Total 32 Gbps 1/O)

Synchronize with
the external clock

166MHz, 96 bit

DRAM DRAM DRAM
A A A
| #0 ' #1 ' #2
. Bus Switch | . Bus Switch | . Bus Switch |
ot 2> pna  »C -2 DnA 2 2% DNA =2 >
.' Oy > QO Ol p O O > O > C
Device 12 = 2 2 ) 2 .. Device
/710 (@) 'idla) (@)

Interconnection between DNAS
equivalent to

DLE between segments
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lp DAPDNA architecture:
LEX.

£X. solution at anx sxstem s|ze

System
Example
e |
ASICL]
LI
FPGA/ FPGA/
ASIC] ASICL]
Dynamic Reconfiguration Scalability
Small scale Mid/Large size Ultra large
Aunction 4 2 2
Function 3 areny | 2Em
Function 2 .
Function 1
2 2
2 2,
One DNA Plane One DAPDNA Processor Up to 16 DAPDNA
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EP Data Flow C compiler:
FLEX. A part of Software to Silicon design tool

N Systenma Specificationg
% : Tools included in =7
:’-)_ DAPDNA-FW I Algerithm Design '
v KZ Source C;ode) @Iock Diagrarrﬂi
i Profilerl _ v
DNAPA | T = DFC Compiler MATLAB/Simulink
T—Eaﬁﬂlbnlhgf Illlllll:
% |
'? C for DNAl
() (]
()] : v v
DFC Compilerl DNA Designerl DNA Blocksetl
= T
Wrapper for TR
DNA Confiquratio DNA Conflg.uratlorhl
W/ . = DNA Compiler
DAP Comgnler (Dynamic Reconfiguration, Place & Route)
v R — .
= DAP < = » \DARRNA Cos Simulatér / Emulator
S :
\V; DAPD& Object'

©2005IPFlex Inc. All rights reserved. <13 >



EP DFC Compiler:
FLEX. HW configurations from C Ianguage

= DNA Deziener [ifelze.ddz]

ze.c - EmEditar . -10] x|

jy(“(F) T i—,—(\.ﬁ) W— LT “ File Edit “iew Build Execute YWindows Help “ D EE | “QQ |ﬁ|‘@ “(5(311’&"
Sk AL S = | S — e T
D@E|§|$’E|ﬂ“|gq’j%|@ --Oommon :“ :-: 2 — o e
void ifelseCint all, int bL1, int r[1) Al =:€iﬂ£F B e | .
imt Qs _ Ak R
irt data; :
for(i=0;i<5; i+ {
data = alil;
OBl =0 ) dEf o b e b e
data = a[i] % 50; = 2 B :
Telse ifCbLiIT> 101 e (g S :
| data = alil + b[i]; o L i - SR
[t - DNA Configuratiotl

1
C-based Data Flow Des

\% 2
@)

kieval/dfc/ifelse L3 |
AT i3 tenplate.c ifelse.c
ent UDID=3(EXED) treated as gener)

=uzawa ra@POS I TROMZ
b dfc.exe -device t
Marning: non-generic

nt UQID=4(EXE1) treated as ge Tc wvoid int handler(vmd) {
io_write(DNCINTCLRW, 0xFFF);
finished = 1;

Warning: non-generic

t URID=10(EXE3) treated a

Marning: non-zeneric el

=

Warning: non- i D=15(EXE4) treat

Sarmng non-generic e (EXE4) trea eﬁ void ifelse( uint82 all, uint3Z bl1, uint32 r[1) {
Warning: non-zeneric eleme =16 (EXED) treaw s =d on parameter ::i clin;abugData;

5 ‘ unzizned long tmplata;

sUeawaralROSITRONE ol avaldh el ee

DFC Comp”er printf(“Starting test...¥n");

io_write(DNCCNTPLSW, 0x000000023: // init
io_write(DNCINTCLRW, -1); /7 clear all interrupt stuf
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EP HW configurations written in
FLEX. DFC as functions

Application (DAP C code)

void top_level()

{

Call

fir(d,h,r); ——|——

DNA Control Code

void fir (intd[ ], int h[ ], intr[])
{

Load config data

dna_cfgram_load3(BANKS, cfg_fir); -r—b

dna_config(0,BANKS);

Bank Switch

dna_run();
DNA Run

dna_sto p(\

}

DNA Stop

©20051PFlex Inc. All rights reserved.

DNA Hardware

DNA Config mem

DNA PE Matrix
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EP HW configurations switched dynamically in
t£X. single clock (6 nano second)

Application (DAP C code)

DNA Hardware

while (1) {

VLC Decoder (Vector,Quant dat, Input);

i sl o (1o F et Tt daf
Iny DET (me dat, det dat);
Motion Comp (mcu dat,mc dat);

Color Conv(mcu dat, mcu dat);
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Extension on

IR .

ANSI C for data flow systems

® Delayline: delayed data signals

delayline d;

d = a;
z = d[0] + d[1]
+ d[2] + dI[37];

® SEQ: Static code replication

d[1]>

d[2]

ul

Z-1 - d[3]

z[O]

2)

int h(] = {1,2,3};

int z[];

seq (i=0; 1<3; i++) |
z [1] a * hlil;

}

©20051PFlex Inc. All rights reserved.
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EEEX@ Advantages of DAPDNA architecture

Short development period
- Rapid prototyping

- Co-Simulation between Processor (DAP RISC) and Data
Flow Machine (DNA PE Matrix)

- Deterministic placement / guaranteed clock speed @ 166Mhz

Flexibility to change HW according to the
application in demand
- Dynamic reconfiguration in single clock

Performance close to custom device
- Deep pipelining and massive parallelization
- 376 processing elements
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Using dynamic reconfigurability to change
llﬁ'ﬁxﬁ iImage filters

DAPDNA-EB5 Evaluatin Board

e A

DAPDNA- I
Debug\
/ Box
(-
DAPDNA-2
Various image filters written Filters run on DAPDNA-2 using
in DFC and compiled dynamic reconfigurability of
hardware
 Laplacian
* Binary
* Average
* Etc.
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IR .

n Image_proc.xpr

I File Edit Wiew Projeck Execute Tool ﬂelp|

|[erone>  ~] &

FHladds | dhn| | Nsh| -2

Dev’ice:l 1} |

=10l x|

Project Manager I rmain. I S o -
e [ — et [
B "image_pracxpr 7 sprintf_saniae, "®hary Edee (th_r=id, th_ s=¢d, =l
-[ucy) template.det e =Tpo;
(¥ ave_3de - — ﬁ’eak;
~[a) copy.de —
[af) laplacianz dc — mmm —
[ binary! dc case APP_AVE 3X3: !
[ binary2.de /¢ bpply the averaze filter.
[ colourde ave_3x3£ input_ptr. input_ptr, input_ptr, output_pt )
[ edge de desc = “Average 3x3 Filter;
-{4) compaosition.de break;
I L1 T p— —
{2 image_prac.h = | =mce sk | Akl C 1A
[ frame_out_wrapper.c £ beply the Iaplaciam i |TEr, " e o o
[ frame_out_wrapperh laplacian(input_ptr, input_ptr, input_ptr,output_etr); |
[ frame_bure desc = “Laplacian 3x3 Filter (Edee Abstract)”;
[ frame_hufh break;
[} image_copy.c
[} image_copy.h _|;|
E:j graphic.c 4 I I 4
@ graphic.h E | 281 1 |M0dified
{2 fant_data.c | 5
{24 fant_data.h iz
{24 timer.h i
I snrintf.c =~ sviiom [Buld | Frd |
| | | Y

©20051PFlex Inc. All rights reserved.

DAP calls DNA configurations with simple
function calls

List of filters written
in Data Flow ¢

An Average3x3
filter being called in
main.c as a
function

Main.c for
DAP RISC
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EP DFC-described filters compiled into HW
rLex. With a single click of build button...

ﬂ image_proc.xpr

I File Edit VYiew Project Execute Tool ﬂelp| “c:l'\.ll::?ll'\.IE:b Vl%

Fhadods/ | inan | NS 4@

Dev’ice:l L] |

Project Manager |

main.c  ave_3x3.dc |

=10l x|

|
*Image_procipr =]
@ template.dct it 32 rgb[], Sl::ls SU[]: /
o for (y=0; y<V_SIZE; v++) |
laplacianz.de 'I:Clr (X:U; X<|I'I'II_SIZE; X++:I { /
L4y b 1.d
h:::zz.di A Read input arrav /7
colour.de dl = SFCD[‘_‘J*W_SIZE + X]; /
[ edge.dc dl = srcl[w_SIZE + x + W_SIZ];
composition.de d2 = SrCE[}’*W_SIZE + x + Zw_SIZE],
2y main.c V4
% image_proc.h Sed (t:[]; 1<3; 't++:| {
rﬁl frame_out_wrapper.c seq (d=0; J<Md; d++) |
[ frame_out_wrapper.h Af unpack the bvte data
[ frame_butc rebl0 + 10%t + d] = 0@(O[dI¥¥{+x8) )<
[ frame_buth reb[ 100 + 10%t + d] = 0@(d1[dI¥¥ (18] )<
@ image_copy.c rgb[QUU + 10%t + d:l = U@(d2[d]¥¥(t*8):‘<
[y image_copyh _I;l
-[2) oraphic.c | | r
-[2) oraphic.h | 11 !
[ font_data.c I
[ font_data.h e oo
[y timer.h
[ sorintfc = svetmm [B0S. | Fnd ]
| | | Y

Average3xa3 filter
—/7 described in DFC

- uE .
delnslineint ol dlly 0t o e /:rl' uses delayline and

seq commends to
take advantage of
parallelization
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...resulting in a logical representation of the
El?usx filter with 32-bit processing elements...

Pipeline Depth

»
>

A

j ,DNP- Desiener [ve_3x3_c:onfig_dd1]

I F erel
I F <000]
- IF e[01r28
1T e[01Fr27
- IF sl0]
:EI; d=t
IF dst_out
-TF =001]
-TF s[115r58
I T =[11557
- TF =[]
F dethron
| 17 sop

uoljezijo|jeled

[5& |
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ll):;ex@ ...as well as physical mapping on DNA

£\ Physical View [ave_3x3_confie.dd1]

| |@la]F s ey | g

|Seg.|— Ool.|— RDW|— ’—|—

Besource Manager

Place & Route

- result

Resource manager
displays usage and
power
consumption

—General
DMA Canfiguratian
Iave_SxS_config.dd'I Fdate |
—Resource Usage Report 4
BlockType Ayailable [Used |RéMmaining « |
Qiz16E 12 4 8
C16L 4 3 ' 1
C16E 4 i 4
C165 4 1 3
Qiz33E 12 4 2
32 4 3 1
C32E 4 ] 4
G328 4 1 3
RAm az 0 32
Total 376 45 331 j
Power Consurmption :|526 [rmid]
Ettor Check Save Report |
I~ Autornatic Update Close |

©2005IPFlex Inc. All rights reserved.
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Enﬂx@ DFC compiler result for image filters

DAPDNA-2 (166 Mhz)

Image Filters Performance
EXE EXM RAM DLE Parallel
M Pixel/sec |Fps(800x600)
3x3 Average Usozge 12,5 10.7 0 5.1 3 292 203
Binary | V5a9°| 5.4 3.6 0 15 3 498 346
Binary Image |Usage| g , 3.6 6.3 1.5 1 292 203
Edge Det. % ' ' ' '

©20051PFlex Inc. All rights reserved.
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EP Optimized result with DNA Designer
FLEX.

gBlock Diagramz tool

Performance (M Pixels / s)
Image Filters Images Performance
J 9 Pentium 4* | DAPDNA-2 Multiple
(3.06Ghz) (166Mhz)
3x3 Average — 15.5 664.0 43
o A
3x3 Laplacian N
(Edge Enhancement) 15.8 664.0 42
3x3 Laplacian
(Edge Detection) 15.8 664.0 42
Binary i e 225.0 839.0 4
Binary Image
Edge Detection 38.6 664.0 17

* Pentium4@3.06GHz, Red Hat Linux 8.0, gcc 3.2, SIMD instruction not used, 24bit color,

800x600 pixels, 1000 Repetitions, Average performance (pixel/sec)
©2005IPFlex Inc. All rights reserved. < 26 >



EEEX® FFT: Protein structure analysis

®Extrapolating molecular structure

from X-ray diffraction image ®Extrapolation Algorithm (HIO)
; Reciprocal Real
Space Space
Adjust

2D-FFT ﬁ

®Requires 1024 X 1024 32-bit FFTs

Source: RIKEN
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EP DAPDNA-2 Is 10X faster than P4
LEXs with 1/200 ener

2D-FFT (1024x1024) 1000 iterations (HIO)

Time elapsed Energy used Time elapsed Energy used
msec mWh min Wh
'-IEI(EI ) ( ) 9 1k ( ) ( )ES

350 1 (8 14 20Wh
. - 20
300 A 12 1
- b
250 - 107 - 15
-5
200 A 8
[ - 10
150 A b
-3
- L| -
0 27 [ c . - 5
1.5 min
50 1 msec L 2
0 - 0 0 - ~—_ -0
Py DD2 .03mWh Py DDE .1Wh
Time 13 : 1 10 ; 1

* Assuming 80W for P4 and 4W for DAPDNA-2
Source: IPFlex experimentation _
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lEm 10Gbps active firewall by NTT

10Gb/s Firewall System using Reconfigurable Processors
Reconfigurable system technical committee
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EEEx@ 10Gbps active firewall by NTT

®“Hot” update capability
»Hardware circuits can be updated
without interrupting service

®Guaranteed 10Gbps packet processing
»10Gbps wire-speed is guaranteed,
even with a succession of short packets

®L4 flow classification

»Various flow classifications supported, including
inside and outside of Netmask

10Gb/s Firewall System using Reconfigurable Processors
Reconfigurable system technical committee
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EEEm IPFlex’s technology / product roadmap

General MPU like Pentium and

DNA+AXION complement well

Realizes extreme performance

Granularity of operands

()
% General
@) MPU
@)
()
= AXION
L
Low High

Degree of computational parallelism

Performance

High

Low

~
IPFlex-enhanced
y multi-core
: Processor series
| “Super chip”
DAPDNA-2! P P
\‘f i
| Intel multi-core
. Pentium series
Pentium
series
Pentium
Extreme edition

\4

'Single-core’ Multi-core

2005 Year

©20051PFlex Inc. All rights reserved.
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EEEX@_ IPFlex’s technology / product roadmap

2002 2003 2004 2005 2006 2007 2008 2009 2010 | 2011
[ | | | | | | | |
Today
v
First
First Software-defined
Concept Commercial High-volume High-end (Axion-based)
Proof Product Product Product Product
DAPDNA || DAPDNA | DAPDNA _[| DAPDNA — =
-HP -2 -2C o -3A
100MHz 166MHz 200MHz 333~800MHz 666~1200MHz
144PEs 376PEs ~1000 Simple PEs 2~4 DAP core 4~8 DAP core
16KB RAM 512KB RAM 2048~3072PEs 4096~6144PEs
Direct I/O
DDR SDRAM
O =@ (O O (O ) --
DAP Compiler DAP Compiler DAP Compiler DAP Compiler DAP Compiler
DNA Compiler DNA Compiler DNA Compiler DNA Compiler DNA Compiler
Emulator Emulator Emulator Emulator Emulator
Simulator Simulator Simulator Simulator Simulator
Auto Fitter Auto Fitter Auto Fitter Auto Fitter

DataFlow-C Compiler

DataFlow-C Compiler

Dry-C Compiler

DataFlow-C Compiler

Dry-C Compiler
C++ Compiler
JAVA Compiler

©20051PFlex Inc. All rights reserved.

DataFlow-C Compiler
Dry-C Compiler
C++ Compiler
JAVA Compiler
System-C Compiler
System-Verilog Compiler
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IR .

Dynamically Reconfigurable Processor
and
C-Based Hardware Design Platform

by

IPFlex Inc.

www.ipflex.com
Info@ipflex.com
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