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RC education 2006
The 1st Internation&rksh

n The Digital Divide
Reconfigurable Computing Education

The White House, Sept 2000: Rt
Bill Clinton condemns the Digital Divide in America:
(access to the internet)

Why we need
Reconfigurable Computing
Education

World Economic Forum 2002: The Global Digital Divide,
Reiner Hartenstein disparity between the "haves" and" have no

TU Kaiserslautern

The Digital Divide in Parallel Computing:
Access to Configware (CW) Solutions
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The new paradigm Why use Reconfigurable Computing

instead of software?
instead of spec. hardware?

T
Reconfigurable Computing: the new machine paradigm

Exploit spatial parallelism, and ..

the 2nd RAM -based computing paradigm bandwi dt h

é high and | ow |

i t rbfs instruction -stream -based
no instruction fetch at run time
S reconfigurable
paradigm: | von Neumann computing

programming mode
e
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é a n d-grhined marallelism when useful
Ride the technology curve avoiding specific silicon

Adapt to change: standar dj

Adapt to application / deployment requirements
Reduce risk
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going into every

A FPGA and ...
application area 1 and

.. embedded
... wireless |
automotive
low power | 463.000
... medical 385.000
. music 279.000
.. physics | 231.000

# o’Google hits
2.160.000

1.420.000
629.000

>> Qutline <<

it -
mainsuean established
in embedded systems

recently observed by

AReconfigurable Devices _ supercomputing scenes

ACoarse-grained Reconfigurable Devices

http:/Avwwuni  d.de
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AData-stream -based Computing
AThe contemporary Common Model
AReconfigurable Supercomputing
AcConclusions
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keyword

# 0"Google hits

FPGA
Reconfigurable:
Computing

4.740,000 <
252,000

11,390
13,400

Morphware

649

chemical

172.000

.. defense

... bio

172.000
93.400

... weather

89.200

.. chemustry

80.800

.. molecular

|supercomputing |

77.000
48.400

PLD 2,180,000
CPLD 832,000
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|n body problem |

... oil and gas

28.200
14.900
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Reconfigurable Devices
o
Morphware ®

x fine -grained reconfigurable devices:

AFPGA (Xilinx)

APLD, FPLD (Altera)

ACPLD (Philips)

ArGA (neutral) reconfigurable Gate Array
x coarse-grained reconfigurable devices:

ArDPA (neutral) reconfigurable DataPath Array
AFPFA, rFA, XPA, other acronyms ..
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Confusing Terminology

htlp Jhartenstein.de

BusinessWeek Reconfigurable

- . Computing (RC)
hi
Poner Processoss and FPGA

in the media

Design Starts until 2010:
from 80,000 to 110,000
[Dataquest]

fastest growing segment of
the semiconductor market:
4 billion US -$ [Dataquest]

http:/hartenstein.de

Modes of Operation

Execution phase
configware code loaded from ] .
external flash memory, e. g. Configuration phase
after power -on (~millisecond)

|:| E ph off
time
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rGA With island architect

able interc/onnect fabri

\

reconfigur;

switch box

LB

reconfigurable
logic box

© 2005, reiner@hartenstein.de http://hartenstein.de

http:/hartenstein.de

Dynamic Reconfiguration
KT
vaapplng and scheduling managed

by configware operating system

module no. *
’7f/
module X |[=Nsly 90/.6

—_— .

time
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FPGA area Efficiency

G. Moore »

100 000 000 7

«©
aB“‘;o( FPGA  wiring

A
2 Sces physical overhead
of > 10 00|
v

FPGA reconfigurability
~|logical  overhead

100 000 /
FPGA routing
10000 > g

routed congestion™
1000

10 000 000

1000 000

Transistors/chip

100

Sources:
Proc ISSCC, ICSPAT,
DAC, DSPWorld
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AReconfigurable Devices
ACoarse-grained Reconfigurable Devices
AData-stream -based Computing

AThe contemporary Common Model
AReconfigurable Supercomputing
AcConclusions

http:/hartenstein.de

\rea Efficiency of coarse -grained Platforms

G. Moore_, physical

logical

1 <<10

100 000 000 7
10 000 000

- a2 Sﬁsﬂ
V2 0
'\:‘ o

1000 000

100 000

10 000

1000

Transistors/chip

100

Sources:
Proc ISSCC, ICSPAT,
DAC, DSPWorld
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instead of r_B (-1 bit wide)
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DSP platform FPGA

It [courtesy Xilinx Corp.]

500MHz Power PCE Processors
(680DMIPS)
with
Auxiliary Processor Unit

500MHz mudtiort
Distributed 10 Mb SRAM

__ 500MHz DCM Digital

500MHz Flexible Clock Management

Soft Logic Architecture
200KLogic Cells
~ 0.611.1Gbps

1Gbps Differential Serial Transceivers

[l[e]

500MHz Programmable DSP
Execution Units
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Why coarse grain

much more arefficient

much less
reconfigurabilit

reconfigurable Data Path Unit (e. g. rALU) UL

use | rDPU (e. g. 32 bits wide)

much more MOPS/milliWatt 'DPU! rDPU 1DPU DPU

rDPUITDPUIrDPUIrDPU
rDPUIrDPU rDPU. rDPU
rDPUITDPUIrDPUIrDPU

instead of FPGA use rDPA
Reconfigurable Computing (RC)

mind set close to classical computing background

© 2005, reiner@hartenstein.de AR

16

Area Efficiency of coarse -grained

Platforms

1000 D00 000

100 000 000

10 000 000

1000 000

100 000

10000

1000

100 |

relative performance
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Growth Factors e gra about computing, not log
e onto rDPA by DP ed o ate ealing
ranz Rammig's law Nilsen's law: bandw ero essArra a pipe netwo
embedded sghwara \1\0/ L requwreﬁzdoublﬁs -
code doubles every 12 mont H
every 10 months \ \ . 2 A
W% Gordon Moore's law 0x 16 PSRt St ok 23
factor] & # of transistors per chip 60 IDP i et :
T doubles every 18 months, By
f ot 3
. », = v.;t =1
BEEESES
Shannon's law; iis
algorithmic complexit e s,
doubles every 14 months
' DeHon's law: pprucessur eco ble , Ao
Fig. 5 |~ 0 utanuna{z ensw a
Growth “W’Y montfis, Y 0
factors 0,251 J e.g b de
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speed-up examples from 2004 & earlier
key issue: algorithmic cleverness

application example [ speed-up factor

PACT Xtreme

“'DPA (coarse grain) vs. FPGA (fine grain)
‘(lT Status: ~1998

roughly:
performanc e roughly:
(MOPS/mW, area efficiency
orders of magnitude) (transistors/chip,
orders of magnitude)

tap FIR filter x16 MOPS/mW.
e

sed DRC**

> o | > X1000
DPLA* [1983] Zsrgeig}!;eggéy;al\égﬁs (computationtime) | aspects

CPU 2 FPGA | migrate several simple X7 &

[FPGA 2004] | application exampes (compute

DSP 2 FPGA |from fastest DSP: X100 not spec.
[Xilinx 2004 2] |10gMACs to 1 teraMAC | (compute time) p

*) DPLA: MPC fabr. via E.I.S. multi univ. project ~ **) Design Rule Check
***) for 10 -metal 3 -poly cMOS expected: >> x10,000 2) Wim Roelandt
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uProc 0
DSP 1 MProc 0
FPGA 2 FPGA 2
rDPA 3 rDPA 4
hardwired 3 hardwired 4

in special cases much higher acceleration factors !
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>> Qutline << adata streamo:
Reconfigurable Computing
is not instruction -stream -based

AReconfigurable Devices

Acoarse-grained Reconfigurable Devices : s -steant -based
AData-stream -based Computing -

AThe contemporary Common Model

0
6s different fr
ndeterministic)

t
it om t
(i ada
AReconfigurable Supercomputing other definition also from multimedia area

: M AcConclusions
hllpJIwwwunl Hde

usable definition from systolic array area

© 2005, reiner@hartenstein.de http://hartenstein.de © 2005, reiner@hartenstein.de 24 http://hartenstein.de

IEEE Computer Society EAB November 2005 at Philadelphia 4



Reiner Hartenstein, TU Kaiserslautern, Germany

http://hartenstein.de

Data streams

.. Iware defines: (ﬂOWW&I'E)

|mv *{Ze= hich data item
‘_(IT hich time time
at which port

input data streams

(pipe network)  DPA

port #

port #

output data streams

time

005, reiner@hartenstein.de http://hartenstein.de

instruction decoding -

read A | read operand*

operate & register tran:

-
S
read B

g momacton ||
‘ add &
S

oersn | |
(T E—

http:/hartenstein.de

[N

. reiner@hartenstein.de

’ mind set ....
It
S =R + (if C then A else B endif);

section of a very dec/;%né but you canoét

large pipe network:

R B A ¢

|

not knowing this solution:

symptom of the
hardware / software chasm

and the
configware / software chasm

005, reiner@hartenstein.de 29 http:/hartenstein.de
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ware solution: computing in space

KIT demo: a tiny section of the pipe network
inter -rDPU-communication: no memory cycles needed

rDPU
rDPU
rDPU
rDPU
rDPU
rDPU
rDPU
rDPU

© 2005, reiner@hartenstein.de 26

section of a major pipe netwook rDP
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rDPU | rDPU | rDPU | rDPU | rDPU | rDPU rDPU
rDPU | rDPL* ‘DPU | rDPU | rDPU | rDPU
DPU | ; I rDPU | rDPU | rDPU
rDPU rDPU | rDPU | rDPU
rDPU " *NPU | rDPU
rDPU S — DPL .

rDPU AU rDPU | rDPU

rDPU rDPU | rDPU rDPU | rDPU

hitp://hartenstein.de

hetical branching example to illustrate
software -to-configware migration

S = R + (if C then A else B endif);

ifnot C
then read Binstruction decoding

[read nstruction | 1| 100 |
2 & S operate & reg. wanstbrs |

*) if no intermediate storage in register
http:/hartenstein.de

(5 nanosec)

>> Qutline <<

AReconfigurable Devices

ACoarse-grained Reconfigurable Devices
AData-stream -based Computing

AThe contemporary Common Model -
AReconfigurable Supercomputing
AcConclusions
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von Neumannis not the common model

AT software —y /microprocessor age:
instruction - data-
mainframe age: stream - stream -
based based

von Neumann
bottleneck

ware

— accelerator

|
CO-processors

progra Here is the common model:
Leoumter—d CONfigware age:

software/configware
co- compiler
software J konvvgware

__ reconfigurable” 2

T accelerator g

hard

~von Neurrann
instruction -stream -
based machine

hware

© 2005, reiner@hartenstein.de

Terminology clean -up

Programming sources:

primarily
nonrvon
Neumann

Configware : for configuring morphware }

Flowware: for scheduling data streams

Software : for scheduling instruction streams  }\aumann

© 2005, reiner@hartenstein.de http://hartenstein.de

Co-Compilation

KITC, FORTRAN, MATHLAB

automatic SW / CW partitioner

software
compiler

configware
compiler

software code  configware code

© 2005, reiner@hartenstein.de 35

flowware code

http://hartenstein.de
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Nick Tredennick®s
explain the differences

OV resources: fixed |
algorithm: variable

1 programmin

software source neede

configware
flowware

resources: variable
algorithm: variable

© 2005, reiner@hartenstein.de 32

2 programming
sources needed

hitp://hartenstein.de

MATHLAB
source program | Placement 5 !
prog R vauting Source dprogramo

configware
compiler

software code  configware code

© 2005, reiner@hartenstein.de 34

flowware code

http:/hartenstein.de

“>ompiler for Hardwired Anti Machine

[e. g. Broderse
source

automatic SW / CW partitioner

software
compiler
data scheduler

flowware code

http://hartenstein.de

software code

reiner@hartenstein.de
7 October 2014
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Termnology & taxonomy in the
morphware age

Platform Program Scurce | Machne Paradigm
Hardwired Logic
Reconfigurable

Logic
Morplware Reconfigurable Configware +

Computing Flowware | pai Mackine (424)
data-strear -based Flowware
Hardwired -
Processor instruchon-stream- Softvare
based
embedded systerms + Software + dual paradigm:
vl +

Configware +
reconfigurable supercomputing, ete. Flowware Ny

(no Program)

Configware (none)

von Meumann (v
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HPC experts coming ...

Simulation of Star Clusters: x10 speed -up
by supercomputer -to -morphware migration

[FPL 1999] (also molecular biology et al.)

Configware by

g\
Reinhard Maenner, University of Mannheim
HPC pioneer since 1976 (Physics Dept Heidelberg)

Astr
Rainer Spurzem, University of Heidelberg

ARI, Astrononisches Rechen -Institut, founded 1700
in Berlin, moved 1945 to Heidelberg by August Kopff

L

© 2005, reiner@hartenstein.de

August Kopff

http:/hartenstein.de

FPGAs in Oil and Gas ....

[Herb Riley, R. Associate:

Saves more than $10,000 in electricity bills
per year (7¢/kwh).... per 64-processor 19" rack

aAppl i cat i offmommsupecoraputerjo n
has resulted in a 17 -to-1 increase in performance"

© 2005, reiner@hartenstein.de http:/hartenstein.de
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>> Qutline <<

AReconfigurable Devices

ACoarse-grained Reconfigurable Devices

AData-stream -based Computing

AThe contemporary Common Model

AReconfigurable Supercomputing -
LB M AcConclusions

hitpi/fwwweuni
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Cray XD1

*FPGAs as programmable co-
rocessors for acceleration:
ilinx Virtex-II Pro

*Cray provides a configware
library with special
algorithms for search and
Sort, DSP, and Encryption.

*in Genome-Sequenci
a speed-up o‘fq>100r..g

-but reconfigurable logic
(RL): is not computing (RC)

htt,

Why the speed -up ...

.. although FPGA is clock slower by x 3 or even more
(most know-how from ahigh level synthesis 0 discipline)

decisions without memory cycles nor clock cycles

most adata fetch © without memory cycle

© 2005, reiner@hartenstein.de http:/hartenstein.de
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Jata moved around by software i Replace Caches by ...

i.e. by memory - cycle- hungry instruction 16 x
streams_ which fully hit the memory wall reconfigurable
data path
array (rDPA)

P&R: move . .
locality of R 2 Ly which fits on
operation, g ‘

not data! & '
5§ R

the same chip

@
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Software / Configware Co -Compilation Co- Compiler Enabling Technology
Juergen Bec kX¥1986s ‘Vi(’I‘I'

.

is available from academia

Av Naighine
araigm

i Supporting only a small team needed for
different commercial re -implementation

platforms

on the road map to the
Personal Supercomputer
Resource

Parameters

FW Code
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>> Outline << B first archetype machine model

Software |

AReconfigurable Devices Secret of Success

ACoarse-grained Reconfigurable Devices

A 'Drocelc‘mraI compile
o = i t or . -
Data-stream -based Computing personalization assgmble simple basic .
AThe contemporary Common Model T Machine Paradigm
. . instruction - stream -
AReconfigurable Supercomputing based mind set

(AT "I Aconcusions personalization:
hllpuni -kl.de - m/ A RAM' based
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\n Archetype Common Model needed e P The memory wall
from the : ; Tear down this wall !

Progress stalled by the software/configware chasm

. 2 fori
Useful simple archetype not widely accepted 100y LProc
60%l/yr..

Archetype common model should provide ....
Processor -Memory

Guidance for organizing efficient solutions 7 Performance Gap:
(grows 50% / year)

Make the project manageable

Allow to share lessions between applications ~— DRAM

and between application areas 2000 7%y
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; Merging the basic paradigms
G
1 SKIT from the
and from the

Simple models of area, I é into a dual paradigm

power, and delay carllbe. |+ e
taught in a week or tWos. . e . . .
S ‘ will open up new horizons of high performance

) 8 rogrammable
Bill Dally, WCA_'E‘:P lerators

t g for drastically reduced cost of

Tear down this wall | 4 equipment and electricity supply
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thank you
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