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Greenland’s Ice is Melting...
Our Computer Models Too Optimistic?

—]—

= 4X the size of California?
= All The Water in The 6ulf of Mexico?
= 7 Meter ri the World's Sea Level?
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“ The SolutioniReconfigurable Computing
AT

mainly an education issue S
N
The dominance of von-Neumann-centric computing ‘\o’i\o‘\\ kesp
is the root of massive energy [& cost] problems @2\,& i_nd
[ min

... but you can never
teach _hardware N
nor configware | “=*"

keep in

to a programmer™

.You can always
teach programming
to a hardware guy ...

The programmer population we need is not existing yet ...

..due to the yaw-dropping sclerosis of the joint
TEEE-CS /ACM task force on Computing Curricula,

we need a dual-rail education 7
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B von Neumann -a keep key issues

reconfigurable mind

climate change faster than predicted: by
carbon emission, primarily from power plants ?

very high and growing computer energy cost -
and growing number of power plants needed here

the manycore programming crisis stalls progress
(from growth industry to replacement industry ?)

the dominance of the von Neumann computer | |jgsll
is the root of all these problems A= 7

Reconfigurable Computing

is the highly effective alternative
rDPA
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—— .
Our Computing Ecosystem

Visible and hidden Computers everywhere:

InPCs, laptops, and in their peripherals in offices, homes
and elsewhere

In entertainment equipment at home and elsewhere
Indata centers, server farms and supercomputers

In base stations of wireless communication networks

In all kinds of machines in industry, homes and more
Inall kinds of vehicles, airplanes, trains, ships and more
Inall kinds of portable equipment and more

This list is far from being complete
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* ‘Engineers Will Solve This Problem’
R[{ll --- important role of programmers

Al Gore ~S
Former next President of the United States L“ w subject of this talk

Author of “An Inconvenient Truth” P~

Carbon Dioxide Concentrations

NOBELS
FrREDSPRIS
KONSERT

| November 10, 2007

also from Universidade
de Brasilia (UN ICPP)
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Amsterdam's elec'rrw'ry onsum

Googles annual elec#r‘ucn'y bill: > 50 bjo OOO $ (in 2005%3

Google, Microsof huge datacenters at Columbi
and ORNL benefits from Tennessee Valley Author|ty. I

Google: patent for a "waterJbased r
usi ocean to provide power an i S

- ‘ -
*) when Brent oil price was' diun $

Pelamis Wave Energy Converter

computers‘ electricity bill

—|—

Electricity consumption by the

.3 = predictionby a Us” i
US total computing ecosystem: Avestmentba

10— mvestmentbanker
July 2008 =]

solall US KWh

http://hartensteinde
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‘Engineers Will Solve This Problem’
... and programmers

keep in ﬁ
N

presenting a roadmap
to solving this problem

FPGA rDPA
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Climate protection policy

Much more effect than any other II
climate protection effort ?

factor 10 ?
50% -> 5% ?
or even less ?

ST "l side effect: saving
o 0 COnfiguere the affordability of our
computing infrastructure
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T
FPGA

Xilinx
(1984)

fine-grained
reconfigurable [=iSE i i

15 H Mo
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Field-Programmable Gate ArrayFPGA

—]—
AT

Note:

this is Programming ... FPGA

... iInstead of Programming in time "

Remark:

Programming in high level language FPGA
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Ficld-Programmable Gate ArrayIFPGA

connect box

15883&T

185538

switch box

forming a wire

CLB

Configurable
Logic Box
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RAM-based interconnect

this switch box ha;
hidden RAM 150 transistors
recen TN 50 fipflops FF
: configware code loaded
before run time into
“hidden RAM"
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Coarse-grained Reconfigurable

—]—

fine-
gr‘amed: g Configurable
Logic Box Function Box
datapath width: 1 bit e. g. 16 bits, 32 bits, ...

abstraction level: logic gate level functional level

rDPAs (reconfigurable DataPath Arrays)

rDPU  rDPU
rDPA: an array of rDPUs rDPU rDPU rDPU  rDPU

(reconfigurable DataPath Units) eopu rdpu| roPu rbPU
DPU rOPU rDPU  rDPU -
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Massive Overhead Phenomena
overhead piling up to code sizes
of astrono i

ompile? s
Cr Sir’f‘g“k\lcx‘?‘\t/'%r}rhe\“ feature

—]—

von Neumann
Bl single core

CV.RAM Mk y
von Neumann
overhead (|ist not comple “yon Neumann Syndrome”

instruction fetch instruction stream
e
e

Early critics:

Dijkstra 1968: The Goto considered harmful

Koch et al. 1975: The universal Bus considered harmful
Backus, 1978: Can programming be liberated from the von Neumann style?
Arvind etal., 1983: A criique of Multiprocessing the von Neumann Style
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PISADRC accelerator [[CCAD 1984]
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Kol The silver bullet:
Reconfigurable Computing (RC)

RC beats the traditional computer: gz

instead of programming sequential execution:
it's programming of the circuit ...

... electrically - at the customer's site
is used - not Software: ' FPGA

programming - notintime  ppa
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The von Neumann

Syndrome

ing foam
or creating 9 ——
More pow;:‘e\fernte the Ve el

than Yo @

thelfxemendaustinefficiency of
desicdlisesiimmense
Blectricityicansumption

. a2

gm Mmanycore von Neumann: arrays
gam of massive overhead phenomena

coar?ey- »a terrifying number of
processes running in parallel,

TOTNEUTETT | hotlanecks and 10sses i
2008: David Callahan
disproportion
of processors
24

proportionate

to the number IE
of processors ;‘

disproportionate
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ml=i  Why a growth ind
_\S(IT (microchips) i i
The end of this free ride
on the Gordon Moore curve

| dep L

o)

| mﬁﬁv

aﬁgﬁ%ﬂ
=

the coming breakdown

year
3
1070 72 74 76 78 80 82 84 86 8 90 92 94 96 98 00 02 04 06 08
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'll of the growth industry ?
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von Neumann overhead vs.

e Reconfigurable Computing

rDPU  rDPU rDPU  rDP!
rDPU  rDPU rDPU rDPU

rDPU  rDPU rDPU rDPU ~
rDPA: reconfigurable datapath array

_
11010 fom ofechip %M | nstuctonsiean | 5/ —ron”
ner PUcommuniation | nsrctonsiran | 3 none’|
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Industry is facing a
3 disruptive furning point

The manycore

Matticon programming crisis

l:’i
forcing a historic transition to a parallel J
programming model yet to be invented pavid calahan]

L LI CE .L would be panicked

qualification, and {1 yere in industry”
a R&D problem 26 [JohnHenneZsy]
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—— Speed-up factors obtained

by Software to Configware migration

rmatic
Astrophysics

1980
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Energy saving factors obtained
by software to configware migration

http://hartenstein.de

U g

Reconfigul;aiole
Supercomputing

sgi - Silicon graphics - Reconfigurable
Application-Specific COmputin
Supercomputers
with built-in FPGAs FPGA

for large scale software \\}3
to configware migration ‘a

33 http://hartenstein.de

Teaching properly

-
V0N Neumann e keep in
(POIIP) hardware Ak

The biggest navoff will come_from mutting old ideas into
practice and teaching people how to apply them properly.

Dichotomy model for dual rail education [ )
to overcome the software/ chasm ! \

& the software/hardware chasm

1) Machine Paradigm Dichotomy (von Neumann "
/ ): the Twin Paradigm model

2) Relativity Dichotomy: time d(?nain/ =
helps parallelization by time to space mapping [’" |
i

.
: |

=/
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Demonstrating the intensive Impact
ST 9 P

Platform (compared| Speed-up | Power saving
to Beowulf cluster)| factor facto
SGI Altix 4700
28514 3439

DES breaking (v tighazawiet al.: IEEE COMPUTER, Febr. 2008]
O when Hackers use FPGASs .
encryption on von Neumann unaffordable?
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%  Dual-rail education

[The importance of not separatingin your
mind the notions of hardware and software

Conventional nigaton, Reconfigurable
PU Computing i”tir{ﬂCingv Computing
F partitioning (f‘)DPA

program [ yon Neumann ’ datastream data
counter | machine machine count

Loy PU  rdPU rDPU
Lepu| rDPU rDPU
rbPU rDPU
rbPU rDPU

Software domain
Time domain
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Configware domain
Space domain
http://hartenstein.de
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gé'ﬁ We need to POTIIP for: VLSI Education Revolution

avoiding specialization overload

conventional design flow: The new M-&-C
organization:

Software to Hardware Migration Carver Mead Lynn Conway
and
Software to Configware Migration

2 simple key rules of thumb: ' i..m?.';i:";?:.,i.s

)

a) loop turns into pipeline loo ixing the
\»\91‘3\ \ bod’;l - rDPU Endir:'%‘i"i"

b) decision box turns . 1
é rDPV

into demultiplexer\\%@\'
O by FOPU o e S ey,
v = on ea

tion
d

coherence —>

—

H [11 ]
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VLSI desigii"‘gdﬁﬁ;a};tion spreading rapidly

Following the exemplar: our ideal: !
1981 - 1983

The VLSI Revolution
The brain child of: = '

Solving the VLSI design crisis:
missing designers, design tools, || TN
(SW), H%V for a design as a whole &% s
Carver Mead Lynn Conway
Project has provided an educational
framework fo create a population of
designers (and researchers) needed

]

~h

‘,\3

incubator: EDA* industry, workstations... f - o
-A few examples: \  * ( )4
The most influential research project EUROCHIP (EU) [1984. .1 A
1A GROEGR GOEINER B, hesasturt E.LS. Projekt (DE): | & -
*3. gEeciok : 26 iniversities [1983...]
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Design http://hartensteinde -
Automation W

Fducz{ing Frofcecors
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We have presented a road map —]— C =
onclusions
ST AT
A von-Neumann-only strategy can never be the solution
We need a massive Software to Configware Migration

Established technologies are available and
we can still use standard software and their tools

Configware skills and basic hardware knowledge
are essential qualifications for programmers.

= . We urgently need a fundamental CS Education
FPGA rDPA and Research Revolution for dual-rail-thinking

We need ,,une’ Levée en Masses*
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* thank you for your patience E N D
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backup for

discussion
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U.S. Energy Flow Trends - 2002
Net Primary Resource Consumption ~103 Exajoules E
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U.S. Energy Flow Trends - 2002
Net Primary Resource C ption ~97 Quads
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U.S. 2002 Carbon Dioxide Emissions from Energy
Consumption — 5,682* Million Metric Tons of CO,** E us coz
_ emission

Renewables 3+

Elctiety
o quad: ~30,000 TWh

Natural Gas
1,208

y
distributed
wasted 6730 TWh
carbon dioxide
emissions
total:5,7 Gt
electricity: 2,5 Gt

Invited presentation, CAPES / DAAD cooperation on Reconfigurable Computing: Universidade
de Brasilia / Karlsruhe Institute of Technology, Reitoria, UnB, Brasilia, 25 September, 2008



