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1983: founder of German Mead -&-Conway VLSI design scene:
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Author & compiler writer of ~ KARL [1]:in the 80ies the
most successful HDL and trailblazer before VHDL
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1977, North Holland / American ElseWiestseller
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Professor (ordinarius emeritus), TU Kaiserslautern

Karl Steinbuch
All academic degrees from EE department <
at Karlsruhe Institute of Technology (  KIT )

1981: visiting professor at UC Berkeley -

|IEEE fellow, SDPS fellow, FPL fellow, other awards

Founder and co-founder of several
international annual conference series
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Complete EDA framework [2] around KARL and ABL :
85 mio ECU grant by ESPRIT programme of the EU

formathecking functional automatic test generatig
floorplan graphic editor testability analysis,
calculubased ¢ i my | enbedded ®uter,

term rewriting .
floorplan generator, structured logic synthes

[2] R. Hartenstein: The History of KARL and ABL; in: J. Mermet (g

Fundamentals and Standards in Hardware Description Language
also see: http://xputers.informakikdedikarl/karl_history_fbi.html
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How Societies Chose
to Fail or Succeed

THE NEW YORK TIMES BESTSELLER

Many-core: failure could jeopardize
both, IT industry & sections of
the economy depending on rapid

TU Kaiserslautern

| improvement of IT. [Dave Patterson]

How Socieries

Several recent outages of
cloud computing services.

author of the Pulltver Frive-ninning

Collapse of our computing ecosystem ?

GUNS, GERWS, and STEEL

Unaffordability of von -Neumann-
centric computing could jeopardize
all facets of our global economy.

7 hitp://hartenstein.de

i Energy -efficient Computing
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2 different approaches:

A Low power circuit design  *, SSD, & agreem
ltds important: all sections sh

A The Twin Paradigm approach:
Promising results being better by orders of magnitude

technology established, but massive commitment required

*) e. g. PATMOS annual conference series

© 2010, reiner@hartenstein.de **) remember the talk by Rich Goldman on Ty

Put old ideas into practice

TU Kaiserslautern (POI | P)
OWe need a c-odnepflientigetGoen of

[Burton Smith and other celebrities]

Wrong! | do not agree,  finding out, that ...

[Reiner Hartenstein]

aThe biggest payoff w
putting old ideas into practice and teaching
people how to appl pavidrdnam

OWe need a c-odefipitioe df erriculem
recommendations - mi ssing sever al

[Reiner Hartenstein]
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Motivations for a Game Change

TU Kaiserslautern

Energy consumption of all computers
world -wide may become unaffordable

To enable mastering

the impact of manycore

the programmer population

is not yet existing
Fundamentally new types
of skills for programmers
promise to cool down the
chronic o0soft

© 2010, reiner@hartenstein.de 8 http://hartenstein.de

Re -thinking basic assumptions
TU Kaiserslautern
Instead of physical limits,
fundamental misconceptions of
algorithmic complexity theory
limit the progress and will
necessitate new breakthroughs.

Not processing is costly, but

movingdata and messages
We 6 v e -thiok r
basic assumptions
behind computing
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Equcational Deficits

TU Kaiserslautern

Educational deficits have stalled Reconfigurable
Computing (RC) as well as classical supercomputing

Transdisciplinary fragmentation: each application
domain uses its own trick boxes
Too many sophisticated very clever architectures

We need a fundamental model with a methodology
which all application domains have in common

Transdisciplinary education & basic research needed

© 2010, reiner@hartenstein.de http:/hartenstein.de
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ol d

AMost of the enabling technologies of
Reconfigurable Computing have been
published in the 70ies and 80ies:

AThis is mainly ignored by the CS community
by the tunnel view of a reductionist mind set.

AWe need to think out of the box: R&D and
education need a twin paradigm approach

© 2010, reiner@hartenstein.de http://hartenstein.de

Power Consumption of Computers
Tosersaen has become an industry - wide issue:
incremental improvements are on track, a

awe may uItlmateIpJne
vol uti onar y [#rsSion SBOL[Betkele

x30 til 2030 if trends continue
G. Fettvieis, Energy cost
may overtake a
IT equipment cost 4
in the near future |4
Current trends will lead to [Albert
unaffordable future operation Zopaval
cost of our cyber B
infrastructure
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‘ne“g\‘e\.m 0Soft waks®r thremer

of 08 ¥ memory- cycle - hungry instruction streams

[ Pattersonds Law:
bandmdlh gap grows 50%/y%rT h e Me mor y
[

Patterson has reached >1000x coined by Sally Mcleeuinor)

The von Neumann (overhead piles upto code sizes
cV. Syndrome: (of astronomic dimensions

Ramamoorthy

_—

from earlier talks: from earlier talks:

instruction stream
datastream para\lehsn
paralielism
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Book Outline

A Introduction

A Instruction Stream Machines
A Data Stream Machines

A Hetero Systems

A Time to Space Mapping

A Application Examples

A Outlook
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["‘T‘gzuer 50 years Software Crisis

rt hés nkaawwn
software is
han hardwar e

r INat hanos Stitwaeis a gas.

It expands to fill its container ...
Noa é until being limited by Moor e & s
Nathan Myhrvold [ & Kryd

[Cyril Northcote Parkinson]

In 1955, Parkinson could not have
L ; foreseen the impact of software.
The Economist: Nov 19th 1955 W™ formula: bureaucracy growth independent of actual work to be
Software critics is not new:
F. L. Bauer 1968, coined the t er mPetrSsoNetumnaanrl@5 C r-2083: s
N.N.1995: THE STANDISH GROUP REPORT 216fil nside Risksi
Robert N. Charette 2005:

cover of Comm_AC
Why Software Fails; IEEE Spectrum, Sep P083ain  2006:
Anthony Berglas 2008:

Why it is Important that Software Projects FailWhy Software is b:

Program Performance

ore computers
r mance from chi
[J. Larus: Spending Moord

.. performance drops & other problems Dividend; C_ACM, May 20

in moving single - core to multicore ...

Since People have to write code differently,

we anyway need a SgTware=t=ducation Revolution ..
Programming

.. the chance to move RC  *from niche to mainstream

Embedded syst . & hdw scene have the right background
to reform the parallelism education of programmers

Missing programmer population, tools and methodology:
a scenario like before the Mead - & Conway revolution

© 2010, reiner@hartenstein.de *) RC = Reconfigurable Comput 18 http:/hartenstein.de
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A Heliocentric CS Model needed

TU Kaiserslautern

special
Flowware
Engineering

time to space
i 7Py,

mapping
~._issue

o data

Streams:*
(the other subdomuin),’,

O . v, N
D) e S
Software 2<_ ;" Program Y<—""
Engineering ‘\\\\\ Engineering / .-

gene\"c\ e

-
_ -~ *do not confuse
wi t h Ada

The Generalization of

2 5 win Paradigm Dual
Software Engineering i

Dichotomy Approach.
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VLS| design.edycation spreading rapidly
1981- 1983 - world -Wwi

IR

{ U

.Afewexamples: '+ * I,
|
EUROCHIP (EU) [1984..] _

E.I.S. Projekt (DE): L
20 universities [1983...]

Teaching properly

Lean extension of SE

education: avoiding to
o L scare away students
& poip)

PuIOI

aThe biggest payoff
Putting Old ideas into Practice

and teaching people

how to apply

=

David Parnas

t hem
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i Following the exemplar: our ideal:
ma.se,s.ame,eomgaw"‘e‘° (~198@& )The VLSI Revolution

r'e“a(\o

Solving the VLSI design crisis: The brain child of:

mi ssing reply t

missing designer population & tools

- ~
educational framework to create a ~ “ver™ead by Comvay
designer and researchers population

Incubator of EDA *i ndustry, w

The most influential research project
in modern computer history *) Electronidext book [1980]
( (Bestseller !')
Automation

N
&
© 2010, reiner@hartenstein.de 20 Ay Desi(

The VESKRevolytion

rogrammin
Wibwsaian < otare programming
Solving the \WLSkdesmTCriSiS: ol
mi ssing t o
vN syndrome

_ programmer )
missing &estgrreTpopulation & tools

educational framework to create
& researcher population
programmer

Incubator E-DAEIT:k ndus,
Next most influential R&D project /

%) Program —22 ) personal The Next H Bool

'
© @harte |
© 2010, reiner@hartenstein.de Engineering SuperComputers ~ Bestseller !

T .gé\l\/l-& -C-like textbook needed
U rslauten%\d\e(\\‘o\] avoiding specialization overload
(3

conventional design flow: T W Mo "C The text book [1980] ( Bestselle

Anwendung Carver Mead Lynn Conway

submit reject

RT level

submit reject
Gate level Clean -up&
reject intuitive models
Switching level —)
reject Fixing the
Education
Circuit level Dilemma

Layout level

Technology
on site’

ssprrrs—— > . -
Breadth of specializatiori® Breadth of specializatipa - -
F massively reduced|St r essi ng 0S
4
=

24

S 0

=

1o

g

=
1)
=
=)
s

tall thin man
<— coherence

af albes
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Book Outline

A Introduction

A Instruction Stream Machines «
A Data Stream Machines

A Hetero Systems

A Time to Space Mapping

A Application Examples

A Outlook
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Early LUT

aiserslautern

field -programmable:

Ananually

Kor, by swapping pre -
wired plug boards

nonv ol at i e configurat.
60 years later:

RAM available
f. configuration

© 2010, reiner@hartenstein.de 27

But only used for von
Neumann machine

http://hartenstein.de

: Teaching for Change: an early martyr
TU Kaiserslautern

D. L. Parnas (kevnote):
2 H H H Teaching for Change |
a T uri1n g ) lO‘“Eonr Softw. Engitfeerfng BdutAtidn [ j-i

punished for blasphemy ? and Training (CSEET '97)

_The von Neu_mann model . (mimicking tape
is the emulation of a tape machine

aThe von Neumann

coined ~ a decade later San Diego, CA

Critique of von Neumann is not new: Nea

Dijkstra  1968: The Goto considered harmiidter G. Neumann  1985-2003: 216x Id nbs b d

R. Hartenstein , G. Koch 1975: The universal Bus considered ha"n%dlears(;?go%ma%é:&

Backus 1978: Can programming be liberated from the von Neumann Stlegavaln 2006:
Sof

Arvind etal.1983: A critique of Multiprocessing the von Neumar

IEEE Computer Society EAB November 2005 at Philadelphia
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The first Reconfigurable Computer

Aprototyped 1884
byHerman Hollerith

=171 Aa century before
i FPGA introduction

Adata-stream -based

260 years later the
von Neumann (vN)
model took over

Ainstruction - stream - based

© 2010, reiner@hartenstein.de 26 http://hartenstein.de

The History of Mainframes

TU Kaiserslautern .
M&C misunderstood: only for

chip designers & toolmakers

AReconfigurable was first (the tall thin man)

AVon Neumann had the strongest lobby
AVon-Neumanized hardware design

AProblems with hardware description languages

al understand ever yThdsoftware facalty didmotu g t
I do not know any el ec supmomthicnsind set

But curriculum planners insisted in

Every student had to learn
going through all abstraction levels

how to design a CPU

http:/hartenstein.de

1 _..The von Neumann Paradigm Trap

CS educatlon got stuck in this paradigm tra
which stems from technology of the 1940s

CS educationds right
its left eye suffers from tunnel view

We need atwin - paradigm approach
ABurks, Goldstein, von Neumann; 1946]

AProgram counter at Datapath Unit

AAntimachine:
Adata counter(s) at memory unit(s)

30 http://hartenstein.de
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Instruction Stream Machines

iserslautern TU Kaiserslautern
A avery simple von Neumann machine explained at bit level .

program sequencer explained, opcode, control structures,
loops, simulator, simple example exercisesd

imperative language, compilation, execution on von Neumann

simulator, example exercises s (Old Sthf)

parallel processes, Hoare, MPI, etc  -- extremely simple !!
a supercomputing example (differential equations ?)

The von Neumann Syndrome

0, reiner@hartenstein.de http://hartenstein.de © 2010, reiner@hartenstein.de http:/hartenstein.de

Instruction Stream Machines 7% Compilation: Software

Kaiserslautern TU Kaiserslautern
(von Neumann model)
A avery simple von Neumann machine explained at bit level
program sequencer explained, opcode, control structures,
loops, simulator, eimple example exercisesd

A imperative language, compilation, execution on
von Neumann simulator, example exercises «

source program

software
A parallel processes, Hoare, MPI, etc  -- extremely simple !! Comp”

A a supercomputing example (differential equations) instruction schedule
software code (Befehls -Fahrplan)
sequential

A The von Neumann Sy

© 2010, reiner@hartenstein.de 3 http://hartenstein.de © 2010, reiner@hartenstein.de 3 http:/hartenstein.de

imperative Software Language (control part Instruction Stream Machines

rslautern rslautern

Software Languages A a_ver_y simple von Neumapn machine explained at bit level
language catego instruction stream program sequencer explained, opcode, control structures,
S duc T strea s loops, simulator, eimple example exercisesd
deterministic [P M SISe IS
traceable, checkpointabl

- - imperative language, compilation, execution on
read next instruction, von Neumann simulator, example exercises
goto (instr. addr.),

jump (to instr. addr.),

instr. loop, loop nestin
no parallel loopsescapes,
instruction stream branchi

state register S Bt et The von Neumann Syndrome

© 2010, reiner@hartenstein.de http://hartenstein.de © 2010, reiner@hartenstein.de http://hartenstein.de

operation
sequence parallel processes, Hoare, MPI, etc  -- extremely simple !! «
driven by:

a supercomputing example (differential equations)

IEEE Computer Society EAB November 2005 at Philadelphia 6
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/- - IH /nstruction Stream Machines

TU Kaiserslautern

A avery simple von Neumann machine explained at bit level
program sequencer explained, opcode, control structures,
loops, simulator, eimple example exercisesd

A imperative language, compilation, execution on
von Neumann simulator, example exercises

A parallel processes, Hoare, MPI, etc  -- extremely simple !!

A a supercomputing example (differential equations) «

A The von Neumann S

010, reiner@hartenstein.de http://hartenstein.de © 2010, reiner@hartenstein.de http:/hartenstein.de
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A avery simple von Neumann machine explained at bit level
program sequencer explained, opcode, control structures,
loops, simulator, eimple example exercisesd

A imperative language, compilation, execution on
von Neumann simulator, example exercises

A parallel processes, Hoare, MPI, etc  -- extremely simple !!

A a supercomputing example (differential equations)

A The von Neumann Syndrome «

© 2010, reiner@hartenstein.de http://hartenstein.de © 2010, reiner@hartenstein.de 40 http:/hartenstein.de

von Neumann overhead vs. e T BT SR
Reconfigurable Computlng)

DPU  DPU (DPU rDPU

von Neumann overhead vs.
Reconfigurable Computing)

rDPU DPU rDPU rDPU rDPU  DPU (DPU rDPU

fDPU rDPU rDPU rDPU

(coarsegrained rec.)
(coarsegrained rec.)

uSil'\g S‘n doTG using rDPU  DPU rDPU rDPU

PU DPU DPU  rDPU program counters reconf.gur‘able DPU DPU DPU  DPU
dat

sing data s\ing
! using ;
rDPA: reconfigurable datapath array ‘counte! a counte! S

ble
rograrm fers reconfigurd
rDPA: reconfigurable datapath array ‘counter coun data counters

von Neumann | hardwired | reconfigurablg von Neumann hardW|red reconfigurabldg

overhead overhead

instruction fetch instruction fetch

siate address compUEfintrcton s none” | S aess oI siuciontea by A
o : 5 fogol: X 17 SPe"‘ P xumple)
data address computatio| [data address compu alidinstruction strea image proc essing €

data meet PU + other overinstruction streal data meet P + other over
/010 /from ofip RAW /010 from ofip RAM

Inter PU communication Inter PU communication | j i edu

fnstruct!on streal none _ fnstructfon streal oot X 15 000 Tog%lnsge ch?r

message passing overhe message passing overhepithstruction strez '¢r.om this migra |

*) configured before run timg i

**) just by reconfigurable address generator ~) configur i

© 2010, reiner@hartenstein.de http://hartenstein.de
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Data meeting the Processing Unit (PU)
We have
2 choices

routing the data by
memory-cycle-hungry|
instruction streams
thru shared memory

.. explaining the RC advantage
by Software
=

Y}
PRCHSTTe il Configware
placement” of the
execution locality ...

pipe network generateia =
by configware compilati¢ft
Y 9 P *) before run time

© 2010, reiner@hartenstein.de http://hartenstein.de

TU Kaiserslautern

A For HPC run time is more
precious than compiletime

A Reconfigurable Computing
means moving overhead fr
run time to compile time *

A Reconfigurable Computing
replaces 0l oopi

€ by configuration before run time

**) or, loading time *) e. g. complex address computg

© 2010, reiner@hartenstein.de 45 http://hartenstein.de

We need a new machine paradigm

- data-stream -based
(\' } mind set

X

a programmer does not understand function evaluation
without machine mechanisms - wi t h oya pogr {

data

TU Kaiserslautern

we urgently need a
datastream based

machine paradigm it was pepared 4
almost 30 years ago

© 2010, reiner@hartenstein.de 47 htp:/ihartenstein.de
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M Thevon Neumann Syndrome

}H'?f,xxﬂfé"ing potmodel  The instruction -stream -based

von Neumann approach:

The data -stream -based
anti machine approach:

v 8l

hitp://hartenstein.de

/
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Book Outline

A Introduction

A Instruction Stream Machines
A Data Stream Machines

A Hetero Systems

A Time to Space Mapping

A Application Examples

A Outlook

<=
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. Compllatlon Software vs. Configware

source program
software
compiler

software code

placement source aprogramo

& routing

configware
compiler

data streams

© 2010, reiner@hartenstein.de http:/hartenstein.de
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Configware Compilation

éSM: Auto -
equencin
(I;J/IA":I'CI)-IT;EAP Me?nories B

%ﬁ%%’%?ﬁgt source éprograme

S - i \
confi lati
fundamentally diterent ||~ Mapper cdaa
from software compilati configware

compiler | programming

4
the data
COnélgV\éarel data scheduler counters [

d

pipe network

iserslautern

v
flowware code

0, reiner@hartenstein.de 49 http://hartenstein.de

Having introduced Data strea

TU Kaiserslautern time H. T. Kung
~1980
(pipe network)

time
no memory wall

execution:
transport
triggered

output data streams

systolic array resear
throughout the 80ies:
mainly algebra experts

© 2010, reiner@hartenstein.de http://hartenstein.de

nice time/space

notation - defines:
... which data item
at which time time Al gebr a

at which port hobby, early 80ies
input data stream

The Systolic Array

(H. T. Kung paradigm)

rslautern

(pipe network) DPA* )
*)DatePathArray .. < port #
(array of DPUs) X X N

DataPathU nit has

port #

output data streams

time

\ ' 53 http://hartenstein.de
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Data Stream Machine

TU Kaiserslautern
Systolic array, def of datastream  -simple !! -- (e. g. «
Matrix compute) examples intro, simulator, exercises
introducing the datastream machine

DMA, auto -sequencing memory, data stream machine
exercises programming data streams e.qg.of prev. section

A introducing a flowware language, implement a compiler
example exercises running on datastream machine

A introductory examples illustrate datastream machine use

© 2010, reiner@hartenstein.de 50 http://hartenstein.de

T The right road map to HPC:
Tukasesaertnere ignored for decades

massively reducing memory cycles

DPU operation is DPA X
transport -triggered X

no instruction streams
no message passing

nor thru common memory

output data streams
where were the
supercomputing people ?

© 2010, reiner@hartenstein.de http://hartenstein.de

Yielding only linear unifornm pipes

rslautern

scheduling
mapping (data stream
formation)

applications pipeline propertie

f regulardata 3 P
systolic linear projectioror

array Iy algebraic synthesis

© 2010, reiner@hartenstein.de http:/hartenstein.de
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‘.educ:;"‘;‘:;‘:t Synthesis Method?

isersiauter@ PP . . . .
of course algebraic (linear projection)
only for applications with regular data dependencies

Algebra experts caught by their own paradigm trap

1995

A,
Rainer Kress discarded their algebraic synthesis
methods and replaced it by simulated annealing:

rDPA

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

What pipe network ?
TU Kaiserslautern array port receiving or
rDPU — rDPY

DPU  DPUTT

pipe network,
organized at
compile time /

DPU,”— 1DP

Generalization " of
the systolic array DA
[R. Kress, 1995]

*) supporting nofinear pipes
on free form hetero arrays IDEU] LrDRY

rDPA=1DPU arra
DPU  1DPU i. e. coarsgrained

rDPU  rDPU

rDF;U: reconf. datapg
nit (no program cou

© 2010, reiner@hartenstein.de http:/hartenstein.de

I: DE olic arra
A S

ar beyond %miyiﬂ% 7 &
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ea .:. 1} ) i il ! 7 s
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Super Pipe Networks

TU Kaiserslautern

T i /
he key is mapping, rather than architecture

scheduling
mapping (data stream
formation)

applications pipeline propertie

systolic linear projectior
array algebraic synthesis

super similated | (e.gforcedirectec
systolic no restrictions annealing o scheduling
rDRA P&R algorith algorithm

*) KressArray [1995]

© 2010, reiner@hartenstein.de 56 http://hartenstein.de

rray port receiving or more generalization
ending a data stream

TU Kaiserslautern’
another free form .
pipe network example: B PU ™ PU T rDPU
honeycomb architecture |
. . N = mPU ~ mPUT DPU
Generalization of
the systolic array ,

*) supporting nofinear pipes
)on ‘f)r%e for?n hetero aer%@g
also zigzag, spiral, fork anera
join, and even more craz
routing patterns tolerated 1OPU] [DPU] (P
[R. Kress, 1995] DPU DPU rDPU rDPU rDPU array
' DPU  DPU  rDPU

rDPU=
reconfigurable
datapath unit
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Data Stream Machines

TU rslautern

A Systolic array, def of datastream  -simple !! -- (e. g.
Matrix compute) examples intro, simulator, exercises

A introducing the datastream machine «

A DMA, auto -sequencing memory, data stream machine
exercises programming data streams e.g.of prev. section

A introducing a flowware language, implement a compiler
example exercises running on datastream machine

A introductory examples illustrate datastream machine use
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