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1981: visiting professor at UC Berkeley  

IEEE fellow, SDPS fellow, FPL fellow, other awards  

Professor (ordinarius emeritus), TU Kaiserslautern  

my CV (1) 

Founder and co-founder of several 
international annual conference series  

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

Karl Steinbuch 

2 

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

TU Kaiserslautern 

Viktor Prasanna called him ăThe father of Reconfigurable 
Computingò (also pre-FPGA era)  -- (ĂGerald Estrin: grandfather  of  RCñ) 

1983: founder of German Mead -&-Conway VLSI design scene:  
the multi university ăE.I.S. project ò (grant: 35 million DM ) 

my CV (2) 

Author & compiler writer of KARL [1]: in the 80ies the  
most successful HDL and trailblazer before VHDL  

[1]  R. Hartenstein: Fundamentals  of Structured Hardware Design, 

1977,  North Holland / American Elsevier --  bestseller  
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Complete EDA framework [2]  around KARL  and ABL : 
85 mio ECU  grant  by ESPRIT programme of the EU  

my CV (3) 

format-checking functional 
floorplan graphic editor 

[2]  R. Hartenstein: The History of KARL and ABL; in: J. Mermet (editor): 
Fundamentals and Standards in Hardware Description Languages;  1993. 

 also see:  http://xputers.informatik.uni-kl.de/karl/karl_history_fbi.html 

calculus-based    
term rewriting 
floorplan generator,  

automatic test generation,  

testability analysis, 

embedded router, 

structured logic synthesis,  

simulator é 
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my CV (4) 

consulting  

Hans-D. Genscher, 
Foreign Secretary     
& Vice-Chancellor 

lobbying &  
consulting  

Heinz Riesenhuber,   
Helmut Kohlôs Tech     
& Research Secretary 

Konrad Schwaiger, 
Commission of the 

European Union 

popular 
science 
book 

writing for 
newspapers 

local 

global 

global 

http://hartenstein.de/Pressespiegel.html  
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some of my hobbies 
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Book Outline  

ÅIntroduction  

ÅInstruction Stream Machines  

ÅData Stream Machines  

ÅTime to Space Mapping  

ÅHetero Systems  

ÅApplications  

ÅOutlook  

http://hartenstein.de/Pressespiegel.html
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How Societies Chose 

to Fail or Succeed  

Collapse of our computing ecosystem ?  

Unaffordability of von -Neumann-
centric computing could jeopardize 

all facets of our global economy.  

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

improvement of IT. [Dave Patterson]  

Several recent outages of   
cloud computing services.  

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

TU Kaiserslautern 

8 

Motivations for a Game Change  

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 òsoftware crisisó 
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Energy -efficient Computing  

ÅLow power circuit design *, SSD, & ăgreen computersò**:  

ÅThe Twin Paradigm approach:  

Itôs important: all sections should be supported 

Promising results being better by orders of magnitude  

technology established, but massive commitment required  

2 different approaches:  

*) e. g. PATMOS annual conference series 

9 **) remember the talk by  Rich Goldman on Tuesday ! © 2010, reiner@hartenstein.de  http://hartenstein.de  
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Re -thinking basic assumptions  

Instead of physical limits,        
fundamental misconceptions of 
algorithmic complexity theory             

limit the progress and will         
necessitate new breakthroughs.  

Not processing is costly, but 
moving data  and messages 

Weõve to re- think 
basic assumptions 
behind computing  
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Put old ideas into practice  

(POIIP)  

 

11 

... ăThe biggest payoff will come from 
putting old ideas into practice and teaching 
people how to apply them properly.ò [David Parnas] 

òWe need a complete re-definition of CSó 
[Burton Smith and other celebrities] 

Wrong! I do not agree,  
[Reiner Hartenstein] 

finding out, that ...  

òWe need a complete re- definition of curriculum 
recommendations -  missing several key issues.ó 

[Reiner Hartenstein] 
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Educational Deficits  

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  

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

Transdisciplinary education & basic research needed  

12 
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ÅMost of the enabling technologies of 
Reconfigurable Computing have been    
published in the 70ies and 80ies:  

13 

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

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

ÅIntroduction  

ÅInstruction Stream Machines  
ÅData Stream Machines  
ÅHetero Systems  
ÅTime to Space Mapping  
ÅApplication Examples  
ÅOutlook  
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Power Consumption of Computers  

Energy cost     
may overtake      

IT equipment cost               
in the near future  

 

but ăwe may ultimately need 
revolutionary new solutionsò  [Horst Simon, LBNL, Berkeley] 

... has become an industry - wide issue: 
incremental improvements are on track,   

[Albert 
Zomaya] 

 

Current trends will lead to 
unaffordable future operation 
cost of our cyber 
infrastructure  

Power consumption by internet: 
x30 til 2030 if trends continue  
G. Fettweis,  E. Zimmermann: ICT Energy Consumption - Trends 
and Challenges; WPMC'08, Lapland, Finland, 8 ï11 Sep 2008  

15 
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50 years Software Crisis  

Nathanõs Law: Software is a gas.         
It expands to fill its container ...  

Nathan Myhrvold 

é until  being limited  by  Mooreõs Law 
[& Kryderôs Law]  

Wirthôs Law 

òsoftware is slowing faster  
than hardware is acceleratingò 

Oct 1957 
The Economist: Nov 19th 1955  

In 1955, Parkinson could not have 
foreseen the impact of software.   
formula: bureaucracy growth independent of actual work to be done 

[Niklaus Wirth] 

[Cyril Northcote Parkinson] 

Software critics is not new:  

F. L. Bauer 1968,  coined the term ĂSoftware Crisisñ 

N. N. 1995:  THE STANDISH GROUP REPORT  

 
Robert N. Charette 2005:  Why Software Fails; IEEE Spectrum, Sep 2005 

Anthony Berglas 2008:  Why it is Important that Software Projects Fail 
L. Savain 2006: 
Why Software is bad 

Peter G. Neumann 1985 -2003:  

216x ñInside Risksñ(18 years inside back 
cover of Comm_ACM) 

term by  
F. L. Bauer 
[1968] 
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òSoftwareó 

overhead  piles  up to  code sizes           
of astronomic dimensions  

The  von  Neumann 

Syndrome:  

stands for extremely                          
memory- cycle - hungry instruction streams  

stolen from Bob Colwell  

memory 
wall, 

caches, 
... 

from earlier talks: from earlier talks: 

datastream 
parallelism  

instruction stream 
parallelism  

data meet PU 

C.V. 
Ramamoorthy 

òThe Memory Walló 

coined by Sally McKee (& co-author) 

Pattersonõs Law: 

Dave 
Patterson 

bandwidth gap grows 50% / year 

has reached >1000x 

17 
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Program  Program Performance  

ăMulticore computers shift the burden of software 
performance from chip designers to programmers.ò 

we anyway need a Software Education Revolution ...  
Since People have to write code differently,  

[J. Larus: Spending Moore's 
Dividend; C_ACM, May 2009] ... performance drops & other problems 

in moving single - core to multicore ...  

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

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

*) RC = Reconfigurable Computing 

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

program  program  

Programming Programming 

18 
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A Heliocentric CS Model needed  

FE 

Flowware  

Engineering  

PE 

Program 
Engineering  

The Generalization of  
Software Engineering ñ  

A Twin Paradigm Dual 
Dichotomy Approach.  

time to space 
mapping  

issue 

SE 

Software  

Engineering  

RPY RPY 

special 

*) do not confuse 
with Ădataflowñ! 

19 © 2010, reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

Following the exemplar: our ideal:  

educational framework to create a 
designer and researchers population  

20 

The most influential research project 

in modern computer history .  

The brain child of:  

Carver Mead  Lynn Conway 

(~1980-é) The VLSI Revolution  

Solving the VLSI design crisis: 
missing reply to Mooreôs Law  

missing designer population & tools  

Incubator of EDA * industry, workstationsé  

*) Electronic 
Design 
Automation 

text book [1980] 
( Bestseller ! ) 
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VLSI design education spreading rapidly  

1981 - 1983 

A few examples:  

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

EUROCHIP (EU) [1984...]  

21 

world -wide  
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The most influential research project 

in modern computer history .  

The VLSI Revolution  

educational framework to create 
designer & researcher population  

22 

  

Carver Mead  Lynn Conway 

Solving the VLSI design crisis: 
missing reply to Mooreôs Law  

missing designer population & tools  

Incubator EDA  industry, workstationsé  

software  software  

vN syndrome  vN syndrome  

programmer  programmer  

PE* PE* 

programmer  programmer  

PSCs** PSCs** 

programming  programming  

following the exemplar: 

The Next Text Book 
Bestseller !  

Next most influential R&D project   Next most influential R&D project   

*) Program 
Engineering 

**) personal 
SuperComputers 
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Teaching properly  

ăThe biggest payoff will come from 
Putting Old ideas into Practice   

and teaching people                  
how to apply them properly.ò  

D
a

v
id

 P
a
rn

a
s

 

(POIIP)  
Put Old ideas into Practice 

Lean extension of SE 
education: avoiding to 

scare away students  
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M-& -C-like textbook needed    

avoiding specialization overload  

24 

Breadth of specialization 
massively reduced 

Clean -up &  

intuitive models  

Fixing the 

Education 

Dilemma  

Silicon Foundry 

(external technology)  

Gate level  

Switching level  

Circuit level  

RT level  

Anwendung  

Layout level  

Technology  

on site  

submit reject 

submit reject 

submit reject 

submit reject 

submit reject 

conventional design flow:  

f
r
a

g
m

e
n
t
a
t
io

n
 

  

t
a

ll
 
t
h

in
 
m

a
n

 

application  

The new M -& -C 

organization:  

Carver Mead  Lynn Conway  

stressing òSystemsó 

c
o
h
e
r
e
n
c
e

 

The text book [1980] ( Bestseller ! ) 

Breadth of specialization 

ă
f
a
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-
l
e
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Book Outline  

ÅIntroduction  
ÅInstruction Stream Machines  

ÅData Stream Machines  
ÅHetero Systems  
ÅTime to Space Mapping  
ÅApplication Examples  
ÅOutlook  
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The first Reconfigurable Computer  

Åprototyped 1884     
by Herman Hollerith  
Åa century before 
FPGA introduction  

Ådata -stream -based Ådata -stream -based 

Å60 years later the 
von Neumann (vN) 
model took over  

Åinstruction - stream - based Åinstruction - stream - based 

26 
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Early LUT  

60 years later: 
RAM available      
f. configuration  

non-volatile configuration òmemoryó 

field -programmable:  

Åmanually 

Åor, by swapping pre -
wired plug boards  

But only used for von 
Neumann machine (at 
that time)  

27 © 2010, reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

28 

The History of Mainframes  

ÅReconfigurable was first  

ÅVon Neumann had the strongest lobby  

ÅVon-Neumanized hardware design  

ÅProblems with hardware description languages  

But curriculum planners insisted in 
going through all abstraction levels  

ăI understand everything, although 
I do not know any electronicsò 

The software faculty did not 
support this mind set  

Every student had to learn 
how to design a CPU 

M&C misunderstood: only for 
chip designers & toolmakers 

(the tall thin man)  
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Teaching for Change: an early martyr  

ăTuring is irrelevantò 

The von Neumann model                       
is the emulation of a tape machine  

http://www.sigsoft.org/SEN/parnas.html   

D. L. Parnas (keynote):             

"Teaching for Change ñ;                        

10th Conf. Softw. Engineering Education 

and Training (CSEET '97) 

ăThe von Neumann syndromeò:          
coined ~ a decade later  

Prof. C.V. 
Ramamoorthy,    
(UC Berkeley), 

SDPS  2006, 
San Diego, CA 

Brad Cox 1990: Planning 
the Software Industrial Revolution 

Dijkstra 1968: The Goto considered harmful 
 

R.  Hartenstein , G.  Koch 1975: The universal Bus considered harmful 
 
Backus 1978: Can programming be liberated from the von Neumann style? 

Arvind  et al., 1983: A critique of Multiprocessing the von Neumann Style 
L. Savain 2006: 
Why Software is bad é 

Peter  G. Neumann  1985-2003: 216x ñInside Risksñ                         
(18 years inside back cover 

of Comm_ACM) 

Critique of von Neumann is not new:  

punished for blasphemy ?                                       

(mimicking tape 
on RAM) 

Peter G. 
Neumann 

Teaching for Change  

29 
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The von Neumann Paradigm Trap 

ÅAntimachine:  

Ådata counter(s) at memory unit(s)  

Å[Burks, Goldstein, von Neumann; 1946]  

ÅProgram counter at Datapath Unit  

CS education got stuck in this paradigm trap 

which stems from technology of the 1940s  

We need a twin - paradigm approach  

CS educationõs right eye is blind, and 

its left eye suffers from tunnel view  

http://www.sigsoft.org/SEN/parnas.html
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Instruction Stream Machines  

Å a very simple von Neumann machine explained at bit level  
program sequencer explained, opcode, control structures,  
loops, simulator, simple example exercisesd  

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

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

Å a supercomputing example (differential equations ?)  

Å The von Neumann Syndrome 
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... (old stuff)  
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Instruction Stream Machines  

Å a very simple von Neumann machine explained at bit level  
program sequencer explained, opcode, control structures,  
loops, simulator, eimple example exercisesd  

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

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

Å a supercomputing example (differential equations)  

Å The von Neumann Syndrome 

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

TU Kaiserslautern 

34 

Compilation: Software  

source program  

software  
compiler  

software code  

Software 
Engineering 
Software 

Engineering 

instruction schedule  

(Befehls -Fahrplan)  

sequential  

(von Neumann model) 
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imperative Software Language (control part)  

language category 
Software Languages 
(instruction streams) 

deterministic 
procedural sequencing: 

traceable, checkpointable 

operation 
sequence  
driven by: 

read next instruction, 
 goto (instr. addr.), 

 jump  (to instr. addr.), 
 instr. loop, loop nesting 

no parallel loops, escapes, 
instruction stream branching 

state register program counter 

address 
computation 

massive memory  
cycle overhead 

Instruction fetch memory cycle overhead 

parallel memory 
bank access interleaving only 

 

 

co-located 
with datapath 
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Instruction Stream Machines  

Å a very simple von Neumann machine explained at bit level  
program sequencer explained, opcode, control structures,  
loops, simulator, eimple example exercisesd  

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

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

Å a supercomputing example (differential equations)  

Å The von Neumann Syndrome 
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... (old stuff)  
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Instruction Stream Machines  

Å a very simple von Neumann machine explained at bit level  
program sequencer explained, opcode, control structures,  
loops, simulator, eimple example exercisesd  

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

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

Å a supercomputing example (differential equations)  

Å The von Neumann Syndrome 
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Instruction Stream Machines  

Å a very simple von Neumann machine explained at bit level  
program sequencer explained, opcode, control structures,  
loops, simulator, eimple example exercisesd  

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

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

Å a supercomputing example (differential equations)  

Å The von Neumann Syndrome 
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von Neumann overhead vs. 
Reconfigurable Computing  

overhead  
von Neumann 

machine 
hardwired  

anti machine 
reconfigurable 
anti machine 

instruction fetch instruction stream none* 

state address computation instruction stream none* 

data address computation instruction stream none* 

data meet PU + other overh. instruction stream none* 

i / o to / from off-chip RAM instruction stream none* 

Inter PU communication instruction stream none* 

message passing overhead instruction stream none* 

*) configured before run time 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPA: reconfigurable datapath array rDPA: reconfigurable datapath array 

(c
o

a
rs

e-g
ra

in
e

d
 r

e
c
.) 

(c
o

a
rs

e-g
ra

in
e

d
 r

e
c
.) 
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overhead  
von Neumann 

machine 
hardwired  

anti machine 
reconfigurable 
anti machine 

instruction fetch instruction stream none* 

state address computation instruction stream none* 

data address computation instruction stream none* 

data meet P + other overh. instruction stream none* 

i / o to / from off-chip RAM instruction stream none* 

Inter PU communication instruction stream none* 

message passing overhead instruction stream none* 

**) just by reconfigurable address generator 

von Neumann overhead vs. 
Reconfigurable Computing  

*) configured before run time 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPA: reconfigurable datapath array rDPA: reconfigurable datapath array 

(c
o

a
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d
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e
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.) 
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o
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Data meeting the Processing Unit (PU)  

by Software 

by 
Configware 

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

data -stream -based: 
placement *  of the 
execution locality ...  

We have  
2 choices  

pipe network generated   
by configware compilation 

... explaining the RC advantage 

*) before run time  

(data) 

(PU)  

43 © 2010, reiner@hartenstein.de  http://hartenstein.de  
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The von Neumann Syndrome 

The data -stream -based 
anti machine approach:  

The instruction -stream -based 
von Neumann approach: 

has no von 
Neumann 
bottle -
necks 

has no von 
Neumann 
bottle -
necks 

the watering pot model  
[Hartenstein] 

has    
several    

von 
Neumann 
overhead 

phenomena 

has    
several    

von 
Neumann 
overhead 

phenomena 

per 
CPU
! 

44 
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Reconfigurable Computing means é 

ÅReconfigurable Computing   
means moving overhead from   
run time to compile time **  

ÅFor HPC run time is more 
precious than compiletime  

ÅReconfigurable Computing                   
replaces òloopingó at run time* é 

http://www.tnt-factory.de/videos_hamster_im_laufrad.htm 

é by configuration before run time  

*) e. g. complex address computation **) or, loading time 
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Book Outline  

ÅIntroduction  
ÅInstruction Stream Machines  
ÅData Stream Machines  

ÅHetero Systems  
ÅTime to Space Mapping  
ÅApplication Examples  
ÅOutlook  
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We need a new machine paradigm 

a  programmer does not understand function evaluation 
without machine mechanisms - without a pogram counter é 

  

data -stream -based 
mind set  

we urgently need a 

datastream based 

machine paradigm  

we urgently need a 

datastream based 

machine paradigm  it was pepared 
almost 30 years ago  

x 
x 
x 

x 
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Compilation: Software vs. Configware  

source program  

software  
compiler  

software code  

Software 
Engineering 
Software 

Engineering 
Configware 
Engineering 
Configware 
Engineering 

placement 
& routing  

scheduler  

flowware code  

data  

C, FORTRAN 
MATHLAB, é 

instruction streams data streams configuration 

configware 
code 

mapper 

configware  
compiler  

source ăprogramò 
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data 
counter 

GAG RAM 

ASM 

data 
counter 

GAG RAM 

ASM 

data 
counter 

GAG RAM 

ASM 

Configware Compilation  

configware 
code 

flowware code  

mapper 

configware  
compiler  

scheduler  

source ěprogramę 

Configware 
Engineering 
Configware 
Engineering 

placement 
& routing  

data  

C, FORTRAN 
MATHLAB 

programming 
the  data 
counters  

configware compilation 
fundamentally different 
from software compilation 

configware compilation 
fundamentally different 
from software compilation 
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|  

|  
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|  

|  

|  

|  

|  data streams  

rDPA  

pipe network  

data 
counter 

GAG RAM 

ASM: Auto -
Sequencing 
Memories  ASM 
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Data Stream Machines  

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

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

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

Å  introductory examples illustrate datastream machine use  

Å introducing the datastream machine  
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Having introduced Data streams  
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|  
output data streams  

time  

port #  

time  

time  

port #  
time  

port #  

   

systolic array research 
throughout the 80ies: 

mainly algebra experts  

~1980 

DPA  (pipe network)  
  

execution: 
transport-
triggered 

no memory wall  

H. T. Kung 
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DPA 

x 
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input data streams  
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x 
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|  

|  

|  

|  

|  

|  

|  

|  

|  

|  

|  

|  
output data streams  

DPU operation is 
transport -triggered  

no instruction streams  

no message passing 

nor thru common memory  

where were the  
supercomputing people ?    

massively reducing memory cycles  

The right road map to HPC: 
there ignored for decades  
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|  
output data streams  

time  

port #  

time  

time  

port #  
time  

port #  

                defines: 
... which data item 
at which time      
at which port  

(H. T. Kung paradigm) 

Algebra expertsô    
hobby, early 80ies  

DPA* (pipe network)  
*) DataPath A rray 

(array of DPUs) 

  

The Systolic Array  

DataPath Unit has 
no program counter! 

itôs no CPU! 

nice time/space 
notation -  
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Yielding only linear unifornm pipes  

pipeline properties 
array applications 

shape resources 

mapping 
scheduling 
(data stream 
formation) 

systolic 
array 

regular data 

dependencies 
only 

linear 
only 

uniform 
only 

linear projection or  
algebraic synthesis 

super-
systolic 
rDPA 

no restrictions 
simulated 

annealing or 
P&R algorithm 

(e.g. force-directed) 
scheduling 
algorithm 

 

 

* 
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of course algebraic (linear projection)  

only for  applications with regular data dependencies  

Algebra experts caught by their own paradigm trap  

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

1995  

Synthesis Method?  
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Super Pipe Networks  

pipeline properties 
array applications 

shape resources 

mapping 
scheduling 
(data stream 
formation) 

systolic 
array 

regular data 

dependencies 
only 

linear 
only 

uniform 
only 

linear projection or  
algebraic synthesis 

super-
systolic 
rDPA 

no restrictions 
simulated 

annealing or 
P&R algorithm 

(e.g. force-directed) 
scheduling 
algorithm 

 

 

* 

*) KressArray  [1995] 
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pipe network, 
organized at 
compile time  

rDPA = rDPU array, 
i. e. coarse-grained 

rDPU = reconf. datapath 
unit (no program counter) 

What pipe network ?  

rDPA rDPA 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

Generalization
*

 of 

the systolic array  

array port receiving or 
sending a data stream 

rDPA rDPA 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 
[R. Kress, 1995] 

*) supporting non-linear pipes 
on free form hetero arrays  
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another free form            
pipe network example: 

honeycomb architecture  

rDPA =   
rDPU array 

rDPU = 
reconfigurable 
datapath unit 

more generalization  

Generalization
*

 of 

the systolic array  

array port receiving or 
sending a data stream 

[R. Kress, 1995] 

*) supporting non-linear pipes 
on free form hetero arrays ð 
also zigzag, spiral, fork and 
join, and even more crazy 
routing patterns tolerated  

rDPA rDPA 

rDPU rDPU rDPU rDPU rDPU rDPU 

rDPU rDPU rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU 

rDPU rDPU rDPU rDPU rDPU rDPU rDPU rDPU 
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super -systolic array  
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(recall this example !)  

rDPU not used used for routing only operator and routing port location markerLegend: backbus connect

rout thru only  

not used  backbus connect  

supporting      
any complex       
free form       
pipe networks  

far beyond 
just uniform 
linear pipes  

CoDe-X inside [Jürgen Becker] 

by KressArray Xplorer [Ulrich Nageldinger] 
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Data Stream Machines  

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

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

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

Å  introductory examples illustrate datastream machine use  

Å introducing the datastream machine  




