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T The Productivity Paradox

Robert Solow
NobePrize1987

From early 1970s to early 1990s a
massive slow- down in economic growth

The Productivity

Paradox of
bet ween | T

invest ment and

é at company level, national economy, and worldwide

Literature.
Robert Solow: We'd better watch out; NYT Book Review, July 12, 1987,

Brynjolfsson , Erik: The productivity paradox of information technology;

Comm. ACBB(12), 1993
Jack E. Triplett: The Solow productivity

paradox; Can. J. of Economics, 32,2, 1999 http://xputer.de/CIE/
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45 years Software

All software developers know that projects
typically run over budget and behind schedule

>10% projects abandoned
>30% not successful
>50% late or over budget

Before multi - core crisis: rapdily growing clock speed:

Wirthos
Law osoftware

is slowing faster
¥ Niklauswirth] t h a n i

hardware is a

hartenstein.de
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aSoftware O stands for extremely
memory- cycle- hungry instruction streams

- abouttheuglynessof thisterm

[ {Pattersonosr"“"v,qathanﬁs Law:
| bandwidth gap grows 50%/ yed, | Software  is a gas. It expands
! Dave - hasreached:1000x =" tofil allits containers ...
b4l Patterson L“ é until being limited by Mo o
&
o T:o?need) Sa’a\llllyf/lcr}?eo Ly %‘ ! mmigld [
Y uthoy | Jeen fills the internet*
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0 T hwn_ Neumann overhead piles upto code sizes
. Sy ndr o mgdastronomic dimen

UC Berkeley

MLOC = Million
LinesOfCode
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Windows Vista: > 50 MLOSAP NetWeaver : >250 ML
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T Banking with computers
nciogy (an example)

s § od:
Computers just m;rggli:l\écday
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took 10 minutes
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So many Experts ?7?7?

conference on software engineering education and training
conference on software engineering

conference on software testing

conference on software maintenance and reengineering
conference on software testing verification and validation
international conference on software engineering
international conference on software reuse

international conference on software maintenance
international conference on software quality

international conference on software business

é much more SE conferences € .
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Scientific Revolutions

Science does not progress  continuously

It proceeds as a series of
revolutionary upheavals

Thomas S. KuliB60:
The Structure of
Scientific Revolutions

MJL“E—E/KU“TI‘/ Shortcomings in an established

paradigm produce a crisis
that may lead to a revolution to

replace the established paradigm

THE STRUCTURE OF SCIEN'

But sometimes an enduring massive
REVOLUTIO
|

crisis does not lead to a revolution
THOMAS S. KUH

S However, some &evolutions 6 may even
introduce much worse shortcomings

An example: Marvin Minsky 1969
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A long time no Revolution

Unsolved Multicore, HPC and FPGA Programming dilemma

Decades of tunnel vision 3 e.g. Software Engineering

- - f ErT
ofrom fashion to fashion, but)foﬂﬁd&,k

Fundamental misconceptions in the theory of
algorithmic complexity block further progress . s
»

We have to rethink the basic assumptions™ .

We cannot afford further dominance of reductionism “)Jamesarus

We must radically reinvent computing and its education framework
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Societies Chose

to Fail or

computerisit
THE NEW YORK TIMES BESTSELLER

COLLAPSE

Will our IT culture
partly destroy itself ?

Authar of the Pulitier Peive-winning

or our economy?
e. g. Flash Cra
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1 IT

wes  Affordability of Computing

Google causing 2% electricity
nsumption worldwide ?

. .
" &

Ocean f

Africa
_ éThe possibility of computer equipment
power consumption spiraling out of
kT Amer] control could have serious consequences
= avepower . o
St o9 for the overall affordability of comput)i

-
‘ .| Googlesellselectricity 17

e |
[L. A.Barrosg Google]
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- /Tap]aﬂd Finlag, 811 Sep 2008
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The History of Computing
1)

The 1st electrical computer, ready
prototyped for mass production ?

Guess which year, which company ?

19 http://xputer.fgnB/ReineSBCGIL2.pdf

Punched Card Data Memory
é state of the art é .

Not yet invented in 1884:

A magnetic tape (1898),

A the vacuum tube (1904),
A magnetic drum (1932),

A the transistor (1934),

A ferrite core memory (1949),
A hard disc (1956).
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Bizarre

Electroniblumeric

! IntegratcmndComputaParad igm Shift
167 m 2 30 tons , 178 kW '

~SKIT the ENIAC
47 JAnother
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JyPrototype 1884: Herman Hollerith (2)
the first reconfigurable computer

- datastreanbased !

" nonvolatile !

2 first  Xilinx FPGA 100 years later

. /ihartenstein.d
20 hitp:/ihartenstein.de

Bizarre architecture motivated
by loving dataflow graphs

arbiter -driven queue machine:
fully indeterministic operation
principles (no program counter )

despite of highest ranking US
universities dsupport efforts
the scene is dead, meanwhile

DataFlow DFM:
fE\Pé.UUDMOd;‘\S new
or Extreme Sci

Con M)utmg; Wogfesr?gsp

) hadnamei torddatastreamcomputinjel

hm://www.cs.uc.ac.c/dfmworkshopé2
http://arclvww.cs.wisc.edu/conferences http://xputer.énB/ReineSBCGIL2.pdf

“I M

2
of
gy —

no datastream computer ﬁ

no stored - program computer
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Neumann
computer |Agi

really avonz;’i “ TVKELGI Multiple von Neumann Syndrome

—

The firstd von-Neumann stored¥ program “Computenswas Even h‘ rdware dwm VOn NGUmOeFm
completed 1949 by Maurice Wilkes -at Cambridge, the é E
EDSAC 1 (Electronic Delay'Storage. Automatic..Calculator).. EDSAC 2, 1958:! flrstmxnlcroprog{‘an‘\lnable computer

Stillkmassive MTBF problems Microprogramming: nested von Neumann machines:
Eecles=uordan. requires; 2-vacuum tubes  per. bit*! instruction streams + microinstruction streams

an !
b multiple von Neumann Syndrome

punched tape input &idprinteputput ) 1kBitmercurgelayinememory BriefHistory of Microprogramming: http://cs.clemson.edu/~mark/uprog.
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etascript
ublishing

H:XITyon Neumann Syndrome SXIT p

von Neumann principles are fundamentally
wrong, since data processing targets data
streams @ not instruction streams. [rR.H]

VVon Neumann
Syndrome book

Many celebrities  criticized the von Neumann  paradigm

A Booky:.

Lambert Msurhonge Von Neumann Syndrome
Mariam Tennog

Susan FHennessofed):

Von Neumann Syndrome

Robert N. Charette 2005: WhySoftware Fails; David Parnas 1997: Turing igrelvant

N.N. 1995: THE STANDISH GROUP REPORT F L.Bauer 1968:coi ned fiSo

Nathan Myhrvold ( Bat hands Bafvbyar e i PeteaG. eurnanre .
1985-2003: 2161 | n Riské&d

G. Koch & R.H. 1975The universal Bus considered hanm(ygyea,g‘ns.émaclcovec ACM)

Edsgar J. Dijkstra 1968TheGotaconsidereldarmful Brad Cox 1990:  Plannin

he Software Industrial Revoluj
Arvind et al, 1983A critique of Multiprocessing the von Neumann Styl
Savain 2006:

J. Backus, 1978Can programming be liberated from the von Neumaan;ﬂeftwarsbade

Retascrigtublishing 2011

Lambert M. Surhone.
Mariam T, Tennoe, Susan F. Henssonow (Ed.)
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~FH: XIT \yAX Complexity Problem

Some Symptoms

VAX11/750punched card
input was by orders of
magnitude faster than by terminals

ami ni 6com
VAX -11/750

quasi- standard ~ 1980
(my experiences :)

UC Berkeley

CS dept Kaiserslautern
my Xputer lab

at Kaiserslautern
duringE.l.Sproject

NATO ASI, Urbino A8
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IEEE 7th ISCA, La Baule,
France, May 6 -8, 1980

By rental car back from
La Baule to the airport

MaridBarbacci
aAVAXT h a twiys
it is so slowo

nstein.de 3 hitp:/ihartenstein.de

Systolic  Arrays

ute of
echnology

IEEE 7th ISCA, La Baule,
France, May 6 -8, 1980

M. J. Foster and H. T. Kung:
The Design of Special -
Purpose VLSI Chips ...

€ invented something ?

You should recognize, that é N
[Karl Steinbudhp://xputer.de/Steinbuch/

Why not a general purpose methodology ?

2 http://xputer.lénB/ReineSBCCIL2.pdf

Method ? (2)

(m" What Synthesis

algebraic means linear projection !

=) only for applications with
strictly regular data dependencies

*)KressArrayASPDAG1995]
http://kressarray.d

Rainer Kress replaced it by simulated annealing':
supports also any irregular & wild form pipe networks
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Outline

The ubiquitous everlasting Computing Crisis

The von Neumann Syndrome and its history

Datastream - based Computing is not new
- from systolic array to anti-Machine paradigm <mmm
- over to a Copernican paradigm world model

The sustained LanguageSelection problem
We must Reinvent Programmer Education
Conclusions
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SXIT what Synthesis
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Method ? (1)
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Mathematicians (H. T. Kung et al.):
favorite examples: matrix computations

2 http://xputer.dénB/ReineSBCGIL2.pdf
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Data stream definition

H. T. Ku n @éfisiton :
awhich data item
DPA from or to which port

input data at which time stepo

streams

> port

e
output data
streams

systolic array research :
throughout the 80ies:
Mathematicians 6hobby

nl
_ ge/Steinbuc
. ter.delS!
itp:/ PV
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