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a second programming domain

Migration of programming to the structural domain
The structural domain has become RAM -based

The opportunity to introduce
the structural domain to programmers ...

... to bridge the gap by clever abstraction mechanisms
using a simple new machine paradigm
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Embedded System Engineering (ESE) requires:

Ubiquitous embedded systems

A Hardware (HW) / (EBoftware (ESW) co -design
A Configware (CW) / ESW co-design
A HW /CW /ESW co-design

ESW becomes main vehicle to product differentiation

ESE becomes the main focus in system design:
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AEmbedded System Design Crisis
ASupercomputing Crisis

AuP Crisis more
ACS crisis CrIses

ACS for Embedded Systems?
ANew Machine Paradigm
Afinal remarks
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Apatches instead of engineering
Ainnovation stalled many years ago
Anetlist -based: do not care about efficiency, ...

Wafer Starts

A... do not care about transistor density
A85% users hate their tools
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{)ﬁﬁi{i\?y"é?”‘ Dead Supercomputer Society
Bl Technology [Gordon Bell, keynote at ISCA 2000]
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A uller Scientific ternational Paralle upertek
Afinal remarks ke A B el 42
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Entwmklung der Mikroprozessor Architekturen (1)
Bis 1995: Einschrankung - , seit 1995 Erhéhung der Typen- und Architekturvielfalt

Transistorzahl (Mooreds Ge s-edstngsaufrahmeKastem g

Kompatibilitat

MPR Analystsé Choice Awards Kategorien:

- PC Processors: Intel P4 (HyperThreading),
Transmeta (Binary Compilation, VLIW),...

- Server Processors: Intel Xeon MP und AMD Opteron
(x86-64), HP Alpha EV-7, Fujitsu Sparc 64 V (out-of-order superscalar)

- High-Performance Embedded Processors: Broadcom BCM 1250,

, Intrinsity FastMIPS, Motorola MPC 7455, NEC VR7701, PMC Sierra

RM9000x2

- Low-Power Embedded Processors: AMD Au1100, ,NEC VR
4131, DragonBall MX1, NeoMagic MiMagic5 (ImW pro MHz)

- Extreme Processors: CmU PipeRench, , Micron Yukon,

NEC DRP, PACT XPP , sandbridge Sand Blaster (bis 512 ALUs)

- Embedded IP Processor Cores: ARCtangent-A5, 1026 EJ-S/1
Improv Crescendo, MIPS M4K, Tensilica Xtensa V

- Graphics Processors: 3Dlabs Wildcat VP00, ATl Radeon 9700, Nvidia
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AEmbedded System Design Crisis

ASupercomputing Crisis

AuP Crisis ¢

ACS crisis

ACS for Embedded Systems?
ANew Machine Paradigm
Afinal remarks
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VvN: unbalanced VN bottleneck
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now looking at us
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fasasaam CS: young ? dynamic?
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.. but the von Neumann after >10 technology generations ...
Paradigm is still the .

. - t ;
dominant doctrine ... ;m gggg ... the VN Microprocessor
34 8086 isa methusela, _the steam
4t 80286 engine of the silicon age.
5t 80386
6 80486

P5 (Pentium)

P6 (Pentium Pro / Pentium I1)

Pentium I1I

... still pushing he basic
models from the times of
mainframe dinosaurs

Microelectronics is

ignored (except falling cost

of computational effort) A hr\g s
. mpu

ation A co S\Tf'ﬂ conser
due

oid saying: senile

o o Do o Do Do o o To Do

ciences are
vative ...

A Re—orie“"
is over-

. toav
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ety MPU designs more complex

new kinds of concurrency are becoming important

chip-level multiprocessing +
simultaneous multithreading

many bugs relate to concurrency issues

greatly complicates the verification process
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By (el aPol |l ackdés La [/ e MPU performance stalled
growth factor

Bi |l I Gatesd | aw:

relative computation time needed
doubles every 2 years

had been compensated

Mooreds | aw wil/l st al
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more and more
efforts yield
only marginal
improvements

=

AEmbedded System Design Crisis
ASupercomputing Crisis

A]JP Crisis dataflow
ACS crisis 4mmm doad
ACS for Embedded Systems? Shrinking uting
ANew Machine Paradigm conferences

Afinal remarks 98.5% VN -only

Fault Tols
areas fade away ault Tolerance

Interconnection
Networks

Multiprocessors

Papers (Absolute)
[——JSSSSl ]

. 1980 1985 1990
this monopoly Year [David Paduf
is the problem ISCA papers 1973-2001 John Hennesg
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7: wa‘iusgzlwa;'éetm Lacking Sense of Direction ? M@ee{?\?;ﬁm Stealthy CS Crisis

Bl Technology Technology

Awe are o.k. !fi (no new direction)
= = 3 -

severe software quality problems

progress in CS stalled by qualification problems
in industry and academia

often hardware people needed to solve CS problems
communication barriers between disciplines
blinders:
for ignoring the impact of RC
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* e What 6s the R G Whatos the
Bl Technology ; B Technology
roccal SR < Crossing the Hardware / oo SR Crossing the Hardware /
v Software Chasm [Mike Butts] e Software Chasm [Mike Butts]

ltds the gap between procedu
structural

- . Rmven A hemisphere
Trgdltlona}l CS: programming is (control. -)procedural, The brain hurts on paradigm shift 2 missing
instruction -stream -based 9 sources: software
. it canot
The typical programmer has problems to understand
function evaluation without machine mechanisms....

Brain usage:

.... by signals rippling through a network of transistors. \
procedural - | <
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st Mode|

ethodology

AEmbedded System Design Crisis
ASupercomputing Crisis

AuP Crisis

ACS crisis

ACS for Embedded Systems?
ANew Machine Paradigm

Afinal remarks AT e e ow

granmnn |
w5

http://hartenstein.de @ http://public.itrs.net/Files/2001ITRS/Design. pdf
Fimre 15 fepores of Detipre Techanlogy on Sysie emereation Cost.

P2 faisesiauiem SoC System level Design: F Gz Complexity: System Level Design Challenge
echnology Embedded SW (ESW) (ECW) Technology [ITRS 2001]

ESY/VV becomes main vehicle to product differentiation

0Oabstraction | evel s mus tdayiRe-level

ESE becomes the main focus in system design:
from HW + (processor -dependent embedded) C code level

W- HW - (E)SW ign onto highly programmabl
© (2755 Gan e Oniz (Mgl [P elile language infrastructures for complex models (SystemC etc.)

platforms (SoC)
must be leveraged by industry consensus

new design automation from high level descriptions on use-methodology and abstraction levels &
CW and SW synthesis included (SoC)
CW- HW -(E)SW -co-verification .
formal verification for (E)SW and CW
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Why a dichotomy of machine paradigms?
vN bottleneck

-1
. . P/ o
AEmbedded System Design Crisis 25 A data stream machine:
ASupercomputing Crisis G . ¥ Abad message:
AHP Crisis .z . i caches do not help
= — ’ § Agood :
ACS crisis " Dy o VN bottleneck
ACS for Embedded Systems? <!
ANew Machine Paradigm =
Afinal remarks anti machine has no
von Neumann bottlene

Acaches not needed
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7 [ computing paradigms and methodologies Crrvarsay o Flowware heading toward mainstream
H Piteioty

1946: machine paradigm (von Neumann)
1980: data streams (Kung, Leiserson) AData-stream -based Computing is heading for mainstream
1989: anti machine paradigm

1990: rDPU (Rabaey)

1994: anti machine high level programming language
1995: super systolic rDPA

1996+: SCCC (LANL), SCORE, ASPRC, Bee (UCB), ...
1997+: discipline of distributed memory architecture

081997 SCCC (LANL) Streams -C Configurabble Computing
OSCORE (UCB)Stream Computations Organized for Reconfigurable Execution

OASPRC (UCB)Adapting Software Pipelining for Reconfigurable Computing

flowware*

82000 Bee (UCB), ...

BMost stream -based multimedia systems, etc. Flowware:

e — managing data streams

1997: configware / software partitioning compiler Software: .
managing instruction strea
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i aiserslaute Placement & routing (configware) done:
?'5212'@%?“7 control -procedural vs. data -procedural rvar o e GE R 9 (configware)

echnolog ‘echnology U .
at which time
at which port

flowware defines

The structural domain is primarily data  -stream -based:

Flowware mostly not yet modelled that way: DPA input data streams
~ most flowware is hidden by its indirect
instruction -stream -based implementation port #

time

Flowware provides a (data -)procedural abstraction
from the (data -stream -based) structural domain -
port #

Fl owware converts apro
oce

into a-odamdurlos data-pr oc

output data streams

... a Troyan horse to introduce the structural domain
to the procedural mind set of programmers
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Programming Language Paradigms

language categol Computer Languages |Languages. Anti Maching
both deterministiq  procedural sequencing: traceable, checkpointab

read next instruction, |f” \
goto (instr. addr.), goto (data addr.),
jump (to instr. addr.), jump (to data addr.),

noparallel loopsescapes,| parallel loops, escape
instruction stream branchify, data stream branchi

state register program counter data counter(s) | P

address. massive memol I . 7%
computaion cycle Gverhead’ [ overhead avoided e r{O/e
Instruction fetch memory cycle overhead overhead avoided 463.
U LIVAD TS R
Bg@”glc%%'gmv interleaving only no restrictions
s
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Ao heavy anti atoms: DPA = DPU array
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asesacen — Synthesizable distributed memory archited
niversity of

SHIELY for a Stream -based Soft Machine
fii nstructions

Memory
(data memory)

Scheduler
memory ban
memory ban

imemory ban

memory ban

memory ban
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nivers

Machine paradigms

von Neumann (reconf Jata - stream machine
_memory Instruction _memory

stream Flowware l = (ata address
1 \{
machine @ Rl

T By =
1o CFA{ g (= i data stream
e

DPU (
| — <
~truction stream Jata stream

cPU instruction-~Inst™"

sequencer ~Softyware (Configware) DF;'U or rDPU

distributed memory architecture

& 2008, reiner@harionsiainde *)the new discipline came just in time:
e - "~ see Herz et al.: Proc. IEEE ICECS 2002

Kaiserslautern

Distributed Memory

SA: scrambling and descrambling the data ?

Just in time: a new research area:
Application -specific distributed memory:
e. g. book by F. Catthoor et al. ...

Data address generators - 20 years research:
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AEmbedded System Design Crisis
ASupercomputing Crisis

AuP Crisis

ACS crisis

ACS for Embedded Systems?
ANew Machine Paradigm

Afinal remarks  <mmm
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Umvels\tyof Conclusion: all knowledge needed is available Umvemvoq The Situation in Computing Sciences
Bl Technology

Bl Technology

Amachine paradigm ) ) ) -
P 9 A Computing Sciences are in a severe crisis
Aanguages
guag A New fundamentals and R&D directions are inevitable
Ahw / sw partitioning methodology

- ) A my mission: getting you involved
Acompilation techniques

. . . A All knowledge needed is readily available ...
Aanti machine architectural resources

A ... even from Computing Sciences
Asequencing methodology: hw & sw L

A Silicon application and EDA provide useful concepts
Aparallel memory IP core and module generator vendors

AR fi ble C ting has th d
PTG s T A econfigurable Computing has the remedy
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¥en;\;‘e;1r§‘\gé;t >>> we need ..<<<<< Umvers\tyo' >>> we need support<<<<<

We need a Mea Conwayike text book We need the Support
We need undergraduate lab courses of the operminded

on HW / CW / SW partitioning members of the

We need new courses with extended classical CS Community

scope on parallelism
and algorithmic cleverness for HW /

CW / SW migration / partitioning Let us assemble a list

What else do we need ? Your proposa with e mail addresses
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D slautem >>> thank you<<<<< e >>> END<<<

Bl Technology Bl Technology

thank you
for your
patience
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Mikroprozessorarchitekturen (8):
hochgradig parallele Systeme
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P Kaiserslautern . .
55" wide variety of speed -up factors e

Bl Technology

>>¥lowware - based <<<

key issue: algorithmic cleverness

flowware

- based

; . grid -based DRC** > x1000 .
anti machine X multiple
with DPLA* 1-metal 1-poly nMOS (computanon aspects
[1983] 256 reference patterns time)

*) MPC fabrication via E.I.S. multi university project **) Design Rule Check
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Configware / Flowware Compilation University of Configware / Flowware Co -Compilation

Bl Technology

aiserslautern
I niversity of
Bl Technology

high level source program

. : @3 L echnioue .
intermediate “ampleton U intermediate

configware

scheduler

- flowware

L e data sequencer
3

http://hartenstein.de

configware

44
o

— flowware
i.-------- data sequencer
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Anti Machine paradigm

©
'\nstrupt‘\on stream
spinnin

o} ") nothing central !
A euman
(von N

dam:tream spinning
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Universityof One more argument for coarse grain
Technology
= we have already
seen the first day:
MOPS / mW T. Claasen et al.: ISSCC 1

*) R. Hartenstein: ISIS 1 %oarse grain C{
are full custom 4

the array is
almost as
area-efficient
as hardwired
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Matter & Antimatter

The World of Anti ~ Matter
q machine paradigm: Anti Atom

—
Electron spinAing

The World of Matter
machine paradigm: the Afom /C’

‘-\((\'\\’\9
ol
post
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I—: TN apping algo e e onto rDPA
"'.'._ CH S S ST

oy e

D¢ 2
D e a e eo a D elocatab D DA ppo
also FPGA alab avoid ro g congestio D DA so 0

Y Ka lauter . .
iTJthJ;' The Secret of Success: Co -Compilation
supporting platform - based design

\5}(\?’?‘.‘,‘“9 High level PL source
R

intel.
- . could provide
v p“i?;%'%e - - the platforms

platforms

CW Code Resource

Parameters
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Snrersyor " Machine Paradigms Uaestom Programming age Paradigms

Bl Technology Technology

Con uter the Machln
p ( eu ThEA MaCh ©
language categol Computer Languages |Languaged. Anti Maching
Instruction streams | data streamé n o

both deterministi¢  procedural sequencing: traceable checkpolnta

engine pnnmples sequencing data strea read next instruction,
goto (instr. addr.), _ goto (CELEY addr)
L 1 . noparallel loopsescapes, || parallel loops, escape:
Communication path sep i e e instruction stream branchif\__data stream branching
(_oinstruct|on : Lo e‘
| \ massive memol
” PU (e sinle AL DPUDPADP et |50 | oo
atal ) L

Instruction fetch memory cycle overhead| overhead avoided

P operaion | Geauenia) _| Coaralltpie network et ) ]
|_operation equential parallél pipe network et e o

also hardwired implementations*

*)e g. Bee project Prof. Broderson
) 2003, reiner@hartenstein.de http://hartenstein.de , reiner@hartenstein.de hartenstein.de

7~ o Why Coarse Grain instead of FPGA ? = e KressArray Family generic Fabrics:
T : ctectmos a few examples

F L/nc//on |
2 rour -

rout -through
and function 1‘/7l0ug/7

more NNports.
rich Rout Resources

xamples of
7 Level

rDPU cell
100908 c no separate
1980 1990 routing areas !
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othcioty Changing Models of Computing Tchmeioey! Changing Models of Computing

_the problem software hardware/ configware
— with typical CS design software /sofctiware
software araware people: co-design co-design I Configware

design software -the dominance (structural)
|

co-design

hardware of von Neumann
spec

e
_ ellion ‘

migrate

i tructi
i

accelerator
hardware hardware/configware

people Isoftware co -design
hardware needed
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