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Reconfigurable Computing:
a second programming domain

Migration of programming to the structural domain

The structural domain has become RAM -based
RS REEREE The opportunity to introduce

Reconflgurable Computlng and the structural domain to programmers ...

Kaiserslautern |ts Comp”auon TeCh|qUeS

University of

Technology ... to bridge the gap by clever abstraction mechanisms

using a simple new machine paradigm
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Awhy coarse grain reconfigurable ?
Aterminology
Atoward higher abstraction levels

N Aflowware languages

| Awhy a new Machine Paradigm ?
A(co-) compilation techniques
Afinal remarks

Datapath width
1bit CLB fine grain
Word level CFB coarse grain

bundling of nibble or byte width CFBs multiple granularity
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Mikroprozessorarchitekturen (8): Terhn ol
hochgradig parallele Systeme

- SDR Board In Debug Phase  -> XPP64A Chips from STMicro Fab
- Assembly & Test / Available March 2003
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University of PACT Corp twicklung der Mikroprozessor Architekturen (1)

: | Bis 1995: Einschrankung - , seit 1995 Erhéhung der Typen- und Architekturvielfalt
Transistorzahl (Mooreds Ge s-edsmrgsaufabmeXKagstem g

A Xtreme Processor Platform (XPP) family of IP cores, high  -speed Kompatibiltit

data-stream -capable, scalable, reconfigurable clusters of arrays of

32-bit DPUs with embedded memories, and high -speed 1/O ports - i MPPRC PA" aly ‘5: ISPZ(HChTU' i Cde )Awa rds Kategorien:
L . | - rocessors: Intel yperThreading),
A Application development support software featuring a flow graph - - Transmeta (Binary Compilation, VLIW), .

style algorithm mapping language - to minimize training requirements. It - Server Processors: Intel Xeon MP und AMD Opteron
A XPP's fabrics, featuring automatic DataFlow synchronization and i (E2BE0), NPAGREYT, U SFEs oY (@it e i)

fl dE t Net Ktod icall fi th tion - High-Performance Embedded Processors: Broadcom BCM 1250,

agged Event Network to dynamically contigure the execution Tiow, . Intrinsity FastMIPS, Motorola MPC 7455, NEC VR7701, PMC Sierra

A Supports dynamic RTR: hierarchical configuration managers free the | RM9000x2

designer from chip -level details and ensure that configurations are | 'ifawféwe' Egbmdxef l:\‘roc'ewssorsMAhr\:DA;l(llooW o, ,NEC VR

: f : i , DragonBal , NeoMagic MiMagic5 (ImW pro MHz

|ndepenQentIy loaded in exaC[ly the I_mended orqer' I - Extreme Processors: CmU PipeRench, , Micron Yukon,
A Automatic event -based task swapping along with data streams: NEC DRP, PACT XPP | Sandbridge Sand Blaster (bis 512 ALUs)

released resources automatically reconfigured immediately - Embedded IP Processor Cores: ARCtangent-AS 1026 EJ-S/1

Improv Crescendo, MIPS M4K, Tensilica Xtensa V'
- Graphics Processors: 3Dlabs Wildcat VP900, ATl Radeon 9700, Nvidia
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Wi wide variety of speed -up factors Qgii%gbggéﬁ"instruction stream -based Compilation Principles

Bl Technology

key issue: algorithmic cleverness SRS 1-D memory space

- speed-up

PACT Xtreme straight
4-by-4 i i

y-4 array |16 tap FIR filter x16 MOPS/mW e —— library ‘@
[2003]
MoM instruction call placement —===p-

. . grid -based DRC** > x1000
anti machine
with DPLA*
[1983]

X multiple

1-metal 1-poly nMOS (computation | aspects

256 reference patterns time)

execution order by location

*) MPC fabrication via E.I.S. multi university project **) Design Rule Check
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/R Sisosien Datastream -based Compilation Principles - 5;";\?3;;:@'5"‘ ©2003, PACT AG Sequential Processor Model
echnology

University of
Bl Technology

Conventional processors use the sequential model:
@ e
Each operation takes one clock cycle.
- Multiple operations are computed consecutively.

[ 3
3

> &

‘-

>

library Operation 1 O [  Register

—
placement Operation 2 O |
& routing > O |
Operation 3
Operation 4 .
Operation 5 O L

data stream assembly
http://hartenstein.de
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ai 1 . a lauter @
Ghversiy o ©2003,PACTAG A New Parallel Processor Paradigm Nversiyor | ©2003,PACTAG Parallel Processor Model
Technology Technology
Multiple computations are configured as code sections onto

a two dimensional array.

Multiple code sections are computed sequentially.

Section 1

Section 2

Section 3
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Technology

Dataflow Performance

Traditional Microprocessor XPP Architecture

ALU Register Array of ALUs Buffer

- B3
\ rea
ADD\ 25 oneword T Sream
— Filter /% of words
O
®
[

One operation ﬁ\ Many
per cycle o =e)

operations

FFT /% per cycle

. =
~ =1
swiT__ 68 P

sic machine operatiof Complex Function:
performed on performed on

~ single words data streams
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MULT

FH:55"  XPP: Parallel Algorithm Example Bl

Technology

Matrix Multiplication
ax+by ‘
ox+dy

PACT

Matrix is
Constant
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in_x in_y mull mul2 mul4 out_x out_y

_— N
—| A0
] Opcodes and

adderl adder2 Constant Registers
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A SCM configures
Opcodes and Constant

Registers via CM

Note: MAC Opcode is not used in this example to improve clarity of the
resentation
3, remer@hanenglem L 22 http:/hartenstein.de
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Ly 6
»Xx 0
out x outy

- A CM Configures

Routing Resources
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o
Lot
X0

out x outy

| ADD | - A Data Packets are

routed through the
Network

© 2003, reiner@hartenstein.de http://hartenstein.de

6?13225?‘;‘5?’” e Tredennickds Pa
Technology

standard  hardwired

custom

algorithm: fixed algorithm{yariable

resources: fixed resources: fixed
vN machine new machine
paradigm paradigm needed
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Kasesawen  programming media and platforms

Technology
ala adress
enerators

asM - auto
sequencing
data Memory

software
flowware

rogram
Fl)\/legr;nory

configware

instruction ... | data
stream streams

configuration
Memory

hardware morphware
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University of >> terminology <<

Technology

Awnhy coarse grain reconfigurable ?
Aterminology
Atoward higher abstraction levels

\| Aflowware languages + mapping

k Awhy a new Machine Paradigm ?
A(co-) compilation techniques
Afinal remarks
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Unversiy of Paradigm Shifts:
echnology .
Nick Treden

why 2 program sources ?

instruction -stream -

reconfigurable
based computing:

computing:

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

Kaiserslautem Placement & routing (configware) done:

el f i i
Technolony . which data item flowware defines ....
at which time

at which port time

input data streams

DPA

port#
time

port#

output data streams
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Uniersiyof Terminology: Digital System Platforms Serstyor >> higher abstraction levels <<
Bl Technology L 1 Technology
clearly distinguished

. urce machine . q

Aterminology

C ware|1ONe A Atoward higher abstraction levels <
morphware g

Coalsl(;::l IDPU rDPA i
reconfigurable 1 \ . .
data stream ) Awhy a new Machine Paradigm ?
processor gware | anti machine 1 T .
data stream processor (hardwired) § VAN QECO I) compil(latlon techniques
instruction stream processor . " B ’ Inal remarks
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6?7332535'5'" AaEDA industry shifts Siversor Development of Hypergrowth Markets
Bl Technology B Technology
[Wojciech Maly]

Apatches instead of engineering

Mainstream
Ainnovation stalled many years ago g

Anetlist -based: do not care about efficiency, ... lNSID
A... do not care about transistor density

. Paradigm
A85% users hate their tools Shift
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Q;}i?ﬁ;:@'ﬁ'” McKinsey Curve: dynamics of R&D disciplines Droraatem EDA Industry Revolutions
echnology :

Technology
new discipline on top of it by ....

maturity of

a discipline EDA industry paradigm 2006

L3l coming closer to
switching every 7 years

programmers 6 mind set
1999

saturation: limitations met courtesy HLLs, (Co - ) Compilation

[Keutzer / Newton] Data - Stream - based DPU arrays
1992
. . Synthesis: Cadence, Synopsys ...
.. by innovation 1985
consolidation

Schematics entry: Daisy, Mentor, Valid ...

Transistor entry: Applicon, Calma, CV ...
fundmental issues
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Kaserslautemn SoC System level Design:

University of

A ecincr Embedded SW (ESW)  (ECW)
ESW becomes main vehicle to product differentiation
ECW

ESE becomes the main focus in system design:

CW- HW - (E)SW codesign onto highly programmable
platforms (SoC)
new design automation from high level descriptions
CW and SW synthesis included (SoC)
CW- HW -(E)SW -co-verification .
formal verification for (E)SW and CW

, reiner@hartenstein.de http://hartenstein.de
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Uiyl >> flowware languages <<

Awhy coarse grain reconfigurable ?
Aterminology
Atoward higher abstraction levels

| Awhy a new Machine Paradigm ?
A(co-) compilation techniques
Afinal remarks
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Givesys”  Compilation for (r)DPA of anti machine

Technology

- high level source progra
(software notation),

parametersp

expressior

morphware tree
DPU library .
simulated

configwareeg mappe annealing

flowware @
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Qﬁ\?’é’é}@”&?’"COInplexity: System Level Design Challenge
Cehnoiony
[ITRS 2001]

dabstraction | evel s mu s idaytiRe-level
from HW + (processor -dependent embedded) C code level
language infrastructures for complex models (SystemC etc.)

must be leveraged by industry consensus
on use-methodology and abstraction levels O
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ﬁg\svgg\gygmmathematic methods for systolic array
Technology

good reading: Nikolay Petkov: time
Systolic Parallel Processing;
North -Holland; 1992
input data streams

math formula

preprocessing

linear projection|
or

algebraic metho

m% h‘n”;fgr’ r,l)].pDeps/;A = output data streams

only for applications
with strictly regular
data dependencies

port#

port #

(@]
£
Q.
Q.
©
ol

time

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

Kaisersiauem Super Pipe Networks
Technology

T i /
he key is mapping, rather than architecture

scheduling
mapping [CEERSiCEN]
formation)

pipeline propertie

" regular 9 .
systolic gtk ear | uniform linear projectiomr
array only only algebraic synthesis

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

applications

*) KressArray [1995]
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language categol Computer L Jages | Languages. Anti Maching
both deterministiq  procedural sequencing: traceable, checkpointab

read next instruction, |¢” read next data itemy
goto (instr. addr.), goto (data addr.),
jump (to instr. addr.), jump (to data addr.),

noparallel loopsescapes,| parallel loops, escape
instruction stream branchif{,_data stream branching

state register program counter data counter(s)
address massive memol I : |

cycle overheadw | overhead avoided
nstruction fetch memory cycle overhead overhead avoided

|__memory cyce overhead
a@”glc%%'gmy interleaving only 0 res ns
s

reiner@hartenstein.de

P Kaiserslautern H H
Unvereyor " Similar Pr
Technology

ramming

read nexinstruction, read nextlata object,
goto (instruction addr.), goto(data addr.),
jump (to instruction addr.),| jump(to data addr.),
instructiorioop, dataoop,
instructiorioop nesting dataoop nesting
noparallel loops parallel data loops
instructiodoop escapes dataloop escapes
instruction strearranching| data strearhranching
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rse grain reconfigurable ?
Aterminology
Atoward higher abstraction levels

\ Awhy a new Machine Paradigm ’?-
A(co-) compilation techniques
Afinal remarks
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Programming Language Paradigms

http://hartenstein.de

age Paradigms

>> new Machine Paradigm<<

Kaiserslautern
University of
Technology

time of

run time
loading time

compile time
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*> Declarations "

SouthWestScan_/s.
loop8 times (until [1,*]
step by [-1,1]

endloop /!
end SouthWestScan; ¥
SouthScan is

step by [0,1] i
endSouthScan;
NorthEastScan. .is
loop8 times_until [*,1]
step by [1,-1]

endloo «
endNorthEastScan;
EastScan /s,

stepby [10] —>

end EastScan;
HalfZigZag /s
EastScan

Ioon3_times.

SouthWest Scan|
South Scan w$_/
NorthEast Scan,, "
EastScan

endloop

end HalfZigZag;

aiserslautern
niversity of
Technology

.. but the von Neumann
Paradigm is still the
dominant doctrine ...

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

Microelectronics is

ignored (except falling cost
of computational effort)

A Re-orient fion
-‘S over’due

, reiner@hartenstein.de
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Basics of Binding Time

Ailnstruction

(microprocessot .
| parallel computq[ .N. machine

goto PixMapl[1,1]

anti machine

http://hartenstein.de

JPEG zigzag scan pattern
Flowware language example

Scan examples

EsatScan

SeuIngcan

arthEastscan

http://hartenstein.de

CS: young ? dynamic?

after >10 technology generations ...

1th

ond
3rd
4th
5th
6th

o o Do o o Do o o o To Do Do

4004 ... the VN Microprocessor
8008

3086 is a methusela, the steam

80286 engine of the silicon age.

80386

80486

P5 (Pentium)

P6 (Pentium Pro / Pentium I1)

Pentium Il e

. iences ar
Tin sclel >

comp gconserVC\“Ve

ra
0 cVOid sayin

http://hartenstein.de

g: senile




Reiner Hartenstein, University of Kaiserslautern, Germany

http://hartestein.de

P— Kaiserslautern

sy 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

3, reiner@hartenstein.de http:/hartenstein.de
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Uiyl KressArray principles

A take systolic array principles

A replace classical synthesis by simulated annealing
A yields the super systolic array

A a generalization of the systolic array

A no more restricted to regular data dependencies

A now reconfigurability makes sense

© 2003, reiner@hartenstein.de 51 http://hartenstein.de
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Why a dichotomy of machine paradigms?
VN bottleneck

T
a(\Q/

[osg .
data stream machine:

Abad message:
caches do not help

Agood message:
no vN bottleneck

Acaches not needed

The anti machine has
von Neumann bottlenec!
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Py Kaiserslautern r»
nversiyor | [INtel]
‘echnology

35

growth factor

Kﬁ\ii?é\?)“é?’" control -procedural vs. data -procedural

Technology

The structural domain is primarily data  -stream -based:
Flowware mostly not yet modelled that way:

~ most flowware is hidden by its indirect
instruction -stream -based implementation

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

Fl owware converts d&aprocedur al
i nt o &«pmuoadduralos. data-pr ocedur al o

... a Troyan horse to introduce the structural domain
to the procedural mind set of programmers
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iﬁ;\gy:é?”‘ computing paradigms and methodologies
1946: machine paradigm (von Neumann)
1980: data streams (Kung, Leiserson)
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

flowware*

1997: configware / software partitioning compiler
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Beearshuten Flowware heading toward mainstream
Il Technology

HData-stream -based Computing is heading for mainstream

81997 SCCC (LANL) Streams -C Configurabble Computing

8SCORE (UCB)Stream Computations Organized for Reconfigurable Execution
8ASPRC (UCB)Adapting Software Pjpelining for Reconfigurable Computing
82000 Bee (UCB), ...

dMost stream -based multimedia systems, etc. Flowware:

managing data streams
Software:

managing instruction strea|

dMany other areas ...

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

.6?132&213&‘;’;’” Matter & Antimatter of Informatics :
Hl Technology

Anti Machine paradigm

= g
'\nstrupt‘\on stream
spinnin

o} ") nothing central !
Cvon Neuman?

inning

Jata stream SP

http://hartenstein.de
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University of Parallelism by Concurrency

Technology

independent instruction streams
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SavereiyoMatter & Antimatter: Atom and Anti Atom

Technology

Anti Matter

Machine paradigm:

= Anti Atom

E\e—&von sp\nﬂ‘ng

The World of Matter

Machine paradigm:

— .
the Atom on S o
pos!
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University of machine paradigm: some differences

Technology
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Droraatem Dead Supercomputer Society
o Technology [Gordon Bell, keynote at ISCA 2000]

MCRI DAPP MasPar
Alliant Menelcor Meiko
American KElexsi Multiflow
Supercomputer  ATA Systems yrias
metek /Avans ‘and Sutherland Alumerix
Applied Dynamics AComputer Forisma
Mstronautics loating Point Systems Aer
fGalaxy YH Er?]'ak' e
ADC AGoodyear Aerospace MPP A hinking Machines
IConvex ould NPL Maxpy
ACray Computer  ASuiltech AScientific Computer
[Cray Research CL Kystems (SCS)
ICulleHarris Antel Scientific Computers  Aoviet Supercomputers
Auller Scientific ~ Anternational Parallel fSupertek
fCydrome Machines /Supercomputer Systemg
Mana/Ardent/ Kendall Square Research  ASuprenum
Stellar/Stardent  AKey Computer LaboratoriesAjitesse Electronics
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77 biene Lacking Sense of Direction ?

Bl Technology

Awe are 0.k. !fi (no new direction)

£ 3

biinder;s:
for ignoring the impact of RC
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Ao Machine paradigms

Technology

von Neumann (reconf.Jata - stream machine
memory INStruction _memory

stream i Gata addr

machine Flowware [ | v e

Imstructlon w8 (data sequencer)
stream CPlJ DPU 3l asm

(. = { data stream

4

&
| | tream
CPO insguction.instruotion e e

sequencer ~Software (Configware) DPU or rDPU
distributed memory architecture

*)the new discipline came just in time:
see Herz et al.: Proc. IEEE ICECS 2002
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e o Distributed Memory

echnology

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:

© 2003, reiner@hartenstein.de http://hartenstein.de

7~ i Some Supercomputing people
now looking at us

Steroids for the
aging microprocessor:

| Reconfigurable
Computing

N4 oW
iﬁﬂ[ﬂﬂlﬂ HANDROK
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heavy anti atoms: DPA = DPU array
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nverstyof >> compilation techniques <<

echnology

Awhy coarse grain reconfigurable ?
Aterminology
Atoward higher abstraction levels

\| Aflowware languages + mapping

k Awhy a new Machine Paradigm ?
A(co-) compilation techniques _
Afinal remarks
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