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Converging Design Flows 

this synthesis method is    
a generalization of    

systolic array synthesis:  
super systolic synthesis  

and DPA [Broderson, 2000]:   

terms: 

DPU: datpath unit 

DPA: data path array 

rDPU: reconfigurable DPU 

rDPA: reconfigurable DPA 

the same synthesis method 
may be used for mapping    

an algorithm onto both:  

rDPA [Kress, 1995],  
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>> Time to space migration << 

ÅTime to space migration  

ÅFlowware languages 

ÅData Sequencers  

ÅSequencing through 2 -D memory 

ÅMoM architecture  

ÅAcceleration mechanisms  

http://www.uni -kl.de  
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Problems in time to space migration of algorithms  

Time to space migration of algorithms  

Some have moderate interconnect requirements  

Many DSP algorithms require just a pipeline  

Some algorithms require excessive interconnect  

Example: the Viterbi algorithm  

A comprehensive taxonomy of algorithms is missing  
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IC interconnect: metal layers  

Intel 

Foundries offer      
up to 9 metal layers 

and up to 3 poly layers 

Reconfigurable    
interconnect fabric    
layouted over the rDPU cell 

© 2004,  reiner@hartenstein.de  http://hartenstein.de  

TU Kaiserslautern 

6 

KressArray Family generic Fabrics: 
a few examples  

Examples of   
2nd Level  
Interconnect:  
layouted over  
rDPU cell -   
no separate 
routing areas !   

+ 

rout -through  
and function  

rout -
through  

only  
more NNports:  

rich Rout Resources  

Select  
Function  

Repertory  

select Nearest Neighbour (NN) Interconnect: an example  

16  32  8  
24  

4  

2  
rDPU  

Select mode, 
number, width 
of NNports  

http://kressarray.de  
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KressArray DPSS 

Application  
Set 

DPSS  

published at ASP -DAC 1995 

Architecture  
Editor  

Mapping  
Editor  

statist.  
Data 

Delay  
Estim.  

Analyzer  

Architecture  
Estimator  

interm.  
form 2  

expr.  
tree 

ALE-X 
Compiler  

Power  
Estimator  

Power  
Data 

VHDL 
Verilog  

HDL 
Generator  
Simulator  

User  

ALEX 
Code 

Improvement 
Proposal 
Generator  

S
u
g
g
e
s
ti
o
n
 

Selection  
User  

Interface  

interm.  
form 3  

Mapper  

Design  
Rules  

Datapath  
Generator  
Generator  

Kress  
rDPU 

Layout  

  data    
  stream  
  Schedule 

Scheduler  

KressArray  
Xplorer  
(Platform Design 
Space Explorer)  

Xplorer  

Inference  
Engine (FOX)  

Sug- 
gest - 
ion  

KressArray  
family  

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

array size:  
10 x 16  
= 160 rDPUs 

http://kressarray.de 

SNN filter KressArray Mapping Example  

rout thru only  

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

route -thru -only rDPU 

3 vert. NNports, 32 bit  

http://kressarray.de 

Xplorer   Plot: SNN Filter Example  

+ 
[13]  

2 hor. NNports, 32 bit  

operator  

result  

operand 

operand 

route thru  

backbus connect  
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Communication resource editor panel of the  
Xplorer user interface  
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Elements of the Xplorer mapping editor:  
a) Routing editor panel  
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Elements of the Xplorer mapping editor:  
 b) Input port editor panel  
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Xplorer: Improvement Proposal Generator  
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Xplorer: conditional 
swap operator  
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Xplorer: 
Macro 

cells  
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FPGA-Style Mapping for coarse 
grain reconfigurable arrays  

mapping Kress DPSS CHESS RaPiD Colt

placement simulated annealing
genetic

algorithm

routing

simulated
annealing

Pathfinder
greedy

algorithm

Compiler  

Mapper  

Scheduler  
specifies and  

assembles the  
data streams  

from / to array  

DPSS  

KressArray DPSS  

(Datapath Synthesis System)  
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Ulrich Nageldinger  

Dissertation  

Ulrich Nageldinger:   

Å... on mapping applications onto KessArrays  

Å... simultaneous routing  and placement by 
simulated annealing 

ÅSupporting a huge family of KressArrays  

Åfuzzy logic improvement proposal generator  

Åprofiling  

Ådesign space exploration  

infineon technologies, Munich  
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>> Flowware languages << 

ÅTime to space migration  

ÅFlowware languages 

ÅData Sequencers  

ÅSequencing through 2 -D memory 

ÅMoM architecture  

ÅAcceleration mechanisms  

http://www.uni -kl.de  
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Similar Programming Language Paradigms 

language category Computer Languages Xputer Languages

both deterministic procedural sequencing: traceable, checkpointable

sequencing
driven by:

  read next instruction,
  goto (instruction addr.),
  jump  (to instruction addr.),
  instruction loop,
  instruction loop nesting
  no parallel loops,
  instruction loop escapes,
  instruction stream branching

  read next data object,
  goto (data addr.),
  jump (to data addr.),
  data loop,
  data loop nesting,
  parallel data loops,
  data loop escapes,
  data stream branching
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JPEG zigzag scan pattern  

x 

y 

*>  Declarations   

HalfZigZag is 
EastScan 
loop 3 times  
SouthWest Scan 
South Scan 
NorthEast Scan 
EastScan 
endloop 
end HalfZigZag;  

goto  PixMap[1,1] 
   

HalfZigZag;  
SouthWestScan  
uturn  (HalfZigZag)  

HalfZigZag 

data counter  data counter  

data counter  data counter  

HalfZigZag  

EastScan is  
step by  [1,0]  
end EastScan;  

SouthWestScan is 
loop 8 times until  [1,*]  
step by  [ -1,1] 
endloop 
end SouthWestScan;  

SouthScan is 
step by  [0,1]  
endSouthScan;   

NorthEastScan is 
loop 8 times until  [*,1]  
step by  [1,-1] 
endloop 
end NorthEastScan;  

Flowware language example 
(MoPL) 
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ÅThe MoPL - 3 Grammar     ... of ...  

Å the Map-oriented Programming Language version 3 
(MoPL-3), a data -procedural programming language  

Å to specify functions and operators to be mapped 
onto a DataPath Array (DPA) or other pipe network 
(hardwired as well as reconfigurable)  

Åand to procedurally program data streams 
associated with these functions or operators  

MoPL- 3 Grammar  
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MoPL grammar 1 (14):      1. Program Def.  
2. Boundary Declôs 

Identarray Decl-Size

;Data Typeof

 

Array Declaration  
 

Identboundary Decl-Size ;

 

2.  Boundary Declarations  
Boundary Declaration  
 

SW Declaration 

rALU Set-up 

Scan Pattern Decl. 

Boundary Declaration 

Declaration Part  

3 

4 

5 

rALU = rDPU  

15 

16 

19 

1.  Program Definition  

Declaration Part Scan Statement PartMoPL Subroutine  
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MoPL grammar 2 (14): 3. Scan Window Declôs 

Window Names

Point

Window Size

handle Data Typeof

Window Spec  

Name-ListWindow Names 

SW Group Name Ident

3.  Scan Window Declarations  

Window Size  Decl-Size

27 

SW = Scan Window  

window SW Group Name Window Spec 

is

are

;Compound Window Declaration  
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MoPL grammar 3 (14): 4. rALU Set -up Declôs 

4. rALU Set -up Declarations  

Do Structure

Sub Structure

While Structure

Top Structure  

Top Structure ;

Structural Part  
 

do ConditionwhileSub Structure ;Do Structure  

rALU Name

Structural Part

SW Group Name

rALU subnet

is

of

; ;resident

rALU Config  

IdentrALU Name  

15 

While Structure  Conditionwhile Sub Structure ;

17 
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MoPL grammar 4 

set localBranchFlag ;Set Structure  

Sub StructureSub Structure List  

FourBitVectorLocal Branch Flag 

if Condition

then Sub Structure

else Sub Structure ;

If Structure  

Sub Structure List

If Structure

Assignment

begin

end

Set Structure

;

Sub Structure  

( Expression )Condition 
25 
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MoPL grammar 5 

(for missing production rules see 
Ph. D. thesis by Jürgen Becker)  

activate

passivate

remove

rALU Subnet Name ;

rALU Activation  

rALU Subnet Name  

Ident 

http://hartenstein.de/Ph -D-Theses.html  
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MoPL grammar 6 (14): 5. Scan Pattern Declôs 

Pattern Name  
Ident

Simple Pattern Decl  

Pattern Name is Scan Action

rALUsubnet Flagdependent on

rALUsubnet Flag  

localBranchFlag

5.  Scan Pattern Declarations  

scanPattern Simple_Pattern_Decl ;

Compound Scan Pattern Decl  

FourBitVectorLocal Branch Flag 

22 
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MoPL grammar 7: 6. Scan Statement Declôs 

begin end;Scan Statement BlockScan Statement Part  
 

6.  Scan Statement Declarations  

Scan_Pattern_Name  

Ident

Scan_Window_Name  

Ident

Scan Statement Block  with doSW Group Name

begin end;Scan Statement

15 

16 
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MoPL grammar 8 (14) 

Ident

Array Name  

Scan Statement  move toScan Window Name

PointArray Name

Scan Pattern Call

rALU Activation 

;

Scan Pattern Call  Scan Pattern Name
,

[ ]Scan Window Name

,
parbegin parendScan Pattern 

Scan Pattern Call( )

;

18 
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MoPL grammar 9 (14): 7. Scan Actions  

7.  Scan Action Declarations  

Scan Pattern Sequence

Simple Scan

Library Scan

Pattern Spec  

Scan Pattern Sequence  

Scan Ident;begin Scan Action end

Scan Name

Scan Name Escape Clauseuntil

;begin Scan Action end

Escape Clausewhile Scan Action

Scan Action  

23 

24 

24 24 

24 
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MoPL grammar 10 (14) 

rotl

rotr

rotu

mirx

miry

halfrotl

halfrotr

reverse

Stretching

Shearing

Transformation  Shortest Step  

t.b.d.  Stretching  

Simple Scan 

Shearing  t.b.d.  
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MoPL grammar 11 (14) 

Condition Clause 

Scan Name 

Scan Ident  

Lib Scan Name 

SizeXY  

StepWidthXY  

Escape Clause 

Library Scan  
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MoPL grammar 12 (14): 8. Expressions  

8.  Expression Declarations  
Assignment  

Sign 

Expression  

Simple 
Expression  Term  Rel Op Factor  

SW 
Variable  
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MoPL grammar 13: 9. Lexical Declarations  

FourBitVector  

Point 

9. Lexical Declarations  
Ident  

Digit  

Underscore  

Scale Factor  

Number  

Unsigned Real 

Letter  
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MoPL grammar 14 (14): 10. Common Production Rules 

10.  Common Production Rules  

Name-List  

Range 
Data Type  

Decl-Size  


