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Introduction

- e

e Traditional deployment of reconfigurable
architectures (FPGAS):

change the application over time

e Newly developed devices (processor-like
reconfigurable architectures):

reconfiguration within one clock cycle
> reconfiguration is keeping pace with the execution

> re-use of the device‘s components within a single
application.

Commercial Examples:
> NEC: Dynamically Reconfigurable Processor (DRP)
> Intel: Reconfigurable Communications Architecture (RCA)
> IPFlex: DAP/DNA Architecture
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application
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frontend
processing

v

FU and port
allocation

v

» scheduling

v

operations and

~.__ datatypes

/" timing
information

W~

y = (Cl*r + C2*g + C3*b + C4)>>C5;

FSM
extraction
<
]
v 2
o
tion scheme ! °
pisel state
application| frontend DIR; samples/s latency |inports| FUs states contexts FSM
RGB2Y SSA (3/1) * 77MHz 77,000,000 13 ns 3 7 1 1 none
RGB2Y SSA (3/1) * 200MHz 200,000,000 20 ns 3 7 1 1 none
RGB2Y SSA (3/3) * 200 MHz 66,666,667 30 ns 1 3 3 3 1 Medv.
HPGS SSA (9/18) * 200MHz 11,111,111 30 ns 1 1 18 18 1 Medv.
HPGS none (9/18) * 200 MHz 11,111,111 90 ns 1 1 18 11 1 Moore
resampling n/a (8/1) * 200 MHz <200,000,000 260 ns 8 28 2 2 1 Medv.
resampling n/a (8/1) * 200 MHz 200,000,000 60 ns 8 28 2 2 12 Medv.
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- [ Multi-Contesxt Verilog File {_D.v)
o i project_Dw
- project_D_out v

[ Library File (lib.yv, miib vy

[_Mapper Intermediate Flle (phase i v}
+ D Mapper Report {_drprmap_XX cav, crit)
—--D Flace & Fioute
+D Elock Level Metlist {.gnet, code)
DMuIti-Process Floor Plan (.mgp)
~ [ Layout File { dsny

(L Pin Restraint File ¢ pin)
.- cronus pin
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-] Full Netlist ( code)
: D Downloadable File {.mem)
- in_DOZER_shart mem
-\ project_out.mem
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[ Other

]|

Build | Simutation | Debug | Project |

C/BDL Source Cocle: I I

Frecuency

inData inData
outintr outlntr
outReguest out Recuest
outData outData
out DataEnd out DataEnd
outalic out'alid

process drp

unsigred char in8, inl, inZ, in3, ind, inS, inB, in7;
unsigned char outB, outl, outZ, outd, outd, outl, outh, out?;

unsigred char t1, 2, 43, t4, 15, 46, t7, &8, t9, £18, 11, £12, £13, t

synchozer () ;

din = DataIn();  // 777
i = dozZuchar(din,8); // 7
inl dozZuchar (din, 13; // 7
inZ doz2uchar{din,2);
ind = dezZuchar(din,3);
ind dozZuchar {din,4);
inG dozZuchar {din,5);
inb doz2uchar (din,6);
in? = dezZuchar(din,?);

t1
t2
t3
t4
t5
t6
t7
8
t9

in@ + inl;
inS + in?;
o+ inZ;
13+ ind;
4o+ t2;
15;
t2;
t6;

19 + in?;
=47 + t1B;
BT+ 465
17 + 112;
= 412 + in?}
ISR
L16 + ind}
£13 + in3;

Consale I Search I Errar & Hint I Fiesource I Function State I Fegister State I Memory State ] Fort State |F|FD State I ‘Watch List I Current Walue I

|Line 27 53 : Coumn 20
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(Info) Designload :: Context( Z)1 Loading.....
(Info) Net Status Check :: Context({ 0) Process(0) Done.
(Info) Met Status Check :: Context{ 1) Process(0) Done. |
{Info) Met Status Check :: Context{ Z) Process(0) Done. Vi
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Console I Search I Error&Hint I Resource I Function State ] FRegister State IMemory State ] Port State ] FIFO State ] ‘Watch List ] Current Walue ]

[Line 29/ 53 : Column 15
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e Limiting factors: computational power and
memory bandwidth

e Current solutions for real-time performance:
- not flexible enough for

extensions
- high NRE costs

- prone to fail for even slight
changes in processor or
memory architecture

- tedious to code

- not suitable for low-power
requirements
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S  [02  (02 I (V59
Sampledl = v0 Sampled! = vl
& |® & & Sampiods —va | | Sampleds s
Sample67 = v6 Sample67 = w7
o © ©O O
=
weightY B e weight < 0x8000
|
X | * 7
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>>
o

SEL 7
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weightZ
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«— Iinterpolated sample value —»
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Alternative filter kernel:
nearest neighbor interpolation

10 operations

weightX < 0x8000

Samplel! = v0 Sampled! = vi
Sample23 = v2 Sample23 = v3
Sampleds = v4 Sampleds = v5
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32-bit wide arithmetic
operations

16-bit x 16-bit multipliers
7 data registers
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Adequacy of the Architecture to the Domain
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Which one is the most adequate architecture

to the domain?
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® Spatial Convolution m Matrix Operations

2,00

Area ~ 700.000um2

... and which is the
most adequate
mapping strategy?

1,50
o
D)
2 1.00
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32 Contexts 16 Contexts 8 Contexts

Loop Unrolling, Loop Unrolling, Constant Loop Unrolling,

Constant folding,
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Copy Propagation

Constant folding,
Copy Propagation

folding, Common Sub-
Expression Elimination
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Image-Processing Domain Design Space
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Transformations

e Dead Code
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e Tree height
reduction

e Loop Unrolling
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Conclusions
—

The benefits of reconfiguration can only be utilized if
applications can be mapped efficiently:
> C code must be partitioned temporally by an automated
high-level compiler
> the target architecture must provide the resource to
execute the application efficiently
Ray casting example shows considerable advantages
compared to FPGAs

We proposed a voltage scaling technique which
satisfies the timing constraints without frequency
scaling

Design of Processor-Like Architectures for an
Application Domain is challenging:

> Resource allocation should attend evenly all applications
In domain.

> Set of mapping strategy should foresee appropriate use of
resources for all applications.
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