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Multimedia Domain

HIGH PERFORMANCES
real time, portability, long battery life

UP-TO-DATE SOLUTIONS

last audio/video codecs, file formats...

MORE INTEGRATED FEATURES 

MP3, Camera, Video, GPS...

MARKET DEMAND

convenient form factor, affordable price, fashion



• DATAFLOW MODEL OF COMPUTATION
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PORTABLE DEVICES

Reconfigurable Platform Composer Tool Project

Target & Technological Challenges

Automated are fundamental to guarantee 
. Dealing with 

systems, in particular for , 
state of the art still lacks in providing  a broadly accepted solution.

The RPCT project (2012-2015) has been funded by Sardinian Regional Government
(L.R. 7/2007, CRP-18324).
http://sites.unica.it/rpct/
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DSP ASICGPUCPU

GP
Flexibility Performance

CG

RECONF

FG

Fine Grained Coarse Grained

bit-level word-level

Flexibility ☺ 

Speed  ☺

Memory  

• Coarse Grained (CG):

– both in ASIC and FPGA

– 1 clock cycle switching, with
dedicated switching blocks.

• Fine Grained (FG):

– FPGA only

– switching requires a new bit-
stream
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MPEG-RVC Framework Integration:
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MDC:
Low-Power Extension
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Co-processor Generator
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2010 2011 2012 2013 2014 2015 2016

Reconfigurable Image/Video Coding: JPEG e 
H.264

Neural Signal Decoding

Adaptive Filtering: 
HEVC Encoding 

Cryptograph
ic Systems



Outline

• The  origins of our dataflow to hardware studies: the RPCT Project
– Context

– Target Technologies

– Project Development

• The MDC tool
– Approach

– Baseline Functionality and Extensions

• Contexts of application 
– Neural Signal Decoding

– HEVC Interpolation Filters

• Final Remarks



Dynamic Power 
Manager

Multi Dataflow 
Composer Tool

Structural Profiler

C
o

-P
ro

ce
ss

o
r 

G
en

er
a

to
r 

http://sites.unica.it/rpct/

MDC design suite

Design Suite & Targeted Challenges



Dynamic Power 
Manager

Multi Dataflow 
Composer Tool

Structural Profiler

C
o

-P
ro

ce
ss

o
r 

G
en

er
a

to
r 

Functional Complexity
Time to Market:

Design & Mapping 
Automation

http://sites.unica.it/rpct/

MDC design suite

Design Suite & Targeted Challenges



Dynamic Power 
Manager

Multi Dataflow 
Composer Tool

Structural Profiler

C
o

-P
ro

ce
ss

o
r 

G
en

er
a

to
r 

Functional Complexity
Time to Market:

Design & Mapping 
Automation

Constraint
Driven 

Optimisation

http://sites.unica.it/rpct/

MDC design suite

Design Suite & Targeted Challenges



Dynamic Power 
Manager

Multi Dataflow 
Composer Tool

Structural Profiler

C
o

-P
ro

ce
ss

o
r 

G
en

er
a

to
r 

Power 
Efficiency

Functional Complexity
Time to Market:

Design & Mapping 
Automation

Constraint
Driven 

Optimisation

http://sites.unica.it/rpct/

MDC design suite

Design Suite & Targeted Challenges



Dynamic Power 
Manager

Multi Dataflow 
Composer Tool

Structural Profiler

C
o

-P
ro

ce
ss

o
r 

G
en

er
a

to
r 

Power 
Efficiency

Functional Complexity
Time to Market:

Design & Mapping 
Automation

Constraint
Driven 

Optimisation

http://sites.unica.it/rpct/

Fast Integration 
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MDC Front-End: 
Multi-Dataflow Generator

MDC front-end
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MAPPING

PROBLEM STATEMENT: find a Reconfigurable Graph G (V,E) with the minimum 

costs (min|V| and min |E|)
feasible solution:
NP-complete problem: N. Moreano, et al., “Datapath merging and 
interconnection sharing for reconfigurable architectures”, Symp. On 
System Synthesis, 2002. 
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MDC Back-End: 
Platform Composer

CGR substrate
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MDC front-end
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Integration within MPEG-RVC

composition

Orcc font-end

.cal

MDC front-end

optimisation

.xdf

TURNUS causation 
trace analysis

worst case 
parsing script

generation

XRONOS high 
level synthesis

MDC back-end

IR.java

multi-dataflow

action weights

optimal FIFOs 

size per IR

RVC-CAL

dataflows

multi-dataflow

optimal FIFOs size

HDL components

library
RVC-CAL
hardware
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CGR substrate 
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Structural Profiler

What are the topological characteristics impacting on the CGR substrate?
1. Number of merged dataflow specifications
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What are the topological characteristics impacting on the CGR substrate?
1. Number of merged dataflow specifications
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Structural Profiler
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What are the topological characteristics impacting on the CGR substrate?
2. Merging order
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What are the topological characteristics impacting on the CGR substrate?
2. Merging order
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Structural Profiler
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Structural Profiler

Automated Pareto Analysis

2

MSs = Merged dataflow Specifications (example with N=7)



Structural Profiler

Automated Pareto Analysis

AREA/POWER OPTIMAL

FREQ. OPTIMAL

2

MSs = Merged dataflow Specifications (example with N=7)
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Dynamic Power Management

low power (clock gated) 
CGR substrate
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Co-Processor Generator

Co-Processor Characterization
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Specify the Extension to be 
used (if any).
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EXAMPLE: Neural Signal Decoding EXAMPLE: HEVC interpolation filters
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Neural Signal Decoding
Resource Optimization

Implantable Devices:  strict area & power
requirements

Neural Signal Decoding:

• Fast

• Low Area

• Low Power

MDC can be used to build the
accelerators compliant to
those constraints.

D. Pani, et al., «Real-time processing of tflife neural signals on 
embedded dsp platforms: A case study» Neural Engineering, 
2011. 
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HEVC Interpolation Filters
Multiple Working Points

• Approximate Computing: trading a controlled quality degradation (#
taps) for an increased energy efficiency

• Software Implementation: Erwan Raffin, et al., “Low power HEVC
software decoder for mobile devices”, JRTIP 12(2): 495-507 (2016)



HEVC Interpolation Filters
Multiple Working Points

MB: Macro Block

FB: Filtered Block

delay
PE

MAC
PE

STAGE 0

delay
PE

MAC
PE

STAGE 1

delay
PE

MAC
PE

STAGE 7

shift
PE

clip
PE

MB

pixels
FB

pixels

configuration logic
ID

Switching Element

1-D Reconfigurable Interpolation Filter

• Approximate Computing: trading a controlled quality degradation (#
taps) for an increased energy efficiency

• Software Implementation: Erwan Raffin, et al., “Low power HEVC
software decoder for mobile devices”, JRTIP 12(2): 495-507 (2016)



HEVC Interpolation Filters
Multiple Working Points

design @200 MHz
Xilinx XC7Z020

LUT FF BRAM DSP
Fmax
[MHz]

tap
dP (Vivado)

[mW]
dE

[μJ]
time per block

[cycles]
# interpolated

pixels in a fixed time

legacy_luma 212 37 4 16 213 8 11 0.248 460 57957

reconf_luma
(vs legacy %)

582
(+175%)

85
(+130%)

4
(+0%)

16
(+0%)

200
(-6%)

8 12 (+9%) 0.270 (+9%) 460 (+0%) 57957 (+0%)

7 11 (+0%) 0.245 (-1%) 395 (-14%) 59033 (+2%)

5 10 (-9%) 0.217 (-12%) 265 (-42%) 61191 (+6%)

3 10 (-9%) 0.211 (-15%) 135 (-71%) 63357 (+9%)

legacy_chroma 163 33 2 8 217 4 9 0.053 107 14753

reconf_chroma
(vs legacy %)

383
(+135%)

65
(+97%)

2
(+0%)

8
(+0%)

200
(-12%)

4 9 (+0%) 0.053 (+0%) 107 (+0%) 14753 (+0%)

3 8 (-11%) 0.045 (-13%) 73 (-32%) 15293 (+4%)

2 6 (-33%) 0.033 (-37%) 39 (-64%) 15835 (+7%)

C. Sau et al. <<Challenging the Best HEVC Fractional Pixel FPGA Interpolators with Reconfigurable and Multi-frequency Approximate Computing.>>
IEEE Embedded Systems Letters, 9 (3), pp. 65-68, 2017, ISSN: 1943-0663.
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Conclusion and Future Plan

MDC design suite
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Baseline MDC Tool
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The RPCT project (2012-2015) has been funded by Sardinian Regional Government
(L.R. 7/2007, CRP-18324).
http://sites.unica.it/rpct/

HW/SW 
Partitioning
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