
www.thalesgroup.com  OPEN 

Fast iteration and prototyping in 
high -performance computing 
medical applications: a case 
study with Mentor Vista  

8th INFIERI WORKSHOP           Oct 20 2016  

Alberto Garcia -Fernandez  

The research  leading  to  these  results has received  funding  from  the  
People  Programme  (Marie  Curie  Actions)  of  the  European  Unionõs 
Seventh  Framework  Programme  FP7/ 2007-2013/  under  REA grant  
agreement  No. [317446] INFIERI óINtelligent  Fast Interconnected  and  
Efficient  Devices  for  Frontier Exploitation  in Research  and  Industryó. 



OPEN 

T
h

is
 d

o
c
u
m

e
n

t 
m

a
y
 n

o
t 
b

e
 r

e
p

ro
d
u
c
e

d
, 
m

o
d
if
ie

d
, 

a
d
a
p

te
d
, 

p
u
b

lis
h

e
d
, 

tr
a
n

s
la

te
d
, 
in

 a
n

y
 w

a
y
, 
in

 w
h

o
le

 o
r 

in
 p

a
rt

 o
r 

d
is

c
lo

s
e

d
 t

o
 a

 t
h

ir
d
 p

a
rt

y
 

w
it
h

o
u
t 
th

e
 p

ri
o

r 
w

ri
tt
e

n
 c

o
n

s
e

n
t 
o

f 
T

h
a
le

s
  
- 

 ©
 T

h
a
le

s 
 2

0
1

6
 A

ll
 r

ig
h

ts
 r

e
s
e

rv
e

d
.

 

Réf. : TRT-Fr/STI/LCHP/AG,16/0020 ð 20/10/2016  

Thales Research  & Technology  France  

Template trtp  version 8,0,0 / Template : 87204467 -DOC -GRP-EN-002 
2 

1. Architecture design and prototyping on low -power image processing 
platforms  

Improve performance per watt: peak by 4x and average by 10x by the end of 
2018. 

- 100x and 200x by 2023.  

Medical X -Ray Imaging.  

Reduce the level of radiation by 75%.  

- More powerful image processing.  

- The device needs to be small and mobile.  

- Processing close to the sensor to help reduce extraneous wires.  

2. Use of tools for fast exploration on new heterogeneous architectures  for 
high performance computing applications  

Fast performance evaluation of new chips and platforms.  

Architecture -adequacy discovery for domain representative algorithms.  

- Image processing.  

- Pixel tracking.  

- Big data.  

 
 

Background  and objectives  
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T̔ools available  

HW/SW co -designers.  

- Integration of compiler and synthesizer.  

- Reduced set of architectures for 
exploration.  

 

 

Virtual prototyping.  

- HW simulators or emulators.  

- Design the software and test it on a VP.  

 

 

 

SW parallelizers . 

- Adapt SW for heterogeneous devices.  

- OpenMP , OpenCL , CUDA. 

- No custom custom HW (i.e. FPGA).  

Case study  

I̔mage processing kernel chain  

Reference implementation in 

sequential C code.  

Requirements.  

- Must: 1024x1024 , 25 fps 420 Mbits /sec  

- Want:1344x1344, 30 fps 870 Mbits /sec  

 

D̔ifferent data access patterns.  

Pixel by pixel.  

- Good spatial locality.  

- Poor temporal locality.  

Sliding window.  

- Poor spatial locality.  

- Good temporal  locality.  

Chessboard.  

- Poor spatial locality.  

- Poor temporal locality.  

Frame  

Frame  

Frame  
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Mentor Vista and Sourcery  Codebench  

ʽMentor Vista  

SystemC TLM integrated 

development environment.  

Architecture design exploration.  

Virtual prototyping.  

Model the hardware before 

register -transfer level is available.  

S̔ourcery  Codebench  

C/C++ integrated development 

environment.  

Development for embedded devices.  

- ARM, IA32, MIPS, Power. 

Possibility to link with Mentor Vista.  

- Develop the SW before having the HW.  
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Development  in three  use cases  

ʽModel the hardware.  

Model IPs within FPGA fabric.  

Provide a bus mapping.  

Hardware knowledge required.  

C̔ode the kernel drivers.  

Implement the drivers of the fabric IPs in the 

Linux device tree.  

Hardware and OS knowledge required.  

D̔evelop the application.  

Adapt the reference application to the 

model of computation required.  

Offload computation to the FPGA IPs.  

Deploy the application in the prototype.  

Software development knowledge 

required.  

Model  
hardware  

HW expert  

Code  
drivers  

Develop  

application  

App developer  

OS expert  
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Modeling the hardware  

S̔ystemC  and TLM for the 
hardware IP models.  

E̔asy and straightforward to 
develop.  

Accuracy depending on the 
level of detail.  

 

V̔ista for the IP modeling:  

HW registers, 

Memory addresses.  

IRQs. 

Energy consumptions.  

Physical bus connections.  

 

D̔efine the bus mapping.  

Design the memory layout of the 
FPGA. 
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Coding the kernel drivers  

ʽUIO-based approach used to provide 
the interface to the FPGA fabric IPs.  

Gap between HW modelling  and SW 
application development.  

 

ʽModify the linux  device tree and rebuild 
the root.  

Not covered by the tools.  

Not a trivial task.  

Add one node per IP.  

 

ʽForward the memory, bus, and IRQ 
mapping defined in the previous stage.  

Calculate corresponding memory 
addresses and IRQs.  

Documentation provided by Mentor.  

 

ʽPossible UIO driver modification 
required.  
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Developing  the  software  

ʽCompile and execute the reference 
code in the Virtual Prototype.  

Simple and easy.  

Only recompile dependent libraries (if 
any).  

 

ʽLow level programming in order to use 
the hardware modeled.  

Easy once examples are provided.  

 

ʽMost of the time invested adapting the 
reference code (sequential) to other 
models of computation.  

Finite state machines.  

Concurrent execution.  

Pipeline.  

 

ʽMentor has several projects using 
GStreamer . 

Not checked in this case study, but 
interesting for the future.  
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HW/SW Co-debugging  

D̔ual approach: Vista for debugging the HW and Sourcery for the SW.  

ʽQuite simple to perform co -debugging if some insights are provided.  
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Platform  profiling  

E̔ntities and functions to be traced defined through a trace file.  

HW entities (models, buses, signals, CPUs, etc.).  

SW entities (OS, functions, etc.).  

P̔roblem with very large dense traces or very long simulations.  

Actually itõs a problem common to all tracing tools. 

V̔ery good visualization of results and tracing analysis tools.  
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Design  space  exploration  

ʽMigration from Arria10 to Zynq. 

HW FPGA models almost the same.  

SW application code totally portable.  

 

ʽChange the bus sizes of the FPGA HW models.  

Information provided by Mentor Vistaõs compiler. 

Change bus sizes of the fabric or use adapters.  

 

ʽFind the corresponding bus between FPGA fabric and SoC. 

Learn about the underlying architecture.  

Choose a new bus to connect.  

Recalculate memory mapping.  

 

ʽRedo the DTS file for the new platform.  

Requires deep understanding of the platforms and their DTSs.  

 

ʽNot very different devices (A10 vs Zynq). 

Both of them SoC. 

Waiting for the Zynq Ultrascale . 

Still untested real heterogeneity.  

GPGPUs unexplored.  

Zynq Ultrascale + MPSoC 

Å ARM Cortex -A53 APU 

Å ARM Cortex -R5 RPU 

Å Mali -400MP2 GPU 

Å H.264/H.265 VCU 
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Conclusions  

ʽMentor Vista and Sourcery Codebench  are very mature tools.  

Ready to be used in real developments.  

Still some level of expertise is required.  

 

I̔ntended to help the HW/SW co -integration using a virtual prototype.  

Not focused on fast iteration and early (real) prototyping.  

Best use case: software application on SoCs. 

No real heterogeneity (for now). No GPGPU, many -cores, or DSPs.  

 

F̔ast prototyping on FPGAs: check out HW/SW co -designers.  

Reduced set of supported HW platforms.  

 

E̔xplore real heterogeneity: check out SW parallelizers . 

High-level interfaces: OpenCL , OpenMP . 

HW design left aside. No FPGA (for now).  

 




