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Introduction - Motivation

• Embedded systems are widespread and in strong growth in multiple 
industries (defense/aerospace/communications/transport/…)

• Complexity of embedded systems is increasing with Moore’s Law 
exponential growth

• Embedded systems a strategic technology in defense companies with 
no outsourcing possibilities

• Systems complexity in industry requires sustained and matching 
increased engineering skills 

• Semiconductors industry growth can’t keep up without matching skills 
and associated design productivity
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Heterogeneous Embedded Multicore

• Multicore have emerged strongly in embedded devices (cellphones, 
industrial equipments, etc°

• Homogeneous Multicore (a.k.a symmetric)  present same embedded 
processor configuration 

• Embedded systems offer the opportunity of full customization of embedded 
IPs: configurable soft IP processors, Network on Chip, hardware 
accelerators , embedded memories, to match performance, resources and 
cost constraints

• Heterogeneous embedded multicore mixes heterogeneous embedded 
processors IP and HW accelerators

• FPGA offers a natural testbed for Heterogeneous Embedded Multicore 
(a.k.a HMP – Heterogeneous Multi-core Processing)
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Heterogeneous Embedded Multicore 
Architecture – Single Chip 
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• Fully customizable Ips

• Design Space Exploration

• NP-hard problem



Training and Education

• Graduate level education in ENSTA PARIS: ROB306 (HLS and Hardware 
accelerators) and ROB307 (Heterogeneous Embedded Multicore  MPSOC)

• Objectives on FPGA Platforms (Xilinx) : 
1. design, implementation and optimization of complex embedded systems

2. discover, understand and master potentials of FPGA Technology

3. design of hardware accelerators under energy/area/performance constraints 

4. design of embedded multicore with emphasis on NOCs (Network on Chips)

5. Parallel programming

6. Automatic Design Space Exploration and MDAO

• Strong interaction with industry for embedded systems skills requirements 
(Qualcomm, Arteris, SiPearl,MBDA, …): internships/job 
opportunities/research programs

6



Training Architecture 
2 graduate courses 2 x 21H – Sept - Dec
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Heterogeneous Multi-core 
Processing

ROB 306
HLS – FPGA – HW-Sw Codesign
Zedboard – Vivado CAD tool
HLS project 1
Zedboard execution – IVVQ
Zynq Book and Tutorials 
Reference

ROB 307
Network on Chip (AXI)
Heterogeneous Multicore
Project 2
5 processors multicore 
ARM9 + 4 MB
+ HW accelerators
Zedboard execution IVVQ



Embedded Systems Hw-Sw Codesign 
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ROB 306 – Hw/Sw Codesign 

• Q1. PC software performance evaluation – algorithms variations, compiler options explorations, 
parallel programming (multi-threads, OpenMP, etc…)

• Q2. Embedded processor Performance evaluation ARM9 – C code Vivado 2019 SDK – explore all 
possible optimizations microarchitecture du processeur (caches, branch prediction superscalar
execution units , dual-core)

• Q3. HLS Design, synthesis and synthesis options exploration – Performance/Area tradeoffs
latency, bandwidths – resources XC7Z020 (logic cells (% de 85K), LUTs (% de 53200), Block 
RAM (% de 4,9 Mb), DSP slices (% de 220). TCL epxloration

• Q4. Hardware Implementation on zedboard and execution

• Q5. Automatic Design Space Exploration of Hw accelerator inside the embedded systems structure 
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Application C/C++

Programming
ARM9, optimization
Performances 
measurements
On zedboard

Automatization gcc

Programming
sequential and 
parallel
PC, optimization
Performances 
evaluation
Automatization
gcc

HLS design , 
optimization
(perf/area) and
performances 
estimation 

Automatization
Vivado HLS

Integration
HLS, optimization
(perf/area)
measure
of performances
on zedboard

Automatization
Vivado

Students Group organization
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Xilinx Zynq and Zedboard
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Multicore



AXI Crossbar

10/11/2020 ENSTA PARIS/ROB 307 - Projet MPSOC 2020 v.1 - 10/11/2020 13



Q1. Network on chip (NOC) 3x3

Exemple:
https://drive.google.com/drive/folders/1MIse0ENNUip1Cd_axxJYRaN9nohlsSbK?usp=sharing
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https://drive.google.com/drive/folders/1MIse0ENNUip1Cd_axxJYRaN9nohlsSbK?usp=sharing


Q1. Network on chip (NOC) 3x3
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• Q1.1 NOC Design and latency/bandwith analysis through simulation

• Q1.2 NOC implementation on Zynq and Board execution – Explore NOC 
options

• Q1.3 NOC Place and route improvements

• Q1.4 Test and validation on zedboard.

• AXI Traffic Generator v3.0 LogiCORE IP Product Guide Vivado Design Suite PG125 February 11,
2019

• AXI Interconnect v2.1 LogiCORE IP Product Guide Vivado Design Suite PG059 Dec. 20, 2017

https://www.xilinx.com/support/documentation/ip_documentation/axi_traffic_gen/v3_0/pg125-axi-traffic-gen.pdf
https://www.xilinx.com/support/documentation/ip_documentation/axi_interconnect/v2_1/pg059-axi-interconnect.pdf


Conception du NOC 5x5
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Q2. Multicore 3 cores : 1 ARM 2 Microblaze v.1

ARM 9
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Microblaze (1)

Microblaze (2)

https://www.xilinx.com/support/documentation/sw_manuals/xilinx2019_2/ug984-vivado-microblaze-ref.pdf

https://www.xilinx.com/support/documentation/sw_manuals/xilinx2019_2/ug984-vivado-microblaze-ref.pdf


Q2. Multicore 3 cores : 1 ARM 2 Microblaze
customization
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Microblaze interface signals
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• M_AXI_DP: Peripheral Data Interface, AXI4-Lite or AXI4 interface

• M_AXI_IP: Peripheral Instruction interface, AXI4-Lite interface

• M0_AXIS..M15_AXIS: AXI4-Stream interface master direct connection

interfaces

• S0_AXIS..S15_AXIS: AXI4-Stream interface slave direct connection interfaces

• M_AXI_DC: Data-side cache AXI4 interface

• M_ACE_DC: Data-side cache AXI Coherency Extension (ACE) interface

• M_AXI_IC: Instruction-side cache AXI4 interface

• M_ACE_IC: Instruction-side cache AXI Coherency Extension (ACE) interface

• Core: Miscellaneous signals for: clock, reset, interrupt, debug, trace

• ILMB: Instruction interface, Local Memory Bus (BRAM only)

• DLMB: Data interface, Local Memory Bus (BRAM only)



Q2. Multicore 3 cores : 1 ARM 2 Microblaze
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• Q2.3 synthesis place and route multicore frequency ?

• Q2.4 clock frequencies – multi-clock



Configurations Microblaze (1/3)
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Configurations Microblaze (2/3)
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Configurations Microblaze (3/3)
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Q2. Multicore 3 cores : 1 ARM 2 Microblaze
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• Q2.4 Explorations options Microblaze: (Barrel shifter, multiplier, 
divider, FPU, BTC, Icache, Dcache)

• synthesis place and route multicore DSE



Multicore multi-clock
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Q3. programming Application
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3 programs F1, F2 et F3 executing separetly
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Ips integration
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Chip Area

1 MicroBlaze 2 MicroBlaze
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Power

1 MicroBlaze 2 MicroBlaze
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Heterogeneous Embedded Multicore : ARM9 (dual core) + 4 MB 
Embedded Processor with NOC and Hardware accelerators
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Conclusion and perspectives

• A intensive course on embedded systems and heterogeneous embedded multicore

• Highly appreciated by industry partners (ARM, Qualcomm, etc…)

• Skills mastering and understanding confirmed over the years

• Quality projects and strong investments from ENSTA students

• Tools learning curves an issue and increasingly complex and memory demanding 
(students laptop issues)

• Online supports a must with projects sharing through collaborative platforms 
(drive,etc…)

• No Black-Box design : down to synthesis place and route implementation
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Conclusion and perspectives 

• Objectives on FPGA Platforms (Xilinx) : 

1. design, implementation and optimization of complex embedded systems

2. discover, understand and master potentials of FPGA Technology

3. design of hardware accelerators under energy/area/performance constraints 

4. design of embedded multicore with emphasis on NOCs (Network on Chips)

5. Parallel programming

6. Automatic Design Space Exploration and MDAO

• Objectives reached and in evolution
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Robot Clearpath Robotics – Husky
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Réference : https://clearpathrobotics.com/

Image processing and vision
Path planning and obstacle avoidance
Autonomous robotics

https://clearpathrobotics.com/




Thanks to our partners and contributors
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Hervé Le Provost – Research Engineer – Adjunct Professor ENSTA PARIS
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