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Problem Description
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❑ Starting point

➢ Verified software application (source files, build files, external libraries)

❑ HLS kernel generation flow

➢ Kernel implementation + Testbench implementation 

(data collection, manual verification, no system-level integration)
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Usual HLS testbench requirements

P OLI TEC N ICO D I M ILA N O De partme nt  o f Elec tron ics ,  Inf orma tio n an d B ioe ngin eerin g 4

❑ Commercial HLS Tools offer limited support for testbench implementation

➢ Restricted set of C/C++

➢ Non-portable build environment (source must be included in the tool env)

➢ Limited I/O interaction

➢ Manual implementation required

➢ Serial execution

➢ Error-prone

HW kernel

HDL.SO

HLS Testbench
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Proposed work
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❑ System-level HW/SW Co-simulation environment

➢ HLS tool generates the testbench code automatically

➢ Automated simulation verification based on HLS input description

➢ Parallel HW/SW execution

➢ Integrated memory consistency checks

➢ Unconstrained integration within pre-built applications (C, C++, Python)

HW kernel + Verification logic

HDL.SO



HW/SW Co-Simulation Environment Architecture
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Memory DPI-C Inter-Process Communication API
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❑ Inter-process communication between HDL simulator and system application:

➢ Realistic HW/SW interaction simulation

➢ Address space separation emulation through virtual Memory Mapping Unit (vMMU)

➢ Integrated hardware protocol consistency verification

➢ Integrated memory operations consistency verification

➢ Parallel verification



Memory DPI-C Inter-Process Communication API
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Integrated Hardware Protocol Consistency Checks
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❑ Inter-process communication middleware enables many additional verifications:

➢ Hardware protocol functional verification

➢ Memory operations verification (read-only memory, out of bounds)

➢ Detailed operations profiling



HW/SW Co-Simulation Runtime Execution Diagram
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System-Level HW/SW Co-Simulation Integration
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❑ Pre-built application may interact directly with the simulated hardware environment

➢ Only requirement is the application must load the top-level function symbol dynamically (or 

link to the generated library at compile-time)

➢ System application may be written in ANY language (even Python) as long as the top-level 

symbol is linked in C

SW Executable

.SOPythonC++ *****

HW kernel + verification

HDL.SO



Dynamic Symbol Loading at Runtime
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❑ Co-Simulation symbol injection is also possible in dynamically linked application

➢ Dynamically linked symbol are loaded at runtime by the OS (left)

➢ When a required symbol is not found in the symbol table it is loaded

➢ The symbol table can be pre-loaded setting the LD_PRELOAD variable (right)
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Experimental Results
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❑ Comparison with commercial HLS tool simulation environment on MachSuite**

➢ 6.1x faster simulation

➢ 29.5x cycles/s

➢ 14.8x AC/s*

**Results of synthesis of Virtex 7 (xc7vx690tffg1930-3) at 100MHz simulated with AMD Xilinx XSIM* AC/s = 
𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑙𝑖𝑐𝑒𝑠 ∗𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝐶𝑦𝑐𝑙𝑒𝑠

100.000
per second

Tool 1 Tool 1 Tool 1



Experimental Results
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❑ Comparison with commercial HLS tool simulation environment on PolyBenchC**

➢ 27.8x faster simulation

➢ 13.2x cycles/s

➢ 24.4x AC/s*

**Results of synthesis of Virtex 7 (xc7vx690tffg1930-3) at 100MHz simulated with AMD Xilinx XSIM
* AC/s = 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑙𝑖𝑐𝑒𝑠 ∗𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝐶𝑦𝑐𝑙𝑒𝑠

100.000
per second

Tool 1 Tool 1 Tool 1



Current & Future Development
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❑ The proposed co-simulation environment enabled further research on:

➢ Faster C-based simulation environment (under review)

➢ Timing-accurate RAM simulation (under development)

➢ Gem5 simulation integration (want to contribute?)



Questions
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Thank you!Bambu HLS Documentation

https://docs.bambuhls.eu

Bambu HLS Releases

https://release.bambuhls.eu

Bambu HLS Open-Source Project

https://github.com/ferrandi/PandA-bambu

This work has been partially supported by the Spoke 1 "FutureHPC & BigData” of the Italian Research 
Center on High-Performance Computing, Big Data and Quantum Computing (ICSC) funded by MUR 
Missione 4 - Next Generation EU (NGEU).

https://docs.bambuhls.eu/
https://release.bambuhls.eu/
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