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Tutorial Schedule

9:00 – 9:30 Antonino Tumeo Agile Hardware Design for Complex Data Science Applications: Opportunities and Challenges.

9:30 – 10:00 Fabrizio Ferrandi Bambu: An Open-Source Research Framework for the High-Level Synthesis of Complex Applications.

10:00 – 10:30 Antonino Tumeo
SODA-OPT: Enabling System-Level Design in MLIR for HLS and Beyond.

Hands-on: From DNN Models to ASIC Devices with SODA-OPT

10:30 – 11:00 Coffee Break

11:00 – 12:00
Serena Curzel 
Michele Fiorito

Hands-on: Productive High-Level Synthesis with Bambu, Compiler Based Optimizations, Tuning and Customization 

of Generated Accelerators

12:00 - 12:30
Antonino Tumeo & 

Fabrizio Ferrandi
New features in SODA-OPT and Bambu



From DNN Models to 
ASIC Devices with 

SODA-OPT 
(Hands-on)

Tutorial: SODA Synthesizer: Accelerating Artificial Intelligence 
Applications with an End-to-End Silicon Compiler

September 1, 2025

Antonino Tumeo

Nicolas Bohm Agostini
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Motivation

Compiler based automated flow

Our Approach

HDL Files FPGA

ASIC

Domain Scientist

DSL + HL app

Annotated

C/C++ Code
HSL Tool HDL Files

FPGA

ASIC

Domain Scientist

DSL + HL app

HLS

Developer

Conventional approach



4

SODA End-To-End Toolchain

Translate to MLIR IR

Backend: 
HLS

Frontend: 
SODA-OPT

Synthesizer

Design Space 
Exploration

Templates

Components

FPGA or ASIC Targets

Constraints

Resource Library

Metrics

High-Level 
Framework ML Model

Chip Design

DSL

Evaluation

Executable

Processor

LLVM Tools

MLIR: Linalg and Affine Dialects

Search & Outline kernel functions

Isolate Kernel & Host Code

MLIR and SODA Dialects

Analysis & 
high-level 

optimization

Convert SODA 
Operations to 

Runtime

Low-Level IR Low-Level IR

MLIR Kernel 
Code

MLIR Host 
Code

Frontend: SODA-OPT

From: High-Level Framework

To: Backend To: LLVM Tools

Translate to LLVM IR

Analysis & low-level optimization

Template 
based 

synthesis

Allocation

Scheduling

Binding

Modules (RTL IR)

System (RTL IR)

Verilog and Testbench

Backend: Bambu

From: Frontend

To: Chip Design
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Goals

1. Learn how to use the SODA toolchain and the SODA-OPT compiler to perform end-to-end 
synthesis of high-level applications

2. Experiment with different high-level optimization strategies provided by SODA-OPT
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Why are HL code transformations important?
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SODA Optimized

• Careful selection of tile size 
enables accelerator reuse 
by multiple operators

• 4x the area, 15x speedup
• Automatically selected and 

generated
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PolyBench

Lenet

* Bambu target: OpenPDK 45nm ASIC @500MHz, 2 memory channels
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Tutorial Structure

python pytorch

torch-mlir

mlir-opt Verilog 

Files

soda-opt

soda-translate

SODA
OPT

bambu 

(with llvm plugin)
OpenRoad

GDSII

Files

1 2 3 4 5 6

https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch

https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
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Tutorial Structure

python mlir-opt Verilog 

Files

soda-opt

soda-translate

SODA
OPT

bambu 

(with llvm plugin)
OpenRoad

GDSII

Files

1 2 3 4 5 6

1 • Write a simple DNN model in python

2 • Convert model to MLIR (with torch_mlir)

• Lower model to TOSA MLIR dialect

3 • Lower model to linalg MLIR dialect

• Visualize the intermediate representation

4 • Select MLIR code for custom accelerator generation

• Optimize kernel code and generate IR for Bambu

5 • Synthesize baseline and optimized code into Verilog

• Compare results

6 • Place and route synthesized code

• Visualize final GDSII files

https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch

pytorch

torch-mlir

https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
https://github.com/pnnl/soda-benchmarks/tree/main/tutorials/pytorch
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In a Nutshell

1

2

3

Computational 

Graph

MLIR

Representation

SODA-OPT

Selects Code

SODA-OPT

Outlines Code

SODA-OPT

Lowers to LLVM

Bambu performs 

HLS: maps LLVM 

instructions to 

HW modules and 

schedules in a 

FSMD
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In a Nutshell

1

2

3

SODA-OPT

Outlines Code

Bambu performs 

HLS: maps LLVM 

instructions to 

HW modules and 

schedules in a 

FSMD

SODA-OPT

Optimizes the code and 

lowers to LLVM



Thank you
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The Effects of Our Automatic Optimization Pipeline

PolyBench

* Bambu target: Xilinx xc7vx690t @100MHz, 2 memory channels per argument

Speedups across a wide 
range of algorithms without 

manual code annotation

On average,
Speedup observed is bigger 

than Resource (LUT) 
consumption increase
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