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Bambu [2] HLS tool
• Allocation of hardware modules
• Scheduling of operations
• Binding operations to allocated 

modules
• HDL code generation for different 

targets (FPGA or ASIC)

SODA-OPT
• Software partitioning
• High-level optimizations
• Code preparation for HLS

TF-OPT, MLIR frontends
• Domain specific –

DNN – optimizations

MLIR-OPT
• Progressive lowering
• Provides “MLIR IR”

• High-level optimizations can increase performance of final designs
• High-level optimizations, paired with standard HLS optimizations generate 

even faster designs
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1.46x Speedup (~30% less cycles)

• We created a tool to automatically search, outline, optimize, dispatch, and accelerate kernels 
for HLS

§ It eases programmer effort to target FPGAs or generate code for ASICs
• High-level optimizations can further improved HLS synthesis performance

§ Our microkernels show 1.6x speedup over baseline designs that only leverage HLS optimizations
• SODA-OPT is flexible and can outline kernels from dataflow applications at different 

granularities
§ It enables the possibility of fusing multiple dataflow operations into a single accelerator

• It provides new HLS capabilities, essential to enable an “agile hardware design” approach
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• Experiment investigates the impact of outlining and generating accelerators 
for different granularities of a DNN model
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Approach Outlining Dataflow Applications with SODA-OPT

Conclusions

Benefits of High-Level Optimizations

Motivation
• General purpose computing units are experiencing 

progressively smaller performance gains due to 
technology and power limitations

• Architecture innovations are key to keep increasing 
performance of current applications

• Custom Domain Specific Accelerators are now the 
main drivers of performance gains in different domains

• High-Level Synthesis (HLS) can be used for rapid 
generation of custom Domain Specific Accelerators

Challenges
• HLS still requires considerable programming effort of 

knowledgeable experts to yield high performance 
designs 

• Most HLS flows [3-4] must map into annotated C/C++ 
to guide the synthesis

• High-level (HL) information of the application’s 
dataflow, task or memory level parallelism is often lost 
when manual translation to C/C++ is performed

Contributions
• MLIR [1] based compiler flow for high-level synthesis
• MLIR dialect to search and outline MLIR code at 

suitable abstractions
• Compiler passes and pipelines to enhance HLS of 

arbitrary regions of a dataflow application
• Puts the domain scientist in control of custom 

accelerator generation with compiler passes
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Marks code blocks to be outlined and 
extracted into separate kernel functions

Indicates the end of a code region 
to be outlined

Calls outlined functions and is replaced 
by accelerator call API in the host code

Holds the list of outlined kernels 
to be later optimized

Defines outlined kernels 
and their interface as functions

Indicates the end 
of a kernel function
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After outlining

SODA Operations
• The SODA dialect borrows ideas of the GPU dialect
• Search step marks code regions to be outlined 
• Outlining step moves selected regions into a special 

MLIR module
• Operations and Semantics are described below
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https://gitlab.pnnl.gov/sodalite/soda-opt
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