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ScaleHLS: Single-kernel Optimization (2022) HIDA: Multi-kernel Optimization (2024)

StreamTensor: Streaming-based Multi-kernel Dataflow (Now)

ScaleHLS Features
• C++/PyTorch frontend
• MLIR-based compilation
• Multi-objective single 

kernel optimization
• Generate near-optimal 

single kernel HLS design 
given resource constraints
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*Dataflow = Coarse-grained Pipeline between Kernels

HIDA Features
• C++/PyTorch frontend
• Two-level dataflow IR:
• Functional dataflow
• Structural dataflow

• Intensity and connectivity 
aware global multi-kernel 
optimization

• Better performance than 
RTL accelerators
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● End-to-end PyTorch-to-device flow validated on FPGA BOARD
● Aggressive kernel fusion with streaming

○ Single kernel for a single 🤗 Mistral-7b or Llama-8b decoder layer on U55C FPGA
● Automated data movement generation

○ DMA, data packing, and interface widening for HBMs
○ Data vectorization, data layout conversion, and FIFO sizing for streaming FIFOs

● Pythonic user-level API 
○ Python API for passes and design spaces; auto-tuning-ready
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Linalg Tiling Space
● Tiling factors
● Unrolling factors
● Vectorization factors
● Permutation

Kernel Fusion Space
● Kernel fusion solution

FIFO Sizing Space
● Stream FIFO sizes

● Naive tiling
● Intensity-aware unrolling 
and vectorization

● Naive permutation

● Greedy kernel fusion

● Linear-programming 
based FIFO sizing
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Paradigm Shift A new solution for 
FPGA users:

Software-like compile 
experience for AI/ML 

applications


