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Showcase of Achievements

Introduce the SiFive AI/ML Software Stack

SiFive Intelligence XM Platforms
Integrate matmul accelerator into IREE

End-to-end deployment
Pytorch BEV perception models to RISC-V
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Showcase of Achievements
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BEV Former Perception models on RISC-V

HW Platform: SiFive XM Emulator  

GPU 
Prediction

SiFive XM 
Prediction
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Introduce the SiFive AI/ML Software Stack
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SiFive AI/ML Software Stack

VCIX MLIR 
DialectSiFive Kernel Library (SKL) Open Source 

Libraries

SiFive
System 

Software IPC Library

ML Interpreter
(TFLite, XNNPACK, 

ONNXRuntime, 
Llama.cpp)

SiFive Intelligence core series Customer Accelerators
SiFive collaboration with others

SiFive owned and maintained component

Component provided by others 

SiFive
LLVM 

Compiler

● All critical components enabled and 
ready to run high profile e2e models 
on SiFive platforms

● IREE - Open-sourced MLIR 
compiler and runtime with SiFive 
uarch specific optimization

○ Utilizing highly tuned SiFive 
LLVM Compilers and SKL 
Libraries

○ Front end supports popular 
AI/ML models like Pytorch 
LLM

● Technology foundation to be 
extended easily by customers as 
needed with IREE source code 
provided

AI Models (Llama, BERT, CNN based models, BEVDepth, BEVFormer, etc.)

AI/ML  engineering
Development Software

Development Software
Hardware

ML Compiler

ML Runtime

IREE

IREE

MLIR

AI Frameworks
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IREE (Intermediate Representation Execution Environment)
MLIR e2e based compiler & runtime
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• Support various front-ends and models
• Provide tiling policy for memory hierarchy
• Provide padding mechanism
• High level optimizations
• Intra-op parallelization
• Code-gen through LLVM
• Support MLIR code-gen + ukernel execution

• Inter-op parallelization (async execution) and 
task scheduling

• Tracy Profiling
• Linux & bare-metal environments

• Python binding

Open-source in 
IREE repo

Compiler

Runtime

Application
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SiFive Intelligence XM Platforms:
Integrate Matmul accelerator into IREE
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SiFive Intelligence XM Platforms
SiFive Intelligence XM series based of X Cores
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Do matrix multiplication + transpose• Scalar + Vector (RVV)
• Do anything else
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SiFive Intelligence XM Platforms
SiFive Intelligence XM series based of X Cores
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Do matrix multiplication + transpose• Scalar + Vector (RVV)
• Do anything else
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SiFive RISC-V Matrix Extension

Tile State

● Tile State: Add per-hart architectural state in the form of 
square matrix tiles

● TE: Tile element = dimension per tile
● TEW: Tile element width (sew * Twiden)
● Twiden: Xsfmm enable & widening multiplier

8

16

32

64

TEW=8 (TE x TE) TEW=16 (TE x TE) TEW=32 (TE x TE) TEW=64 (TE x TE)

16 x Tile states
mt0 ~ mt15

8 x Tile states
mt0, mt2, mt4….mt14

4 x Tile state
mt0, mt4, mt8, mt12

8x Tile state
mt0, mt2, mt4….mt14

Term Definition
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SiFive RISC-V Matrix Extension

● sf.mm mt# vs2, vs1
○ Outer Product Operation
○ C[M,N] += A[K,M]^T*B[K,N]
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SiFive Matrix Multiply Instruction
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Tile K Loop Optimization for Matmul
Single Tile K Loop Multi-tile Tile K Loop

A0

B0

C00

Accumulation

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Load once 

Source

…

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Instruction scheduling opt

A0

B0

C00

B1

C01

A1 C10 C11

1

Load B1
Matmul C01 += A0 * B1
Load A1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

…

Matmul C00 += A0 * B0
Matmul C01 += A0 * B1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

Before: IREE only support on … Now: We make IREE also support on …
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Tile K Loop Optimization for Matmul
Single Tile K Loop Multi-tile Tile K Loop

A0

B0

C00

Accumulation

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Load once 

Source

…

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Instruction scheduling opt

A0

B0

C00

B1

C01

A1 C10 C11
Load B1
Matmul C01 += A0 * B1
Load A1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

2

…

Matmul C00 += A0 * B0
Matmul C01 += A0 * B1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

Before: IREE only support on … Now: We make IREE also support on …
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Tile K Loop Optimization for Matmul
Single Tile K Loop Multi-tile Tile K Loop

A0

B0

C00

Accumulation

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Load once 

Source

…

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Instruction scheduling opt

A0

B0

C00

B1

C01

A1 C10 C11
Load B1
Matmul C01 += A0 * B1
Load A1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

3

…

Matmul C00 += A0 * B0
Matmul C01 += A0 * B1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

Before: IREE only support on … Now: We make IREE also support on …
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Tile K Loop Optimization for Matmul
Single Tile K Loop Multi-tile Tile K Loop

A0

B0

C00

Accumulation

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Load once 

Source

…

For k: 1 to k 

Load A0
Load B0
Matmul C00 += A0 * B0

Instruction scheduling opt

A0

B0

C00

B1

C01

A1 C10 C11
Load B1
Matmul C01 += A0 * B1
Load A1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B14

…

Matmul C00 += A0 * B0
Matmul C01 += A0 * B1
Matmul C10 += A1 * B0
Matmul C11 += A1 * B1

Before: IREE only support on … Now: We make IREE also support on …
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End-to-end deployment: 
Pytorch BEV Perception models to RISC-V
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BEV(Bird’s Eye View) Former Perception Models

18

BEVFormer
Github
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What is the problem?

BEV Backbone

In general Heterogeneous platforms

Input

Modulate_Deform_CO
NV2D

BEV Head

Fall back to 
CPU/Host

Long latency
100+ cycles on subsystems

Or

25ns to 200ns if over PCIE

Output

Fall back to 
CPU/Host

Multi_Scale_Deform_A
ttention
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SiFive Intelligence XM Solve the pain point
An Unified Graph be executed in an unified platform getting lowest latency

Scalar + RVV + Matrix

BEV BackboneInput

Modulate_Deform_CO
NV2D

BEV Head

Output
Multi_Scale_Deform_A

ttention
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An unified binary

Scalar + RVV + Matrix

Objdump the compiled IREE executable(vmfb)
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The end-to-end flow

● Required to convert to 
ONNX because BEV series 
models most stick on 
pytorch-1.x and highly 
depends on OpenMMLab 
libraries

PyTorch Model

PyTorch ONNX Exporter

ONNX Model

iree-import-onnx

iree-compile

iree-run-module

Creating a PyTorch model with custom OPs.

Adding registered OPs to the TorchScript.

The ONNX model w/ custom OPs

Adding registered OPs to in ONNX.
Translate ONNX to torch-mlir

Adding lowering path for the custom OPs
Adding custom OPs implementation

ONNX

Convert PyTorch model to an unified BEV Perception model
22
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Summary & Future works
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Takeaways
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Coming Soon

● More LLM and BEV Perception models optimization & deployment

● Natively running PyTorch on RISC-V platforms

● SiFive AI/ML Software Stack: Highly optimized and fast time-to-

market

● Keep upstream our work to IREE(core components)

● A unified binary and platform(XM Intelligence)

● Welcome collaborations to bring more AI models to RISC-V

We’re happy to share our open-source work and insights
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THANK YOU

This presentation contains proprietary, confidential, and trade secret information 
of SiFive, Inc. (”SiFive") and is being provided solely for informational and/or 
evaluative purposes. By receiving or reviewing this presentation, you 
acknowledge that the contents herein are subject to the confidentiality obligations 
set forth in the non-disclosure agreement (“NDA”) executed between your 
organization (or you) and SiFive.

Any reproduction, disclosure, distribution, or use of this presentation, in whole or in part, without the prior written consent of SiFive is 
strictly prohibited. The information contained herein, including but not limited to any descriptions of functionality, product features, 
specifications, or future development plans, is provided “as is”. SiFive makes no warranties, express or implied, regarding the accuracy or 
completeness of the information presented and reserves the right to modify, suspend, or withdraw such information at any time without 
notice. This presentation does not constitute an offer to sell, a solicitation of an offer to buy, or a commitment to deliver any product, 
service, or technology.

©2025 SiFive, Inc. All rights reserved.
SiFive, HiFive and the SiFive logo are trademarks or registered trademarks 
of SiFive, Inc. Certain products or brand names that are not SiFive’s could 
be trademarks or registered trademarks of their respective owners.
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