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< Showcase of Achievements




BEV Former Perception models on RISC-V
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< Introduce the SiFive Al/ML Software Stack >

@ SiFive




SiFive Al/ML Software Stack

e All critical components enabled and Al Models (Llama, BERT, CNN based models, BEVDepth, BEVFormer, etc.)
ready to run high profile e2e models AVML engingering, | o o o o o e e e e o e o e o e e e e e = =
- Development Software
on SiFive platforms
e IREE - Open-sourced MLIR 1 Al Frameworks
compiler and runtime with SiFive T TensorFlow  tensorrcw e ONNX ofX (") PyTorch
uarch specific optimization

o Utilizing highly tuned SiFive

t!E)VM' Compilers and SKL SiFive ML Compiler % IREE = ML Interpreter
lbraries LLVM (TFLite, XNNPACK,

o Front end supports popular Compiler _
AI/ML models like Pytorch : | O’;‘_gﬁzué‘“me’
LLM ML Runtime \ﬂt IREE .Cpp)
e Technology foundation to be SiFive
ﬁ)e(zt:c?ed: Svﬁs SllFleyEtl)zys%uuSrfem:orgeas System - - Open Source . VCIX MLIR
orovided Software SiFive Kernel Library (SKL) Libraries IPC Library Dialect

Development Software_
Hardware

SiFive owned and maintained component SiFive Intelligence core series Customer Accelerators

SiFive collaboration with others

Component provided by others
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|REE (Intermediate Representation Execution Environment)
MLIR e2e based compiler & runtime

, IREE Importers  Input MLIR IREE Compuler using MLIR .
Py.rTorl:h]-.._\ — =l [ o - Comp”er
(oA ] — L____.____..___._._ ;
T = — ||| —| é§ (\I_Ijﬂ ég + Support various front-ends and models
[ToSA| " te— 4 -  Provide tiling policy for memory hierarchy
f S — { ' 5 * Provide padding mechanism
ce_(;?ﬁ::u < e |  High level optimizations
v | | "”m" § * Intra-op parallelization
S B « Code-gen through LLVM
'f .} » Support MLIR code-gen + ukernel execution
________ : LLVM :r = LLvM I—,- -ﬁ.;h! [Risc- ‘.l'||_xﬂ'5| i
[(was vmn B EmitC | ;. &.PlR'-.-’ [Pix | [Rocw| - Runtime
| Lo vmvx WASM |
Rt oduies . . Intcla(r-orp: %ati.allellzatlon (async execution) and
|"w | |5!=1L]5hﬂ| tas Sce_L_“ng
B\_.Iecu-:]c ED.I.JI.CE| Llhrar, Library ° Tracy Proﬂ“ng
Tonk IREE Runtime * Linux & bare-metal environments
— 9 - - —_—_ 0
= “_1 i == Open-source in
: _._,Lﬁ L. cPU ] Vulkan ' | Python . . IREE repo
| || %8 | g (vaceu ). | | Application
T | I .'r_.p_ﬁCM | . I [ tlite 1 . .
| e WL d + Python binding
{i} Target Hardware @ Si Flve 7




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 XM CLUSTER

HIGH BANDWIDTH HIGH BANDWIDTH

& xas0 Core Complex e N

Accumulators Accumulators

| MATRIX ENGINE

PMP

X390 Core

84-bit RISC-V CPU

VCIX | VectorPipeline
mm"plh FPU Accumulators Accumulators

D-Cache Core Local Port HIGHBANDWIDTH = ~ - —~ —— " HIGHBANDWIDTH
INTERFACE Voo - Ve INTERFACE

Shared L2 Cache
Shared L2

Memory Port

» Scalar + Vector (RVV)
* Do anything else
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Do matrix multiplication + transpose



SiFive Intelligence XM Platforms

SiFive Intelligence XM series based of X Cores

@ X390 Core Complex

Accumulators

X390 Core

84-bit RISC-V CPU

VCIX | VectorPipeline
Vector Pipeline

D-Cache Core Local Port

Shared L2 Cache

Memory Port

VNV VNV vy

» Scalar + Vector (RVV)
* Do anything else
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SiFive RISC-V Matrix Extension

Term Definition

(

square matrix tiles

\

e Tile State: Add per-hart architectural state in the form of mt1

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

Tile State

—_——_——— mto

[/ [

mt2

mt3

, mit.. i

<< 2
16 64 v g: ]
/ )
"~ //
32 | P v
Q1

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
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SiFive RISC-V Matrix Extension

N
/ - “-
A B
g matrix
SiFive Matrix Multiply Instruction K< o
1"
T T — T T TN N~ K—1 4T i
I o sf.mm mt# vs2, vs1 | C= Zi— A 1% B[‘ | E
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Tile K Loop Optimization for Matmul

Single Tile K Loop

Before: IREE only support on ...

04

AO C00

Fork:1tok

Load AO
Load BO
Matmul C00 += A0 * BO

SiFive Confidential — Subject to NDA

Multi-tile Tile K Loop

Now: We make IREE also support on ...

w w
o RN
Load once
A0 C00 || co1
A1 C10 || C11
[ ] Source

[ ] Accumulation

®

!

Fork:1tok

Load AO
Load BO
Matmul C00 += A0 * BO
Load B1
Matmul C01 += A0 * B1
Load A1
Matmul C10 += A1 * BO

Matmul C11 += A1 * B1

Matmul CO0 += A0 * BO
Matmul CO1 += A0 * B1
Matmul C10 += A1 * BO
Matmul C11 += A1 * B1

&) siFive
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Multi-tile Tile K Loop
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Multi-tile Tile K Loop
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End-to-end deployment:
Pytorch BEV Perception models to RISC-V

@ SiFi\/e1



BEV(Bird’'s Eye View) Former Perception Models

Multi-Camera Features F, e — Det & Seg
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(c) Temporal Self-Attention

BEVFormer
Github

Multi-view Input at Time ¢ (a) Overall Architecture

&) siFive
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What is the problem?

In general Heterogeneous platforms

Fall back to
CPU/Host

Modulate _Deform_CO
NV2D

BEV Head
______________________ Output
Multi_Scale_Deform_A

ttention

BEV Backbone

Long latency
100+ cycles on subsystems

Fall back to

CPU/Host Or

25ns to 200ns if over PCIE

SiFive Confidential — Subject to NDA @ SiFive



SiFive Intelligence XM Solve the pain point

An Unified Graph be executed in an unified platform getting lowest latency

Modulate _Deform_CO
NV2D

BEV Backbone

BEV Head

Multi_Scale_Deform_A
ttention

Output

% Scalar + RVV + Matrix

XM CLUSTER
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An unified binary

Objdump the compiled IREE executable(vmfb)

Scalar + RVV + Matrix
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The end-to-end flow

[ PyTorch Model ] Creating a PyTorch model with custom OPs.

!

4 [ PyTorch ONNX Exporter ] Adding registered OPs to the TorchScript.

e Required to convert to
ONNX because BEV series 1
models most stick on
pytorch-1.x and highly [ ONNX Model ] The ONNX model w/ custom OPs
depends on OpenMMLab 1
libraries
L iree-import-onnx
[ ONNX ] Adding registered OPs to in ONNX.
Translate ONNX to torch-mlir
[ iree-compile ] Adding lowering path for the custom OPs
1 Adding custom OPs implementation

[ iree-run-module ]

Convert PyTorch model to an unified BEV Perception model .
22 SiFive Confidential — Subject to NDA @ SiFive



< Summary & Future works




Takeaways

T o — TN

( e SiFive AI/ML Software Stack: Highly optimized and fast time-to- |
market
e Keep upstream our work to IREE(core components)

e A unified binary and platform(XM Intelligence)

I
I
I
I
| ® Welcome collaborations to bring more Al models to RISC-V
\

We're happy to share our open-source work and insights

( T R

| e More LLM and BEV Perception models optimization & deployment

| e Natively running PyTorch on RISC-V platforms

I
I
| I

— — — — ———— —— —
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é_) Just-in-time (JIT) execution

Just-in-time integration allows for Python code using TorchDynamo to optimize PyTorch
models/functions using IREE, all within an interactive Python session.

Python

nn.Module / function )

torch.compile()

{ TorchDynamo ) ( iree-turbine ':j:: IREE

I

{Optimized modu|8.\:|
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