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MNN - A Universal and Fast Inference Engine

training data
- (U

train

MNN Support:

Model: CV/NLP/ASR /...

Inception  Mobilenet Shufflenet
Yolo NanoDet GAN
RNN Bert Transformer

pre-trained model

MNN models

T ——— — — — — — — — — — — — — — — - e — e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e
- - -

ﬂ output data
>

|

Alibaba Group

’ E
88

convert

Framework

model converting
model quantizing
operators fusing

O &

Hardware
X64 GPU
ARM NPU

iInfer

model loading
operator scheduling
calculations K

|
|
|
|
|
|
|
|
|
|
|
|
0 |
|
|
|
|
|
|
|
|
I
|

T G BN S e cae e e Ghe GEb Ghe GE GhS GES GID Ghe GES GO G GID Ghe Ghb GhE GBS BN GEb GBS BES GEe SED GE GBS MED GO GID Ghe GBS GBS GBI b GEe Ghe GEe SIS G GEe GES B GE G GE GEe M GBI S e e S Gme ame e AR mp DS

Device System

vy

=) |* 8
- 3 ==




MNN - A Universal and Fast Inference Engine el
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 Method for High Performance
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Hand-write ASSGmbly ARM - .l 52.82 64.15 53.40
SIMD: NEON / SSE/ AVX2 / AVX512 ; ..
_ MobileNet v1 MoblieNet v2
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User Case
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Challenge of Universal Inference Engine
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Resnet Inception VGG Mobilenet Shufflenet
Models Fastrcnn Yolo SSD NanoDet GAN
RNN LSTM Bi-LSTM Bert Transformer
Frameworks Caffe O Onnx @ Tensorflow 1|

~~

Various operator from different framework

/4 MNN

Challenge
Various Device for operator implement
Different API for using same Hardware
>
Device T —




Challenge of Universal Inference Engine
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Resnet Inception VGG Mobilenet Shufflenet
Models Fastrcnn Yolo SSD NanoDet GAN
RNN LSTM Bi-LSTM Bert Transformer
Frameworks Caffe Q 55 Onnx @ 91 Tensorflow ' 177
While | TensorArra
N(128) Ops y Express
Conv Pool Concat Softmax Unary  .----.
X /‘ MNN
CPU ARM82 Metal TRT
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Classification for Operators
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MNN-EXxpress
Support

Heavy Work
O(NB)

Easy to Support
O(B)

Control flow

While

Data Reorder

TensorArrayGather TensorArraySplit

TensorArrayScatter TensorArrayConcat

Concat  SpaceloDepth

Reshape BatchToSpace
Permute Crop

Pad Slice

Atomic

Unary Reduce

If

Fused

Resize Conv3D

RNN Dilate

Conv2D Pool
Softmax Deconv
NMS LRN

MatMul LSTM
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Operator Decomposition

OpenGL Pipeline
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Virtual Tensor and Raster

Sta Fin Stride Offset

O@OE

Dim = [400]

(00) (00) (D) o) £ E g

=5
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for (inti = sta, i < fin; ++i) {
dst[i] = src[i * stride + offset];

}
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Geometry Compute el
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Region Fuse
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Complement in Inference Engine

Shape Compute
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New Architecture Based on Geometry Compute
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Traditional Architecture

CPU
Convolution Transpose
Deconvolution Slice
LSTM Unary
GRU Reduce
MatMul Concat

Binary BatchToSpace

DSP
Convolution Transpose
Deconvolution Slice
LSTM Unary
GRU Reduce
MatMul Concat

Binary BatchToSpace

OCL
Convolution Transpose
Deconvolution Slice
LSTM Unary
GRU Reduce
MatMul Concat

Binary BatchToSpace

CUDA
Convolution Transpose
Deconvolution Slice
LSTM Unary
GRU Reduce
MatMul Concat

Binary BatchToSpace

Geometry Compute Architecture

Geometry

Convolution
Deconvolution
LSTM

GRU
Transpose

Concat

Slice
BatchToSpace

T=C/N~-N,) + Cy,BN,

Unary Unary
MatMul MatMul
CPU Binary OCL Binary
Reduce Reduce
Raster Raster
Unary Unary
MatMul MatMul
DSP Binary CUDA Binary
Reduce Reduce
Raster Raster

Data Reorder Op use Geometry (No Cost)

Fused Op decompose (Has Extra Cost)
Core Fused Op hold



MNN Full Work flow
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Result of Geometry Compute Refract el
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B Op Support B Op Implement

17 17 20

CPU Metal Vulkan OpenCL CUDA

B CPU-Before B CPU-After
100 " GPU-Before B GPU-After
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Geometry for Multi-Level Deploy
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MNN

MNN-Mini

MNN-Exe

Static MNN-Model
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MNN-Model
120+0p

Geometry Offline

~10 Op

MNN-Compiler

Lib

A

MNN-Engine

>

MNN-Runtime

Shape Not Set
Device Not Set

MNN-Mini

Shape Set
Device Not Set
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MNN-Compiler:
Fuse, Codegen
and AutoTurning

MNN-Engine
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MNN-Runtime
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* https://github.com/alibaba/MNN

 Geometry Compute  MNN
e Speed: Cost Less  More Frontend Support, such as
Decomposition for Fused Op Torchscript
e Post-treat/Pre-treat: GIR for  More Backends for Hardware
more CV / Data Pretreat / Post- Support: NPU / DSP
treat

 Model Compress Algorithm

* Train: Grad Based on Geometry Combined with Compiler
Compute Technology






