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部署到嵌入式和企业系统中

Card to Classify Blood Type

IDNEO

EmbeddedEnterprise

Health Monitoring of Distribution 

Transformers

https://www.mathworks.com/company/user_stories/idneo-develops-embedded-computer-vision-and-machine-learning-algorithms-for-interpreting-blood-type-results.html
https://www.mathworks.com/company/user_stories/case-studies/siemens-develops-health-monitoring-system-for-distribution-transformers.html?s_tid=srchtitle
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Agenda

将AI部署到生产系统中
▪ Three specific challenges:

– Limitations of Embedded hardware

– Ongoing changes in environment or system behavior

– Scale to production load in Enterprise systems

AI云工作流
▪ Data preparation, AI model design, AI model tuning, deployment
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将AI集成到更大系统中的两种方法

Embedded Systems

MATLAB

FPGACPU
GPU

Code Generation

Enterprise Systems

Compiler
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声景识别嵌入式部署

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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声景识别嵌入式部署

Reformat the data

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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声景识别嵌入式部署

Reformat the data

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 

Convolutional Neural Networks (CNN)
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怎样实现嵌入式部署？
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怎样实现嵌入式部署？

Original Pruning

Layer Fusion Quantizing
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深度学习量化：声景分类
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深度学习量化：声景分类

• Load trained network

• Split data: calibration – 80%, validation – 20%

• Launch Deep Network Quantizer App
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深度学习量化：声景分类
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深度学习量化：声景分类

90% 89%

Top-2 Accuracy

Top-2 Accuracy

FP32 INT-8

4.7

1.2

Learnable Parameters

Memory (MB)

FP32 INT-8

75%

0.3%

FPGA

CPU

GPUCode 

Generation
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AI模型反映系统行为和环境

(illustration only; not based on actual data)
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AI模型反映系统行为和环境
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调整已部署的模型
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嵌入式部署模型更新

Production 

Data

Update 

Parameters only
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AI企业部署
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与企业系统集成并扩展到生产负载

Microservices APIs

Production 

Data
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Example: 增量健康监控

Sensor data Anomaly Detection loop
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流媒体架构中的增量学习

Data from 

Production 

System

Dashboard

K/V Store

Sensor Data

Incremental 

Learner

f(x)

incMdl = incrementalLearner(mdl);

while dataStreaming

featureChunk = extractFeatures(streamdata);

inclMdl = updateMetricsAndFit(incMdl,featureChunk,labels);

End
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流媒体架构中的增量学习

Data from 

Production 

System

Dashboard

MATLAB Production 

Server

Request 

Broker

WorkerConnector
Connector

Sensor Data

K/V Store
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OPERATE

DEPLOY

MONITORTEST

DESIGN

BUILD

无需重新编码即可操作 AI

MATLAB

Development Operations

IT/OT Systems

{ RESTful API }

Deep Network 

Quantizer
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OPERATE

DEPLOY

MONITOR
TEST

DESIGN

BUILD

无需重新编码即可操作 AI- Model DevOps

S
tr

e
a

m
in

g
 

D
a

ta

D
a

s
h

b
o

a
rd

s

Development Operations
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为什么要在云端实现AI？

Compute on

Demand

Build models

anywhere

Run Models

anywhere
Access Data

anywhere
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AI系统设计工作流

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment

Integration with 

complex systems

System verification 

and validation

System simulation

Simulation & Test

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation
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云端 AI 系统设计是什么样的？

Build models anywhere

AI Model Design Deployment

Access data 

anywhere

Data Preparation

Compute on demand

AI Model Tuning

Run models anywhere
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云端数据 = 数据随处可访问
Enabling Shareable, Scalable and Secure storage

Data Preparation

Store preprocessed 

data anywhere

• Shareable

• All you need is the URL

• Scalable

• Deep Learning Data Sets can get BIG.

• Need more storage? No problem.

• Secure

• You need “Keys” to lock and unlock the data
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云中的数据 - 使其靠近计算

Data Preparation

Store preprocessed 

data anywhere

Uploading Data to the S3
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轻松访问HPC资源
It’s a balance between speed and cost

• Which VM did you choose?

AI Model Design

Easy access to a GPU
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轻松访问GPU资源
Options chosen for setting up MATLAB

• Virtual Machine on AWS:

• MATLAB Deep Learning Container on NVIDIA NGC store

AI Model Design

Easy access to a GPU

https://ngc.nvidia.com/catalog/containers/partners:matlab
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MATLAB 中的深度学习云设置

AI Model Design

Easy access to a GPU

Steps to using the Deep Learning Container

1. Select and Run VM

2. Run Docker

3. Remote to VM
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MATLAB 中的深度学习云设置

AI Model Design

Easy access to a GPU

Steps to using the Deep Learning Container
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使用实验找到最佳网络
Run experiments to train networks and compare the results. 

• Sweep through a range of hyperparameter values

• Compare the results of using different data sets 

• Test different deep network architectures

Experiment Manager App 

• Reduces the need to code & manually

manage experiments

Experiment Manager app to manage multiple 

deep learning experiments, analyze and compare 

results and code
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云端并行多 GPU 训练
Steps to add a cluster to a MATLAB session

AI Model Tuning

On demand access to 

a GPU cluster

1. Setup Parallel Server in MathWorks Cloud Center
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云端并行多 GPU 训练
Steps to add a cluster to a MATLAB session

AI Model Tuning

On demand access to 

a GPU cluster

2. Change Default Cluster



4343

云端并行多 GPU 训练
What options are available for training at scale?

AI Model Tuning

On demand access to 

a GPU cluster
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准备用于部署的训练模型

Deployment

Run models on 

demand

1. Create a Function that runs the trained model

2. Package (Production Server Compiler App)

Steps to follow before deploying to the cloud
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部署在云端的模型 = 模型随处可用
Providing external users access on demand

• Accessible

• Get access to the latest model

• Available

• Each model request calls a “hot” runtime

• Scalable

• Suitable for single calls or batch workflowsOn demand access to 

a GPU cluster

Deployment

Run models on 

demand
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将MATLAB模型部署到云端
What options are available for deploying to production?

MATLAB Production Server from Azure Market Place

Deployment

Run models on 

demand
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将MATLAB模型部署到云端
Steps to follow

Deployment

Run models on 

demand
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将MATLAB模型部署到云端
What options are available?

Deployment

Run models on 

demand
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总结

Deploy to Embedded and Enterprise systems from one codebase

Tools for handling deployment-specific challenges:

▪ Fit models to embedded hardware with Quantization / Fixed-Point conversion

▪ Scale to data and users with MATLAB Production Server

▪ Incrementally adapt deployed models to maintain performance

Design, Deploy and Maintain AI-powered systems in one framework
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总结

Labeled data Prototype Run Experiments Run Model anywhere

Stored in s3/blob MATLAB running via

Deep Learning Container

from NGC (NVIDIA )

MATLAB Parallel Server

from Cloud Center

MATLAB Production 

Server – PAYG 

Build models anywhere

AI Model Design Deployment

Access data 

anywhere

Data Preparation

Compute on Demand

AI Model Tuning

Run models anywhere
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