
Introduction of Processor Design for 
AI Applications

L01 – Intro

Pengju Ren
Institute of Artificial Intelligence and Robotics

Xi’an Jiaotong University

http://gr.xjtu.edu.cn/web/pengjuren

Pengju Ren@XJTU 2022



Different Platforms，Different Goals
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Modern computing is as much about 
enhancing capabilities as data processing!
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Evolving Devices and Computing Models
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Intel’s Nervana, Mircosoft BrainWave(FPGA), Google TPUs, HiSilicon, Graphcore, AMD and nVidia’s GPU, etc.

 AI-driven autonomous capabilities(Drones, Vehicles, Robotics)
 Augmented Analytics (Business Insights)
 AI-driven Development(AI-powered Solutions/AI enabled Tool)

Centralized Computing (1990-2000)->Mobile Computing(2000-2010)->Fog/Edge and Cloud Computing (2010+)
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Domain-Specific Processor Design
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“People who are really 
serious about software 
should make their own 
hardware”

Alan Kay
(Computer Pioneer)

Jeff Dean 
(Director of Google Brain )

“Microprocessor designers 
need to adopt a balance of 
specialized and general-
purpose architecture to 
succeed in deep learning.”

“Deep learning is transforming how 
we design computers…[but] custom 
machine-learning hardware is in its 
infancy, so it will be an exciting time 
ahead with a lot of creativity in 
processor design”

Bill Dally
(Stanford/Nvidia Chief Scientist)

“This is a renaissance of 
computer architecture and 
packaging. We will see much 
more interesting computers in 
the next year than we did in the 
past decade”

David Patterson
(Berkely Professor/Google)
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“People who are really 
serious about software 
should make their own 
hardware”

Alan Kay
(Computer Pioneer)

Jeff Dean 
(Director of Google Brain )

“Microprocessor designers 
need to adopt a balance of 
specialized and general-
purpose architecture to 
succeed in deep learning.”

“Deep learning is transforming how 
we design computers…[but] custom 
machine-learning hardware is in its 
infancy, so it will be an exciting time 
ahead with a lot of creativity in 
processor design”

Bill Dally
(Stanford/Nvidia Chief Scientist)

“This is a renaissance of 
computer architecture and 
packaging. We will see much 
more interesting computers in 
the next year than we did in the 
past decade”

David Patterson
(Berkely Professor/Google)

A New Golden Age for Computer Architecture: Domain-
Specific Hardware/Software Co-Design, Enhanced Security, 
Open Instruction Sets, and Agile Chip Development

——John Hennessy and David Patterson Turing Award
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“Nvidia makes great hardware, 
High respect for Jensen & 

company。

Our Hardware needs were just 
unique & matched tightly with 

our software.”

For example: Elon Musk’s Choice
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For example: Autonomous Vehicle
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All Tesla Vehicles with 8 cameras, 3 front (One wide Forward@6fps, Main Forward@36fps, Narrow 
Forward), 2 side (Forward Looking Side@9fps), 2 rear (Rearward Looking Side@9fps), 1 revers 
(Rear View@30fps) , All Camera @ 1280x960 except the Rear View One) 

全车1个加强型前置雷达、8个摄像头、12个超声波雷达传感器
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All Tesla Vehicles with 8 cameras, 3 front (One wide Forward@6fps, Main Forward@36fps, Narrow 
Forward), 2 side (Forward Looking Side@9fps), 2 rear (Rearward Looking Side@9fps), 1 revers 
(Rear View@30fps) , All Camera @ 1280x960 except the Rear View One) 

For example: Tesla Fully Self-Driving (FSD) Chip
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CPU+GPU+NPU

Samsung 14nm

3 x 4core Cortex-A72

Mali G71 MP12 GPU

2 x NPU (96x96 MACs)

36TOPs/Chip@36W

72TOPs/Board@72W

For example: Tesla Fully Self-Driving (FSD) Chip
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Applications using Deep Neural Networks
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 Image 
 Classification: image to object class
 Recognition: same as classification (except for faces) 
 Detection: assigning bounding boxes to objects
 Segmentation: assigning object class to every pixel 

 Speech & Language
 Speech Recognition: audio to text
 Translation
 Natural Language Processing: text to meaning

 Audio Generation: text to audio
 Games 
 Medical (Cancer Detection, Pre-Natal) 
 Finance (Trading, Energy Forecasting, Risk) 
 Infrastructure (Structure Safety and Traffic)
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AI芯片的应用场景
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应用场景与人工智能芯片（PPACR需求）
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物联网场景 移动互联网 智能安防 自动驾驶

任务描述：
机器视觉 语

音识别/
自然语义处理

1、图像检测
2、视频检测
3、语音识别
4、语义理解

1、照相-场景识别
2、照相-美化
3、AR应用
4、语音助手

1、图像检测
2、视频检测

1、图像语义分割
2、数据融合
3、Slam定位
4、路径规划

性
能
要
求

算力
Performance

<1TOPs 1~8TOPs 4~20TOPs 20~4000TOPs
（L3~L5）

能耗
Power

接入设备部署现场电源 消费级聚合物锂电池
2,000~5,000mAh

接入设备部署现场电源 动力级硬壳锂电池（组）
200,000~500,000mAh

面积
Area

高（SoC） 极高（SoC） 高~低（SoC、Server） 中 （PCIE contains  
multiple SoC Chips）

成本控制
Cost

高 极高 高~低（IPC，NVR） 中

可靠性
Reliability

高（工业）/中（家用） 中 高 极高

代表厂商

来源：艾瑞研究院自主绘制。
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Nvidia Drive

AGX Oring

Nvidia Tesla 
V100

思必驰

TAIHANG
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百度

鸿鹄

Toshiba

汽车图像识别

SOC
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云
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推
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训
练

Apple

A13 Bionic
华为

麒麟990

紫光展锐

春藤8908A

AIoT

移动终端

语音

自动驾驶

GPU

云
端/

数
据
中
心

CPU

Googl
e TPU

(Xilinx&Intel)

Wave 
Computi
ng 

华为

Atlas

AISC
GP
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Nvidia
Tesla 
P40 & 
P4

Intel 10th

CPU

华为

昇腾910

寒武纪
MLU1
00

FPGA

AISC

16nm-7nm

and beyond

28nm-7nm

65nm-7nm

卷积加速

低功耗

数据流、

脉动阵列
、SIMD
等等

指定领域
DNN 加
速器

1012 neuron

1015 synapse

25W

Neuromorhpic Computing 神经拟态计算/量子计算

功耗墙
内存墙

摩尔定律放缓

非
冯
诺
依
曼
架
构

DNN Technology

清华大学

湃方科技

Sticker系列

边
缘

服
务

器
终

端
终

端
/I

oT

清华大学

天机芯片

类脑架构

工业终端

清华
大学

TX51
0可重构

多个领域引领，面向不同行业应用
的泛在轻量化AI计算芯片形态各异

阿里巴巴

含光800

 面向云端推理的高效能AI计
算芯片层出不穷，架构多样

 主流硬件和生物脑之间仍
然存在巨大差距

 软件硬件协同设计为趋势

Ref:D.Peterson,UC Berkeley

28nm-7nm

应用场景与人工智能芯片（一览图）
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云端

终端

训练 推理

？

NVIDIA凭借GPU在云端
训练市场占领绝对优势，
谷歌、Intel研发ASIC 芯片
发起挑战。天数智芯/壁韧

高能效GPU 、FPGA 、
ASIC成为各企业布局方
案，未来市场格局未定

端 侧 细 分 市 场 众 多 ，
ASIC芯片逐渐成为主流
路径，图像识别、语音
识别是重点应用领域。

算力受限导致端侧暂无训练
芯片，但未来端侧会分担部
分快速响应训练功能。

应用场景与人工智能芯片（现状）
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Recap: What is Computer Architecture
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Application

Physics

Gap too large to 
bridge in one step

In its broadest definition, computer 
architecture is the design of the
abstraction/Implementation layers
that allow us to implement information 
processing applications efficiently 
using available manufacturing 
technologies.
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Application

Physics

Gap too large to 
bridge in one step

Algorithm

Gates

Application

Instruction Set Architecture (ISA)

Operating System/Virtual Machines

Microarchitecture

Devices

Programming Language

Circuits

Physics

Register-Transfer Level (RTL)

Recap: What is Computer Architecture
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Application

Physics

Algorithm

Gates

Application

Devices

Gap too large to 
bridge in one step

Instruction Set Architecture (ISA)

Operating System/Virtual Machines

Microarchitecture

Programming Language

Circuits

Physics

Register-Transfer Level (RTL)

Can we go directly from AI Algo to Architecture?

Properties of AI App and Algo:
 Data-Stream(or Data-Driven)
 Real-time throughput
 Non-terminating
 PPACR sensitive
 Diversification & Individuation

Need to design families of
Architecture for specified 
Algorithm complexity and 
speed constrains.
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Main Contents of the Course
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Four Graphical Representation:

 Block Diagram

 Signal flow Graph

 Dataflow Graph

 Dependence Graph

6 key techniques for Customized design:

Retiming\Pipelining\Unfolding\Folding\Scheduling\Systolic ArrayPengju Ren@XJTU 2022



19

Next Lecture：Data Streaming Applications 

& Various Architectures
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