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• 2020-Now：Work as Peking University
• Education:

• PhD Duke University, 2020

• Research:
• In-Memory Computing Circuits & Systems
• Domain-Specific Accelerator Chips
• Emergin Artificial Intelligence Processor

• Bilibili: Dr燕同学

BSB

MC LF1 LF2



Peking University

⼈⼯智能与芯⽚设计

3

• 19�billion�transistors

• CPU:�6-core�CPU,�2�high-performance�cores,�and�
4�high-efficiency�cores

• GPU:�6-core�with�support�for�ray�tracing

• Neural�Engine:�16-core,�35�trillion�operations�per�
second

• Technology�Node:�3nm

Chip For AI
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⼈⼯智能与芯⽚设计
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AI for Chip

Too�many�transistors!
Googles�approach
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课程思维导图
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课程考核

• 㰣僿䡗簔陁㲋
• ⛼┯20%┼埠⛼┯
• 阥阷陻40%
• 㲓뀰꣮㔆爊䈌10% � 3
• 阷乄⮇◸䥊⼔10%

• 㲓뀰░ꪫ䥊⼔└鴲◅20% � 2
• 陻爊粠珇爏⺵䫠
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以终为始，你能学到什么

7

䡗榾饟阻阞
⪍ꠅ

☕䄄保耇畀嫏氳
漲♭鰉⛮ 菆撴阻阞㲓饨

学科交叉
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背景调查+⾃我介绍

• 㡤⺳
• ┥┯/㰣ꢚ劆
• 䚊⪪飯氳㰣儛/溿狓亡⺸
• ╯⯥佭⻖㰣▊鲋

阞畀儬篯䡗⸊杼/阞畀(䐭)几冘/䐭儬⸊杼/䳩⛼硍簊/籁陎⸊杼
• 䘶☳儗陻爊㰣⮽☜╫

8



Introduction to AI Chips
Why ASIC
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Historic Perspective: AI & Chips
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牵引应用：
• 军事应用
• 科学计算

牵引应用：
• 图文办公
• 自动控制

牵引应用：
• Web1.0/2.0
• 网络服务

牵引应用：
• 智能手机
• 移动互联网

牵引应用：
• 云计算
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牵引应用研判：
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• 社会模拟器

• 具身智能

• 服务机器人

先进芯
片指数

发展

技术：

产品：

价值导向的
通用人工智能

基于智能体的产业
泛在智慧化革命



Peking University

Historic Perspective: AI & Chips
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为什么要有“⼈⼯智能芯⽚” ？

Power?

Area? Volume?

Performance?

Application-Specific Integrated Circuits (ASIC)

• 漲♭䇖⺐㛢熨㛢劫

• 漲♭姧鲾┘㛫榫
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Field Programmable Gate Array (FPGA)
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FPGA building block
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Look up table (LUT) 
Ӡ implements combinational logic function 
Register (Flip-flop) 
Ӡ optionally stores output of LUT 
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Specs & Definition

• Energy Efficiency/Power Efficiency: 
• Unit: Op/J [operations per Joule] ~ TOPS/W
• Unit: OPS/W [operations per second per watt] ~ TOPS/W
• Throughput/Power
• Peak/Average/Sparse

• Examples:
• Processor A does INT8 Add, 1k times/second, power: 1mW, what is 

the energy efficiency?
• Processor B does FP64 Multiply, 100 times/second, power: 1mW, 

what is the energy efficiency?

FLOPS/W
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Example

What is the Jetson AGX Xavier’s energy efficiency?
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Specs & Definition

• Area Efficiency: 
• Unit: OPS/mm2 [operations per second per mm2]
• Throughput/Area
• Peak/Average/Sparse..

• Memory Density: 
• Unit: bit/mm2 [bit per mm2]
• Storage Capacity/Area

Processor A does INT8 Add, 1k 
times/second, area: 10mm2, what is the 
area efficiency?

Memory A has 1Kb, area: 10mm2, what is 
the density?
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训练？推理？云？边缘？

• 算⼒层次

Training: HPC
Training
Inference: Datacenter
Inference: Edge
Inference: Mobile
Inference: Tiny (TinyML)

算⼒ 规模/功耗

⾼

低

⾼

低

Ref. MLPerF
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⼏个定义

• Hardcore�IP炽呍IP
• 㔿㹁涸霃雦♴康䒓〄➃プ♶腊佖」涸⸆腊㗌

• Softcore�IP鲱呍
• 欽Verilog瘝炽⟝䲽鶣露鎊䲽鶣涸⸆腊㗌

• System-on-a-chip�(SoC):�晙♳禹絡
• ⽀⚡蓿晙♳꧋䧭♧⚡㸤侮涸禹絡♧菚⺫ゎ

• CPUծGPUծNPU˘
• 䚪絁
• 晙♳㶸⪰
• GPIOծ㼆㢪涸䱹〡

• ASIC:�Application-Specific�Integrated�Circuits�⚁欽꧋䧭歏騟

SoC Example:
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FPGA/ASIC路线的哲学问题

•⚹➊⛎欽⸈鸟㐼? •⚹➊⛎欽FPGA? •⚹➊⛎欽ASIC?

• 〳ꅾ匬
• 䘯鸟䒓〄
• ⾲㘗霃雦ծ
炽⟝垷䬾

• Domain-
Specific�
Accelerator

• 䲿⼮皾⸂
• 䲿⼮佪桧
• 湱㼆꣭⡛䧭劥

• ➢剒䏀㽻(Gateծ
Transistor)䒓㨤
⠏⻊

• 抳崞䏞넞模Ⰼ
痗ざ䎾欽宠
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FPGA/ASIC路线的哲学问题

8-Core GPU

SLC Cache
4 Firestorm
Perf Cores
+12MB L2 4 Icestorm 

Efficiency 
Cores+1MB L2

16-Core 
Neural 
Engine

8x
 1

6b
 L

PD
DR

4X
 C

ha
nn

el
s

Heterogenous Computing SoC
• Hardware accelerators
• Co-processors
• Tons of on-chip memories
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如果你是⼀家SoC的架构设计师，你需要考虑…

OPs/$ or OPs/Joule 
• Exploit problem specific parallelism, at 

thread and instructions level 

• Custom operational units or 
“instructions” match the set of 
operations needed for the algorithm 
(replace multiple instructions with one), 
custom word width arithmetic, etc. 

• Remove overhead of instruction storage 
and fetch, ALU multiplexing

Source: Mark McDermott

D=A-B
E=C+F
G=D/E

Ld A
Ld B

Sub D, A, B
Ld C
Ld F

Add E, C, F
Div G, D, E

- +

/

A B C F

D E

G

Hardware solutionSoftware solution

2 clock cycle7 clock cycles
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Take-Aways

• AI chips are the foundation of AI
• Chip for AI & AI for Chip
• Why AI ASIC

23


