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↕ổ҅

Å ӏѝ ֘

ÅCLABẈᴶχ ᴿӈ ᵃḙᶈ 2-3ᵕιӓⱴḘᴹfl CLabẇᴵιẊ

ᵃỴּזἋᴃ Ҩ☼╗ ᴺ

Å☼╗ ᴺῗᵅ lab ᶼ ￼ọ ‍ҭι ọḢἄήח

ÅClab ᶍχclab.pku.edu.cn

ÅClab ᾉט Ѧ╟ ḑ ᵂḘ

clab.pku.edu.cn
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ѦᶁַײɎᴉ ḑɏ ᶞѲ ῾ῶσ ᶳⱣᵷ ○

ÅỠᶁᶇ ○CPU GPU FPGAַײἷҦ ј῾ῶ ᶞָ׀א ᵄ ᶹ

CPU ᶁ֦ᴬ ֹ

ᶁҒ 3C5000ָ׀אṯ

ᴴᵫⱴεӆ ј ẵ

֮ҟῑᾶ ṭẦ

GPU ᶁ֦ᴬ ֹ

ᶁҒGPUṋᶳֳ҇ ₡

ᶁҒGPUפἭὯṈ ᶯ

ἆ ᴜ ἆ ᶽᾎ῀ ᾼ

Ỉ εј һ ṭ ểᶼ

ᴴ FPGAј ᶁѭ∫ᴓᵫ

Altera Xilinx ṭ ᾭᾶ

ᶁҒFPGAפἭ Ӿᵂֲ ḟ

ἆ ᶵᾥỈ εᶇẉ ⁴ ה

∟ ѕ ₉
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ѦᶁַײɎᴉ ḑɏ ᶞѲ ○ ҬσEDAҒѝ

ÅỠᶁᶇ ⸗ײַ ט јҰּטṩѝ Ҭᾛ јᴦ׀אָ ᶁḱṭ ᾭᾶ

♪◦

2022Ẉ

2022Ẉ8ῐ ᶁṃӮ₆ḽѦᶁ

֦ᴬGAAּגԊEDA Ҭε

GAAѭ ⱴ҇3nmᴢҧі᾿

Ӌ

2019Ẉ

EDAєṬ᷂Cadence

Synopsys Mentor ṯ ḽ

ᴁѬᾘӖEDAṩԎεїԛ֦ᵨ

ᾚlicense

ᶁҒEDA Ҭָ׀א ṯ εӆֹ ᾀἵ Ұּט

ј᾿ᶃᴓḽὓ ᶹᾛ ҟᶳ҇ ᵄ◦
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ᴿᾚᵷҬ ᾚ῾ῶ ᾚ ᾴᵄὯṈᾩҥӋ ῶַײᴦṜ ם

Å ᴿᾚᵷҬ ᾚ῾ῶ ᾚ ᾴ ᵄὯṈᾩҥᶼאל ג ᾇⱭ ײַ ᶼԊ ἆῠ ᶞ

ΊΎ῀

○

ᾚ

ᾚᵷҬ

ᾚ῾ῶ

ᶼ ג

ᾇ

ᶼḲ

︡Ԅ​

ѭᴴὔ

ᾚᵷҬ

ᾚ῾ῶ

ᾚ

DRAM/SRAM ᶣᴫFlash RRAM/PCM

ẩ῾ῶ Ḕ ῾ῶ ḔԒ ῾ῶ

MLP/CNN RNN/ ResNet Transformer

Ḕ
Ҽ

Ḕ
תּ Ҽ

ḔԒ
ᾢҼ

ᾚᾛ←
ừח ○ј

Үז

ᴀ EDAח Ҭ

○јҮז

Ԅ AIḾҷח

○ јҮז
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ҥ ῀ ○ᾚԋἆῠïᾚᵷҬσ ḷẘַײ ᵷҬ

ᶣᴫẩCMOS 3Dᴫוẩ

3Dᶣᴫַײ

CMOS ὓ

ÅΊΎє ᶣᴫẩ᾿Ӌ ј ᵷҬ

ᾚԋ ᶡᵷҬ

ᾚԋ ᶡᵷҬ
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ҥ ῀ ○ᾚԋἆῠïᾚᵷҬσḔӳ- ᴿᵷҬ

ÅΊΎḔӳᵷҞ ῥᾔֲַײᾚ

DRAM

ҷ σṩ ở▫

ḷẘ

σ ẘӈ

ֺᾚ ᴰ Ḕ

ᾮ᷁ σᵊ

ᴿᶊᾼσ ₫

῾ῶ ╖
SRAM

ҷ σṩ ở▫

IPצẓⱴ

σ ᾇӈ

ḷẘӈ

ᾮ᷁ σᵊ

ᴿᶊᾼσ ә

ѦṆ ג
ᵷҬ

(MRAM)

ҷ σ ᾇ

ẘ ḷẘ

σјCMOS

ᶼ ⁴ ở

ᾮ᷁ σᾴ

ᴿᶊᾼσ ә

ѦṆ ג

SSD/Nand  

Flash

ҷ σṩ ở▫

Ḳ ᶼ ở῞ӈ

σ ẘӈ

ᴰ Ḕ

ᾮ᷁ σᾴ

ᴿᶊᾼσ҈

ᶼḲ
Nor Flash

ҷ σṩ ở▫

ḷẘ ở῞ӈ

σḽPVTᴩ

ᾈỖצ ᾇӈ

ᾮ᷁ σᾴ

ᴿᶊᾼσ ә

ӈở῞
ọ ᵷ

αRRAM/PCM β

ҷ σ ג

ᾇ ḷẘ

σṩ ▼ᶕ

ở▫Ѧ

ᾮ᷁ σᾴ

ᴿᶊᾼσ҈

ᶼ ג

ᾚԋᵷҬ
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Å○ѕ ởӾ⸗ḑ Ӡ ῑῗ ӠᴹҼאל ẢᾩַײⱭ εữאל ṝ҉ Ᵽѕ◓ײַ
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ӳ
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Ҽ
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Ḕ ӋởѬữאלAIᶼ⁴ᶙὕⱣ ἆῠײַג▄ῴԎג ề

ÅḔ ӋὝӖ₦GPU ₫ ○ ᶹѥᾎ ẉᴦẘεῑᾇᾀײַ AIᶼ⁴ᶙὕⱣ

10-100ѥ –ị ѓָױѓ –ị ﬞѓ ҧѕ ᾇ –ị

♪ῑAIᶼ⁴ᶙὕⱣᶡ῞ѕᶡ҇GPU/FPGA/ASIC ₫ ○

CPU GPU/FPGA/ASIC Ḕ Ӌ

Ḕ ӋḄ

ӌḽAIᶼ⁴

ᶙ ῑᾇ

ᾀἵψ
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ҥ ῀ ○ᾚԋἆῠ ïᾚ῾ῶσỖḔ Ӌ

ÅṃҼỖ Ḕӳ Ѭ Ӌεᶼẃ ӈ ה ᵘ Ảᾩεẓⱴ׀ᾼẌ

ỖḔ Ӌ ○ј︡Ҭ
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ҥ ῀ ○ᾚԋἆῠ ïᾚ῾ῶσє Ầ ở

Åᴂᵂӽ ṁ ἆῠεḪ♪ᶹ ○ᾛ’ּג ᴿ

ӽ є ở ○ Ӕᶂ
RRAMḔ

SRAMḔ

FlashḔ

Ẕẙ
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XPU L1αSRAMβ
CPU
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28nm
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DRAM/Ḕ
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10nm

є ở ᶹ ḔӳᵷᶣᴫSoC ẦῶṆ ṁ
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ҥ ῀ ○ᾚԋἆῠ ïᾚ σAIᶼ⁴ᶙ

ÅҧAIᶼ⁴ᶙѬҥ ᾚײַ ҥҙṩ῀ ḽ AI ○Ὕ֦҂ᾚַײ ₱

ᴖᴶᾩῙ ג ₱ ӣ

ׁ▄ẙḙѽῊҦ 1952 ï2010 30 KOPS ï200 TOPS 21.3ῴ

▄ẙḙѽῊҦ 2010 ï2022 700 TOPS ï2 EOPS 5.7ῴ

ᶽ₩ᶚῊҦ 2016 ï2022 1 ZOPS ï1 YOPS 9.9ῴ

DQN

ҥ AIᶼ⁴ᶙ ᴟᾎ ג ₱

GPT-4 ~1.5єқѦ ~2.7 YOPS

GPT-3 ~1746қѦ ~314 ZOPS

GPT-3 Small ~1.25қѦ ~224 EOPS

1952       1960       1968       1976      1984      1992       2000       2008      2016     2022

ẘḘѼᾩҥ┼׀

┼
ẘ
Ḙ
Ѽ
ᾩ
ҥ

ᶼ
⁴
ᶙ
ᾩ
ҥ

1E+09 OPS = 1 GOPS

1E+12 OPS = 1 TOPS

1E+15 OPS = 1 POPS

1E+18 OPS = 1 EOPS

1E+21 OPS = 1 ZOPS

1E+24 OPS = 1 YOPS

2011   2012   2013   2014   2015   2016   2017  2018   2019   2020   2021   2022

1 POPS

1 EOPS

1 ZOPS

1 YOPS

MNIST

AlexNet

VGG

LeNet

Transformer

GPT

AlphaGo

BERT-L AlphaFold

VIT

YOLOv3

GPT-3

GPT-2

GPT-4

ResNet152

┼ẘḘѼᾩҥ

ᶼ⁴ᶙᾩҥ

DALL -E

ג ₱

○ ởѬᾀ ῀ Ҡ ᴩҒⱳ ᴩַײᶡֹו
< 15 >
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ặ׀AIᶼ⁴ᶙҧTransformer ѬᶡẆ  (ҧGPTѬӔ)

ÅDecoder -Encoder ṕᾎ Token ᾎ ὖֿבMask ṐḼ ◕Ềּש ṐḼ ׄᶬᶼ

< 16 >

ᶹṕEncoder -Decoder ở

Transformerײַ ⁴ᶙ–ị ῶ

Input / Output Embedding

Multi-Head
Attention

Masked Multi-Head
Attention

Add & Norm Feed Forward

Linear Norm Softmax

Ԅ ֧Ṗ

Positional Encoding

├ỴדṖ

ặ ׁ&ק Ṗ

₦ꞌ ֧Ṗ

ỉ / OpenAIώ֧҃LongNet ιṄTransformer ￼

Token ᾎὝ ָ҂10Қ ַεẉἵ Ὕ׳

GPT - Generative Pre-trained Transformer
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︡Ҭᴂᵂ

Å ḽᶵῢẓⱴεᴄ Ҭ︡ײַ ṯ ї ҧᾀἵ ₱ε ︡Ҭᴂᵂ

⁴ᶙ χṄצ ẙ￼  ѭק

Ӊ ẙ￼  ιҨ ḧ￼ ẙὫ᷂

ѭҦҮὭᴨ῭ṇ￼ḕӴᵙ Ầ

⁴ᶙ׆ΏχṄ ѧ ớ

ṇ￼ Ӻᵙ  ֵ ι֟Ṉ

ιז ὸת
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︡Ҭᴂᵂ

Å ḽᶵῢẓⱴεᴄ Ҭ︡ײַ ṯ ї ҧᾀἵ ₱ε ︡Ҭᴂᵂ

רּ χṄ ₩ ᶽ￼₩ᶚӐѭ

teacher model Ѧ ṇ￼student 

modelιᶈṓᴵ Ӡ ớ ￼ừ֙ї֟

ṇ₩ᶚ ₩

ӈ ֪ χṄᶽ ₩  ֫ ѭѣѦṇ

₩￼  ѺεSVDζι֟ṇ

ᵇ Ѻ￼
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︡Ҭᴂᵂ

Å ṕ ҷצ

ᶇ Ẑ Ѧ

ḽ ḑ Ḕӳtiling

ᵘḶḔᵷ֪

ᾛ ҷצ
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ҥ ᾚԋἆῠ ïᾚ σ ῡὓᴬ ○ј

ÅѬ ῡὓᴬΐײַז ○ј ṃᶇΊΎᾎױẈởѬҙ ᴦṜַײᾛᵆѲ

ῡᾎὊ ɎὯṈḦỄɏײַ

ᴴᵂᾩ Ẹַײ ῡ

Ӡᴹ ᶬ

Stevenson, I., et al. Nat Neuroscience

1960 1970 1980 1990 2000 2010 2020

ᵂ
ᾩ
Ẹ
ײַ

ӹ
ᾎ

ῡᾎὊ ṩԎַײᴦṜ

201020001990

198019701960

Stevenson, I., et al. Nat Neuroscience

2020201020001990

198019701960

ὔẙ›

ὔᾢҙῡῡữḓ

ὔῡ‬

ῡ ≡ר
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ҥ ᾚԋἆῠ ïᾚᾛ←σAI AI ○

Å AI ○῾ῶ -> ֶⱴAI AI ○῾ῶ

RL ᶼ⁴ᶙ ᾛẩ

AI ײַ○

AI⁴ᶙ
AI ○

ᴠᾭק ҭᴅӺẓ Ḿ• үח￼ῳҸ Ɑ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2025Ẉ ḖḘῙ

ѭ σ ḝ
< 22 >

ҥ ᾚԋἆῠ ïᾚᾛ←σAI AI ○

Å AI ○῾ῶ -> ֶⱴAI AI ○῾ῶ

ArchAgent 2026: Agentic AI -driven Computer Architecture 

Å ArchAgentεᶢ҈AI￼ Ɑ‟‗

ζ￼ Ṗ ‟‗ᶃ

Åᶈ℅ ӕѧιᾺ ￼ Ḕ῎Ὀ ꜝӦ

ᾛ’ּי AlphaEvolveᶈ ChampSim

ε ₲╙ ￼ᶢ҈ trace ￼ỉ‟‗₩Ὁ

ᵸζѧ ט љḫא

Å ChampSimҺ Ẋ Ὕḧ￼ṪӐ

εӕḅ SPECζιҨ⁞Ὧ ‰Ὕ

‰εӕḅ IPCζ‎ ӂᾺ צּ

Ṅ Ҧ ιArchAgent ҹїᾘὝ

֦ẉ Ӂ ꜝѦַײᾚ /ῡֹ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅNᶙјPᶙᴀḿӋַײ⁭ồ

Ḓᶴ҈ɒᶺӎɓꜛỗכּ

ᴁṀӌԓḹᵍ Ḓכּיּ

ᶹכּזᴙᵅּכḒṏҺ ᵇ+‖

ᴁṀӌᴪѭṀּכ￼ꜛỗ

≡ῶּכḒ￼ɒ ӈɓꜛỗ

ӈᴲ ιѼṏῗ

ѧῂḫӌιѼᴲ Ὁ Ḓ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅPN ⁭ồ Ɇḿײַ ◦

ᵇᴸ Ḓᵇṫכּיּ

ÅḾPN ᶹכּזᴙӔPѭ⃰‖ι ᵙּכḒ ᵇ ט

Ẹ љּכḒᶈ εJunctionζ ῊιּכḒ Ԅ ιѣ Ἱ╦

Åּגẓַײᾚ⸗ḑҠ⸗╟ ӻ∫ԃnṕιᵃῊּכḒҡpṖ╙֧ ғּוᾺ￼ ιḅ

℅ᴦᶶιּכ╙јᾸ

ӗẔּכḒ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅPN ◦⁭ồ Ɇᾘấײַ

ᵇᴸּכּיḒᵇṫ

ÅḾPN ᶹכּזᴙӔNѭ⃰‖

Å ᵘ⸗ḑᵆּ҉ג ᾛᵆײַ ιᵼ℅јҺᶈח ιּכ╙ῂ│

Åᶇ ҹẺởᾣᾢ ᴠᾢ⸗ḑḔᶇַשײᶞεᴱӭ ṒṕιḜҺғּו ᴙ

Åҡі ᴵ pn Ԏῑᾐ∫ӏⱴ

ӗẔּכḒ

Ẻởdepletion regionα ᾌṕβ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFET ⁭ồ Ɇ ῴ(gate)ײַ ╩ῴ(drain) ᵘ╟ῴ(source)

╩ῴ╟ῴ  ῴ
ÅẸ ‖-◊‖ ᴙVgs<Vthכּ￼

ῊιNὶּ҃כ◊⃰‖ῂ ◖‖-

◊‖ ᴙVdsѭᶺṈιᵻѬכּ￼

PN ᴄᵆḿײַ ιјҺῶּכ

╙ҡ◖‖╙ᵇ◊‖

ÅẸVgs ӪּכᴙVthᵅιҹ

Ẻở ѥ⁵ ҆ צ ṕַײ⸗

ᶊιᶈ їιזᶋ￼Ӑּכּ

SiO2ṕᵘPשҏꜛᶳ ḑ⸗ײַ

ҹ ẫ SiO2әιᶈSiO2Ӛ

ẻἄ Ѧṕ Ḓ╟ẙכּ Ḿ

￼Ṿꜛתᶟ(⌐ SiO2 )ι

ᴏNᶙḿ⸗ (depeletion)

N: ּכּיḒ(-)
P: (+)

VdVs Vg

ÅҡNᴁṀӌּכḒ ɒ Ậɓᵇᵤ Ӛת і ṪӐת
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< 29 >

MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFETῑєѥṩӏש σᾘấ α₀Ḉש β ᵘα⸗ᴘї ⸗∫ ᶬוβ

1 ᾘấש σVgs < Vth

ש 2

ש 1

ש 3

2 ש σVds < Vgs - Vth 3 ᵘש σVds > Vgs - Vth

Vgs

VdsVthσMOSFETַײ ө⸗ᴘ
јṩ Ԋגּ

–ịσVgї –ịσVdї

–ịσVd ᶼ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFETַֹײ

1 ֹ NᶙᴀḿӋשᶞ
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< 31 >

MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFETַֹײ

1 ֹ NᶙᴀḿӋשᶞ 2 Ẻở᾿Ӌ ᶡ῞ ῶ
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< 32 >

MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFETַֹײ

1 ֹ NᶙᴀḿӋשᶞ 2 Ẻở᾿Ӌ ᶡ῞ ῶ 3 Ẻở᾿Ӌ ḡᾐ ῶ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅMOSFETַֹײ

1 ֹ NᶙᴀḿӋשᶞ 2 Ẻở᾿Ӌ ᶡ῞ ῶ 3 Ẻở᾿Ӌ ḡᾐ ῶ 4 ⸗ῴⱳ ј
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅNMOSјPMOS

PMOSNMOS

ԓᵤ Е
¡ᵩ ЃbodyЄ Ї ᵤ
¡ ЃgateЄҐ ҲҒ
¡ ꜠Ї ᵩ ῗ
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅNMOSјPMOS

PMOSNMOS

Ẹ ‖ᶴ҈ ᴙχכּ
¦MOS ּכḳ ‖іῶּ⃰כ ιӌ ֱῶ כּ
¦Ṅ ‖ї￼ ᴦ ѭ n ᶚ
╙כᶈּא¦ ╙ nᶚ ιῢӌ Ṁ
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< 36 >

MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅNMOSјPMOS

PMOSNMOS

ӆNMOSιӇ  ᵙּכᴙ ᴦ
¦ӌ љ Ẉכּ εVDDζ
¦ ῴӈ⸗ẇχῢӌ Ṁ
¦ ῴ ⸗ẇχῢӌ ԋ
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MOSFETӏѬấԊַײ Ѭ ⁴ᶙ

ÅNMOS PMOSᵘ ᴄᴥּגᵷ

NMOS PMOS
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MOSFET᾿Ӌï♪ҥ וᶡֹײַ○

ÅNMOSјPMOSַײḶⱳ⸗ḲÅNMOSјPMOS

PMOS

NMOS
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ԏ ⸗

ÅNMOS PMOSᴴҧ ởPDNᵘPUN

ѕἝ σ

іἝ σ
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ԏ ⸗

ÅⱶPDNᵘPUN ởַײNAND ⸗

NAND

ặAᵘBᵂѬ1ᾩε ֦Ѭ0

ặAᵘBῑ0ᾩε ֦Ѭ1
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ԏ ⸗

ÅⱶPDNᵘPUN ởַײᶵῢ ⸗

ổּצᴨ ᾛӐι ὶ‗ấPDN

ExσD+XổᵕּלDјXẉ

‗ấPDN￼ҍ

ᶇSN3ԒεBᵘCᾴẉ εײַ

ֱᶈPUNѧιҤҪѩ

їᵇі‗ấ

қѰ ֘іFѬ0 -> D+A(B+C) = 1
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ԏ ⸗

Å ᴄ1bit ⸗ᵷ←ו

F

ᴄ₦◕ו←ᵷ
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ԏ ⸗

Å ᴄ1bit ⸗ᵷ←ו

F

=╒
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қѰᾴ⸗ Ảײַ

ÅҧInverter ᴥּגᵷѬӔ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2025Ẉ ḖḘῙ

ѭ σ ḝ
< 46 >

қѰᾴ⸗ Ảײַ

Å RCẢ ֪ῷ
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ᴥּגᵷẢ

Åֶⱴ RCẢ ֪ῷᾛ←




