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Ҟ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ◓ⱣᵷҬ ⸗ ῾ῶ3Ά ԅ′Ẫҟ

ỵὛ҆ Ԅזσבֿ ҚṪΰ ҭᶢ

ז▌ ῎χẉ -ḋᵄ

׀ רּ ₱σῂẶֺӾӢ ∂ ấ ԏᶵ

ῳִℓ ד

ἆ σ ᴅPython Verilog εיᾨṄ

ѽ ℓ ᾨḙζ

ὕ ᾉ Ѿσ

Å◓ⱣᵷҬ/ ⸗ ᾛ σ

ÅDigital Integrated Circuits: A Design Perspective - Anantha Chandrakasan

ÅCMOSᾭḔ ἄּכ χ֫‘љ - ẞ—

Å῀ ῾ῶᾛ σ

ÅComputer Architecture: A Quantitative Approach - John L. Hennessy

Åΰ - ҉

ÅҚṪΰ Ɑ -

σ

https://aiarchpku.github.io/2025Spring/

ἷ  Ӡ

ᴺ 04632043

ḙ֫ 2

ӌ њўү

ᶊᶍ ᾨ417ת

Ҹ ꞌ ῂẶֺ ֺ

⁄ΆẪ
֧ ε5%ζ 6₭ ᵅӐўε30%ζ

ᴅ ҭ ḫ εLab 1 15% + Lab 2 30%ζ ῼ ∆ἵε20%ζ

https://aiarchpku.github.io/2025Spring/
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ᵼ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ◓ⱣᵷҬ ⸗ ῾ῶ3Ά ԅ′Ẫҟ

ѭ σ Ḟ ─ᾉσflט

ở⸗ Ḙ ᴇᶰⱳ1Ẉ

ѭ ᾉט

ӏѝἂᾂ Ḫ

ᾉσט

Ӡ ḘἆῠḘ ῞ 4Ẉ

ѭ CLABΐזᵷẇᴵ

Ḫ

ỨῑּגԊԒḲ
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ◓ⱣᵷҬ ⸗ ῾ῶ3Ά ԅ′Ẫҟ

¶ 6⁸ ᵄӏѝα 30%ε₤⁸ᴈ

ở 5%β

ː ᴁṀӌⱶתᶢ љCMOSᵸҭ

ˑ כּ љᶶ  ᴅӺ

˒ Ὕҧ ᶺ ╙↨ ᴣԎίֺ

˓ ‰ љҁẑἚ

˔ ḕӴ ỉ‟‗

˕ AIז ᵸ‟‗

¶ 2⁸ Ḫ α 45%εַ֪Ѭ15%+30% β

ː εַּז ἍḙCMOSᵸҭљ כּ ι‗

ấᶶ  ᴅӺεӕḅχḅӍᶈ ҭіḫאѕ

֩ᾭ όḅӍᶈ ҭіḫא ᾦ￼ᶽӈḴѺ

│όζιẊћ ӂԎ ҭớ Python / Matlab

Verilog ιҦ ֒ χ200-300 ṫᴸ

α1ѥῐᾩ ḡởβ

ˑ זַּ Ἅḙ╙↨ Ὕҧ AI Ɑ‟‗ ι

‗ấ ᴅ Ɑ‟‗љּכ ι ᶼḫ •

AI үחιẊћ ӂԎ ҭớ ᴅLinux

  Verilog ιҦ ֒ χ400-500 ṫᴸ

α2ѥῐᾩ ḡởβ
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Ḫ ♩ᶪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ◓ⱣᵷҬ ⸗ ῾ῶ3Ά ԅ′Ẫҟ

Å CLABẈᴶχhttps://clab.pku.edu.cnזּ / ԏӌӔּזΆẪ ᴠ χ CLABӔּזἐԛ

Å ḫ ᶫעLinuxזּ Ầᴧ

Å Ἅ ҭעᶫṰѭᴿӈᵃḙḠ Ḅιῂ ṯ ᶫע

Å Linux Lab￼ ῎ ᴠ χLinuxӔּזᴠ ӡỤ

Å ᾨ⃰ᶈѭᴿӈᵃḙấי CLAB ᴺιԏӌ҆ḩ ᵃḙҪ ᾨי ᵃḙ

Å 2ᵔấḉεѬᶼḱὝӖVerilog ԃ Ѽ εᾀἵ︡Ҭ0ᶡַ︠ײᵂḘҩ

Å ḅῶүӍ ι₮ ά ṷἆיᾨή

https://clab.pku.edu.cn/
https://aiarchpku.github.io/2024Fall/static_files/Lab/Lab1/%E6%99%BA%E8%83%BD%E7%A1%AC%E4%BB%B6%E4%BD%93%E7%B3%BB%E7%BB%93%E6%9E%84.pdf
https://aiarchpku.github.io/2024Fall/static_files/Lab/Lab1/Linux%E7%8E%AF%E5%A2%83%E8%BF%90%E8%A1%8CLab%E8%AF%B4%E6%98%8E.html
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Ῑ῝₲ἒ

Å ἬᵷҬαIEDM β ⸗ αISSCC VLSI βỡ῾ῶαMICRO ISCA βᾛ ײַ

ᾑεỡNature/Science Ԋגּ֮ ᾑε 1-2 ᾑ♅

Åᴈ ở 20%ι▄Ԅ ᾰἩ  ẊӮ12-15֪ ₲ἒεҧPPT+ ἒᵒẺẩὝҏ

AIו ᵷ ○
Å ҽ AIז ᵸχFused- layer cnn accelerators EyeriessιGoogle TPU
Å ᾺԌAIז ᵸεᶽ₩ᶚTransformer Neural ODE MANN/DNC PINN ζ

GPGPU ○
Å ╙ẪᶺᶴתᵸεMultithreaded Streaming Multiprocessors ιCUDA￼‎◊ζ

FPGA ○ εᴵ ᶒ ᴵ יּ ζ
ḟԄј Ӡ ᶞᶳⱣᵷ ○
Å ᴿ Ḹ εAES RSAζ εMPEG ζ ӡ εLDPC Polar ζ

Ҽ CPU ○
Å ҸקBranch Predictor Load-Store ḕ ᴨ ҷ⁄ ḕ ớ

ᾚԋ῀ ○
Å ḕ ӌ/ỵḕ ӌ Ḓ תⱶӡỤᶴוּ NoC ᶒת
Å ᶢ҈ᵅᾐṉ CMOSᵸҭ￼‟‗ε₩Ὁ ‟‗ ḙדט ‟‗ ζ
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ҙṩ῀ Ғѝ ᴦṜ

Åҙṩ῀ ҒѝᾴὕחỠᶁΊΎᾚ ⱳҒגᴦṜᵘ ≢ ᶙ׳ ị–ײַ εњἵגח ᶬ

ᶁԒᶸᶼ⁴ᶙּגԊҒѝ♪◦ҙṩ῀ ṳᶊ ⁴αҚ ӹβ

AIғў ₩ ҨOpenAIѭҦ ￼AIᶽ₩ᶚԇᴻὙ ᴧṵGPT ֮⁴ᶙεפ

ἭGPT-2/3/4 GPT-o1 Sora ιᶶ ὸת ι״ᶽẄώד

Ẋᾯᵀ ỉ ᶺ₲ғᵝѧιῗԅר Ӿ￼ᶽ₩ᶚ Ἡԇᴻ

2018ẉῼᴧṵBERT AlphaGo LAMDA PaLM

AlphaFold ֮AIᶼ⁴ᶙι ᶟ ḙ ι

ẊῳᾺὸ֧ᶹ⁴ ᶼ⁴ᶙGemini

Llama ֮ấ╟ᶼ⁴ᶙιᶈᾰ ֫‘ үח ᶺ ᶟ א

ҸầιLlama Lite ҈זᶽ₩ᶚּק / ӚẔּז

ᴧṵּׁשᴭᶼ⁴ᶙ ֮ι ᵇ ⱡ ḙ ᶺѦᶋ῟ψ

ώ֧ҋᶽᶢ ᶽ₩ᶚι ֫ѭᶺѦ ўᶽ₩ᶚι▄ẙ▒ ᾤח

ֺ ↔ ḙװ ᶺѦ ўιώ״ΰ Ẉ↨ק

ᾑị ѱײ ═ӹ DeepSeek

ᶁḱᴦṜỢꜝ

2025Ẉֹ ѝẵᶁ ֮

2030Ẉֲᾚᶙᶁḱ ֮

2050Ẉћꜛ ἆֲᾚẵᶁ

ᶁḱҙṩ῀ ᴦṜṴṔ

ṩӠ ԅ ᴿᴌᴦ

ᾎὊΎ╟σ׀ Ғѝֿכ

ᶼ⁴
ᶙѬ
ҥ
ᾚײַ
ҥ
ҙṩ
῀



ộỳ ץԒḳẊיּ

῀-ҕᶼḘק ︡Ҭ ῾ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 9 >

ҙṩ῀ Ғѝ ᴦṜ

ÅὝ׳Ԅ ҹ Ԅ ѝ῀ Ғѝגטẇε₯צ ᴦṜεΐזᶁḱ ᶼỢꜝ ₱

ҧAIᶼ⁴ᶙѬҥ ӽײַ ῀ ἆῠ

AR/VR

ԄⱢAR/VRṳᶊ

ָ 2025 ẈεAR/VR Ғѝ

⁴ṃ ָ 1240 Қӹ

ח /ᾢҙῡ

ח

ָ 2025 Ẉε ח

Ғѝ ⁴

ṃ 3588 Қӹ

♩ᶪỖּר CNN/RNN

ᶉᶂḦӇ SLAM/GRU

ח ֭ RL/LSTM

ὔֹ֗ RL/LSTM

/ᶂӴ

῀ /ᶂӴ
AI ○ṳᶊ ⁴

ָ 2025 Ẉε῀

/ᶂӴṳᶊ ⁴ṃ

3612 Қӹ

҈

ᾎὊ
Ѧị

ΐז
ᵷ

ָ 2025 ẈεԄⱢ҈

Ғѝ ⁴ṃ

אל 5.6 ѓҚӹ

ָ 2025 ẈεԄⱢ

Ғѝ ⁴ṃ

ָ 1130 Қӹ

ḟ ῀ ừῡ

◓ ṩѝῡᵷ

ҙ ԏᶙẓⱴ

ᶁḱ ᶼ
₱

─ ṩѝֹ ᶊᾼ

ג⸗ ῀ ֹ ṩ

ѝᶊᾼεὝֹ׳ ѝ ח

צ ῀ ẇεҒⱳᾎ₯צ

׳ⱳҒᾇ♆Ὕײַַ

ҹ⅛Ᵽ/ ≢ Ᵽ

ᶽ ὒ

ᶁ ṩѝ ᶊᾼ

ֶⱴᶼ⁴ᶙ

Ὕ׳ ҹ⅛

Ᵽ₯ẇᵘ

≢ ᾇ♆
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ҙṩ῀ ︡Ҭ ○

Å ○ј︡Ҭ ᾴїᴴỡ ײַ וᶡֹג

⁴ᶙ ←ṕ

ᶡ︠ ᾜṕ

ẓⱴṕ
Ԏ ῀ ח ῀ ꞈת

ῡᵷḘѼ⁴ᶙ ᶹ⁴ ᶼ⁴ᶙ

ᶼ⁴ᶙAI ○ј︡Ҭ (ᵷҬ ⸗ ῾ῶᴢ ᵷ)

ҙṩ῀ ײַ҄ ᶼ–ịσẔṕ ○ј︡ҬַײɎ֒ᶴ ɏ

ᾀ
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῀ ײַ○ גⱳҒײᾴΊΎᾚַג

ÅᾎὊᾴᾚַײⱳҒ ᾔε εᾴᾀגⱳҒײᾴᾚַג ἆᴦṜַגח╟ײ

ᴭҥ

ᶡ҇ҙײַג ג

שּׁ

ῡצ‬ᾩҥ

ᶡ҇ῡ‬ַײ ג

ῡ‬ẩ ῡ

ᾩҥצ₭⸗

ᶡ҇⸗₭ӹҬַײ ג

⸗ḑ ῡ

⸗ḑӠ ᾩҥ

ᶡ҇ ở⸗ ײַ ג

᾿Ӌ ῡ

18ћ ҧ׀
18ћ -20ћ ֳ

20ћ ѕᴀᴸ

1960 ï2030

2030ҧᵄ

ᶼᾎὊ῀ ᾩҥ

҈ ᶹ‒צ ג

ᾚᵷҬ ᾚ῾ῶ ῡ
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↓ ῀ײַ ○ᴦṜᴶ

Å῀ ᴦṜᴖᴶײַ○ (1833 - 1968)

⸗ ᾇẓ

1833 1839

Ӿҳᾇẓ

1873

Ӿ⸗ᾇẓ

1874

ᾐ∫ᾇẓ

1880

ᴀḿӋᵃ ֦♪

1904

טּ ҆ῴ (⸗ḑ )

←Ἕ ӿ Ṉ ᴶḷᾙ Ṵל ṑᾙӀ― Ậ ᾭ

19581952

JFET
ᶊᾇẓ᾿Ӌ

1947

NPN
᾿Ӌ

1907-1932

ᾐ∫ᵷ/Ӿҳ⸗₵/
ᶸὒ≡ᵷ

1906

טּ єῴ
(⸗ḑ )

1956

Ỵᾌṩ

1950

ḑ↕ԃṩ
ᴤῴ ᾿Ӌ (BJT)

ỉ◓ⱣḘḱẬ ᾙ◕ ӿֶ ӿֶ ᶧἝ Ḹמ

ở⸗

ᶡṈ₦
Ҳᾙ

1960

ᶸẢ/Ӿֽṩ

1964

ὯṈḦỄ

1968

DRAM

1959

MOSFET
ᶊᾇẓ᾿Ӌ

1967

ᾮ҅ Ḕӳᵷ

1963

CMOS⸗
ἆῠ

ᶧἝ ᴊṈ/ Ҳᾙ Ԇᴺ ờflὯṈ ṈḪ Ḯ IBM
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↓ ῀ײַ ○ᴦṜᴶ

Å῀ ᴦṜᴖᴶײַ○ (1968 - 2023)

20122010

32nmṩ ○

2007

῀ ừῡSoC ○

2006

ᶹ– CPU

1997

FinFETַײᴦᾭ

2018

7nmṩ ○

2022

3nmṩ ○

2023

Ḕ Ӌ ᾚἆ
ῠ ○

2011

22nmṩ ○

2008

45nmṩ ○

2018

14nmṩ ○

2022

ᾚᵷҬ ○
(ọ ᵷ )

2020

5nmṩ ○

◕Ṉ₇ᾭ Ὼ/ ◕Ṉ ◕Ṉ ◕Ṉ

3D Flash ○

єᾯ

◕Ṉ Ѧᶁᴵ ⸗ Ѧᶁᴵ ⸗ Ѧᶁᴵ ⸗ Ѧᶁᴵ ⸗ Ѧ ᶁ

ѥỈᶳⱣᵷ
(4Ӈ2250̓ Ӌ )

1971 1978

ѥx86ỈᶳⱣᵷ
(16Ӈ4ѓѥ᾿Ӌ )

1980

ḔḔӳᵷ
(Flash)

1981

ᴵѥҙ
ῡ (PC)

1993

CPU

1997

○ ҉ ἆῠ

◕Ṉ ◕Ṉ џ IBMԆᴺ ◕Ṉ IBM
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ặ׀ҙṩ῀ ︡Ҭ ○֪

Å ○ј︡Ҭ ᾴїᴴỡ ײַ וᶡֹג

ặ׀AI ○ἆῠ ᶂᴢԍᴦṜ♪◦

ⱴAI ○ ḦֹAI ○ ᴴ ῶAIו ○ Ẻ AI ○

ⱴGPU

Å ⱴ ἷҦ ῾ῶ
Å ẘ⌠ ᾎ
Å ⁴ ᶼג Ӓ

ⱴTPU/NPU

Åᾀἵ◕ḦַײAI⁴ᶙ
Åᶼ ֪Ḧ ᾎ ẘ
ÅѦṆ ⁴ ῑ ᴴ

MLP/CNN

RNN/LSTM/ ResNet Transformer Diffusion

FPGAו ᴉ ᴴ ῶ ֮AI

○

ÅỒ ∟ ︡Ҭᴴ
Åїᴨ ᶙ ֹ ᵈᵅ
ÅᴎὟᴎⱴ ҈ ᶍ Ү

SNN ○ Ẻ ○

Å⸗ ᵷҬ⁴Ἠⱳ◓ ӹ
Åᶼ ⁴Ἠ ӹּג ῶở
ὓ ҇ҙ
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ҙṩ῀ ︡Ҭ ○

ÅḘѼҙṩ῀ ︡Ҭ ○ᾴḄӌṩӏַײ Ԋ

ḫ

│ ẑ

ᾛӐ ᶫע/

Ӌ ῶαἷҦ β

ỈӋ ῶ

ה ⁴ᶑαAND β

⸗ αᾎḓ/⁴Ἠβ

Ỉ⸗ḑᵷҬ

Ҭ

︡Ҭ

← Ẑ

῾ῶ

ᾎ⁴⸗

ᵷҬṩ
 ᾳṪ

ⱴỦẓⱴ

John L. Hennessy
Stony Brook/Stanford
ᶂ ḙ /Ṫ ᶱ
ᶃ♄᷾ ệ

David Patterson
UCLA/UC Berkeley
ᶂ ḙ /Ṫ ᶱ
ᶃ♄᷾ ệ

Yale Patt
UMich /UT Austin
ᶂṪ ᶱ

ḹԉԀ’᷾ ệ

Robert Noyce
IntelֳḊҚ
ᶂᶂḲἩ ᷾

Jack Kilby
ἄּכ ᴧ῎Қ
᷾ ệ

Gordon Moore
ᶂṪ ᶱ
ᶂỞ יּ

⃰῎ UC Berkeley
ᶂṪ ᶱ FinFetᴧ῎Қ

ᶂᶂḲἩ ᷾

William Shockley Walter Brattain John Bardeen
ᴁṀӌῢӌ ￼3ӈᴧ῎Қ

ᶎѭ ᶂ ḙ ᶱ ᷾ ệ

︡
Ҭ
ᴦ
Ṝ
ײַ
ᴖ
ᴶ
Ԋ

ҙ
◓
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ҙṩ῀ ︡Ҭ ○ïᾎ⁴⸗

ÅḘѼҙṩ῀ ︡Ҭ ○ᾴḄӌṩӏַײ Ԋ

ḫ

│ ẑ

ᾛӐ ᶫע/

Ӌ ῶαἷҦ β

ỈӋ ῶ

ה ⁴ᶑαAND β

⸗ αᾎḓ/⁴Ἠβ

Ỉ⸗ḑᵷҬ

Ҭ

︡Ҭ

← Ẑ

῾ῶ

ᾎ⁴⸗

ᵷҬṩ
 ᾳṪ

ⱴỦẓⱴ
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ᵷҬײᴀḿӋᾩҥַ׀ ѭσּט єῴ α⸗ḑ β- 1906Ẉ

Åӎ ᾙ◕ ₉ԛּט ҆ῴ Ѧוԃ҂ ῴεὝӖ ᶸ⸗ᶊ ὔ ῴ ⸗ḑᵆ ῴ ײַח Ѭ

1906Ẉεӎ ᾙ◕ ₉ԛּט

҆ῴ Ѧוԃ҂ ῴεὝӖ

ᶸ⸗ᶊ ὔ ῴ ⸗ḑᵆ

ῴ ײַח Ѭε ῴ⸗ᴘṎᴴ

ҧ ὔ ῴַײᴦṂ⸗∫

ᾚᶙּט Ѭєῴ є

ῴ Ԏᶴ҂‭↓ ᾄᶼᵘ

הײַ εԍẓⱴᶊᾼ ᶼᶼỴ

Ṝεẉӝӓ҂ ᴵ♪ҥổѱ

ḑ⸗ײַ ῡᶛṑ ӿַײ ⱳ

ᶁ⸗ḑ ῡENIAC
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⸗ḑ ᴦṜⱭײַ ï̓ ћױ Ѧᴸấḉ

Å┌ַ᷁ײ⸗ḑ Ɇ—῞ᴜᵻᾴӋ ᶼᾢ←ᶼ ⁴ ở Ṁᵗ ӈ ҧ ᾩ ṩӏ

ᶡ҇ ⸗ḑᴦṂַטּײ Ṁ

ᵗ תּ ה Ӌ ᶼ

ở῞ ᶛṑ ӿῑ ᴀַײ

ῡᾩ ⌐ ᶇ‭ӡὄᶏַײּט

ѕε ḿ ḛ ҧ ᾩ

ᶉᶳⱣᶵῢַײ Үז
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⸗ḑ ᴦṜⱭײַ ï׀ /Ӟ ᾙᴀḿӋ ○ҒѝᴦṜַײᾉ

Å׀ ײַ ῡ ₉ј ᶁ֠ѵᵂᾩҥεӆᶇ⸗ḑ ј᾿Ӌ ײַ Ἤѕ֦♪ ᶼ᷁

ᶁ⸗ḑ ῡENIAC

30 εᴈᶉ 170 ẇ

₤֪ ỳ 5000 ⁸

׀ ⸗ḑ ῡMESM

6000 ѥ⸗ḑ ₤֪ 3000 

⁸ ε ג ẳεӆ ⱴᵘ

ѕῑ⸗הּ ҍҷם

׀ ἬἈѭ

ᾄᶇ҂⸗ḑג Ṇײַ

ᶙצѕεᶇᴀḿӋ᾿

Ӌ ᾩҥ ╓ ᵄ

ᶇ⸗ḑ Ṇᶙצᾛ εӞ ᾙַײḪגᶇָ׀אћꜛᾴ῏ẵַײ

Ӟ ᾙS300/400 ḿẴ ῴẵַײἍẆἀ εԍג

ḪṎΎ╟҇׀ /Ӟ ᾙַײ⸗ḑ Ṇᶙצἆῠ

⸗ḑ ᶇ◕Ḧַ҅֒ײ

ẓⱴ ᶞјᶁ ṩѝ

ѦҟԎῑ Ḧַײӏⱴ
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ᴀḿӋ ᾿Ӌ ᴦᾭï1947Ẉײַ

ÅᴀḿӋ᾿Ӌ ѬɎ21ћ ῏һᶼַײᴦᾭɏε┼ַֽײᾂᴩ҂ҙ ᴖᴶᴦṜ

ӿֶα׀β Ṱ αᵄ β ṴἝ αᵄ҆βεᴀḿӋ

᾿Ӌ ᴦᾭεԉᵂײַ Ệ҂1956Ẉַײ Ṉ◓ⱣḘ᷊

ὓ ẩ᾿Ӌ σἈ

Ѭ50 ƠpַײѢѥ ⸗

ῴᴘᶇ ᴀḿӋѕεỈ

Ṇַײ⸗Ӡᴹⱶ ѥ ⸗

ῴ (ᴦṂῴ) ԃ ᴀḿ

Ӌ (ᶡῴ) ẉ ᾶ ᾄᶼε

▒ᵄ ᴯ ѥ ⸗ῴ

( ⸗ῴ) ֦ε ѥᵷ

Ҭᶇ1kHzַײᶬכѬ4.5
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ᶡMOSFETᾴᾀ ♪ҥ וᵷҬᶡֹײַ○

Å ᶧἝ (Martin Atalla) ᵘ ᶼӹ (Dawon Kahng ) ԉᵂᴦᾭ҂ ᶡMOSFETᶊᾇẓ᾿Ӌ

ᶧἝ (Martin Atalla) ᵘ ᶼӹ (Dawon Kahng ) 

Metal -Oxide -Semiconductor Field -Effect Transistor

(MOSFET)

PMOSᶊᾇẓ᾿

Ӌ Ḫ◓ᶂ

MOSFETṯ ởѬ

ở⸗ ῞ᶡײַ

ởᴄӹ
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MOSFET᾿Ӌ ṩӏᴜⱣ ïH ὔấԊ

ÅMOSFETῑєѥṩӏש σᾘấ α₀Ḉש β ᵘα⸗ᴘї ⸗∫ ᶬוβ
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ẩє ᾿Ӌ FinFET ï1999Ẉ

Åᴜ῞ 2010ẈᵄҼ MOSFETᶇ20nm ָṒ᷂ε ₇ᾭַײᴦᾭ ₉ὕ ֹ Ṇ

ײַ‏ṨᶼḘӀӿֶ֪ו ₇ᾭᾉὌ

αIEEE Fellowε ᶁṩ ᶰε

Ѧᶁ Ḙ ᶸ ᶰβ

ⱶFinFET╪֦צᶹ є ᾿Ӌ

ῶᶙεὕֹח ᵆ

3nm/1nm ╪
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ҙṩ῀ ︡Ҭ ○ï ⸗

ÅḘѼҙṩ῀ ︡Ҭ ○ᾴḄӌṩӏַײ Ԋ

ḫ

│ ẑ

ᾛӐ ᶫע/

Ӌ ῶαἷҦ β

ỈӋ ῶ

ה ⁴ᶑαAND β

⸗ αᾎḓ/⁴Ἠβ

Ỉ⸗ḑᵷҬ

Ҭ

︡Ҭ

← Ẑ

῾ῶ

ᾎ⁴⸗

ᵷҬṩ
 ᾳṪ

ⱴỦẓⱴ
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CMOSᾎḓ ⸗ ïặ׀ ⸗∫ѭײַ○ ἆῠᾛ’

Å ᴀḿӋ҇1963Ẉ ⁸ᴦᾭ҉ ṝ ᴀḿӋ◓צ (Complementary Metal Oxide Sem.)

CMOS ⸗ ᶂ

᾿ᶃ⁴ῳѕֹ֦NMOSαn-type MOSFETβᵘPMOSαp-type MOSFETβַײᶡ῞ᵷ

Ҭεⱶ҇NMOSјPMOSᶇ◓Ᵽ◕ ѕѬ҉ εᵻ₈ ѬCMOS

҉ ẩ ṝ ᴀḿӋԎῑᴰῑᶇ᾿Ӌ◓צ

֫ὈᵎחјԊ ᾩỬ ┌ ײַ

ҷ εᵻ₈ ẁ њᴦג⸗הּ ṇεњ

ṩ ѕѻᾴ῏ᶡ︠ ῏ẁⱴַײᴀḿӋᵷҬ
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ᴖᴶ σ ở⸗ ᴦᾭï1958Ẉ/1959Ẉײַ

ÅỉṨҨᵷԆᴺַײṩ ṶᶡṈ₦ (Jack Kilby) ᴦᾭ҂ ᶑ ở⸗

ṃפἭ ᾿Ӌ ᶇԒַײҊѥӹᵷҬ ởᶇ εᶡ҇

ῥᾔֹӏ҂ ѥᴱӭּג ᵷַײ ᾮ ở⸗

1958Ẉ8ῐ28ᾤћꜛ ᶑ ở⸗

ṐḼ7/16 Ó1/16 Ḽ

ᶡṈ₦ 2000Ẉ

Ṉ᷊

Ӏ◕- Ҳᾙ҇1959Ẉ8ῐᴦᾭ ᶑ

ở⸗

ᴟјֲ ᴀḿӋ (Fairchild) ᵘ ◕Ṉ (Intel)

Ԇᴺε Ḧ҂ וᶡֹײַ
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ᴖᴶ σὯṈḦỄַײὝ֦ï1964Ẉ

Å ᴀḿӋ/ ◕Ṉַײ ᴿֲḉҙờflὯṈὝ֦҂ ᵃַײɎὯṈḦỄɏ

ở⸗ ѕᴴḲ Ӌ᾿ײַ ᾎָאε

₤ ѢẈӜҹᶬו ӣ

ờfl·ὯṈ
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ᾮ᷁ ḔӳᵷFlashַײᴦᾭï1967Ẉ

Å ҂ ᶊᾼѲᶸεḔӳѻᾴᴈὊ῀ ○ ү ԏᶙẓⱴᶊᾼײַ

Dawon Kahng ( ) ᵘ Simon Sze ( ᴁ ) ᶇ ṈḪ

Ḯᴦᾭ҂ ᾮ᷁ Ḕӳᵷ⌠ח αFloating Gate β

῞ᾑᴦ ѬɎA Floating Gate and Its Application 

wr Phpru| Ghylfhvɏα Ṉ ἆῠῙ β

Ҽ ẇ ᶙNAND 

Flash ᾮ᷁ Ḕӳᵷ

♪ҥє ᶣᴫ

NAND Flash
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ᾮ᷁ ḔӳᵷDRAMַײᴦᾭï1968Ẉ

ÅSRAM/DRAM ᾴѢ ῏ẁⱴַײᾮ᷁ ḔӳᵷҬεẌ↑ẓⱴ҇♪ҥ῀ ○Ѧ

SRAM 6ѥCMOS

᾿Ӌ ΎḔӳᾎὊ Ӏ◕·ѫ ỉᴦᾭ҂DRAM (ח ῡḔᴧḔӳᵷ) Ḕӳᵷ

јSRAMּג₦εDRAM ᶇ҇םҷײַ ῶ ᴄɇ₤₦◕ ᴰ ѥ

⸗Ḳ ѥ᾿Ӌ ΎᶳⱣεּג₦ѲіᶇSRAMѕ ѥ₦◕ ẁ

ԇѥ᾿Ӌ ₇ᵻ ᾆεDRAM Ἡῑ ẁ ḷẘεᴄӇӋײַ

Ḳײַ ᵻ₈ở῞ ӈ ӆּגᴥַײεDRAM ѻῑ ẘ Ớε

⸗ ᶼַײ

SRAMα ῡḔᴧḔӳᵷβַײҷ

ᾴḛַײ ẘỒεḛַײḔᴧ ẘ₦

DRAM αח ῡḔᴧḔӳᵷβỒỆ

ᶹεᵻѬḛї ₤⁸ ᾎὊ

ᾚֺᾚ⸗Ḳ
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⸗ ҉ײַ ᾛẩσ῀ ײַ○ ҉ ἆῠï1997Ẉ

ÅIBM♆ӽҠ ҉ ᵆ ҉ εẉὕ֦҂ ѥ ᶡỈᶳⱣᵷ IBM PowerPC 750

IBM PowerPC 750 ῏ֳ

ᾴ ⱴ εԍṩӏײַ

♆ 300 MHz ε ⱴ

҉ Ѳᵄεᵂ ײַ○

ẘ ṇ ָ400MHz ε

Ὕ ҂33%

ở⸗ ṝ҉ ֹ ṩ ָ

ᵄεᵻѬ ԎῑΉӒַײ⸗ ♆ᵘἍ

⸗ εểỒג Ṏ῎ҥ

ᴿ ởѬ ṝ҉ ѭײַ ῥᾔ

○Ԓ Ṵ ῶ

ᶹṕ ṝ

᾿Ӌ

ᶡ

ᶡẔ
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ҙṩ῀ ︡Ҭ ○ï ῾ῶ

ÅḘѼҙṩ῀ ︡Ҭ ○ᾴḄӌṩӏַײ Ԋ

ḫ

│ ẑ

ᾛӐ ᶫע/

Ӌ ῶαἷҦ β

ỈӋ ῶ

ה ⁴ᶑαAND β

⸗ αᾎḓ/⁴Ἠβ

Ỉ⸗ḑᵷҬ

Ҭ

︡Ҭ

← Ẑ

῾ῶ

ᾎ⁴⸗

ᵷҬṩ
 ᾳṪ

ⱴỦẓⱴ
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қѰᾴ︡Ҭ ῾ῶψ

Å︡Ҭ ῾ῶ ⁭ồַײ ҥ♪לּ ῡַ֦ײ♪ ֦♪εⱶAmdahl ⁸Ὕ֦

ɒWkh whup architecture is used here to describe the 

attributes of a system as seen by the programmer , i.e., 

the conceptual structure and functional behavior as 

distinct from the organization of the dataflow and 

controls, the logic design, and the physical 

lpsohphqwdwlrq1ɓ

Gene Amdahl , IBM Journal of R&D, April 1964

ᵀ ɓ Ḉ ṈσIBMᶼᶙῡѲ◊

︡Ҭ ῾ῶӏѬ ѥ♀ כֿ ᶞַ֦ײ♪εⱲ Ὰ҇ҙṩ῀

῀ҙṩלּ ᴦẩᴦṜε︡Ҭ▲ײַ ῾ῶ Ύᶼẃᶬ

ҡ1956ẉ￼ ⸗ ᾹҺ ẦḊιҚṪΰ εArtificial IntelligenceιAIζ

Ӑѭ Ѧњ ￼ ᶟ֧א
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ѬқѰ ḘѼ︡Ҭ ῾ῶψ

Å︡Ҭ ῾ῶᾴѬ҂ ֗ѕћ 60Ẉҥ֦♪ַײḪ ṩ ɆḄӌ ὓᶹ ←јᴄ ︡Ҭψ

─ їᵂ

Үז

ᵂ ᶑ
︡Ҭ
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ṃ Ү֪ז Ѭᶂ ῡᴴ ײַ ᾌצὺӏ

Åᶂ Ᵽ ⱳ֦ҧᶂ ῡѬⱣ ᾀ ῀ҥ♪ײַ ○Ӌ ῶ

Å ṽσ ‍ῂ ￼ ṾεTAPEζι ֮

֫ѭ Ѧὶ Ѧ￼ṇ⁪Ḓι⅛Ѧ⁪Ḓіץᵍ

Ѧ‎ ῶ Ḕ⅔ ￼ ᴺ

Å σ Ѧ ֒᷃εHEADζιᴵҨᶈ Ṿі

ṫᴸ ιט ֧ẸׁἍὝ￼⁪Ḓі￼ ᴺι

Ẋ ֒ᾛӐᾡᴪḜ

Å ←ְσ ᷿ ֱεTABLEζι⁞ὯẸׁ

ꜛỗᴣẸׁ ֒᷃ἍὝ⁪Ḓі￼ ᴺ‎ ḧ

֒᷃ї ℓ￼טӐ

Å◦ σ Ѧꜛỗḷḕᵸᶤ′εSTATEζιӠ

ḕᶃ♄ Ẹׁ￼ꜛỗ⁴Ἠҙҩⱴ ᾎḘ ײַ

ᶂ ῡ

Ṿ

ꜛỗ

│ֱ

ṽ ᴹ

◦ A ◦ B

֒
ט

ꜛ
ỗ

֒
ט

ꜛ
ỗ

0 1 ᴸ B 1 ṫ A

1 1 ṫ A 0 ᴸ B
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ᶂ Ᵽ

Åᶂ ῡַײᾎḘⱣ ‘῾ⱶ ѥђӹῑẐ Ḧѱ

ᴶᶃ♄ ᴵ ḧѲѭ T = {Q, Ƈ, Ÿ, q 0, qaccept , q reject , d(q,s)}

Å Qχῗ ῶ ꜛỗ ᵀ

Å Ÿχ ῶ Ṿ ᴺћ ƋṒżι ︢ ÃÍż- ƋιѼῗᵪ ӹ ῂא֧ ₭￼Ḕ

Å q0 ÍQ  ᶃ♄  Ḋꜛỗ

Å Ƈχ ῶ Ԅ ᴺ ιԎѧ⸗℮ ︢ ÃÎƋ

Å d(q,s): Q ³żʐ Q ³ż³{L, R} ῗ ֩ᾭι⁞ὯẸׁ Ԅ ᴺsᵙẸׁꜛỗq֘ḧї Ѧꜛ

ỗ ֒Ԅ￼ ᴺ Ṿ Άᵇᵙט ιL, R ֒᷃ῗᵇṫ ῗᵇᴸ , - ј ט

Å qaccept ÍQ  ὶᴩꜛỗ

Å q reject ÍQ  ὁ ꜛỗ, ћq reject q̧accept
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫ T = {Q, Ƈ, Ÿ, q 0, qaccept , q reject , d(q,s)}

Å ֳḉ◦ σṄ Ԅ ᴺѩ Ṿ 0,1,ɚ/ q-1 ᴺ⁪Ḓ

Å ֒᷃HὝᵇ0ᴺ⁪ḒιT @ q0ꜛỗ

Å ᾛẩσTὟⱢ ֩ᾭἍὼ ￼ ֱ

Å T@qꜛỗιH = xι

Å T tOɏιH xO'ι ֒᷃ṫ ⁪

Å •Ὴ־HὝᵇ0ᴺ⁪ḒιӇ⁞Ὧ Ṅ ṫ ιֱTᴝᶊјט

Å Ӯῡ ֘σ 1ζ •Ὴ־T @ qacceptἆq rejectιTӯ ιẊὶᴩἆὁὶ‫ψ

2ζd(q,s)Ḿ•Ҏqᵙsᴵ ῂḧѲιTӯ 

Ã Ã 0 1 1 0 0 Ã Ã éééé

ῑ ◦ ῡ/ ֑᷂H
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ⱶᶂ Ᵽ ⱳַ֦ײ ӗῌӋ ῶ

Åᶂ ῡ ẩѦַײӹ ᴴᶇ ӗῌ῾ῶѦἄָḽẓ

ᶂ ῡ

ṽ

& ◦

←ְ

Ҽ ɓ ӗῌ ῾ῶ

CPU/GPU
ѭḔ

︡
שּׁ

Ḕ

ᴅӺ

⁷ὶᾎὊḔӳᵷ

ἷҦḔӳᵷ

ὔֹ & ᴄӹ
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ӗῌӋ ῶ

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC╪

῀ ○Ӌ ῶ╪ ᶂ

◕Ṉ

8086
ᴄ–ᴄ CPU

ᴄ–ᶹ CPU

ᶹ–ᶹ CPU

ẉᴦGPU

ᴴ FPGA

љⱴASIC

○
һ GTX

Virtex

◕ṈGaudi2

Ḕӳј ֪

◕Ṉ

◕Ṉ

1990 2000 2010 2020 2030 2040
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1012

ᴄ
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ג
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ᴄ
○

ג
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ᾩ αẈүβ

₫ASIC

○

ᾚԋ ҮזỨ ײַ ᵑ▲ ẩᶬ

▲ ẩᶬ
ג

ҧ╤

ג

ї

GPT-3

BERT

FPGA

GPT-4
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ԏᶙ῀ ○Ӌ ῶïCPU/GPU

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC
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ԏᶙ῀ ○Ӌ ῶïFPGA

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC

ᴴ FPGA

Å₦CPUỒ
Å₦GPUּהה
Å₦ASICӜḨ∫○ᵔῙּת ᴴ ⁴ᶑCLB
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ԏᶙ῀ ○Ӌ ῶïASIC

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC

ԏַײ ו ᵷASICӋ ῶ

TPU
ASIC

TPU ởַײᶼᶙAIΐזᵷ
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ӗῌӋ ῶ

Åָײַ׀אở▫ᵫⱴ ○ᶡ῞ᶍ ⱴ ӗῌӋ ῶ

Apple M3 NVIDIA H100

◕ σḔӳј ᴄӹ֪ εӗ ὓε

ỳ Ẑᾩ Ύᵺὧ ᾎὊα ֦Ÿ Ÿ֑ԃβ
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ὕח῀ ᾩҥ ᴦṜσAI ○ï2014/2015Ẉ ҝ

Å AI ○ởѬὕח῀ ᾩҥᴦṜַײ εṃẫוᶡֹג ΊΎ֠ױẈַײἆῠ ᵗ

Google 

TPU

Nvidia

GPU Qualcomm Cloud AI

Tesla Dojo

ᴁѬ

ḹₐ
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ӗῌӋ ῶ

Åặ׀῀ ○Ӌ ῶַײⱭ

40GB/s

1TB/s

50TB/s

1PB/s

DDR HBM SRAM
Ứ

ṽḳ

ᾎὊὧ ֹ ᾇ

ᶴתᵸḕӴᵸ

ᾭὯ

ᶴתᵸ

Ḕӳṽḳ ֹ ג

ḕӴᵸ

ᾭὯ

Ҽ ɓ ӗῌ ῾ῶ

CPU/GPU
ѭḔ

︡
שּׁ

Ḕ

ᴅӺ

⁷ὶ

ⱭіᾭὯὶᴭ

12%

30%

22%

33%Ɑ
Ở

ḕ

Ὴ χ3%

ᴅӺ

ᾎὊὧ

Ḕӳ ᾢ←╤ ₱
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῀ ○ҒѝἸᴀḿӋẓⱴ֪

Å ở⸗ ᴴ֪Ѭ⁴Ἠ⸗ ᵘᾎḓ⸗ εDOSᵷҬ֪ѬӾ⸗ḑ ҼỖᵷ

Ḕӳᵷ
(28%)

○
(26%)

ỈᶳⱣᵷ
(16%)

⁴Ἠ ○
(13%)

Ӿ⸗ ○ (9%)

֪ ᵷҬ (5%)
ҼỖᵷ (3%)

ᾎḓ ○

~70%

ᾎḓ ○

~30%

ᾎḓ⸗ ṳᶊүײַ ᴈ70%



ộỳ ץԒḳẊיּ

῀-ҕᶼḘק ︡Ҭ ῾ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 47 >

῀ ○ҒѝἸᴀḿӋẓⱴ֪

Å ở⸗ ᴴ֪Ѭ⁴Ἠ⸗ ᵘᾎḓ⸗ εDOSᵷҬ֪ѬӾ⸗ḑ ҼỖᵷ

⁴Ἠ ○

ẓⱴḪӔ

ᾎḓ ○ẓⱴḪӔ

ᾄᶼ♆ה ⸗╟ Ᵽ ᾩ ⱳở ₦ ᵷ Ṃ ╥↓ ὓᴬ ᾎ⁴ Ὀ ᴘ

CPU GPU Ḕӳᵷ ○ ᴴ ○ MCU DSP NPU

ҼỖ ○

ᶱ Ӿ ⸗ ᴘג ₭

Ӌ ח ẘ ╜ẘ

∫ ⸗ ↓

Ӿ⸗ ○ ▌Ӿᵷ ○ ᴀḿӋᴦӾ ○

֪ ᵷҬ
⸗ ⸗Ḳ ⸗Ỗ ᵷ ᾿

Ӌ ᵷҬ♆ה


