
῀ ︡ҬӋ ῶ
σ῀ ︡ҬӋ ῶ Ҟ

ѭ σ ḝ

2024Ẉ Ḗ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

202 5Ẉ ḖḘῙ

ѭ σ ḝ
< 2 >

Ҟ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

ỵὛ҆ Ԅΰזσבֿ ҭӌ ‗ε›ԓ

ζ ז▌ ῎χẉ -ḋᵄ

׀ רּ ₱σῂẶֺӾӢ ∂ ấ ԏᶵ

ῳִℓ ד

ἆ σ ᴅPython Verilog εṄ

ℓ ᾨḙζ

ὕ ᾉ Ѿσ

Å ⸗ 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.com

ἷ  Ӡ

ᴹ 04632042

Ḙ֪ 2

Ӌ љѝҮ

ᶉᶌ ҆ᾉ414

ҷ ♆ ᾢẵֹ ֹ

–ᾛẩ
֦ α5%β 3⁸ ᵄӏѝα10%+10%+10%β

ᴄ︡Ҭ Ḫ αLab 1 15% + Lab 2 25% + Lab 3 25%β

https://aiarchpku.com/
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Ҟ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

ѭ σ Ḟ

http://taoyaoyu.me/

ҚṪΰ א ᵔ

ᴈ ẉḙ ιᶂḲҸ

ε╤ᶹζιᴂѭ῾ᵄ ẉḙ

ι ῼҡ҆ΰ Ɑӌ

‗ כּ

ᾉσט
ở⸗ Ḙ ᴇᶰ1Ẉ

ѭ CLABΐזᵷẇᴵ
Ḫ Lab

ѭ σ

http://mengli.me/

ҚṪΰ ᵔ/י

ᾨάת ᴈ ẉḙ ι

ᶂḲҸ ε╤ᶹζι ᾦ

Ḡԅ￼ᶺ₩ỗҚṪΰ ז

│ Ṗ₭ᴃᵃҸק

ᾉσט ѧ◊
Ӡ ḘἆῠḘ ῞ 4Ẉ
ѭ CLABΐזᵷẇᴵ
Ḫ Lab

ᾉσט Ḓ
ӹᶠḘ ῞ 3Ẉ
ѭ ӏѝἂᾂ

http://taoyaoyu.me/
http://mengli.me/
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶   Ầ ᶈרҖᶽḙӺᶡḙ ιᾢẵֹӽӡ εẤ Ԏᶴֳ₉ַײ ἆ αҮӌ

ᴴβ ₮ ᴿḙ ᴿњўᵃḙ ι҃ ҚṪΰ ҭԅ′

¶ ⸗ָ ᵀҨїᵃḙχ

¶ Ԋ↕AI︡ҬַײᴦṜε ὒ AI︡ҬּגԊַײᾚᾛᵆ

¶ ḽҙṩ῀ ︡Ҭ◓ⱣᴜⱣᴢ ᴄ⸗ Ỗԋ

¶ Ԅ Ᵽ ῀ ○Ӌ ῶᴢּגԊԄ​ἆῠ
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–ịԒḲ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

–ịԒḲσ

Å ᴄӹјᾎḓ⸗ σḙѽḅӍַּזῢӌ

‗ấ ᶶ  ᴅӺι҃ Ɑᶽ ₩ ἄ

￼ ᵀљⱶתⱱᶃ

Å ᶹ ᾎὊ∫јἷҦ ῾ῶσḙѽὝҧ љ╙↨

ιᾭὯ/ίֺ֗ ᴣԎᶴת ֺι҃ Ὕҧטỗᴧ

ṃᴝת ֫ᾟ ╜љ ‰ ι▄Ԅᶺ ḕỉ‟‗

ḕ ớљ Ὁ ḕ

Å AI ○јΊΎ ῾ῶᾚ σḙѽҽם GPU

FPGA TPU AIז ᵸ‟‗ᴝתљᴧṝ ι҃מ

Ẹׁᶽ₩ᶚז Ɑ   ק “ׇשּ Ἡ ι

ḙѽᵙ҃ AI י ḕ ӌ/ỵḕ ӌ ӿ

‟‗ Ὰᶚΰ ҭἩ 
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶ 3⁸ ᵄӏѝ

α 30%ε₤⁸ᴈ ở 10%β

ː כּ љᶶ  ᴅӺ Ὕҧ ᶺ ╙↨ ᴣԎίֺ

ˑ ‰ ҁẑἚ ḕӴ ỉ‟‗

˒ AIז ᵸ‟‗ ῾‎ ‟‗
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶ 3⁸ Ḫ α 65%εַ֪Ѭ15%+25%+25% β

ː εַּז ἍḙCMOSᵸҭљ כּ ι‗ấᶶ  ᴅӺεӕḅχḅӍᶈ ҭіḫא ᾦ

ᴒ ἆѕ ֩ᾭ όḅӍᶈ ҭіḫא ᾦ￼ᶽӈḴѺ│όζιẊћ ӂԎ ҭớ Ἅ

χPython/ Matlab Verilog ι Ҧ ֒ χ100~150 ṫᴸ α4ᵔᾩ ḡởβ

ˑ זַּ Ἅḙ╙↨ Ὕҧ AI Ɑ‟‗ ι‗ấ ᴅ Ɑ‟‗љּכ ι ᶼḫ •

үחιẊћ ӂԎ ҭớ Ἅ χ Linux   Verilog ι Ҧ ֒ χ

200 ṫᴸ α6ᵔᾩ ḡởβ

˒ זַּ Ἅḙ ҭᴃᵃ ιӔּזCUDAἆ Triton ᵙק GPU￼שּ Ḓ ḫ Ẉ

ᴶӔּזGoogle￼Colabι ώӗColabẈᴶӔּזCUDA￼ᶢ Ṫԏ ӕ Ἅ χ 

Linux   Python ι Ҧ ֒ χ200 ṫᴸ α6ᵔᾩ ḡởβ

* ṃὝӖỨ ḡᾐṩ ♩ᶪεᾢ ӓⱴѥҙ⸗ ♩ᶪ



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

202 5Ẉ ḖḘῙ

ѭ σ ḝ
< 8 >

Ḫ ♩ᶪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά 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 ҥֿבԃ 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/%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
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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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶ 3⁸ Ḫ α 65%εַ֪Ѭ15%+25%+25% β

ː εַּז ἍḙCMOSᵸҭљ כּ ι‗ấᶶ  ᴅӺεӕḅχḅӍᶈ ҭіḫא ᾦ

ᴒ ἆѕ ֩ᾭ όḅӍᶈ ҭіḫא ᾦ￼ᶽӈḴѺ│όζιẊћ ӂԎ ҭớ Ἅ

χPython/ Matlab Verilog ι Ҧ ֒ χ100~150 ṫᴸ α4ᵔᾩ ḡởβ

ḫ 1 ӕχ‗ấᶶ  ᴅӺּכ εᴒ ⁄ CORDICἆᶽӈḴѺ│ᵸ ζ
ừᴠ χhttps://aiarchpku.com/2025Spring/project/
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶ 3⁸ Ḫ α 65%εַ֪Ѭ15%+25%+25% β

ː זַּ Ἅḙ╙↨ Ὕҧ AI Ɑ‟‗ ι‗ấ ᴅ Ɑ‟‗љּכ ι ᶼḫ •

үחιẊћ ӂԎ ҭớ Ἅ χ Linux   Verilog ι Ҧ ֒ χ

200 ṫᴸ α6ᵔᾩ ḡởβ

ḫ 2 ӕχ‗ấᶢ҈Ὕҧ ￼╙↨ ‟‗
ừᴠ χhttps://aiarchpku.com/2025Spring/project/
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ӏѝјḪ

Åᶠ Ḙⱳֳ₉Ᵽ ῀ ᾩҥַ︡ײҬ ṩӏᴜⱣײַ○ ᴜⱣјΊΎᴦṜᾛᵆ

Åָ֫ҡ ⸗ ј ῾ῶ2Ά ԅ′Ẫҟ

¶ 3⁸ Ḫ α 65%εַ֪Ѭ15%+25%+25% β

ː זַּ Ἅḙ ҭᴃᵃ ιӔּזCUDAἆ Triton ᵙק GPU￼שּ Ḓ ḫ Ẉ

ᴶӔּזGoogle￼Colabι ώӗColabẈᴶӔּזCUDA￼ᶢ Ṫԏ ӕ Ἅ χ 

Linux   Python ι Ҧ ֒ χ200 ṫᴸ α6ᵔᾩ ḡởβ

ḫ 3 ӕχᶢ҈ CUDA/Triton ￼ GPU Ḓ љ ק
ừᴠ χhttps://aiarchpku.com/24Fall/project/
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қѰᾴ︡ҬӋ ῶψ

Å︡ҬӋ 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◊

○Ӌ ῶӏѬ ѥ♀ כֿ ᶞַ֦ײ♪εⱲ Ὰ҇ҙṩ῀

ҡ1956ẉ￼ ⸗ ᾹҺ ẦḊιҚṪΰ εArtificial IntelligenceιAIζ

Ӑѭ Ѧњ ￼ ᶟ֧א
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ѬқѰ ḘѼ︡ҬӋ ῶψ

Å︡ҬӋ ῶᾴ ὓẔṕỈ⸗ḑᵷҬ⸗ јѕṕ ҮזѲ їᴴỡ ײַ ṽ

John L. Hennessy
Stony Brook/Stanford

ᶂ ḙ /
Ṫ ᶱ

2017ẉᶃ♄᷾

David Patterson
UCLA/UC Berkeley

ᶂ ḙ /
Ṫ ᶱ

2017ẉᶃ♄᷾

Yale Patt
UMich /UT Austin

ᶂṪ
ᶱ

2016ẉḹԉԀ’᷾

ὕח♪ҥ︡ҬӋ ῶַײӽ

іќ 80ẉҦᴧ῎҃RISCὝҧ ‟‗
Ẋ MIPS/Sun ԇᴻἄוᵬўק

Ҧא  ẍ┌Ẕּז￼
ҁẑẊ /֫ᾟ ╜

│

ᾛӐ ᶫע/

ӌ ‗εὝҧ ζ

ỉӌ ‗

ו ₩ᶒεAND ζ

כּ εᾭḔ/₩Ὁζ

ỉּכḒᵸҭ

Ҭ

︡Ҭ

Ẑ

῾ῶ

⸗

ᵷҬṩ
 ᾳṪ

ⱴỦ
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ѬқѰ ḘѼ︡ҬӋ ῶψ

ÅӋ ῶᾴѬ҂ ֗ѕћ 60Ẉҥ֦♪ַײḪ ṩ  ɆḄӌ ὓᶹ‒ ←јᴄ ︡Ҭψ

John L. Hennessy

StonyBrook /Stanford

ᶂ ḙ /Ṫ

ᶱ

2017ẉᶃ♄᷾
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♪ҥ︡ҬӋ ῶַײΎ╟

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￼ꜛỗ
⁴Ἠҙҩⱴ 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 ῡַײ ᾛẩјṩӏ∫  ɆḄӌⱣ ᶂ ῡσṆ ⁴ᶙ

ᶂ ῡ

Ṿ

ꜛỗ Ӭ ᴱṇ ᶈᶊіⱪι ѱἅҪẔ Ộ‾ҡӡỤᶴת￼
ẙ‎ấ Ѧṇ ￼₩ᶚ ό

Ӭ Ḝҝҝԏῶ Ѧỵ ᵸḥχ

ṇ ￼ Ӑṏῗᶈט֧ Ṿіׁ ѦΆ⁪ἆ ᵅ ѦΆ⁪Å ҝҝῶ҃ Ԅ ᵙ ֧ ιṇ ј ט
‎ιᴝᵼỄ ᴅιḜẊј Ộ‾ᶈᴿ
ừ֙ї ὍḜ￼ Ӑט֧ ҇ᾴỠҩṎ
ḛἷḦ ײַח ְε Ṏᾴ Ẑ

Å Ӭ ἅҪ ṇ ￼ ԄӡỤ ᵀѭI={ ι︢
}ιḜ￼ ֧ᴵ ￼ט ᵀῗO={ׁ ιᵅ
}ι ѱ ẑṏ ᵓ Ḝᶈ ḧ҃ Ԅε⅝ḅ
ζ￼ừ֙їιḜẔ ὍҜѱ ֧

Ԅ ֧

ׁ

︢ ᵅ

ѥ ᴄ Ẑ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḄӌⱣ ᶂ ῡσṆ ⁴ᶙ

ᶂ ῡ

Ṿ

ꜛỗ Ӭ ᴱṇ ᶈᶊіⱪι ѱἅҪẔ Ộ‾ҡӡỤᶴת￼
ẙ‎ấ Ѧṇ ￼₩ᶚ ό

Ԅ ֧

ׁ

︢ ᵅ

ѥ ᴄ Ẑ

Ṇ ꜛћײַ

ᴴҧ Ṇ ҹᾢ ᶉệ♩іᴝ

ἅҪ ᾡ Ѧῳ ᴅ￼₩ᶚ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḄӌⱣ ᶂ ῡσṆ ⁴ᶙ

ᶂ ῡ

Ṿ

ꜛỗ Ӭ ᴱṇ ᶈᶊіⱪι ѱἅҪẔ Ộ‾ҡӡỤᶴת￼
ẙ‎ấ Ѧṇ ￼₩ᶚ ό

Ԅ ֧

ׁ

︢ │

ӡᾂᵄַײ ᴄ Ẑ

Ṇ ꜛћײַ

ᴴҧ Ṇ ҹᾢ ᶉệ♩іᴝ

ἅҪ ᾡ Ѧῳ ᴅ￼₩ᶚ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḄӌⱣ ᶂ ῡσṆ ⁴ᶙ

ᶂ ῡ

Ṿ

ꜛỗ
Ӭ ᴱṇ ᶈᶊіⱪι ѱἅҪẔ Ộ‾ҡӡỤᶴת￼

ẙ‎ấ Ѧṇ ￼₩ᶚ ό

Ԅ ֧

ׁ

︢ │

ӡᾂᵄַײ ᴄ Ẑ

Ṿԅ ╥ ι ׁ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḄӌⱣ ᶂ ῡσṆ ⁴ᶙ

ᶂ ῡ

Ṿ

ꜛỗ

ẫԃ◦ і ѥ◦ ᶵῢײַ Ẑ

Ԅ ặ׀◦ ֧ і ᾩֽ◦

╥︢ ᴽ

ᴽ ᵅ

︢ ╥

︢ ᴽ ׁ ᴽ

♃ ￼ᶄ♇ ￼ṇ ι︢ ￼ᶄ♇ Ḝᴾ ҃
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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

ᶂ ῡ

Ṿ

ꜛỗ
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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@q ꜛỗιH = 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

Ṿ

 & ꜛỗ

│ֱ

ᾭὯḕӴᵸ

ὝҧḕӴᵸ

ίֺ & ᴅӺ

ԏᶙ ᾛẩ

ᴄӹὺӏσז ֟ Ѻ ⅝

εљ ἆ ầἆ ζ

ᶵῢὺӏσѕ ֩ᾭ ֩ᾭ ֫

ỉ֫ ᾛӐ ᴒ ᾭḙᴪὭε

ᴹᴪὭ Ἶ῞ἾᾹᴪὭ ζ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḪӔσḄӌⱴᶂ ῡ ὺӏ ὺӏ←ו

ᶂ ῡ

Ṿ

ꜛỗ

Ӭ Ṿі֒і҃1 1 0 ιṄ1 1 0 Ӯ Ѧ ᾛӐιᴏṄ1 1 0 ᴪἄ0 0 1

Ӭ Ṿі֒і҃111011ιӬ 111 = 3 11=2

ָ ᴹ ֑ԃἷҦ ἷҦח

- ᵇᴸ ט Ṿ

0 ֒Ԅɒ ɓ ӯ 

1 - ᵇᴸ ט Ṿ
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ᶂ Ᵽ

Åᶂ ῡַײ ᾛẩјṩӏ∫  ɆḪӔσḄӌⱴᶂ ῡ ὺӏ ὺӏ←ו

ᶂ ῡ

Ṿ

ꜛỗ

ᶂ ᴴ јїᴴ

ḽ҇ ѥ֨ᾎεḄῺїḔᶇ ѥᶂ ῡ ᶻ—Ὂԍ ԃỆ

ָԍḽẓַײ ֦ε Ѱ ѥ֨ᾎṎᾴїᴴ ֨ᾎ

ӔḄσ

ⱣᴦṶ χ Ḓ ῶѦתᴧṷι Ѧתᴧṷῶ‍ᴝ

ֱῗιᴱ  Ḓ ῶҚј ṯ Ḓιתᴧṷṏ ѦҚ

Ḓ ḅ‛ ѦҚ ṯ Ḓιתᴧṷṏј ѦҚ

Ḓ ₱ σⱣᴦṶҹ Ṯ ḑᵇψ

https://zh.wikipedia.org/wiki/%E7%90%86%E5%8F%91%E5%B8%88%E6%82%96%E8%AE%BA
https://zh.wikipedia.org/wiki/%E7%90%86%E5%8F%91%E5%B8%88%E6%82%96%E8%AE%BA
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ⱶᶂ Ᵽ ⱳַ֦ײ ӗῌӋ ῶ

Åᶂ ῡ ẩѦַײӹ ᴴᶇ ӗῌ῾ῶѦἄָḽẓ

ᶂ ῡ

Ṿ

 & ꜛỗ

│ֱ

Ҽ  ɓ ӗῌ ῾ῶ

CPU/GPU
ѭḔ

︡
שּׁ

Ḕ

ᴅӺ

⁷ὶᾭὯḕӴᵸ

ὝҧḕӴᵸ

ίֺ & ᴅӺ
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ԏᶙ῀ ○Ӌ ῶ ïCPU/GPU

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC
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ԏᶙ῀ ○Ӌ ῶ ïFPGA

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC

ᴴ FPGA

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

ÅҠӬᵆ ⱴ ҮײַזCPU GPUָӬᵆḦֹצ FPGAײַ ASIC

ԏַײDNNו ᵷASICӋ ῶ
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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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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
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ᾩ αẈүβ

₫ASIC

○

ᾚԋ ҮזỨ ײַ ᵑ▲ ẩᶬ

▲ ẩᶬ
ג
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ג

ї

GPT-3

BERT

FPGA

ChatGPT/GPT-4
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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←╤ ₱



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

202 5Ẉ ḖḘῙ

ѭ σ ḝ
< 34 >

ӗῌӋ ῶ

Åặ׀῀ ○Ӌ ῶַײⱭ

ᴴ

Transient faults αּף ᾆ β
ÅE.g, high -energy particle strikes

Manufacturing faults αֹ β
ÅE.g., broken connections

Wearout faults α βצ
ÅE.g., Electromigration

Device variability αᵷҬ β
(not all transistors created equal)

N+ N+

Source Drain
Gate

P--
+

-
+

-
+
-
+

-
+

burn-in

transients

viainterconnect
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Ӌ ῶᶡ῞⁭ồ

ÅḄӌ ѥ ○Ӌ ῶַײ

Å Functions

Å Performance

Å Power

Å Area

Å Cost

Å Availability

Å Security

Å ɖ
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Ӌ ῶᶡ῞⁭ồ - 1

Å ẘὝ׳⁭ồ ɆAmdahl Law

ז ⅝ = time without enhancement / time with enhancement

Technique speeds up a fraction f of a task by a factor of S

time new = time orig¶+ (1-f ) + f/ S )

Soverall = 1 / ( (1- f) + f/ S )

1

timeorig

(1 - f)

timenew

f/S

f(1 - f)

timeorig

(1 - f)

timenew

f/S
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Ӌ ῶᶡ῞⁭ồ - 2

Åẉ ᶳⱣַײᶡ῞⁭ồ - Parallelism law

Ẋ ẙ - the amount of independent sub -tasks available 

Work=T S - time to complete a computation on a sequential 

systemεḡԄѨ ṩӏᾩײַ ζ

Critical Path=T ¤ - time to complete the same computation on an 

infinitely -parallel systemεḡԄẉ ṩӏᾩײַ ζ

ẈᶎẊ ẙ Average Parallelism

Pavg = T S / T¤

For a p wide systemεẊ ẙP￼ ҭ ζ

Tp ²max{ TS/ p, T¤}

Pavg>> p Ý Tp ºTS/ p

x = a + b;   
y = b * 2
z =(x - y) * ( x+y )
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Ӌ ῶᶡ῞⁭ồ - 3

ÅṔ ᴜⱣַײᶡ῞⁭ồ ɆLocality law

ῳ ᴧּ҆וҭῗ ῼ῾‎ᴧּוῊ ῳḄ￼Ὕ‰.

ÅᾩᶞṔ αTemporal Locality β: If you looked something up, it is very likely that you will 

look it up again soon

Å Ṕ αSpatial Locality β:  If you looked something up, it is very likely you will look up 

something nearby next

Locality == Patterns == Predictability

Converse:

Anti -orfdolw| = Li |rx kdyhqɏw grqh vrphwklqj iru d yhu| orqj wlph/ lw lv 

yhu| olnho| |rx zrqɏw gr lw in the near future either
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Ӌ ῶᶡ῞⁭ồ - 4

Å ọјḔӳַײᶡ῞⁭ồ ɆMemoization law

Dual of temporal locality but for computation

ḅ‛• Ễῌ ε ҭẦ Ὴ ζι ѱῳḄ￼ה│ῗ ӊ ⁮

ⅎῊ ιҨᶵјῊѳ

Why does memoization work??

Examples

Å Trace caches
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Ӌ ῶᶡ῞⁭ồ - 5

ÅᶳⱣấ ẇ ᶡ῞⁭ồ ɆAmortization lawײַ

Åoverhead cost : one -time cost to set something up

Åper-unit cost : cost for per unit of operation

total cost = overhead + per -unit cost x N

ḅ‛ᶴתᴵҨ֫ ֹᶽ ᴅӈіι Ẃ overhead cost ῗᴵҨὶᴩ

Ý lower the average cost

average cost = total cost  / N

= ( overhead / N ) + per -unit cost
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Ӌ ῶᶡ῞⁭ồ - 6

Å∫₯ ᶳⱣַײᶡ῞⁭ồ ɆPipeline law

ҧ ᶸᴅѬӔ
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Ӌ ῶᶡ῞⁭ồ - 6

Å∫₯ ᶳⱣַײᶡ῞⁭ồ ɆPipeline law

Ḫ ָ︡ҬӋ ῶѕ
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Ӌ ῶᶡ῞⁭ồ - 7

ÅἷҦ ᶡ῞⁭ồ ɆInstruction Set Architectureײַ

ÅISA (instruction set architecture)

Æ ὶ ҭљ ҭ￼ὶᴭ
¿ Functional definition of operations, 

modes, and storage locations 
supported by hardware

¿ Precise description of how to 
invoke, and access them

ÆὝҧ Ẋј ḧԓᵍ￼Ὕҧᶈ ҭі
￼ ᾦꞌιᴱ ώӗו ὼ

¿ Which operations are fast and which 
are slow and when

¿ Which operations take more power
and which take less

Type Example Instruction 

Arithmetic and logical and, add 
Data transfer move, load 
Control  branch, jump, call, return 
System  trap, rett 
Floating point add, mul, div, sqrt 
Decimal addd, convert 
String move, compare 
 

What operations are necessary? 

What is the minimum complete ISA for a von Neuman 

machine?

Too little or too simple Ą not expressive enough
difficult to program (by hand)

programs tend to be bigger

Too much or too complex Ąmost of it wonôt be used
too much ñbaggageò for implementation.

difficult choices during compiler optimization
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Ӌ ῶᶡ῞⁭ồ - 8

ÅҀẐẉ ᶡ῞⁭ồ ɆOutײַ -of -Order Instruction Execution

code1: r1 « r2 + 1
r3 « r1 / 17
r4 « r0 - r3 

code2: r1 « r2 + 1                   α1β
r3 « r9 / 17                 α2β
r4 « r0 - r10                 α3β
r11 « r4*16                   (4)
r28 « r11*r3                  (5)

ILP: Instruction-Level Parallelism

Average ILP = no. instruction / no. cyc required

code1: ILP = 1
i.e. must execute serially

code2: ILP = 3
i.e. can execute at the same time

(1)

(2)

(3)

(4)

(5)

Stall
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Ӌ ῶᶡ῞⁭ồ - 9

Å︡Ҭ ἷ ַײᶡ῞⁭ồ ɆIron law

Time (latency) ảῊ

Åelapsed time vs. 

processor time

Rate (bandwidth or 

throughput) ꞌ

Åperformance = rate = 

work per time

Processor Performance  =   ---------------
Time

 Program

=  ------------------   X   ----------------   X   ------------
Instructions    Cycles

 Program Instruction

Time

Cycle

    

 (code size)               (CPI)             (cycle time)

Architecture --> Implementation --> Realization

  Compiler Designer      Processor Designer         Chip Designer

Ӌ ῶ/⸗Ӌ ῶἷ ← Ẑἷ 
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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῀ - ᴦṜᴖᴶ (1833ײַ○ 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



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

202 5Ẉ ḖḘῙ

ѭ σ ḝ
< 49 >

↓ ῀ײַ ○ᴦṜᴶ

Å῀ - ᴦṜᴖᴶ (1968ײַ○ 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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○ᴦṜַײ ᴖᴶ σᴀḿӋ ᾿Ӌ ᴦᾭ ï1947Ẉײַ

ÅᴀḿӋ᾿Ӌ ѬɎ21ћ ῏һᶼַײᴦᾭɏε┼ַֽײᾂᴩ҂ҙ ᴖᴶᴦṜ

ӿֶα׀β Ṱ αᵄ β ṴἝ αᵄ҆βεᵻѬ᾿

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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ᴖᴶ σ ở⸗ ᴦᾭ ï1958Ẉ/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 σὯṈḦỄַײὝ֦ ï1964Ẉ

Å ᴀḿӋ/ ◕Ṉַײ ᴿֲḉҙờflὯṈὝ֦҂ ᵃַײɎὯṈḦỄɏ

ở⸗ ѕᴴḲ Ӌ᾿ײַ ᾎָאε

₤ ѢẈӜҹᶬו ӣ

ờfl·ὯṈ
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ᴖᴶ σ ᾮ᷁ ḔӳᵷFlashַײᴦᾭ ï1967Ẉ

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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ᴖᴶ σᾮ᷁ ḔӳᵷDRAMַײᴦᾭ ï1968Ẉ

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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ᴖᴶ σ῀ ײַ○ ҉ ἆῠ ï1997Ẉ

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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ὯṈḦỄַײᴦᾭσ ẩє ᾿Ӌ FinFET ï1999Ẉ

Åᴜ῞ 2010ẈᵄεҼ CMOSṩ ἆῠᶇ20nm ָṒ᷂ε ₇ᾭַײᴦᾭ ҂ὯṈḦỄ

ײַ‏ṨᶼḘӀӿֶ֪ו ₇ᾭᾉὌ

αIEEE Fellowε ᶁṩ ᶰε

Ѧᶁ Ḙ ᶸ ᶰβ

ⱶFinFET╪֦צᶹ є ᾿Ӌ

ῶᶙεὕֹח ᵆ

3nm/1nm ╪



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

202 5Ẉ ḖḘῙ

ѭ σ ḝ
< 57 >

ὕח ҉ח ᴦṜσ SOCח ○ ï2007Ẉ ҝ

Å ⸗ח SOC ○ởѬὕח ҉ח ᴦṜַײ εẫוᶡֹג ᴝ֠ױẈַײἆῠ ᵗ

ỉṨҨᵷOMAP ừῡ ○

ᶡҌ 6630  6680
6681 E50 E60 E61
E62 E65 E70 N70

N71 N72 N73 N80
N90 N91ᵘN92 

єᾯS5L8900 SOC ○

2007ẈѸṴᾙᴦṴ҂ ҥ

iPhone ⱴ90nm ֹ єᾯ

SOC ○

Ὼ ᴦ єᾯ ӾṜ

ᴁѬ─ ᴈὊ ֮׀ײSOCṳᶊַח
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ὕֹח їᾘᵆ׀ᴦṜσѦᶁᴵ╛ᴵ ⸗/ ◕Ṉ/єᾯ ï2008Ẉ ҝ

Å ᴝ֠ױẈεѦᶁᴵ╛ Ӌ⸗ Ԇᴺ ◕ṈԆᴺ єᾯԆᴺᾴὕח ○ֹ ᴦṜַײѭ ג

Ѧᶁᴵ╛ Ӌ⸗ ԆᴺᵄΎ ѕε ◕Ṉјєᾯ
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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

ᾚᵷҬAI ○

ᴁѬ
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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%
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῀ ○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




