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↕ổ҅

Å ӏѝ ֘

Å 4⁸ӏѝᾩ σ4ῐ28ᴹï5ῐ12ᴹ

Å 6₭ӐўᴵҨӔּזỞ 6ѦLate day

Å Late Day ṓᵅι⅛῝Ґ1ᶾἙ 20%Ẹ₭Ӑў֫ᾭ

Å 2⁸labᾩ σ4ῐ17ᾤï6ῐ15ᾤ

Å ᶡ︠Үזαᶹѥtest programs ♆β

Å Bonusαᴈ₦Lab2ַ50%ײε ᴄAIᴑ ו – ε

ấᾄẩ ᾢẵֹ ₱εHandoutᵹῐԒᾄ֦β

Å Ῑ῝₲ἒ

Å ὠ Ẋ 5ẉԓ￼ Ɑ/‟‗ ԋ ᾰ

Å ᵃḙҪ֝ᶵ10 ṫᴸ￼PPTι₤ӇᵂḘ12֪ ╪

 + 3֪ ꜡

Å ₤ӇᵂḘᶍѬ₲ἒᵂḘữ֪ε҉ ở ᴈῙ῝₲ἒ

ở 50%ε ҇5ῐ19ᾤ׀ṃ₲ἒ ᴦאָ ᾉט

֧ , 5%

Ӑў, 

30%

Lab1, 
15%

Lab2, 
30%

Ῑ῝₲ἒ, 

20%

֧ Ӑў Lab1 Lab2 ῼ ∆ἵ
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↕ổ҅

Å ӏѝ ֘

Å Ῑ῝₲ἒα₤ӇᵂḘ12֪ ₲ἒ+3֪ ꜡β
Å AIּגԊַײ ו ○

Å ҽ AIז ᵸχFused-layer cnn accelerators EyeriessεGoogle TPU

Å ᾺԌAIז ᵸεᶼ⁴ᶙTransformer Neural ODE MANN/DNC PINN ζ

Å GPGPU ẉ ẉ ○

Å ╙ẪᶺᶴתᵸεMultithreaded Streaming MultiprocessorsεCUDAַײΎ╟ζ

Å FPGA‟‗ εᴴ ᶑ ᴴ ⱶ ζ

Å ḟԄј Ӡ ᶞᶳⱣᵷ ○

Å ᴿ ḷ αAESבֿ RSAβ αMPEGבֿ β Ӡ αLDPCבֿ Polar β

Å Ҽ CPU ○

Å ҷצBranch Predictor Load-Store Ḕ ᴧ Ҷ– Ḕ

Å ᵄὯṈᾩҥַײᾚԋ ○

Å Ḕ Ӌ/ỖḔ Ӌ ḑ ⱳ◓Ӡ ᶳⱣ NoC ᶑש

Å ᶡ҇ᵄὯṈ CMOSᵷҬַײ῾ῶα⁴Ἠ ῾ῶ Ḙגח ῾ῶ β
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AIו ᵷ῾ῶᶡ︠-Recap

ÅỠҩҞ ҂AIו ᵷַײᶡ︠῾ῶεẉּל Ҟ ҂AIו ᵷѦַײ ᴄӹ ○ѕ Ḕҧᴢ○ /○ᶸ
Ӡ

ÅỠҩṃҞ ῑҥ וAIײַ ᵷ῾ῶ

Ḕ Ӡ

Off-chip DRAMOn-chip SRAM
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AIו ᵷ῾ῶᴦṜððDianNao

ÅASPLOS 2014῏Ӓ ᾑ
ÅDianNao ḽ҇ ו ᵷ ҂

ÅḄӌ ֮ψ

ÅḄӌ ○ѕḔӳψ

ÅḄӌὝ׳ᾎὊᶵⱴε ӈ Ḕấ ψ

ÅḄӌ ∟ᾀἵїᵂὺӏψ

ÅDianNao ᵆMLPᵘCNNεּגԊᴟᾎḄі

Perfor mance 452  GOPS

Area 3.02 mm2

Power 485 mW

Technology  Node 65 nm

Baseline 117.87X speedup  over  SIMD processor
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AIו ᵷ῾ῶᴦṜððDianNao

ÅḄӌ ו ᵷ ψ

ÅּבὓḪӔצḡᾐ  vs ⱴ

῾ῶḪ♪ᶹ ḑᾀἵ

ÅḄӌ ֮ ψ

ÅḄӌ Ḕψ

ÅHigh  associative  cache  vs Ӝ Ḕӳᵷ
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AIו ᵷ῾ῶᴦṜððDianNao

Ԅ ὓṕ

ᴑ ṕ
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AIו ᵷ῾ῶᴦṜððDianNao

ÅḄӌᶳⱣ₵צṕψ

Å₵צṕᵘᴑ ṕԎῑїᵂַײ Ḕ ₱

Å Ṕ ᾛẩεᶇDMAײַ ԃ ԃ
▌∟өַײᾩӦε ⱴinterleaving ᾛẩεײַ
ṃ ԃ▌∟өḔӳᶇӜ ḔӳᵷѦ

Å ῑ⅍ῑқѰ ψ
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AIו ᵷ῾ῶᴦṜððDianNao

Åּג ҇CPUַײSIMD εḪ♪҂ᾶ ײַ ẘὝ׳

Åӆᾴεּג ҇Ᵽ ו ₦εҟ▒Ḕᶇ Ḧַײṭ εᴎ︡Ҭҟ▒ ѩ ֶⱴ

Åѭ ה Ύ╟҇DRAM ײַ
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AIו ᵷ῾ῶᴦṜððDaDianNao

ÅMICRO  2014῏Ӓ ᾑ

ÅMulti -chip ו ᵷσῡᵷḘѼ ῡ
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AIו ᵷ῾ῶᴦṜððDaDianNao

ÅDaDianNao ײַ ◕ σ

Å֪ᶑαtile β ε⁴ᶙΰ Ḕӳ ᴄӹε ⱴ4-bank  eDRAM Ḕӳ

Å ⱴ ײַ‍ ⱶ ε ԃᵘ ֦▌∟өַײẌί

Å ○Ѧ 2ѥeDRAM  bank ε ԃᵘ ֦▌∟өַײḔӳ

Åѭ ḽMLPᵘCNN εᵂᾩᾀἵ ᵘὕⱣ
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AIו ᵷ῾ῶᴦṜððEyeriss

Å2016ẈεMITᵼ גּ ᶇHPCA ISSCC JSSCᴦ ᾑEyerissεḽ҇ḘῠꜛҒⱳ҂ Ẽᵟ

ÅEyerissᶇḽ҇їᵂᾎὊ∫ ₦ rowײᶡ︠ѕεὝ֦҂ᾚַײַ  stationary ᾎὊ∫εẉ∫○



ộỳ ץԒḳẊ יּ

῀-ҕᶼḘק ︡ҬӋ ῶ

2024Ẉ ḖḘῙ

ѭ σ ḝ
< 14 >

AIו ᵷ῾ῶᴦṜððEyeriss

Åᴑ ѦַײᾎὊᶵⱴ⁴ẩ

Å ΰ ᵘ▌∟өַײᶵⱴεᴴҧᾶ ӈ Ḕ ₱εὝ׳ ᾇ♆

ᴑ ṕ ᴑ ṕᵘԄ ὓṕ ᴑ ṕᵘԄ ὓṕ

▌∟өᵘΰ өַײᶵⱴ ▌∟өַײᶵⱴ ΰ өַײᶵⱴ
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AIו ᵷ῾ῶᴦṜððEyeriss

ÅEyerissἈ♪ῑᾎὊ∫ו ᵷ֪Ѭ3 σ

Åΰ εҥ ṩӏפἭTPU ε Ѧεΰ ө ӽḔӳᶇPEѦε῏ᶼצΰ ᶵⱴ
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AIו ᵷ῾ῶᴦṜððEyeriss

ÅEyerissἈ♪ῑᾎὊ∫ו ᵷ֪Ѭ3 σ

Åΰ εҥ ṩӏפἭTPU εΰ ө ӽḔӳᶇPEѦε῏ᶼצΰ ᶵⱴ

Å ֦ εҥ ṩӏפἭShiDianNao ε ֦өӮꜜᶇPEѦ צε῏Ṇו ײַ֦ ֑ấ

ShiDianNao
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AIו ᵷ῾ῶᴦṜððEyeriss

ÅEyerissἈ♪ῑᾎὊ∫ו ᵷ֪Ѭ3 σ

Åΰ εҥ ṩӏפἭTPU εΰ ө ӽḔӳᶇPEѦε῏ᶼצΰ ᶵⱴ

Å ֦ εҥ ṩӏפἭShiDianNao ε ֦өӮꜜᶇPEѦ צε῏Ṇו ײַ֦ ֑ấ

ÅNo  local  reuseεҥ ṩӏפἭDianNao DaDianNao
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AIו ᵷ῾ῶᴦṜððEyeriss

Åᶡ҇ᾎὊ∫֪ εEyerissὝ֦҂row  stationary ∫ᾎὊײַ

Å ᴄӹԒ εΰ ԃᵘ ֦▌∟өᶍ ᶵⱴ
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AIו ᵷ῾ῶᴦṜððEyeriss

Åᶡ҇ᾎὊ∫֪ εEyerissὝ֦҂row  stationary ∫ᾎὊײַ

Å ᴄӹԒ εΰ ԃᵘ ֦▌∟өᶍ ᶵⱴ

Åїᵂ ᴄӹ ε ₉ᶵⱴΰ ԃᵘ ֦
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AIו ᵷ῾ῶᴦṜððEyeriss

Åᶡ҇ᾎὊ∫֪ εEyerissὝ֦҂row  stationary ∫ᾎὊײַ

Å ᴄӹԒ εΰ ԃᵘ ֦▌∟өᶍ ᶵⱴ

Åїᵂ ᴄӹ ε ₉ᶵⱴΰ ԃᵘ ֦

Å ₉ἣṜָᶹ ԃᶂӴ
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AIו ᵷ῾ῶᴦṜððEyeriss

Åᶡ҇ᾎὊ∫֪ εEyerissὝ֦҂row  stationary ∫ᾎὊײַ

Å ᴄӹԒ εΰ ԃᵘ ֦▌∟өᶍ ᶵⱴ

Åїᵂ ᴄӹ ε ₉ᶵⱴΰ ԃᵘ ֦

Å ₉ἣṜָᶹ ԃᶂӴ ᶹᴑ –
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AIו ᵷ῾ῶᴦṜððEyeriss

Åᶡ҇ᾎὊ∫֪ εEyerissὝ֦҂row  stationary ∫ᾎὊײַ

Å ᴄӹԒ εΰ ԃᵘ ֦▌∟өᶍ ᶵⱴ

Åїᵂ ᴄӹ ε ₉ᶵⱴΰ ԃᵘ ֦

Å ₉ἣṜָᶹ ԃᶂӴ ᶹᴑ –εїᵂ ԃ
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AIו ᵷ῾ῶᴦṜððEyeriss

ÅEyerissַײḔӳ

Å ᴄӹԒ ҏᶼַײӜ ḔӳᵷεὝ׳ᾎὊᶵⱴ

Å ⱴ҂ Ӝײַ ḔӳᵷεḲ ểṆεѭ ⱴ҇ ᴑ ṕ

ÅὟԃ҂ᴘ ᵘ ᴘ ⁴ᶑε ᶻֶⱴ ԃᵘ ֦ ῺѦַ0ײӹ
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AIו ᵷ῾ῶᴦṜððEyeriss

Å ṃEyerissַהײ јԍңᾎὊ∫ ₦ ᴴҧᴦ♪

ÅRFַהײ ᾶ Ὕ׳α₤Ӈ₤ѥPEѦַײḔӳᾶ Ὕ׳β

ÅBuffer הײַ ểṆεᵻѬ ₉Ὕ׳҂ ԃ ΰ ᵘ ֦ᾎὊַײᶵⱴ
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AIו ᵷ῾ῶᴦṜððGoogle TPU v1

ÅGoogle  TPU ᾑᴦ ҇ISCA 2016εҠ2015Ẉấ

ḉεTPUṯ ởᶇ҂Google ΐזᵷѦ

Åᴰ ὕⱣו ε Ԋ↕MLP CNN

LSTMє

Åּג ҇NV  K80  GPUᵘIntel  Haswell  CPU, 15-30

ӣẢ ӈ 30-80ӣ ᾇ ӈ
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AIו ᵷ῾ῶᴦṜððGoogle TPU

ÅTPU ᴟᾎ

Åּש ѹ←ᴄӹσ256  x 256εᾀἵ ḷּש ѹ←αїᾀἵ ꜠ βεdouble  buffering ε

₤ᵔῙҒⱳ256ѥpartial  sumεᾀἵ8₦◕ΰ ε8/16 ₦◕ ԃ

Å ᴄӹσ4 MBו Ḕα4096  x 256  x 32bβεdouble  buffering

Å○ѕḔӳ: MMU Ḕӳ64KBΰ εFIFO┼ẘѬ4ε▌∟ḔӳѬ24MB
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AIו ᵷ῾ῶᴦṜððGoogle TPU

ÅᶇTPUַײ◌ᶂѦεᾎὊ ᴈ₦Ѭ67%εI/O ᴈ₦10%εὔֹᴈ₦2%

Å ⱴCISCἷҦεԍѦ5ѥ ἷҦפἭ

ÅRead_Host_Memory,  Read_Weights,  MatrixMultiply/Convolve,  Activate,  Write_Host_Memory
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AIו ᵷ῾ῶᴦṜððGoogle TPU

Åᶡ҇Roofline ⁴ᶙַײ Ɑ Ӂ

ÅTPU Roofline σ

Å₤Byteַײΰ ᴧ 1350ѹו ẇ ε

Ử ӓỆ їҹởѬ ḔⱭ

Å ḔⱭ ὺӏσLSTMײַ MLP

Å Ɑ ὺӏσᴑײַ
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AIו ᵷ῾ῶᴦṜððGoogle TPU

ÅGoogle  TPU v1ַײ ֪ῷ

Å ḽMLP LSTMε⁴ᶙΰ וײַ ởѬѭ Ɑ

ÅḪ јṣөג Ѳג Ḕᶇᾶ ṭ


