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↕ổ҅

Å ӏѝ ֘

Å ӏѝᾩ

 ҇₭ӐўῊ χ5.11-5.25

 ѕ₭ӐўῊ χ5.28-6.13

Å 1⁸labᾩ σ4ῐ13ᾤ-5ῐ28ᾤαᵻCLABᾆ ẢῙβ

Å 2⁸labᾩ σ5ῐ23ᾤ-6ῐ18ᾤαᵻCLABᾆ ẢῙεṯ ặ βצ

Å ᾑ♅ јἒᵒα6ῐ1ᾤכֿ 6ῐ8ᾤβαẺẩỂḦεᴴҧẸ β
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Ῑ῝₲ἒ

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

ᾑεỡNature/Science Ԋגּ֮ ᾑε 3-5 ᾑ♅

Åᴈ ở 20%ι֫ ε2-3Қ ζ▄Ԅ ᾰἩ  ιӮ10֪ ₲ἒ

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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Å↕ổ⁴גᶑ ῶ֪ῷ
ÅᾭὯ ẙѮ ♇χMatMul ểἍῶtoken￼ ớṖ ​

Å̔ ῶו ₱σ
Å╙↨Ẋ ֫ ⅎẊ

₩ᶒ ז χ├Ỵד₩ᶒז

ᶺ᷃├Ỵד ֺ

ᾣ♇Ѻ├Ỵד ֺ

ὃ ὗὑ

ὣ ὃὠ

ᾯӌ ᾣ
ᵸ

ᵸ

<GO>

Iamgood

youareHow ?

Ѩ ԃẉ ԃ



Å∫₯ẉ
ÅṄ ԄἼ֫ѭᶹᶑ֫○ώ ⁄Ọַּזꞌ
ÅQ/K/V ớṖ ӇҨẊ ֒Ԅ  ᵙ

₩ᶒ ז χ├Ỵד₩ᶒז

Tu, Fengbin, et al. ISSCC 2022 Yang, Xiaoxuan, et al. ICCAD 2020

ԃ֫○ ∫₯



Å∫₯ẉ
Å Ἴ֫ Ҩώׁ֒Ԅ

₩ᶒ ז χ├Ỵד₩ᶒז

Yang, Xiaoxuan, et al. ICCAD 2020

֑ԃᾩ
ểּת

╚╣ ╧ ╦╚
╣ ╧╣ ╦╚

╣

֑ԃᾐѥ
(ỡ ѥ֫○)ַײ
Kᵆ ײַ

Ὕ֑׀ԃ ԃ
ײַ ὓṃבּ+

W K
T֑ԃ

₦ χ
ώׁẦḊ
֒ԄᾛӐι
֟Ṉ ᶩ



Å֪ ₡ẉ
Å ♩ẺẌίᵙἍῶtoken ├Ỵד

₩ᶒ ז χ├Ỵד₩ᶒז

Zhou, Minxuan, et al. HPCA 2022

♩ẺẌί

Ҽ + ♩ẺẌί ḔҼ
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Å Ḿᶹ⁴ Ԅ ֮  Ɑі֫ṵ
Åώ –ịֶⱴ♆ι ӉὸᾸảῊ

₩ᶒ ז χ├Ỵד₩ᶒז

Tu, Fengbin, et al. ISSCC 2023

ᶹ⁴ ԃַײ

Å Ҽ ΰ ֪Ṵχјᵃℓ ᶈјᵃ ⁄Ọḫא

Å ᶹ⁴ ԃχјᵃ ⅎ ảῊјᵃ

Å Ṁ ᶺ₩ỗ Ԅјש Ὴғּו ᶸẢᾩ

֗ᾛ’

Å ⁄ỌḔӳᶹүΰ

Å ⁴זַּ ḽ ᴬ

Å ֫ ώ ҭַּזꞌ
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Å ԃ◕Ềɋɋ tokenѳ ￼ӪṮ ᶽ
Å↕ổגῡֹ  ￼ῗӔ₩ᶚ῭ԋ├ԋ ӈ
Åsoftmax ֩ᾭҺᾣᶽ ᶽ ֧ι Ӫ ṇ ֧Һὶ ҈0

Å Ԅׁ ῑᾇӇḳᶍ ᾛӐ

₩ᶒ ז χׁ ז

ῑᾇӇḳᶍ

Tu, Fengbin, et al. ISSCC 2023

Å Ԅ₅╜ῑᾇӇḳ

Å ᶎ ῶᾦӈḴ

Å ῑᾇӇḳẐ֮ Ԅ

Å ⁞Ὧᶍ ―  

Å ⁞Ὧᶎ ⁪ὶᾠ ֧
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Å ḑו
Åԅ ὶṖ ├Ỵד ֺ ViT￼ᴒ ⅍Ṯ ╧ᴣẂ ѺזᾛӐ
ÅҨMVM ḒᵙMatMul ḒѭѮ
ÅMVM Ḓχΰ שּ ᶀḦι Ԅᵇ ᴵᴪ
ÅMatMul ḒχѣѦ Ԅ јᶁḧι⅛₭ ׁ ו ΰ שּ

Ḓ ז χ ớ Ḓז

MatMul Ḓҝᴉ0.5%ṫᴸ

ḑ ֪Ṵ ḑ ֪Ṵ

שּ ו ᴵ ᴉὯỄ ￼ảῊ

Ganesh, Prakhar, et al. TACL 2021 Kang, Myeonggu, Hyein Shin, and Lee-Sup Kim. TCAD 2021



ÅḔ ֪
Å ח ז֮ Ѻ│ ז

Ḓ ז χ ớ Ḓז

ח ֮⁭ồ

֟ṈḕӴᵸ ẘῊ

ח ֮ẓⱴ

☼
╗

  Å MVM/ Matmul
Ḓ

ᶴתᵸᴅӺ‗
ἄ￼҇ ⁪

Kung, Hsiang-Tsung. Computer 1982 Jouppi, Norman P., et al. ISCA 2017



Å Ḕ
ÅḕӴ ֯ ֧ᶴᶭז ᴅӺι֞ṇҼ ψDRAM SRAM ḕӴҟ
ÅѺ│ ɋɋ֒ԄῊ‴ז ῊẽᵠMatMul Ḓḫא

Ḓ ז χ ớ Ḓז

Ḕ

Ḕ ‟‗

ḕḕ ḕ

ḕḕ ḕ

Liu, Shiwei, et al. ISSCC 2023



ÅḔԒ
ÅḕӴ ֯ԓḢἄѺ│ ז ιώ ᵈᵅᵙ ᾇψỎ ᵸ SRAM ḕӴҟ
Åַ Ґᴢזּ ֯ḫאɋɋ֒ԄῊ ῊẽᵠMatMul Ḓḫא

Ḓ ז χ ớ Ḓז

ḔԒ ‟‗

ḕ

ḕ

ḕ

ḕ

ḕ

ḕ₀ḈḦỄ

ᶡṈ ᶿḦỄ

Å ː ⁴ἨḔԒ σ
Â Ầᵏᶺ ὶḫא ז

Å ˑ ᾎḓḔԒ σ
Â ᴅ Ầᵏιᶈ ֯ԓḢἄѺ│

Å ḑḪ♪χ
Â MVM Ḓḫא ᾦ

Â ֫ҟ ј ᵀMatMul Ḓ

Shafiee, Ali, et al. ACM SIGARCH Computer Architecture News 2016
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Å ḑו
Å֫ ѭ /ј Ԅ⸗ề￼ ֫

Ḓ ז χ ớ Ḓז

ṕ ⁴ᶑ ѭ ḑ ḑ

embedding ├Ỵד₩ᶒ ᵇ Ѻ│(MVM) GELU

ᵸ ׁ Ѻ│(MatMul) LayerNorm

ᵸ ⅍Ṯ₩ᶒ ⅍Ṯ ז Softmax

GELU

ὋὉὒὟὼ πȢυὼρ ÅÒÆ
ὼ

ς

ὩὶὪὼ
ς

“
 Ὡὼὴὸ Ὠὸ

ї ԃ◕Ề

LayerNorm

ὒὥώὩὶὔέὶάὼ
ὼ ‘

„
ȟ

‘
ρ

ὅ
ὼȟ„

ρ

ὅ
ὼ ‘

ԃ◕Ề

Softmax

ὛέὪὸάὥὼὼ
ÅØÐὼ

В ÅØÐὼ
ȟ

 ὼ ὼȟȣȟὼ

ԃ◕Ề

֨ᾎו

ԃ◕Ề ו



Å ḑו σ ԃ◕Ề
ÅᶎӪ /ΆṮ /Ὕᾭ

Ḓ ז χ ớ Ḓז

Kim, Sehoon, et al. PMLR 2021 Wang, Meiqi, et al. APCCAS, 2018.

ὺὥὶ‘
ρ

ὅ
ὼ

Å ᶍө
Â ẹ ᵙӪᵙᾭ

Â⅛₭ᾭὯ╙ Ὴ῭Ὰ

Å ᾛṭ
Âᾭḙ ‗ѭ

Â ẹẈΆӪᵙᾭ

Â⅛₭ᾭὯ╙ Ὴ῭Ὰ

Å ἷᾎ
Â ẹἍῶᾭὯ￼Ὕᾭ

ÂᶈᾭὯ ֧ῊḢἄ

ᾎὊ∫ѕ
ו



Å ḑו σ ֨ᾎו
Åѣ ộ χṄ ớ֩ᾭᴪѭ ớ֩ᾭ/ ὶḫא ớ֩ᾭ

Ḓ ז χ ớ Ḓז

֨ᾎו

♪ὓḪבּ
֨ᾎ

Å LUT: ‬ἧ

Å DLC: ᾭḔ כּ ḫא

Å MLS: Ỏ ᵸ Ὰᵸҭḫא

Å OO: ᾛӐᴓ ֹⱭᶹḢἄ

ṃ ֨ᾎ
ᴩѬԍң֨ᾎ

Å ḫא: NEON-Net

Å ᾎḘ ẩ ӆ: I-BERT

Manglik, Aditya, et al. arXiv:2211.05730 (2022)



Å ֨ᾎḪ♪σLUT( ἄ )
Åҷ σᵃ‾￼ּכ ‗ᴵҨּ҈זḫאјᵃ￼ ớ֩ᾭιԏῶ ḧ￼ ∟
Å χᶽ ᶀ Ԅ ᶼḲ Ḕӳ ֮

Ḓ ז χ ớ Ḓז

֪Ṵᶇ
֦Ӈ

Å Ὕ׀Ḕӳ ז‛

Å ᴴỴṜ ֺχᶽ ᶀ Ԅ ᶽḳ

Å ֮ᶼṆ ֺχḕӴ ֯ᶽṇ ֺ ᶀ
Â Ἴ֫ᶺѦḑ ֮ҺṀ Ả

Song, Linghao, et al. HPCA 2017



Å ֨ᾎḪ♪σDLC(ᾎḓ ⸗ Ḫ♪)
Åҷ σ Ả Ӊ+ӔּזἄⱦCMOSṪ Ḿ ∂ Ӊ
Å χᶁקᾭḔּכ Ṁ ∟ẘӉ+ᾭḔ ה

Ḓ ז χ ớ Ḓז

Cheng, Ming, et al. DAC 2017

֪Ṵᶇ
֦Ӈ

Å ᶀצ҂ᾎḓ ⸗

Å ḦֹצχḾ ∂ӉẊћ ảῊӉ

Å їḦֹצχ זּ ⁄Ọἆ ן┬ ᾭḫא
Â ׁ כּ ᶶ ψᵅ ẬԄѺ│ᵸιᶭ҃ז



Ḓ ז χ ớ Ḓז

MLS(ᾚᵷҬḪ♪ )

Å ᵷҬ֪ᴘἚ ֑ԃᾛӐ

Å ҷ σ ה Ӊ+ ᴅӺ ṇ

Å σ֑ԃ +ḧֺק ∟ẘӉ+ Ễ
ᶺᵸҭᴅӺở῞

Å ֨ᾎḪ♪σMLS&OO

OO(ὺӏ○ᶸᴒ )

Å ᾭὯҽ ֹⱭᶹḢἄ

Å ҷ σ ὶַּז CPUזּ

Å σᾎὊ ח ᶺẽᵠ ᵙảῊ

Gupta, Saransh, Mohsen Imani, and Tajana Rosing. ICCAD 2018 Tu, Fengbin, et al. ISSCC 2023



Å ֨ᾎ Ὀσ Ḫ♪
Åַ ḕזּ ӌ Ḿ ז ⅝ ￼ḫאΆẪ
Å ┌֩ᾭ ḧת ᶊ₩Ὁ ớ֩ᾭ

Ḓ ז χ ớ Ḓז

Ệָ
ᾎὊ

Manglik, Aditya, et al. arXiv:2211.05730 (2022)

₦ їᵂ ṕᶼ
Ṇַײ Ὼ֜︢♆



Å ֨ᾎ ὈσᾎḘ ẩ Ӆ

Ḓ ז χ ớ Ḓז

Ὡὼὴὼ πȢσυψυὼ ρȢσυσ πȢσττ

GELU

LayerNorm

Softmax

Å Ṯ֩ᾭ ӆ

Å ⁞Ὧ Ԅ ᶀ ӆ

ὩὶὪὼ
ς

“
 Ὡὼὴὸ Ὠὸ

           ίὫὲὼ ὥὧὰὭὴὼȟάὥὼ ὦ ὦ ρ

ὼ ὼ
ὲ

ὼ
Ⱦς

Å ҦḫאẦ⁞ᴺᾦ‛

Å ᶶ

Å ᵙῳᶽӪ ặ ק

Å Ὕᾭ֩ᾭ￼ᶺ Ẫ ӆ

Å Ὕᾭ֩ᾭ/Ḿᾭ֩ᾭἼ֫2￼ᶢᾭ

ὛέὪὸάὥὼὼ
ÅØÐὼ

В ÅØÐὼ

ÅØÐὼ ὼ

В ÅØÐὼ ὼ

                               ÅØÐὼ ὼ ÌÎВ ÅØÐὼ ὼ ȟ

Ṇ ԃ ᵿ

Ԁ ←ᵷ

Ὡ ς  ς ς
ςḺό ό π
ςḻό ό π

 ȟό ώ ÌÏÇὩȟὺ ώ ÌÏÇὩ ό

ὰὲὊὰὲς ÌÏÇὊ ὰὲςύ ÌÏÇὯ ὰὲςὯ ρ ύȟὊ ς Ὧ

Ṇᾎ + Ӈ

Kim, Sehoon, et al. PMLR 2021 Wang, Meiqi, et al. APCCAS 2018



Åֿכ ᾼ 

Å⁴ᶙ ו

Å⁴ᶙᴘ

Å ꜠ ᶳⱣ

Å⁴ᶑ ו

Å↕ổ⁴גᶑו

Å׀ ו

Å ḑ ו

Å ḑו

Å ḑו

Å ᴢṜῗ

ẹ



Ở ᴣṝῺ

ASIC/њּזז ᵸảῊ&

ѷḾњּז Ḓ￼ᾟὙᾭὯ ẙᵙҽ ▄ẙ јᵃ₩ᶚᴠᾭ ᶽ

⁴ᶙ ו

⁴ᶙᴘ ꜠ ᶳⱣ

Å ֫ῳӉᴵ өֹ҆צ
Å ‗ ק ӉḕӴ ∂
Å ח Ώ֟Ṉ׆

₩ᶚ ק Ḿјᵃ￼
￼ớשּ
֯“ỗׇט

‗ ק

+

⁴ᶑ ו

↕ổג ׀

Å јᵃ￼ ј
ᵃ￼Ẋ

Å ֫‘ Ԅ/  ⸗ề

╙↨Ẋ
Ḿ Ԅ/ 
⸗ề
֫‘

֫ ⅎẊ
+

ḑ ו

ḑ ḑ

Å Ӆἆ ҥḫא ớ Ḓ
Å ֫‘ ớ Ḓ⸗ềᵙḫא

јᵃḕ
₩Ẫ/јᵃ
ḕӴҟ

ớ֩ᾭᴪ
ѭ ớ

јᵃ ớ֩
ᾭḫאΆẪ

+
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ҙṩ῀ ⁴ᶙַײᴦṜјἹỢ

Å ῀ҙṩלּ Ồײַ ᴦṜε ⁴ᶙ ⁴ἷᾎ ᶬ εḽҙṩ῀ ᶳⱣᵷַײ ḔӳᵘҼ

ṽḳ ₱ѻᾶ Ὕ׳

ᾩ ⁴ᶙ
⁴ᶙᴟᾎ

(GB)

⁴ᶙ ג ₱
(TFLOPs-day)

2012 AlexNet 10-2 10-3

2015 ResNets 10-1 10-1

2017 Transformer 1 101

2020 GPT-3 102 106

2023 ChatGPT 103 107

https://github.com/amirgholami/ai_and_memory_wall
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ҙṩ῀ ⁴ᶙַײᴦṜјἹỢ

Å▒ ε♪ῑַײ ӗῌ῾ῶ ⱴḔӳᵘ ֪ ῶε῾ײַ ѩɎḔӳᶫɏᵘɎה ᶫɏⱭ

ÅԒḔṽḳ/҉ ṽḳᶬ ј ᶬג ẘї α30 vs 90,000 βε◕ַᾴḽ҇ӽ

ÅḄӌӿΐṕɎḔӳᶫɏⱭ ε ₉Ὕ׳AIᶳⱣᵷ ᵘג ᾇởѬ

https://github.com/amirgholami/ai_and_memory_wall
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ҙṩ῀ ⁴ᶙַײᴦṜјἹỢ

Åᵺ σқѰ‒ַײ ḑΉḲᾮᴨָɎḔӳᶫɏẼᵟψ
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Ḕ Ӌᾚ῾ῶ

Å ḽ҇ ḔⱭ ײַ ḑεḔ ӋἆῠởѬữאל Ɑג ײַ ề

Å Ḕ αNDP/PNM βσḔӳ ֮ ᾢ ᾂחεᴰὝӖᾎὊḔӳה ε ⁴ᶑḟᾄᶇ ֮

ÅḔԒ αPIMβσḔӳᵷҬᴴҧᴟј ὺӏε ẁổᵕּלḔӳ ֮ ᾂחΎᾀἵ

Ḕ

ӳ

῞ᶉḔӳ

ӗῌ῾ῶ

Ḕ
Ҽ

Ḕ ῾ῶ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ
תּ

Ҽ

Ḕӳᵷ ֮

֑ԃ ᴧ

ḔԒ ῾ῶ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

Ḕ

ḔԒ
ᾢᾎὊ

Ҽ

Ḕӳᵷ ֮

ˍ ADC ỡˎ SA    

+ʭ

W
L
 D

ri
v
e

r

ˍ ⁴Ἠ

ˎ ᾎḓ
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DRAM Ḕ ᴦṜ

Å σɎḔӳᶫɏѭ ᶇᵣ ψ

ÅҠḘῠֿכ α1969 -2016βָᵫѝצὒ α2016 ҝβεDRAM Ḕ Ệổ҇ṩ ײַג

₉ᵘAIẓⱴַײ ח

1969 2016 2019 2021 2022

UPMEM PIM-DIMM

єᾯPIM -HBM ε
AxDIMM

ᶰGDDR6-PIMג─

HB-PNM
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DRAMԒḔ῾ῶ Ҟ

ÅDRAM ԒḔ῾ῶᵘײַ Ẻẩ

ÅDRAM channel, DIMM, rank, chip, bank, column/row decoder

ÅԒ ṽḳ vs ᶸ ṽḳ

Reference: Prof. Onur Mutluôscomputer architecture course
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UPMEM PIM-DIMM

ÅUPMEM PIM -DIMM ῾ῶ

ÅᴄῪ8GBε128ѥ –ịαDPUβε64KBӜ Ḕӳᵷ

ÅԒ ṽḳ Ѭ100 GB/sαDDR4ṽḳ<20 GB/sβ
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UPMEM PIM-DIMM

ÅUPMEM PIM -DIMM ở

ÅѬPIM -DIMM ֪ ҂♀ Ᵽᶉᶌ◓ײַ

ÅᾎὊҼԃפἭserial parallel ᵘẌί⁴ẩ

Å ╟֪ / ẘσ

ÅTasklet  ( )σ ѥDPU ᴴҧ 24ѥ εῑᴾ stackײַ

ÅDPUσ64MB Main RAMεDPUѲ ᾢ←ּבὓ ᾎὊҼ

ÅRank: 64 ѥDPUεᴴҧ ẉ CPU-DPUᾎὊҼ

CPU-DPU serial CPU-DPU parallel CPU-DPU broadcast
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UPMEM PIM-DIMM

Juan et al. Benchmarking a New Paradigm: An Experimental Analysis of a Real Processing-in-Memory Architecture

ḽ₦ ה ḽ₦

Å ≡
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UPMEM PIM-DIMM

Åҷם

ÅScalable memory bandwidth εּגḽ҇HBM Ḳ Ήᶼαᵂҥḽ₦β

Å ⱴ ⁴ᶙεњԑḲָײַ׀אserver

Å

Åᾢ←ặӏΆ main -memory ӓⱴσCPU ᵘMemory ῑԒḔὔֹᵷεᴂ ᵾ εḔᶇ

Memory interleaving Cache coherence ᵘ ᾀἵ α ἨԒḔ β

ÅᾎὊҼ ᾴⱭ ε ҧᶳⱣ ᵂ₉ַײẓⱴ

Åẓⱴ֪֫ᵾ σ ԉפᵌ 2048ѥDPUε 64MB local DRAM/DPU εDPUѲ Ӡҥҭ

ÅᾢSIMD / FP ᴄӹε⌠ ᶾӈεᶇ┼ẘḘѼẓⱴᶊᾼᴨג
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SamsungôsPIM-HBM

ÅHBM ṽḳḽ҇ײַ Ḕḷ ᶙ┼ẘḘѼ ḑҟ▒Ḕᶇї

Å HBM2 ῾ῶσ

Å4 pseudo channels ( pCH ) per Die

Å4 bank group per pCH

Å4 banks per bankgroup  

Å256 -bit data block over 4 64 -bit bursts 

over one pCH  

Å256GB/s (1GHz IO)
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SamsungôsPIM-HBM

Å χᾀἵPIMᵘΆ אָ HBM ⁴ẩε ἵᴜ῞ַײDRAM bank ᵘ ֮

ÅᶇBankַײI/O boundary ᶳ PIMᴄӹ

ÅBank row ᾎ ֞ᴀεѢѥbank ԉҔPIMᴄӹε₤ѥPIMᴄӹԒפᵌ16 x 16bit SIMDᴄӹײַ

ÅPIMᴄӹⱶ ַ֜ײDRAM column commands αRD WDβὔֹ

ÅᵘUPMEM load׀ӅεἷҦὝגּ memory εⱴRDἷҦὺӏᾎᶉᶌε ѥchannel Ứῑbank

ᴴҧẉ ֦4096ѥbit εRDἷҦᵂᾩ▌∟PIMᴄӹַײ
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SamsungôsPIM-HBM

ÅPIM -HBM є ὺӏ⁴ẩ

ÅSingle Bank Mode

Å ֜DRAM ⁴ẩ

Å₤⁸ ѥchannel Ѧַײ ѥBank

ÅAll Bank Mode

Å ѥDRAM ἷҦᴴҧᵂᾩὔֹᶹѥBank

Å8x higher on -chip bandwidth

ÅAll Bank PIM Mode

Å ֑high row ᶉᶌҧᴢPIM mode ḶḔᵷΎ֫Ὀmode
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SamsungôsPIM-HBM

Å Ḕḷ ᶙẓⱴѕו ₦ᾭᾶ

Hardware Architecture and Software Stack for PIM Based on Commercial DRAM Technology , ISCA 2021
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SamsungôsPIM-HBM

ÅData Interleaving σ

Åḽ҇elementwise ẓⱴεinterleaving їẼᵟ

Ὼ

Åḽ҇GEMV ẓⱴεΰ שּ Ҭṕ ὑ

Åὔֹ ẘ σ

ÅPIM ᵘHost ᾢ← ẘpipeline

Åᶹcubeᵄbank ᾎᶾᶹεṆ ⁴ ḑֶⱴ♆ӈ 

ÅᾎὊReplica 

ÅҧGEMV ѬӔεHost ᵆ₤ѥbank ֑ԃ ԃ

ÅPIM ⅍ῑּבὓַײᾎὊ ε Host ᴦ

vector

Bank 0

Bank 1

Bank 2

Bank 3

*

4x ᶵ

ᾎὊinterleaving

ᾎὊ duplicate
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ḔԒ

ÅḔԒ ᴴҧ֪Ѭ⁴ἨḔԒ ᵘᾎḓḔԒ

Å⁴ἨḔԒ ֶⱴᶡṈ ᶿ⸗∫ḦỄεᴴҧ ᾇḪ♪ּש ᵆ ѹ←

Ὃ Ὃ Ὃ

Ὃ Ὃ Ὃ

Ὃ Ὃ Ὃ

ὠ

ὠ

ὠ

Ὅ Ὅ Ὅ

ὠ ὠ ὠ
Ὃ
Ὃ
Ὃ

Ὃ
Ὃ
Ὃ

Ὃ
Ὃ
Ὃ

Ὅ Ὅ Ὅ

inputs weights
outputs

ÅḔԒ Ҟ ᴴҧ ⱴSRAM DRAM Flash

ỡ ԍңᾚᶙḔӳᵷ


