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r
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r
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AIו ᵷ῾ῶᶡ︠ððẮ ᴄӹ

Åּש ѹ← ֮ –ị σ ᾎὊ∫῾ῶεֶⱴ ⁴ẩ῞ ׳ᾎὊᶵⱴεὝײַ ᾇ♆

Å ḽᾎὊ∫῾ῶε–ịᾴᾭ︢ᵣҍᾎὊᾴ חεᵣҍᾎὊᾴᶀḦїײַח

ÅԏᶙᾎὊ∫σoutput  stationary weight  stationary input  stationary

ÅїᵂַײᾎὊ∫εԎῑїᵂַײ ḑ ⱴ

Ԅ

☼
╗
Ӫ

Ԅε Ӫζ

Ԅ

☼
╗
Ӫ

֧ε☼╗Ӫζ

Ԅ

 

֧ε☼╗Ӫζ
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< 35 >

AIו ᵷ῾ῶᶡ︠ððᵆ ᵘ  ᴄӹ

Åᵆ ᴄӹѭ ⱴ҇ צ₵ Ặ צ ReLU Sigmod Softmax ◕ₔ֨ᾎ

ÅṒ ᵆ ᴈ ẉїᶼεӆᾴεḄῺ⅍ῑᴿ וײַ ︡Ҭεҟ▒ᴴ ởѬⱭ

Å σᵆ ᴄӹᵘּש ᴄӹ ῑᵣҍַשψ

/max /max /max /max

‍Ⱦ‎ ‍Ⱦ‎ ‍Ⱦ‎ ‍Ⱦ‎

MUX MUX MUX MUX

ὼ ὼ ὼ ὼ

‎ ‎ ‎ ‎
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< 36 >

AIו ᵷ῾ῶᶡ︠

ÅAIו ᵷᾐӋ῾ῶ

Ḕ Ӡ

Off-chip DRAMOn-chip SRAM
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< 37 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

Å ḽAI ○ε ẫԃ○ѕSRAMε ᶻῑᾇὝ׳ᾎὊᶵⱴε ӈDRAM Ḕấ

Å σAI ѕḔӳᾴᵊᴴҧẢⱴҼ○ײַ○ CPUַײ Ḕψ

Åᴴҧӆᾴ⅍Ọ εⱶ҇AI ○ếế ⱴ︢ḦᾎὊ∫εᾎὊᶵⱴᾭ︢εᾢ ӧט ӅCPUַײ Ḕε

ҜӓⱴӜ ḔӳᵷαScratch  Pad Memory βᴎᴴ
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< 38 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

ÅӜ Ḕӳᵷ VS CPU Ḕ

Åᵂ ṩ іεCPU Ḕ ѬӜ Ḕӳᵷַ1.5ײӣ

Ӝ Ḕӳᵷ CPU Ḕ

ҭίֺ ҭίֺ

ҭ ᶶ ￼ ḕ ת Ẕ + צּ ҭᾟὙ

ḕΆẪ ѭᶁḧιᶺѭѩ ḕΆẪᶺ‾  

ẙồ ו Ӊ ק ו

Ҩ ᴨѭѮ ֒⅝ӕј ḧ
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< 39 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

ÅAI ○ѦεӜ Ḕӳᵷ ὓּש ᴄӹ ᵆ ᴄӹ ḶḔᵷ DMA/ ᶸḔ

ÅӜ ḔӳᵷᾴᾎὊҼ ῼײַ εѻ ẁḲᾮ ở ֑֖

ӝ ḕӴᵸ DMA
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< 40 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

ÅAI ○ѦεӜ Ḕӳᵷ ὓּש ᴄӹ ᵆ ᴄӹ ḶḔᵷ DMA/ ᶸḔ

ÅӜ ḔӳᵷᾴᾎὊҼ ῼײַ εѻ ẁḲᾮ ở ֑֖

ÅѬ҂ Ӝ Ḕӳᵷַײ ֑֖ εῑҧіᾛ←

ᶹ ᴬSRAMσ

Å ᶬו ѥ ᴬε ᶬ 50%~100%

Å ₉Ẽᵟở῞ ᾇ ╪

SPM

Bank

SPM

Bank

SPM

Bank

SPM

Bank

ᴅӺ ᴅӺ ᴅӺ ᴅӺ

֪ SRAMσ

Å ҟ▒Ḕᶇbank  conflict

Å ᶵῢẘὝ׳Ḑ╞֫ ᾭ
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< 41 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

Å₈ᶸε ᴴҧ⁴ҰCPUѦᾎὊᵘἷҦ֪ấḔӳαᵞӎ῾ῶβַײᾛẩε ⱴ֪ ẩӜ Ḕӳᵷ

ÅἸ▓ᾎὊ֪֭εӔḄ ԃᾎὊ/ ֦ᾎὊ/ΰ ԃ ֦ᾎὊ/ΰ

ÅἸ▓ה ᴄӹ֪֭εӔḄּש /ᵆ / 

ÅἸ▓ᶳⱣ ₡֪֭εӔḄ ԃᾎὊ/ ᵷו

  ḕӴᵸ

ԄᾭὯ

ḕӴᵸ

֧ᾭὯ

ḕӴᵸ

ᵇ

ӝ ḕӴᵸ

‰

ӝ ḕӴᵸ

ӝ ḕӴᵸ
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< 42 >

AIו ᵷ῾ῶᶡ︠ðð○ѕ Ḕ

Å֪ ẩӜ Ḕӳᵷḽ҇ᾎὊ ҂֪∫εҠ Ὕ ҂ᶳⱣᾇ♆

Åḽ҇їᵂӜ Ḕӳᵷַײӓⱴᾛẩ ҂ Ῠεὄ᷁҂῾ῶַײ ⱴ

Comput er  architecture  is all  about  making  trade -offs
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AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅAI ○ Ѧεếế ᶸ Ḕӳᵷαѭ ѬDRAM β

Å ԃᾎὊαӔḄImageNet ᾎὊ βַײҼ

Å⁴ᶙΰ Ҽײַ αResNet50 ⁴ᶙᴟᾎѬ25.6M εᴴҧḡԄḔӳ҇○ѕτᶼ⁴ᶙַ⁴ײᶙᴟ

ᾎѬBillion ҧѕ ε ҧḡԄḔӳ҇○ѕβ

Å Ѧ Ὼ

Åḽ҇Ҽ CPUε ỳ 30ѓῪload/store ἷҦεỬ ḡởImageNet ᾎὊ ᴧ

Åḽ҇AIᶳⱣᵷεỠҩṷῗ

Å1Ὺload ἷҦ ᾐẮᶂ○ε1ῪἷҦḡở ε1Ὺstore ἷҦ ᵺԒḔ
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< 44 >

AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅḄӌḪ♪Ɏ1Ὺload ἷҦ ᾐẮᶂӴɏψ

ÅᶳⱣᵷὔֹ

ÅDMA ὔֹ

load r load g load b

load r~b
DMA

load r

DMA
ɚ

load g

DMA
ɚ
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< 45 >

AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅDMA αdirect  memory  accessβσ ῡ ѦַײᾎὊҼ ῡֹεӸ ︡Ҭḑ ᶇї

CPUẆ ײַ ֘іεּבὓјѭḔ ᾎὊҏὈ

Å ᶻᾶ ֞ CPU ἚεẉњὝ ᾎὊҼ ᾇ♆

Å ḽAIᶳⱣᵷεᴄ⁸DMA ὺӏᴴ ἵ ᾎָﬞᾎױѓѥᵔῙ

load 1

compute 1

store 1

DMA

EX

DMA

load 2

compute 2

store 2

DMA

EX

DMA

Ὴ

Ὕҧ
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AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅDMA αdirect  memory  accessβσ ῡ ѦַײᾎὊҼ ῡֹεӸ ︡Ҭḑ ᶇї

CPUẆ ײַ ֘іεּבὓјѭḔ ᾎὊҏὈ

Å ᶻᾶ ֞ CPU ἚεẉњὝ ᾎὊҼ ᾇ♆

Å ḽAIᶳⱣᵷεᴄ⁸DMA ὺӏᴴ ἵ ᾎָﬞᾎױѓѥᵔῙ

Ḫ♪ҀẐỳ Ὕ׳їᵂ︡

Ҭ ⱴ♆εῑỌֶײַ֪

ᵇψῑᵣҍ︡Ҭҥҭψ

load 1

compute 1

store 1

DMA

EX

DMA

load 2

compute 2

store 2

DMA

EX

DMA

ת
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< 47 >

AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅDMA αdirect  memory  accessβσ ῡ ѦַײᾎὊҼ ῡֹεӸ ︡Ҭḑ ᶇї

CPUẆ ײַ ֘іεּבὓјѭḔ ᾎὊҏὈ

Å ᶻᾶ ֞ CPU ἚεẉњὝ ᾎὊҼ ᾇ♆

Å ḽAIᶳⱣᵷεᴄ⁸DMA ὺӏᴴ ἵ ᾎָﬞᾎױѓѥᵔῙ

ᾚḟὑἷҦ Ẑε צ

︡Ҭε ԀҀẐỳ גּײַ

Ԋ︡Ҭấ

load 1

compute 1

store 1

DMA

EX

DMAload 2

compute 2

store 2

DMA

DMA

Ὴ

Ὕҧ

EX
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AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

ÅDMA αdirect  memory  accessβσ ῡ ѦַײᾎὊҼ ῡֹεӸ ︡Ҭḑ ᶇї

CPUẆ ײַ ֘іεּבὓјѭḔ ᾎὊҏὈ

Å ᶻᾶ ֞ CPU ἚεẉњὝ ᾎὊҼ ᾇ♆

Å ḽAIᶳⱣᵷεᴄ⁸DMA ὺӏᴴ ἵ ᾎָﬞᾎױѓѥᵔῙ

ᾶẩὔֹᵂ₉ε︡Ҭ

ᴝӗהּ ‭ ε Ҭ

ὔֹᾎὊ∫

load 1

compute 1

store 1

DMA

EX

DMAload 2

compute 2

store 2

DMA

DMA

Ὕҧ

EX

sync

sync

sync

CPU CacheI Ҩ ὼ ѭἚ ẪẪᾭ
Ὧίֺᵃℓιᵼѭז ∂ᴧ ј
ὶίֺᵠẔᾭὯῗᵋӠּפ￼֘ ι
Ѽј ὶίֺӍῊֵ ᵠẔᾭὯ
LRU ῲὭ ᶈצּ ᶋ῟ѧῗῶַזּ
￼ιᵼѭḜҪљṪӐ ῂԋ Ḿ҈
DNNז ᵸ‎ ι‰ ש ᵙԋ
⸗ề￼ ᵙ Ầ Ễ
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AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

Å ҬḦѱᾎὊ∫

ÅḄӌḪ♪ᵂ₉ἷҦαsyncβψ

Å ⁴ᶑσ ᾩỳ ᾁַָײἷҦ

ÅDMA ⁴ᶑσ ᾩỳ ᾁַָײἷҦ

ÅἷҦᴦṂ⁴ᶑσṃ ἷҦᴦṂָ ⁴ᶑεṃ ḔἷҦᴦṂָDMA ⁴ᶑε ָsyncᾩε

ᶨָּבᾐѥᶳⱣᵷ іΎ

Ὕҧᴧṃ

ᴅӺ DMA
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AIו ᵷ῾ῶᶡ︠ððᶸ Ḕӳᵷ

load 1

compute 1

store 1

DMA

EX

DMAload 2

compute 2

DMA

DMA

EX

sync

sync

load 3

sync

DMA

DMA

EX

store 2

compute 3

load 4

sync

store 3

compute 4

sync

store 4

DMA

EX

DMA
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AIו ᵷ῾ῶᶡ︠ðð ḔṆ

ÅӜ ḔӳᵷᾴᾎὊҼ ῼײַ

Å Ӝ ḔӳᵷởѬⱭ

Åᴴҧ ᶬו ᴬ ֪ SRAMַײᾛ←εḪ♪Ήᶹ ᴧᾀἵα︡Ҭấ ᶬוβ

Åѻᴴҧ—Ὂ ←◕Ềε ⱴ֪ ẩ

Å ḽᶸ Ḕε DMA εẉ Ҭ∫₯ εṃ ᵘ Ḕẉ Ύ

ÅἷҦ ᾚὑẐεїԛ ҀẐỳ

Åᾶ ὔֹᵂ₉εּהᴝ︡Ҭӗ ‭ 
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< 52 >

AIו ᵷ῾ῶᶡ︠

ÅAIו ᵷᾐӋ῾ῶ

Ḕ Ӡ

Off-chip DRAMOn-chip SRAM
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< 53 >

AIו ᵷ῾ῶᶡ︠ ðð Ӡ

Å ӠᴎפἭ –јᶸḔַײ ӠεѻᴴҧפἭᶹ–ỴṜѦ – ײַ Ӡ

Åᶇѕ ѦεỠҩҞ ҂їᵂַײ○ѕ ἣỮ ⱶ ε῞ εỠҩ ᾭᶇAIו
ᵷѦ ᵣҍ Ӡ ḑεҧᴢѬқѰҹῑ₈ ₱

Å – ײַ Ӡ ₱ѭ Ύ╟҇ẉ εᴎ ᶹ –ԉᵂḡở ײַ

  ḕӴᵸ

ԄᾭὯḕӴᵸ

֧ᾭὯḕӴᵸ
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ԏᶙ⁴ᶙẉ ᾛẩ Ҟ

Å ᵆ εԏᶙַײẉ ᾛẩῑҧі֠

∫₯ ẉᾎὊẉ Ắ ẉ

ᾭὯẊ ắ Ẋ ╙↨ Ẋ

ΆẪ
⁴ᶙ ᶵḔӳ

ᴾ ♀҉גּ
ᴄѥweight ֪ ᶹѥ ○
ᴾ ᴄӹ Ὼ ו

їᵂweight ֪ ָїᵂ ○ ֮
ᴾ ᴄӹ ῺḔᶇᾎὊӗ

ҭ⸗♇ ḕ Ɑ ד ᶽ₩ᶚ ṇ ḕ Ɑ ד ṇ₩ᶚ ᶽ Ẃ צּ

ὸת⸗♇ Batch ᶽ/ᴒ ῂᶁḧ ∂ Batch ᶽ/ ῶד
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ԏᶙ ᴿ Ӡ ḑ

Å ᴿ Ӡσẉ ᶞѦַײ Ӡὺӏ ᶙεⱴ҇ᶹѥẉ ᴄӹαᶹѥᶳⱣᵷ ᶹ
ѥ β ᾎὊҏ҉ᵘᵂ₉ײַ

A A A A

Broadcast

1 2 3 1 2 3

All  Gather

A

B

C

A

B

C

A

B

C

A

B

C

1 2 3 1 2 3

Reduce

A B C
A+B

+C

1 2 3 1 2 3

Gather

A

B

C

A

B

C

1 2 3 1 2 3

Scatter

A

B

C

1 2 3

A

B

C

1 2 3

All  Reduce

A B C
A+B

+C

1 2 3 1 2 3

A+B

+C

A+B

+C

Reduce Scatter

A1

B2

C3

A1
+

A2
+

A3

1 2 3 1 2 3

A2 A3

B1 B3

C2C1

B1
+

B2
+

B3

C1
+

C2
+

C3

All - to - All

A1

B2

C3

1 2 3 1 2 3

A2 A3

B1 B3

C2C1

A1

A2

A3

B1

B2

B3

C1

C2

C3
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ԏᶙ ᴿ Ӡ ḑ

Åᶼ ײַ֪ ᴿ Ӡὺӏεᴴҧ ҆ ♩αRingβ҉ ἣỮḪ♪

Åᾴᵊ ᾭ҆ ♩Ṏ ᶻ҂ ψ

All  Reduce

A B C
A+B

+C

1 2 3 1 2 3

A+B

+C

A+B

+C

All - to - All

A1

B2

C3

1 2 3 1 2 3

A2 A3

B1 B3

C2C1

A1

A2

A3

B1

B2

B3

C1

C2

C3

All  Gather

A

B

C

A

B

C

A

B

C

A

B

C

1 2 3 1 2 3
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AIו ᵷ῾ῶᶡ︠ ðð Ӡ

Åẁ Ᵽ◓ײַ σ
Å σẁⱴAXI PCIe  ֜ε ṭ ở῞ӈ
Å○ѕ σẁⱴ ‍ ҆ ♩ ҆ ― ἣỮε ḃ ở῞ᴴὔ
ÅҏᴡấԊσ ῏Ӓεӆᾴở῞ể ε ҧἣṜ

○ѕ ҏᴡấԊ
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< 58 >

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∫○


