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ᶡ҇Transformer ⁴ᶙײַ

Â ⱴ҇ᶹ‒ײַצNLPᵘCVҮז

(Ref: ISSCCô2020)

ᶡ҇Transformer ⁴ᶙײַ Ԅ Ҽ CNN⁴ᶙ.
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ԄṔ↕ổגῡֹ
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ԄṔỖּר vs. Ṕ Ỗּר

Â ↕ổגῡֹḪ♪ԄṔỖּר

ViT-B/32 Attention Blocks ResNet50 Convolution Blocks

(Google Research,  arXivô2021)

ԄṔỖּר ᾴTransformer ⁴ᶙҷ Ԋײַ .
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ҷ vs ḷẘ

Â Ύ╟҇ ׄᶬ ײַ

References: [1] Language Models are Unsupervised Multitask Learners.

[2] An image is worth 16x16 words: Transformers for image recognition at scale.

[3] Swin Transformer: Hierarchical Vision Transformer using Shifted Windows.
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ԄṔ↕ổגῡַֹײ ἹỢ

Â ᶼ ẳԊ Tokens ᶇԄṔ↕ổג ѦᴈѭḿᶉӇ
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ἹỢ 1: ᶍ ײַ ṭḲỎ◕

Â ẳԊ Tokens ┌ ᶼ ӆ ♅ ֹ
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ἹỢ ח :2 ֦↕ổג ꜠

Â ẳԊ Tokens ẫԃח ֦ ꜠εḿ ԝӍ

ח ↕ổג ᴤײַ꜠ ⱶẘᶬו҂ ≡ ẘ.
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ἹỢ 3: ῴ֪צṴ ֹ︡Ҭֶⱴ♆

Â ẳԊ Tokens ײַ ᾎөḿ ѹ←ᵷ ╟⌐



© 2022 Workshop on
IC Advances in China (ICAC) 12 of 46

6.3: A 28nm 27.5TOPS/W Approximate-Computing-Based Transformer Processor with 

Asymptotic Sparsity Speculating and Out-of-Order Computing 

Â כֿ ᾼјổѱ

Â Transformer ᶳⱣᵷַײ ἹỢ

Â Ὕַ֦ײTransformer ᶳⱣᵷ

ü ᶼө ︢Ṇө ӅᶳⱣᴄӹ

ü ᴤᵆ╓ ײַ ꜠ ≡

ü ҀẐ ᴿῡֹ

Â ≡ Ὼјḽ₦

Â

Ὕ



© 2022 Workshop on
IC Advances in China (ICAC) 13 of 46

6.3: A 28nm 27.5TOPS/W Approximate-Computing-Based Transformer Processor with 

Asymptotic Sparsity Speculating and Out-of-Order Computing 

ᾐӋ῾ῶ

Â BESA PE ẓ Ӆ ẳ

Ԋ Tokens ε֞ṇᾐѥ↕ổ

ײ⁴ᶑַג .

Â BASU ח ≡ ֦ ꜠εḪ

ᾩ QÓKTѦַײԝӍ↕ổג

Ԋגּײַ .

Â OPCS ᴿѢѥѹ← ָ

ѥѹ←ᴄӹεὝ׳PÓV ײַ

╟ֶⱴ♆.
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Â ḽẳԊ Tokens Ӆ ҧ֞ṇ

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ

Âᶡ҇Top -Kַײᴴ Ӆ өεὝ׳ᶊᾼ ẓ .

ÂẵԊ Tokens Ӈ ḪᾩΉᾚεӟἑײַ ַ ẘ.
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Â Ҽ Ӆ ῡֹј↕ổגῡַֹײ ṭḲỎїר

♪ῑ Ӆ Ԋ↕ẇᶍ ṭ їᾴᾎө ẓַײ ṭ.

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â Ὕ֦ Ӆѹ←ᵷר ↕ổגῡַֹײᾎө ẓַײ ṭ◕

Value magnitude adaptive approximation Ƅ> Self-gating circuits.

Exact computing with approximate logic Ƅ> Adaptive modification.

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â ỨὝ֦ Ӆѹ←ᵷַײᾐӋ῾ῶ

Â There are total 6 partial products 

rows with 24 columns. 

Â Approximate partial products 

generators are used in row-2 

and row-5.

Â Approximate 4-2 compressors 

are used in columns 9-to-16.

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ



© 2022 Workshop on
IC Advances in China (ICAC) 19 of 46

6.3: A 28nm 27.5TOPS/W Approximate-Computing-Based Transformer Processor with 

Asymptotic Sparsity Speculating and Out-of-Order Computing 

Â ỨὝַ֦ײ Ӆ Ҭ

ÂỨὝַ֦ײ Ӆ ҬԎᶴ ײַצְ ︢ .

ÂỨὝַ֦ײ Ӆ Ҭ֞ṇ35.6 % ᵘ47.3 ה%

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â ᶡ҇Self -gating ῡַֹײᾎө ẓ Ӆ

Cascaded OR (AND) 

operation with 6-bit 

MSBs of the positive 

(negative) operands.

Small values result in 

more ñ0ò bits used to 

gate compressors in 

LSBs parts. Increase error but reduce more energy for small values.

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â ᶡ҇ ẓ ᵘ ӲεḪ♪ Ӆ Ҭַײ ︢

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â Ὕ֦BESA PEṽΎַײ Ὕ׳

ÂјҼ Ӆ εBESA PEH₦גּ ҧḪ♪4.4%ַײ ẘὝ׳εᵂᾩ ᶻ
֞ṇ25.5 % .

ÂBESA PEὝ1.62׳ xַײ↕ổג ᾇ.

ἆῠ 1: ᶼө ︢Ṇө ӅַײᶳⱣᴄӹ
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Â ֦↕ổג ꜠ ≡ҧ ԝӍ

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡

Âח ᴩײַצXmax‭≡ >˿ ḽ ҷӽַײ .

ÂᾢὄַײXiԝӍ >˿ ₇ᾎҷӽַײ ≡.
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Â Ҽ ײַ Ẑ ֹ҂ ≡ᾇ♆

Step1: Find the row-

wise varied maximum 

attention score Xmax

Step2: Speculate the 

output sparsity with 

Xi and Xmax based on 

Xi-Xmax<(1/ln2n)

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡
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Â ₉ 1: Ὕ֦ ᾇַײḽ ҷӽ

A specific token 

always has strong 

relevance with its 

near tokens. 

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡
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Â ₉ 2: Ὕ֦ᾢὄַ₇ײᾎҷӽ ≡

Xi Redundancy Skipping Positive Output Computing

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡
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Xi Redundancy Skipping Start Speculating

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡

Â ₉ 2: Ὕ֦ᾢὄַ₇ײᾎҷӽ ≡
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Xi Redundancy Skipping Terminate Computing

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡

Â ₉ 2: Ὕ֦ᾢὄַ₇ײᾎҷӽ ≡
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Â ᴤᵆ╓ ≡ᴄӹַײᾐӋ῾ῶ

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡
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Â ᴤᵆ╓ ײַ≡ Ὕ׳

ἆῠ 2: ᴤᵆ╓ ײַ ꜠ ≡


