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Yann Lecun
CNN

RefχISSCC 2019 Plenary Talk

Bill Dally

ɹ RefχSysML 2018
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[Yue, ISSCCô21]



ÅComputing-on-memory-boundary

Å MAC ⅎ ҏ “ SRAM bank 
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Cycle 1
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Cycle 2
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Cycle 3
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V1.0 65nm

V2.0 28nm
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Ç Challenge 2a: Exploiting data sparsity to improve efficiency

Á Only structured or coarse-grained unstructured sparsity is investigated, 

with additional zero detection circuit is required.

Á

ώ¸ǳŜΣ L{{//Ωнмϐ
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Ç Challenge 2b: Exploiting data sparsity to improve efficiency

Á Only zero patterns are exploited, how about ones?

ώ½ƘƻǳΣ 5!/Ωнмϐ
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ÅIs 3-4 bit resolution sufficient for common AI? 

ÅYes for many image tasks, but needs tuning

ÅMany quantization algorithms were proposed

ÅLearning Step-size Quantization (LSQ) [ICLR 2020]

Key Points: Multiplication

can be quantized, but sums

can NOT.
Weopensourceanunofficialcode:https://github.com/zhutmost/lsq-net

https://github.com/zhutmost/lsq-net
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Traditional Readout

Sense Amplifier

All Digital Bit-wise Multiplication 

[Chih, ISSCC 2021]

Sparsity Awareness

[Zhou, DACô21]
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Parasitic Capacitance on read-bit-line (RBL) consumes power. 
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Ç COMB macro energy efficiency scales with weight and 

activation sparsity. MELOM v1 in 65nm

Normalized to peak energy efficiency ( 14.1 TOPS/W ).
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Ç Multiplication-Embedded Dynamic Latch on Memory Boundary 

Ç MELOM v1: may have logic error if VDD is low

[ƻƎƛŎ Cŀƛƭ
LŦ ±55π±ǘƘƛǎ 
ǎƳŀƭƭΦ

MAct MAct
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Ç Multiplication-Embedded Dynamic Latch on Memory Boundary 

Ç MELOM v2: use a CMOS transmission gate to prevent the issue.

Logic Pass
If VDD-Vth is 
small.MAct MAct
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Ç Multiplication-Embedded Dynamic Latch on Memory Boundary 

Ç MELOM v2: four MELOM v1 share one RBL in 28nm.

Ç Throughput improves by 4, while saves (K-1)x RBL power if K logic-1ôs.

1 0

0 0
1.25 ˃ ²
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Ç Multiplication-Embedded Dynamic Latch on Memory Boundary 

Ç MELOM v2: four MELOM v1 shares one RBL in 28nm. 

Ç Throughput improves by 4, while saves (K-1)x RBL power if Klogic-1ôs.

1 1

1 1 2.02 ˃ ²
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Ç COMB macro energy efficiency scales with weight and activation 

sparsity. MELOM v2 in 28nm

Normalized to peak energy efficiency ( 45.7 TOPS/W ).
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ԓChiplet MCM

ÅMulti-Chip(let)-Module (MCM) based high-performance computing

ÅPeak performances are proportional to the chiplet number.

[Zimmer, JSSC 2020]  [Naffziger, ISSCC 2020] [W. Gomes, ISSCC 2022]
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ÅKey challenges: Communication among cores in different dies

ÅOptions I: ñportingòthe NoC topology to Network-on-Interposer

Communication power overhead: transfer digital signals into wireline RF

signals using die-to-die PHY (Serdes) due to the limited lanes on interposer



-

ÅLayer based data flow does not requires complicated network

communication.

ÅOption 2: Scalable MCM system without routers

ÅFlexibility are achieved by RDL routing

on Wafer level Fanout technology.



Inter-Chip Layer-wise Pipeline Flow

ÅAll weights are kept stationary, only activation moves among chips.

ÅEach chip should support data computing, RX and TX simultaneously.



MCM based Scalability

ÇChipletnumber is decided by weight capacity and computing loads

ÇCase 1: Keyword Spotting Processor can be fully fit into a single chip.



MCM based Scalability

ÇChiplet number is decided by weight capacity and computing loads

ÇCase 2: Image Classification Processor needs two chiplets.



MCM based Scalability

ÇChiplet number is decided by weight capacity and computing loads

ÇCase 3: Object detection requires 4 chiplets, where Tiny-Yolo V3 is mapped
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Ç Three different edge ML cases are applied to single COMB 

chip or COMB-MCM

Ç Case 1: Keyword Spotting on GSCD dataset (Single Chip)

Ç Case 2: Image classification on CIFAR-10 dataset (Two Chiplets)

Ç Case 3: Object Detection on DJI Drone dataset (Four Chiplets)
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Ç COMB-MCM processor in 65/28nm CMOS technology


