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= Background



Background — Analog CIM

= Analog CIM: Use physical quantities to represent
data and completes the analog calculations based
on certain physical laws
= Current-domain computing paradigm
= Charge-domain computing paradigm
= Time-domain computing paradigm
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Background — Digital CIM

= Digital CIM: Integrate logic gates into memory cells
to perform operations in digital domain
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Background — Hybrid CIM

= Performance comparison of ACIM and DCIM with
different precision

Category L2M Precision M2H Precision
Index ACIM DCIM ACIM DCIM
Energy
Efficiency x x
Area
Efficiency x x
Calculation
Accuracy x x
1Power T Error
Cﬂnsumptiﬂ“ Exponentially

Almost linear
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Background — Related Work
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The optimal divide strategy for energy efficiency?



A 16bit

Background — Related Work

Adder Charge Share & ADC Readout
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Outline

= Proposed Multi-core hybrid CIM architecture
= Hybrid Weighting Scheme



= AC*5

Hybrid Weighting Scheme

s Overall Architecture:

= DCore*1l
= Peripheral circuits

® Storage

® Result Processing
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Hybrid Weighting Scheme
= ACore Architecture: 8-Bit input * 4 Bit weight
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WL

Hybrid Weighting Scheme

= Bit-Cell 1 Structure: integrates a 6T SRAM, and
control transistors (P1, P2, P3)

= Charge domain calculation reduces power consumption
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Hybrid Weighting Scheme
= 2-Bit Cell structure & Weighting Module structure
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Hybrid Weighting Scheme

= Calculation process: using the example of input
“11111111" and weight “1111°
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Outline

= Proposed Multi-core hybrid CIM architecture

= Weight Divide Strategy & Computing Resource

Allocation
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Weight Divide Strategy & Computing

Resource Allocation
= Performance comparison

Divide Method

Energy Efficiency (TOPS/W) | Error
4+4 24.65 0.4%
2+6 19.73 0%

93.65
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w0
L
.
n

0.06% :
93.25

VGG 16-CIFARTD

93.5

el
w
F-9
un

A{:curacy{%}
8
L
¥y ]

mDCIM  mACIM  HHybrid

0.03%
0.1

ResNet 18-CIFAR1O

71.85
0.06% g 0.07%
x 71.75
;.5 17 0.2
5 71.65
2 71s
71.55
71.5

VGG 16-CIFARLO0

ResNet 18-CIFAR10

s The 4+4 divide
strategy has
better energy
efficiency and
tolerable error

= Hybrid CIM
achieves higher
accuracy than
ACIM and is
comparable to
DCIM
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Energy Efficiency (Tops/W)

Energy Efficiency (Tops/W)
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Weight Divide Strategy & Computing

Resource Allocation
= Optimal divide strategies under different precision

MAX:52.69TOPS/W@(3,1)

X+Y=4

20 20

Al
DCore Precision (bit) (C)

Core Precision (bit)

Energy Efficiency (Tops/W)

Energy Efficiency {Tops/W)

MAX:16.7STOPS/W@(4,6)

1 16.52TOPS/W@(3,7)

15

ore Precision (bit)

20 20

(d)

ACore Precision (bit)

Applicable to
various levels of
computational
precision

Each precision

corresponds to an
optimal energy
efficient divide
strategy
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Outline

s ExXperiment & Results
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Experiment & Results
Energy Efficiency & Error comparison of hybrid

CII\/I Wlth ACIM and DCIM Energy Efficiency
jz _ \ =¢==Hybrid CIM DCIM

Hybrid 1.62 1.33 1.23
CIM

Energy Efficiency (Tops/W)

:I

Precision (bit) Error

(3)
14
—— DCIM 12.1% 12.478% 12.5% 8-Bit | 12-Bit | 16-Bit
12 A
—— Hybrid CIM \
10

== ACIM
17.825x|  16.45x ACIM 30.25 17.825 16.45

Error(%)

7t Hybrid 1 1 1
CIM

e e e A
10 12 14 16

Precision (bit) (b)

o K
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s Conclusion

Outline
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Conclusion
= Propose a multi-core analog-digital hybrid

CIM macro.
= Achieves 24.65 TOPS/W at 8-bit precision
= Compared to DCIM: 1.33X higher energy

efficiency

= Compared to ACIM: 30.25 X |lower error

21



Thanks !



