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200

{/

writing an intended synaptic weight value for a group of 202
synaptic memory cells of the synaptic memaory array to a first /
synaptic memory cell of the group of synaptic memory celis of

the synaptic memory array

obtaining a first residual synaptic weight value associated
with the group of synaptic memaory cells based on the

intended synaptic weight value and an obiained first synaptic 204
waight value of the group of synaptic memory cells, the /

obtained first synaptic weight value being obtained based on

a written state value of the first synaptic memory cell from the

above-mentioned writing the intended synaptic weight value

to the first synaptic memory cell

writing a first intended residual synaptic weight value
determined based on the obtained first residual synaptic 206
weight value to a second synaptic memory cell of the group of f
synaptic memory cells, the second synaptic memory cell
being immediately subsequent to the first synaptic memaory
cell in the group of synaptic memory cells
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400

',/

for each memory cell column of the synaptic memory array
from a first memory cell column of the synaptic memory array
including the first synaptic memory cell to a last memory cell

column of the synaptic memory including a last synaptic

memory cell of the group of synaptic memory cells: sensing f

analog current of the memory cell column to oblain a
summed analog current of the memory cell column,; and
digitizing the summed analog current of the memory cell
column o obtain a digitized summed current value of the

memory cell column

402

summing the digitized summed current values oblained for 404
the group of memory cell columns o oblain a total digitized I
summed current value of the group of memory cell columns,
the group of memory cell columns corresponding to a neuron
of the synaptic memory array

FIG. 4
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A native 8-bit cell

FIG. 7TA
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Naive concatenation of
2 native 4-bit celis
FIG. 7B
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Cell-stitching of 2 native
4-bit cells with 1-bit
overlap

FIG. 7C
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Then, encode remaining error (of opposite sign) yet again in the same manner
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Table 1
Desired MSB cell {2-hit unsigned), LSB celf (2-bit signed), Aetual
state (44t o mid ref nominal, mid ef nominal =205, | et
unsigne] scaling factor 2° scaling factor 2°

Nominal | Actual | ¢ | &m | Nominal | Actual |5 | gp

0 0 04 04 |16 |-16 19 103 103103
6 15 12 1403 |12 12 165 |045 /045|645
9 225 |25 1025 |10 |-10 14 04 | -04 |86
15 3 133 |-045 |18 |18 20 (02 (02 |152

FIG. 9

Table 2

Desired | MSB celf (2-bit), mid ref nominal = 2, | LSB cell {2-bit), mid ref nominal = 205,

state | scaling factor 2° scaling factor 2°
(4-bit Rawstate | Midref|e ¢, | Rawstate | Middle ref| corg,
signed) | nominal | actual | actual nominal | actual | actual

0(8 |0 04 |19 05 |20 |05 |03 |14 03

6(2) |15 12 |21 04 |-16 |31 365 |16 0.45

9(1) 225 |25 |19 |035)14 |01 0.5 |14 0.5

15(7) 1375 |34 |21 - |-18 ]33 9 |16 0.5
0.45

FIG. 10
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Table 3A

PCT/SG2021/050606

Classffication Error, on ILSVRC-
- 2012 {imageNet 1000-class problem]

Top-l

Top-5

40.3%

DoRefa 888 (3t

| bt training gradient

haseline

i

20%

| welght, 8-bitacivaion, &

Naive 2 4-hit concatenation

51.97%

21.97%

14

5%

27.36%

Stitched 24-bit, 1-itoverlp

42.19%

20.05%

FIG. 15A

Table 3B

AlexNet

Classification Error, on {LSVRC:
2012 {imageNet 1000-class problem)

Top-1

Top-3

FP32

40.3%

DoRefa 5f§;§2 {&hé
weight, &bit activation,
32:hit training gradient

hasefine

42.31%

1997%

Naive 2 3-bit concatenstion

65.97%

13l

64.76%

Stitched 2 3:bit, no bt

pveriap

42.63%

FIG. 15B
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Table 3C

AlexNet Classification Error, on HSVRC:
2012 {ImageNet 1000-class problem]
Top-d Top-5

3l 40.3%

DoRefa 5531 (5bit | baseline 42 45% 20.21%
weight, 5-bit activation, | Nalve 2 2-bit concatenation | 94.22%
32-bittraining gradient | 1 2:hi 93% 87 455
Stitched 2 2-bit, o bt | 46.25% 23.25%

overiap

LA
o
L

*
2]

FIG. 15C

Table 3D

AlexNet Classification Eror, on HSVRC-
2012 {lmageNet 1000-class problem)

FP32 40.3%

DoRefa 4432 (4bit | baseline 42 56% | 20.01%
weight, 4bit actvation, | Naive 2 it concatention | 87.54% | T

bt training gradient 1 2ha 85.82% | 68.58%
Stitched 2 2Bt wowe &501% | 22.07%

eag

FIG. 15D




