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CS-QCFS : #&Softplus TFIBERFEE, WHRIEREBERFEMNBEERBENREBENIS

al =CS-QCFS(z)
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2.1 YHCNNiJII4 - WEvECiS (T TS TT ST T m s A m A m I EEEEm T m T N
EFLERIBKACNNIIGSE: Wi , S :
1
1
e i ) CPIHEF gk ANN  T-1  T=2  T=4  T=8 _ T=16 _T=32 |
I QCFSPT 7628% -  63.79% 69.62% 73.96% 76.24% 77.01% |
3 1
#3-2  CIFAR-10 R ILER ' yegas _SRPYT 7628% 7152% 7431% 7542% 7625% 7642% 7645% |
| = 33] |
- . - _ — - — _ I CoS 76.28% 74.24% 76.03% 76.26% 76.52% 76.77% 76.96% |
Mok o ANNT O TH0 T2 1= T8 1416 1= 1, Ours _ 76.84% 74.83% 76.56% 7687% 71.26% 71.66% 77.64%
= aeh B0 e ook ook QCFS™™T 6830% 14.37% 2091% 35.21% 5547% 66.18% 68.52% |
ResNet-18 SRP[33J 95.67% 94.59% 95.06% 95.25% 95.60% 95.55% 95.55% 1 | ResNatio0 SRP*[SZ] 68.30% 4833% 55.48% 60.28% 63.20% 64.81% 65.26% |
COS 95.64% 95.25% 95.45% 95.46% 95.66% 95.68% 95.68% 1 I COS T 6830% 59.43% 63.62% 64.70% 66.17% 67.86% 68.74%:
Olll'[SSI] 96-48070 95-86070 96-24070 96-34070 96-41070 96-47070 96-51070 : 1 Ours 68.540]0 62.470]0 64.91070 65.35070 66.61070 68.280]0 68.94070 ;
QCES '~ 95.52% - OLI8% 93.96% 94.95% 95.40% 93.34% | QCFSPT 80.82% 38.55% 4847% 58.75% 69.48% 76.57% 79.88% |
VGGl _SRELT 9552% 93.80% O447% 9532% 05.50% O9544% 9542% .y | . . " SRPPU §08)% 5598% 7121% T381% 7535% 7625% 76.65% |
COS™!  9551% 94.90% 9536% 95.46% 95.51% 95.57% 95.61% 1 | ESNEt: COSPT 80.82% 77.02% 80.27% 80.53% 80.71% 80.94% 81.10% |
Ours  95.67% 94.93% 95.47% 95.70% 95.78% 95.93% 95.88% : I Ours  81.10% 78.25% 80.78% 80.80% 81.07% 81.38% 81.60%
QCESP! 91.77% - 73.20% 83.75% 89.55% 91.62% 92.24% | QCFSPT 80.53% 19.41% 32.06% 4443% 58.72% 70.11% 76.81% |
ResNet.20 _ SRPT 91.77% 86.37% 88.73% 90.51% 91.37% 91.64% 91.72% | ! ResNet.101 _ SRPPT 80.53% 7.14% 5354% 61.23% 65.80% 68.49% 69.82% I
COS™T 91.77% 89.88% 91.26% 91.68% 91.86% 92.20% 92.16% | , " COSPT 80.53% 77.89% 80.13% 80.23% 80.34% 80.22% 80.29% |
Ours — 9180% 91.24% 91.66% O9174% 92.00% 9229% 9241% ! Ours  80.66% 78.28% 80.11% 80.23% 80.44% 80.17% 80.15% |
QCFSPT 96.81% 69.07% 84.29% 91.20% 94.30% 95.99% 96.58% | ‘_ _ _  _ _ _ _ _ C o o o o o Do ________ P
ResNet.5o __SEPYT 9681% 81.01% 92.24% 9534% 9591% 96.13% 96.22%
COS™T 96.81% 95.99% 96.55% 96.58% 96.58% 96.65% 96.70% / \
Ours  96.86% 96.72% 96.62% 96.70% 96.76% 96.82% 96.90% SriEes .
QCFSBI 96.74072 32.17072 59.32072 84.0207: 91.75072 94.33072 95.80072 CIFAR1 O, _IE% N . m . st
ResNet10] _SRPPT 9674% 50.54% 82.14% 9148% 94.09% 94.89% 95.19% FERBIESKT, RSN TINER L. TEHEEER

COS™T 96.74% 96.58% 96.59% 96.61% 96.55% 96.55% 96.60%
Ours 96.92% 96.66% 96.81% 96.83% 96.77% 96.67% 96.66%

ANN* £ ] QCFS/CS-QCFS #4t ReLU J5 I HEHZ.

B, 33TResNet18, 50, 101, FfIAIFEET=189
B E 75 AT T = 320950

N e e e e = e = = =
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% 3-4  HEZAE M Softplus 25 Ha it iR SLIG 45 1

EEEZ] ANN T=1 T=2 T=4 T=8 T=16 T=32
w/o channel 95.37% 94.68% 95.20% 95.33% 95.42% 95.50% 95.57%
VGG.1e W Softplus  9536% 9491% 95.16% 9531% 9545% 9541% 95.44%
Full 95.67% 94.93% 95.47% 95.70% 95.78% 95.93% 95.88%
w/o channel 91.48% 90.04% 91.06% 91.29% 91.68% 92.10% 92.13%
ResNet.og  W/0 Softplus  91.35%  90.69%  91.05% 91.25% 91.49% 91.80% 92.01%
Full 91.80% 91.24% 91.66% 91.74% 92.00% 92.29% 92.41%

#¢3-5 MBI RISC ISR
Rk ] 2% 2 ) ANN T=1 T=2 T=4 T=8 T=16 T=32
origin 95.30% 94.49% 95.01% 95.26% 95.33% 95.47% 95.48%
VGG-16 layer-wise 95.50% 94.67% 95.24% 95.47% 95.52% 95.62% 95.63%
CIFAR-10 channel-wise 95.43% 95.01% 95.30% 95.35% 95.47% 95.51% 95.48%
origin 91.41% 89.82% 90.95% 91.27% 91.58% 92.00% 92.17%
ResNet-20 layer-wise 91.85% 90.03% 91.31% 91.65% 92.02% 92.36% 92.41%
channel-wise 91.53% 90.87% 91.36% 91.47% 91.65% 92.02% 92.21%
origin 76.57% 74.67% 76.16% 76.52% 76.90% 77.11% 77.17%
VGG-16 layer-wise 76.46% 74.83% 76.04% 76.43% 76.68% 77.01% 77.12%
CIFAR-100 channel-wise 76.52% 75.53% 76.24% 76.46% 76.710% 77.02% 77.07%
origin 68.82% 59.88% 64.15% 65.38% 66.60% 68.56% 69.19%
ResNet-20 layer-wise 69.18% 59.89% 64.12% 65.47% 66.94% 68.86% 69.60%
channel-wise 68.77% 62.46% 65.13% 65.75% 66.86% 68.44% 69.20%
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% 3-6  WELH SRR KU

BOEEE  BaRSE MM MaxDiff  AvgDiff
CIFAR-10 VGG-16  339.7% 153.4%

{ I

] 1

| 1

1 1

] 1

1 1

1 1

ResNet-20  155.3%  68.2% I

= y = 5 : -

FieEC-QCFSIERZCS-QCFS, )ll%k S ey VOG16  2462% 995 |
1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

{ ]

EFERBCNNIIE 5% : EigISiETe

HEEERIFEZEEEEEE ResNet-20  98.4%  45.5%
E ' Uk EE TEE-Q&%“ I:’:E{EHgLZ‘EIIE CIFAR-10 VGG-16 55.3% 10.5%
CS-QCFS ResNet-20  38.2% 16.1%
CIEAR-100 VGG-16 65.8% 14.0%
ResNet-20  44.4% 16.9%
i wess C|FAR-10: Layer-18 m— | =2: Layer-13
=== C|FAR-100: Layer-16 6 | =4: Layer-10
0
=1 4
__.,—-—-"'"-——
fm _ m . \
£ % YIS R AT B4 SANN -SNN
W == i s HRREARSHPEE (fREE)
_5 )
0 50 100 150 200 250 300 0 50 100 150 200 250 300
LA/ LN
(a) ResNet-20 £ CIFAR-10 1 CIFAR-100 _F f{jsL 56 2% (b) VGG-16 #£ CIFAR-10 | [ 5CI6 45 5
B
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’ Do EER:

> TransformerSCNNIESHHEEEE
» Transformeri@jgAttention FIMLP

BT B IEE
*  CNN K-S FMZIREIRES SRYHE

!

MLP Head

Activation
Norm
Conv

Embedded |
[ Image H Batclios ] [ Feature ]—[ Image

Pl4-1 VIT 24 (%); CNNZH (£)
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HIF RSBk Transformenll&iix: SkEE

SRS TSNS EDBRE T
ZSES BT T A, ,
ErRi LR B T\ SRR R RS
i85, MTTHEIREINS RIS A.

1 [ Quantized Scaled A
Dot-Product Attention )
ZkHEQCFS - 1
[ H-QCFS ] [ H-QCFS J [ H-QCFS J
_______________________________________ I | i
l : Linear ] [ Linear]‘ [ Linear ).
1,zL | L I
a, = H-QCFS(z) = A, - clip [ —| 2= + ¢],0,1 ) !
L Ah : | X I

P42 SAZLHERNE (k) BAGR-NBIERT (£)
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Pl ELF eGSRk R Transformerill&iE: HN-QCFS

TR B SE HN-QCFS : B&ZLRENHRETHEE

| N-QCFS | -------------- :
[ Linear2 ] ,’/ .
| N-QCFS | - | _
7'y L/ i [ Quantized Scaled ] |
R/ Dot-Product Attention i
[ Linear1 ] S | g | |
‘s ,,' i i [H-QCFS]‘ [H-QCFS]‘ [H-QCFS]_ i
) o T I T

X i | Linear ] [ Linear ] [ Linear ]
| 1 r— |
Pl 4-4 4L FFN *~\~L\ :x: |

= ~ [ e
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# 4-2 CIFAR-10 %5 e 45 1

B S 7S ANN* T=1 T=2 T=4 T=8 T=16 T=32
MSTB¥ 92.47% 37.09% 66.01% 82.21% 83.91% 87.81% 90.70%

I |
| |
| |
I |
| |
| |
I . !
| ViT :
| |
| |
| |
| |
| |
| |

Ours 92.83% 71.96% 88.21% 89.54% 89.81% 90.99% 91.96%
SwinT MSTP®T 96.11% 87.42% 92.18% 92.22% 92.74% 93.74% 94.7% f \
Ours 96.30% 93.56% 93.55% 93.64% 93.97% 94.56% 95.20%
ANN* £ F QCFS/CS-QCFS ¥4 ReLU J5 i UERGR. CIFAR10/100243BEE
::_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_' EFEREZKT, WR
R FIERZE, TR

3 4-3 CIFAR-100 R4 5 4% BBz Yy

I
I
I
I
WIZEE0H YA ANN* T=1 T=2 T=4 T=8 T=16 T=32 | \ J
MST™® 74.53% 13.32% 49.72% 56.15% 58.64% 63.62% 68.51% !
:
I
I
I
I

Ours 74.29% 46.48% 64.92% 65.75% 67.01% 69.29% 71.19%
MSTP® 79.92% 63.91% 71.84% 73.35% 74.58% 76.40% 77.56%
Ours 80.42% 71.02% 73.98% 74.70% 75.46% 77.32% 78.53%

Swin-T

|
|
|
|
|
|
|
I ViT
|
|
|
|
|
|
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{ __________________________________________________________ ~N
# 44 2GS AR TC o B RS 5585 R
Wi ANN  T=1 T=2 T=4 T=8  T=16  T=32 ‘
wlo neuron 92.47% 66.39% 87.03% 88.83% 89.4% 90.63% 91.68% FEbR TR BIEE (w/0 neuron)

Full  92.83% 71.96% 88.21% 89.54% 89.81% 90.99% 91.96% R AN

wloneuron 7425% 26.81% 62.99% 64.83% 66.19% 68.8%  70.99%
CIFAR-100 w/ohead 74.44% 42.46% 61.29% 62.49% 63.71% 66.69% 69.37%
Full  7429% 46.48% 64.92% 65.75% 67.01% 69.29% 71.19%

|
|
|
|
|
|
|
! > N e
CIFAR-10 ~ w/ohead ~ 92.57% 67.26% 86.03% 8801% 88.56% 90.08% 91.13% ! 2 ZLRBIEE (w/o head) 3%
|
|
|
|
|
|
|

___________________________________________________________

45 2O BHE PP Z TR BB IE S S AR

S 7 . . . : L FRNEFRAREELZ BN S
MR IR R D s WD WD e WD || S A e IS,

1
1
:
] o EnY
CAl wr 35.4% 9.8% 70.5% 252% | JEAESMESS (JICIFAR-100) 1,
|
I

HN-QCFS R0 SWinT 64.1% 21.4% 354.8% 46.3% SENAE
- ViT 34.4% 9.9% 93.1% 33 .47%
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RE=R HRAE SEFRM TERLR VLS

RN ETF AP R ) 15 E
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REE [ AFER J [ Tl 4% J [ e J [ SNNTlizt ]

- R 4 NI N\ [
L G ) : ANN QANN
QCFS, SREACNNH sk || anny [ [ g | [ gt |
. ’ Yl1gx/ A YIZx/ N
Transformerfigi| s || PERE | Braw || wsEe
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QANNTIIR
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Bl
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Prefix

ViT / ViT-Small

CIFAR10

ao

vit_vit_small_cifar10_qcfs_seed1024

AdamW

Transformer / HNQCFS

0.001

1024

100

128

vit

&#2QANN;)

a %k
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* %R | VIT / ViT-Small

QCFS | Transformer / HNQCFS

| 1236/1250
1237/1250
1238/1250
1239/1250

1246/1250
1247/1250
1248/1250
1249/1250

1250/1250
. 7815, devic

Accuracy of T=2 tensor(0.8886, device= cud:

Accuracy of T=4 tensor(0.8984, devic
Accuracy of T=8 tensor(0.8995, devic

Accuracy of T=16 tensor(0.9117, device='cuda:0’)
Accuracy of T=32 tensor(0.9213, device=' cuda:0’)
device= cuda:0’)
tensor ([0. 7815, 0.8886, 0.8975, 0.8984, 0.8975,
0.9032, 0.9043, 0.9059, 0.9078, 0.9089, 0.9105,
0.9140, 0.9149, 0.9156, 0.9157, 0.9164, 0.9178,
0.9197, 0.9202, 0.9206, 0.9208, 0.9213, 0.9214,
0.9226, 0.9227, 0.9227, 0.9226, 0.9236, 0.9233,
0.9238, 0.9235, 0.9237, 0.9236, 0.9239, 0.9240,
0.9244, 0.9242, 0.9246, 0.9243, 0.9244, 0.9244,

Accuracy of T=64 tensor (0.9244,

0.9244])

| 1250/120U LLIU7is9duus

FIEE | CIFAR10

Bk | 32

3. 29s/1t)
3.29s/it]
3.29s/it]
3.29s/it]
3.29s/it]
3.29s/it]

3.29s/it]

3.29s/it]

3.29s/it]

29s/it]
29s/it]
29s/it]
29s/it]
29s/it]
28s/it]
28s/it]
29s/it]

0o 0o o Lo e o L

8983, 0.8992, 0.8995,
9117, 0.9132, 0.9138,
9180, 0.9191, 0.9191,
9219, 0.9223, 0.9228,
9236, 0.9238, 0.9240,
9240, 0.9241, 0.9244,
9244, 0.9244, 0.9244,

: [1240/1250] Time 3.286 (3.287)

0.9015,

AHSNN

#2ID

vit_vit_small_cifar10_hnqcfs_se

cos @D |+

Men 3318MB

HAN

8

>
!

@

a %k

NANJING UNIVERSITY
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