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o 7|6l8t™ H 3t (Geometric Transformation)
o  Resized Crop: O|O|X| 27| 05x, 1x, 2x2 =X 8l ZatLy 7|
o  Horizontal / Vertical Flip: O|0|X| & =% = 2O =2 FZ&= At
o LM Q] P} (Pixel-wise Transformation)
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o  Gaussian Blur: 3x3, 5x5 52| {22 0[|&4df O|0|X|E EEEHA XNz
o  Sobel Edge Detection: O|0|X|2| BAMZ HE5t= HEEQl X A= EH
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Challenge 1: Ct¥St Input Shape X2
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Challenge 2: Supported Ops2| S|
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NPU-specific Approach: ATOM NPU Z| Xz} M&k
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NPU-specific Approach: Warboy NPU Z| M2} ME}
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Gaussian Blur
Color Jitter
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M5 &7 24 (Experimental Settings)
y

o Latency 57 = H22[0f O|O|X|7F 2EE A|EEH ST et A0 2tzE M{77HX[2
A B E o0 X|E &9 H|0|H ¥A2 Float2 2 11 (Skeleton Code)
o NPUS| BR0= BN 22 compileO| ER22tHH| latency?t SEE[= AIEA compiles
| compile & H22|0 Load

T7F 9 g
o Zero-DCES| B% ZRHEst&=
Padding & &
e Edge Enhancement?| d 2+ Gaussiandt 20| 0{2] argument S0f| CHSHAM FH

mot

H Y (3,224,224)2 padding= 7| W20 CPUNME

Kernel size 3 3 5 5
alpha 1.0 0.8 0.5 1.2
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M5 &% 248 (Experimental Settings)

D HAFEE: CPU ‘H60| GPU, ATOM, Warboy Al 2t 2% CHE
e CPU [INTEL(R) XEON(R) GOLD 6542Y]
e NVIDIA-A100 + Intel(R) Xeon(R) Gold 6338 CPU @ 2.00GHz
e ATOM + INTEL(R) XEON(R) GOLD 6542Y
e Warboy + Intel(R) Xeon(R) Gold 5420+

# of CPUs CPU freq[MHZz] PCle Bandwidth

INTEL(R) XEON(R) 800/4100

GOLD 6542Y 128GB/s

Intel(R) Xeon(R)
Gold 5420+ 112 800/4100 32GB/s

Intel(R) Xeon(R)
Gold 6338 CPU @ 128 800/3200 32GB/s

2.00GHz
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Ms =H A& EM (Workload Characteristics)

D ALE: Test Image?t CHEE %S
e« HtoD/DtoH data transfer > Compute
e PCle Bound

Image Size Distribution Heatmap

els)

Height (pix
C

160 175 150 205 220 235 250 2 5
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Quantitative Result - MSE

e ATOMO| 42 MSE7} 25 A% e

o Warboy2| 8%0|= Quantization0| &

Flip

+% 0|z}

MO 2 MSE7 =2

Gaussian Blur

Color Jitter

Resized Crop

Sobel

Zero-DCE

Edge
Enhancement

ATOM Warboy GPU
0.00000000 0.00111226 0.00000000
0.00000014 0.00000529 0.00000000
0.00000213 0.00023436 0.00004064
0.00000115 0.00012706 0.00004064
0.00000115 0.02926639 0.00004064
0.00000044 0.00000637 0.00004064
0.00000211 0.00039226 0.00004064
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Quantitative Result — Latency(ms)

Ir
O

2ol = 1ms O|LHZ X 2|7} 2= E

L
Oms 2tZo =2 B = XAH0| ELIE d&52 EE

e Gaussian Blur &< &t~ PU M/2X2|E
5

o HF=E2 7= 8N a2

—

CPU(Baseline) ATOM Warboy GPU

Flip 0.067 0.483 18.517 1.295
Gaussian Blur 1.471 0.962 1.704 0.712
Color Jitter 0.670 2.189 5.380 2.035
Resized Crop 0.859 2.007 10.201 1418
Sobel 0.797 1.623 2.366 1.449
Zero-DCE 9.267 3.509 7.255 1.973
L age 2.496 1.828 2.004 1.219
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Quantitative Result - MSE

e ATOML| &2 MSE7} A& & - FP16 N
e Warboy2| 4% JSEHBlEE SEZ7t &2 - Integer Quantization ==

MSE Comparison Across Platforms

-@- CPU
-@- ATOM

~@~ Warboy
= GPU(A100X)

10—3 -

MSE (Log Scale)

10—9 .
Baselin
@) = = s & @
Flip Gaussian Color Resized Sobel Zero-DCE Edge
Blur Jitter Crop Enhancement 28

Operations
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Quantitative Result - Latency

e C[HEEC| Test Image?t 0t CPUNIA = & A|ZIXIO|7}F Sl
o AZFO| M7|U§Z0f| HtoD/DtoH L|O|EH ©&0| @i Z&

Latency Comparison Across Platforms
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GPU relative Result - MSE

e Warboy2| Z20|&
e ATOMZS| %

107 4

MSE Ratio (relative to GPU) - Log Scale

Integer QuantizationO|

MSE Ratio vs GPU(A100X)

mES ST Flip01|A1 MSE7F =&
A2 FP162 K| 510} FliptlAM CPU, GPU2E X10]7t &l

105 4

103 .

101 .

=@- ATOM
"~ Warboy
GPU(A100X) baseline

||
|
\ #l
N
=
| |
. .\/.
Flip Gaussian Color Resized Sobel Zero-DCE Edge
Blur Jitter Crop Enhancement

Operations
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GPU relative Result - Latency

e ATOM, Warboy 25 GPU CHH| Throughput2 &
e NVIDIA-A1002F ATOM, Warboy2| 74 X}0|= 10H|

Latency Ratio vs GPU(A100X)

N ~@- ATOM
= Warboy
101-_ GPU(A100X) baseline

100 4

Latency Ratio (relative to GPU) - Log Scale

Flip Gaussian Color Resized Sobel Zero-DCE Edge
Blur Jitter Crop Enhancement 3 1

Operations
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Cost Efficiency - MSE

o LiF=Z2 HLO|M HE 252 ATOMO| 7t &5
K| &ot= Aol 20| 5

o Warboyt Integer &AL
Image Quality per Price (Higher is Better)

=@- ATOM
- Warboy
O GPU(A100X)
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8 10+
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£ 1021

s
® e
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100_
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Cost Efficiency - Latency

. FlipS 9 Thadt o1MO| 7|20 CPUOIA S35t 20| B2/
. Test C4t2| O[DIX|7} Ztof CPUOIA] GAS ZIgSHE 240| Bl S SHY

Performance per Price (Higher is Better)

0.030 A =@ CPU
=@- ATOM
-~ Warboy
0.025 A
o
= 0.020
o
~
[V}
v
C 0.015
(1]
£
S
t 0.010 ¢
o O
n T T T T T T
Gaussian Color Resized Sobel Zero-DCE Edge
Blur Jitter Crop Enhancement
0.005 A
0.000 ® %
Flip Gaussian Color Resized Sobel Zero-DCE Edge
Blur Jitter Crop Enhancement 3 3
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Result Analysis: ATOM (Zero-DCE)

cpu HEFY: 1.213ms
npu TELR: 0.927ms(I0Z£ )

00:00:00 00:00:00 00:0 0-00:00 00:00:00

00:00:00 00:00:00 00000 0 00:00:00 0000 00:00:00
WO i . .

000 D00 000 0o 000 400 JJ 1] J 007 200 00D [ 0071 600 00D

2 1 12_host_default_fused_nn_pad_7
1 12.Ho.h

] (1. [ 12_com2.1 12_comv3_1 12_conv4_1

] I 1]

| - (o)
ds dH=2 A

0l
. CPU =E}
2 E
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Result Analysis: Warboy (Zero-DCE)

cpu TEFRL: 6.880ms

npu S1EFR!: 0.158ms(10 =&
Dequantization cost: 3.884 ms
Quantization cost: 1.515ms

WaTForCommitAll TR FovCommn Al

Mo HZ
oo o=

rdo

o)
CPU HEIY S| =R H=: Quantization/Dequantization + IO + Unsurpported Opperation
Warboy?2| 42 CPUY A{2| Quantization/Dequantization cost’t T2 B
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X| & Hardware

Memory Bound Flip, Resize CPU

ZeroDCE,
Gaussian Blur

GPU, NPU

Compute Bound

o 10ms O|L{O| HFE XE| =+ SLO (Service Level Objective)E =& H SFA|7|H, O] = Al

AHIO| Real-Time S HE E48Y &= U2 2|0]

=

o 7iHZ GME2 CPUOIA St AR Hil(EHE Y REE S TX2| &)= NPUO|A &
=2

e AlE2Td, EE ANE WEZ|, 2EX S XA A|ZH0] O RIZSH (Latency-sensitive) = OF0j|
Mol 2&E71 =0z}
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