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Goal: To find the optimal tree-like neural network arc
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Difficult black-box optimization problem
« A huge number of candidate architectures

« Huge evaluation cost
- Training every architecture until convergence
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Neural Architecture Search (NAS) Gl e ot s \
To automate the architecture design of neural

Hand-crafted [Hand and Chellappa, AAAI’17]
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RL Controller [zoph and Le, ICLR17] L_earning-based [Lu et al., CVPR’17]

GNAS Framework

GNAS Strategy 1: Global —> Layers

Step (1) Updating ¢ —@ Step (2) Updating | —

Step (3) Updating.— Repeating Step (1), (2), (3)

. Layer 1 (Image) . Layer 2 . Layer 5 (Attributes)

Architectures of the other layers are fixed

GNAS Strategy 3: Evaluate connections in together

Number of candidate architectures within one layer:
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GNAS Strategy 4: Neural weight sharing [ENA4S, 1CML’18]
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To find the best-1 connection w.r.t each attribute
Number of candidate architectures within one layer: BJIB’+1 = B; - Bjyq
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Performance of GNAS Efficiency of GNAS

' ' ; P ttribut :
Facial Attribute ! erson Attribute |
|
Method Mean Error (%) Pa}';l.ms Test Speed Adaptive? ! I
Celeba LEwa (million) — (ms) ! Method Market-1501 (%)
| - I
LNets+ANet [14] 13 16 No B
Separate Task [22] 9.78 - - - No | Ped-Attribute-Net [14] 13.81 1
MOON [22] 9.06 - 119.73 12,53 No 1 Separate Models [8] 13.32 |
lndepEIJd?nt Group [6] 8.94 1?,7? - - No I APR [14] 11.84 I
MCNN [6] 8.74 13.73 No h
MCNN-AUX (6] 871 13.69 - - No 1 Equal-Weight [29] 13.16 |
VGG-16 Baseline [15] 8.56 - 134.41 12.60 No I Adapt-Weight [8] 11.51 1
Low-rank Baseline [15] 9.12 - 4.52 6.07 No )
SOMP-thin-32 [15] 10.04 - 0.22 1.94 Yes ! Random-Thin 11.94
SOMP-branch-64 [15] 8.74 - 4,99 577 Yes | Random-Wide 11.42 1
SOMP-joint-64 [15] 8.98 - 10.53 6.18 Yes I 1
PaW-subnet 5] 9.11 - 0.27 - Yes GNAS-Thin 11.37 I
Paw [5] 8.77 - 1 Yes 1 CNAS Wide 11T |
v H 2 70 13 24 1.c .22 Voo I :

GNAS-Shallow-Wide 837 1363 773 0.64 Yes 1 |
GNAS Deon Thin 10 1412 14 Q87 Yos 1
GNAS-Deep-Wide 8.64 13.94 6.41 0.89 Yes | I
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GNAS architecture !
|
1) Better performance '
|
|
2) Fewer model parameters !
|
3) faster forward speed :
|
|
|
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Per-attribute Performance Traini t: 1 GPU * 1 day on LFWA (6k images), Market-1501 (17k images
raining cost: y ges), g

w LANet Inde. MCNN M-AUX PaW | GNAS

Attribute * -

R S Fara 1 GPU * 2 days on CelebA (180k Imag es)

Arched Eyebrows 21.00 16.84 16.45 16.58 1699 | 15.75

Attractive 1900 1778 17.06 1694  17.14 | 16.94

Bags Under Eyes 21.00 15.17 . 15.08 15.42 14.13

Bald 2.00 115 113 1.10 1.07 1.04

Bangs 5.00 4.01 3.96 3.95 4.07 3.80

Big Lips 3200 2920 2880 2853 2854 | 28.21

Big Nose 2200 1553 1550 15.47 1637 | 14.90

Black Hair 1200 1059 1013 10.22 1016 | 9.76 i s . .

Blond Hair 5.00 412 4.03 3.99 415 3.89 Randomly Initialized NN Welghts Converged NN WelghtS

Blurry 1600 393 3.92 3.83 3.89 3.58

Brown Hair 2000 1125 1101 10.85 150 | 1025

Bushy Eyebrows 10.00 7.13 7.20 7.16 7.38 7.01

Chubby 9.00 445 434 433 4.54 1.07

Double Chin £.00 357 359 3.68 3.74 3.52

Eyeglasses 1.00 033 0.37 0.37 0.41 0.31

Goatee 5.00 2.87 2.70 276 262 2.41

Gray Hair 3.00 193 1.80 1.80 179 163

Heavy Makeup 10.00 9.05 8.63 8.45 8.47 8.18 e x

High Cheekbones 1200 1266 1245 1242 1256 | 11.95 < .

Male 2.00 198 184 1.83 1.61 150 2 404 e

Mouth Slightly Open 8.00 6.01 6.26 6.26 5.95 5.84 ] w

Mustache 5.00 333 3.07 3.12 3.10 2.97

Narrow Eyes 1900 1278 12.84 1277 1244 | 12.34

No Beard 5.00 4.07 : 3.95 378 .

Oval Face 3400 2530 2419 2416 2497 | 2443 —— GNAS.-1

Pale Skin 9.00 2.93 2.99 2.95 2.92 2.76 —— GNAS-1 —— Random-1 -

Pointy Nose 2800 2253 2253 2253 2265 | 2176 —— GNAS5 —— Random-5 = GNAS-5

Receding Hairline 11.00 659 6.19 6.19 6.56 6.06 o1 GNAS.20 === Random-20 | 1459 e GNAS-20 = Random-20 |

Rosy Cheeks 1000 498 187 4.84 4.93 4.99

Sideburns 4.00 223 2.18 2.15 236 2.04 o o

Smiling £.00 735 734 7.27 7.27 6.76 . i

Straight Hair 2700 1738 16.61 16.42 1648 | 15.23 Time/second Time/second

Wavy Hair 2000 1676 16.08 16.09 1593 | 1548

Wearing Earrings .00 . A 957 10.07 | 9.02

Wearing Hat 1.00 1.03 0.96 0.95 0.98 0.88

Wearing Lipstick 7.00 6.20 6.05 5.89 5.76 5.59 ‘ ;N AS R d S h

Wearing Necklace 2900 1359 138 13.37 1230 | 12.39 VS. an OI I I earC

Wearing Necktie 7.00 329 3.47 3.49 3.15 3.24

Young 1300 1202 1170 1152 141 | 1111

Ave. 12.67 8.94 8.74 8.71 8.77 8.37 Res u I tS

2) Better with | lidation batch

B 00 & 3 Related attributes grouped hierarchically
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