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Metric Learning
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Easy negatives account for the vast majority.|

Are easy negatives really useless?
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Hard Negative BEnamting!
e Easy negatives may have potential to become hard negatives
Anchor Easy Anchor Hard
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'L|fted loss, N-pair loss, . |
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Objective Function

e Overall:

min J = Jgen + Adpy
04,0

e Hard negative generator:

I%iIl Jgen = Jhard + A1 Jreg + )\2Jadv
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Datasets
e CUB-200-2011 includes 11,788 images of 200 bird species.

e Cars196 contains 16,185 images of 196 cars models.

e Stanford Online Products has 120,053 images of 22,634
products from eBay.com.




Experiments on CUB-200-2011

Method NMI Fq R@] R@2 R@4 R@8
DDML 473 13.1 31.2 41.6 54.7 67.1
Triplet+N-pair 54.1 20.0 428 54.9 66.2 77.6
Angular 61.0 302 536 650 753  83.7
Contrastive 472 125 27.2 36.3 49 .8 62.1
DAML (cont) 49.1 16.2 35.7 48.4 60.8 73.6
Triplet 498 150 359 47.7 59.1 70.0
DAML (tri) 51.3 17.6 37.6 49.3 61.3 74.4
Lifted 564 226 46.9 59.8 71.2 81.5
DAML (lifted) 59.5 26.6 49.0 62.2 73.7 83.3
N-pair 60208 =S5 ED 64.3 74 .9 83.2
DAML (N-pair) 61.3  29.5 654 75.5 84.3
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Experiments on Cars196

Method NMI Fi R@] R@2 R@4 R@8§
DDML 417 109 327 439 56.5 68.8
Triplet+N-pair 543 19.6 46.3 509 714 81.3
Angular 624 31.8 71.3 80.7 87.0  91.8
Contrastive 423 105 276 38.3 51.0 639
DAML (cont) 426 114 372 496 61.8 73.3
Triplet 529 179 45.1 57.4 69.7 79.2
DAML (tr1) 565 229 60.6 725 825 89.9
Lifted 578 25.1 599 704 79.6 87.0
DAML (lifted) 631319125821 88.5 929
N-pair 62 895080 85.8 90.9 b5 @
DAML (N-pair)  66.0 364 751 .838 89.7 935
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Experiments on Stanford Online Products

Method NMI F; R@l R@l0 R@100
DDML 83.4 10.7 421 57.8 73.7
Triplet+N-pair 86.4 21.0 58.1 76.0 89.1
Angular 87.8 26.5 0679 83.2 92.2
Contrastive 82.4 10.1 375 53.9 71.0
DAML (cont) 83.5 109 41.7 57.5 73.5
Triplet 86.3 20.2 539 72.1 85.7
DAML (tri) 871 223 58.1 75.0 88.0
Lifted 87.2 253 626 80.9 91.2
DAML (lifted) 89.1 31.7 66.3 82.8 92.5
N-pair 879 27.1 664 82.9 92.1
DAML (N-pair) 89.4 92.3

32.4

68.4

.83.5
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Summary
e Hard negative mining ignores large numbers of easy negatives

e DAML taps their potential through adversarial hard negative
generation

e The synthetic hard negatives provide essential complements for
effective metric learning




