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Experlment Results

Input Ranked List Output  Nice Theoretical Properties (Bayes Consistency) EC Label LSEP J Comparing Loss Function
Ne Prediction Decision Prediction Method NUS-WIDE MS-COCO VOC2007
.| (cat, 0.99) . Theorem 1. If f*(x) is the minimizer of Eqn.(7), then { Image —> CNN : PCP PCR | OVP OVR| F; 01 | PCP PCR|OVP OVR| Fi 01 | Fi 01
| e oftmax (K) || 427 525 | 542 675 | 432 502 || 562 568 | 597 617 | 548 563 || 732 56.6
(flower, 0.82) . Count / Ranking (K) || 426 563 | 547 682 |451 531 570 578 | 602 622 | 554 571 | 708 563
fr(x) =logP(u€Yl|x)+c, Yuec)y Label BP-MLL (K) || 409 568 | 539 67.1 | 440 489 || 558 560 | 589 608 | 536 522 | 653 540
(vase, 0.68) : u | FC Threshold

T cat Decision esho WARP (K) || 438 571 | 545 679 | 455 513 | 555 574 | 596 615 | 548 548 || 719 569
.. (window, 0.52) | Pe r-class | Loss Softmax (9) || 50.6 57.8 | 622 760 | 521 26.1 || 584 59.0 | 595 636 | 572 166 || 741 534
Pairwise (ladder, 0.21) | Threshold flower Ranking () | 513 565 | 64.6 708 | 525 256 | 607 579 | 640 626 | 580 173 | 752 520
Rankin 0. resho vase Lower loss means better average performance gu Label Count Prediction  BPMIL®) | 367 482 | 494 570 | 92 175 | 501 566 | 527 616 | 516 145 || 681 425
& Estimation * 5 WARP () || 484 53.1 | 598 646 | 485 213 || 573 589 | 607 635 | 569 159 | 747 475
(horse, 0.02) | . Wangeral.[29] || 405 304 | 499 617 | - - [ 660 556 | 692 664 | - - - -
» g . . (. LSEP (ours) || 66.7 459 | 768 657 | 529 335 || 735 564 | 763 618 | 629 30.6 || 79.1 64.6

(person, 0.01) ‘Margin Enforcing SR — exp(gr, (f'(zi)))

count — — 10§ n ;

: ~ : ~ .1 €X ' L - Comparing Label Decision

CC Image courtesy of ReflectedSerendipity on Flickr. : lfsse};m — maar (O’ Qo - fv (sz) — fu (sz)) S:] 1 p(g] (f ( Z>)) Methfc)i g NUS-WIDE MS.COCO VOC2007
i i | . i PCP PCR|[OVP OVR| F; 01 [[PCP PCR|[OVP OVR|[ F; 01 | Fi 0-1
Highlights . . vEY; ueY; | Top-k 148 556 | 548 683 [455 539 562 586 | 605 624 | 558 619|725 576
e A novel loss function based on a log—sum—exp function. IR - Cap label count at n (n=4) Threshold 550 57.0 | 672 734 | 550 293 | 590 634 | 615 671 | 598 232 | 764 545
o . | 5 5 . abel count est. 61.4 . 73.7 . . . . . 72.0 . . . . .
| o £ Label 61.4 461 | 73.7 647 | 509 334 | 617 576 | 120 622 | 61.4 304 || 783 66.3
A novel label decision module to infer the exact labels. _* Classify the label count | Thresh. est. (ours) | 66.7 459 | 768 657 | 529 335 | 735 564 | 763 618 | 629 30.6 | 79.1 64.6

Puts focus on violating pairs

* Achieved the state of the art performance on the VOC2007,
NUS-WIDE, and MS-COCO for the multi-label task.

~ Per Label Performance on MS-COCO
A person (55%) chair (11%) car (10%) dining table (10.. cup (8%) bottle (7%) bowl (6%) handbag (6%) truck (5%) bench (5%)
Y = {l|fi(z) > 0k, Vk € [1, K]} ;

? ; Ola B LSEP (Ours)
LSEP Loss Function Yt CYie (V- Yi)[o(Yit) =t~ 1000 K LEE L

k . L k ? _ BP-MLL

| o Y;,k)lOg(l Og ) ‘ | |¢ ' ~

lthresh:_zn,klog(59)+(1_ ) - o ;§ S 2 ) N
hep = log [ 1+ Y eap (fulws) = fulws) Loss Function Comparison . Cross entropy loss a5 relaxed objective | I || | “ | | I

Log-Sum-Exp Pairwise Loss Function (LSEP Loss) | Scalable for large vocabulary - k=1 3 3 | | | 2 33
oy Bayesian Margin Large Smooth | | I I I | ||
v Smooth everywhere - Consistency Vocabulary Examples of Estimated Threshold Comparlng Loss Functio
1 1 1 . Estimated Threshold _ R Softmax: person,
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'« Predict label set given adaptive thresholds |
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Softmax: bottle, bowl,
= banana, apple, orange
Rank: banana, apple,
orange

BP-MLL: bowl, banana,
apple, orange

Qualitatively
v Nice theoretical properties (Bayes consistency) Ours 20T g SO porion i,
v Margin enforcing (LSEP) Y

i Rank: person, frisbee, e Rank: person, kite,
v" Scalable w.r.t. vocabulary size

surfboard
BP-MLL: person, boat,
kite, surfboard

S sportsball R ——
g BP-MLL: person, frisbee, g “ 4 A
'\ sportsball, kite LA AN () . §

WARP: person, car, WARP: person, boat, WARP: banana, apple,
SOftmaX N Y Y Y frisbee, sportsball surfboard orange
Ours: person, sportsball Ours: person, surfboard Ours: apple, orange
G rad Ie ntS H Softmax: person, bed, Softmax: bottle, bowl,
Ranklng Y Y N N ! zzg"zz);kci‘; dddogt;::ruch, book, clock @ 0o apple, orange, fridge
Ran'k' cat 'be q tiz ddvbear Rank: person, bed, ¢ (8 Rank: bottle, cup, bowl,
a l 1 BP-MLL' c’at b’o ttle \c,u remote, book, clock Be=n apple, orange, fridge
Isep AY. (—f(z:)AY; w,0) WARP N Y N N o AN BP-MLL: bottle, chair, BP-MLL: bottle, bowl,
— .U,V € ¥ bookl clock 'tedd’ bear ’ bed, remote, book, =0, B | apple, orange, broccoli,
(? X l ’ ’ y clock, teddybear § carrot, fridge
’ Isep Y WARP: cat, dog, couch, WARP: person, bottl WARP: bottle, bowl
qb( i ,t) BP_M LL Y N N Y bed, book, teddybear : person, bottle, : bottle, bowl,

bed, remote, book, clock apple, orange, fridge

Ours: cat, bed, teddybear Ours: bed, book, clock Ours: bottle, fridge, bowl|
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