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A. More results

Complete contrastive-regression ablation Here, we
present the full version of the results of the ablation from
Table 2, for all four student-teacher combinations. Apart
from mAP, we also report mP@10. Table 5 and Table 6
present the symmetric and asymmetric testing results, re-
spectively. All results agree with the results of Table 2. For
symmetric testing, contrastive loss with a single positive and
no negatives is again the worst. The addition of the anchor
as a positive for itself as well as the negatives improve the
results substantially. Contrt, which uses both, performs best
in most cases with the exception of VGG16— EfficientNet.
For asymmetric testing, regression is the best. The inclusion
of the anchor as positive for itself gives better results than
without it.

Complete results including mP@10 Table 7 supple-
ments Table 3 by adding mP@10 scores for all the sym-
metric testing experiments. Similarly, Table 8 adds mP@10
results to all asymmetric testing experiments. Overall, the
conclusions drawn based on mAP apply to mP@ 10 too.

Experiments on R1M distractors Table 9 and Table 10
report symmetric and asymmetric testing results on both
ROxford5k and RParis6k with the addition of R1M dis-
tractors. The structure of the tables mirrors exactly that
of Table 7 and Table 8, which includes both the mAP and
mP@ 10 metrics. This is far more challenging than the stan-
dard setting. Therefore, results are lower across the board.
Besides this observation, the general conclusions from the
previous experiments still apply here, with the gain of our
approach being even more pronounced.

In symmetric testing, student models trained with Contr™
and contrastive give the best results, often surpassing the
performance of the teacher model. For ResNet101 teacher in
particular, EfficientNet student outperforms the teacher in all
cases, with a gain of up to 3.3% mAP for ROxf+R 1M, while
MobileNetV?2 is on par or outperforms the teacher in certain
cases, with a gain of up to 2.1% mAP for ROxf+R1M. In
asymmetric testing, models trained with regression have the
highest performance, followed by Contr*. However, the gap

in performance compared with symmetric testing is even
greater in the presence of R1M.



MEDIUM

HARD

STUDENT d TEACHER LAB Lo0SS SELF POS NEG MINING ROxford5k 7RParis6k 7ROxford5Sk 7RParisok
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10

v Contr (4) v hard 573 77.1 67.1 957 31.1 473 413 80.4

J Contr(d) v v hard 573 784 684 96.1 315 469 422 789

512 VGGI6 v Contr(4) v hard 559 792 66.7 950 31.1 440 40.6 789

J Contr(d) v v hard 555 76.1 67.0 960 304 44.1 409 81.4

Reg () — 533 751 675 956 289 43.6 409 81.3

MobileNetV2 v Contr (4) v hard  60.8 81.7 72.1 973 36.1 504 47.6 85.1
J Contrd) v v hard 632 844 750 98.0 379 521 52.0 87.3

2048 ResNet101 v Contr (4) v hard  51.8 725 67.6 960 27.6 38.1 413 80.0

J Contrd) v v hard  60.6 80.0 74.1 97.0 357 494 509 85.6

Reg () ¢ - 598 803 73.1 969 357 494 495 847

v Contr (4) v hard  56.8 757 704 963 312 439 454 817

J Contrd) v v hard 569 75.6 69.0 960 31.1 467 435 809

512 VGGI6 « Contr (4) v hard 561 77.0 693 96.4 30.1 42.1 447 78.4

J Contrd) v v hard  57.6 783 69.9 969 314 467 449 826

Reg (1) ¢ ~ 550 750 69.4 966 27.1 423 445 804

EfficientNet-B3 v Contr (4) v hard 663 853 77.4 984 413 589 55.5 883
J Contrd) v v hard 668 847 77.1 98.6 42.5 587 55.5 879

2048 ResNet101 v Contr (4) v hard 617 81.7 743 97.1 36. 517 51.6 859

J Contrd) v v hard  63.8 83.1 759 983 40.1 543 544 87.1

Reg () ¢ — 649 837 744 977 405 559 524 87.1

Table 5. Complete contrastive—regression ablation: symmetric testing on ]ROxford5k and RParis6k [

]. LAB: using labels in student
model training. POs, NEG: Using positives, negatives. SELF: Using anchor (by teacher) as positive for itself (by student). Using asymmetric
similarity (3) at training in all cases. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [

] used in all

cases.
MEDIUM HARD
STUDENT d TEACHER LAB L0SS SELF PosS NEG MINING ROxford5k RParis6k ROxford5k 7TRParis6k
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10
v Contr (4) v hard 38.3 53.7 49.8 844 184 328 23.8 55.7
v’ Contr (4) Vv v hard 429 59.1 559 88.4 22.6 352 314 663
512 VGGI6 v Contr (4) v hard 34.1 48.9 47.3 820 17.0 256 245 534
v Contr(4) vV hard 38.2 52.0 522 86.0 153 262 289 64.1
Reg (7)) Vv - 48.0 643 579 90.7 26.5 379 32.6 67.1
MobileNetV2 v Contr (4) v hard 323 497 515 833 96 183 282 624
v Contr(4) vV hard 47.1 654 61.5 92,6 21.8 33.1 377 74.1
2048 ResNetl01 v Contr (4) v hard 27.3 38.4 47.7 809 84 153 243 50.6
v’ Contr (4) Vv v hard 40.5 58.2 558 87.6 174 263 299 634
Reg (7)) Vv - 49.2 679 650 926 233 369 40.7 72.1
v Contr (4) v hard 43.8 747 249 393 230 513 6.1 15.6
v Contr(4) vV hard 44.7 61.5 58.0 933 239 379 324 69.1
512 VGGI6 v Contr(4) v hard 324 454 47.8 844 14.1 220 258 563
v Contr(4) vV hard 41.6 57.5 539 90.1 203 30.6 302 64.0
Reg (7) Vv - 494 700 582 924 26.0 39.6 33.0 70.6
EfficientNet-B3 v Contr (4) v hard 374 568 574 904 109 24.6 337 659
v Contr(4) vV hard 452 67.2 63.7 92.1 19.6 355 409 73.6
2048 ResNet101 v Contr (4) v hard 30.8 445 512 83.7 102 16.1 27.8 57.0
v Contr(4) v VvV hard 40.1 56.7 59.1 91.1 146 243 350 71.0
Reg (7) Vv - 529 718 652 933 278 415 424 719
Table 6. Complete contrastive—regression ablation: asymmetric testing on ROxford5k and RParis6k [52]. LAB

cases.

: using labels in student
model training. POs, NEG: Using positives, negatives. SELF: Using anchor (by teacher) as positive for itself (by student). Using asymmetric
similarity (3) at training in all cases. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [54] used in all



MEDIUM HARD
STUDENT d TEACHER LAB Loss MINING ASYM ROxf RPar ROxf ‘RPar
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10
VGG16 512 v Contr (4) hard 60.9 819 69.3 974 329 509 442 83.1
ResNet101 2048 v' Contr (4) hard 654 857 7677 984 40.1 56.6 552 87.7
MobileNetV?2 512 v Contr (4) hard 53.6 758 664 96.7 28.8 429 39.7 79.0
2048 v' Contr (4) hard 56.1 79.0 685 98.1 303 460 420 82.6
EfficientNet-B3 512 v Contr (4) hard 53.8 76.6 709 96.6 262 423 46.0 83.7
2048 v Contr (4) hard 59.6 86.1 75.1 95.1 333 460 519 87.6
v ContrT (10) hard v 573 784 684 96.1 31.5 469 422 789
v' Contr (4) hard v 573 771 67.1 957 31.1 473 413 804
v’ Triplet (5)  hard v 370 552 627 944 11.6 23.0 364 73.7
512 VGGI6 v MS (6) hard v 36.8 552 628 944 115 222 365 750
Reg (7) - v 533 751 67.5 95.6 28.9 43.6 409 81.3
RKD (8) random 46.2 68.1 643 947 21.8 32.8 37.6 72.3
DR (9) random 452 66.5 60.6 92.1 24.6 349 33.1 74.1
MobileNetV2
v ContrT (10) hard v 632 844 75.0 98.0 37.9 52.1 52.0 87.3
v Contr (4) hard v 60.8 81.7 72.1 973 36.1 504 47.6 85.1
v’ Triplet (5)  hard v 455 66.1 68.0 96.1 19.6 33.5 434 80.6
2048 ResNet101 v MS (6) hard v 445 654 68.1 96.1 17.9 32.1 432 80.1
Reg (7) - v 59.8 80.3 73.1 96.9 357 494 495 84.7
RKD (8) random 56.1 793 69.8 96.3 31.8 460 442 823
DR (9) random 434 656 59.3 934 20.8 31.8 31.6 69.0
v ContrT (10) hard v 569 756 69.0 96.0 31.1 46.7 43.5 80.9
v Contr (4) hard v 568 757 704 963 31.2 439 454 81.7
v’ Triplet (5)  hard v 337 485 64.6 944 80 20.1 403 76.1
512 VGGI6 v MS (6) hard v 339 495 649 944 8.1 204 406 76.9
Reg (7) - v 550 750 694 96.6 27.1 423 445 804
RKD (8) random 51.6 714 676 953 262 385 41.7 8I.1
DR (9) random 524 721 652 954 265 38.1 372 73.7
EfficientNet-B3
v ContrT (10) hard v 668 847 77.1 98.6 42.5 58.7 55.5 879
v Contr (4) hard v 663 853 774 984 413 589 555 883
v’ Triplet (5)  hard v 395 573 694 959 11.6 243 458 8l1.1
2048 ResNet101 v MS (6) hard v 399 574 69.7 957 11.7 242 462 814
Reg (7) - v 649 837 744 97.7 405 559 524 87.1
RKD (8) random 56.3 758 73.0 984 30.5 464 504 823
DR (9) random 522 721 663 954 273 399 40.1 79.0

Table 7. Symmetric testing on ROxford5k and RParis6k [
similarity (3) at training. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [

]. LAB: using labels in student model training. ASYM: Using asymmetric

] used in all cases.



MEDIUM HARD

STUDENT d TEACHER LAB Loss MINING ASYM  ROxf RPar ROxt RPar
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10
VGG16 512 v Contr(4)  hard 609 819 693 974 329 509 442 83.1
ResNet101 2048 v Contr(4)  hard 654 857 767 984 40.1 566 552 87.7
MobileNetv2 12 v Contr(4)  hard 536 758 664 967 288 429 39.7 79.0
obriee 2048 v Contr(4)  hard 56.1 79.0 68.5 98.1 303 460 420 826
EfficientNe.B3 312 v Contr(4)  hard 538 766 709 966 262 423 460 83.7
2048 v Contr(4)  hard 596 86.1 75.1 951 333 460 519 87.6
v Contrt (10) hard v 429 59.1 559 884 226 352 314 663
vV Contr(4) hard v 383 537 498 844 184 328 238 557
v Triplet(5) hard v 18 00 43 13 07 00 28 14
s vaGle Y MS®)  had v 19 00 43 16 08 00 27 16
Reg (7) - v 480 643 579 907 265 379 326 67.1
RKD (8) random 20 00 41 10 08 00 26 10
DR (9) random 17 00 38 03 07 00 24 03
MobileNetV2 v Conut (10) hard v 47.1 654 61.5 92.6 218 33.1 37.7 74.1
vV Contr(d4) hard v 323 497 515 833 96 183 282 624
v Triplet(5) hard v 13 00 37 14 07 00 24 14
2048 ResNetlo ¥ MS(®)  had v 14 03 36 10 07 03 23 09
Reg (7) - V492 679 650 926 233 369 40.7 72.1
RKD (8) random 16 13 41 23 08 11 25 16
DR (9) random 15 04 37 37 06 03 23 24
v Contrt (10) hard v 447 615 580 933 239 379 324 69.1
v/ Contr(d4) hard v 438 747 249 393 230 513 6.1 156
v Triplet(5) hard v 14 00 40 00 06 00 25 00
s vaGle Y MS®)  had v 14 00 39 00 06 00 25 00
Reg (7) - v 494 700 582 924 260 396 33.0 70.6
RKD (8) random 13 00 38 07 06 00 25 03
DR (9) random 14 00 38 13 06 00 25 10
EfficientNet-B3 v Contr™ (10) hard v 452 672 637 921 196 355 409 736
vV  Contr(4) hard v 374 568 574 904 109 246 337 659
v Triplet(5) hard v 15 07 40 16 07 07 25 09
2048 ResNetlo ¥ MS(®)  had v 15 07 40 14 07 07 24 10
Reg (7) - v 529 718 652 933 278 415 424 719
RKD (8) random 16 07 38 16 07 04 24 07
DR (9) random 20 24 35 04 07 03 22 04

Table 8. Asymmetric testing on ROxford5k and RParis6k [

]. LAB: using labels in student model training. ASYM: Using asymmetric
similarity (3) at training. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [54] used in all cases. The
results without a teacher in the top block correspond to symmetric testing (same as in Table 7) and are only added here for convenience.



MEDIUM HARD

STUDENT d TEACHER LAB Loss MINING ASYM ROxf+R1IM RPar+RIM ROxf+RIM RPar+R1M
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10

VGG16 512 v Contr(4)  hard 426 68.1 454 941 190 294 19.1 64.9
ResNet101 2048 v Contr(4)  hard 452 711 523 953 19.9 349 247 733
. 512 v Contr(4)  hard 341 592 387 91.0 142 223 141 51.0
MobileNetV2 ¢ v Contr(4)  hard 374 662 420 91.0 17.6 28.1 172 577
. 512 /  Contr(4)  hard 346 590 434 929 118 211 17.6 639
EfficientNet-B3 ¢ v/ Contr(4)  hard 36.6 63.1 454 944 174 237 192 65.4
v Contrt (10) hard v 351 593 398 90.1 17.0 23.1 13.6 52.0

v  Contr(4) hard v 367 60. 379 900 164 240 133 514

v Triplet(5) hard v 17.1 344 309 856 25 54 95 40.1

sip vegle Y MS(©)  had v 171 335 310 859 24 54 95 397

Reg (7) - v 326 565 37.0 89.7 135 219 11.8 47.0

RKD (8) random 292 518 341 857 13.0 174 95 397

DR (9) random 254 465 321 847 126 169 82 377

MobileNetV2 v Contrt (10) hard v 451 716 47.5 949 220 33.1 188 624
v Contr(4) hard v 421 657 459 937 208 309 184 623

v Triplet(5) hard v 283 504 429 909 55 124 157 S1.7

2048 ResNetl0] Y MS(®)  hard v 248 469 305 884 64 119 142 510

Reg (7) - v 415 658 459 92.1 186 307 18.1 59.1

RKD (8) random 381 650 437 924 167 259 156 544

DR (9) random 236 457 296 836 11.1 138 79 357

v Contrt (10) hard v 357 587 423 919 138 232 152 55.3

v  Contr(4) hard v 368 6L.1 41.6 906 164 249 156 534

v Triplet(5) hard v 113 250 288 799 02 13 112 48.1

s vegle Y MS(©®)  had v 114 253 201 801 02 13 113 489

Reg (7) - v 355 610 403 909 158 236 140 53.1

RKD (8) random 261 469 395 903 67 126 13.6 506

DR (9)  random 255 478 307 859 58 119 7.9 37.3

EfficientNet-B3 v Contrt (10) hard v 473 723 517 966 232 376 235 69.0
v Contr(4) hard v 464 721 527 967 220 340 250 703

v Triplet(5) hard v 162 316 353 840 05 23 149 533

2048 ResNett0] Y MS(®)  had v 163 321 359 840 05 24 151 539

Reg (7) - v 459 735 493 960 217 354 209 66.0

RKD (8) random 384 630 494 956 166 259 215 693

DR (9) random 29.1 497 358 884 98 146 103 43.3

Table 9. Symmetric testing on ROxford5k and RParis6k [52] with R1M distractors. LAB: using labels in student model training. ASYM:
Using asymmetric similarity (3) at training. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [54] used in
all cases.



MEDIUM HARD

STUDENT d TEACHER LAB Loss MINING ASYM ROxf+R1M RPar+RIM ROxf+R1M RPar+R1M
mAP mP@10 mAP mP@10 mAP mP@10 mAP mP@10

VGG16 512 v Contr(4)  hard 426 68.1 454 941 190 294 19.1 64.9
ResNet101 2048 v/ Contr(4)  hard 452 711 523 953 199 349 247 733
MobileNetva 512 v  Contr(4)  hard 341 592 387 91.0 142 223 141 510
obriee 2048 v Contr(4)  hard 374 662 420 91.0 176 28.1 172 577
‘ 512 v Contr(4)  hard 346 590 434 929 118 211 17.6 639
EfficientNet-B3 ¢ v Contr(4)  hard 36.6 63.1 454 944 174 237 192 654
v Contrt (10) hard v 144 270 225 619 72 110 74 316

v Contr(4) hard v 82 244 165 494 14 57 47 229

v Triplet(5) hard v 00 00 00 00 00 00 00 00

s veGle Y MS®)  had v 00 00 00 00 00 00 00 00

Reg (7) - V226 401 290 779 104 167 107 43.0

RKD (8) random 00 00 00 01 00 00 00 0.1

DR (9) random 00 00 00 00 00 00 00 00

MobileNetV2 v Conwt (10) hard v 180 385 288 807 63 126 88 39.1
v Contr(4) hard v 55 237 133 417 10 19 34 171

v Triplet(5) had v 00 00 00 01 00 00 00 0.1

2048 ResNetlof ¥ MS(®)  had v 00 00 00 01 00 00 00 0.1

Reg (7) - v 265 460 346 860 7.8 161 127 490

RKD (8) random 00 00 00 00 00 00 00 00

DR (9) random 00 00 00 00 00 00 00 00

v Contrt (10) hard v 186 346 258 680 78 139 89 350

v Contr(4) hard v 59 171 138 421 06 24 31 170

v Triplet(5) hard v 00 00 00 00 00 00 00 00

s veGle Y MS®)  had v 00 00 00 00 00 00 00 00

Reg (7) - V247 454 328 834 122 184 125 509

RKD (8) random 00 00 00 00 00 00 00 00

DR (9) random 00 00 01 00 00 00 00 00

EfficientNet-B3 v Contrt (10) had v 168 377 272 754 26 101 88 356
v Contr(4) hard v 54 166 105 387 06 3.0 22 150

/ Triplet(5) had v 00 00 00 00 00 00 00 00

2048 ResNetlo] ¥ MS(®)  had v 00 00 00 00 00 00 00 00

Reg (7) - v 297 518 39.0 880 104 212 160 534

RKD (8) random 00 00 00 00 00 00 00 00

DR (9) random 00 00 00 00 00 00 00 00

Table 10. Asymmetric testing on ROxford5k and RParis6k [52] with R1M distractors. LAB: using labels in student model training. ASYM:
Using asymmetric similarity (3) at training. Best mAP highlighted per teacher-student pair. GeM pooling and learned whitening [54] used in
all cases. The results without a teacher in the top block correspond to symmetric testing (same as in Table 9) and are only added here for
convenience.



