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(a) Example task related to ColoredMNIST dataset
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(b) Example task related to PACS dataset
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Theorem 3.4. From a Bayesian perspective, the alignment part of the SSL learning objective, e.g., constrain samples

under the same pair to be similar in the feature space, can be expressed as maxps(x
batch with e € D as the distributional constraint can be presented as: L°( f)

p(x™,

Theorem 4.3. Suppose that pg(z™

label |$+)

“‘lpe (z+,xzlabel) — lﬂg Py (:1‘.

label ‘ﬂ:‘_'_)

. Given f, the risk on a
, where

z'2PeY) denotes the joint distribution. Under Assumption 3.3, when f* = arg max LYP(f), we have f* is the
minimax optimal across all elements in D, e.g., f* = arg, min max.epL(py (x'abel |2 T)).

cs|z'2bel) = pe(xt|s, 22PN p, A (s|2'2P°!) and the generation process of X can

be represented by the SCM depicted in Figure 1, a sufficient condition for 0 = (f, g, A) to be ~ s-identifiable is given
— f(z'2P¢! 5)) = pe(zT|2'2Pe s), @, is the characteristic function of p.(x™ — f(z'2P¢l, s)),

as: 1) Suppose that pE(
and the set {x " |¢.(x

( label

Y = 0} has measure zero; 2) The sufficient statistics T are differentiable almost everywhere, and
\Liil1<j<k are lme*ariy independent on any subset of X with measure greater than zero; 3) There exist nk + 1 distinct pairs

eo), -, (22Pek e,.1.) such that the nk x nk matrix L =
LS mvembie

()\El (irlabel) )\ €0 (ml.sa.’t:.uel)1

LAk (g

label
nk

) )\ €0 (l,ld,bel) )

Theorem 4.7. If d(ba(s;),ba(s;)) = 0 in Algorithm 1, the obtained mini-batch is regarded as sampling from a PID, e.g.,
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Epochs

1%

10%

Method

Top-1 Top-5 400 Epochs 1000 Epochs Top-1 Top-5 Top-1 Top-3

SimCLR (Chen et al., 2020) 70.15+0.16 89.75+0.14 6924 +0.21 7045 + 0.30 MoCo (He et al., 2020) 200 438402 723401 61.9+0.1 846402

MoCo (He et al., 2020 7280 +£0.12 9164 +0.11 6976 +0.14 71.16 £ 0.23 BYOL (Grill et al., 2020b) 200 548402 788+01 680402 885402

SimSiam [{_Then & He, 2021) ) ?3_?1 + []-31 ?3:31 + [1_23' ?{].HE + 0.34 ?I.E{?’ + (.22 BYOL + Ours 00 465102 744+02 636+03 856+ 02

Barlow Twins (El}mlmr etal., 2021} 75.97+£0.23 9291 +0.19 7022+0.15 73.29 %+ 0.13 MoCo + Ours 200 574402 801+02 T14+02 902+ 01

SwAV (Car | 2020) 75.78 £ 0.16 9286 +0.15 7078 £034 7532+0.11

DINO (Caro ﬂ!l} 75434+ 018 93312 4+0.19 7T19R +0.26 7394+ (.29 SIMCLR (Chen et al., 2020) 1000 483 +02 T55+£0.1 65601 §I.8+£02

RELIC v2 [T omasev et al., 2022) 7588 +£0.15 93524013 71.84+021 72174020 MoCo (He et ztl.~ 2020) 1000 523401 779+02 684401 880402

VICRegL (Bardes 1 2022) 75.96 +0.19 9297 +026 72.14+020 7507+ 0.23 BYOL (Grill et al., 202 ﬂh‘.r 1000 563402 796+02 697+02 893401
Barlow Twin [Eh ntar et al., 2021} 1000 5504 0.1 792+4+0.1 67.74+02 893402

SimCLR + Ours 73324015 91.74 £0.18 7224 +020 73.66 £ 0.25 RELIC v2 (Tomasev et al., 2022) 1000 552407 80.0+01 680+02 88.9+02

MoCo + Ours 7471 £0.22 93.89+0.17 72.04+021 74.06 =+ 0.20 VICRegL (Ba m et al.. 2022) 000 349+01 796+02 €724+01 5§94+ 02

SimSiam + Ours 75.66 £ 0.18 95.02+0.21 72964022 73.67+0.17 :

Barlow Twins + Ours 77.77 £ 0.18 9499+ 020 7308 +021 7589 +0.17 SimCLR + Ours 1000 50802 778+02 67301 899+02

SwWAV + Ours 76.99 + 0.11 95.03 +0.20 73254024 77424021 MoCo + Ours 1000 539+02 789+02 71.2+0.1 B89.5+0.1

DINO + Ours 7747 +0.15 9601 £0.17 7421 +020 7599+ 0.17 BYOL + Ours 1000 589+02 81.9+02 721+02 91.2+01

VICRegL + Ours 7820 +0.14 95.07 +021 7491 +0.14 T77.77 + 0.21 Barlow Twins + Our 1000 576+£02 806+01 689+£02 91.8+02

EFCIE () S¥EERE () TRXLLSEIEER, RIUEESINHEERT
— b o — - \
;E +7cm 'l«X/L_ m =5 IR AE 2 L3 I_L,|:| Hx £ /N
VOC (7 detection VOC 07+12 detection COCO detection COCO 1nstance segmentation

“ SwAV + Ours

APs, AP AP.;; APs;, AP AP;; APs;, AP AP,; APmask Apmask Apmask

Supervised 744 424 427 813 535 588 582 382 412 54.7 333 35.2
SimCLR (Chen et al., 2020) 759 468 501 818 555 614 577 379 409 54.6 333 35.3
MoCo (He et al.. 2020) 771 468 525 825 574 640 589 393 425 55.8 34.4 36.5
BYOL (Grill et al., 2020b) 771 470 499 814 553 611 578 379 409 54.3 33.2 35.0
SimSiam (Chen & He.2021) 773 485 525 824 570 637 593 392 42.1 56.0 34.4 36.7
SwAV (Caron et al., 2020) 755 465 496 826 561 627 586 384 413 55.2 33.8 35.9
VICRegL (Bardes et al., 2022) 759 47.4 523 826 564 629 592 398 42.1 56.5 35.1 36.8
SimCLR + Ours 776 501 517 853 584 639 592 406 43.9 57.1 35.9 37.1
MoCo + Ours 794 502 549 861 602 661 614 421 449 59.2 36.9 38.8
BYOL + Ours 791 504 S19 839 587 641 606 399 437 56.2 35.1 38.6
e 80.5 508 544 852 595 661 623 425 439 58.1 37.2 39.8

779 493 518 849 581 658  62.1 402 439 56.9 37.3 37.9
VICRegL + Ours 779 504 539 852 588 653 631 422 453 59.1 378 399
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