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Abstract

Domain adaptation (DA) aims to transfer the knowledge
learned from a source domain to an unlabeled target domain.
Some recent works tackle source-free domain adaptation
(SFDA) where only a source pre-trained model is available
for adaptation to the target domain. However, those methods
do not consider keeping source performance which is of high
practical value in real world applications. In this paper, we
propose a new domain adaptation paradigm called General-
ized Source-free Domain Adaptation (G-SFDA), where the
learned model needs to perform well on both the target and
source domains, with only access to current unlabeled target
data during adaptation. First, we propose local structure
clustering (LSC), aiming to cluster the target features with its
semantically similar neighbors, which successfully adapts
the model to the target domain in the absence of source
data. Second, we propose sparse domain attention (SDA), it
produces a binary domain specific attention to activate dif-
ferent feature channels for different domains, meanwhile the
domain attention will be utilized to regularize the gradient
during adaptation to keep source information. In the exper-
iments, for target performance our method is on par with
or better than existing DA and SFDA methods, specifically
it achieves state-of-the-art performance (85.4%) on VisDA,
and our method works well for all domains after adapting
to single or multiple target domains. Code is available in
https://github.com/Albert0147/G-SFDA.

1. Introduction

Though achieving great success, deep neural networks
typically require a large amount of labeled data for training.
However, collecting labeled data is often laborious and ex-
pensive. To tackle this problem, Domain Adaptation (DA)
methods aim to transfer knowledge learned from label-rich
datasets (source domains) to other unlabeled datasets (tar-
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get domains), by reducing the domain shift between labeled
source and unlabeled target domains.

A crucial requirement in most DA methods is that they
require access to the source data during adaptation, which
is often impossible in many real-world applications, such as
deploying domain adaptation algorithms on mobile devices
where the computation capacity is limited, or in situations
where data-privacy rules limit access to the source domain.
Because of its relevance and practical interest, the source-
free domain adaptation (SFDA) setting, where instead of
source data only source pretrained model is available, has
started to get traction recently [14, 15, 18, 20, 46]. Among
these methods, SHOT [20] and 3C-GAN [ 18] are most re-
lated to this paper which is for close-set DA where source
and target domains have the same categories. 3C-GAN [ 18]
is based on target-style image generation by a conditional
GAN, and SHOT [20] proposes to transfer the source hy-
pothesis, i.e. the fixed source classifier, to the target data,
together with maximizing mutual information.

However, in many practical situations models should per-
form well on both the target and source domain. For example,
we would desire a recognition model deployed in an urban
environment which works well for all four seasons (domains)
after adapting model to the seasons sequentially. As shown
in [47], the source performance of some DA methods will de-
grade after adaptation even with source data always at hand.
And the current SFDA methods focus on the target domain
by fine tuning the source model, leading to forgetting on old
domains. Thus, existing methods cannot handle the situation
described above. A simple way to address this setting is by
just storing the source and target model, however, we aim
for memory-efficient solutions that scale sub-linear with the
number of domains. Therefore, in this paper, we propose a
new DA paradigm where the model is expected to perform
well on all domains after source-free domain adaptation. We
call this setting Generalized Source-free Domain Adaptation
(G-SFDA). For simplicity, in the paper we will first focus on
a single target domain, and then we describe how to extend
to Continual Source-free Domain Adaptation.
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In this paper, to perform adaptation to the target domain
without source data, we first propose Local Structure Cluster-
ing (LSC), that clusters each target feature together with its
nearest neighbors. The motivation is that one target feature
should have similar prediction with its semantic close neigh-
bors. To keep source performance, we propose to use sparse
domain attention (SDA), applied to the output of the feature
extractor, activating different feature channels depending
on the particular domain. The source domain attention will
be used to regularize the gradient during target adaptation
to prevent forgetting of source information. With LSC and
SDA, the adapted model can achieve excellent performance
on both source and target domains. In the experiments, we
show that for target performance our method is on par with
or better than existing DA and SFDA methods on several
benchmarks, specifically achieving state-of-the-art perfor-
mance on VisDA (85.4%), while simultaneously keeping
good source performance. We also extend our method to
Continual Source-free Domain Adaptation, where there is
more than one target domain, further demonstrating the effi-
ciency of our method.

We summarize our contributions as follows:

* We propose a new domain adaptation paradigm denoted
as Generalized Source-free Domain Adaptation (G-
SFDA), where the source-pretrained model is adapted
to target domains while keeping the performance on the
source domain, in the absence of source data.

* We propose local structure clustering (LSC) to achieve
source-free domain adaptation, which utilizes local
neighbor information in feature space.

* We propose Sparse domain attention (SDA) which acti-
vates different feature channels for different domains,
and regularizes the gradient of back propagation dur-
ing target adaptation to keep information of the source
domain.

* In experiments, we show that where existing methods
suffer from forgetting and obtain bad performance on
the source domain, our method is able to maintain
source domain performance. Furthermore, when fo-
cusing on the target domain our method is on par with
or better than existing methods, especially we achieve
state-of-the-art target performance on VisDA.

2. Related Works

Here we discuss related domain adaptation settings.

Domain Adaptation. Early domain adaptation methods
suchas [21, 37, 39] adopt moment matching to align feature
distributions. Inspired by adversarial learning, DANN [7]
formulates domain adaptation as an adversarial two-player

game. CDAN [22] trains a deep networks conditioned on
several sources of information. DIRT-T [35] performs do-
main adversarial training with an added term that penalizes
violations of the cluster assumption. Domain adaptation has
also been tackled from other perspectives. MCD [3 1] adopts
prediction diversity between multiple learnable classifiers to
achieve local or category-level feature alignment between
source and target domains. DAMN [3] introduces a frame-
work where each domain undergoes a different sequence of
operations. AFN [44] shows that the erratic discrimination
of target features stems from much smaller norms than those
found in source features. SRDC [38] proposes to directly
uncover the intrinsic target discrimination via discriminative
clustering to achieve adaptation. The most relevant paper
to our LSC is DANCE [29], which is for universal domain
adaptation and based on neighborhood clustering. But they
are based on instance discrimination [43] between all fea-
tures, while our method applies consistency regularization
on only a few semantically close neighbors.

Source-free Domain Adaptation. Normal domain adap-
tation methods require access to source data during adap-
tation. Recently, there are several methods investigating
source-free domain adaptation. USFDA [14] and FS [15]
explore the source-free universal DA [48] and open-set
DA [32], DECISION [2] is for multi-source DA. Related to
our work are SHOT [20] and 3C-GAN [ 18], both for close-
set DA. SHOT proposes to fix the source classifier and match
the target features to the fixed classifier by maximizing mu-
tual information and pseudo label. 3C-GAN synthesizes
labeled target-style training images based on conditional
GAN. Recently, BAIT [46] extends diverse classifier based
domain adaptation methods to also be applicable for SFDA.
Though achieving good target performance, these methods
cannot maintain source performance after adaptation. Other
than these methods, we aim to maintain source-domain per-
formance after adaptation.

Continual Domain Adaptation. Continual learning
(CL) [13, 19, 23, 25] specifically focuses on avoiding catas-
trophic forgetting when learning new tasks, but it is not
tailored for DA since new tasks in CL usually have labeled
data. Recently, a few works [4, 26, 36] have emerged that
aim to tackle the Continual Domain Adaptation (CDA) prob-
lem. [4] uses sample replay to avoid forgetting together with
domain adversarial training, [26] builds a domain relation
graph, and [36] builds a domain-specific memory buffer for
each domain to regularize the gradient on both target and
memory buffer. Although these methods achieve good per-
formance, they all demand access to source data. And [16]
is source-free but they focus on class incremental single
target domain adaptation where there is only one-shot la-
beled target data per class, while our method is related to
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Figure 1: Local Structure Clustering (LSC). Some target features from source model will deviate from dense source feature
regions due to domain shift. LSC aims to cluster target features by its semantically close neighbors (linked by black line).

domain incremental learning and can be deployed for con-
tinual source-free domain adaptation.

3. Methods

In this section, we first propose an approach for source-
free unsupervised domain adaptation. Then we introduce
our method to prevent forgetting of the knowledge of the
source model. Next, we elaborate how to unify the two
modules to address generalized source-free domain adap-
tation (G-SFDA), and train a domain classifier for domain-
agnostic evaluation. Finally, we extend our method to con-
tinual source-free domains.

3.1. Problem Setting and Notations

We denote the labeled source domain data with ng, the
samples as D, = {(Q:f, y7) 1=, where the y7 is the corre-
sponding label of =, and the unlabeled target domain data
with n; samples as Dt = {a}}7L,. The number of classes
is C. In the source-free setting we consider here D; is only
available during model pretraining. Our method is based
on a neural network, which we split into two parts: a fea-
ture extractor f, and a classifier g that only contains one
fully connected layer. The output of network is denoted as

p(a) = g(f(z)) € RC.
3.2. Local Structure Clustering

Most domain adaptation methods aim to align the feature
distributions of the source and target domain. In source-free
unsupervised domain adaptation (SFDA) this is not evident
since the algorithm has no longer access to source domain
data during adaptation. We identify two main sources of
information that the trained source model provides with
respect to the target data: a class prediction p(x) and a
location in the feature space f(x). The main idea behind our
method is that we expect the features of the target domain to
be shifted with respect to the source domain, however, we
expect that classes still form clusters in the feature space,
and as such, we aim to move clusters of data points to their
most likely class prediction.

Our algorithm is illustrated in Fig. 1 (left). Some target
features (at the start of adaptation) deviate from the corre-

sponding dense source feature region due to domain shift.
This could result in wrong prediction of the classifier. How-
ever, we assume that the target features of the same class are
clustered together. Therefore, the nearest neighbors of tar-
get features have a high probability to share category labels.
To exploit this fact, we encourage features close in feature
space to have similar prediction to their nearest neighbors.
As a consequences clusters of points that are close in feature
space will move jointly towards a common class. As shown
in the right of Fig. 1, this process can correctly classify
target features which would otherwise have been wrongly
classified.

To find the semantically close neighbors, we build a fea-
ture bank F = {(f(x;))}+,ep, which stores the target fea-
tures. This is similar to methods in unsupervised learn-
ing [43, 10, 50, 40] or domain adaptation [29]. The method
[29] is for universal domain adaptation, and considers sim-
ilarity based on instance discrimination [43] between all
features in their loss function, and [10, 40, 50] perform un-
supervised learning using neighborhood information. The
work [40] needs pretext training and the nearest neighbor-
hood images is retrieved only once by the embedding net-
work from the pretext stage to train another classification
network, while [10, 50] are also based on instance discrimi-
nation between all target features, and utilize neighbourhood
selection to further improve the cluster performance. Dif-
ferent from them, we only use a few neighbors from the
feature bank to cluster the target features with a consistency
regularization.

Next, we build a score bank S = {(g(f(x;))}s,ep, stor-
ing corresponding softmaxed prediction scores. The local
structure clustering is achieved by encouraging consistent
predictions between the k-nearest features applying the fol-
lowing loss:
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Figure 2: (a-c): Forward and Backward pass for two domains. f, g denote feature extractor, classifier. A, and A, are the sparse

source and target domain attention.

Here, we first find the k-nearest neighbors N in the feature
bank for each current target feature based on the cosine simi-
larity. We minimize the negative log value of the dot product
between prediction score of the current target sample x; and
the stored prediction scores s(Nj) of N, which is the first
term in Eq. 1, aiming to encourage consistent predictions
between the feature and its a few neighbors. The second term
avoids the degenerated solution [34, 8], where the prediction
of classes in the target data is highly imbalanced, by en-
couraging prediction balance. Here p,. is the empirical label
distribution; it represents the predicted possibility of class ¢
and ¢ is a uniform distribution. And we simply replace the
old items in the bank with the new ones corresponding to
current mini-batch. In the experiments, we will prove the
effectiveness of the proposed LSC by verifying whether the
nearest neighbors are sharing the right predicted label.

3.3. Sparse Domain Attention

Under the G-SFDA setting, we want to not only have high
target performance, but maintain source performance with-
out accessing source data. Our work is inspired by continual
learning (CL) methods [, 25, 33] which put constraints
on each layer for leaving out capacity for new tasks and
prevent forgetting of previous tasks. We propose to only
activate parts of the feature channels of f(z) € R for dif-
ferent domains, by a sparse domain attention (SDA) vector
Aie(st) € R4, which contain close-to binary values that
will mask the output of the feature extractor. Inspired by
[33], we adopt an embedding layer to automatically produce
the domain adaptation.

Aie[s7t] = 0'(100 : 61') (2)

where e; is the output of an embedding layer, o is sigmoid
function, and the constant 100 is to ensure a near-binary
output, but still differentiable. A, and 4; are both trained on
the source domain and are fixed during the adaptation to the
target domain. Furthermore, when training on source, we
use sparsity regularization and gradient compensation for the
embedding layer just like [33].Thus, we use SDA to build
domain specific information flows where some channels are
specific for each domain. We can maintain the source infor-

mation by regularizing the gradient flowing into channels
that are activated in the source mask.

For training the source domain, we apply the source atten-
tion Ay, as shown in Fig. 2(a), the output is g(f(z) © As).
In Fig. 2(b), we show that when adapting to the target do-
main, we use the sparse target attention A; for the forward
pass. To prevent forgetting, there should be no update to the
feature channels which are present in A,. The reasons are
twofold: firstly, the information of those channels is the only
source information provided during source-free adaptation
to the target domain; keeping this information may boost
target adaptation, and secondly more importantly, under the
G-SFDA setting we hope to keep the source performance
after adapting, therefore target adaptation should not disturb
the information flowing to those channels of feature asso-
ciated with source domain. As shown in Fig. 2(c), during
target adaptation we propose to use source attention Ay to
regularize the gradients flowing to the classifier and feature
extractor during back propagation:

. oL
Wi & Wi = (A13) © G- 3)
oL .
Wy + Wy — — o (1cAl) )
g g 8wg

where © denotes element wise multiplication, 1 is an all-
ones vector of dimensionality k, A, = 1 — A,, Wy, €
RI¥" is the weight of the last layer in feature extractor,
W, € RE*? is the weight of the classifier. Here the source
attention A is used to regularize the gradient flowing into
the source activated channels (for feature extractor) and also
the corresponding neurons in the classifier. With Eq. 3 and
Eq. 4, the source information is expected to be preserved.
In continual learning literature the masking of
weights [24, 25] and activations [1, 27, 33] has been stud-
ied. Our method is related to the activation mask methods.
However, other then these methods, our masking only pre-
vents forgetting in the last two layers Wy, and W,. We
ensure that the features that are crucial for source domain
performance are only minimally changed, and that the target
domain specific features are used to address the domain shift.
Our approach does not prevent all forgetting of the source



Algorithm 1 Generalized Source-free Domain Adaptation

Require: D, (only for source model training), D;
1: Pre-train model on D, with both A, and A; from SDA

: Build feature bank F and score bank S for D;

while Adaptation do
Sample batch 7 from D,
Update F and S corresponding to current batch 7~
Compute L;s. based on F and S >Eq. 1,5
Update network with SDA regularization > Eq. 3,4

end while

e A A

domain, since we do not regularize the gradient of the inner
layers in feature extractor.

3.4. Unified Training

In this section, we first illustrate how to unify the training
with SDA and LSC. As illustrated in Algorithm 1, first we
train the model on D, with the cross-entropy loss, with
both source and target domain attention Ag, A, this is to
provide a good initialization for target adaptation where only
A; is engaged. Then, we adapt the source model to the
target domain with target attention .A; and only access to
D, with Eq. 1. During backpropagation we regularize the
gradients according to Eq. 3 and Eq. 4. Unlike training
with only LSC in Sec. 3.2, here we build the feature bank as
F ={(f(z;) ®A¢) }x,ep,, where we abandon the irrelevant
channels since those channels will not contribute to current
prediction and may contain noise. And for the same reason
when using k-nearest neighbors, we also apply the target
attention to the feature, so the . {1,...x} in Eq. 1 turns into:

Na...xy = {Fjl top-K(cos (f (i) © Ay, ) ,VF; € F)}
®)

Domain-ID estimation. In the experimental section, we
will consider both G-SFDA with (domain-aware) and with-
out (domain-agnostic) access to the domain-id at inference
time. In the more challenging setting the domain-ID is not
available, and needs to be estimated. Therefore, we propose
to train a domain classifier which takes in feature f(x) to
estimate the domain-ID of the test samples, by only stor-
ing a very small set of images of the source domain. We
will show in the experiments that we obtain similar results
in the challenging domain-agnostic setting as in the easier
domain-aware setting.

3.5. Continual Source-free Domain Adaptation

Here we illustrate how to extend our method to continual
source-free domain adaptation, where the model is adapted
to a sequence of target domains with only access to cur-
rent target domain data. Assuming that there are IV, target
domains. For source pretraining we train with all domain
attention Ay and { Ay, };=1..n, from SDA, for a good initial-
ization as mentioned before. And when adapting to the j-th
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target domain, we compute A’ which considers all domain
attention except the current one. We replace the A in Eq. 3
and Eq. 4 with A’ for current gradient regularization:

A =max(A, A;,), Vie {1,..,N}\j (6)

where mazx is an element-wise operation and A’ is initial-
ized from A;. Using A’ for gradient regularization means
training on one target domain should not influence others.

4. Experiments

Datasets. Office-Home [41] contains 4 domains (Real, Cli-
part, Art, Product) with 65 classes and a total of 15,500
images. VisDA [28] is a more challenging dataset with 12
classes. Its source domain contains 152k synthetic images
while the target domain has 55k real object images.

Evaluation. We mainly compare with existing methods un-
der two different settings, one is the normal DA and SFDA
setting where target performance is the only focus. Another
is our proposed G-SFDA setting, where the adapted model
is expected to have good performance on both source and
target domains after source-free domain adaptation. In this
setting, we compute the harmonic mean between source and
target accuracy: H = %, and Accg and Accr are
respectively the accuracy on source and target test data. For
SFDA, we use all source data for model pretraining. And for
G-SFDA we only use part (80% for Office-Home and 90%
for VisDA), the remaining source data is used for evaluating
source performance. We provide results under both the do-
main aware and domain agnostic setting (where we estimate



Method (Synthesis — Real) Source-free plane bcycl bus car horse knife mcycl person plant sktbrd train truck Per-class
ResNet-101 [9] X 551 533 619 591 806 179 79.7 312 810 265 735 85 52.4
ADR [30] X 942 485 84.0 729 90.1 742 926 72.5 80.8 61.8 822 288 73.5
CDAN [22] X 852 669 830 508 842 749 881 74.5 834 760 819 380 73.9
CDAN+BSP [5] X 924 61.0 81.0 575 89.0 80.6 90.1 770 842 779 821 384 75.9
SWD [17] X 90.8 825 81.7 705 917 695 863 71.5 874 63.6 856 292 76.4
MDD [49] X - - - - - - - - - - - - 74.6
IA[11] X - - - - - - - - - - - - 75.8
DMRL [42] X - - - - - - - - - - - - 755
MCC [12] X 88.7 803 805 715 901 932 85.0 716 894 738 850 369 78.8
DANCE [29] X - - - - - - - - - - - - 70.4
DANCE [29] v - - - - - - - - - - - - 70.2
SHOT [20] 4 943 885 80.1 573 931 949 807 80.3 915 8.1 863 582 82.9
3C-GAN [18] V4 948 734 688 748 931 954 88.6 847 89.1 847 835 48.1 81.6
Ours w/ domainID v 96.1 883 855 741 971 954 895 794 954 929 89.1 426 854

Table 1: Accuracies (%) on VisDA-C for ResNet101-based unsupervised domain adaptation methods. Source-free means
setting without access to source data during adaptation. Underlined results are second highest result. Our results are using

target attention .4;. Results of SHOT are from the original paper.

Method Source-free Ar—Cl Ar—Pr Ar—+Rw Cl—Ar Cl—-Pr Cl-Rw Pr—Ar Pr—Cl Pr—-Rw Rw—Ar Rw—Cl Rw—Pr Avg
ResNet-50 [9] X 349 500 58.0 374 419 462 385 312 604 539 41.2 59.9 46.1
MCD [31] X 489  68.3 74.6 613 676 688 570 47.1 751 69.1 522 79.6 64.1
CDAN [22] X 50.7 706  76.0 576 700 70.0 574 509 773 70.9 56.7 81.6 658
MDD [49] X 549 737 77.8 60.0 714 718 612 53.6 78.1 72.5 60.2 823 68.1
IA[11] X 560 779 792 644 731 744 642 542 799 71.2 58.1 83.1 695
BNM [6] X 523 739 80.0 633 729 749 617 495 797 70.5 53.6 822 679
BDG [45] X 515 734 787 653 715 737 651 49.7 8l.1 74.6 55.1 84.8 68.7
SRDC [38] X 523 763 81.0 695 762 780 687 538 817 76.3 57.1 85.0 713
SHOT [20] Vv 57.1  78.1 81.5 68.0 782  78.1 674 549 822 73.3 58.8 843 71.8
Ours w/ domainID NV 579 786 81.0 66.7 712 772 656 560 822 72.0 57.8 834 713

Table 2: Accuracies (%) on Office-Home for ResNet50-based unsupervised domain adaptation methods. Source-free means
source-free setting without access to source data during adaptation. Underline means the second highest result. Our results are

using target attention A;. Results of SHOT are from the original paper.

plane beycl bus car horse knife mcycl  person plant sktbrd train truck Avg.
Source-free  S/T SIT S/T SIT SIT SIT S/T S/T ST ST ST ST ST H
Source model 99.9/70.6 99.9/15.6 99.3/45.6 99.1/80.9 99.9/63.0 99.9/5.1 99.4/79.2 100/24.9 99.9/64.0 100/39.6 99.3/84.8 98.3/6.3 |99.6 /48.1 64.9
SHOT [20] V/ 99.3/94.4 97.3/85.8 34.9/78.4 473/55.2 94.4/93.9 93.2/95.0 38.3/81.5 94.4/79.5 99.1/89.8 92.7/90.1 55.4/85.6 62.0/56.8| 75.7/82.2 78.8
Ours w/domain-ID  /  99.7/95.9 98.7/83.1 98.4/85.4 80.0/72.5 94.6/96.1 98.4/93.7 76.2/88.5 97.8/80.6 98.8/92.3 99.9/92.2 75.6/87.6 67.3/44.8| 90.4/85.0 87.6
Ours w/o domain-ID___\/  99.7/95.4 98.7/87.7 98.4/85.7 80.0/71.5 94.6/96.1 98.4/94.8 76.2/89.2 97.8/30.4 98.8/92.0 99.9/88.6 75.6/37.4 61.3/44.1| 90.4/34.4 813
Table 3: Accuracy (%) of each method on VisDA dataset using ResNet-101 as backbone under G-SFDA setting. Randomly

specifying 0.9/0.1 train/test split for the source dataset. T and S denote accuracy on target and source domain. Domain-ID
means having access to domain-ID during evaluation, we provide results under both domain aware and agnostic setting.

Ar — Cl Ar — Pr Ar — Rw Cl — Ar Cl — Pr Cl — Rw
Source-free S T H S T H S T H S T H N T H S T H
Source model 782 450 57.1 | 782 672 723|782 739 760|797 49.0 60.7 | 79.7 59.7 683|797 622 699
SHOT [20] v 609 553 580|652 774 708|716 80.8 759|659 684 67.1|635 769 69.6| 674 757 713
Ours w/ domain-ID v 70.0 549 615|740 771 755|745 79.7 770|785 67.0 727|803 76.1 781|806 784 795
Ours w/o domain-ID v 68.8 547 609 | 720 756 738 | 745 785 764|772 66.6 715|797 740 767|785 784 784
Pr — Ar Pr— Cl Pr — Rw Rw — Ar Rw — Cl Rw — Pr Avg.
S T H S T H S T H S T H S T H S T H S T H
Source model 92.3 52.0 66.5 (923 403 56.1|923 73.0 815|854 647 73.6| 854 458 59.6| 854 775 813|839 592 686
SHOT [20] 78.9 654 715 | 742 542 62.6 | 849 805 826|797 717 755|710 59.0 644|792 846 818|719 70.8 709
Ours w/ domain-ID 89.8 657 759|893 538 67.1|91.6 819 865|859 715 780|813 605 694 | 844 834 839|818 70.8 755
Ours w/o domain-ID 87.8 65.1 748 | 8.3 532 658|903 81.6 857|832 720 772|783 602 68.1 | 834 828 831|800 702 744

Table 4: Accuracy (%) of each method on Office-Home dataset using ResNet-50 as backbone under G-SFDA setting.
Randomly specifying 0.8/0.2 train/test split for the source dataset. T and S denote accuracy on target and source domain.
domain-ID means having access to domain-ID during evaluation, w/o domain-ID means using the estimated domain-ID from

domain classifier.



Office-Home S T VisDA T OH/s S T VisDA /s S T

Source model 839 592 Source model ~ 99.6 48.1 65 (paper) 80.0 70.2 16 89.0 83.6
Ours (w/o SDA) 724 702  Ours (w/o SDA) 72.1 74.6 130 80.6 70.3 32 90.2 842
Ours (w/ SDA)  81.8 70.8  Ours (w/ SDA) 904 85.0 195 80.8 70.4 64 (paper) 90.4 84.4

Table 5: (Left two) Ablation study on Office-Home and VisDA. The S and T means source and target accuracy. (Right two)
Ablation on number of stored images per domain to train domain classifier.

test test test test
Ar Cl Pr Rw Cl Ar Pr Rw Pr Ar Cl Rw Rw Ar Cl Pr
Ar | 745 | 42.0 | 61.3 | 68.2 Cl | 82.2 | 49.7 | 60.0 | 61.2 Pr | 92.0 | 49.7 | 41.0 | 71.0 Rw | 86.0 | 63.0 | 45.7 | 77.6
Cl | 714 | 56.6 | 61.2 | 679 Ar | 80.1 | 654 | 63.7 | 66.3 Ar | 91.0 | 63.6 | 42.7 | 72.6 Ar | 857 | 72.4 | 498 | 774
Pr | 709 | 557 | 73.0 | 71.2 Pr | 79.7 | 632 | 729 | 68.2 Cl | 89.2 | 61.8 | 53.1 | 704 Cl | 80.7 | 689 | 59.1 | 73.4
Rw | 72.6 | 55.6 | 72.7 | 77.2 Rw | 78.6 | 649 | 72.8 | 72.4 Rw | 88.6 | 63.1 | 51.5 | 76.5 Pr | 84.2 | 69.1 | 574 | 80.5

Table 6: Continual Source-free Domain Adaptation, the model is adapted from source domain (the first domain) to all target
domain sequentially. The results on source domain are reported on the test set.

the domain-ID with the domain classifier). Finally, we report
results for continual source-free domain adaptation.

Model details. We adopt the backbone of ResNet-50 [9]
for Office-Home and ResNet-101 for VisDA along with an
extra fully connected (fc) layer as feature extractor, and a
fc layer as classifier head. We adopt SGD with momentum
0.9 and batch size of 64 on all datasets. The learning rate
for Office-Home is set to le-3 for all layers, except for
the last two newly added fc layers, where we apply le-2.
Learning rates are set 10 times smaller for VisDA. On the
source domain, we train the whole network with all domain
attentions from SDA, while for target adaptation, we only
train the BN layers and last layer in feature extractor, as
well as the classifier. We train 30 epochs on the target
domain for Office-Home while 15 epochs for VisDA. For
the number of nearest neighbors (K) in Eq. 1, we use 2 for
Office-Home, since VisDA is much larger we set K to 10.
All results are the average between three runs with random
seeds. For training the domain classifier, we store one image
per class for Office-Home (total 130 images for 65 classes,
2 domains), and randomly sample 64 images per domain for
VisDA (total 128 images for 12 classes, 2 domains). The
domain classifier only contains 2 fc layers.

4.1. Comparing with State-of-the-art

Target-oriented Domain Adaptation. We first evaluate
the target performance of our method compared with ex-
isting DA and SFDA methods. The results on the VisDA
and Office-Home dataset are shown in Tab. 1-2, our results
are using target attention A;. In these tables, the top part
(denoted by x in the source-free column) shows results
for the normal setting with access to source data during
adaptation. The bottom one (denoted by / in the source-
free column) shows results for the source-free setting. Our
method achieves state-of-the-art performance on VisDA sur-
passing SHOT by a large margin (2.5%). The reported results
clearly demonstrate the efficiency of the proposed method
for source-free domain adaptation. Interestingly, like al-
ready observed in the SHOT paper, source-free methods
outperform methods that have access to source data during

adaptation. Our method is on par with existing DA methods
on Office-Home, where our method gets the same results
as the DA method SRDC [38] and is a little inferior to the
SFDA method SHOT (0.5% lower than SHOT).In addition,
we show the results of DANCE [29] with and without source
data in Tab. I which are almost the same. Since both of
DANCE and our method are using neighborhood informa-
tion for adaptation, these results may imply that source data
are not necessity when efficiently exploiting the target fea-
ture structure.

Generalized Source-free Domain Adaptation. Here we
evaluate our method under the G-SFDA setting. Since we
leave out part of the source data for evaluation, we need to
reproduce current SFDA methods. 3C-GAN [18] did not
release code, we therefore only compare with the source-free
method SHOT [20] reproduced by ourselves based on the
author’s code. As shown in Tab. 3-4, first our method (w/
domain-ID) obtains a significantly higher H value improv-
ing SHOT by 8.8% on Office-Home and 4.6% on VisDA.
The gain is mainly due to superior results on the source
dataset, since SHOT suffers from forgetting. Compared with
the source model, our method still has a drop of 2.1% and
9.2% lower on Office-Home and VisDA, implying there is
still space to explore further techniques to reduce forgetting.
We also report the results for domain agnostic evaluation,
where we use the domain classifier to estimate domain-ID.
As shown in the last row of Tab. 3 and Tab. 4, with the
estimated domain-ID, our methods can get similar results
compared with the domain aware method, and still report su-
perior H values compared to SHOT.Note there is still source
performance degradation, since we only deploy one SDA
module before the classifier. The forgetting is caused in the
layers inside the feature extractor. One factor is the statistics
in the BN layers which will be replaced by the target statis-
tics after adaptation. If we would adapt the BN parameters
back to the source domain (by simply doing a forward pass
to update BN statistics before evaluation), we found that this
leads to a performance gain (0.7% and 1.6% on Office-Home
and VisDA respectively) on the source domain.



4.2. Analysis and further experiments

Training curves. As shown in Fig. 3(a), with SDA the
source performance during the whole adaptation stage is
quite smooth, which proves the efficiency of SDA.

Number of nearest neighbors K. In Fig. 3(b), we show
the results with different K € {1, 5,10, 15,20, 30} in Eq. |
on VisDA. Our method is quite robust to the choice of K,
only K is 1 results in lower results. We conjecture that only
using a single nearest neighbor in Eq.1 maybe noisy if the
feature locates in dense regions.

Ablation study of SDA. We show the results of removing
the SDA in the left of Tab. 5. As expected removing SDA
leads to a large drop in source performance. Unexpected is
that removing SDA also deteriorates target performance: a
lIot on VisDA (10.4]), and a little for Office-Home (0.6]).
To further investigate it, we check how well LSC works with
and without SDA on VisDA in Fig. 4; here Acc,, means the
percentage of target features which share the same predicted
label with its 3 nearest neighbors, and among those features
Accy,, means the percentage having the correct shared pre-
dicted label. According to the results, LSC can lead to good
local structure (most neighbors share the same prediction),
however the prediction maybe wrong if removing SDA, this
is especially the case for class 5 and 11 which have totally
wrong prediction (Accy,y, is 0). This may imply keeping
source information with SDA is helping target adaptation.

Domain classifier. We report results as a function of the
number of stored images for training domain classifier (right
of Tab. 5). For Office-Home, we ensure at least one image
per class. The results show with a small amount of stored
images, the learned domain-ID classifier works well.

t-SNE visualization. We visualize the features before and
after adaptation, which are already masked by the different
domain attentions, the source and target features are expected
to cluster independently, just as shown in Fig. 5. The source
clusters maintain well after adaptation, and the disordered
target features turn into more structured after adaptation. We
also visualize features in the shared and specific domain
channels. As shown in Fig. 6, features in the shared domain
channels cluster together, but features in the specific domain
channels are totally separated across domains.

Continual Source-free Domain Adaptation. We also
provide results (domain aware) of continual source-free do-
main adaptation in Tab. 6. The results show that it can work
well for all domains. The interesting thing is that adapting to
one target domain will improve the performance on not-seen
target domain, for example, when adapting the model from
source domain CI to the first target domain Ar, the unseen

Before Adaptation
Figure 5: t-SNE visualization of features before and after
adaptation on task Ar—Pr of Office-Home. The blue are
source features while the red are target.

After Adaptation

Domain Shared

Domain Specific
Figure 6: t-SNE of features from domain shared and domain
specific channels after adaptation (task Ar—Pr on Office-
Home). The blue are source features while red for target.
target domain Rw also gains. The reason is that the informa-
tion learned currently is also helpful for future target domain.
Note for some target domains, the result is lower compared
with directly adapting from source to the domain, the reason
is that we decrease the learned channels by using more gra-
dient regularization as in Eq. 6, implying more capacity is
needed for adapting to more domains.

5. Conclusion

In this paper, we propose a new domain adaptation
paradigm denoted as Generalized Source-free Domain Adap-
tation, where the learned model needs to have good perfor-
mance on both the target and source domains, with only
access to the unlabeled target domain during adaptation. We
propose local structure clustering to keep local target clus-
ter information in feature space, successfully adapting the
model to the target domain without source domain data. We
propose sparse domain attention, which activates different
feature channels for different domains, and is also utilized
to regularize the gradient during target training to maintain
source domain information. Experiment results testify the
efficacy of our method.
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