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In the supplementary section, we provide details on our approaches, AdaPrefix and AdaPrefix++. In Appendix A, we
provide the inference algorithm for our approach for different scenarios (TIL, CIL). In Appendix B.2 and Appendix B.3, we
provide details about different experimental choices we considered while performing the experiments. In Appendix B.1.1, we
provide different transformations associated with a transformer block when adapters and prefixes are added to a transformer
block. In Appendix C, Appendix D and Appendix E, we provide different experiments for the voices of the hyperparameter
that we have taken. In Appendix F.1, we provide details related to computational overheads for our approach and per-
task running time for our experiments. In Appendix F, we further provide other experiments of our approach, showing the
robustness of our approach in multiple setups. Tab. 5, Tab. 7, Tab. 10 and Tab. 12 provides results of comparison between
our approach and different baselines in task-incremental and class-incremental scenarios. Tab. 6, Tab. 8, Tab. 11, and Tab. 13
provides results for different task orders for our approach AdaPrefix++. These experiments show that our approach doesn’t
change much with a change in the task order, showing our approach’s robustness towards task order.

A. Algorithms

In this section, we provide the pseudo-code for the Inference algorithm of our approach AdaPrefix++. Algorithm 1
provides two inference algorithms, the first for TIL Inference and the second for CIL Inference. The inference algorithm for
DIL is similar to CIL. All the notations used in the algorithm are the same as presented in the main paper.

Algorithm 1 AdaPrefix++ Inference Algorithm

1: procedure INFERENCE TIL(Trained Model F, Input (X, 7%)) > Task Incremental Inference
2 Get prefix parameters using P/ < H([et,14];0;,) where A € {K,V'}.

3 Get adapter weights, ¢*.

4 pfk F}%(‘)(i;@117ehadjtvales’I“)

5: arg maxXge(1,... ¢} pL[c] is the predicted class.

6: end procedure

7. procedure INFERENCE CIL(Trained Model F, Input (X)) > Class Incremental Inference
8 Logit List =[]

9 fort < 1toT do
10: Get prefix parameters using P/ < H([e4t,14];0),) where A € {K,V}.
11: Get adapter weights, ¢°.
12: pt < F(X.;0,,0h, ¢, 0%, L)
13: Logit_List.append(pt)
14: end for
15: t + arg minge(7) E(Logit_List[k]) > Entropy, E(p) = — >, pi log(p;)
16: arg maXee(1,... .C} p[c] is the predicted class. b pt < Logit_List[f]

17: end procedure




B. Implementation Details

In this section, we provide implementation details related to the different backbones used, the transformation associated
with a standard transformer block when adapters and prefixes are added to it, and all our architectural choices. In this section,
we also provide details related to the baselines used and methods used to compare them in the case of the TIL scenario. In
this section, we also provide details related to optimization.

B.1. Backbone PLMs

For our study, we have considered various sizes of backbone PLMs in the domain of large pre-trained vision models.
We have considered ViT-Large (ViT-L), ViT-Base (ViT-B), DeiT-Small (DeiT-S), and DeiT-Tiny (DeiT-T). Details of these
models are provided in the Tab. 1

Table 1. Backbone PLM

Backbone PLM | #Parameters | #Layers | #Heads | embed_dim

ViT-L 307TM 24 16 1024
ViT-B 85M 12 12 768
DeiT-S 21M 12 6 384
DeiT-T M 12 3 192

B.1.1 Transformations in the Transformer Block of PLMs

Let us consider the transformations in the i*” layer (among L layers) for task ¢ (among 7 tasks) in a transformer block of the
proposed AdaPrefix approach. The transformer block mainly has two parts: a MHA and a FFN Layer. Our approach changes
the MHA using Prefixes and changes the FFN using Adapters.

In the MHA associated with i'” layer, task-specific hidden representation ht ; € R™*9 from the previous layer is

transformed into query Q, key K! and, value V' using W2, WX, WY e R¥*? transformation matrices.
Al =h!_ W where A€ {Q,K,V} (1)

The parameters WQ WHE WY are obtained from a PLM’s i layer. After this, each A! is divided into nj, heads, Al =
(AL, ALy, - Af n,] Where At j € € R™*dr and dj, = d/ny,. Now, we perform task-spemﬁc variations in the i*" layer MHA
by concatenating the task- spec1ﬁc prefixes with these keys and values. Task-specific prefixes can be learnable parameters or
generated according to the MLP re-parameterization. Here, a lower-dimensional prefix (p!) is passed through an MLP, and
then the resulting prefixes P! = M LP(p!;!) are added to keys and values of this layer. 1} are the parameters associated
with the MLP used to generate prefixes. The task-specific prefixes P} = {PiK’t, Piv’t} € R™*? are concatenated with K

and V;'. To perform head-wise concatenation, task-specific prefixes are divided into / heads PiB = [ Pf t PzB;t, cee Pl.Bh’t]

where B € {K,V}, and Pf;’t € R™¥dn  j = {1,2,---  h}. The new keys and values for i*" layer and ¢! task are
Bi = ([P BiaL [P Blal - [P Byl @)

where B € {K,V} and B! € R(T™)*xd_ After the Prefix concatenation, it is passed to the attention block. Consider A} is
the output of the MHA block of i‘" layer.

ht = MHA(Q;, K!, V') = concat(head!,, headly, - - - , head;, WP + h(l 1) 3)

Here, concat(- - -) is a function that symbolises concatenation operation. W € R%*< is a projection matrix applied after
concatenating the heads and is obtained from the PLM. The heads are obtained as

head}; = Attn(Qq;, KL;, V)

4
Attn(Q, K, V) = Softmaz(QK™ /\/dp)V @



The hidden representation obtained after the MHA h! is passed through the backbone transformer’s FFN layer to obtain
iAzi = FFN(h!). After FFN, fzi is passed through a task-specific adapter to capture task-specific knowledge and the conse-
quent representation is obtained as it = At(h!) = ht + Ut o(S!" ht). Let ! denote the collection of adapter parameters
Ul € R4 and S} € R™*? associated with ' task and i*" layer, where r represents the reduced dimension associated with
the adapter. The final output of the i*" layer of the transformer encoder block A is given as ht = hf + Zf The output from the
final layer of the transformer block is passed through the task-specific classification head to get the probability distribution
over the classes p,.

B.2. Architecture Details

Our approaches, AdaPrefix and AdaPrefix++, are based on an adapter, prefixes and hypernetwork. Each of these compo-
nents has different parameters that need to be chosen. In the sections below, we provide details about the choices we have
considered for our experiments.

B.2.1 AdaPrefix

AdaPrefix architecture is a combination of adapters and prefixes. For adapters, we have considered the down-scaling di-
mension (denoted by reduction_factor) as an embedding dimension of the PLM divided by 8, i.e., reduction_factor will be
8 (Appendix E). We used ReLU non-linearity in adapters and initialized adapter weights using mam_initilization as per [3].
Each adapter accounts for approximately 2% of the backbone PLM parameters per task. In the case of prefixes, the primary
decision to be considered is the prefix_length, i.e., the number of prefix vectors to be concatenated with keys and values
of each MHA layer. We fixed the prefix_length to 15 (Appendix E). Additionally, we used a two-layer MLP with ReLU
non-linearity to perform reparameterization for the prefixes. Each set of prefixes takes around 0.4% of the backbone PLM
parameters. AdaPrefix takes around 2.4% parameters of the backbone PLM per task.

B.2.2 AdaPrefix++

combines adapters, prefixes and hypernetwork. The choices for adapters and prefixes remain consistent with AdaPrefix.
For the hypernetwork, we employed a two-layered MLP with ReLU non-linearity. We determined the layer-embedding
and task-embedding dimensions to be 64, chosen from the set 32,64, 128, resulting in an input dimension of 128 for the
hypernetwork. The output dimension of the hypernetwork is equal to the embedding dimension of the PLM. Adaprefix++
takes approximately 2.07% task-specific parameters of the backbone and 0.63% common parameters across all tasks. In total,
the number of parameters in the case of AdaPrefix++ is (2.07T + 0.63)%, where T is the total number of tasks.

B.2.3 Other Baselines

We had a different classifier for Sequential Finetuning with backbone frozen (FT-seq-frozen), and we only trained the clas-
sifier head on the downstream task. For CIL in FT-seq-frozen, we used the same entropy-based choice that was used in
AdaPrefix and AdaPrefix++. For EWC, we set the regularization constant to 10 in our experiments. Regarding ER, we
considered 100 samples per class during our experiments. For Adapters, we trained the adapters and classifiers for each task,
and for CIL inference, we used entropy-based scores to choose the task-id. As for LAE-Prefix and LAE-Adapter, we used
the same approach as provided in [2]. For TIL, we trained different classifiers for different tasks. As for L2P, DualPrompt,
CODA-Prompt, S-Prompt and HiDe-Prompt, we considered the setup provided in the paper [8]. All these prompt-based
approaches were trained in a CIL fashion. We introduced distinct classifiers for different tasks to ensure a fair comparison
in the TIL scenario. Depending on the provided task IDs, we selected the appropriate classifier during TIL inference. CIL
inference was done according to the algorithms provided by their respective papers [7—11].

B.3. Optimization Details

We used Adam Optimizer for both approaches (with 51 & B2 values equal to 0.9 & 0.999 respectively) with cosine decay
of the learning rate. The learning rate was determined as 0.001 x (batch_size/256) across all setups, consistent with recent
literature [8—11]. Image inputs were resized to 224 x 224 and normalized to [0, 1] for all the experiments. We considered
the batch size of 128 for all our experiments, except for ViT-L, which had a batch size of 64 because of limited memory.
For training of our model, we used a single GPU of NVIDIA V100, and it took 42 mins to train each of AdaPrefix and
AdaPrefix++, with ViT-B backbone on Split-CIFAR100 setup for five epochs. We chose the appropriate number of epochs



for different backbone sizes to achieve convergence. For ViT-L, in all datasets, we considered three epochs; for ViT-B, in all
cases, we considered five epochs; for DeiT-S, ten epochs; and DeiT-T, 15 epochs.

For all the experiments, image inputs were resized to 224 x 224 and normalized to [0, 1] We considered the batch size of
128 for all our experiments, except for ViT-L, where we had a batch size of 64, because of limited memory. For training of our
model, we used a single GPU of NVIDIA V100, and it took 44 mins to train each, AdaPrefix and AdaPrefix++, with ViT-B
backbone on Split-CIFAR100 setup for five epochs. We chose the appropriate number of epochs for different backbone sizes
to achieve convergence. For ViT-L, in all datasets, we considered three epochs; for ViT-B, in all cases, we considered five
epochs; for DeiT-S, ten epochs; and DeiT-T, 15 epochs.

C. Different Layer Embeddings

Layer embeddings are the identifiers provided to the hypernetwork to give it an understanding of the hierarchical behaviour
of different layers of the main network, in our case, the PLM. These components are independent of tasks and require to be
task-agnostic and common across all the tasks. Good embedding will lead to better layer segregation and provide almost all
the information about the hierarchy, which helps the hypernetwork to generate properly.

To understand this effect, we tried 5 different kinds of layer embeddings. Two among them are learnable, and 3 are fixed.
1) full learnable: We initialize random layer embeddings and let them get trained along with all other parameters for all the
tasks. This might have an adverse effect of catastrophic forgetting. 2) first learnable: We initialize random layer embeddings
and let them get trained with all other parameters only for the first task. The remaining tasks are kept frozen. This reduces
the catastrophic forgetting in layer embeddings, but the layer embeddings will have a certain knowledge of the first task,
which might adversely affect further tasks. 3) fixed random: We initialize random layer embeddings and then freeze it for
all the tasks. This makes it task-agnostic and fixed for all tasks. However, it fails to provide any extra information about the
hierarchy of the main architecture. 4) fixed sine: We initialize sinusoidal embeddings with each layer embeddings having a
value associated with different sine wave frequencies. Specifically, as we go deeper into the main network layers, the higher
sine wave frequencies are. After initializing, they are kept fixed for all tasks. 5) fixed One-Hot: We initialize each layer
embedding with a one-hot encoding of the corresponding layer number. For example, layer embeddings for 3"¢ layer will be
[0,0,1,0,0,---,0]T. If the layer embedding has a dimension, n x np, the corresponding column will be [1,1,--- ,1]%, and
all other values will be zeroed. After initializing these layer embeddings are kept fixed for the whole training period.

Tab. 2 provides the performance of our approach AdaPrefix++ on different backbones and datasets for all the different
initialization of embeddings. We can observe from Tab. 2 that fixed One-Hot performs on par or better in all datasets for TIL
and CIL scenarios. To get uniformity in all the experiments, we fixed the layer embeddings to fixed One-Hot for all the other
experiments.

Table 2. This table provides average accuracy (1) of AdaPrefix++ for different backbone PLM, on different datasets, for different initial-
ization of layer embeddings. Details related to all the layer embeddings are provided in Appendix C.

Layer Embeddings ‘ TIL ‘ CIL
‘ ViT-B DeiT-S DeiT-T ‘ ViT-B DeiT-S DeiT-T
CIFAR100

full learnable 97.04  96.04 92.89 | 96.28  95.37 91.25
first learnable 97.71  95.69 9290 | 96.46  95.17 91.48
fixed random 97.36  95.94 93.06 | 96.53  95.18 91.67

fixed sine 97.64 9558 9231 | 96.39  94.77 90.69
fixed One-Hot 97.76  95.88 93.24 | 96.81 94.98 91.90
ImageNet-R

full learnable 89.50  85.31 74.11 83.78  80.48 66.86
first learnable 88.84  85.27 74.02 | 82.73  80.59 66.78
fixed random 89.09  85.46 74.16 | 83.51  80.64 66.78

fixed sine 89.22  85.09 7293 | 84.41  79.55 66.04
fixed One-Hot 89.51 8525 74.24 | 84.26  79.81 67.80




D. Different Layer Importance

In this section, we experiment with our approach AdaPrefix++ for different layers of a PLM architecture. Adding AdaPre-
fix++ to different layers performs differently. It is also important to understand whether is it necessary to add AdaPrefix++
to all the layers and also to what extent we should add it to get sufficient performance. In Tab. 3, we showed performance on
multiple combinations of layers (not all possible) to get a better insight into this matter. We tried different combinations like
final 1 layer (f1), initial 1 layer (il), final 4 layers (f4), initial 4 layers (i4), final 3 and initial 3 layers (i3f3), all odd layers
(odd), all even layers (even) and finally all layers (all).

We infer from Tab. 3 that we need to add to the final layers for better CIL performance. Adding to initial layers improves
TIL performance, but the TIL-to-CIL performance drop is huge, as visible for il and i4 in the table. We can also infer that
for smaller models, adding it to more layers has also helped in increasing the performance. In the case of ImageNet-R, it’s
visible that adding it to all the layers performs best for all scenarios. Whereas in the case of CIFAR100, for ViT-B backbone,
alternate layers also perform better in TIL, whereas on Par in CIL. To have uniformity in all the experiments, we added
AdaPrefix++ to all the layers of the PLM, as it provides better performance in almost all the cases.

Table 3. This table provides average accuracy (1) of AdaPrefix++ when added to different layers. f# = Final # Layers, i# = Initial # Layers

Different Layers ‘ TiL ‘ CIL
\ ViT-B  DeiT-S DeiT-T \ ViT-B  DeiT-S DeiT-T
CIFAR100
f1 94.74  85.55 70.84 | 88.22  74.58 52.62
il 97.75  94.89 78.98 | 28.09  29.96 20.71
f4 97.01 91.01 84.37 | 9599  88.23 76.04
i4 98.05 95.66 88.77 | 57.04 5497 39.25
i3f3 97.81  94.85 89.23 | 96.30  92.48 80.63
odd 98.05 95.72 88.71 96.41  94.48 82.09
even 9791  95.74 88.20 | 95.05 93.39 79.01
all 97.71  95.69 9290 | 96.46 95.17 91.48
ImageNet-R

f1 79.66  67.21 4723 | 6497 41.77 30.30
il 87.85  80.60 68.85 | 21.96  20.61 16.86
f4 84.87  76.66 56.34 | 78.87 67.61 46.27
i4 88.57  82.96 68.84 | 37.80 3747 27.12
i3f3 87.19  82.35 65.51 80.82  72.27 48.17
odd 89.11  83.96 67.53 | 81.24  74.27 55.97
even 88.76  84.75 68.65 | 7431  73.61 50.31
all 88.84  85.27 74.02 | 82.73  80.59 66.78

E. Combination of Adapter and Prefixes Hyperparameters

AdaPrefix and AdaPrefix++ are formed by a combination of adapters and prefixes. Both adapters and prefixes have their
own hyperparameters, which must be tuned for these combinations. The hyperparameter associated with the adapter is its
reduction factor (Main Paper Sec 3.3). The hyperparameter associated with prefixes is its prefix length (Main Paper Sec 3.2).
To get optimal hyperparameter values for our setup, we performed a grid search on all possible pairs formed using adapter
reduction factor set {2, 4, 8,16, 32} and prefix length set {10, 15, 20, 30, 40, 50, 60, 80, 100}.

Fig. 1 shows a heatmap showing the performance of AdaPrefix for different combinations of hyperparameters on CI-
FAR100 datasets with a backbone of ViT-B. From the heatmap, we can observe that we got optimal performance with an
adapter reduction factor of 8 and a prefix length of 15. We fixed the adapter reduction factor to 8 for all the experiments and
the prefix length to 15.
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Figure 1. This heatmap shows a search over the hyperparameters of AdaPrefix [reduction factor of adapters (X-axis) and a prefix length
of prefixes (Y-axis)]. We performed a grid search over the hyperparameters to determine which combination works the best (according to
average accuracy). This plot considers ViT-B as the backbone and Split-CIFAR100 as the dataset to perform the experiment (TIL setting).
In this case, the choice of prefix length as 15 and the reduction factor as 8 gave the best results (highlighted with red box).

F. Results

This section provides results related to different benchmark datasets, Split-CIFAR100, Split-ImageNet-R, 5-Datasets and
CDDB-Hard. We give their average accuracy and variances computed for three random initializations. We also provide
results on the performance change for different orders of tasks for AdaPrefix++. No change occurs for AdaPrefix as it is
based on the parameter-isolation method. For CIFAR100, ImageNet-R, 5-datasets and CDDB-Hard, we randomly shuffled
the task orders into five permutations.

F.1. Computational Overheads

This section details parameter growth (in percentage) for different tasks. Tab. 4 shows that AdaPrefix++ reduces parameter
growth compared to AdaPrefix with a boost in performance because of knowledge transfer across tasks. The time taken to
train each task for AdaPrefix++ is also less compared to Adapters, Prefix and AdaPrefix.

Table 4. This table provides values for CIFAR100 dataset, with VIT-B as backbone. The per cent of parameter growth is provided compared
to backbone architecture. The formula used is [(Method Parameters) / (Backbone Parameter)] * 100. Running time is provided for training
on a single GPU, NVIDIA Tesla V100, with a batch size of 128.

| Adapter Prefix Hnet+Prefix AdaPrefix AdaPrefix++
Task-Specific Parameter 2.15 0.9 0.003 24 2.07
per task (in percent)
Common Parameters ) ) 043 ) 043

across all task (in percent)

Total Parameters

afier T tasks (in pereenty | 215 XIT1 09 XIT| 0003 x|T|+043 24 x|T| 207 x|T|+0.43

Training Time per task | 51 mins 46 mins 42 mins 47 mins 44 mins

Inference Time per 128 image | 3.98 ms 4 ms 3.69 ms 3.98 ms 3.69 ms
Memory Consumption (MB) | 389.50 345.33 323.80 444.50 403.35




F.2. Split-CIFAR100

For the Split-CIFAR100 dataset, we consider the CIFAR100 [5] dataset (100 classes in total) and divide it into ten different
disjoint tasks, each containing ten classes. In CIFAR100, small-scale examples of 32 x 32 pixels are present. Tab. 5 presents
results for average accuracy over all tasks for different baselines and our approaches. Tab. 6 provides results for five different
task orders for Split-CIFAR100 dataset.

Table 5. Average Accuracy (1) of all the baselines along with our approaches, on CIFAR100 dataset is provided in this table.

Methods \ ViT-L ViT-B DeiT-S DeiT-T
Task Incremental Learning (TIL)
FT-seq-frozen | 83.52 +0.31 80.25+0.41 6248+ 041 55.66+0.87
EWC 85.254+0.52 81.49+0.81 6294 +0.57 56.68+0.75
ER 89.21 £0.21 8523 +0.85 69.08 +0.25 59.45+ 0.81
Adapter 97.64 +£0.12 9645+ 0.11 93.20+£0.17 92.00+£0.13
LAE-Prefix 97.01 £0.45 96.89 £0.31 91.15+046 89.69 + 0.74
LAE-Adapter | 97.51 £0.37 96.89 £ 0.29 9244 4+0.64 89.24 £0.71
L2P 9495+ 0.15 9435+0.19 8833+£022 84.02+0.11
DualPrompt 95.12+0.11 9490+ 0.21 90.14 £0.21 85.16 £0.21
CODA-Prompt | 96.00 +0.53 95.52+0.76 89.86 + 0.85 85.35+ 0.69
S-Prompt 96.99 +0.18 96.85+0.13 9245+0.13 85.90+0.21
Hide-Prompt 98.14 +0.28 97.50 £0.19 95.25+0.16 87.00 +0.17
AdaPrefix 97.82+0.12 97.10+0.31 94.50+0.35 9292 +0.26
AdaPrefix++ 98.14 + 0.14 97.76 + 0.13 95.88 + 0.19 93.24 + 0.22
Class Incremental Learning (CIL)

FT-seq-frozen | 17.944+098 17.59 +£0.76 1528 +0.89 12.85+0.78
EWC 64.12 +0.64 5949 +0.21 6294 +048 56.68 £0.72
ER 76.25+0.44 71.53+0.14 69.08 +£0.67 59.45+0.13
Adapter 96.79+ 0.21 9499 +0.23 92.11+£0.29 90.10 + 0.31
LAE-Prefix 89.754+0.35 89.254+0.48 86.15+0.41 84.69+ 0.44
LAE-Adapter | 90.01 +£0.52 89.59 +£0.57 86.45+0.51 80.51£0.62
L2P 84.20 £0.17 83.06 £0.32 78.21 +£0.31 71.02+0.21
DualPrompt 87.10 £ 0.18 86.60 +0.15 81.14 +0.10 72.46 + 0.25
CODA-Prompt | 88.56 +0.63 86.94 +0.75 81.86+0.14 70.35+0.19
S-Prompt 89.41 £0.11 88.81 £0.14 84.45+0.86 79.90+ 0.41
Hide-Prompt 93.25+0.28 92.61 +£0.14 86.25+042 80.11 £0.10
AdaPrefix 96.92 +0.22 96.11 +£0.19 93.20+0.12 89.75 £0.22
AdaPrefix++ 96.99 + 0.05 96.81 + 0.37 9498 + 0.18 91.90 + 0.31

Table 6. We provide Average Accuracy over tasks for different task orders for AdaPrefix++ on CIFAR100, with ViT-B backbone

Different Orders | Order 1 Order2 Order3 Order4 Order5 | Average
TIL 97.71 97.03 97.33 97.35 97.55 97.39
CIL 96.75 96.30 96.68 96.70 96.62 96.61




F.3. Split-ImageNet-R

For the Split-ImageNet-R dataset, we considered the ImageNet-R [4] dataset (200 classes in total) and divided it into ten
different disjoint tasks, each containing 20 classes. ImageNet-R contains 200 class large-scale images of hard examples from
ImageNet [1] dataset or newly collected examples of different styles. Tab. 7 presents results for average accuracy over all
tasks for different baselines and our approaches. Tab. 8 provides results for five different task orders for Split-ImageNet-R
dataset. Tab. 9 provides results of Imagenet-R in a more challenging setting where different tasks have different amounts of
complexity. We varied the task complexity by introducing different numbers of classes in different tasks. The table shows
that AdaPrefix++ performs better in all the cases for both TIL and CIL settings compared to Hide-Prompt.

Table 7. Average Accuracy (1) of all the baselines along with our approaches on the ImageNet-R dataset is provided in this table.

Methods \ ViT-L ViT-B DeiT-S DeiT-T
Task Incremental Learning (TIL)
FT-seq-frozen | 64.58 +0.89 63.15+0.87 5478 £0.78 50.17 £ 0.94
EWC 64.25 £0.81 63.124+0.12 51.10+0.38 49.22 £0.15
ER 71.11 £0.23 71.10£0.58 60.12+0.56 58.10+0.13
Adapter 87.87 £0.18 87.50+0.12 84.00+0.15 72.50=+0.22
LAE-Prefix 83.11 £0.28 81.89 +0.26 73.14 +0.29 70.01 £0.34
LAE-Adapter 88.41 £0.35 88.14 +0.31 85.104+0.36 72.51 £0.39
L2P 76.99 +£0.11 75.65+0.11 69.25+0.16 61.25+0.24
DualPrompt 76.54 £0.17 7599 +026 69.54 +£0.14 63.95+0.29
CODA-Prompt | 82.21 2045 79.03 +0.85 72.40+0.75 66.25+0.84
S-Prompt 79.24 £0.21 77.68 £0.21 7221 +£0.13 66.21 +0.21
Hide-Prompt 87.54 £0.12 85.06 +031 7921 £0.12 69.99 £0.13
AdaPrefix 88.31 £0.32 87.95+0.12 84.454+0.16 73.72+0.13
AdaPrefix++ 89.79 £ 0.31 89.51 +-0.19 85.25+0.45 74.24 +0.25
Class Incremental Learning (CIL)

FT-seq-frozen 1593 +£0.94 14.63+£0.89 1398 +1.01 10.11 +1.56
EWC 52.10£0.82 49.11 £0.78 4528 +0.98 41.02 + 0.82
ER 57.10 £0.64 49.554+0.62 49.52+0.85 45.25+0.56
Adapter 81.25+0.15 81.11£0.18 72224+0.13 62.10+£0.19
LAE-Prefix 78.84 £0.82 77.55+£0.78 72.11 £0.74 60.32 4+ 0.82
LAE-Adapter 80.11 £0.54 79.07 £0.58 74.51 £0.57 61.94 +£0.49
L2P 71.99 +£0.19 71.65+0.21 62.25+045 59.25+0.12
DualPrompt 7254 £041 7179 4+0.16 6254 +0.32 59.95+£0.15
CODA-Prompt | 7521 £0.56 75.03+048 6540+ 0.65 61.25+0.52
S-Prompt 7524 £0.14 74.68 £0.12 63.21 £031 60.21 £0.11
Hide-Prompt 7725 +0.31 7645 +£0.13 7221 +£026 63.99 +0.14
AdaPrefix 81.95+0.82 83.13+046 7995+0.14 64.31 £0.35
AdaPrefix++ 84.39 + 0.64 84.26 £0.19 79.81 +0.21 67.80 &+ 0.31

Table 8. We provide Average Accuracy over tasks for different task orders for AdaPrefix++ on ImageNet-R, with ViT-B backbone

Different Orders ‘ Order 1

Order 2 Order 3

Order4 Order 5 ‘ Average

TIL
CIL

89.63
84.57

89.90
84.62

89.27
83.39

89.25
83.68

89.79
83.94

89.57
84.04




Table 9. This table provides results of the ImageNet-R dataset on ViT-Base architecture with varying numbers of classes on different tasks.
We provide test set accuracy for each of the tasks after being trained completely over the sequence of tasks.

| Different Tasks | 10Cls  20Cls 30Cls 20Cls 10Cls 10Cls | AVG

| | ImageNet-R |
| Hide-Prompt | 9012 8354 83.12 8647 8775 83.12 | 85.69
AdaPrefix++ | 90.23 8394 8532 8671 87.26 84.32 | 86.30
cq | Hide-Prompt | 80.82 7135 7158 7954 80.14  80.10 | 77.26
AdaPrefix++ | 87.82 7597 76.65 83.54 83.64 82.94 | 81.76

F.4. 5-Datasets

The five datasets [1 1] include CIFAR10, SVHN, FashionMNIST, MNIST, and notMNIST datasets, each provided as an
incremental task. This dataset setup provides us with a more robust understanding of the impact of different tasks on our
approaches. Tab. 10 presents results for average accuracy over all tasks for different baselines and our methods. Tab. 11
provides results for five different task orders for these five datasets.

Table 10. Average Accuracy (1) of all the baselines, along with our approaches, on 5-datasets is provided in this table.

Methods | ViT-L ViT-B DeiT-S DeiT-T
Task Incremental Learning (TIL)
FT-seq-frozen 4444 +085 44.12+£0.75 35.124+094 29.56 £ 0.63
EWC 46.23 £ 0.25 4521 +£045 3621 2054 30.25+0.53
ER 69.12 +0.45 68.1 +£0.25 6227 +£0.56 58.10 £0.29
Adapter 95.11 £0.32 9481 £0.77 89.17 £0.68 84.61 +0.12
LAE-Prefix 89.52+0.65 8827+0.79 7871 +£0.81 72.65+£0.75
LAE-Adapter 94.89 £0.19 93.75+022 87.99+0.09 8541 +0.12
L2P 9148 £0.11 9023 +£0.18 82.14 +0.12 78.56 + 0.15
DualPrompt 91.524+0.15 9024 +0.16 83.11 £0.15 78.35+0.14
CODA-Prompt | 93.15+0.25 9259+0.59 84.21+£0.69 79.28 £0.95
S-Prompt 93.65+0.16 93.21+0.14 86.244+0.15 80.41+0.15
Hide-Prompt 9590 +0.18 9520 +0.19 91.58+0.11 85.01 £0.14
AdaPrefix 9524 +£0.13 9490+021 91.58+0.25 85.10+0.14
AdaPrefix++ 9528 £0.15 9476 £0.32 90.52 £0.15 85.28 +0.32
Class Incremental Learning (CIL)

FT-seq-frozen 13.01 £0.59 12.15+0.77 10.89 £0.49 10.01 £ 0.99
EWC 33.59 +£0.29 33.04 +£0.77 30414054 25.61 £0.12
ER 50.12 £0.38 48.21 £0.56 4523 +0.63 43.02 +0.56
Adapter 88.45+0.12 88.01 £0.17 8525+0.19 80.99+0.13
LAE-Prefix 86.95+029 8549+021 7625+£0.27 70.55+0.22
LAE-Adapter 89.01 £0.29 88.17+0.22 86.55+0.34 81.25+0.37
L2P 84.17 £0.11 83.06+0.12 7828 £0.11 76.21 +0.15
DualPrompt 86.90 £ 0.12 86.60+0.13 79.26 £0.15 77.21 £0.15
CODA-Prompt | 88.90 £0.37 8694 +048 81.11£0.65 79.64 + 0.49
S-Prompt 89.11 +£0.12 88.81 £0.19 8521 £0.25 79.60 £0.13
Hide-Prompt 9291 +0.16 92.61 +-0.13 8921 £0.13 81.20£0.17
AdaPrefix 9199 +£0.19 91.94+0.14 89.12+0.19 81.21 +0.21
AdaPrefix++ 91.87 £0.13 9140+0.18 89.25+0.11 81.10+0.17




Table 11. We provide Average Accuracy over all tasks for different task orders for AdaPrefix++ on 5-datasets, with ViT-B backbone

Different Orders ‘ Order 1

TIL 94.15
CIL 91.32

Order 2  Order 3

94.52 94.74
90.09 92.01

Order4 Order 5 ‘ Average

94.53 94.62 94.512
91.10 91.52 91.37

F.5. CDDB-Hard

The CDDB-Hard [6] dataset is related to continual deep fake detection. In this dataset, we are provided fake images
generated by different generative models and images from different generative models are considered from different domains.
CDDB-Hard contains images from Gaussian-GAN, BigGAN, WildDeepFakes, Whichface-Real and SAN. More details about
these are present in [0]. Tab. 12 compares our approach AdaPrefix++ with all the other baseline approaches in a DIL scenario
on the CDDB-Hard dataset. Tab. 13 provides results for five different task orders for the CDDB-Hard dataset.

Table 12. Average Accuracy Results (1) on CDDB-Hard deep-fake detection dataset in a domain incremental setting (DIL)

Methods | Vil-L ViT-B DeiT-S DeiT-T

EWC 51.10£0.78 50.59 £0.88 40.25+0.56 29.34+0.98
ER 7401 £0.69 7390 +£0.75 6524+046 51244081
LAE-Adapter | 75.11 £0.51 74.01 £0.45 69.24 £0.16 64.99 £ 0.31
L2P 62.10£0.16 6128 £0.21 5647 £0.11 42.14+0.24
DualPrompt | 61.99+021 61.394+0.16 57.01£0.17 42.11£0.17
CODA-Prompt | 66.14 +0.56 6522 4+0.54 59.14£0.68 47.14 £0.78
S-Prompt 75.12£0.19 7451 £0.14 7025+0.19 63.10 +0.19
AdaPrefix++ | 7845 +0.13 77.06 £0.17 75.21+£0.27 67.12+0.31

Table 13. We provide Average Accuracy over all tasks for different task orders for AdaPrefix++ on CDDB-Hard, with ViT-B backbone

Order 2 Order 3
77.06 76.99

Different Orders | Order 1
DIL | 76.59

Order4 Order5 | Average
76.92  77.38 | 76.988

Table 14. In this table, we provide domain-wise average accuracy for S-Prompt [9] and our approach AdaPrefix++ (for TIL (with domain-
ids) and DIL (without domain-ids)). We provide results on a sequence of 8§ domains taken for CDDB dataset [6] with ViT-Base as the
backbone.

‘ gaugan biggan deepfake imle crn wild  whichfaceisreal ~ san ‘ AVG

S-Prompt 97.60  94.12 91.54 100.0 98.56 76.21 73.56 52.31 | 85.49
AdaPrefix++ (TIL) | 98.90  95.00 94.08 100.0 99.53 77.56 80.00 56.67 | 87.71
AdaPrefix++ (DIL) | 99.30  95.125 93.99 100.0 99.49 76.20 72.50 54.44 | 86.38

G. Experiments on NLP Datasets (CL Benchmarks)

In this section, we provide the results of our approach AdaPrefix and AdaPrefix++ on one of the popular Continual
Learning benchmarks in NLP, CL Benchmark. It contains 5 tasks: Yelp (sentiment analysis), AG News (topic classification),
Amazon (sentiment analysis), DBpedia (topic classification), and Yahoo (topic classification). All of these tasks use accuracy
as a metric. To reduce the computational cost, we further sampled 1000 samples per class for all datasets; since test sets are
not available for all datasets, we used validation sets as our test data across all the experiments and held our 500 samples
from training data as validation. All of these experiments are done on the T5-Small model. Tab. 15 provides results for all



these tasks on our approach and a few baselines. From this table, we can see that our approach also works well for NLP tasks.
We can also see that AdaPrefix works better than another approach, and AdaPrefix++ holds on to that accuracy even with a
reduction in the number of parameters.

Table 15

CL Benchmark ‘
Average
‘ Yelp Amazon DBPedia Yahoo AG News ‘

EWC 27.71 27.52 25.38 15.97 47.97 31.00
Prefix 45.60  33.52 96.51 69.76 86.20 66.00
AdaPrefix | 49.84  41.60 97.06 71.20 88.00 70.00
Hnet+Prefix | 47.52  37.71 96.18 70.11 85.80 67.00
AdaPrefix++ | 50.05  41.09 96.89 71.64 88.03 70.00
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