Under review as a conference paper at ICLR 2024

A APPENDIX

i Average time for training (5 epochs)
. Prsoties Methods Accuracy?
. —XH CTipBERT (Lei et al., 2021) 374
VGT (Xiao et al., 2022 39.7
VQA-T (Yang et al., 2021) 415
H SiaSamRea (Yu et al.}[2021 41.6
: MERLOT (Zellers et al.}[2021) 43.1
Co-Tok (Piergiovanni et al.,[2022) 45.7
*EMCL (Jin et al.,[2022) 45.2
*EMCL (+ ) 45.5(+0.3)

Table 5: Performance comparison of video question
Figure 5: The full training time in hours  answering on MSRVTT. PATHS can also be applied
are Compared. For training’ each evalua- to EMCL for the task, which achieves performance
tion scheme has been adopted. Each baris  improvement. We use original code of EMCL for the
an average time of all models used in the ~ experimental evaluation.
experimentations.

A.1 TIME EFFICIENCY

In Figure [5] we present a comparative analysis of time complexities across three evaluation
paradigms: traditional epoch-wise evaluation, [V-step evaluation, and the PATHS evaluation method.
In text-to-video retrieval literature, all models are trained over 5 epochs, and we follow the protocol
reporting the time for training over 5 epochs. Figure [3]is the average total training time in hour of
the previous models reported in Table 2] and [3] The number of videos and, the number of frames
of each video have strong differences across three datasets, which is reflected in the bar graph in

Figure[5]

Notably, N-step evaluation requires significant increase in time for training each of the datasets.
This is mainly because of the frequent evaluations on validation set at every epoch, which causes
computational overhead. While many recent studies take the N-step approach, less attention has
been paid on the computational overhead problem. Our study addresses this problem proposing
a novel approach which doesn’t require frequent evaluations. For MSRVTT dataset, PATHS only
takes approximately the same amount of time for training as the conventional epoch-wise method.
For both LSMDC and MSVD datasets, PATH saves the training time compared to the 50-step ap-
proach. When number of video gets large, such as the LSMDC dataset, the improvement becomes
significant. It is also worth to note that PATHS performs as nearly as the N-step evaluation when
compared one-to-one (see per 50 step vs first stage in Table H).

A.2 PATHS APPLIED TO VIDEO QUESTION ANSWERING TASK

We further investigate how PATHS can be applied to a task other than text-to-video retrieval. Several
works have been proposed in video question answering (VideoQA) task. VideoQA leverages visual
information from videos to predict corresponding answers of input questions. Utilizing the target
vocabulary designed for the MSRVTT-QA dataset [2016), we trained a fully connected
layer atop the final linguistic features to categorize the answer.

In Table 5} EMCL is the only model that leverages the pre-trained weights from
CLIP. We use EMCL as a baseline for the given task, and see how PATH can further improve EMCL
in VideoQA. From Table [5} we confirm that PATHS can also improves EMCL on VideoQA task,
which highlights its generalization to other tasks.

A.3 THE PROCESS OF THE STMA

This section elaborates the mechanics STMA, which is conceptualized in Figure @ The STMA
begins by bisecting a video based on a scene transition algorithm, encapsulated within the green

14



Under review as a conference paper at ICLR 2024

Calculate the similarity between the first frame and the rest of the frame

CCECCCCCU NN

0.96 0.95 0.94 091 0.90 0.91 089 051 0.51 0.50 0.49

Apply forward difference And find a scene transiti

CELECCCCNmmm

0.04 0.01 0.01 0.03 0.01 0.01 0.02 038 0.00 0.01 0.01

Scene Transition Algorithm

Video split based on scene transition mask

Original input video after going through the temporal encoder layer

—RLLLRLCCNNNN

Co-Attentioned masked video A

-

Co-Attentioned masked video B

_ SEEECCCCED

Concatenate

Adapter

Alignment Attention with concatenated video
Original temporal encoder’s attention score visualization

KELLRCCLCNN

Co-Attention encoder’s attention score visualization

Co-Attention encoder’s attention score visualization

¢ eCECKCTEEEe

Concatenate / Attention score

Pooling / Output

CRLCLCRCNNNN

Figure 6: The figure presented serves as a schematic representation of our STMA. The segment
enclosed within the green box illustrates the algorithm’s mechanism for identifying scene transition
points. The blue box emphasizes the functional deployment of STMA within the temporal encoder.
The color presents the attention score: red signifies high attention scores, yellow indicates medium
levels, and blue represents low scores.

box in the figure. This algorithm initiates by assessing the similarity between the initial frame and
subsequent frames as detailed in Section [£.2] We then identify the scene transition point by the
similarity matrix. After that, we create a mask before and after the corresponding scene transition
point.

The blue box in the figure outlines the process of STMA. This module ingests two masks generated
from the scene transition algorithm, and processes three frame sequences within the model. The
first sequence is the original video post-attention layer, while the remaining sequences are mask-
modified frames subjected to co-attention mechanisms. The multiple processes allows the model to
capture the multiple aspects of scenes within a given video. Finally, we apply additional attention
layer and pooling layer for obtaining final output which reflects the importance among the three
processes.

Our model internalizes knowledge of scenes originating from a singular video source through the co-
attention module. We use a single encoder so that the alignment attention module and co-attention
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module share the same encoder. This approach can minimize the additional parameters, and also
turn out to be more effective in performance than having two separate encoder. In general, training
co-attention and multi-head attention simultaneously in the same encoder hinders effective optimiza-
tions. However, in this unique scenario, where each of the frames from a same video exhibit strong
correlations, the problem is mitigated. We can additionally mitigate the problem with our training
strategy. In the second stage of our training scheme, all irrelevant parameters are kept frozen, and
thus attention weights can be updated effectively.

A.4 ABLATION STUDY FOR STMA

Gate Text-to-Video Retrieval Gate Text-to-Video Retrieval
R@1 R@5 R@I0 MeanR R@l R@5 R@I0 MeanR
Baseline 472 73.5 82.5 13.8 Baseline | 47.2 73.5 82.5 13.8
w/o CoAttn | 47.8  73.3 81.8 13.6 Avg 48.1 73.6 82.9 134
w/o A-Attn | 47.8 734 82.2 13.7 Max 48.1 73.4 82.9 13.2
Full STMA | 484  73.7 82.7 13.2 Conv 484  73.7 82.7 13.2

Table 6: Ablation study of attention mecha-  Table 7: Ablation study of pooling strategies
nisms on STMA. Text-to-video retrieval results ~on STMA. Text-to-video retrieval results on
on MSRVTT are compared. We use X-CLIP as  MSRVTT are compared. We use X-CLIP as a
a baseline. baseline.

To understand how the co-attention and alignment attention contribute to the STMA performance,
we perform ablative analysis, where the results are provided in Table [} We confirm that each
component indeed contributes to the STMA performance. The full implementation of STMA brings
significant performance improvements. More importantly, in full implementation, each component
contributes complementarily to the final results.

Additionally, Table [/|illustrates the performance with different pooling techniques employed in the
STMA. We compare average pooling, max pooling, and convolution-1D pooling methods. Among
these, the convolution-1D approach demonstrated the best results.

A.5 VIDEO-TO-TEXT RETRIEVAL

MSRVTT

Methods R@11 R@51 R@101 MeanR | R@11 R@51 R@101 MeanR|

ViT-B-32 ViT-B-16
CenterCLIP (Zhao et al.![2022}sici 45.1 72.4 83.1 10.0 47.7 75.0 833 10.2
DRL (Wang et al.][2022}.xi 2 453 739 83.3 - 48.9 76.3 85.4 -
*X-Pool (Gorti et al.,|2022)cver 2 444 733 84.0 9.0 - - -
MEME (Kang & Cho,|[2023)sicir 23 47.7 74.0 83.3 9.4 - - - -
*CLIP4Clip (Luo et al.|[ 2022 )xcurocomputing 22 432 70.5 80.2 11.8 45.7 724 83.2 10.8
*CLIP4Clip (+PATHS) 43.4(+0.2) 71.5(+1.0) 81.4(+1.2) 10.8(+1.0) | 46.3(+0.6) 75.3(+2.9) 83.0(-0.2) 9.6(-1.2)
*TS2-Net (Liu et al.2022):ccv 2 46.1 73.8 83.5 9.4 46.8 76.7 84.8 8.6
*TS2-Net (+PATHS) 45.9(-0.2) 74.0(+0.2) 84.4(+0.9) 8.9(-0.5) | 47.9(+1.1) 77.4(+0.7) 86.6(+1.8) 8.2(-0.4))
*EMCL-Net (Jin et al.,[2022)xcuirs 22 46.1 73.7 84.2 9.8 50.2 75.7 84.0 8.8
*EMCL-Net (+PATHS) 48.0(+1.9) 74.8(+1.1) 83.8(-04) 9.2(-0.6) | 51.1(+0.9) 77.0(+1.3) 85.1(+1.1) 8.3(-0.5)
#X-CLIP (Ma et al.,|2022) scviviv 2 472 732 80.6 10.5 47.6 77.3 84.8 8.8
*X-CLIP (+PATHS) 47.7(+0.5) 73.6(+0.4) 82.3(+1.7) 9.5(-1.0) | 48.8(+1.2) 75.9(-1.4) 84.9(+0.1) 8.6(-0.2)
*DiCoSA (Jin et al.,[2023bjucar2: 47.6 742 83.7 8.8 49.9 778 85.3 8.5
*DiCoSA (+PATHS) 472(-04) 749(+0.7) 83.9(+0.2) 8.7(-0.1) | 50.2(+0.3) 77.1(-0.6) 86.7(+1.4) 7.9(-0.6)

Table 8: Video-to-text retrieval task results on MSRVTT, % denotes that the results are reproduced
using the publicly released code.

Following previous studies in text-to-video retrieval, we perform video-to-text retrieval task. We
report the performance in Table [8] where we use MSRVTT dataset for the evaluation.The exper-
imental setup follows the setups from the existing backbone models. We confirm that PATHS is
always effective when applied to any strong baseline models for video-to-text retrieval tasks.

A.6 QUALITATIVE ANALYSIS

To gain insights into the attention weights assigned by STMA and to evaluate its efficacy in scene
recognition, we perform qualitative analysis. In the associated figures, attention weights are ex-
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Figure 7: Visualization of the attention score extracted at each part of SMTA.

pressed with colors; red signifies high attention, yellow indicates medium attention, and blue repre-
sents low attention. The images in Figure([7] [8] O] and [I0]depict actual experimental results. Distinct
from the visualizations generated by original temporal attention, the final output from STMA clearly
identifies a sequence of scenes around the transition point. This substantiates that our model is pro-
ficient in contextual scene learning.
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Figure 8: Visualization of the attention score extracted at each part of SMTA.
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Figure 9: Visualization of the attention score extracted at each part of SMTA.
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Figure 10: Visualization of the attention score extracted at each part of SMTA.
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