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solutions. As artificial intelligence systems continue to mature, deep learning-based methods offer
strong potential for the accurate and efficient detection of pneumonia.

Prior research has demonstrated the state-of-the-art capabilities of Convolutional Neural Networks
(CNNs) and Vision Transformers (ViT) in various medical image analysis tasks, including pneu-
monia detection from chest X-rays[3]. However, most solutions operate in a ”black-box” approach,
offering limited insight into influential regions in the X-ray image that drive their decisions. Since
radiologists require transparent, localized explanations to verify model outputs, this lack of in-
terpretability restricts clinical adoption. Moreover, pixel-level annotations, such as segmentation
masks or bounding boxes, are necessary for fully supervised localization techniques; however, they
are costly and challenging to acquire at scale [4].

Weakly supervised learning (WSL) techniques offer a practical approach for spatial localization
using only image level labels, thereby avoiding the burdens of manual pixel wise annotations.
Among various WSL approaches, Gradient-weighted Class Activation Mapping (Grad-CAM) has
been widely adopted for visual explanations in radiology, highlighting the most influential regions
that contribute to model predictions. Therefore, interpretable heatmaps generated using Grad-
CAM enhance interpretability and provide clinicians with intuitive visual cues linking predictions
to underlying radiographic features.

This study presents a unified framework for pneumonia classification and Grad-CAM based weakly
supervised localization of pneumonia using chest X-rays. We benchmark seven different pre-trained
model, such as ResNet-18[5], ResNet50[5], DenseNet121[6], EfficientNet-B0[7], MobileNetV2[8],
MobileNetV3[9], and the transformer-based ViT-B16[10], under identical training conditions. This
article highlights the potential of explainable and weakly supervised AI methods to narrow the gap
between automated image interpretation and practical clinical decision-making.

The main contributions of this paper are as follows:

• We evaluate a Chest X-Rays dataset [3] with strict patient level split to prevent the data
leakage.

• We benchmark six pretrained CNN architectures and a Vision Transformer backbones under
identical training and evaluation settings.

• We integrate Grad-CAM and token activation visualization to produce radiologically mean-
ingful heatmaps aligned with lung regions, offering interpretable AI insights for clinicians.

• We identify MobileNet-V3 as an optimal trade off between accuracy and computational cost,
supporting real-time, edge and mobile health application.

The remainder of the paper is organised as follows. Section 2 reviews previous studies on pneumo-
nia detection, weakly supervised learning and the use of explainability in pneumonia localisation.
Section 3 describes the methods and neural architectures employed in the experiments. Section 4
presents the experimental setup, datasets, and analysis of the results. Finally, Section 5 provides the
conclusion and future work.
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2. RELATED WORK

In 2018, Kermany et al. [3] introduced a large chest X-ray dataset dedicated to pneumonia detec-
tion, which opened new opportunities for researchers in medical image analysis. Early research
on pneumonia detection primarily relied on supervised learning methods and focused mainly on
pneumonia classification. For instance, Tilve et al. [11] benchmarked pneumonia detection using
both traditional machine learning techniques, such as k-nearest neighbors (KNN), and modern
convolutional neural network (CNN) approaches, demonstrating the superior performance of CNN-
based supervised methods. Erdem and Aydın [12] further proposed a novel CNN framework with
separable blocks and transfer learning for efficient pneumonia detection. Similarly, Zavaleta et
al. [13] demonstrated that lightweight architectures such as MobileNetV2 achieve a favorable
balance between predictive accuracy and computational efficiency. Although these supervised
models achieved strong classification performance, they relied heavily on large, manually labeled
datasets, making them costly to train and prone to overfitting and poor generalization.

Weakly supervised learning (WSL) has emerged as a promising solution to reduce dependence
on expensive, pixel-level annotations required for fully supervised models [14]. WSL utilizes
incomplete or inexact supervision, such as image-level labels or free-text radiology reports, to enable
large-scale model training [15,16]. Tam et al. [15] introduced a multimodal framework combining
object detection with natural language processing (NLP) for semantically grounded localization.
Subsequent work extended these ideas using transformer and generative architectures. Saber et
al. [17] proposed a multi-scale transformer with lung segmentation and attention mechanisms,
while Keshavamurthy et al. [18] developed a GAN-based WSL model for fine-grained pneumonia
localization without bounding-box labels. Other CNN-based WSL methods [19–21] demonstrated
accurate localization using only image-level supervision.

While weakly supervised methods are continuously advancing in pneumonia detection, most studies
still rely on complex architectures or domain-specific annotations, which limit reproducibility and
clinical deployment. Moreover, few works systematically compare CNN and transformer back-
bones under identical training and evaluation settings. In addition, due to the black-box nature of
AI models, many prior studies remain limited to non-interpretable approaches, creating hesitation
toward clinical adoption. This study addresses these gaps by introducing a unified benchmarking
framework for weakly supervised pneumonia localization using Grad-CAM across seven pretrained
models, emphasizing interpretability, computational efficiency, and clinical relevance.

3. METHODS

As illustrated in FIGURE2, the proposed framework follows a standard deep learning pipeline con-
sisting of dataset preprocessing, feature extraction using pretrained model, training and evaluation
of model performance. Furthermore, we compute the class activation maps to create heatmaps that
localize the pneumonia affected regions.
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3.1 Dataset

We used the publicly available Chest X-ray dataset [3]. In this dataset, 1583 X-ray images are in
normal class and 4273 are in pneumonia class including both train and test set. In train set 1349
images are in normal class and 3884 images are in pneumonia class. Similarly, in test set 234 images
are in normal class and 390 images are in pneumonia class. However, during dataset inspection, we
observed that some patients ids were on both training and test sets, which could cause data leakage.
To address this issue, we merged the original splits and re-partitioned the dataset at the patient
level into training (70%), validation (15%), and test (15%) sets. Each image was resized to 224 x
224 pixels to match the input requirements of ImageNet-pretrained backbones. Since the original
images were grayscale, we duplicated the channel three times to create a pseudo-RGB input to
match the input shape for pretrained backbones. Further, to enhance generalization, we applied data
augmentation including random rotation, horizontal flipping, brightness/contrast adjustment, and
Gaussian noise. Dataset splitting was performed at the patient level to prevent data leakage, with
70% of patients for training, 15% for validation, and 15% for testing.

Table 1: Dataset distribution after splitting.

Subset NORMAL PNEUMONIA
Train (70%) 1,114 2,951

Validation (15%) 232 653
Test (15%) 237 669

Figure 1: Sample chest X-ray images from the dataset: (a) Normal, (b) Pneumonia (Bacterial), and
(c) Pneumonia (Viral).

3.2 Model Architectures

In this study, we evaluated seven different widely used ImageNet pretrained models to explore
different trade-offs between accuracy, efficiency and representational power. These include resid-
ual networks, densely connected networks, parameter-efficient scaling methods, mobile optimized
networks, and transformer based models.

• ResNet18 and ResNet50 [5]:Residual networks (ResNet) were introduced by Kaiming He
et al. in 2015 to address the vanishing gradient problem by introducing skip connections that
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�0�D�W�K�H�P�D�W�L�F�D�O�O�\ �W�K�H �E�L�Q�D�U�\ �I�R�F�D�O �O�R�V�V �I�X�Q�F�W�L�R�Q �L�V �G�H�I�L�Q�H�G �D�V��

! ¹H–̂?º = � U H¹1 � ?̂ºWlog¹ ?̂º � ¹ 1 � Uº¹1 � Hº ?̂Wlog¹1 � ?̂º

�Z�K�H�U�HH 2 f0–1g �L�V �W�K�H �J�U�R�X�Q�G���W�U�X�W�K �O�D�E�H�O �D�Q�G?̂ 2 »0–1¼�L�V �W�K�H �S�U�H�G�L�F�W�H�G �S�U�R�E�D�E�L�O�L�W�\ �I�R�U
�W�K�H �S�R�V�L�W�L�Y�H �F�O�D�V�V�� �7�K�H �S�D�U�D�P�H�W�H�UW�F�R�Q�W�U�R�O�V �K�R�Z �V�W�U�R�Q�J�O�\ �H�D�V�\ �H�[�D�P�S�O�H�V �D�U�H �G�R�Z�Q �Z�H�L�J�K�W�H�G
�K�L�J�K�H�U �Y�D�O�X�H�V �L�Q�F�U�H�D�V�H �W�K�H �I�R�F�X�V �R�Q �K�D�U�G �V�D�P�S�O�H�V �Z�K�L�O�HU �E�D�O�D�Q�F�H�V �W�K�H �L�P�S�R�U�W�D�Q�F�H �E�H�W�Z�H�H�Q
�S�R�V�L�W�L�Y�H �D�Q�G �Q�H�J�D�W�L�Y�H �F�O�D�V�V�H�V�� �:�K�H�QW= 0�� �W�K�H �)�R�F�D�O �/�R�V�V �V�L�P�S�O�L�I�L�H�V �W�R �W�K�H �V�W�D�Q�G�D�U�G �Z�H�L�J�K�W�H�G
�E�L�Q�D�U�\ �F�U�R�V�V���H�Q�W�U�R�S�\ �O�R�V�V��

�‡�&�O�D�V�V �L�P�E�D�O�D�Q�F�H �V�W�U�D�W�H�J�L�H�V���,�Q �D�G�G�L�W�L�R�Q �W�R �)�R�F�D�O �/�R�V�V�� �Z�H �D�S�S�O�L�H�G �U�D�Q�G�R�P �R�Y�H�U���V�D�P�S�O�L�Q�J
�R�I �P�L�Q�R�U�L�W�\ �F�O�D�V�V �G�X�U�L�Q�J �W�U�D�L�Q�L�Q�J�� �7�K�L�V �H�Q�V�X�U�H�G �W�K�D�W �H�D�F�K �P�L�Q�L���E�D�W�F�K �Z�D�V �P�R�U�H �E�D�O�D�Q�F�H�G �D�Q�G
�S�U�H�Y�H�Q�W�H�G �W�K�H �P�R�G�H�O �I�U�R�P �E�H�L�Q�J �E�L�D�V�H�G �W�R�Z�D�U�G �W�K�H �S�Q�H�X�P�R�Q�L�D �F�O�D�V�V��

�‡�2�S�W�L�P�L�]�H�U �D�Q�G �K�\�S�H�U�S�D�U�D�P�H�W�H�U�V���$�O�O �P�R�G�H�O�V �Z�H�U�H �W�U�D�L�Q�H�G �X�V�L�Q�J �W�K�H �$�G�D�P �R�S�W�L�P�L�]�H�U �Z�L�W�K �D
�O�H�D�U�Q�L�Q�J �U�D�W�H �R�I1� 10� 4 �D�Q�G �D �Z�H�L�J�K�W �G�H�F�D�\ �R�I1� 10� 4���7�U�D�L�Q�L�Q�J �Z�D�V �S�H�U�I�R�U�P�H�G �Z�L�W�K �D �E�D�W�F�K
�V�L�]�H �R�I ���� �I�R�U �X�S �W�R ���� �H�S�R�F�K�V�� �Z�L�W�K �H�D�U�O�\ �V�W�R�S�S�L�Q�J �D�S�S�O�L�H�G �W�R �S�U�H�Y�H�Q�W �R�Y�H�U�I�L�W�W�L�Q�J��

�‡�0�R�G�H�O �F�K�H�F�N�S�R�L�Q�W �D�Q�G �H�D�U�O�\ �V�W�R�S�S�L�Q�J���)�R�U �H�D�F�K �W�U�D�L�Q�L�Q�J �O�R�R�S�� �W�K�H �E�H�V�W �P�R�G�H�O �F�K�H�F�N�S�R�L�Q�W �Z�D�V
�V�H�O�H�F�W�H�G �D�F�F�R�U�G�L�Q�J �W�R �Y�D�O�L�G�D�W�L�R�Q �D�F�F�X�U�D�F�\ �D�Q�G �5�2�&���$�8�& �V�F�R�U�H�� �(�D�U�O�\ �V�W�R�S�S�L�Q�J �Z�D�V �H�P�S�O�R�\�H�G
�W�R �P�L�W�L�J�D�W�H �R�Y�H�U�I�L�W�W�L�Q�J �Z�K�H�Q �Q�R �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �Y�D�O�L�G�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �Z�D�V �R�E�V�H�U�Y�H�G �I�R�U �W�K�U�H�H
�F�R�Q�V�H�F�X�W�L�Y�H �H�S�R�F�K�V��

�‡�(�Y�D�O�X�D�W�L�R�Q���$�I�W�H�U �H�D�F�K �W�U�D�L�Q�L�Q�J �O�R�R�S�� �H�D�F�K �P�R�G�H�O �Z�D�V �H�Y�D�O�X�D�W�H�G �R�Q �D�Q �L�Q�G�H�S�H�Q�G�H�Q�W �W�H�V�W �V�H�W
�R�I �F�K�H�V�W �;���U�D�\ �L�P�D�J�H�V�� �7�R �H�Q�V�X�U�H �I�D�L�U�Q�H�V�V �D�Q�G �U�H�S�U�R�G�X�F�L�E�L�O�L�W�\�� �Z�H �D�V�V�H�V�V�H�G �R�X�U �P�H�W�K�R�G�V �X�V�L�Q�J
�V�W�D�Q�G�D�U�G �H�Y�D�O�X�D�W�L�R�Q �P�H�W�U�L�F�V�� �L�Q�F�O�X�G�L�Q�J �D�F�F�X�U�D�F�\�� �5�2�&���$�8�&�� �3�5���$�8�&�� �D�Q�G �W�K�H �E�H�V�W �)�����V�F�R�U�H��
�(�D�F�K �H�Y�D�O�X�D�W�L�R�Q �P�H�W�U�L�F �L�V �H�[�S�O�D�L�Q�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q �Z�L�W�K �L�W�V �P�D�W�K�H�P�D�W�L�F�D�O �I�R�U�P�X�O�D�W�L�R�Q��

������ �3�H�U�I�R�U�P�D�Q�F�H �(�Y�D�O�X�D�W�L�R�Q �0�H�W�U�L�F�V

�7�R �V�\�V�W�H�P�D�W�L�F�D�O�O�\ �D�V�V�H�V�V �P�R�G�H�O �S�H�U�I�R�U�P�D�Q�F�H�� �Z�H �H�P�S�O�R�\�H�G �D �V�H�W �R�I �H�Y�D�O�X�D�W�L�R�Q �P�H�W�U�L�F�V �G�H�V�L�J�Q�H�G
�W�R �P�H�D�V�X�U�H �E�R�W�K �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �D�F�F�X�U�D�F�\ �D�Q�G �F�O�L�Q�L�F�D�O �U�H�O�H�Y�D�Q�F�H �L�Q �F�O�D�V�V���L�P�E�D�O�D�Q�F�H�G �F�R�Q�G�L�W�L�R�Q�V�� �7�R
�I�R�U�P�X�O�D�W�H �H�Y�D�O�X�D�W�L�R�Q �P�H�W�U�L�F�V �P�D�W�K�H�P�D�W�L�F�D�O�O�\�� �O�H�W �X�V �D�V�V�X�P�H �7�3�� �7�1�� �)�3�� �D�Q�G �)�1 �U�H�S�U�H�V�H�Q�W�V �W�U�X�H
�S�R�V�L�W�L�Y�H�V�� �W�U�X�H �Q�H�J�D�W�L�Y�H�V�� �I�D�O�V�H �S�R�V�L�W�L�Y�H�V�� �D�Q�G �I�D�O�V�H �Q�H�J�D�W�L�Y�H�V�� �U�H�V�S�H�F�W�L�Y�H�O�\��

������



�M�D�L�D�L���R�U�J�� �_�'�H�F�H�P�E�H�U �������� �-�R�X�U�Q�D�O �R�I �$�U�W�L�I�L�F�L�D�O �,�Q�W�H�O�O�L�J�H�Q�F�H �D�Q�G �$�X�W�R�Q�R�P�R�X�V �,�Q�W�H�O�O�L�J�H�Q�F�H

�$�F�F�X�U�D�F�\��

�$�F�F�X�U�D�F�\=
�7�3̧ �7�1

�7�3̧ �7�1¸ �)�3¸ �)�1

�$�F�F�X�U�D�F�\ �P�H�D�V�X�U�H�V �W�K�H �S�U�R�S�R�U�W�L�R�Q �R�I �F�R�U�U�H�F�W �S�U�H�G�L�F�W�L�R�Q�V �E�R�W�K �W�U�X�H �S�Q�H�X�P�R�Q�L�D �F�D�V�H�V ���7�3�� �D�Q�G �W�U�X�H
�Q�R�U�P�D�O �F�D�V�H�V ���7�1�� �R�X�W �R�I �D�O�O �S�U�H�G�L�F�W�L�R�Q�V�� �+�R�Z�H�Y�H�U�� �D�F�F�X�U�D�F�\ �F�D�Q �E�H �P�L�V�O�H�D�G�L�Q�J �L�Q �L�P�E�D�O�D�Q�F�H�G
�G�D�W�D�V�H�W�V �E�H�F�D�X�V�H �L�W �P�D�\ �R�Y�H�U�H�V�W�L�P�D�W�H �S�H�U�I�R�U�P�D�Q�F�H �E�\ �I�D�Y�R�U�L�Q�J �W�K�H �P�D�M�R�U�L�W�\ �F�O�D�V�V�� �7�K�H�U�H�I�R�U�H�� �Z�H
�H�Y�D�O�X�D�W�H �R�X�U �P�R�G�H�O�V �X�V�L�Q�J �D�G�G�L�W�L�R�Q�D�O �F�O�D�V�V���L�P�E�D�O�D�Q�F�H�±�D�Z�D�U�H �P�H�W�U�L�F�V��

�3�U�H�F�L�V�L�R�Q ���3�R�V�L�W�L�Y�H �3�U�H�G�L�F�W�L�Y�H �9�D�O�X�H����

�3�U�H�F�L�V�L�R�Q=
�7�3

�7�3̧ �)�3

�3�U�H�F�L�V�L�R�Q �T�X�D�Q�W�L�I�L�H�V �K�R�Z �P�D�Q�\ �R�I �P�R�G�H�O�¶�V �S�R�V�L�W�L�Y�H �S�U�H�G�L�F�W�L�R�Q�V �Z�H�U�H �D�F�W�X�D�O�O�\ �W�U�X�H �S�R�V�L�W�L�Y�H��

�5�H�F�D�O�O ���6�H�Q�V�L�W�L�Y�L�W�\ �R�U �7�U�X�H �3�R�V�L�W�L�Y�H �5�D�W�H����

�5�H�F�D�O�O=
�7�3

�7�3̧ �)�1

�6�L�P�L�O�D�U�O�\�� �U�H�F�D�O�O �P�H�D�V�X�U�H�V �K�R�Z �P�D�Q�\ �R�I �W�K�H �D�F�W�X�D�O �S�R�V�L�W�L�Y�H �F�D�V�H�V ���S�Q�H�X�P�R�Q�L�D�� �W�K�H �P�R�G�H�O �F�R�U�U�H�F�W�O�\
�L�G�H�Q�W�L�I�L�H�V�� �$ �K�L�J�K �U�H�F�D�O�O �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �P�R�G�H�O �P�L�V�V�H�V �Y�H�U�\ �I�H�Z �S�Q�H�X�P�R�Q�L�D �F�D�V�H�V�� �7�K�L�V �L�V �F�O�L�Q�L��
�F�D�O�O�\ �L�P�S�R�U�W�D�Q�W �E�H�F�D�X�V�H �I�D�O�V�H �Q�H�J�D�W�L�Y�H�V �I�D�L�O�L�Q�J �W�R �G�H�W�H�F�W �S�Q�H�X�P�R�Q�L�D �F�D�Q �O�H�D�G �W�R �S�R�W�H�Q�W�L�D�O�O�\ �V�H�U�L�R�X�V
�F�R�Q�V�H�T�X�H�Q�F�H�V��

�6�S�H�F�L�I�L�F�L�W�\ ���7�U�X�H �1�H�J�D�W�L�Y�H �5�D�W�H����

�6�S�H�F�L�I�L�F�L�W�\=
�7�1

�7�1¸ �)�3

�6�S�H�F�L�I�L�F�L�W�\ �P�H�D�V�X�U�H�V �K�R�Z �Z�H�O�O �W�K�H �P�R�G�H�O �L�G�H�Q�W�L�I�L�H�V �Q�R�U�P�D�O �F�D�V�H�V�� �$ �K�L�J�K �V�S�H�F�L�I�L�F�L�W�\ �L�Q�G�L�F�D�W�H�V �W�K�D�W
�I�H�Z �Q�R�U�P�D�O �;���U�D�\�V �D�U�H �L�Q�F�R�U�U�H�F�W�O�\ �S�U�H�G�L�F�W�H�G �D�V �S�Q�H�X�P�R�Q�L�D��

�)�����V�F�R�U�H��

� 1 = 2 �
�3�U�H�F�L�V�L�R�Q� �5�H�F�D�O�O
�3�U�H�F�L�V�L�R�Q¸ �5�H�F�D�O�O

�7�K�H �)�����V�F�R�U�H �L�V �W�K�H �K�D�U�P�R�Q�L�F �P�H�D�Q �R�I �S�U�H�F�L�V�L�R�Q �D�Q�G �U�H�F�D�O�O�� �,�Q �W�K�L�V �V�W�X�G�\�� �Z�H �U�H�S�R�U�W �W�K�H �E�H�V�W �)�����V�F�R�U�H
�R�E�W�D�L�Q�H�G �D�F�U�R�V�V �D�O�O �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �W�K�U�H�V�K�R�O�G�V��

�5�2�&���$�8�& ���5�H�F�H�L�Y�H�U �2�S�H�U�D�W�L�Q�J �&�K�D�U�D�F�W�H�U�L�V�W�L�F �± �$�U�H�D �8�Q�G�H�U �W�K�H �&�X�U�Y�H���� �7�K�H �5�2�&���$�8�&
�U�H�S�U�H�V�H�Q�W�V �W�K�H �P�R�G�H�O�¶�V �R�Y�H�U�D�O�O �D�E�L�O�L�W�\ �W�R �G�L�V�W�L�Q�J�X�L�V�K �E�H�W�Z�H�H�Q �S�Q�H�X�P�R�Q�L�D �D�Q�G �Q�R�U�P�D�O �F�D�V�H�V �D�F�U�R�V�V
�D�O�O �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �W�K�U�H�V�K�R�O�G�V�� �$ �K�L�J�K�H�U �5�2�&���$�8�& �L�Q�G�L�F�D�W�H�V �V�W�U�R�Q�J�H�U �G�L�V�F�U�L�P�L�Q�D�W�L�Y�H �S�H�U�I�R�U�P�D�Q�F�H��
�L�Q�G�H�S�H�Q�G�H�Q�W �R�I �W�K�H �G�H�F�L�V�L�R�Q �W�K�U�H�V�K�R�O�G��

�3�5���$�8�& ���3�U�H�F�L�V�L�R�Q�±�5�H�F�D�O�O �± �$�U�H�D �8�Q�G�H�U �W�K�H �&�X�U�Y�H���� �7�K�H �3�5���$�8�& �V�X�P�P�D�U�L�]�H�V �W�K�H �W�U�D�G�H���R�I�I
�E�H�W�Z�H�H�Q �S�U�H�F�L�V�L�R�Q �D�Q�G �U�H�F�D�O�O �D�F�U�R�V�V �D�O�O �W�K�U�H�V�K�R�O�G�V�� �,�W �L�V �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q�I�R�U�P�D�W�L�Y�H �L�Q �L�P�E�D�O�D�Q�F�H�G
�G�D�W�D�V�H�W�V �E�H�F�D�X�V�H �L�W �H�P�S�K�D�V�L�]�H�V �W�K�H �P�R�G�H�O�¶�V �D�E�L�O�L�W�\ �W�R �F�R�U�U�H�F�W�O�\ �G�H�W�H�F�W �W�K�H �P�L�Q�R�U�L�W�\ �F�O�D�V�V��

������



�M�D�L�D�L���R�U�J�� �_�'�H�F�H�P�E�H�U �������� �.�L�U�D�Q �D�Q�G �$�Q�X�S

������ �3�Q�H�X�P�R�Q�L�D �/�R�F�D�O�L�]�D�W�L�R�Q

�7�R �K�L�J�K�O�L�J�K�W �W�K�H �P�R�V�W �L�Q�I�O�X�H�Q�W�L�D�O �U�H�J�L�R�Q�V �L�Q �S�U�H�G�L�F�W�L�R�Q�V�� �Z�H �H�P�S�O�R�\ �*�U�D�G�L�H�Q�W �Z�H�L�J�K�W�H�G �&�O�D�V�V �$�F��
�W�L�Y�D�W�L�R�Q �0�D�S�S�L�Q�J ���*�U�D�G���&�$�0�� �>�����@ �V�H�U�Y�L�Q�J �D�V �D �Z�H�D�N�O�\ �V�X�S�H�U�Y�L�V�H�G �O�R�F�D�O�L�]�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P �D�Q�G
�H�Q�K�D�Q�F�L�Q�J �F�O�L�Q�L�F�D�O �L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\�� �)�R�U �&�1�1 �E�D�V�H�G �D�U�F�K�L�W�H�F�W�X�U�H�V�� �*�U�D�G���&�$�0 �L�V �F�R�P�S�X�W�H�G �X�V�L�Q�J �W�K�H
�I�H�D�W�X�U�H �P�D�S�V �D�Q�G �J�U�D�G�L�H�Q�W�V �R�I �W�K�H �O�D�V�W �F�R�Q�Y�R�O�X�W�L�R�Q �O�D�\�H�U�� �Z�K�L�F�K �S�U�R�Y�L�G�H �D �G�L�U�H�F�W �V�S�D�W�L�D�O �F�R�U�U�H�V�S�R�Q��
�G�H�Q�F�H �Z�L�W�K �W�K�H �L�Q�S�X�W �L�P�D�J�H�� �:�K�H�U�H�D�V�� �9�L�7 �R�S�H�U�D�W�H �R�Q �S�D�W�F�K �H�P�E�H�G�G�L�Q�J�V �L�Q�V�W�H�D�G �R�I �F�R�Q�Y�R�O�X�W�L�R�Q
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���������� �*�U�D�G���&�$�0 �I�R�U �&�1�1 �$�U�F�K�L�W�H�F�W�X�U�H�V

�,�Q �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �D�U�F�K�L�W�H�F�W�X�U�H�V �V�X�F�K �D�V �5�H�V�1�H�W�� �'�H�Q�V�H�1�H�W�� �D�Q�G �0�R�E�L�O�H�1�H�W�� �*�U�D�G���&�$�0 �L�V �D�S�S�O�L�H�G �W�R
�W�K�H�O�D�V�W �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �O�D�\�H�U�� �Z�K�L�F�K �U�H�W�D�L�Q�V �W�K�H �K�L�J�K�H�V�W���O�H�Y�H�O �V�H�P�D�Q�W�L�F �D�Q�G �V�S�D�W�L�D�O �L�Q�I�R�U�P�D�W�L�R�Q�� �/�H�W
� 2 R� � � � , �G�H�Q�R�W�H �W�K�H �D�F�W�L�Y�D�W�L�R�Q �P�D�S�V �R�I �W�K�L�V �O�D�\�H�U�� �D�Q�Gr . 2 2 R� � � � , �U�H�S�U�H�V�H�Q�W �W�K�H �J�U�D�G�L�H�Q�W�V
�R�I �W�K�H �S�U�H�G�L�F�W�H�G �F�O�D�V�V �V�F�R�U�H. 2 �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H�V�H �D�F�W�L�Y�D�W�L�R�Q�V�� �7�K�H �F�K�D�Q�Q�H�O���Z�L�V�H �L�P�S�R�U�W�D�Q�F�H
�Z�H�L�J�K�W�V �D�U�H �R�E�W�D�L�Q�H�G �E�\ �J�O�R�E�D�O �D�Y�H�U�D�J�H �S�R�R�O�L�Q�J �R�I �W�K�H �J�U�D�G�L�H�Q�W�V��
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���������� �*�U�D�G���&�$�0 �I�R�U �9�L�V�L�R�Q �7�U�D�Q�V�I�R�U�P�H�U�V

�9�L�V�L�R�Q �7�U�D�Q�V�I�R�U�P�H�U�V ���9�L�7�V�� �U�H�S�O�D�F�H �F�R�Q�Y�R�O�X�W�L�R�Q�D�O �I�L�O�W�H�U�V �Z�L�W�K �W�R�N�H�Q�L�]�H�G �S�D�W�F�K �H�P�E�H�G�G�L�Q�J�V�� �U�H�T�X�L�U��
�L�Q�J �D �P�R�G�L�I�L�F�D�W�L�R�Q �R�I �W�K�H �*�U�D�G���&�$�0 �I�R�U�P�X�O�D�W�L�R�Q�� �:�H �F�D�S�W�X�U�H �D�F�W�L�Y�D�W�L�R�Q�V �I�U�R�P �W�K�H�I�L�Q�D�O �/�L�Q�H�D�U �O�D�\�H�U
�R�I �W�K�H �O�D�V�W �0�/�3 �E�O�R�F�N�Z�L�W�K�L�Q �W�K�H �O�D�V�W �W�U�D�Q�V�I�R�U�P�H�U �H�Q�F�R�G�H�U�� �Z�K�L�F�K �S�U�H�V�H�U�Y�H�V �V�S�D�W�L�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V �I�R�U �D�O�O �L�P�D�J�H �S�D�W�F�K�H�V�� �/�H�W� 2 R# � � �E�H �W�K�H �D�F�W�L�Y�D�W�L�R�Q�V �R�I# �S�D�W�F�K �W�R�N�H�Q�V ���H�[�F�O�X�G�L�Q�J
�W�K�H �F�O�D�V�V �W�R�N�H�Q�� �D�Q�Gr . 2 2 R# � � �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �J�U�D�G�L�H�Q�W�V �R�I �W�K�H �S�U�H�G�L�F�W�H�G �F�O�D�V�V�� �7�K�H �L�P�S�R�U�W�D�Q�F�H
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�7�K�L�V �X�Q�L�I�L�H�G �*�U�D�G���&�$�0 �I�U�D�P�H�Z�R�U�N �S�U�R�Y�L�G�H�V �F�R�Q�V�L�V�W�H�Q�W �Y�L�V�X�D�O �L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\ �D�F�U�R�V�V �E�R�W�K �&�1�1 �D�Q�G
�W�U�D�Q�V�I�R�U�P�H�U���E�D�V�H�G �E�D�F�N�E�R�Q�H�V�� �H�Q�D�E�O�L�Q�J �T�X�D�O�L�W�D�W�L�Y�H �F�R�P�S�D�U�L�V�R�Q �R�I �W�K�H�L�U �D�W�W�H�Q�W�L�R�Q �R�Q �G�L�D�J�Q�R�V�W�L�F�D�O�O�\
�U�H�O�H�Y�D�Q�W �U�H�J�L�R�Q�V��

������ �4�X�D�Q�W�L�W�D�W�L�Y�H �/�R�F�D�O�L�]�D�W�L�R�Q �(�Y�D�O�X�D�W�L�R�Q

�6�L�Q�F�H �S�L�[�H�O���O�H�Y�H�O �D�Q�Q�R�W�D�W�L�R�Q�V �D�U�H �Q�R�W �D�Y�D�L�O�D�E�O�H �L�Q �F�K�H�V�W �;���U�D�\ �G�D�W�D�V�H�W�� �Z�H �D�G�R�S�W �D �O�L�J�K�W�Z�H�L�J�K�W �T�X�D�Q��
�W�L�W�D�W�L�Y�H �P�H�W�U�L�F �W�R �H�Y�D�O�X�D�W�H �W�K�H �D�Q�D�W�R�P�L�F�D�O �F�R�Q�V�L�V�W�H�Q�F�\ �R�I �*�U�D�G���&�$�0 �H�[�S�O�D�Q�D�W�L�R�Q�V�� �6�S�H�F�L�I�L�F�D�O�O�\�� �Z�H
�F�R�P�S�X�W�H �D �/�X�Q�J �$�W�W�H�Q�W�L�R�Q �5�D�W�L�R ���/�$�5���� �G�H�I�L�Q�H�G �D�V �W�K�H �S�U�R�S�R�U�W�L�R�Q �R�I �*�U�D�G���&�$�0 �D�F�W�L�Y�D�W�L�R�Q �H�Q�H�U�J�\
�W�K�D�W �I�D�O�O�V �Z�L�W�K�L�Q �D �F�R�D�U�V�H �O�X�Q�J �U�H�J�L�R�Q �R�I �L�Q�W�H�U�H�V�W ���5�2�,����

�7�K�H �O�X�Q�J �5�2�, �L�V �G�H�I�L�Q�H�G �X�V�L�Q�J �D �I�L�[�H�G �W�K�R�U�D�F�L�F �D�Q�D�W�R�P�L�F�D�O �S�U�L�R�U �W�K�D�W �H�[�F�O�X�G�H�V �L�P�D�J�H �E�R�U�G�H�U�V �D�Q�G �V�X�E��
�G�L�D�S�K�U�D�J�P�D�W�L�F �U�H�J�L�R�Q�V�� �7�K�L�V �5�2�, �G�R�H�V �Q�R�W �U�H�S�U�H�V�H�Q�W �S�U�H�F�L�V�H �O�X�Q�J �V�H�J�P�H�Q�W�D�W�L�R�Q �D�Q�G �L�V �X�V�H�G �V�R�O�H�O�\
�I�R�U �H�Y�D�O�X�D�W�L�R�Q �S�X�U�S�R�V�H�V�� �)�R�U �H�D�F�K �L�Q�S�X�W �L�P�D�J�H�� �*�U�D�G���&�$�0 �K�H�D�W�P�D�S�V �D�U�H �Q�R�U�P�D�O�L�]�H�G �D�Q�G �R�Q�O�\ �W�K�H
�W�R�S ������ �R�I �D�F�W�L�Y�D�W�L�R�Q �Y�D�O�X�H�V �D�U�H �U�H�W�D�L�Q�H�G �W�R �V�X�S�S�U�H�V�V �E�D�F�N�J�U�R�X�Q�G �Q�R�L�V�H�� �/�$�5 �L�V �W�K�H�Q �F�R�P�S�X�W�H�G �D�V
�W�K�H �U�D�W�L�R �R�I �D�F�W�L�Y�D�W�L�R�Q �Z�L�W�K�L�Q �W�K�H �O�X�Q�J �5�2�, �D�Q�G �W�K�H �W�R�W�D�O �D�F�W�L�Y�D�W�L�R�Q �D�F�U�R�V�V �W�K�H �L�P�D�J�H�� �D�V �V�K�R�Z�Q �L�Q �(�T
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������ �(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S

�$�O�O �P�R�G�H�O�V �Z�H�U�H �W�U�D�L�Q�H�G �X�Q�G�H�U �L�G�H�Q�W�L�F�D�O �F�R�Q�G�L�W�L�R�Q�V �W�R �H�Q�V�X�U�H �I�D�L�U �F�R�P�S�D�U�L�V�R�Q�� �7�U�D�L�Q�L�Q�J �D�Q�G �H�Y�D�O�X�D��
�W�L�R�Q �Z�H�U�H �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �3�\�7�R�U�F�K �������������F�X������ �R�Q �D�Q �1�9�,�'�,�$ �7�� �*�3�8 �Z�L�W�K ���� �*�% �9�5�$�0�� �7�K�H
�E�D�W�F�K �V�L�]�H �Z�D�V ������ �O�H�D�U�Q�L�Q�J �U�D�W�H1 � 10� 4�� �D�Q�G �Z�H�L�J�K�W �G�H�F�D�\1 � 10� 4�� �(�D�F�K �P�R�G�H�O �Z�D�V �W�U�D�L�Q�H�G �I�R�U
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