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Biometric Leakage from Generative Models and Adversarial Iris Swap-
ping for Spoofing Eye-based Authentication

Jan Michalak

(ABSTRACT)

This thesis investigates the vulnerability of generative models trained on biometric data

and explores digital spoofing attacks on iris-based authentication systems representative of

AR/VR environments. We first explore how diffusion models trained on biometric data

can memorize and leak iris images. Next, we evaluate the effectiveness of Cross-Attention

GANs for iris-swapping attacks, demonstrating their ability to enable presentation attacks

that spoof iris-recognition systems. Our experiments across several standard iris and VR

datasets have an attack success rate of 100% within similar domains and generalize across

domains with rates as high as 70%. Our findings highlight the need to consider vulnerabilities

in biometric systems and strengthen defenses against digital presentation attacks produced

by generative models.



Biometric Leakage from Generative Models and Adversarial Iris Swap-
ping for Spoofing Eye-based Authentication

Jan Michalak

(GENERAL AUDIENCE ABSTRACT)

Most people are familiar with Face ID, which uses facial features to unlock phones or laptops.

But in virtual and augmented reality (AR/VR) headsets, where faces are not always visible,

devices rely on the iris to recognize users. In this thesis, we show that AI models trained

on iris images can sometimes memorize and leak information about the people they were

trained on. We also designed a new type of attack where a fake eye is created by swapping

one person’s iris onto another’s eye. These generated irises can trick iris recognition systems

into thinking the attacker is the target. Our results show near-perfect success when attacking

within the same dataset, and strong success when crossing between different VR datasets.

These findings suggest that while iris recognition holds promise for secure login in AR/VR

devices, it also opens a new risk that AI-powered attacks could exploit.
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Biometric authentication is becoming a familiar part of everyday technology, with iris recog-

nition playing an increasingly important role. What sets iris biometrics apart is their remark-

able uniqueness and long-term stability, making them a trusted standard for secure identi-

fication. While face and fingerprint recognition are common on mobile devices, iris-based

systems are gaining traction on mixed reality (MR) platforms like the Microsoft HoloLens

2, Magic Leap 2, and Apple Vision Pro, where capturing a full facial image is not always

possible.

Even though iris-based authentication is considered highly secure, it is not invulnerable.

Presentation attacks — where an attacker tries to trick the system using fake biometric inputs

— continue to pose a real challenge. In the past, most defenses have focused on physical

attacks, such as printed iris images, textured contact lenses, or video replays. But the

landscape is shifting. The rise of generative AI, especially models like Generative Adversarial

Networks (GANs) and diffusion models, has opened the door to a new type of threat: digitally

crafted biometric spoofs. These technologies can create synthetic but convincing iris patterns,

raising new concerns about the ability to bypass even the most robust iris authentication

systems.
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The primary challenge addressed in this thesis is the vulnerability of iris-based authentication

systems, especially those embedded in AR/VR headsets, to digital presentation attacks

enabled by generative models.

This thesis explores two key threat vectors:

1. The ability of diffusion models to memorize and regenerate real identities from training

data, leading to biometric leakage.

2. The feasibility and robustness of iris-swapping attacks using cross-attention GAN ar-

chitectures, especially across different domains.

This thesis investigates the following questions:

1.

Does fine-tuning a diffusion model on iris datasets result in the reproduction of training

samples that are biometrically valid under standard recognition systems?

2.

Using a known target iris, can a Cross-Attention GAN model generate realistic swaps

that match the target identity while maintaining natural eye appearance?

3.



Can a trained swap model maintain spoofing effectiveness on datasets captured under

AR/VR-specific conditions, such as variable lighting, pose, and sensor type?

This thesis is structured as follows:

• outlines the motivation for this work, the core problem

statement, and the three research questions that guide the study.

• defines the adversary’s capabilities and assumptions, and

describes the risk landscape for iris-based authentication in AR/VR environments.

• reviews related work in iris biometrics, presentation attacks

(both physical and digital), and vulnerabilities in machine learning models, particularly

generative models.

• introduces two at-

tack pipelines: identity leakage via fine-tuned diffusion models ( ), and digital

iris-swapping attacks using a Cross-Attention GAN ( ). For the leak-

age attack, we present both the methodology and results within this chapter, as the

evaluation is self-contained

• presents the results of swap-based attacks against iris recognizers

across different domains and recognition settings. This chapter directly addresses

and , analyzing spoofing success in white-box and black-box conditions,

and generalization across datasets.

• discusses results, limitations, and avenues for future work.



Iris-based biometric authentication is gaining traction as a secure and seamless mode of iden-

tity verification, especially within emerging Virtual Reality (VR) and Augmented Reality

(AR) devices. Devices such as the Apple Vision Pro, Microsoft HoloLens 2, and Magic Leap

2 have begun integrating iris authentication as a built-in form of user authentication. This

authentication method is becoming more popular, especially when conventional modalities

such as fingerprint or facial recognition are unavailable due to the device form factor. More-

over, conventional authentication methods, such as passwords and PINs, are susceptible to

observation and reconstruction attacks within immersive environments [28].

The stability and uniqueness of irises make them a gold standard biometric and are well-

suited for AR/VR environments [5]. However, the reliance on biometrics in AR/VR systems

inherits existing risks associated with presentation attacks. Traditional presentation attacks

have targeted iris recognition systems through physical means, such as a printed out iris

image or a textured contact lens to mimic a real iris [42, 50]. More recently, digital attacks

have emerged where adversaries remove the need for physical props by generating synthetic

biometric data to deceive recognition systems [34].

This thesis examines the emerging threat of purely digital presentation attacks, driven by ad-

4



vances in generative modeling. Recent techniques, such as Generative Adversarial Networks

(GANs) and diffusion models, have made it increasingly possible to synthesize realistic iris

imagery, undermining the long-standing assumption that iris patterns are inherently difficult

to replicate. Unlike traditional attacks that require physical artifacts, digital spoofs enable

scalable, remote attacks against biometric systems. As AR/VR platforms increasingly rely

on continuous biometric authentication, the ability to generate high-quality, adversarial iris

images raises serious concerns about the long-term security and resilience of these technolo-

gies.

In this thesis, digital presentation attacks are defined as cases where an adversary has access

to at least one high-quality image of a victim’s iris. Unlike traditional physical attacks, where

the adversary must use artifacts such as printed eyes or textured contact lenses, digital

attacks use synthetic imagery to impersonate a user remotely. Although irises have been

viewed as a highly secure and private identification method, recent developments challenge

this confidence. There are several real-world situations where an adversary could obtain iris

images without a user’s consent. This is outlined below:

• : High-resolution iris textures are of-

ten captured in selfies, group photos, and professional images shared on social media

platforms. An adversary may apply super-resolution enhancement tools to extract us-

able iris data from these images. Alonso-Fernandez et al. [2] demonstrated that deep

learning-based super-resolution models can reconstruct high-fidelity iris patterns from

low-quality facial images. Ribeiro et al. [41] showed that upscaled iris images can reach

sufficient quality for reliable biometric recognition.



• : Modern surveillance infrastructure includes long-range iris

scanners capable of capturing detailed eye imagery from a distance and in non-cooperative

scenarios. Lee and Park [30] showed that iris recognition remains feasible even under

poor quality or long-range capture conditions.

• : When diffusion models or

GANs are fine-tuned on biometric datasets, they can memorize and reproduce examples

from their training data. Carlini et al. [9] revealed that diffusion models trained on

sensitive data can regurgitate memorized identities. Our work showed that diffusion

models trained on CASIA-Iris-Thousand [36] could regenerate synthetic images nearly

indistinguishable from the original identities. These privacy risks are further evaluated

in Chapter 4.

• : Modern AR/VR devices such as the

Meta Quest Pro include internal, user-facing cameras used for eye-tracking and biomet-

ric interaction. In some configurations, such as when developer mode is enabled, these

camera streams may be accessible to users or applications with elevated permissions.

For example, the VRBiom dataset [27] was constructed by recording raw periocular

video streams at 72 FPS using the Quest Pro’s internal cameras. This suggests that in

certain white-box threat scenarios, an adversary with developer access could extract

high-resolution iris data directly from the device’s internal sensor pipeline.

• : If an adversary had physical access to a

victim’s VR headset, they could embed a hidden camera inside the headset without

the user’s knowledge. This kind of attack bypasses the need for software-level defenses

entirely. This also allows for high-quality close-range images of the victim’s iris. This

is a serious concern in environments where VR headsets are shared and cannot be fully

trusted.
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�+���i�B�Q�M �?�2���/�- �i�Q �2�t�i�`���+�i �k�y�9�3�@�/�B�K�2�M�b�B�Q�M���H �7�2���i�m�`�2 �p�2�+�i�Q�`�b�X

�Ç �1�K�#�2�/�/�B�M�; �S� �̀Q�D�2�+�i�B�Q�M�, �� �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �H���v�2�` �T�`�Q�D�2�+�i�b �7�2���i�m�`�2 �p�2�+�i�Q�`�b �B�M�i�Q �� �R�k�3�@

�/�B�K�2�M�b�B�Q�M���H �b�T���+�2�- �7�Q�H�H�Q�r�2�/ �#�v �#���i�+�? �M�Q�`�K���H�B�x���i�B�Q�M ���M�/ �_�2�G�l ���+�i�B�p���i�B�Q�M�X



�U���V �P�`�B�;�B�M���H �2�v�2 �B�K���;�2�U�#�V �a�2�;�K�2�M�i���i�B�Q�M �K���b�F�U�+�V �J���b�F�2�/ �B�`�B�b �UI �B�`�B�b= I � M �V

�6�B�;�m�`�2 �9�X�k�, �A�`�B�b �K���b�F�B�M�; �T�`�Q�+�2�b�b �m�b�2�/ �#�2�7�Q�`�2 �7�2���i�m�`�2 �2�t�i�`���+�i�B�Q�M�- �b�?�Q�r�M �Q�M �� �b���K�T�H�2 �7�`�Q�K
�i�?�2 �*���a�A���@�A�`�B�b�@�h�?�Q�m�b���M�/ �/���i���b�2�i �(�j�e�)�X �h�?�2 �#�B�M���`�v �K���b�F �B�b�Q�H���i�2�b �i�?�2 �B�`�B�b �`�2�;�B�Q�M �B�M �i�?�2 �B�M�T�m�i
�B�K���;�2�- �T�`�Q�/�m�+�B�M�; �i�?�2 �K���b�F�2�/ �B�`�B�b �B�K���;�2 �m�b�2�/ �#�v �i�?�2 �`�2�+�Q�;�M�B�x�2�`�X

�Ç �G�k �L�Q�`�K���H�B�x���i�B�Q�M�, �h�?�B�b �2�M�b�m�`�2�b �2�K�#�2�/�/�B�M�;�b ���`�2 �m�M�B�7�Q�`�K�H�v �/�B�b�i�`�B�#�m�i�2�/ �7�Q�` �b�B�K�B�H���`�B�i�v

�+�Q�K�T���`�B�b�Q�M�b�X

�:�B�p�2�M ���M �B�M�T�m�i �B�`�B�b �B�K���;�2I �B�`�B�b�- �i�?�2 �M�2�i�r�Q�`�F �T�`�Q�/�m�+�2�b �G�k�@�M�Q�`�K���H�B�x�2�/ �2�K�#�2�/�/�B�M�;�b�,

F� (x) = �L�Q�`�K(f �2�K�#(f �7�2���i(I �B�`�B�b))) �U�9�X�j�V

�r�?�2�`�2�,f �7�2���i�`�2�T�`�2�b�2�M�i�b �i�?�2 �_�2�b�L�2�i�@�8�y �#���+�F�#�Q�M�2�-f �2�K�#�B�b �i�?�2 �2�K�#�2�/�/�B�M�; �T�`�Q�D�2�+�i�B�Q�M �H���v�2�`�- ���M�/

�L�Q�`�K �/�2�M�Q�i�2�b �G�k �M�Q�`�K���H�B�x���i�B�Q�M�X �h�?�2 �2�K�#�2�/�/�B�M�; �T�`�Q�D�2�+�i�B�Q�M �B�b �/�2�7�B�M�2�/ ���b�,

f �2�K�#(z) = �_�2�G�l(�"�L(Wez + be)) �U�9�X�9�V

�r�?�2�`�2�,z 2 R2048 �B�b �i�?�2 �7�2���i�m�`�2 �p�2�+�i�Q�`�- ���M�/We 2 R128� 2048 ���M�/be 2 R128 ���`�2 �i�`���B�M���#�H�2 �T���`���K�@

�2�i�2�`�b�X �.�m�`�B�M�; �i�`���B�M�B�M�;�- �r�2 �B�M�+�Q�`�T�Q�`���i�2 ���M ���m�t�B�H�B���`�v �+�H���b�b�B�7�B�+���i�B�Q�M �?�2���/ �i�Q �K���T �2�K�#�2�/�/�B�M�;�b

�i�Q �B�/�2�M�i�B�i�v �H���#�2�H�b�,

ŷ = Wcf �2�K�#(f �7�2���i(I �B�`�B�b)) + bc �U�9�X�8�V



�r�?�2�`�2�,Wc 2 RC� 128 ���M�/bc 2 RC ���`�2 �+�H���b�b�B�7�B�2�` �T���`���K�2�i�2�`�b�- ���M�/C �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�m�K�#�2�`

�Q�7 �B�/�2�M�i�B�i�v �+�H���b�b�2�b �r�B�i�?�B�M �i�?�2 �/���i���b�2�i�X �h�?�2 �K�Q�/�2�H �B�b �i�`���B�M�2�/ �m�b�B�M�; �� �b�i���M�/���`�/ �+�`�Q�b�b�@�2�M�i�`�Q�T�v

�H�Q�b�b �#�2�i�r�2�2�M �i�?�2 �T�`�2�/�B�+�i�2�/ �H�Q�;�B�i�bŷ ���M�/ �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�/�2�M�i�B�i�v �H���#�2�H�b�X �h�?�B�b �Q�#�D�2�+�i�B�p�2

�2�M�+�Q�m�`���;�2�b �i�?�2 �M�2�i�r�Q�`�F �i�Q �+�H�m�b�i�2�` �2�K�#�2�/�/�B�M�;�b �7�`�Q�K �i�?�2 �b���K�2 �b�m�#�D�2�+�i �r�?�B�H�2 �K���t�B�K�B�x�B�M�;

�b�2�T���`���i�B�Q�M �#�2�i�r�2�2�M �B�/�2�M�i�B�i�B�2�b�X �h�?�2 �+�H���b�b�B�7�B�+���i�B�Q�M �?�2���/ �B�b �/�B�b�+���`�/�2�/ �/�m�`�B�M�; �B�M�7�2�`�2�M�+�2�- ���M�/

�Q�M�H�v �i�?�2 �M�Q�`�K���H�B�x�2�/ �2�K�#�2�/�/�B�M�;�b ���`�2 �`�2�i���B�M�2�/ �7�Q�` �#�B�Q�K�2�i�`�B�+ �K���i�+�?�B�M�; �m�b�B�M�; �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v�X

�.�m�`�B�M�; �B�M�7�2�`�2�M�+�2�- �B�`�B�b �K���i�+�?�B�M�; �B�b �T�2�`�7�Q�`�K�2�/ �#�v �+�Q�K�T�m�i�B�M�; �i�?�2 �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M

�M�Q�`�K���H�B�x�2�/ �2�K�#�2�/�/�B�M�; �p�2�+�i�Q�`�b �T�`�Q�/�m�+�2�/ �#�v �i�r�Q �/�B�7�7�2�`�2�M�i �B�`�B�b �B�K���;�2�b�,

�a�B�K(F� (x1); F� (x2)) =
F� (x1) � F� (x2)

kF� (x1)kkF� (x2)k
�U�9�X�e�V

�h�Q �2�b�i���#�H�B�b�? �� �/�2�+�B�b�B�Q�M �i�?�`�2�b�?�Q�H�/ �7�Q�` �#�B�Q�K�2�i�`�B�+ �K���i�+�?�B�M�;�- �r�2 �+�Q�K�T�m�i�2 �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �b�+�Q�`�2�b

�#�2�i�r�2�2�M ���H�H �;�2�M�m�B�M�2 ���M�/ �B�K�T�Q�b�i�Q�` �T���B�`�b �r�B�i�?�B�M �i�?�2 �p���H�B�/���i�B�Q�M �b�2�i�X �q�2 �i�?�2�M �/�2�i�2�`�K�B�M�2 �i�?�2

�i�?�`�2�b�?�Q�H�/ �i�?���i �K���t�B�K�B�x�2�b �Q�p�2�`���H�H �T���B�`�r�B�b�2 �+�H���b�b�B�7�B�+���i�B�Q�M ���+�+�m�`���+�v�X �h�?�B�b �Q�T�i�B�K���H �i�?�`�2�b�?�Q�H�/

�B�b �m�b�2�/ �i�?�`�Q�m�;�?�Q�m�i �Q�m�` �2�t�T�2�`�B�K�2�M�i�b �i�Q �+�Q�K�T�m�i�2 ���i�i���+�F �b�m�+�+�2�b�b �`���i�2�b �U���a�_�V�X �6�Q�` �+�Q�K�T�H�2�i�2�@

�M�2�b�b�- �r�2 ���H�b�Q �`�2�T�Q�`�i �i�?�2 �1�[�m���H �1�`�`�Q�` �_���i�2 �U�1�1�_�V ���M�/ �B�i�b ���b�b�Q�+�B���i�2�/ �i�?�`�2�b�?�Q�H�/�- �`�2�7�H�2�+�i�B�M�; �i�?�2

�T�Q�B�M�i ���i �r�?�B�+�? �i�?�2 �7���H�b�2 ���+�+�2�T�i���M�+�2 ���M�/ �`�2�D�2�+�i�B�Q�M �`���i�2�b ���`�2 �2�[�m���H�X �"�Q�i�? �i�?�`�2�b�?�Q�H�/�b ���`�2 �/�2�@

�`�B�p�2�/ �7�`�Q�K �i�?�2 �b�B�K�B�H���`�B�i�v �b�+�Q�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b ���M�/ �T�`�Q�p�B�/�2 �+�Q�K�T�H�2�K�2�M�i���`�v �B�M�b�B�;�?�i�b �B�M�i�Q �K�Q�/�2�H

�T�2�`�7�Q�`�K���M�+�2�X

�*�Q�M�i�`���b�i�B�p�2 �G�2���`�M�B�M�;�@�"���b�2�/ �A�`�B�b �_�2�+�Q�;�M�B�x�2�` �r�B�i�? �1�1�_�@�.�`�B�p�2�M �1�p���H�m���i�B�Q�M

�h�Q ���/�/�`�2�b�b �i�?�2 �H�B�K�B�i���i�B�Q�M�b �Q�7 �+�H���b�b�B�7�B�+���i�B�Q�M�@�#���b�2�/ �B�`�B�b �`�2�+�Q�;�M�B�i�B�Q�M �B�M �Q�T�2�M�@�b�2�i �Q�` �+�`�Q�b�b�@�/�Q�K���B�M

�b�2�i�i�B�M�;�b�- �r�2 �2�K�T�H�Q�v �� �+�Q�M�i�`���b�i�B�p�2 �H�2���`�M�B�M�; �7�`���K�2�r�Q�`�F �i�`���B�M�2�/ �r�B�i�? �i�?�2 �A�M�7�Q�L�*�1 �H�Q�b�b�X �h�?�B�b

�K�Q�/�2�H �B�b �/�2�b�B�;�M�2�/ �i�Q �;�2�M�2�`���H�B�x�2 ���+�`�Q�b�b �b�m�#�D�2�+�i �B�/�2�M�i�B�i�B�2�b ���M�/ �/���i���b�2�i�b �#�v �Q�T�i�B�K�B�x�B�M�; �2�K�#�2�/�@

�/�B�M�; �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �K���i�+�?�B�M�; �T���B�`�b �r�?�B�H�2 �T�m�b�?�B�M�; ���T���`�i �M�Q�M�@�K���i�+�?�B�M�; �T���B�`�b�X �l�M�H�B�F�2 �i�?�2



�T�`�2�p�B�Q�m�b �`�2�+�Q�;�M�B�x�2�`�- �i�?�B�b �K�Q�/�2�H �/�Q�2�b �M�Q�i �`�2�H�v �Q�M �� �+�H���b�b�B�7�B�+���i�B�Q�M �?�2���/ �Q�` �2�t�T�H�B�+�B�i �B�/�2�M�i�B�i�v �b�m�@

�T�2�`�p�B�b�B�Q�M�- �K���F�B�M�; �B�i �#�2�i�i�2�` �b�m�B�i�2�/ �7�Q�` �2�p���H�m���i�B�M�; �b�T�Q�Q�7 ���i�i���+�F�b ���+�`�Q�b�b ���_�f�o�_ �/���i���b�2�i�b �b�m�+�?

���b �P�T�2�M�1�.�a�k�y�R�N �(�R�N�) ���M�/ �P�T�2�M�1�.�a�k�y�k�y �(�j�d�)�X

���b �B�M �i�?�2 �T�`�2�p�B�Q�m�b �`�2�+�Q�;�M�B�x�2�`�- �r�2 �m�b�2 �� �K�Q�/�B�7�B�2�/ �_�2�b�L�2�i�@�8�y �#���+�F�#�Q�M�2 �i�Q �2�t�i�`���+�i �k�y�9�3�@

�/�B�K�2�M�b�B�Q�M���H �7�2���i�m�`�2 �p�2�+�i�Q�`�b �7�`�Q�K �K���b�F�2�/ �B�`�B�b �B�K���;�2�b�X �h�?�2�b�2 ���`�2 �i�?�2�M �T�`�Q�D�2�+�i�2�/ �B�M�i�Q �� �R�k�3�@

�/�B�K�2�M�b�B�Q�M���H �2�K�#�2�/�/�B�M�; �b�T���+�2 �p�B�� �� �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �H���v�2�` �r�B�i�? �#���i�+�? �M�Q�`�K���H�B�x���i�B�Q�M ���M�/ �_�2�G�l

���+�i�B�p���i�B�Q�M�X �6�B�M���H�H�v�- �i�?�2 �2�K�#�2�/�/�B�M�;�b ���`�2 �G�k�@�M�Q�`�K���H�B�x�2�/�,

F� (x) = �L�Q�`�K(f �2�K�#(f �7�2���i(I �B�`�B�b))) �U�9�X�d�V

�h�?�2 �F�2�v �/�B�7�7�2�`�2�M�+�2 �H�B�2�b �B�M �i�?�2 �i�`���B�M�B�M�; �Q�#�D�2�+�i�B�p�2�X �A�M�b�i�2���/ �Q�7 �Q�T�i�B�K�B�x�B�M�; �� �+�`�Q�b�b�@�2�M�i�`�Q�T�v �H�Q�b�b

�Q�p�2�` �B�/�2�M�i�B�i�v �H���#�2�H�b�- �i�?�B�b �K�Q�/�2�H �B�b �i�`���B�M�2�/ �m�b�B�M�; �i�?�2 �M�Q�`�K���H�B�x�2�/ �i�2�K�T�2�`���i�m�`�2�@�b�+���H�2�/ �+�`�Q�b�b�@

�2�M�i�`�Q�T�v �U�A�M�7�Q�L�*�1�V �H�Q�b�b �(�9�N�)�- �r�?�B�+�? �Q�T�2�`���i�2�b �Q�M �T���B�`�b �Q�7 �2�K�#�2�/�/�B�M�;�b�,

L �A�M�7�Q�L�*�1= � �H�Q�;
�2�t�T

�
�b�B�K(zi ;zj )

�

�

2NP

k=1
1 [k6= i ] �2�t�T

�
�b�B�K(zi ;zk )

�

� �U�9�X�3�V

�r�?�2�`�2 �b�B�K(za; zb) �/�2�M�Q�i�2�b �+�Q�b�B�M�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �2�K�#�2�/�/�B�M�;�bza ���M�/zb�- ���M�/� �B�b �� �i�2�K�@

�T�2�`���i�m�`�2 �b�+���H�B�M�; �7���+�i�Q�` �i�?���i �+�Q�M�i�`�Q�H�b �i�?�2 �b�Q�7�i�M�2�b�b �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �6�Q�` �2���+�? ���M�+�?�Q�`zi �- �i�?�2

�H�Q�b�b �2�M�+�Q�m�`���;�2�b �b�B�K�B�H���`�B�i�v �r�B�i�? �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�Q�b�B�i�B�p�2 �b���K�T�H�2zj �U�B�X�2�X�- ���M�Q�i�?�2�` �b���K�T�H�2 �7�`�Q�K

�i�?�2 �b���K�2 �b�m�#�D�2�+�i�V�- �r�?�B�H�2 �T�m�b�?�B�M�; �B�i ���r���v �7�`�Q�K ���H�H �Q�i�?�2�` �b���K�T�H�2�bzk �B�M �i�?�2 �#���i�+�?�X �h�?�2 �B�M�/�B�@

�+���i�Q�` �7�m�M�+�i�B�Q�M1 [k6= i ] �2�M�b�m�`�2�b �i�?���i �i�?�2 ���M�+�?�Q�` �B�b �M�Q�i �+�Q�K�T���`�2�/ �r�B�i�? �B�i�b�2�H�7�X �h�?�B�b �7�Q�`�K�m�H���i�B�Q�M

�2�M���#�H�2�b �i�?�2 �M�2�i�r�Q�`�F �i�Q �H�2���`�M �B�/�2�M�i�B�i�v�@�T�`�2�b�2�`�p�B�M�; �2�K�#�2�/�/�B�M�;�b �r�B�i�?�Q�m�i �`�2�[�m�B�`�B�M�; ���M �2�t�T�H�B�+�B�i
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