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Table 1: List of compounds in the panel

Number Compounds Index

7 Nor-Deoxycholic Acid 23-DCA
8 5-β-Cholanic Acid-3α-ol-6-one 6-ketoLCA
9 7-ketolithocholic acid 7-KLCA
10 12-ketolithocholic acid 12-KLCA
11 3-oxodeoxycholic acid 3-oxo-DCA
12 murideoxycholic acid MDCA
13 3β-Ursodeoxycholic Acid 3β-UDCA
14 β-Hyodeoxycholic Acid 3β-HDCA
15 Ursodeoxycholic acid UDCA
16 Hyodeoxycholic acid HDCA
17 Isochenodeoxycholic Acid isoCDCA
18 3β-deoxycholic acid 3β-DCA
19 Chenodeoxycholic acid CDCA
20 Deoxycholic acid DCA
21 Isodeoxycholic acid IDCA
22 norcholic acid NCA
23 Dehydrocholic acid DHCA
24 7,12-diketolithocholic acid 7,12-DKLCA
25 6,7-diketolithocholic acid 6,7-DKLCA
26 7-Ketodeoxycholic acid 7-KDCA
27 12-Oxochenodeoxycholic acid 12-oxo-CDCA
28 3-Oxocholic acid 3-oxo-CA
29 Ursocholic acid UCA
30 ω-muricholic acid ω-MCA
31 3β-Cholic Acid 3β-CA
32 α-muricholic acid α-MCA
33 β-muricholic acid β-MCA
34 hyocholic acid HCA
35 Cholic acid CA
36 Glycolithocholic acid GLCA
37 Glycoursodeoxycholic acid GUDCA
38 Glycochenodeoxycholic acid GCDCA
39 Glycodeoxycholic acid GDCA
40 lithocholic acid-3-sulfate LCA-3S
41 Glycodehydrocholic acid GDHCA
42 3β-Glycocholic Acid βGCA
43 Glycohyocholic acid GHCA
44 Glycocholic acid GCA
45 taurolithocholic acid TLCA
46 Tauroursodeoxycholic acid TUDCA
47 Taurochenodeoxycholic acid TCDCA
48 Taurodeoxycholic acid TDCA
49 Taurodehydrocholic acid TDHCA
50 glycolithocholic acid-3-sulfate GLCA-3S
51 Tauro-β-muricholic acid Tβ-MCA
52 Tauro-ω-muricholic Acid sodium salt Tω-MCA
53 Tauro-α-muricholicAcid sodium salt Tα-MCA
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Fig 3: Total ion current diagram of mixed phase mass spectrum analysis

Original file path: Final report/0.data/QC/*QC_MS_TIC.png

Fig 4: Extraction ion flow chromatogram

Original file path: Final report/0.data/QC/*MRM_detection_of_multimodal_maps*
The mass spectrometry data was analyzed using MultiQuant 3.0.3 software. The mass spectrum peaks

detected in different samples were scored and corrected based on retention time and peak shape of the standard.
The figure below shows the correction results of quantitative analysis of a substance randomly selected from
different samples.
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Fig 12: Principal component analysis of different groups
Note: Each group has a PCA plot, PC1 represents the first principal component,
PC2 represents the second principal component, and the percentages on the axis
represents the interpretation rate of the principal component to the data set. Each dot
in the figure represents a sample, samples in the same Group are represented by the
same color, and Group is a grouping.

The three-dimensional PCA result is shown in the figure below:

Fig 13: Three-dimensional PCA plot of different groups
Note: PC1 represents the first principal component, PC2 represents the second prin-
cipal component, and PC3 represents the third principal component.

The explainable variation of the first five principal components is shown in the figure.

16























�)�L�J ������ �+�H�D�W �P�D�S �R�I �F�R�U�U�H�O�D�W�L�R�Q �R�I �G�L�I�I�H�U�H�Q�W �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �,�' �R�I �W�K�H �P�H�W�D�E�R�O�L�W�H�V �D�U�H �V�K�R�Z�Q �R�Q �E�R�W�K �K�R�U�L�]�R�Q�W�D�O �D�Q�G �Y�H�U�W�L�F�D�O �D�[�L�V��
�7�K�H �F�R�O�R�U�V �U�H�S�U�H�V�H�Q�W �W�K�H �3�H�D�U�V�R�Q �F�R�U�U�H�O�D�W�L�R�Q �F�R�H�I�I�L�F�L�H�Q�W ���U�� �Z�L�W�K �W�K�H �V�F�D�O�H �V�H�H�Q �R�Q
�W�K�H �U�L�J�K�W ���7�K�H �G�D�U�N�H�U �W�K�H �U�H�G�� �W�K�H �V�W�U�R�Q�J�H�U �W�K�H �S�R�V�L�W�L�Y�H �F�R�U�U�H�O�D�W�L�R�Q�� �W�K�H �G�D�U�N�H�U �W�K�H
�J�U�H�H�Q �W�K�H �V�W�U�R�Q�J�H�U �W�K�H �Q�H�J�D�W�L�Y�H �F�R�U�U�H�O�D�W�L�R�Q���� �,�I �W�K�H�U�H �D�U�H �P�R�U�H �W�K�D�Q ���� �G�L�I�I�H�U�H�Q�W�L�D�O
�P�H�W�D�E�R�O�L�W�H�V�� �W�K�H �I�L�J�X�U�H �Z�L�O�O �R�Q�O�\ �V�K�R�Z �W�K�H �W�R�S ���� �P�H�W�D�E�R�O�L�W�H�V �E�D�V�H�G �R�Q �9�,�3 �Y�D�O�X�H�V��

�'�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H �F�R�U�U�H�O�D�W�L�R�Q �K�H�D�W �P�D�S�� �)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���F�S�G�&�R�U�U���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�U�D�Z�B�F�S�G�&�R�U�U�B�
���
��

�)�L�J ������ �&�K�R�U�G �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �R�X�W�H�U�P�R�V�W �O�D�\�H�U �V�K�R�Z�V �W�K�H �P�H�W�D�E�R�O�L�W�H �,�'�� �7�K�H �V�H�F�R�Q�G �O�D�\�H�U �V�K�R�Z�V
�O�R�J�B�õ�)�& �Y�D�O�X�H���7�K�H �O�D�U�J�H�U �W�K�H �G�R�W���W�K�H �O�D�U�J�H�U �W�K�H �O�R�J�B�õ�)�& �Y�D�O�X�H�� �7�K�H �F�R�O�R�U �I�R�U �W�K�H
�I�L�U�V�W �D�Q�G �V�H�F�R�Q�G �O�D�\�H�U �U�H�S�U�H�V�H�Q�W �/�H�Y�H�O �� �P�H�W�D�E�R�O�L�W�H �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �7�K�H �F�K�R�U�G�V �L�Q �W�K�H
�L�Q�Q�H�U �P�R�V�W �O�D�\�H�U �U�H�I�O�H�F�W �W�K�H �3�H�D�U�V�R�Q �F�R�U�U�H�O�D�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H �F�R�Q�Q�H�F�W�H�G �P�H�W�D�E�R�O�L�W�H�V��
�5�H�G �F�K�R�U�G�V �U�H�S�U�H�V�H�Q�W �S�R�V�L�W�L�Y�H �F�R�U�U�H�O�D�W�L�R�Q�� �D�Q�G �W�K�H �E�O�X�H �F�K�R�U�G�V �U�H�S�U�H�V�H�Q�W �Q�H�J�D�W�L�Y�H
�F�R�U�U�H�O�D�W�L�R�Q�� �2�Q�O�\ �P�H�W�D�E�R�O�L�W�H�V �Z�L�W�K �_�U�_ �• ������ �D�Q�G �S �� �������� �D�U�H �S�O�R�W�W�H�G��

����



�)�L�Q�D�O �U�H�S�R�U�W���������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���F�S�G�&�R�U�U���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S��

�,�'�
�B�F�S�G�&�R�U�U�&�L�U�B�
���
��

�)�L�J ������ �&�R�U�U�H�O�D�W�L�R�Q �Q�H�W�Z�R�U�N �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �S�R�L�Q�W�V �L�Q �W�K�H �I�L�J�X�U�H �U�H�S�U�H�V�H�Q�W �W�K�H �Y�D�U�L�R�X�V �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V�� �D�Q�G
�W�K�H �V�L�]�H �R�I �W�K�H �S�R�L�Q�W�V �L�V �U�H�O�D�W�H�G �W�R �W�K�H �'�H�J�U�H�H �R�I �F�R�Q�Q�H�F�W�L�R�Q�� �7�K�H �O�D�U�J�H�U �W�K�H �S�R�L�Q�W��
�W�K�H �J�U�H�D�W�H�U �W�K�H �'�H�J�U�H�H �R�I �F�R�Q�Q�H�F�W�L�R�Q�� �L���H�� �W�K�H �P�R�U�H �S�R�L�Q�W�V ���Q�H�L�J�K�E�R�U�V�� �F�R�Q�Q�H�F�W�H�G �W�R
�L�W�� �5�H�G �O�L�Q�H�V �U�H�S�U�H�V�H�Q�W �S�R�V�L�W�L�Y�H �F�R�U�U�H�O�D�W�L�R�Q�V �D�Q�G �E�O�X�H �O�L�Q�H�V �U�H�S�U�H�V�H�Q�W �Q�H�J�D�W�L�Y�H �F�R�U�U�H�O�D��
�W�L�R�Q�V�� �/�L�Q�H �W�K�L�F�N�Q�H�V�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �D�E�V�R�O�X�W�H �Y�D�O�X�H �R�I �3�H�D�U�V�R�Q �F�R�U�U�H�O�D�W�L�R�Q �F�R�H�I�I�L�F�L�H�Q�W��
�7�K�H �O�D�U�J�H�U �W�K�H �_�U�_�� �W�K�H �W�K�L�F�N�H�U �W�K�H �O�L�Q�H�� �2�Q�O�\ �P�H�W�D�E�R�O�L�W�H�V �Z�L�W�K �_�U�_ �• ������ �D�Q�G �S �� ��������
�D�U�H �S�O�R�W�W�H�G��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�$�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���F�S�G�&�R�U�U���
�Q�H�W�Z�R�U�N�


���������� �9�L�R�O�L�Q �S�O�R�W �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�9�L�R�O�L�Q �S�O�R�W �L�V �X�V�H�G �W�R �G�L�V�S�O�D�\ �G�D�W�D �G�L�V�W�U�L�E�X�W�L�R�Q �D�Q�G �L�W�V �S�U�R�E�D�E�L�O�L�W�\ �G�H�Q�V�L�W�\�� �7�K�H �E�R�[ �L�Q �W�K�H �P�L�G�G�O�H �U�H�S�U�H�V�H�Q�W�V

�W�K�H �L�Q�W�H�U�T�X�D�U�W�L�O�H �U�D�Q�J�H�� �D�Q�G �W�K�H �P�L�G�G�O�H �E�R�[ �U�H�S�U�H�V�H�Q�W�V �W�K�H ������ �F�R�Q�I�L�G�H�Q�F�H �L�Q�W�H�U�Y�D�O�� �7�K�H �E�O�D�F�N �K�R�U�L�]�R�Q�W�D�O �O�L�Q�H

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

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

����



�)�L�J ������ �9�L�R�O�L�Q �S�O�R�W �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �;���D�[�L�V �U�H�I�H�U�V �W�R �V�D�P�S�O�H���W�K�H �<���D�[�L�V �U�H�I�H�U�V �W�R �F�R�Q�W�H�Q�W��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���I�X�O�O�9�L�R�O�L�Q���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S��

�,�'�
�B�I�X�O�O�9�L�R�O�L�Q�B�5�D�Z���
��

���������� �.���P�H�D�Q�V �D�Q�D�O�\�V�L�V

�.���P�H�D�Q�V �D�Q�D�O�\�V�L�V �L�V �D �P�H�W�K�R�G �W�R �H�[�D�P�L�Q�H �W�K�H �W�U�H�Q�G �R�I �U�H�O�D�W�L�Y�H �T�X�D�Q�W�L�I�L�F�D�W�L�R�Q �F�K�D�Q�J�H�V �R�I �D �P�H�W�D�E�R�O�L�W�H

�L�Q �G�L�I�I�H�U�H�Q�W �V�D�P�S�O�H �J�U�R�X�S�V�� �.���P�H�D�Q�V �L�V �S�H�U�I�R�U�P�H�G �E�D�V�H�G �R�Q �W�K�H �=���V�F�R�U�H �Q�R�U�P�D�O�L�]�H�G �U�H�O�D�W�L�Y�H �T�X�D�Q�W�L�I�L�F�D�W�L�R�Q

�Y�D�O�X�H��

�)�L�J ������ �.���0�H�D�Q�V �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �;���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �V�D�P�S�O�H �Q�D�P�H�V �D�Q�G �W�K�H �<���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�R�U�P�D�O��
�L�]�H�G �U�H�O�D�W�L�Y�H �T�X�D�Q�W�L�I�L�F�D�W�L�R�Q���� �6�X�E �&�O�D�V�V�� �U�H�S�U�H�V�H�Q�W�V �D �J�U�R�X�S �R�I �P�H�W�D�E�R�O�L�W�H�V �Z�L�W�K �W�K�H
�V�D�P�H �W�U�H�Q�G �D�Q�G �W�K�H �Q�X�P�E�H�U �U�H�S�U�H�V�H�Q�W �W�K�H �Q�X�P�E�H�U �R�I �P�H�W�D�E�R�O�L�W�H�V �L�Q �W�K�L�V �F�O�X�V�W�H�U��

�)�L�J�X�U�H �R�I �.���P�H�D�Q�V �F�O�X�V�W�H�U�L�Q�J���)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���N�P�H�D�Q�V���N�P�H�D�Q�V�B�F�O�X�V�W�H�U���


����



������������ �'�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H �V�W�D�W�L�V�W�L�F�V

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

�7�D�E�O�H ���� �6�W�D�W�L�V�W�L�F�D�O �W�D�E�O�H �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�J�U�R�X�S �Q�D�P�H �$�O�O �V�L�J �G�L�I�I �G�R�Z�Q �U�H�J�X�O�D�W�H�G �X�S �U�H�J�X�O�D�W�H�G

�$�B�Y�V�B�% ���� ���� ����
�$�B�Y�V�B�& ���� ���� ����

�6�W�D�W�L�V�W�L�F�D�O �W�D�E�O�H �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V���)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���V�L�J�0�H�W�D�E�R�O�L�W�H�V�&�R�X�Q�W���[�O�V�[��

������������ �9�H�Q�Q �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�F�H�V �D�P�R�Q�J �J�U�R�X�S�V

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

�S�H�W�D�O�V �L�Q �� �J�U�R�X�S�V �R�U �P�R�U�H�� �7�K�H �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �E�H�O�R�Z��

�)�L�J ������ �9�H�Q�Q �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�F�H�V �D�P�R�Q�J �J�U�R�X�S�V
�1�R�W�H�� �(�D�F�K �F�L�U�F�O�H �L�Q �W�K�H �I�L�J�X�U�H �U�H�S�U�H�V�H�Q�W�V �D �F�R�P�S�D�U�L�V�R�Q �J�U�R�X�S�� �W�K�H �Q�X�P�E�H�U �R�I �F�L�U�F�O�H�V
�D�Q�G �R�Y�H�U�O�D�S�S�H�G �S�D�U�W�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �F�R�P�P�R�Q �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �E�H��
�W�Z�H�H�Q �F�R�P�S�D�U�L�V�R�Q �J�U�R�X�S�V�� �D�Q�G �W�K�H �Q�X�P�E�H�U �R�I �Q�R�Q���R�Y�H�U�O�D�S�S�H�G �S�D�U�W�V �U�H�S�U�H�V�H�Q�W�V �W�K�H
�Q�X�P�E�H�U �R�I �X�Q�L�T�X�H �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �F�R�P�S�D�U�L�V�R�Q �J�U�R�X�S�V��

�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���9�H�Q�Q

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

�.�(�*�* �G�D�W�D�E�D�V�H

�.�(�*�* ���.�\�R�W�R �(�Q�F�\�F�O�R�S�H�G�L�D �R�I �*�H�Q�H�V �D�Q�G �*�H�Q�R�P�H�V�� �L�V �D �G�D�W�D�E�D�V�H �W�K�D�W �L�Q�W�H�J�U�D�W�H�V �F�R�P�S�R�X�Q�G�V �D�Q�G �J�H�Q�H�V

�L�Q�W�R �P�H�W�D�E�R�O�L�F �S�D�W�K�Z�D�\�V�� �7�K�H �.�(�*�* �G�D�W�D�E�D�V�H �H�Q�D�E�O�H�G �U�H�V�H�D�U�F�K�H�U�V �W�R �V�W�X�G�\ �J�H�Q�H�V �Z�L�W�K �W�K�H�L�U �H�[�S�U�H�V�V�L�R�Q �L�Q��

�I�R�U�P�D�W�L�R�Q �D�Q�G �F�R�P�S�R�X�Q�G�V �Z�L�W�K �W�K�H�L�U �D�E�X�Q�G�D�Q�F�H�V �D�V �D �F�R�P�S�O�H�W�H �Q�H�W�Z�R�U�N��

����



���������� �)�X�Q�F�W�L�R�Q�D�O �D�Q�Q�R�W�D�W�L�R�Q �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�0�H�W�D�E�R�O�L�W�H�V �D�U�H �D�Q�Q�R�W�D�W�H�G �X�V�L�Q�J �W�K�H �.�(�*�* �G�D�W�D�E�D�V�H�� �D�Q�G �R�Q�O�\ �P�H�W�D�E�R�O�L�F �S�D�W�K�Z�D�\�V �F�R�Q�W�D�L�Q�L�Q�J �G�L�I�I�H�U�H�Q��

�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �D�U�H �V�K�R�Z�Q�� �'�H�W�D�L�O�H�G �U�H�V�X�O�W�V �D�U�H �I�R�X�Q�G �L�Q �W�K�H �D�W�W�D�F�K�H�G �U�H�V�X�O�W�V�� �$ �S�R�U�W�L�R�Q �R�I �W�K�H �U�H�V�X�O�W�V �L�V �V�K�R�Z�Q

�E�H�O�R�Z��

�)�L�J ������ �.�(�*�* �S�D�W�K�Z�D�\ �R�I �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �5�H�G �F�L�U�F�O�H�V �L�Q�G�L�F�D�W�H �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H �F�R�Q�W�H�Q�W �Z�D�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �X�S���U�H�J�X�O�D�W�H�G
�L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �J�U�R�X�S�� �W�K�H �E�O�X�H �F�L�U�F�O�H�V �L�Q�G�L�F�D�W�H �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H �F�R�Q�W�H�Q�W �Z�D�V
�G�H�W�H�F�W�H�G �E�X�W �G�L�G �Q�R�W �F�K�D�Q�J�H �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �*�U�H�H�Q �F�L�U�F�O�H�V �L�Q�G�L�F�D�W�H �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H
�F�R�Q�W�H�Q�W �Z�D�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �G�R�Z�Q���U�H�J�X�O�D�W�H�G �L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �J�U�R�X�S�� �7�K�H �R�U�D�Q�J�H
�F�L�U�F�O�H�V �L�Q�G�L�F�D�W�H �D �P�L�[�W�X�U�H �R�I �E�R�W�K �X�S���U�H�J�X�O�D�W�H�G �D�Q�G �G�R�Z�Q���U�H�J�X�O�D�W�H�G �P�H�W�D�E�R�O�L�W�H�V���7�K�L�V
�D�O�O�R�Z�V �V�H�D�U�F�K�L�Q�J �I�R�U �P�H�W�D�E�R�O�L�W�H�V �W�K�D�W �P�D�\ �F�R�Q�W�U�L�E�X�W�H �W�R �W�K�H �S�K�H�Q�R�W�\�S�L�F �G�L�I�I�H�U�H�Q�F�H�V��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���*�U�D�S�K���N�R�
��

�6�W�D�W�L�V�W�L�F�D�O �D�Q�D�O�\�V�L�V �R�I �.�(�*�* �G�D�W�D�E�D�V�H �D�Q�Q�R�W�D�W�L�R�Q �R�I �V�F�U�H�H�Q�H�G �P�H�W�D�E�R�O�L�W�H�V �Z�L�W�K �V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H�V��

�6�R�P�H �R�I �W�K�H �U�H�V�X�O�W�V �D�U�H �D�V �I�R�O�O�R�Z�V��

�7�D�E�O�H ������ �.�(�*�* �D�Q�Q�R�W�D�W�L�R�Q�V �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�,�Q�G�H�[ �&�R�P�S�R�X�Q�G�V �7�\�S�H �F�S�G�B�,�'

�*�+�'�&�$ �*�O�\�F�R�K�\�R�G�H�R�[�\�F�K�R�O�L�F �$�F�L�G�G�R�Z�Q ��
�+�&�$ �K�\�R�F�K�R�O�L�F �D�F�L�G �G�R�Z�Q �&����������
�,�'�&�$ �,�V�R�G�H�R�[�\�F�K�R�O�L�F �D�F�L�G �X�S �&����������
�,�/�&�$ �L�V�R�O�L�W�K�R�F�K�R�O�L�F �D�F�L�G�G�R�Z�Q �&����������
�/�&�$ �/�L�W�K�R�F�K�R�O�L�F �D�F�L�G �G�R�Z�Q �&����������
�/�&�$�����6 �O�L�W�K�R�F�K�R�O�L�F �D�F�L�G�������V�X�O�I�D�W�H�G�R�Z�Q ��
�0�'�&�$ �P�X�U�L�G�H�R�[�\�F�K�R�O�L�F �D�F�L�G�G�R�Z�Q �&����������
�8�&�$ �8�U�V�R�F�K�R�O�L�F �D�F�L�G �G�R�Z�Q �&����������
�D�O�O�R�/�&�$ ���.���&�+�2�/�$�1�,�& �$�&�,�'�����.���2�/ �X�S ��
�L�V�R�&�'�&�$ �,�V�R�F�K�H�Q�R�G�H�R�[�\�F�K�R�O�L�F �$�F�L�G�X�S �&����������

����



�7�D�E�O�H ������ �(�Q�U�L�F�K�P�H�Q�W �6�W�D�W�L�V�W�L�F�V �R�I �.�(�*�* �D�Q�Q�R�W�D�W�L�R�Q�V �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�N�R�B�,�' �6�L�J�B�F�R�P�S�R�X�Q�G �F�R�P�S�R�X�Q�G �6�L�J�B�F�R�P�S�R�X�Q�G�B�D�O�O�F�R�P�S�R�X�Q�G�B�D�O�O

�N�R���������� �� �� �� ��
�N�R���������� �� �� �� ��
�N�R���������� �� �� �� ��
�N�R���������� �� �� �� ��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�I�L�O�W�H�U�B�N�H�J�J���[�O�V�[��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�.�(�*�*���[�O�V�[��

���������� �.�(�*�* �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

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

�I�R�O�O�R�Z�V��

�)�L�J ������ �.�(�*�* �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �W�K�H �<���D�[�L�V �V�K�R�Z�V �W�K�H �Q�D�P�H �R�I �W�K�H �.�(�*�* �S�D�W�K�Z�D�\�� �7�K�H �Q�X�P�E�H�U �R�I �P�H�W�D�E�R�O�L�W�H�V
�D�Q�G �W�K�H �S�U�R�S�R�U�W�L�R�Q �R�I �W�K�H �W�R�W�D�O �P�H�W�D�E�R�O�L�W�H�V �D�U�H �V�K�R�Z�Q �Q�H�[�W �W�R �W�K�H �E�D�U �S�O�R�W��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�B�.�(�*�*�B�E�D�U�S�O�R�W���
��

���������� �+�L�H�U�D�U�F�K�L�F�D�O �&�O�X�V�W�H�U �$�Q�D�O�\�V�L�V �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �.�(�*�* �V�L�J�Q�D�O�L�Q�J �S�D�W�K�Z�D�\

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

�L�Q�H �W�K�H �S�D�W�W�H�U�Q �R�I �P�H�W�D�E�R�O�L�W�H �F�K�D�Q�J�H�V �L�Q �G�L�I�I�H�U�H�Q�W �V�D�P�S�O�H �J�U�R�X�S�V�� �2�Q�O�\ �S�D�W�K�Z�D�\�V �Z�L�W�K �D�W �O�H�D�V�W �� �G�L�I�I�H�U�H�Q�W�L�D�O

�P�H�W�D�E�R�O�L�W�H�V �Z�H�U�H �D�Q�D�O�\�]�H�G��

����



�)�L�J ������ �&�O�X�V�W�H�U�L�Q�J �K�H�D�W �P�D�S �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �.�(�*�* �S�D�W�K�Z�D�\
�1�R�W�H�� �7�K�H �;���D�[�L�V �V�K�R�Z�V �W�K�H �Q�D�P�H �R�I �W�K�H �V�D�P�S�O�H�V �D�Q�G �W�K�H �<���D�[�L�V �V�K�R�Z�V �W�K�H �G�L�I�I�H�U��
�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V�� �'�L�I�I�H�U�H�Q�W �F�R�O�R�U�V �L�Q �W�K�H �K�H�D�W�P�D�S �U�H�S�U�H�V�H�Q�W �W�K�H �Y�D�O�X�H�V �R�E�W�D�L�Q�H�G
�D�I�W�H�U �Q�R�U�P�D�O�L�]�D�W�L�R�Q �D�Q�G �U�H�I�O�H�F�W�V �W�K�H �O�H�Y�H�O �R�I �U�H�O�D�W�L�Y�H �T�X�D�Q�W�L�I�L�F�D�W�L�R�Q�� �7�K�H �G�D�U�N�H�U �W�K�H
�U�H�G�� �W�K�H �K�L�J�K�H�U �W�K�H �T�X�D�Q�W�L�I�L�F�D�W�L�R�Q�� �,�Q �F�R�Q�W�U�D�V�W�� �W�K�H �G�D�U�N�H�U �W�K�H �J�U�H�H�Q�� �W�K�H �O�R�Z�H�U �W�K�H
�T�X�D�Q�W�L�I�L�F�D�W�L�R�Q�� �7�K�H �F�R�O�R�U�H�G �E�D�U �R�Q �W�R�S �G�H�S�L�F�W�V �V�D�P�S�O�H �J�U�R�X�S�V�� �,�I �K�L�H�U�D�U�F�K�L�F�D�O �F�O�X�V��
�W�H�U�L�Q�J �L�V �S�H�U�I�R�U�P�H�G�� �W�K�H �F�O�X�V�W�H�U�L�Q�J �W�U�H�H �Z�L�O�O �E�H �V�K�R�Z�Q �R�Q �W�K�H �O�H�I�W�� �,�I �F�O�D�V�V�L�I�L�F�D�W�L�R�Q
�Z�D�V �S�H�U�I�R�U�P�H�G �R�Q �W�K�H �P�H�W�D�E�R�O�L�W�H�V�� �D �F�R�O�R�U�H�G �E�D�U �Z�L�O�O �E�H �V�K�R�Z�Q �R�Q �W�K�H �O�H�I�W �W�R �G�H�S�L�F�W
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�V��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�B�.�(�*�*�B�K�H�D�W�P�D�S���
��

���������� �.�(�*�* �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�.�(�*�* �S�D�W�K�Z�D�\ �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V �Z�D�V �F�R�Q�G�X�F�W�H�G �E�D�V�H�G �R�Q �W�K�H �D�Q�Q�R�W�D�W�L�R�Q �U�H�V�X�O�W�V�� �:�H �F�D�O�F�X�O�D�W�H�G �W�K�H

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

�S�D�W�K�Z�D�\ �W�R �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �P�H�W�D�E�R�O�L�W�H�V �D�Q�Q�R�W�D�W�H�G �L�Q �W�K�H �V�D�P�H �S�D�W�K�Z�D�\�� �7�K�H �J�U�H�D�W�H�U �W�K�H �5�L�F�K �)�D�F�W�R�U�� �W�K�H

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

�� �� �� 
7
�ˆ
7�Æ

��
�„����

�	�n�„ �
�	�o
7�n
�‰
7�„�


�	�o�‰�


�1 �U�H�S�U�H�V�H�Q�W�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �P�H�W�D�E�R�O�L�W�H�V �Z�L�W�K �.�(�*�* �D�Q�Q�R�W�D�W�L�R�Q�� �Q �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �G�L�I�I�H�U�H�Q�W�L�D�O

�P�H�W�D�E�R�O�L�W�H�V �L�Q �1�� �0 �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �P�H�W�D�E�R�O�L�W�H�V �L�Q �D �.�(�*�* �S�D�W�K�Z�D�\ �L�Q �1�� �D�Q�G �P �U�H�S�U�H�V�H�Q�W�V �W�K�H

�Q�X�P�E�H�U �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �D �.�(�*�* �S�D�W�K�Z�D�\ �L�Q �0�� �7�K�H �F�O�R�V�H�U �W�K�H �S���Y�D�O�X�H �W�R ���� �W�K�H �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W

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

�H�Q�U�L�F�K�H�G �L�Q �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �S�D�W�K�Z�D�\�� �7�K�H �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �E�H�O�R�Z��

����



�)�L�J ������ �.�(�*�* �H�Q�U�L�F�K�P�H�Q�W �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �;���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �5�L�F�K �)�D�F�W�R�U �D�Q�G �W�K�H �<���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�D�W�K�Z�D�\��
�7�K�H �F�R�O�R�U �R�I �S�R�L�Q�W�V �U�H�I�O�H�F�W�V �W�K�H �S���Y�D�O�X�H�� �7�K�H �G�D�U�N�H�U �W�K�H �U�H�G�� �W�K�H �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W
�W�K�H �H�Q�U�L�F�K�P�H�Q�W�� �7�K�H �V�L�]�H �R�I �W�K�H �G�R�W �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �H�Q�U�L�F�K�H�G �G�L�I�I�H�U�H�Q�W�L�D�O
�P�H�W�D�E�R�O�L�W�H�V��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�.�(�*�*�B�(�Q�U�L�F�K�P�H�Q�W���
��

���������� �2�Y�H�U�D�O�O �F�K�D�Q�J�H�V �L�Q �.�(�*�* �P�H�W�D�E�R�O�L�F �S�D�W�K�Z�D�\

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

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

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

�E�H�U �R�I �P�H�W�D�E�R�O�L�W�H�V �D�Q�Q�R�W�D�W�L�R�Q �L�Q �D �S�D�W�K�Z�D�\��

����



�)�L�J ������ �'�L�I�I�H�U�H�Q�F�H �D�E�X�Q�G�D�Q�F�H �V�F�R�U�H
�1�R�W�H�� �7�K�H �<���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�D�P�H �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �S�D�W�K�Z�D�\�� �D�Q�G �W�K�H �;���D�[�L�V �U�H�S��
�U�H�V�H�Q�W�V �'�$ �6�F�R�U�H�� �'�$ �6�F�R�U�H �U�H�I�O�H�F�W�V �W�K�H �R�Y�H�U�D�O�O �F�K�D�Q�J�H �R�I �D�O�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �W�K�H
�P�H�W�D�E�R�O�L�F �S�D�W�K�Z�D�\�� �$ �6�F�R�U�H �R�I �� �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �H�[�S�U�H�V�V�L�R�Q �W�U�H�Q�G �R�I �D�O�O �L�G�H�Q�W�L��
�I�L�H�G �P�H�W�D�E�R�O�L�W�H�V �L�Q �W�K�L�V �S�D�W�K�Z�D�\ �L�V �X�S���U�H�J�X�O�D�W�H�G�� �D�Q�G ���� �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �H�[�S�U�H�V�V�L�R�Q
�W�U�H�Q�G �R�I �D�O�O �L�G�H�Q�W�L�I�L�H�G �P�H�W�D�E�R�O�L�W�H�V �L�Q �W�K�L�V �S�D�W�K�Z�D�\ �L�V �G�R�Z�Q���U�H�J�X�O�D�W�H�G�� �7�K�H �O�H�Q�J�W�K �R�I
�W�K�H �O�L�Q�H �U�H�S�U�H�V�H�Q�W �W�K�H �D�E�V�R�O�X�W�H �Y�D�O�X�H �R�I �'�$���V�F�R�U�H �Z�K�L�O�H �W�K�H �V�L�]�H �R�I �W�K�H �G�R�W �D�W �W�K�H �H�Q�G
�R�I �W�K�H �O�L�Q�H �U�H�S�U�H�V�H�Q�W �W�K�H �Q�X�P�E�H�U �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V�� �$ �G�R�W �R�Q �W�K�H �O�H�I�W �R�I �W�K�H
�O�L�Q�H �U�H�S�U�H�V�H�Q�W �W�K�H �S�D�W�K�Z�D�\ �L�V �X�S���U�H�J�X�O�D�W�H�G�� �D �G�R�W �R�Q �W�K�H �U�L�J�K�W �R�I �W�K�H �O�L�Q�H �U�H�S�U�H�V�H�Q�W�V
�W�K�H �S�D�W�K�Z�D�\ �L�V �G�R�Z�Q���U�H�J�X�O�D�W�H�G�� �7�K�H �F�R�O�R�U �R�I �W�K�H �O�L�Q�H �D�Q�G �G�R�W �U�H�S�U�H�V�H�Q�W �W�K�H �S���Y�D�O�X�H��
�7�K�H �G�D�U�N�H�U �W�K�H �U�H�G�� �W�K�H �V�P�D�O�O�H�U �W�K�H �S���Y�D�O�X�H �D�Q�G �W�K�H �G�D�U�N�H�U �W�K�H �S�X�U�S�O�H�� �W�K�H �O�D�U�J�H�U �W�K�H
�S���Y�D�O�X�H��

�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�$�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���
�'�$�B�V�F�R�U�H�


������ �)�X�Q�F�W�L�R�Q�D�O �D�Q�Q�R�W�D�W�L�R�Q �D�Q�G �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V �L�Q �+�0�'�% �G�D�W�D�E�D�V�H

���������� �)�X�Q�F�W�L�R�Q�D�O �D�Q�Q�R�W�D�W�L�R�Q �D�Q�G �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �L�Q �+�0�'�% �G�D�W�D�E�D�V�H

�+�0�'�% �L�V �D �Z�L�G�H�O�\ �X�V�H�G �G�D�W�D�E�D�V�H �W�K�D�W �K�D�V �F�R�O�O�H�F�W�H�G �P�R�U�H �W�K�D�Q ������������ �H�Q�G�R�J�H�Q�R�X�V �P�H�W�D�E�R�O�L�W�H�V �D�Q�G �P�R�U�H

�W�K�D�Q �������� �U�H�O�D�W�H�G �S�U�R�W�H�L�Q �R�U �J�H�Q�H �L�Q�I�R�U�P�D�W�L�R�Q�� �5�H�F�R�U�G�V �L�Q �W�K�L�V �G�D�W�D�E�D�V�H �O�L�Q�N�V �W�R �H�[�W�H�U�Q�D�O �G�D�W�D�E�D�V�H�V ���V�X�F�K �D�V

�.�(�*�*�� �0�H�W�O�L�Q�� �%�L�R�F�\�F�� �H�W�F���� �D�Q�G �D�O�V�R �F�R�Q�W�D�L�Q�V �P�D�V�V �V�S�H�F�W�U�D �D�Q�G �1�0�5 �V�S�H�F�W�U�D �G�D�W�D�� �7�K�H �+�0�'�% �V�X�E���G�D�W�D�E�D�V�H

�6�0�3�'�% �D�O�V�R �S�U�R�Y�L�G�H�V �D �G�H�W�D�L�O�H�G �R�Y�H�U�Y�L�H�Z �R�I �K�X�P�D�Q �P�H�W�D�E�R�O�L�V�P�� �P�H�W�D�E�R�O�L�F �G�L�V�H�D�V�H �S�D�W�K�Z�D�\�V�� �D�Q�G �P�H�W�D�E�R�O�L�W�H

�V�L�J�Q�D�O�L�Q�J �D�Q�G �G�U�X�J �D�F�W�L�Y�L�W�\ �S�D�W�K�Z�D�\�V��

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

����



�7�D�E�O�H ������ �6�0�3�'�% �S�D�W�K�Z�D�\ �H�Q�U�L�F�K�P�H�Q�W �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V

�S�U�L�P�D�U�\�B�6�0�3�'�%�B�,�' �S�B�Y�D�O�X�H

�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��
�´�6�0�3���������������´ ��

�7�K�H �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �I�U�R�P �W�K�H �W�R�S ���� �+�0�'�% �3�U�L�P�D�U�\ �3�D�W�K�Z�D�\�V �S�D�W�K�Z�D�\�V �Z�L�W�K �3���Y�D�O�X�H �Z�H�U�H

�D�Q�Q�R�W�D�W�H�G �D�Q�G �Y�L�V�X�D�O�L�]�H�G �X�V�L�Q�J �W�K�H �+�0�'�% �G�D�W�D�E�D�V�H�� �'�H�W�D�L�O�H�G �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W �H�D�F�K �J�U�R�X�S �F�D�Q �E�H �I�R�X�Q�G �L�Q

�W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �G�D�W�D �I�L�O�H�V�� �3�D�U�W�L�D�O �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �E�H�O�R�Z��

�)�L�J ������ �+�0�'�% �S�D�W�K�Z�D�\ �P�D�S �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �5�H�G �L�Q�G�L�F�D�W�H�G �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H �F�R�Q�W�H�Q�W �Z�D�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �X�S���U�H�J�X�O�D�W�H�G �L�Q
�W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �J�U�R�X�S�� �*�U�D�\ �L�Q�G�L�F�D�W�H�G �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H �F�R�Q�W�H�Q�W �Z�D�V �G�H�W�H�F�W�H�G �E�X�W
�G�L�G �Q�R�W �F�K�D�Q�J�H �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �*�U�H�H�Q �L�Q�G�L�F�D�W�H�G �W�K�D�W �W�K�H �P�H�W�D�E�R�O�L�W�H �F�R�Q�W�H�Q�W �Z�D�V �V�L�J�Q�L�I��
�L�F�D�Q�W�O�\ �G�R�Z�Q���U�H�J�X�O�D�W�H�G �L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �J�U�R�X�S�� �D�Q�G �E�O�X�H �U�H�S�U�H�V�H�Q�W�V �P�H�W�D�E�R�O�L�W�H�V
�L�Q �W�K�H �S�D�W�K�Z�D�\ �W�K�D�W �Z�H�U�H �Q�R�W �G�H�W�H�F�W�H�G �L�Q �W�K�L�V �H�[�S�H�U�L�P�H�Q�W���7�K�H �F�D�X�V�H�V �R�I �S�K�H�Q�R�W�\�S�L�F
�G�L�I�I�H�U�H�Q�F�H�V �D�P�R�Q�J �V�W�X�G�\ �V�X�E�M�H�F�W�V �Z�H�U�H �V�R�X�J�K�W �W�K�U�R�X�J�K �P�H�W�D�E�R�O�L�F �S�D�W�K�Z�D�\�V��

�7�K�H �W�R�S ���� �+�0�'�% �3�U�L�P�D�U�\ �3�D�W�K�Z�D�\�V �E�D�V�H�G �R�Q �3���Y�D�O�X�H �U�D�Q�N�L�Q�J �Z�H�U�H �F�K�R�V�H�Q �I�R�U �5�L�F�K �)�D�F�W�R�U �S�O�R�W�� �7�K�H

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

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

�H�Q�U�L�F�K�P�H�Q�W�� �7�K�H �F�O�R�V�H�U �3���Y�D�O�X�H �L�V �W�R ���� �W�K�H �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W �W�K�H �H�Q�U�L�F�K�P�H�Q�W �L�V�� �7�K�H �V�L�]�H �R�I �W�K�H �G�R�W�V �L�Q �W�K�H

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

�D�U�H �V�K�R�Z�Q �E�H�O�R�Z��

����



�)�L�J ������ �+�0�'�% �H�Q�U�L�F�K�P�H�Q�W �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V
�1�R�W�H�� �7�K�H �;���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �5�L�F�K �)�D�F�W�R�U �D�Q�G �W�K�H �<���D�[�L�V �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�D�W�K�Z�D�\��
�7�K�H �F�R�O�R�U �R�I �S�R�L�Q�W�V �U�H�I�O�H�F�W�V �W�K�H �S���Y�D�O�X�H�� �7�K�H �G�D�U�N�H�U �W�K�H �U�H�G�� �W�K�H �P�R�U�H �V�L�J�Q�L�I�L�F�D�Q�W
�W�K�H �H�Q�U�L�F�K�P�H�Q�W�� �7�K�H �V�L�]�H �R�I �W�K�H �G�R�W �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U �R�I �H�Q�U�L�F�K�H�G �G�L�I�I�H�U�H�Q�W�L�D�O
�P�H�W�D�E�R�O�L�W�H�V��

�6�W�D�W�L�V�W�L�F�D�O �W�D�E�O�H �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H �H�Q�U�L�F�K�P�H�Q�W �L�Q �+�0�'�% �G�D�W�D�E�D�V�H���)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�6�0�3�'�%�B�S�U�L�P�D�U�\���[�O�V�[��

�+�0�'�% �S�D�W�K�Z�D�\ �P�D�S �R�I �P�H�W�D�E�R�O�L�W�H�V���)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���6�0�3�B�S�U�L�P�D�U�\�B�S�D�W�K�Z�D�\��

�+�0�'�% �H�Q�U�L�F�K�P�H�Q�W �G�L�D�J�U�D�P �R�I �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V���)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�6�0�3�'�%�B�S�U�L�P�D�U�\�B�(�Q�U�L�F�K�P�H�Q�W���
��

������ �$�V�V�R�F�L�D�W�H�G �G�L�V�H�D�V�H�V

�:�H �D�Q�Q�R�W�D�W�H�G �G�L�V�H�D�V�H �L�Q�I�R�U�P�D�W�L�R�Q �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �+�0�'�% �G�D�W�D�E�D�V�H �I�R�U �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V�� �6�R�P�H

�R�I �W�K�H �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �E�H�O�R�Z ��

�7�D�E�O�H ������ �7�D�E�O�H �R�I �D�V�V�R�F�L�D�W�L�R�Q �E�H�W�Z�H�H�Q �G�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �D�Q�G �G�L�V�H�D�V�H�V

�&�R�P�S�R�X�Q�G�1�D�P�H �+�P�G�E�'�L�V�H�D�V�H�V

�*�O�\�F�R�K�\�R�G�H�R�[�\�F�K�R�O�L�F �$�F�L�G ��
�K�\�R�F�K�R�O�L�F �D�F�L�G �&�R�O�R�U�H�F�W�D�O �F�D�Q�F�H�U �_ �3�U�L�P�D�U�\ �E�L�O�L�D�U�\ �F�L�U�U�K�R�V�L�V
�,�V�R�G�H�R�[�\�F�K�R�O�L�F �D�F�L�G ��
�L�V�R�O�L�W�K�R�F�K�R�O�L�F �D�F�L�G ��
�/�L�W�K�R�F�K�R�O�L�F �D�F�L�G �&�\�V�W�L�F �I�L�E�U�R�V�L�V �_ �%�L�O�L�D�U�\ �D�W�U�H�V�L�D �_ �&�R�O�R�U�H�F�W�D�O �F�D�Q�F�H�U �_ �3�U�L�P�D�U�\ �E�L�O�L�D�U�\ �F�L�U�U�K�R�V�L�V
�O�L�W�K�R�F�K�R�O�L�F �D�F�L�G�������V�X�O�I�D�W�H ��
�P�X�U�L�G�H�R�[�\�F�K�R�O�L�F �D�F�L�G ��
�8�U�V�R�F�K�R�O�L�F �D�F�L�G �3�U�L�P�D�U�\ �E�L�O�L�D�U�\ �F�L�U�U�K�R�V�L�V
���.���&�+�2�/�$�1�,�& �$�&�,�'�����.���2�/ �&�\�V�W�L�F �I�L�E�U�R�V�L�V �_ �%�L�O�L�D�U�\ �D�W�U�H�V�L�D �_ �&�R�O�R�U�H�F�W�D�O �F�D�Q�F�H�U �_ �3�U�L�P�D�U�\ �E�L�O�L�D�U�\ �F�L�U�U�K�R�V�L�V
�,�V�R�F�K�H�Q�R�G�H�R�[�\�F�K�R�O�L�F �$�F�L�G ��

����



�)�L�Q�D�O �U�H�S�R�U�W�������%�D�V�L�F�B�D�Q�D�O�\�V�L�V���'�L�I�I�H�U�H�Q�F�H�B�D�Q�D�O�\�V�L�V���J�U�R�X�S���,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
���H�Q�U�L�F�K�P�H�Q�W���J�U�R�X�S��

�,�'�
�B�Y�V�B�J�U�R�X�S���,�'�
�B�V�L�J�'�L�V�H�D�V�H�V�7�D�E�O�H���[�O�V�[��

�� �5�H�I�H�U�H�Q�F�H�V

���� �*�X�R �6 �� �'�X�D�Q �- �$ �� �4�L�D�Q �' �� �H�W �D�O�� �5�D�S�L�G �'�H�W�H�U�P�L�Q�D�W�L�R�Q �R�I �$�P�L�Q�R �$�F�L�G�V �L�Q �)�U�X�L�W�V �R�I �=�L�]�L�S�K�X�V �M�X��

�M�X�E�D�E�\ �+�\�G�U�R�S�K�L�O�L�F �,�Q�W�H�U�D�F�W�L�R�Q �8�O�W�U�D���+�L�J�K���3�H�U�I�R�U�P�D�Q�F�H �/�L�T�X�L�G �&�K�U�R�P�D�W�R�J�U�D�S�K�\ �&�R�X�S�O�H�G �Z�L�W�K �7�U�L�S�O�H��

�4�X�D�G�U�X�S�R�O�H �0�D�V�V �6�S�H�F�W�U�R�P�H�W�U�\�>�-�@�� �-�R�X�U�Q�D�O �R�I �$�J�U�L�F�X�O�W�X�U�D�O �	 �)�R�R�G �&�K�H�P�L�V�W�U�\�� ���������� ������������������������

����������

���� �+�L�U�D�R�N�D �1 �� �7�R�X�H �6 �� �2�N�D�P�R�W�R �& �� �H�W �D�O�� �7�L�V�V�X�H �D�P�L�Q�R �D�F�L�G �S�U�R�I�L�O�H�V �D�U�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �R�I �W�X�P�R�U �W�\�S�H��

�P�D�O�L�J�Q�D�Q�W �S�K�H�Q�R�W�\�S�H�� �D�Q�G �W�X�P�R�U �S�U�R�J�U�H�V�V�L�R�Q �L�Q �S�D�Q�F�U�H�D�W�L�F �W�X�P�R�U�V�>�-�@�� �6�F�L�H�Q�W�L�I�L�F �5�H�S�R�U�W�V�� ���������� ����������

���� �=�K�H�Q�J �+ �� �=�K�D�Q�J �4 �� �4�X�D�Q �- �� �H�W �D�O�� �'�H�W�H�U�P�L�Q�D�W�L�R�Q �R�I �V�X�J�D�U�V�� �R�U�J�D�Q�L�F �D�F�L�G�V�� �D�U�R�P�D �F�R�P�S�R�Q�H�Q�W�V�� �D�Q�G

�F�D�U�R�W�H�Q�R�L�G�V �L�Q �J�U�D�S�H�I�U�X�L�W �S�X�O�S�V�>�-�@�� �)�R�R�G �&�K�H�P�L�V�W�U�\�� ���������� ���������$�X�J��������������������������

���� �7�K�H�Y�H�Q�R�W�� �(�� �$���� �H�W �D�O�� �������������� �$�Q�D�O�\�V�L�V �R�I �W�K�H �+�X�P�D�Q �$�G�X�O�W �8�U�L�Q�D�U�\ �0�H�W�D�E�R�O�R�P�H �9�D�U�L�D�W�L�R�Q�V �Z�L�W�K �$�J�H��

�%�R�G�\ �0�D�V�V �,�Q�G�H�[�� �D�Q�G �*�H�Q�G�H�U �E�\ �,�P�S�O�H�P�H�Q�W�L�Q�J �D �&�R�P�S�U�H�K�H�Q�V�L�Y�H �:�R�U�N�I�O�R�Z �I�R�U �8�Q�L�Y�D�U�L�D�W�H �D�Q�G �2�3�/�6

�6�W�D�W�L�V�W�L�F�D�O �$�Q�D�O�\�V�H�V�� �- �3�U�R�W�H�R�P�H �5�H�V ������������ ��������������������

���� �&�K�H�Q�� �:���� �H�W �D�O�� �������������� �$ �Q�R�Y�H�O �L�Q�W�H�J�U�D�W�H�G �P�H�W�K�R�G �I�R�U �O�D�U�J�H���V�F�D�O�H �G�H�W�H�F�W�L�R�Q�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �D�Q�G �T�X�D�Q��

�W�L�I�L�F�D�W�L�R�Q �R�I �Z�L�G�H�O�\ �W�D�U�J�H�W�H�G �P�H�W�D�E�R�O�L�W�H�V�� �D�S�S�O�L�F�D�W�L�R�Q �L�Q �W�K�H �V�W�X�G�\ �R�I �U�L�F�H �P�H�W�D�E�R�O�R�P�L�F�V�� �0�R�O �3�O�D�Q�W ����������

��������������������

���� �$�Q �= �� �+�X �7 �� �/�Y �< �� �H�W �D�O�� �7�D�U�J�H�W�H�G �D�P�L�Q�R �D�F�L�G �D�Q�G �U�H�O�D�W�H�G �D�P�L�Q�H�V �D�Q�D�O�\�V�L�V �E�D�V�H�G �R�Q �L�7�5�$�4���/�&���0�6���0�6

�I�R�U �G�L�V�F�R�Y�H�U�L�Q�J �S�R�W�H�Q�W�L�D�O �K�H�S�D�W�R�W�R�[�L�F�L�W�\ �E�L�R�P�D�U�N�H�U�V�>�-�@�� �-�R�X�U�Q�D�O �R�I �3�K�D�U�P�D�F�H�X�W�L�F�D�O �D�Q�G �%�L�R�P�H�G�L�F�D�O �$�Q�D�O��

�\�V�L�V�� ���������� ����������������������

�� �$�S�S�H�Q�G�L�[

������ �$�Q�D�O�\�W�L�F�D�O �P�H�W�K�R�G�V

�����3�&�$

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

�5 ���Z�Z�Z���U���S�U�R�M�H�F�W���R�U�J���� �7�K�H �G�D�W�D �Z�D�V �X�Q�L�W �Y�D�U�L�D�Q�F�H �V�F�D�O�H�G �E�H�I�R�U�H �X�Q�V�X�S�H�U�Y�L�V�H�G �3�&�$��

�����+�L�H�U�D�U�F�K�L�F�D�O �&�O�X�V�W�H�U �$�Q�D�O�\�V�L�V �D�Q�G �3�H�D�U�V�R�Q �&�R�U�U�H�O�D�W�L�R�Q �&�R�H�I�I�L�F�L�H�Q�W�V

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

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

�I�X�Q�F�W�L�R�Q �L�Q �5 �D�Q�G �S�U�H�V�H�Q�W�H�G �D�V �R�Q�O�\ �K�H�D�W�P�D�S�V�� �%�R�W�K �+�&�$ �D�Q�G �3�&�& �Z�H�U�H �F�D�U�U�L�H�G �R�X�W �E�\ �5 �S�D�F�N�D�J�H �S�K�H�D�W�P�D�S��

�)�R�U �+�&�$�� �Q�R�U�P�D�O�L�]�H�G �V�L�J�Q�D�O �L�Q�W�H�Q�V�L�W�L�H�V �R�I �P�H�W�D�E�R�O�L�W�H�V ���X�Q�L�W �Y�D�U�L�D�Q�F�H �V�F�D�O�L�Q�J�� �D�U�H �Y�L�V�X�D�O�L�]�H�G �D�V �D �F�R�O�R�U �V�S�H�F��

�W�U�X�P��

�����'�L�I�I�H�U�H�Q�W�L�D�O �P�H�W�D�E�R�O�L�W�H�V �V�H�O�H�F�W�H�G

����



�6�L�J�Q�L�I�L�F�D�Q�W�O�\ �U�H�J�X�O�D�W�H�G �P�H�W�D�E�R�O�L�W�H�V �E�H�W�Z�H�H�Q �J�U�R�X�S�V �Z�H�U�H �G�H�W�H�U�P�L�Q�H�G �E�\ �9�,�3 �D�Q�G �D�E�V�R�O�X�W�H �/�R�J�õ�)�& ���I�R�O�G

�F�K�D�Q�J�H���� �9�,�3 �Y�D�O�X�H�V �Z�H�U�H �H�[�W�U�D�F�W�H�G �I�U�R�P �2�3�/�6���'�$ �U�H�V�X�O�W�� �Z�K�L�F�K �D�O�V�R �F�R�Q�W�D�L�Q �V�F�R�U�H �S�O�R�W�V �D�Q�G �S�H�U�P�X�W�D�W�L�R�Q

�S�O�R�W�V�� �Z�D�V �J�H�Q�H�U�D�W�H�G �X�V�L�Q�J �5 �S�D�F�N�D�J�H �0�H�W�D�E�R�$�Q�D�O�\�V�W�5�� �7�K�H �G�D�W�D �Z�D�V �P�H�D�Q �F�H�Q�W�H�U�L�Q�J �E�H�I�R�U�H �2�3�/�6���'�$�� �,�Q

�R�U�G�H�U �W�R �D�Y�R�L�G �R�Y�H�U�I�L�W�W�L�Q�J�� �D �S�H�U�P�X�W�D�W�L�R�Q �W�H�V�W �������� �S�H�U�P�X�W�D�W�L�R�Q�V�� �Z�D�V �S�H�U�I�R�U�P�H�G��

�����.�(�*�* �D�Q�Q�R�W�D�W�L�R�Q �D�Q�G �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V

�,�G�H�Q�W�L�I�L�H�G �P�H�W�D�E�R�O�L�W�H�V �Z�H�U�H �D�Q�Q�R�W�D�W�H�G �X�V�L�Q�J �.�(�*�* �F�R�P�S�R�X�Q�G �G�D�W�D�E�D�V�H ���K�W�W�S�������Z�Z�Z���N�H�J�J���M�S���N�H�J�J��

�F�R�P�S�R�X�Q�G������ �D�Q�Q�R�W�D�W�H�G �P�H�W�D�E�R�O�L�W�H�V �Z�H�U�H �W�K�H�Q �P�D�S�S�H�G �W�R �.�(�*�* �3�D�W�K�Z�D�\ �G�D�W�D�E�D�V�H ���K�W�W�S�������Z�Z�Z���N�H�J�J���M�S��

�N�H�J�J���S�D�W�K�Z�D�\���K�W�P�O���� �3�D�W�K�Z�D�\�V �Z�L�W�K �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �U�H�J�X�O�D�W�H�G �P�H�W�D�E�R�O�L�W�H�V �P�D�S�S�H�G �W�R �Z�H�U�H �W�K�H�Q �I�H�G �L�Q�W�R �0�6�(�$

���P�H�W�D�E�R�O�L�W�H �V�H�W�V �H�Q�U�L�F�K�P�H�Q�W �D�Q�D�O�\�V�L�V���� �W�K�H�L�U �V�L�J�Q�L�I�L�F�D�Q�F�H �Z�D�V �G�H�W�H�U�P�L�Q�H�G �E�\ �K�\�S�H�U�J�H�R�P�H�W�U�L�F �W�H�V�W�¶�V �3���9�D�O�X�H�V��

������ �/�L�V�W �R�I �V�R�I�W�Z�D�U�H �D�Q�G �Y�H�U�V�L�R�Q�V

�7�D�E�O�H ������ �6�R�I�W�Z�D�U�H �X�V�H�G

�$�Q�D�O�\�V�L�V �6�R�I�W�Z�D�U�H �9�H�U�V�L�R�Q

�3�&�$ �5 ���E�D�V�H �S�D�F�N�D�J�H�� ����������
�3�H�D�U�V�R�Q �&�R�U�U�H�O�D�W�L�R�Q �5 ���E�D�V�H �S�D�F�N�D�J�H�� �+�P�L�V�F�� ������������ ����������
�&�R�U�U�H�O�D�W�L�R�Q �S�O�R�W �5 ���F�R�U�U�S�O�R�W�� ��������
�+�H�D�W�P�D�S �5 ���K�H�D�W�P�D�S�O�\�� �&�R�P�S�O�H�[�+�H�D�W�P�D�S�������������� ��������������������
�2�3�/�6���'�$ �5 ���0�H�W�D�E�R�$�Q�D�O�\�V�W�5�� ����������
�5�D�G�D�U �S�O�R�W �5 ���I�P�V�E�� ����������
�&�K�R�U�G �G�L�D�J�U�D�P �5 ���L�J�U�D�S�K�� �J�J�U�D�S�K�� ���������������� ����������
�1�H�W�Z�R�U�N �G�L�D�J�U�D�P �5 ���L�J�U�D�S�K�� ��������������
�5�H�J�X�O�D�W�R�U�\ �Q�H�W�Z�R�U�N �G�L�D�J�U�D�P�5 ���)�(�/�/�$�� ������������

�'�D�W�D �S�U�R�F�H�V�V�L�Q�J �P�H�W�K�R�G�V �Z�H�U�H �P�D�L�Q�O�\ �D�G�R�S�W�H�G �L�Q �W�K�H �D�Q�D�O�\�V�L�V �S�U�R�F�H�V�V �L�Q �W�Z�R �Z�D�\�V��

������ �X�Q�L�W �Y�D�U�L�D�Q�F�H �V�F�D�O�L�Q�J ���8�9��

�8�Q�L�W �Y�D�U�L�D�Q�F�H �6�F�D�O�L�Q�J ���8�9�� �L�V �D�O�V�R �F�D�O�O�H�G �=���6�F�R�U�H �V�W�D�Q�G�D�U�G�L�]�D�W�L�R�Q�� �L���H���� �D�X�W�R �V�F�D�O�L�Q�J�� �7�K�L�V �P�H�W�K�R�G �V�W�D�Q��

�G�D�U�G�L�]�H�V �G�D�W�D �D�F�F�R�U�G�L�Q�J �W�R �P�H�D�Q �D�Q�G �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �R�I �R�U�L�J�L�Q�D�O �G�D�W�D�� �7�K�H �S�U�R�F�H�V�V�H�G �G�D�W�D �F�R�Q�I�R�U�P �W�R �W�K�H

�V�W�D�Q�G�D�U�G �Q�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q�� �W�K�D�W �L�V�� �W�K�H �P�H�D�Q �Y�D�O�X�H �L�V �� �D�Q�G �W�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �L�V ����

�&�D�O�F�X�O�D�W�L�R�Q �P�H�W�K�R�G�� �'�L�Y�L�G�H �W�K�H �R�U�L�J�L�Q�D�O �G�D�W�D �F�H�Q�W�H�U �E�\ �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q��

�7�K�H �I�R�U�P�X�O�D �L�V �D�V �I�R�O�O�R�Z�V��

�' �¥��
�' 
7 �w

�|

�:�K�H�U�H �— �L�V �W�K�H �P�H�D�Q �Y�D�O�X�H �D�Q�G �1 �L�V �W�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q��

������ �&�H�Q�W�U�D�O�L�]�D�W�L�R�Q���]�H�U�R���P�H�D�Q���F�H�Q�W�H�U�H�G ���&�W�U��

�&�D�O�F�X�O�D�W�L�R�Q �P�H�W�K�R�G�� �V�X�E�W�U�D�F�W �W�K�H �P�H�D�Q �R�I �W�K�H �Y�D�U�L�D�E�O�H�V �I�U�R�P �W�K�H �R�U�L�J�L�Q�D�O �G�D�W�D��

�7�K�H �I�R�U�P�X�O�D �L�V �D�V �I�R�O�O�R�Z�V��

����



�' �¥�� �' 
7 �w

����


	Abstract
	The experimental process
	Sample information
	Reagents and instruments

	Data evaluation
	Data pre-processing

	Analysis results
	Principal component analysis of sample groups

	References
	Appendix
	Analytical methods
	List of software and versions


