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NG 2−2: Ktrans  n=1107,  mean=0.005 (SD 0.002) | Colorscale: 103/min
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ACB$ACB G ��yzQTSIw�H��mLNMOQT}sQTp[�({�rKn�{[pTpTSNJDLVLNMs�[JDrKJ<LVL {�LVLVJ<LVLNyzJ<r�U B'BDBDBDBDBDB'BDB'BDBDB'BDBEB �
ACB �6B ��y {�pTMOrKpqU��Ky.QTSIwKH_�mLVMsQT}OQTp�� � MsUVHGF=H�� BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB I
ACB�I�B G SV{[�DJ<S�JmMsrKJ<UVMO�<L {[rKn�wKHj{[SNy {[�<QCJ�MOrKJgU�Ms� yzQmnKJ<}OMOr�p BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �
ACB ��B GIHKJ � �LK � L U��Kn�� BDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M
ACB/M6B GIHKJBQCN�ONJ<�<U�M��TJ<L�Q[PAU�H�MOLFU�H�JDLVMsL BDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB P

QR:TS ?�����)EUWV�0� X#5�����8�;0 Y
�6B$ACB ��rKp[MOQTpTJ<rKJDLNMOL BDBDBDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �
�6B �6B G ��yzQTSIy.MO�<SVQ ��{[LV�<�K} { U��KSNJ B'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �
�6B�I�B ��JD}sMs�[JDSN� Q[PvwK{[SNUVMO�D}sJDL�UVQ.UV�Ky.QTS�U�MsLVLN�KJ B'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A��

�6B�I�B%A-B � {�U�H�QTwKH_�mLVMOQ[}OQTp[� Q[PAU��Ky.QTSIw�JDSVy.J�{ZNKMO}sMsU�� BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB AXM
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I�B$ACBa` MOrKJgU�MO�<LI{[rKn�wKHj{�SVyz{[�DQCJ�MsrKJ<UVMO�DL B'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*b
I�B$ACB%A-B G~� QZK��<QTyzwK{[SNUVyzJ<r�U�{[}�y.Qxn�JD}OMsrKp BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �[�

c :edgf�< �C���6�*),+� h�i�����R#/+ Q8[
��B$ACB tkj7J<�<U�L Q[PlF=H � �<QTr_U�S�{�LNU�{[pTJ<r�UVL B'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �-I
��B �6B � {�nKQTy.JDSmK AXnoBDBDBDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ���
��B�I�Bgp QTr_U�SV{[LNU�{[pTJ<r_U�SNJD}O{ uxMs�mMsU�� B'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �CM

q :_r 08��+3�=#5�s�C�R�6�*),+� h�t���3V�+3���C���u#v��+���#%��� Q8w
M6B$ACB ��r_U�SVQmnK�K�gU�MsQTr(U�Q.� p txKmF=H � BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �Cn

M6B$ACB%A-B ��wKwK}sMO��{ U�MOQ[rKLF{[r�n�PRJD{�U��KSNJDL Q[Pv� p txKmF=H � BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �-b
M6B �6B GIHKJEy��j{[r_U�M�U|{�UVMs�TJB{�wKwKSVQT{[�|HsKYUVS�{[�<JDS�J�MOrKJgU�Ms�eyzQmnKJD}sMOrKp BDBDBDBDB'BDB'BDBDB'BDBEB I�A

M6B �6B%A-B GAS�{��DJDSNL MOr wKHj{[SNy {��DQCJ�MOr�J<U�Ms�EF=H � B'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ICI
M6B �6B ��B ��LVLNJDLVLNMOrKp.U�MsLVLV��J �<QTr_U�SV{[LNU��DQ[rK�DJ<r�UVS�{�UVMOQTr BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB I[�
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M6B �6B/I6B GIH�J �<QTy.wj{[SNUVyzJ<r_U yzQmnKJD}3N�� G Q[P UVL J<U�{[} BRBDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ICP
M6B �6B ��B GIH�J �<QTy.wj{[SNUVyzJ<r_U yzQmnKJD}3N��
�x��JgU�{[} B B'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �_�

M6B�I�B ��wKw�SVQ_{[�|H U�Q�UVHKJBwKSVQCN�}OJDy.L BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �T�
�R:ed �4�*V����� 1+3��� ��+��!��) #/+3� c w

P�B$ACB F=H LN��{[rKr�MOrKp.wKSVQm�DJ<nK�KSNJ B'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB � n
P�B$ACB%A-B �m��N�ONJD�gU�L BDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB � n
P�B$ACB ��B tvu�{[y.MOrj{ U�MOQ[rKL B'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ���
P�B$ACB/I6B t�rKHK{[rK�DMsrKp.{[pTJ<r�UVL B'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �4b

P�B �6B tvu�w�JDSNMOy.JDr_U|{�}�MOyz{[pTMsrKp nKJ<LVMOp[r BDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M[�
P�B �6B%A-B ��J<U|{�MO}OL�Q[P UVHKJBMOyz{[pTMsrKp wKSNQ[U�Qm�DQT} B'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB MT�

P�B�I�B GIHKJBn��mrj{[y.MO�eLN��{[rKr�MOrKp BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M-I
P�B ��B � QTL U K wKSVQm�DJ<LVLVMsrKp BDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M��

P�B ��B%A-B p Q[r��[JDS U�MOr�p ��MsQTLVw�JD����������� nj{�U|{ UVQiF�{�U�}O{-N(PRQTSVyz{�U BDB'BDB'BDBDB'BDBEB M��
P�B ��B ��B ��yz{[pTJB{�}OMOp[rKyzJ<r_UFQ[P y �K}�U�MO�|HK{[rKrKJ<}�{[� y��KMsLVM�U�MOQ[rKL BDBDBDBDB'BDB'BDBDB'BDBEB MCM
P�B ��B/I6B G���JDL U�Msy {�UVMOQTr B'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M-P

P�B/M6B ��rj{�}s���DMsrKp U�HKJBn��mrj{�yzMs�enj{�U|{��KLNMOrKp�UVS�{[�<JDS�J�MOrKJgU�MO�ey.QmnKJD}sL BDBDB'BDB'BDBDB'BDBEB M-P
P�B�P�B H�� �>K � MsLVJewj{[SV{[y.J<U�J<SIJDL U�MOyz{�UVMOQTr BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M��

P�B�P�B%A-B � w�JDSV{�U�QTSF��{[SNM {-N�MO}OM�U��?Q[P y {[r��j{�}�H�� ��nKJgU�J<SVy.MOrj{�UVMOQTr BDB'BDB'BDBDB'BDBEB M��
P�B�P�B ��B ��LVJBQ[P nKM%j JDSNJDr_U Nj{[� J�pTSNQT�KrKn�MOr�PRQ[SVyz{�U�MsQTr B'BDBDBDBDBDB'BDB'BDBDB'BDBEB M-b
P�B�P�B/I6B ��J<UVJDSVQ[pTJDrKJ<MsU�� {�LVLVJ<LVLNyzJ<r�ULN_�(LVyz{[}O}sJDS H�� ��L BDBDBDBDBDB'BDB'BDBDB'BDBEB P�A
P�B�P�B ��B ��rj{[}�� �<MOrKp H!�e��L Q[PAPRQT�KS nKM$j7J<SVJ<r�UIUVMOLNLV�KJ<L#"%$ SVJ<pTMOQ[rj{[}7n�M%j JDSVJ<rK�DJ<L'&�( BDBEB P�A

P�B/n6B �v{[SV{[y.J<U�J<SIJDL U�MOyz{�UVMOQTr({ U�UVHKJBwKM�uxJ<}�}OJg�TJD} B'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB PCI
P�B/n6B%A-B GIMsyzJ�nKJ<�[JD}OQ[wKyzJ<r_U BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB PCI
P�B/n6B ��B $ �BQmQmnKrKJDLNLmK Q[P K*)KU'&�{[rj{[}��xLNMOL BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB PCI

wR:_f �  ?3� �! 1�R�u^�V�+�) �T+��C�R
�#v��� �7#5� daf < � q
n6B$ACB H�J<LV�K}�U�LFPRSNQTy H�� � {[rj{[}��xLNMOL BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB PCP

n6B$ACB%A-B H JDLN�K}sUVLFPRSVQTy QTw J<S�{�UVQTSF��{[SVMO{-NKMs}OMsU��?Q�PkH�� � nKJ<UVJDSNyzMsrj{�U�MsQTr B'BDBDB'BDBEB PCP
n6B$ACB ��B H JDLN�K}sUVLFPRSVQTy HKJ<UVJDSVQ[pTJDrKJ<MsU�� {�LVLVJ<LVLNyzJ<r�ULN_�(LVyz{[}O}sJDS H!�e��L B'BDBDB'BDBEB n6A
n6B$ACB/I6B H JDLN�K}sUVLFPRSVQTy SVJDp[MOQTrj{�}7nKM$j7J<SVJDr��DJBMOr(PRQT�KSFUVMOLNLV�KJDH�� ��L B'BDB'BDBDB'BDBEB nT�

n6B �6B H�J<LV�K}�U�LFPRSNQTy,+�].-xh0/2143�]Oc h�{[rj{[}��mLVMOL BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB n��
n6B �6B%A-B H JDLN�K}sUVLFPRSVQTy5$�U�MsyzJ!K�nKJg�TJ<}OQTwKy.JDr_U'& BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �4M

n6B�I�B H�J<LV�K}�U�LFPRSNQTy6$ p[QxQmnKrKJ<LVLmK Q[P K*)�U7& B'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A ���
8R:_r #5 ��?�  X#5���� +3���u�C�R�����%?� #/���� 9;989

��B$ACB:9�;=< 143�]Oc h {�rj{[}s�mLNMOL BDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA-A
��B$ACB%A-B?> {�SVM {ZNKMO}sMsU��?nK�KJeUVQ.yz{[r��j{[} U�S�{��DMOr�p.Q�PkH�� ��L BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA-A
��B$ACB ��B ��LVJBQ[P nKM%j JDSNJDr_U Nj{[� J�pTSNQT�KrKn�MOr�PRQ[SVyz{�U�MsQTr PRQTS�H�� � nKJ<UVJDSNyzMsrj{�U�MsQTr BDBEB ACA7I
��B$ACB/I6B ��J<UVJDSVQ[pTJDrKJ<MsU�� {�LVLVJ<LVLNyzJ<r�ULN_�(LVyz{[}O}sJDS H�� ��L BDBDBDBDBDB'BDB'BDBDB'BDBEB ACAD�
��B$ACB ��B H JDp[MOQTrj{�}7nKM$j7J<SVJDr��DJDL�MOr PRQ[�KSIU�MOLNLV�KJDH�� ��L BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA*M

��B �6B ��M�uxJD} K*@:MOLNJe{[rj{�}s�mLVMsL BDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA*n
��B �6B%A-B GIMsyzJ�nKJ<�[JD}OQ[wKyzJ<r_U BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA7b
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��B�I�B $N�eQxQmnKrKJ<LVL K�Q[P K )KU7& � �<QTyzwK{[SVMsLVQTr(Q[P y.QxnKJ<}OL B'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A ��A
��B ��B �BJ<rKJDSV{[}�y.J<UVHKQxn�QT}OQTp[MO��{�} nKMsLV�<�KLVLNMOQTr BEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �[�

��B ��B%A-B GIH�JDQTSNJ<U�Ms��{[}7nKM%j JDSNJDrK�<JDL�MOr(U�HKJeU�� Qzy.QmnKJD}sL B'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �[�
��B ��B ��B p Q[r��[JDSNLVMOQ[r�UVQ p � �DQ[rK�DJ<r�UVS�{�UVMOQTr B'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A � �
��B ��B/I6B p Q[rK�D}s�KnKMOr�p�SVJDyz{[S JmL QTr U�H�J y.QmnKJD}7{[LVLN�KyzwxU�MOQ[rKL BDBDBDB'BDB'BDBDB'BDBEB A �-M
��B ��B ��B p Q[rK�D}s�KnKMOr�p�SVJDyz{[S JmL QTr#�B{[nKQTy.JDS K AXn {�L!$�w J<SVy.J�{-N�MO}OM�U��4K U�SV{[�DJ<S'& B'BDBEB A �ZP

��B/M6Bgp QTrK�<}O�KLNMOQTrKL BDBDBDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �-n
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� B �6B G SV{[rKLNJDrKnKQ�U�HKJ<}OM {�}7U�SV{[rKLVw�QTS U BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*I6A
� B�I�B�� J�{�UV�KSVJ<L�Q�P UVHKJENK}OQmQxn�K NKSV{[MOr Nj{[SVSNMOJ<S B'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*I-I

� : dgf�< \ �����*)>+� (� +��8�8�6�! 96[8w
� B$ACB � {�nKQT}OMsrKMO��y p HKJD}O{�U�J<L B'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*ICn
� B �6B �xMOn�JeJ(j JD�<UVL B'BDBDBDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A��T�
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ACB$ACB �mU�SN�K�<UV�KS�{�}�PRJ�{�UV�KSVJ<L�Q�P UV�KyzQ[S���{[LV�<�K} {�UV�KSVJ BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB I
�6B$ACB G ��yzQTSIy.MO�<SVQmJDr_�mMOSNQTrKy.JDr_U B'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA
�6B �6B G ��yzQTSIp[SVQ �IU�H SVJ(y��KMOSNJDL�rKJDQ ��{[LV�<�K} {�SVM%�D{�U�MsQTr BDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ACA
�6B�I�B ��H��mLNMOQT}sQTpTMO�D{[}3NK{[SVSNMOJDSNLIMOr(U���yzQTSNL BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB AXM
�6B ��B �v{�UVHKQTwKH_�mLVMsQT}OQ[p[� Q[P rKJ<Q_{[rKpTMsQTpTJ<rKJDLNMOL B'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*P
�6B/M6B > JDLNMO�D��}OQZKi�[{��D�KQT}O{[S�Q[SVp_{[r�JD}O}sJDL BDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB AXn
I�B$ACB �BJ<rKJDSV{[}7U�� QZK��<QTy.wj{[SNUVyzJ<r_U|{[}�y.QmnKJD} B'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �6A
I�B �6Bgp QTrK�<JDr_U�SV{�U�MsQTr(�xL B UVMOy.J MOr(U�� QZK��<QTy.wj{[SNUVyzJ<r_U|{[} yzQmnKJD}sL BDBDBDB'BDB'BDBDB'BDBEB �T�
M6B$ACB GIMOy.J �DQ[�KSVLNJqQ[P LVMspTrj{[}7MOr_U�J<rKLVM�U��(MOr(LNJD}OJ<�<UVJDn_H!�e� BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ���
M6B �6B �xMOp[rj{[}7Msr_U�JDr�LVMsU�� �DQT�KSNLVJ �DQTr_�[JDSNUVJDn�U�Q?�DQTr_UVS�{[L U K��<QTrK�<JDr_U�SV{�U�MsQTr��<QT�KSNLVJ BDB'BDBEB I[�
M6B�I�B GIMOy.J �DQ[�KSVLNJDL BDBDBDBDB'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ICP
M6B ��B G Q�P U�LI�DQ[yzwj{�SNU�y.JDr_U y.Qxn�JD} BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB I4n
M6B/M6B GIHKJ �x��J<U�{[} B �DQTy.wj{[S U�y.JDr_U yzQmnKJ<} BEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB ��A
M6B�P�Bgp
	���
�� {[r�n p���
�� ���x��y.QxnKJ<}7�KLNMOrKp �en6K ��G ��� BDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �T�
P�B$ACB �x��{�rKrKJDS�{[r�n#{[r�JDLNUVHKJDLNM {?J y��KMswKyzJ<r_U BEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB �4b
P�B �6B GIMOLNLV�KJB�Kw�U�{-J[J Q[P�� {�nKQTy.JDSmK AXn {[r�n � y.rKMOLN��{[r B'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB M[�
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n6B�I�B �v{[SV{[y.J<U�J<SF��{[SVMO{�U�MsQTr nK�KJeUVQzMsr�UVS�{ K QTw�JDS�{ U�QTS �[{�SVM {ZNKMO}sMsU��?Q[PxH�� ��L "^GAQ[P U�L y.QxnKJ<} ( n[�
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n6B$A ��B H�J<pTMOQ[rj{[}7n�M%j JDSVJ<rK�DJ<L�Msr(wKHj{[SNy {��DQCJ�MOr�J<U�Ms� wj{[SV{[y.J<U�J<SVL BDBDBDBDB'BDB'BDBDB'BDBEB �_�
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n6B�I_�6B �BQmQmnKrKJDLNLmK Q[P K*)KUI� � n K � BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A �-P
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�B{[}sLVQ�� MsLVH U�Q#UVHj{[r�J F=HWK�wKH_�mLVMs�DMsLNU���S B � {�SVL t�SNLV} {�rKn�����SVQ�PRJDLVLNQTS � QT}OJ(J �mSVJ N�SVQ {[r�n p {[rKn B
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wKSNQTw Q[LVJDnz{[LY{ ��{[}O�K{-NK}OJ U�QmQT}xPRQTS�n�M {[pTr�QTLVMsL�{[rKn?wKSNJDnKMs�<U�MsQTr?Q[P SVJDLNw Q[rKLVJIU�QeUVSVJ�{ U�y.JDr_UYQ[P ��{[rK�<JDS B
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U�H�J�nKJDpTSNJDJ�Q[P���{[LN�D�K}O{[S }sJ�{-J {[pTJqyzJD{[LV��SVJDn�N_��FGH�� pTM��TJDL ��{[}s�j{-NK}sJqMsr�PRQTSNy {�UVMOQTr��DQ[rK�DJ<SVrKMsrKp {
U���yzQTSNL�{ZNKMO}sMsU�� UVQ Jguxwj{[r�n {[rKn y.J<U�{[LNU�{[LVM �DJ
� b4M��>B ��r Jg��{[}O�j{ U�MOQ[r�Q[PYw�Hj{[SVyz{[�<QCJ�MOrKJgU�MO�By.Qxn�JD}OL
�KLNJDn�U�Q JgumU�SV{[�<U.LN�K�|H Msr�PRQTSVyz{�UVMOQTr PRSVQTy n��mrj{[y.MO�sF=H � LN��{[r�rKMOrKp MsL U�HKJ(yz{[MOr1MsLVLN�KJ Q[P U�HKMsL
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{[LF� JD}s}�{[LILNJDrKLNMsU�M��mMsU��.U�Q U�SNJ�{�UVyzJ<r_UILV�K�|H�{[LI�|HKJ<yzMs��{[}�U�HKJ<S�{[w_� {[rKn S�{[n�MOQ[UVHKJDSV{[w_� � � M�� B G ��yzQTS
wKH_�mLVMsQT}OQTp��?MOLYPR�KSNUVHKJDS nKJDw�JDrKn�JDr_U QTrzUVHKJ�Msr_U�JDSV{[�<UVMOQTr N JgU���J<JDr(QTr��DQTpTJ<rKMO��JguxwKSNJDLVLNMOQTr {[rKn J<r��mM K
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�DQ[yzwK}sMO�D{�U�J<n���U�S�{�rKLNPRQTSNy { U�MOQ[r Q[PFQTr��DQTpTJ<rKMO�?J u�w�SVJDLNLVMsQTr LVJ<JDy.LqUVQ�Qm�D�<�KS {�LqSNJDLVw�QTrKLNJzUVQ�J<r��mM K
SVQ[rKyzJ<r_U|{[}��|Hj{[r�pTJDL�{[rKn yz{-J�JDL UV�Ky.QTSVL yzQ[SVJ SVJ<LVMOL U|{[r_U U�Q U�SVJD{�U�y.JDr_U�� bT� �>B ��J<�:n�J<�TJ<}OQTw�yzJ<r�UVL
Q[P F=H � yzJgU�HKQmnKL�w QTLNLVJ<LVLD��H�Q � J<�[JDS<�Ap[QxQmn#w�QTLVLNMvNKMs}OM�U�MOJ<L Q[PYMOy.wKSVQ �mMOr�pz�D{[rK�DJ<S nKMO{[pTrKQTL U�Ms�DL {�rKn
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PR�KLNMOQTr B ��J<LVwKM�U�Jz{[wKwj{�SVJDr_UV}s� pTJ<rKJDSV{[}O}�� pTQmQmneNK}OQmQxn LN�KwKwK}��T�A{[SVJD{[L Q[P UV�Ky.QTSVLe�D{[r LN��j7J<SePRSVQTy
H_�mw Q�uxM { {�rKn3rKJ<�DSVQ[LVMOLznK�KJ�U�Q1{-N�rKQTSVyz{[}sMsU�MsJDL Msr%UVHKJ�UV�KyzQ[Sz�D{[wKMO}s} {[S � N�JDn��IQ�P U�JDr%� MsU�H%�DQTr�K
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{[rKp[MOQTpTJ<rKJDLNMOLIMsr�yz{[}sMOpTrj{�r�U U�MsLVLN�KJDL � b-I � B
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LNUV�KnKMsJDL B �BSNJ�{�U ��{[SVMO{�U�MsQTrKLIJ u�MsLNUVL�Msr�Msy {[p[MOrKp�wKSNQx�<JDnK��SVJ � �DQ[rK�DJ<SVrKMsrKp {�yzQTr�pzQ[UVHKJDSNL � �|HKQTMs�DJBQ[PLVJ(y��KJDrK�<JqwK{[S�{[y.J<UVJDSNLD�xU��mw�Je{[rKn(n�QTLVJeQ[P~�<QTr_U�SV{[LNU�{[p[JDr_U���{[rKn U�MsyzJ�{[rKn(LNw J<JDn Q[P~MOrXONJD�<UVMOQTr B ��r
{[nKn�MsU�MsQTr��AnKM%j JDSNJDr_U w�Hj{[SVyz{[�<QCJ�MOrKJgU�MO�.y.QxnKJ<}OLeU�Q#JgumU�SV{[�<U�w�H��mLNMOQT}sQTpTMO�D{[}�wj{[SV{[y.J<U�J<SVL PRSVQTy�U�H�J
MOyz{[pTMsrKp LNJDSNMOJDL<��Hj{��TJDN J<JDr�nKJ<�[JD}OQ[w J<n B
H JD�DJ<r_U�}s�[� UVHKJ MOy.w Q[SNU|{�rK�DJ Q�P FGH��qnKJ<�[JD}OQ[wKyzJ<r_U��F{[Lz{[nKn�SVJDLNLVJ<n%� HKJ<r $�GIHKJ ��QCN�JD}I��LVLNJDy1K
NK}�� {�U ` {�SVQT}sMOrKL J�{���rKLNUVMsU��xU�J<U
� {��F{[SNnKJDn��<GIH�J���QCN�JD}F��SNM%�DJ(Msr1��H_�xLNMOQT}sQTp[� QTS�F�J<nKMO�<MOrKJ & PRQTS
�[�T�-I UVQ �v{��K} pLB � {[��UVJDS NK�KSz{[rKn3�AJ<UVJDS�F�{[rKL7)KJD}On�PRQTS?U�HKJ<MOS?nKMOLN�DQ �TJ<SVMsJDLz� H�MO�|H3Hj{��[J#}OJ<n�UVQ
U�H�J n�J<�TJ<}OQTw�yzJ<r�U�Q[P y.QxnKJ<SVrGF#{[p[rKJ<UVMO�EH JDLVQ[rj{[rK�<Jq��yz{[pTMsrKpK��SNJDwKSNJDLNJDr_U�MsrKp { NKSNJ�{-J_U�H�SVQT�Kp[H�Msr
y.JDnKMs��{[}jnKMO{[pTrKQ[LNU�Ms�DLY{[r�n SVJ<LVJD{[SV�|H B $���yzwKSNQ �TJDnznKM {�pTrKQTL U�MO�<LYMOr.��{[rK�<JDS�& �F{[L pTMs�[JDrz{[L QTrKJ�Q[P�U�H�J
{[SNpT�Ky.JDr_U�LIPRQTSFUVHKJ { ��{[SNn�� B
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GIHKMsL U�HKJ<LVMOL���QTS J MOL�w J<SNPRQTSNyzJ<n �KLVMsrKp]F=H ��nK{�U|{ PRSNQTy { }O{[SVp[JDS�L U��Knx� � HKMO�|H � Hj{��TJ?nKJ<rKQ[UVJDn
U�H�J $ � �LK � L U��Kn���& B � HKJDSNJ N_�sNKSNMOJ %��(MOr_U�SNQxn��K�DJ UVHKJBy {[Msr U�QTw�MO�DL {�rKn#{�MOy.LFQ[PAU�HKMsLIwKSVQ ONJ<�<U B
��r { SVJDLNJ�{[SN�|H �DQT}s} {-N�QTSV{�U�MsQTr N�J<U�� JDJDr UVHKJ#��rKMs�[JDSNLVMsU���Q[Pe��JDSNpTJDr�� ��rKMs�[JDSNLVMsU���Q[P G SNQTrKnKHKJ<MOy
{[rKn �x� ��G t � ��rKMOy.JDn G SNQTrKnKHKJ<MOy���y ��}sU�MsLVw�JD�gU�S�{�}7{[r�n�nx�xrK{[yzMs���<QTr_U�S�{�LNU JDr�Hj{[rK�<JDn=F=H��Y��{[L
LV���D�DJ<LVL PR�K}O}�� w J<SNPRQTSNyzJ<n MOr J u�{[yzMsrj{�UVMOQTr�Q[P AXn MOy.y �KrKQmnKJ0)j�DMsJDr_U r��KnKJ�SV{�U�LB{ U )K�TJ?{�rKn LVJ<�[JDr
� JDJ J�L { P U�JDS LN��N6K��<QTSNUVMO�D{[}eMOy.wK} {�r�U�{�U�MsQTr3Q[P H��Ky {�r pT}sMOQCNK}O{[LNUVQTyz{ "b� �CM6A ��( LVwKHKJ<SVQTMsnKL B GIHKJ
U���yzQTSNL ��J<SVJ�Q[P J<MsUVHKJDS � Ms}On1U��mw J � LN}OQ �op[SVQ � MOrKp UV�Ky.QTSVL<� QTS.��� K � w�QTLNMsU�M��TJ � S�{[w�MOnK}�� pTSNQ �WKMOr�p �[{[pTp[SVJDLNLVM��TJ�UV�Ky.QTSVL B GIHKJerKJ<�KS�{[} LNUVJDy �DJD}s}7SNJD�DJ<w�U�Q[SI� �LK � wKSVQTy.Q[UVJDLF{�rKpTMOQ[pTJDrKJ<LVMsL���{��KLVMsrKp
{[�<�DJD}sJDSV{�U�MsQTr Q[PI��{[LN�D�K}O{[SVM ��{�UVMOQTr {[rKn U�HKJ<SVJ N_� pTSVQ �IU�H Q[PIU��Ky.QTSNL B ��r MOy.w�QTSNU�{[r_U {[Msy�Q[PIU�H�J
wKSNQ ONJD�gUz��{[L?U�Q MOr_�TJ<LNU�Msp_{�UVJ UV�Ky.QTS?{[pTpTSNJDLNLVMs�[JDrKJ<LVL "^MOr�U�J<SVy.L?Q[P {�rKpTMOQ[pTJDrKJ<LVMsLD� w J<SVy.J�{-NKMs}OM�U��T�
pTSNQ �IUVH S�{�UVJ[��UV�KyzQ[SF�TQT}s�KyzJ���J<nKJDyz{?{[rKn rKJD�<SVQTLNMOL	( {�rKn �DQTy.wj{[SNJB� �LK � w�QTLVM�U�M��TJ U���yzQTSNL�� MsUVH
� �LK � rKJ<p_{�UVMs�TJe� Ms}On U��mw J " @:G (FpT}sMOQCN�} {[L U�QTyz{[L B ��r�{[nKnKM�U�MsQTrj{[} QCN�ONJD�gU�M��TJ JDytNKSV{[�DJ<n��<QTy.wj{[SmK
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MOLNQTr�Q[Pvw�Hj{[SVyz{[�<QCJ�MOrKJgU�MO�ey.QmnKJD}sLInKJ<�[JD}OQ[w J<n�PRQTS {[LNLVJ<LVLVy.JDr_UeQ�PvrKJ<Q �[{�LV�D��} {[S �|Hj{[SV{[�<UVJDSNMOLNUVMO�<L�Msr
{[rKMsy {�} U���yzQTS �TQT}s�KyzJ<L B
�I�F{�L JmMsrKnK}���p[Ms�TJ<r {[�D�<JDLNLBUVQ U�H�J F=H �>K�nj{�U�{ PRSVQTy�UVHKMOL w�SVQ ONJ<�<UeMsr QTSVn�JDS�UVQ(�KLVJ UVHKJ�n��mrj{[y.MO�
LV�D{[rKLePRQTSeJg�[{�}O�j{�UVMOQTr#Q[P U�� Q wKHj{[SNy {��DQCJ�MOr�J<U�Ms� y.QxnKJ<}OL n�J<�TJ<}OQTw�JDn U�Q(�|HK{[S�{[�gU�J<SVM%�<J�U��Ky.QTS y.M$K
�DSNQx�<MOSN�D�K}O{�U�MsQTr B
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�xJg�TJDSV{[}F{�wKwKSVQT{[�|HKJDL�Q�PIwKHj{[SNy {��DQCJ�MOr�J<U�Ms� "^� ` ( {[rj{[}��mLVMOL Hj{��TJ�N�JDJ<r1wKSVQ[w QTLNJDn UVQ {[�|HKMsJ<�[J SVJ!K
}OMO{-NK}sJqy.J�{[LN�KSVJ<yzJ<r_U�LeQ[P wKH_�mLVMsQT}OQTp[MO��{�}AwK{[S�{[y.J<UVJDSNL�PRSVQTy � p txKmF=H � B GIHKJ UVHKJDQ[SVJ<UVMO�D{[}vy.Qxn�JD}OL
nKM$j7J<SFMOr UVHKJDMsSI{[LVLN�Ky.w�U�MsQTrKLD�xy { U�HKJ<y {�UVMO�D{[}O}���MOy.wK}OMs��{�UVMOQTr�L {�rKn�{[}OLNQ MOr(J<LNU�Msy { U�JDn(wK{[S�{[y.J<UVJDSNL
nKJ<LV�DSNMvNKMsrKp�U�HKJBwKH_�mLVMsQT}OQ[p[� Q[PAU�H�JBUVMOLNLV�KJ<L B
��rzUVHKMOL�UVHKJDLNMOLD��U�� Q wKHj{�SVyz{[�DQCJ�MsrKJ<UVMO�FU�� QZK��<QTyzwK{[SNUVyzJ<r�U�{[}Ky.Qxn�JD}OLYnKJg�TJ<}OQTw�JDn.PRQTSYJ<��{[}O�K{�U�MsQTr�Q[P
y.MO�DSNQx�<MOSN�D�K}O{�U�QTS �Bwj{[SV{[yzJgU�J<SVL�� MO}s}�N�JIJ<��{[}s�j{�U�J<n B GIH�J�y.QmnKJD}sL�Hj{��TJ wKSNJ<�mMOQT��LV}s� N J<JDr.nKJDLN�DSNMvN�JDn
N_� �x��J<U�{[} B � b[� � {[rKn�G Q�P U�L J<U�{[} B � A��4M � �jSVJ<�mMsJ<� JDn#Msr � A �T� � A �[� �>B GIHKJBU�HKJ<QTSVJgU�Ms��{[} NK{[LVMsL�Q�PvU�H�J
y.QxnKJ<}OLYMOL wKSVJ<LVJ<r�UVJDn(Msr �xJ<�<U�MsQTr M6B �6B � Q[U�HzyzQmnKJD}sLYHj{��TJ N�JDJ<r )KUVUVJDn UVQ {qLNJD}sJD�<UVMOQTr Q[P�n��mrj{[y.MO�
F=H ��UVMOLNLV�KJ��<QTrK�DJ<r_U�S�{ U�MOQ[r nK{�U|{ "RPRSNQTy Jguxw J<SVMsyzJ<r�UVLBMOr U�H�J $ � �LK � wKSVQ ONJ<�<U'&'(��KLNMOrKp(rKQ[rK}OMsrKJ�{[S
}OJD{[LNUmK�L ym�K{[SVJBJDL U�Msy {�UVMOQTr B
GIHKJ�PRQT}s}OQ � MOrKp ��Q[S J�MsrK�D}s�KnKJ<L�N Q[UVH U�HKJ<QTSVJgU�Ms��{[}_{�rKneJguxw�JDSVMsyzJ<r_U|{[}TwK{[SNUVL B � U�HKJ<QTSVJgU�MO�D{[}[Q �[JDSN�mMsJ<�
MOLYpTM��TJ<r MOr p Hj{�w�U�J<SVL ����M6B GIHKJ�{�MOy-��{[LYU�Qq{[nKnKSNJDLVL U��Ky.QTS�y.MO�<SVQm�DMOSN�D�K}O{�U�MsQTr�{[r�nzpTM��TJ�{BP^{�MOSV}��
nKJgU|{[Ms}OJDn�nKJ<LV�<SVMOwxU�MOQ[r%Q[P�yzJgU�HKQmnKQT}sQTpTMs��{[} MOLVLN�KJDL.SVJ<} {�UVJDn�U�Q � p txKmF=H �|��PRQx�<�KLVMsrKp Q[r�UVHKJ�U�� Q
nKM$j7J<SVJDr_UqwKHj{[SNy {��DQCJ�MOr�J<U�Ms��yzQmnKJ<}OL N_� �x� {[r�n GAQ[P U�L<�vSNJDLVw�JD�gU�M��TJD}�� B ��SNQCNK}OJ<y { U�MO��MsLVLN�KJDL �DQTr�K
�DJ<SVrKMsrKp�U�HKJ<LVJ yzQmnKJ<}OLI{[r�n�wKHK{[SVyz{[�DQ-JmMsrKJ<UVMO�EFGH�� MOr pTJDr�JDS�{�}�� MO}O}�N JBpTM��TJ<r�Msr p Hj{[w�UVJDS ��B
GIHKJ $ J uxw J<SVMOy.JDr_U�{[}�wj{�SNU7&��I� HKJDSNJ UVHKJ U�� Q%wKHK{[SVyz{[�DQ-JmMsrKJ<UVMO��yzQmnKJD}sL Hj{��[J	N�JDJ<r {�wKwK}OMsJDn UVQ
� p txKmFGH��eLN��{[rKLqQ[PFMsyzw�} {[r_U�J<n MOr_U�SV{[�DSV{[rKM {�}�pT}OMsQCNK} {�LNU�Q[y {[L�MOLBwKSNJDLVJ<r_U�JDn1Msr p HK{[w�U�J<S P�B GIHKJ
wK�KSNw Q[LVJ Q[P�UVHKMOL wj{[S U���{[L�UVQ MOr_�TJ<LNUVMOp_{�UVJ {[r�n nKJDy.QTrKL U�SV{�U�J y.J<UVHKQmnKQT}OQ[pTMO�D{[}j{[LNw J<�<U�L�Q[P~JDL U�MOyz{ K
U�MsQTr(Q[PAwKH_�mLVMsQT}OQTp[MO��{�} y.MO�<SVQm�DMOSN�D�K}O{�U�Q[SN��wj{�S�{[y.J<UVJDSVL NK{[LVJ<n�QTr � p tkK F=H ��MOr(�<QTr ON�Kr��<U�MsQTr � MsUVH
wKHj{�SVyz{[�DQCJ�MsrKJ<UVMO� y.Qxn�JD}OL�"��x��{[rKn�G Q�P U�L ( B
�~� MOLVH�JDn?U�QeLNUV�Kn�� UVHKJI��{[SVMO{-NKMO}sMsU��eQ�P7wj{�S�{[y.J<UVJDS�J<LNU�Msy { U�JDLvnK�KJIU�QeQTw�JDSV{�U�Q[SmK�n�JDw�JDrKnKJ<r_U P^{��<U�Q[SVL B
> {[SNM {-NKMs}OM�U�� yz{��uN�J�wj{�SNU�}�� �D{[�KLVJ<n N_��y {�rm�K{[}IQT��UV}OMOr�MOrKp Q[P H�� ��L B �InKnKMsUVMOQTrK{[}O}��T�Y�|HKQTMs�DJ Q[P
$ NK{[� J�pTSVQT��rKn &�MOyz{[pTJ "^M B J B U�HKJ�nKM%j JDSNJDr_UIJDr�Hj{[rK�<JDy.JDr_U�wj{�UVUVJDSNr(Q[P�U�HKJ ��{[SNMOQT��L U�SV{[�DJ<SVL	(��KLVJ<n�{�L
$�UVJDy.wK} { U�J0&BPRQ[S H�� �>K UVS�{[�<MOrKpTL���J<SVJ?J<��{[}s�j{�UVJDn#� M�U�H SVJ<LVw�JD�gU UVQ ��{[SVMO{-NKMs}OMsU�� B ��}OLVQ��7��{[SVMO{�U�MsQTr#Msr
wj{[SV{[y.J<U�J<SmKi�[{�}O�KJ<L PRSVQ[y5$ LNy {�}O}OJ<SD��JDr�Hj{[rK�<JDn &DH!�e��LF��{[LIL U��KnKMsJDn�{[rKn SNJD} { U�JDn UVQ�HKJ<UVJDSNQTpTJDr�JDMsU��
{[LNLVJDLNLVy.JDr_U B ��r%{�nKnKMsUVMOQTrK{[}�{�MOy
�F{[L�UVQ {�nKnKSVJ<LVL�U�H�J�{�wKwK}OMs��{-N�MO}OM�U�� Q[P�U�HKJ(w�Hj{[SVyz{[�<QCJ�MOrKJgU�MO�
y.QxnKJ<}OL?U�Q HKJ�{[}�U�H_��U�MsLVLV��JDL B � MOrK{[}O}��T� MsU.�F{[L Q[PeMOr_UVJDSVJ<LNUzU�Q �<QTyzwK{[SVJ U�HKJ�U���Q1y.QmnKJD}sL N_�%{
r��Ky.JDSVMs��{[}�$ pTQmQmnKrKJDLNLIQ[P )KU7& �DSNMsU�J<SVMO{qU�Q�LNJDJBMsPAQTrKJeQ�PAUVHKJey.QxnKJ<}OL�� JDSNJEN JgUVU�J<S {[MOy.JDnzU�Q )KUIU�H�J

P
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{[�gU��j{[}�F=H ��nKJ<SVM��TJDn �DQTrK�<JDr_U�SV{�U�MsQTr.nj{�U|{BU�Hj{�rzU�H�J�Q[UVHKJDS B H JDLV��}sU�L {[SNJ�pTM��TJ<r MOr p Hj{[wxU�JDS n {�rKn
nKMsLV�D��LVLVJ<n#Msr p HK{[w�U�J<S ��B
�xQTy.J Nj{[� J�pTSNQT�KrKn�MOr�PRQ[SVyz{�U�MsQTr({[rKn U�J<�|HKrKMs��{[}~SVJ<w Q[SNU�L�{[SNJBpTMs�[JDr�MOr�{[wKw�JDrKn�M�uxJDL B H J�{[n�JDSVL�{[SNJ
{[LNLV�Ky.JDn U�Q N�JBP^{�yzMs}OM {�SYUVQ NK{[LVMs�ewKSVMsrK�DMswK}OJ<LFQ[PkF=H�� B

n
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p {[wKMs}O}O{[SVMsJDL Q[P�HKJ�{�}sU�H_�1UVMOLVLN�KJDL.PRQTSVy {[rj{[L U�QTy.QTLVMsL.{[rKn��DSVJD{�U�J#{ UVHKSVJ<JhK nKMOy.JDrKLNMOQTrK{[}���{[LV�<�K} {�S
rKJgU���QTS J MOr(U�HKJBU�MsLVLN�KJDL B GIHKJ �DQTy.wK}OJ u(rKJgU���Q[S J Q[P�y.MO�<SVQ ��{[LV�<�K} { U��KSNJewKSVQ �mMOnKJ<L�{?} {�SVpTJeLN�KSNP^{[�<J
{[SNJ�{�{[rKn yzMsrKMOy.M%�<JDL nKM$j7��LVMOQ[r n�MOLNU�{[rK�<J?UVQ�J<rKHj{[r��DJ?U�HKJ.J A.�DMsJDrK�g� Q[P UVS�{[r�LVw�QTSNUVMOrKp r���U�SNMOJ<r�UVL
{[rKn��F{[L U�J w�SVQmnK�K�<UVLLN�J<U�� JDJ<r	N�}OQmQxn#{[rKn �<JD}O}sL � �CM��>B GIHKMOL�MOr_U�SV{ K�{[rKn J uxUVS�{���{[LV�<�K} {�S�Jgux�|Hj{�rKpTJ
Q[P %j�KMsnKL {[rKn LNQT}O��UVJDL MOL�JguxJDS U�JDn]N_� U�H�J y.JD�|HK{[rKMOLNyzL�Q[Pvn�M%j �KLVMsQTr({[rKn �<QTr_�TJD�gU�MsQTr � MT� � �[� � bCM �>B
GIHKJ(y.JD�|Hj{�rKMOLNyzLqQ[P�%j�KMsn Jgux�|Hj{[r�pTJsN JgU���J<JDr��DQTy.wj{[S U�y.JDr_U�L {[SVJzyzQTSNJ �<}OQTLNJD}s� nKJ<LV�<SVMvN�JDn�Msr
��w�w J<rKnKM�u(� B
��r?{[nKn�MsU�MsQTr UVQ�U�HKJI�|HK{[S�{[�gU�J<SVMOL U�Ms��PRJ�{�UV�KSVJ<L�Q[P�y.MO�DSNQ �[{�LV�D��} {�UV�KSVJ��-NKSV{[MOr �D{[wKMs}O} {�SVMOJ<L~JDy.wK}OQ � �F{[}s}$K
LVw�JD�<M {[}sM%�D{�U�MsQTrKL�� HKMs�|H LVJ<}OJ<�<U�M��TJ<}s�.MOLNQT} {�UVJDL�U�H�J�J uxUVS�{���{[LV�<�K} {�S�LVwK{[�DJ�Q[P�NKSV{[MOr.wj{[SNJDrK�|H_�my { PRSVQTy
U�H�J NK}OQmQxn �DQTy.wj{[S U�y.JDr_U B GIH�MOLWNK}sQxQmn6K,NKS�{[MsriNj{�SVSVMsJDS "b�F�F�!( U�MOp[H�UV}s�.�DQ[r�UVSVQT}sL�U�H�JeJgumU�SV{[�DJ<}O}O��} {[S
JDr_�mMOSNQTrKy.JDr_U Msr UVHKJiNKSV{[MOr MOr QTSVnKJ<SqUVQ#wKSNQ[U�J<�<U UVHKJ r�JDSN�[QT�KL�L �xL U�J<y B � �<QTyzy.QTr PRJ�{�UV�KSVJzQ[P
yz{[}OMspTrj{[r_UtN�S�{[Msr U��Ky.QTSVL�H�Q � J<�[JDS<�FMOL UVHKJDMsS�{-NKMs}OMsU�� UVQ �<QTy.wKSVQTy.MOLNJ U�H�J]N�}OQmQxn6K,NKS�{�MOr2NK{[SVSNMOJDS
PR�KrK�gU�MsQTr���UVH��KL MOrK�<SVJ�{�LVMOr�p�UVHKJ w J<SVy.J�{-N�MO}OM�U���� HKMO�|H LV��N�LVJ y��KJ<r_U�}s� }sJ�{[n U�QaNKSV{[MOr:J<nKJDyz{uN��
{[}s}OQ � MOrKp PRSNJDJ�nKM%j �KLNMOQTr�Q[P�} {[SNpTJ(yzQ[}OJD�<�K}OJ<L?{[rKn%Q[U�HKJ<S NK}OQmQxn��<QTyzw�QTrKJ<r_U�L.MOr_U�Q U�HKJ rKJ<SN�[QT�KL
U�MsLVLN�KJ � �4n��>B
GA�KyzQ[SVL {[SVJ.�DQ[yzy.QTrK}��_J�rKQ � r U�Q�Hj{��TJ {�H�MOpTH nKJDp[SVJDJ.Q[P�}OJDLNMOQTr HKJgU�JDSNQTpTJ<rKJDM�U��T�xN�Q[UVH � M�U�HKMsr
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U�J<S A � U�HKJ�nKJDpTSNJDJ Q[P�w J<SVy.J�{-N�MO}OM�U�� MsLxJ�rKQ � r U�Q��DQTSNSVJD}O{�U�J � MsUVHqU�H�J U���yzQTSNL�{-N�MO}OM�U��eQ[Pjw�SVQTpTSNJDLNLVMs�[J
pTSNQ �IUVH��x{-NKMO}sMsU��qU�Q yzJgU|{[L U|{[LNM%�DJ�{[rKn.U�HKJ�SVJ<LVw�QTrKnKy.JDr_U U�QqUVSVJD{�U�y.JDr_U�� �ZI � bCP � B GIHKMOL �DQ[SVSVJ<} {�UVMOQTr
wKSNQ �mMsnKJDL({	Nj{[LNMOLzPRQ[S�F=H �>K�w�JDSNyzJD{-NKMO}sMsU�� {[LVLV{ �mL<��LN�K�|H:{[L(� p txK F=H��|� PRQTS.LNU|{�pTMOrKp Q[PByz{[}OMspZK
rj{[r_U U��Ky.QTSVL�� �4I � B � ��SNU�H�JDSVy.QTSNJ[�_U�HKJ�H_�xw�JDSNw J<SVy.J�{-N�MO}OM�U��?Q[P�UV�KyzQ[S �[JDLVLNJD}sLFU�Q yz{[�<SVQTy.QT}OJ<�D�K}O{[S
wK}O{[LVyz{ LVQT}s��U�J<L MOL J�rKQ � r�UVQ�N�JBSVJ<} {�UVJDn(U�Q > t � � "R��{[LV�<�K} {�SIJDrKnKQ�U�HKJ<}OM {�}�pTSVQ �IUVH P^{��<U�Q[S ( � B
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y.JD�|Hj{[r�MOLVy.Le� HKMO�|H �DQTr_U�SNQT} {[rKpTMsQTpTJ<rKJDLNMOLBMOLBrKQ[UBPR�K}s}s� ��rKnKJDSNLNUVQxQmn��@NK��U {GJ�rKQ � r �DQ[rKrKJD�gU�MsQTr
N�J<U�� JDJDr#{[rKpTMsQTpTJ<rKJDLNMOLI{[r�n]N�Q[UVH�w�SVMOyz{[S �zUV�KyzQ[SFpTSVQ �IUVH�{�rKn yzJgU|{[L U|{[LNMOLIMOLIJ<LNU�{-NK}OMsLVHKJ<n B GIHKMsL
yz{-J[J<LqU�H�JTNj{[LNMOLBPRQTSqUVHKJ nKJg�TJ<}OQTwKy.JDr_U Q[PIU�J<�|HKrKMvy��KJ<L PRQTS rKQTr6K MOr_��{[LVM��TJ {[LVLNJDLVLNyzJ<r_U?Q[PFU���yzQTS
NKMsQT}OQTp�� � ICP � B
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GIHKJ QTrKLNJ<U�Q[P�{�rKpTMOQ[pTJDrKJ<LVMsLIMOr wj{�UVHKQT}OQ[p[� y.MOpTH_U N�J ��{[�KLNJDnGN���{ P^{[Ms}O�KSNJ MOr(UVHKJqp[SVQ �IU�H P^{[�<UVQTSmK
PRJDJ<n�Nj{[� J�LN�mLNUVJDy � A�� �>B �BSNQ �IUVH#P^{[�gU�QTSNL�� HKMO�|H#MOL�r�QTSVyz{[}O}�� U�MspTH_U�}�� �DQTr_U�SNQT}O}sJDnGN J<�DQTy.J �Kr�SVJDp K
�K}O{�U�J<n {[rKn MOrKn��K�DJzJDrKnKQ�U�HKJ<}OM {�}�wKSVQT}sMsPRJ<S�{�UVMOQTr B � {[�<UVQTSVL MOr %K�KJDrK�<MOrKp#{[rKpTMsQTpTJ<rKJDLNMOLq{[SVJ.nKJDSNMs�[JDn
N�Q[U�H�PRSVQTy UV�Ky.QTS �DJD}s}OL�{[rKn�MOr )K}sU�SV{�U�MsrKp��DJ<}O}sL�LN�K�|H {[L�y {��DSVQ[wKHj{[pTJ<L�{�rKn )�N�SVQCNK}O{[LNUVL B GIH�J nKJ!K
pTSNJDJFQ[P {[r�pTMOQTp[JDrKJ<LVMOL MOr?{�UV�KyzQ[SvMOL U�H��KLY{ SVJ<LV�K}�U�Q[P��<QTyzw�}OJgu MOr_UVJDS�{��<U�MsQTrKL N JgU���J<JDr?U��Ky.QTS��<JD}O}sLD�
��{�wKMO}s} {[S � JDr�nKQ[U�H�JD}OMO{[}~�DJ<}O}OL<��w J<SVMO�g��U�JDL {[rKn SNJD�DSN�KMsUVJDn�MOy.y �KrKJ �DJ<}O}OL B p QTr_U�SVQ[} MsL�J u�J<�D��UVJDn {[L�{
Nj{[}O{[rK�<JqQ[P�{[rKpTMsQTpTJDr�MO�ewKSNQTyzQ�U�QTSNL�{[r�n#MOr�HKMvNKM�U�QTSNL � MZb �>B �"rKJ<U�w Q[LVMsUVMs�[J'Nj{�} {[rK�<JqQ�PY{[rKpTMsQTpTJ<rKMO�
P^{[�gU�QTSNL � Ms}O} MOrKnK���DJBJDrKn�Q[U�HKJ<}OMO{[}7�<JD}O}sLFU�Q?S�{�wKMOnK}�� w�SVQT}sMsPRJDSV{�U�J {[rKn PRQTSVy rKJ<� NK}OQmQxn �[JDLNLVJD}sL B
GIHKJ ��{[LN�D�K}O{[S JDrKnKQ�U�HKJ<}OM {�} p[SVQ �IU�H P^{��<U�Q[S " > t � � (g�AQTSVMspTMOrj{�}O}s��nKJ<LV�DSNMvN�JDn1{�Lq��{[LV�<�K} {�S w�JDSVy.JhK
{-NKMs}OM�U�� P^{[�<UVQTS " > � � ( � MsL {�r3MOy.w Q[SNU|{�r�Uz{[r�pTMOQTp[JDrKMs��L U�Msy �K} { U�QTS�� M-P � B GIH�MOL H�JDwj{[SNMOr6K,NKMOr�nKMOrKp
{[rKp[MOQTpTJ<rKMO�BpT}��m�DQTwKSNQ[U�J<MOr�LVJ<JDy.L�U�QiN JBU�HKJ {[rKpTMsQTpTJ<rKMO�BwKSNQTyzQ�U�JDS � HKMs�|H MOL�yzQ[LNU�SVJDLNw Q[rKLVM��TJqUVQ
U�H�J?{-NKrKQTSNy {�} wKH_�mLVMsQT}OQ[pTMO�D{[}~JDr_�mMOSVQ[rKyzJ<r_U�LeQm�D�D��SVMOr�p(MOr LNQT}OMsn#U��Ky.QTSNL � H_�mw Q�uxM {x��JgumU�SV{[�DJ<}O}O��} {[S{[�<MOnKQTLNMOL {[rKn LV��NKL U�SV{�U�JznKJDwKSNMs��{�UVMOQTr�� �Zb � B
> t � � MOL LVJD�<SVJgU�JDn PRSNQTy�U�SV{[rKL PRQTSVy.JDn U��Ky.QTS �DJ<}O}OL
{[rKn {��<U�L {[Le{ y.MsU�Q[pTJDrKMs�eP^{[�<UVQTS�PRQTS�JDrKnKQ�U�HKJ<}OM {�}A�<JD}s}OL�Msr#U�H�J U��Ky.QTS�LV�KSNSVQT�Kr�nKMOrKp[L B �I�<UVMs��{�U�J<n
JDr�nKQ[U�H�JD}OMO{[}~�DJ<}O}OL SNJD}OJD{[LVJqwKSVQ�U�J�{�LVJDL<��wKSNQT}OM�PRJDS�{ U�JB{[rKn#yzMspTS�{�UVJeU�Q �F{�SVnKL�UVHKJqUV�Ky.QTS � M-P �>B ��r {[n6K
nKM�U�MOQ[r�� > t � � MsrKnK�K�<JDL { nKSV{[y { U�MO� MsrK�DSNJ�{[LNJ#MOr���{[LV�<�K} {�Szw�JDSNyzJD{-NKMO}sMsU����.��{[�KLNMOrKp }OJD{-J {[pTJ Q[P
yz{[�DSNQTyzQ[}OJD�<�K} {�S�LNJDSN�Ky wKSNQ[U�J<MOrKL�MOr_U�QzU�HKJ�Msr�UVJDSNLNU�M�U�Ms�Ky B GIHKMOL�}OJ�{ZJ�{�pTJ wKSNQ �xMsnKJDL {[r MOnKJD{[}Ay { K
U�SNM�u MOr � HKMO�|H rKJ<�-��{[w�MO}O}O{[SN�GNK�Kn�L �D{[r p[SVQ � � P � B GIH��KL > t � � LVJDJ<yzLBU�Q wK}O{�� {��<SVM�U�MO�D{[}vSNQT}OJ
MOr.U��Ky.QTS {[rKp[MOQTpTJ<rKJDLNMOL {[rKn w�JDSNMsUV�KyzQ[S�{[}KJ<nKJDyz{ {[LNLVQm�DMO{�U�J<nz� MsUVHiNKSV{[MOr.U��Ky.QTSNL�� M-P � B > t � � MsL
wKSNJDLV��y {-N�}s� r�JD�DJ<LVLV{[SN�(PRQTSIy.J<U�{[LNU�{[LVMsLD��� H�MO�|H MOr UV�KSVr�MOLF�<}OQTLNJD}�� �DQ[rKrKJD�gU�J<n�UVQz{�rKpTMOQ[pTJDrKJ<LVMsLFQ[P
rKJg� �TJ<LVLNJD}OL � � � b4M � B
GAQ.LN�Ky.y {[SNM%�<J 	�{[L�{�SVJ<LVw�QTrKLNJBUVQ.{?LNMOpTrK{[} "RJ B p B H_�xw�Q�uxM {�( �j{[rKpTMsQTpTJ<rKMO� w�SVQTy.Q[U�Q[SVL "RJ B p B > t � �
{[rKnz{[�<MOnKMs� {[rKn�Nj{[LVMs��)�NKSVQ-NK} {[L U pTSVQ �IU�H?P^{[�gU�QTSNL (�MOrKn��K�DJ�SVJ<}OJ�{�LVJ Q[P��g��U�QCJ�MOr�JDLYPRSVQTy-UV�Ky.QTS��DJ<}O}OL
"b{�rKn JDr�nKQ[U�H�JD}OMO{[}~�DJ<}O}OL	( B ��r U��KSNr��7�g�mUVQCJ�MOrKJ<Le{[�gU�Ms��{�UVJ J<rKnKQ[UVHKJD}sM {[}~�DJ<}O}sL�� HKMs�|H wKSVQ[}OMsPRJ<S�{�UVJ {�rKn
y.MOpTSV{�U�J�{�}OQTrKp { )�N�SVMOr L J[JD}sJ<UVQTr UVQ ��{[SNnKLeU�HKJ?LVQ[�KSV�<JzQ[P U�H�Jz{�rKpTMOQ[pTJDrKMs� LNUVMOy ��}OM B ��}O�Ky.JDr MsL
PRQTSNyzJ<n�Msr1U�HKJ(��{[LV�<�K} {�S�LVwKSNQT��U N��1{[nKHKJ<LVMOQ[r%Q[P�MOr_UVS�{[�<JD}O}s�K} {�Sq��{[�D��QT}OJ<L.MsrKMsUVM {�UVJDn N_�1�<QTr_U|{[�gU
N�J<U�� JDJDr �<JD}O}sL B F�JD{[r_� HKMO}sJ[� { nKJDp[S�{[nj{ U�MOQ[r�Q[PvU�HKJqJgumU�SV{[�DJ<}O}O��} {[S yz{�U�SNM�u ��MOrKM�U�M { U�JDnsN_���|Hj{[rKpTJ<L
MOr.U�HKJ�wKSVQ�U�JDQ[}s��U�Ms� Nj{�} {[rK�<J[�mMOL w J<SNPRQTSNyzJ<niN_�zUVHKJ�w�JDSNMO�g�mUVJDL B GIH�J )�NKSNMOrKQ[}s�mLVMsL�{[r�n nKJDp[S�{[nj{ U�MOQ[r
Q[PAU�HKJBJ uxUVS�{[�<JD}s}O�K}O{[SFyz{�U�SNM�u wKSVJ<wj{[SVJ<LIU�HKJeU�MsLVLN�KJBJDr_�mMOSVQ[rKyzJ<r_U�PRQ[SIMOrKpTSNQ �IU�H Q[P rKJ<���[JDLNLVJD}sL B
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� �xwK{�U�MO{[}7HKJgU�J<SVQTpTJ<rKJDM�U���{[rKn �|Hj{[Q�U�MO�BL U�SV���<U���SVJe� MsUVHKQT��U rKQ[SVyz{[} NKSV{[rK�|HKMsrKp?LNU�SN�K�<UV�KSVJ B
� t�}OQ[rKp_{�UVJDn�{[rKn �DQ[MO}OJ<n(�TJDLNLVJ<}OL B
� ��SNU�J<SVMsQZK �[JDrKQT��L�LNH��Kr_U�LD�8NK}sMOrKn }sQxQTw�LI{[rKn�{[}sUVJDSNrj{�U�MsrKp ��{[LN�D�K}O{[SInKM {�yzJgU�JDS B
� �I�<��U�J<}s�(�<QT}O}O{[wKLVJ<n(�TJDLNLVJ<}OL�{[rKn U�S�{�rKLVMsJDr_U�}�� �DQ[}O} {�wKLVMsrKp �TJ<LVLNJD}OL B
� ��rK�<SVJD{[LVJ<n#JDr�nKQ[U�H�JD}OMO{[}�wKSNQT}OM�PRJDSV{�U�MsQTr SV{�U�J B
� > J<LVLVJ<}��F{[}s}OLF� M�U�H } {[� JzQ[P JDrKnKQ�U�HKJ<}OM {�}��DQTy.w�QTrKJDr_UD�j{[rKn]Nj{[LNJDy.JDr_U�yzJ<ytNKS�{�rKJ B
� �B{[wKLIMsr UVHKJBJDrKn�Q[U�HKJ<}OMs�Ky B
� �AQxQTSN}s��nKM%j JDSNJDr_U�MO{�U�J<n���PRS�{�pTMO}sJ {[rKn }sJ�{-J_�#�[JDLNLVJD}sL "R}OJD{[nKMOr�p U�Q HKJ<yzQTSNSVHj{�pTJ�{[rKn J<nKJDyz{�(g�}O{[� J�MOrKp�Msr�LNyzQmQ[UVH�y �KLV�<}OJe�DJ<}O}�}sMOrKMsrKp B
� � {[� J Q�PvSNJDLVw�QTrKLNJ UVQ?rKQTSVyz{[}�SNJDpT��} {�UVMOQTr Q�PxNK}sQxQmn %jQ � B
� > {[LN�D�K}O{�U���SVJ MOLIPRSVJ(ym��JDr_U�}�����rj{-NK}sJ UVQzyz{�U��|H�U�HKJ S�{�wKMOn�pTSVQ �IUVH Q[P��D{[rK�<JDS��<JD}s}OL SVJ<LV�K}�U�MOr�p
Msr�{�SVJ�{�LIQ[P�H_�mw Q�uxM {?{[r�n�rKJ<�DSNQTLVMsL B

GIH��KLD�K��{[LN�D�K}O{[SFQTSNp_{[rKM ��{�UVMOQTrzMOr LNQT}OMsn U���yzQTSNL�MsLF�|Hj{[Q[UVMO��� M�U�H(J uxUVJDrKLNMs�[JDN�S�{[rK�|H�MOrKpK��{[SNUVJDSNMOQ �TJ!K
rKQT��L LNH��Kr_U�L {�rKn N�}OMOr�n ��{[LN�D�K}O{[SeJDr�nKMOrKp[L B � ��SNU�H�JDSVy.QTSNJ[��NK}sQxQmn %jQ � MOr UV�KyzQ[SVLBMOLerKQ�U {��D�D��K
S�{ U�JD}��BSVJ<pT�K} { U�JDnqU�Q�y.JDJgUvUVHKJ�y.J<U�{-N Q[}OMO�YnKJ<y {�rKn QTSAPR�KrK�gU�MOQ[rj{[}�LNU�{�U��KLvQ[PKU�H�J U�MsLVLN�KJ B GY�mwKMO�D{[}O}��T�
U���yzQTSNL JguxHKMvN�MsU��DJ<r�UVS�{[}ArKJ<�DSVQ�U�MO�q{[SNJ�{[L B ��J<�DSVQ[LVMOL�MOL y.QTLNU�}OM%J[J<}s� MsrKnK�K�<JDnGN���H_�mw Q�uxM {z{[rKn�rm��K
U�SNMOJ<r�UYn�JDwKSNMs��{�U�MsQTr?nK�KJIU�Q SVJ<nK�K�<JDniN�}OQmQxn %jQ �%U�QBU�HKJ �DJ<r_U�S�{�}jSVJDp[MOQTr?Q[P U�HKJIU���yzQTSNLY{[LYJD}sJ<��{�U�J<n
MOr_UVJDSVL U�M�U�M {�}�wKSVJ<LVLN�KSVJ y.MOp[H�U �D{[�KLNJ �DQ[}O} {�wKLVJBQ[PY{�rKpTMOQ[pTJDrKMs� �TJ<LVLVJ<}OL � � M � A ��� �>B ��r�UVJDSNLNU�M�U�MO{[}�H_�xw�JDS K
U�J<rKLVMsQTr �D{[r ��{��KLVJ��DQTy.wKSVJ<LVLNMOQTr Q�P��TJ<LVLVJ<}OLFMsrKLVMsnKJ U�HKJ�UV�Ky.QTS {[rKn }sMOy.MsU��KwxU|{-J�J Q[P~{[p[JDr_U�L�� ACA7I �>B
��r�{[nKn�MsU�MsQTr��~U�HKJ JgumU�SV{[�DJ<}O}O��} {[S LVwj{��DJ MsL } {�pTJDS U�Hj{[r rKQTSVyz{[}YnK�KJ UVQ nKJ<pTJDrKJ<S�{�UVMOQTr Q[P HKJ�{�}sU�H_�
JgumUVS�{[�<JD}O}s�K} {�S yz{�U�SNM�u B � > LNH��Kr_U�L�� MO}s} �D{[�KLVJ(}sQx�D{[} N��mwj{�LVL N_��{#PRS�{[�gU�MsQTr Q[P U�H�JTNK}OQmQmn � MZb �>B
�InKnKM�U�MsQTrj{[}s}s�T�A{[nXOV{[�DJ<r�U U�Q rKJ<�DSNQTLVMsLD�Y{[SNJ�{[L Q�P HKJDy.QTSVSNHj{[pTJ.SVJ<LV�K}�U�MsrKp#PRSVQ[y
PRSV{[pTMs}OJ.{[rKpTMsQTpTJ<rKMO�
�TJ<LVLNJD}OL�y.MOpTH_U N�JBwKSVJ<LVJDr_U B � A ��� �
��rK�<QTyzw�}OJ<UVJ QTS�y.MOLNLVMOr�p JDrKn�Q[U�HKJ<}OMO{[} }sMOrKMsrKp " U�MOp[H�U�ON�KrK�gU�MOQ[rKL ( {[r�ngNK{[LVJ<yzJ<r�U?y.JDy NKS�{[r�JDL?{[SNJ
LV��pTpTJDL U�J<n U�Q	N J SNJDLVw�QTrKLNMvNK}sJ(PRQTS?MOrK�<SVJ�{�LVJDn%w J<SVy.J�{-N�MO}OM�U�� B ��r {[nKnKM�U�MOQ[r�� > t � � MOr�M�U�LVJ<}sP�MOr6K
�DSNJ�{[LNJDL.w J<SVy.J�{-N�MO}OM�U�� wKSVJ<LV�Kyz{-NK}�� N_� �[JDLVMs�D�K}sQZK ��{[�<�KQT}O{[S QTSNp_{[rKJ<}O}sJDL � HKMs�|H�Hj{��TJ �DQTr�rKJD�gU�MOQ[rKL
� MsUVH_N�Q[U�H LN�KSNP^{��DJDL�Q[P�U�HKJ �TJ<LVLVJ<}��F{�}O} "^�<P B � MspT�KSVJ �6B/M � �xJD�gU�MOQ[r �6B�I ( B GIHKJ H_�mw J<SVw�JDSVy.J�{ZNKMO}sMsU��
U�Q�yz{[�DSNQTyzQ[}OJD�<�K}OJ<L MOLB�<QTrKLVMsnKJDSNJDn JDLVLNJDr_U�MO{[}YU�Q�{[rKpTMsQTpTJDr�JDLVMsLB{[L MsU {[}s}OQ � LewK} {�LVyz{ w�SVQ[UVJDMOr�LBUVQ
LVJ<JDw(Msr�UVQ U�H�J�U���yzQTS MOr_UVJDSVL U�M�U�MO��y��_PRQTSNyzMsrKp UVHKJ�yz{�UVSVM�u?P^{��[QTSVMsrKp Msr6K�pTSNQ �IU�H Q�P~rKJ<� ��{�wKMO}s} {[SNMOJDL B
��r {�nKnKMsUVMOQTr7� }sJ�{-J {[p[J w�JDSNyzM�U�L~JDy.MOp[S�{�UVMOQTreQ[P���{[r��DJDSNQT�KL �DJD}s}OL<�[{[}s}OQ � MOr�pIyzJgU|{[L U|{[LNMOL~U�Q�Qx�<�D�KS � P-b �>B
��LAnKJ<LV�DSNMvN�JDn {-N Q �[J[�[LNQTy.JYUV�Ky.QTS~SVJDp[MOQTrKL�SNJD�<JDMs�[J�H_�mw Q�uxMO� {[rKn r���U�SNMOJ<r�U nKJ<wK}OJgU�JDn'NK}OQmQmn �D{[�KLNJDn
N_� U�H�J��|Hj{[Q[UVMO��L U�SV���<U���SVJ {[rKneU�H�J�Jguxwj{[rKLNMOQTrBQ[PmU�H�JYt t�� �D}OJ�{�nKMOrKp U�Q�{F}OQTr�pTJDS�n�M%j �KLVMsQTrenKMOL U|{[r��DJ B
�InKnKM�U�MsQTrj{[}s}s�T�jQ[rK}s� �[� K �T��� Q[PvU�HKJ ��{[LN�D�K}O{[S�L �mLNU�J<y Msr�U���yzQTSNL�MsL�PR�KrK�gU�MsQTrj{[}A{�U { pTMs�[JDr#UVMOy.J B
GIHKMsLIy {�� J<rKHj{[r��DJBU�HKJBw�JDSNPR��LVMOQ[r�H�J<U�J<SVQTp[JDrKJ<MsU�MsJDL � �-b � B�� {[MOr�� � M � yzQmnKJD}sJDn UVHj{�UIU�H�JBUVJDy.w Q[S�{[}
{[rKn�LVwK{�U�MO{[}7HKJgU�J<SVQTpTJ<rKJDM�U�� MOr(U���yzQTS NK}OQmQxn %KQ � ��{[r]N�Jq{�SNJDLV��}sU�Q[P �
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� J<}OJ<��{�UVJDn pTJ<QTyzJgU�SNMO�B{[rKn(�mMOLN�DQT��L�SNJDLVMsLNU�{[rK�DJBMsr UV�Ky.QTS��TJ<LVLNJD}OL
� �<QT�KwK}sMOrKp1N�J<U�� JDJ<r HKMOp[H �[{�LV�D��} {[SIw�JDSNyzJD{-NKMO}sMsU�� {[rKn JD}sJ<��{�UVJDn�MOr_U�J<SVLNUVMsUVM {[}
%j�KMsn�wKSNJDLNLV�KSNJ
� ��{[LN�D�K}O{[SISVJ<yzQmnKJD}sMOrKp N�� Msr_U��KLNLV�KLN�DJDwxU�MOQ[r��

��JePR�KS U�HKJ<S�n�JDLV�<SVM%N J<n�PRQT�KSIn�M%j JDSVJ<r_U�SNJDpTMsQTrKL MOr(UV�KyzQ[SVLD��NK{[LVJ<n#QTr U�HKJ<MOSIw�JDS PR�KLVMsQTr�SV{�U�J<L B GA� Q
SVJ<pTMOQ[rKL � UVHKJ�X � X c fga�/�X[k�Z7h|fgk � `^]if k�h��[]�� Z1{�rKn3U�HKJ c hgl�] 1�Z7h|fgk(� `^]if�k�h��[]�� Zj�IHj{��TJ }OQ � w�JDS PR�KLVMsQTrS�{ U�JDL B GIHKJ cg` X
	D] / ]�� hV\?l�]ifgk � fg] k|fga�/�X[`^]�� Z#k�h��[]�� Z?{[rKn(U�H�J.X_\ � X[Z7fg] Z%� � k � Zj`Yk�h��[]�� Z.H�Q � J<�[JDS<��HK{ �[J
�TJ<SN� ��{[SVMO{-NK}sJ w J<SNPR�KLNMOQTr S�{ U�JDLe� HKMs�|H yz{�� J<�[JDr N�J?HKMOpTH�JDSeU�Hj{�r Msr r�QTSVyz{[}vUVMOLVLN�KJ B GIHKJ.HKJ<UmK
JDSNQTpTJ<rKJDM�U�MOJ<L�MOruNK}sQxQmn1LV��wKwK}s� � MsU�H�MOr�{ U��Ky.QTS?{[SNJ(SVJ %jJD�gU�JDn%MOr UVHKJ LVwj{�UVM {[}�nKMOL U�SVM%NK��UVMOQTrKLqQ[P
U�H�JDS�{�wj{[��UVMO� {[r�n nKM {[p[rKQTLNUVMO�#{[pTJDr_UVLD� {�rKn ��{[r3UVH��KLsN J J uxwK}OQTM�U�J<n N��%U�J<yzw�QTS�{�}�{[r�n LNwj{�UVM {[}
�mMOLN�j{[}OM �DMsrKp Q[P �DQTr_UVS�{[L U�{�pTJDr_U��Kw�U�{-J[J�� {�L�Msr(n��mrj{[y.MO�DF=H � B
��}�U�HKQ[�KpTH.HKMOpTH?��{[LV�<�K} {�S w�JDSNyzJD{-NKMs}OMsU��qMOL {B�|Hj{[SV{[�<UVJDSVMsLNUVMO� PRJ�{�UV�KSVJ Q[P�UV�Ky.QTSVL<�_wKSVQm�DJ<LVL�Q�P�yz{�U��6K
S�{ U�MOQ[r.Q�P7�TJ<LVLNJD}OL y {���}sJ�{[n?U�Q SVJ<nK�K�<JDn �[JDLVLNJD} w J<SVy.J�{-NKMs}OM�U�� Msr.�<JDS U|{[MsrzSNJDpTMsQTrKL � A7b �>B ��L rKQTSVyz{[}
rKJ<Q �[JDLNLVJD}sL(pTSVQ � {[r�n3y { U��KSV{�U�J���U�HKJg�3{�� y��KMOSNJ { y.QTSNJ��<QTyzw�}OJ<UVJGNK{[LVJ<yzJ<r�U yzJ<ytNKSV{[rKJ {�rKn
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�<=@?i;OBTb@JLDKB��"�EJL,@?Q;OJCDQX�F�\@\WMO?NXYX `np kigik v cgaEu k_hsr `np k uOv[` k c hsr u k vmfg`^] h m�ca9�FS,@\3`np k cg`^a j��%hsr `np k
� v�u ]�v�� lCk cF`npWv[`�vY� k fg`~`�p k uOv[` k cay3�<=W?<M>FS;O?"B���F&b@MYBcDQ?NXOX B�M3MO?NF�DQ;OJCBT,�\@?NXYDNMOJLd�?QX =@Bx¡¢��FSXY;�J£;�BEDNDQP@MOXQ9F�,@\%JCX�BS�n;>?N,%?a`cb@MY?NXYXO?N\*F�X�;>=@?�D:=¤F�,W¥T?�JC,(?�y¦¥@y§DNB�,@DN?Q,f;OM>FS;OJCBT,%b�?NM¨P@,@J£;�;>JCH©?�9wªY«ªs¬ y©­�JC,@?a;>JLDNX&JLXB��®¥TMY?GFS;¨JLHKb�BTMY;>F�,@DQ?�JC,%F�ALA°¯@?NAC\WX±BS�²H©?N\WJCDNJL,@?�9�d@JCBTALBT¥�e³F�,@\(d@JLBcD:=W?NH©JCXY;OMYe�y�´"F�Da;>?QMOJRFSA3¥TMYBµ¡<;O=
M>F¶;>?NX³F�,@\/M>F�\WJCB�F�Da;>J£·T?(\@?NDNFGe�FSMO?(d�BS;>=�?¸`WF�HKbWAC?NX¹B���b@MOBEDN?QXOXO?QX7¡8=@JLD:=�\@?Qb�?Q,@\�BT,�M>FS;O?NX¹B��
MO?NF�DQ;OJCBT,WX¨º£»x¼c»N½¾y
¿ =¤F�MYHiF�DQBT�fJC,@?a;>JLDNX7Z[¿À­±^©DNB�H�d@JC,W?NXK;O=@?³;OBTb@JLDNXiBS��b@=¤F�MYHiFSDNBTALBT¥�eÁF�,W\Â�fJC,@?a;>JCDQXN98F�,W\ÂXY;OP@\@JC?QX
;>=W?�M>FS;O?NX¨B��²F�d@XYBTMObW;OJCBT,�9�\@JCX5;>MYJCd@PW;OJCBT,�9�H©?Q;:FSd�BTALJCXYHÃFS,@\(?NACJLHKJL,¤FS;OJCBT,ÅÄ¶?a`cDNMY?Q;>JLBT,¹B��®\@MOP@¥�XÆFS,@\
H©?Q;:FSd�BTALJL;O?NXwJL,_d@JCBTALBT¥TJLDGF�A�XYeEXY;O?NH©X�ºÈÇfÉf9§»T»x¼¶½[y
ÊV=@JLAC?�b@=¤FSMOHKF�DNBT�fJL,@?Q;OJCDNX8FSXËF�;>B�b@JCD�\@?QXODQMOJCd�?NX8;>=W?±HKF�DQMOBTXYDNBTb@JLD�?QÌ�?NDa;>XÍB��3;OM>F�DQ?NM8\@JCX5;>MYJCd@PW;OJCBT,
F�,@\Á?QACJCH©JC,@FS;>JLBT,@X�BT,ÁH©?GF�XYP@M>F�dWAC?ÎDQBT,@DN?Q,�;>M>F¶;>JCB�,@XN9 ;>=W?_F�\@\@J£;>JCB�,¤F�A ;>BTbWJCDÎB��Íb@=�eEXOJLBTACB�¥�eÏ\W?GF�ALX
¡8JL;O=%;O=@?�b@MOBEDN?QXOXY?NX�\W?Q;>?QMOH©JC,@JL,@¥Î;>MOF�DN?QM¨\@JCX5;>MOJLd@PW;OJCBT,)BT,(;>=W?KH©JCDQMOBTXYDNBTb@JLD�AC?a·T?QA¾9°F�X¨\@?NXYDNMYJCd�?N\
d�e]b¤F�MOF�H©?Q;>?QMOX±ºÐ»x¼T¼¶½[y
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DNB�HKb¤FSMY;>H©?N,�;OX JC,�¡8=@JCD:=�;>=W?Í\WMOP@¥TX®F�MY?8\@JCX5;>MOJLd@PW;O?N\�y31�`cD:=¤FS,@¥T?IBS��\@MYP@¥TXÀBTM D:=@?QHKJLDGF�ALX d�?a;-¡w?Q?N,
;>=W?®\WJLÌ�?NMO?Q,�;�DQBTH©b¤F�MY;OHK?Q,�;>XÒJCX§\@?QXODQMOJCd�?N\Æd�e�uYv(' k ):h m+*,'¾v�m-'.*�¡8=@JCD:=±DNBTMYMO?QXOb�BT,@\¨;>B8;>=@? Ô¤Bx¡ MOFS;>?QXB��wF�d@XYBTMObW;OJCBT,�9°\WJCXY;OMOJLd@PW;>JLBT,�9�H©?Q;>F�d�BTACJLXOH!F�,@\%?a`cDNMY?Q;OJCBT,ÅÄ¶?NACJLHKJL,¤FS;OJCBT,�y0/ËBS;>JCDQ?�;>=¤F¶;±;O=@? ):h¶g21
3 v�u4' gik m-'5*<JL,¹F©DQBTHKb@F�MY;OHK?Q,f;>F�A�H©Bc\W?NAÒF�MY?±,WB�;ÍXY;>MYJCDa;>ALeib@=�eEXOJCB�ACBT¥TJLDGF�A�BTM8F�,¤FS;OBTH©JCDGFSACALe©d¤FSXO?N\�9F�,@\%\@B¹,@B�;ÆF�A£¡"FGeEXÆMY?Nb@MY?NXY?N,�;�MY?GF�A b@=�eEXOJLDGF�AÀd�Bc\ce ·TBTALP@H©?NXNy©+-,ÏXYBTH©?©DNF�XO?QXN93F¹DQBTHKb@F�MY;OHK?Q,f;
DGFS,³MY?Q��?NM<;OBKF�D:=@?QHKJLDGF�A�XY;:F¶;>?KZ[F�HK?a;:F�d�BTALJL;>?ÍB���;>=@?�\@MYP@¥f^¸y
+-,]DNB�HKb¤FSMY;>H©?N,�;>F�AÅHKBE\@?NALXN9cF�DNB�HKb¤FSMY;>H©?N,�;²JCXwF�DQ;OP¤F�ACA£e�DNBT,WXOJC\W?NMO?Q\Î;>B�d�?&FKp h¶gih o k m k:h�6 *&v�m j
7wkalnl§g28:9ckOj =feEb�B�;>=W?Q;>JLDGF�A§·�BTACP@H©?�BTM8P@,@J£;Gy².IJLÌ�?NMY?N,�;ËP@,@JL;OX8JC,�;>?QM>F�Da;Ëd�e_?¸`WD:=@F�,@¥TJL,@¥iD:=@?QHKJLDGF�ALXNyÑ , F�,@JCHKF�A§d�Bc\ce³DNF�, d�?�DQBT,@XOJL\@?NMY?N\ ;OBiDNB�,f;>F�JC, Fi,fP@H�d�?NMIBS� DNBTH©b¤F�M5;>H©?N,�;>XQ9�B�M&FiMY?NXY;OMOJLDQ;>?Q\
F�,¤F¶;>BTH©JCDNF�A§MO?Q¥TJCBT,7DGF�,)d�?�\@J£·EJC\@?Q\ JC,�;>BiDNBTH©b¤F�M5;>H©?N,�;>XËJC,7¡8=@JLD:= ;>JLXOXOPW?NX�F�MY? q�8 m k ' 8�) v lnl �;):h m 1m k�) ' kOj y��°¡²BS2ðDNBTH©b¤F�M5;>H©?N,�;:F�AWHKBE\@?NALX DGF�,K?�y¦¥@yf\@?NXYDNMYJCd�?IF¨b@ARFSXOHKF¨DQBTH©b¤F�MY;OHK?Q,�;²JL,�JC,�;>?QM>F�Da;>JCB�,¡8JL;O=¹F�;OJCXYXOP@?¨DNB�HKb¤FSMY;>H©?N,�;Ny
< MO¥�FS,@JCXYHKX�F�MY?³d�?NX5;i\W?NXODQMOJLd�?Q\ F�X�;>=@?³XOP@H BS��F ,W?Q;-¡²BTMO�ÁB��IDNBTH©b¤F�M5;>H©?N,�;>X¹ºÐ»T»x¼S½[y Ñ BT,@?¸2
DNB�HKb¤FSMY;>H©?N,�;wHKBE\@?NA�JCX"d�?NX5;8XOP@J£;>?Q\]JL�§;>=W?�?a`cD:=¤F�,@¥�?±d�?Q;-¡²?N?Q,³b�B�;O?N,�;>JCF�A Z�XOP@dc2s^²DNB�HKb¤FSMY;>H©?N,�;OX
JCXIXOBÎ��F�X5;&;>=¤F¶;&;>=@?ae)DGFS,)d�?�DQBT,@XOJL\@?NMY?N\%F�X&B�,@?�XOJL,@¥TAC?ÆP@,@J£;G9�J[yä?Sy�J£� ;>=@?�\@MYP@¥]DNB�,@DN?Q,f;OM>FS;OJCBT,(JL,
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D:=@?QHKJLDGF�AÀb@MYBTb�?QMY;OJC?NXQ9�F�,W\ÏH�P@A£;>JÐ2-DNB�HKb¤FSMY;>H©?N,�;>F�A3H©Bc\W?NACX�¡²BTP@AL\Ï¥TJ£·T?KF³H©BTMO?©MO?NF�ACJLXY;>JLD�MO?Qb@MO?¸2
XO?Q,�;:FS;OJCBT,ÂBS�±;O=@?7\WMOP@¥ \@JLXOb�BTXOJ£;>JLBT,¢JL, ;>=W? d�BE\We�y�+-,VF*H�P@A£;>J£2ðDNBTH©b¤F�M5;>H©?N,�;:FSAwH©Bc\@?QA¾9<H©BTMO?
;>=@F�, BT,@?Æ?a`cb�BT,@?N,�;OJRF�A°JCXÍ,@?N?Q\@?N\ ;OBi\@?QXODQMOJCd�?�;O=@?�\@?QDGFGe³B�� \@MYP@¥ÎDNB�,@DN?Q,f;OM>FS;OJCBT,¹¡8JL;O=³;>JLHK?Sy8+ð;
DGFS,]d�?&\WJ"?©DNP@A£;w;OB�JC\@?Q,f;OJL�neKF�,@\_?QXY;>JLHiF¶;>?IH©BTMY?Ë;>=@F�,Î;>=@MY?N?�?¸`Wb�BT,@?Q,�;>X<JC,_FÆH�P@AL;OJ£2ð?a`cb�B�,@?N,�;>JCF�A
?NÖfP¤F¶;>JCB�,�y¢0wBT,@XO?QÖfP@?N,�;>A£eT9";-¡²BS2-DQBTH©b¤F�MY;OHK?Q,�;:F�A<FS,@\U;O=@MO?Q?a2ðDNBTH©b¤F�M5;>H©?N,�;:F�AwHKBE\@?NALX�F�MO?_H©BTXY;
��MO?QÖfP@?N,�;>A£e_P@XO?Q\¹;OB�MO?NbWMO?NXY?N,�;�F�\@MYP@¥TX8d�?N=¤FG·EJCBTM<JL,¹F�,7FS,@JCHKF�A�d�BE\WeTy
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H©Bc\@?QA�¡²BTP@AL\],@B�;<bWMOBx·EJC\@?�FSDNDNPWM>FS;O?�JC,W��BTMYHiF¶;>JCB�,KFSd�BTPc;";>=@?I\@MOP@¥�\WJCXOb�BTXYJL;>JLBT,iJL,i;>=W?�d�BE\We Z�DQ�sy
d ?QDQ;>JLBT,>eWy£»µ^ay Ñ ;-¡wBS2ðDNBTH©b¤F�M5;>H©?N,�;:FSATHKBE\@?QATJC,�¡8=@JLD:=Æ\@MYP@¥Í\@JCXYb�BTXYJL;OJCBT,&JLX§d@J£2ð?a`cb�BT,@?N,�;OJRF�A�¡²BTP@AL\
d�?¨F�d�?Q;Y;>?QM<D:=@BTJCDQ?�y +-,];>=W?¨;-¡²B�DNBTH©b¤F�M5;>H©?N,�;<H©Bc\W?NA¾9f;>=W?±\WMOP@¥�JLX8F�XOXYP@HK?Q\];>B�\@JCX5;>MYJCd@PW;O?&JC,�;OB
F³XY?NDQBT,@\*DQBTHKb@F�MY;OHK?Q,f;N9�dWPW;�?QACJLHKJL,¤FS;>JLBT, JLXÆFSXOXOPWHK?Q\Ï;>B¹BcDQDNP@M¨��MOB�H�;>=@?�¯¤MOX5;�DQBTHKb@F�MY;OHK?Q,f;
BT,@A£eTy Ñ AL;O=@BTP@¥�=¹;O=@JCX8JCXÍF�XOJLHKb@ALJL¯¤DNFS;>JLBT,�9E;>=@?±HKBE\@?QA�DGF�,³b@MOBx·EJC\W?ÆJL,W��BTMOHKFS;OJCBT,ÎBS�3Ô¤Pc`³MOFS;>?QXËJL,
F�,@\¹BTPW;8BS�3XYb�?QDNJL¯@D±B�MO¥�F�,WXNy
�<=@? ;>=W?NBTMY?Q;>JLDGF�ASHKBE\@?QACX�P@XY?N\¨JC,�bW=¤F�MOHKF�DQBT�fJC,@?a;>JCD 476 JLHiF�¥�JC,@¥wF�MO?�;-eEb@JLDGF�ALALe8;-¡wB¶2-DNB�HKb¤FSMY;>H©?N,�;>F�A
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b@=¤FSMOHKF�DNBT�fJL,@?Q;OJCDNX<JLX<¥TJL·�?N,_JC, Ñ b@b�?Q,@\@JÐ`¹´Iy
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F�,@\¢Z�JL·W^Í;>=W?©XYDGF�,W,@JC,@¥]bWMOBEDN?N\WP@MO?�DGFS,%d�?�MO?Qb�?NFS;>?Q\ XY?Q·�?NM>FSAÀ;OJCH©?NX�Zn��BTACALBx¡"2-P@bÅ^"¡8JL;O=@BTPW;¨=@F�MOH
;>B³;>=@?ÎXYP@d�cY?QDQ;Gy 4³B�MO?NBx·�?NMN9ÀDQBT,�·T?N,�;OJCBT,¤FSA"=@JCX5;>BTb@FS;>=@B�ACBT¥TJLDGF�A�;O?ND:=@,WJCÖfP@?NX���B�M�D:=¤F�MOF�DQ;O?NMYJ @GF¶;>JCB�,
B��8H©JCDQMOBx·SF�XODQP¤F�ARF¶;>P@MY?7Z�XOP@D:=UF�X±;>P@H©BTM±JC,�·SF�XOJLBT,ÏB�M�XObWMO?GFS\Å^�F�MY?�9�DQBT,�;>M>FSMYe%;>B)4³6Í+:9�JC,�·SF�XOJ£·T?�y
d P@D:=�H©?Q;>=WBc\@X]DNF�, ;>=fP@X_,@B�;_d�?)MO?Qb�?NFS;>?Q\���MY?NÖfP@?Q,f;OALe�y$4³BTMY?NBx·T?QMN9&P@XYJC,@¥Á=@JLXY;OBTb¤FS;O=@BTACB�¥TJCDNF�A
F�b@bWMOB�F�D:=W?NXN9f;>=W?IF�,WJCHKF�ACX�HiFGe�=¤FG·�?Ë;>B¨d�?ËXOF�DNMYJL¯¤?Q\©;OBÆb�?NM5��BTMOH�;>=@?<;>JLXOXYP@?ËJL,�·T?NX5;>JL¥�FS;>JLBT,@XQy � P@M52;>=W?NMOH©BTMY?�9fJCXYBTARFS;O?N\©MO?Q¥TJCBT,@F�A@d@JLBTb@XOJL?NXÀ=¤F�MY\@ALe�MY?QÔ¤?QDQ;®;>=@?ËXOb¤F¶;>JRFSA@=@?Q;O?NMYBT¥T?N,W?NJL;-e�¡8=@JLD:=K;-eEb@JLDGF�ALALe
BEDNDNPWMOXÀJC,�;>PWHKBTM�·SF�XYDNP@ACFS;>PWMO?¨ºÈÇ@»N½[y3ÊVJL;O=K.&0"1�2s4768+:9f;O=@?8?N,�;>JLMO?";OP@HKB�M BTM�;>JLXOXOPW?ÍMY?N¥TJLBT,�DGF�,©d�?
X>FSHKb@AL?N\±¡8JL;>=�=@JC¥T=ÆXOb¤F¶;>JRFSAcMY?NXOB�ACPW;OJCBT,�9¶\@?QHKBT,WXY;>MOFS;>JL,@¥Id�B�;O=�F�,¤F¶;>BTH©JCDNF�A�Z�J[yä?Sy¶·SF�XYDNP@ACF�M�·�BTACP@H©?x^
F�,@\¹b@=�eEXOJLBTACBT¥�JCDGFSA Z�J[yä?Sy@b�?NMOH©?GFSd@JCALJL;-eW^À��?NFS;>P@MY?NX±º HS½¾y
+-,�;>?QMO?NX5;ÀJC,�.&0"1�2s4768+�=¤FSX�¥TMOBx¡8,�ARFSMO¥T?QALe�¡8JL;O=�;>=W?"\@?Q·�?NALBTb@H©?N,�;ÀB���F�,�;>JCF�,@¥TJLBT¥T?Q,@JCD®F�,@\�,W?NB�F�\E2
cYPW·SF�,�; X5;>M>F¶;>?N¥�JC?NX°��BTM�;OP@H©BTM°;O=@?NMOF�b�eTy Ñ AL;O=@BTP@¥T=�F�,@¥TJLBT¥T?N,WJCD®JC,@=@JLd@JL;OBTMOXÒMY?Nb@MY?NXO?Q,�;®F&,@Bx·T?NAcXY;OM>FS;52
?N¥Se���BTM ;>P@H©BTM3;O=@?NMOF�b�eT9c.�0"13254768+�DNF�,KH©BT,@J£;>BTM3DNBT,�·T?Q,�;>JCB�,¤F�A¤;>=@?QM>F�b�e�FSXÀ¡²?NALA¾9�d�?NDNF�P@XO?Í·T?QXOXO?QA
ACB�XOX®JCX ;>=@?Í¯¤,¤F�AÅDQBTHKH©BT,©b¤FS;O=f¡wFGe���BTM²HKF�,�e�;>=W?NM>FSb@JC?QX²XYP@D:=_F�X®DQef;>B�;OBG`WJLDÍ;O=@?NMOF�b@JL?NXN9EM>FS\@JRFS;OJCBT,
;>MY?GFS;OHK?Q,�;<F�,@\]ALBcDNF�A¤;>=@?QM>F�bWJC?NX�Z�?�y¦¥@yEDNM5eTB�;O=@?NMOF�b�e E ^ËºÐ»GÇ�½[y3ÊV=@JLAC?ËDQef;>B�;OBG`WJLDË;O=@?NMOF�b�eÎ?QÌ�?NDa;>X<DNF�,d�?"HK?NF�XOPWMO?N\�d�e�D:=@F�,@¥T?QX JC,�?N,W=¤F�,@DQ?NH©?N,�;À�fJC,@?a;>JCDQX�JC,�;O=@?w;OP@HKB�MN9TXYP@DNDQ?NXOXÀB���MOF�\@JRF¶;>JCB�,Æ;>=W?NM>FSbfe
DGFS,%d�?�\@?a;>?NDa;>?Q\ÏF�X¨F]\@?QDNMY?GF�XY?©JL, ·SF�XODQP@ARF�MYJL;-eÏº£»NÇ�½¾y�1�·T?N,(;>=WBTP@¥T= 4768+¾2-d¤FSXO?N\ F�XYXO?NXYXOH©?N,�;±B��
;>=W?NM>FSbfe MO?NXYb�B�,@XO?�DGFS,%d�?�XO?Q,@XOJ£;>J£·T?�9§J£;�ARFSD:�EX�XYb�?QDNJ£¯@;-eT9ÒMO?aÔ¤?NDa;>JL,@¥Î;>=@?���F�Da;&;>=@FS;��fJCALACJC,W¥K;>PWHKBTM
DN?QACALXN9°JC, F�ACA DNF�XO?QX�P@A£;>JCHKFS;O?NALe7MO?QXOP@A£;>X±JC,(·�FSXODNPWARF�M±DNBTH©b@MYBTHKJLXO?�º �%Hx½[y d B@9�F�AL;O=@BTP@¥T= .�0"13254³6Í+
DGFS, XO?QMY·T?�FSX&F�, ?NF�MOA£e_HiFSMO��?QMIB�� ;O=@?NMOF�b�e7MY?NXYb�BT,WXO?�9�P@,@\@?QMOALeEJL,@¥i,@B�,f·SF�XYP@ARFSMID:=¤F�,W¥T?NX&DNF�, ,@BS;
d�?ÆFSXOXO?QXOXY?N\�y
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DGFS,Ïd�?KB��²·SF�ACP@?�d�e(b@MY?N\@JLDQ;>JL,@¥_;>=@?©¥TM>FS\@?KBS�"\@MYP@¥7\@?QACJ£·T?NM5e ;>B7F�ACA3MO?N¥�JCBT,@X¨B��w;>P@H©BTM�ºÈÇfÉ¶½[yÎ+-,
F�\@\WJL;>JLBT,�9�H©BTMO?8b�?NMYHK?NF�d@AC?8;>JLXOXYP@?NX²DGF�,KMO?NDQ?NJ£·T?IH©BTMY?ËBG`EeE¥T?N,�9WF�,@\iF�MO?8;>=@?QMO?a��BTMO?ËJC,@J£;>JRFSACALe±H©BTMO?
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,@JLÖEPW?NX¨=¤FG·T?�JC,)XYBTH©?�DGF�,@DQ?NMYXÆd�?N?Q,ÏF�dWAC?�;OB¹bWMO?N\WJCDQ;¨bWMOBT¥T,WBTXOJLXNy��<=W?©H©?Q;O=@BE\%=@Fx·�?©F�ACXYB]d�?Q?N,
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Ñ A£;>=@B�P@¥T=�XY?Q·T?QM>F�AWb@MOBTH©JCXYJC,@¥ËF�MY?GF�X3��B�M�DQACJC,WJCDGFSAEPc;>JCALJ @NFS;>JLBT,¨DNBT,�;>JL,fP¤F�ACA£e±F�MOJLXO?S9TF�ALXOB&\@MOFG¡8d¤F�D:�fX B��
;>=W?�HK?a;>=@BE\_F�MO?�?QHK?QMO¥TJL,@¥�F�X";O=@?¨.�0"13254³6Í+²JCXw��P@M5;>=@?QM<P@XO?Q\�9Åd�BS;>=]JC,]bWMO?NDQACJL,@JCDNF�A�FS,@\_DNACJL,@JCDNF�A
XY;OP@\@JL?NXNy Ñ bWb@ACJLDGFS;OJCBT,(B��8.&0"1�2s4768+±\WB7,@B�;ÆXOPWd@XY;OJL;>Pc;>?K��B�MÆ=@JLXY;OBTb¤FS;O=@BTACB�¥TJCDNF�A�JC,�·�?NXY;OJC¥�F¶;>JCB�,@XNy
4³JLDNMOB�XODNB�b@JCD]\@JLXO?NF�XO?¹HiFGeÏXY;>JLACA"d�?_b@MO?QXO?Q,f;K?Q·�?N,¢JL�I.�0"13254768+�XY;OP@\@JL?NX�XO=@Bx¡�,WB%?a·EJC\@?Q,@DN?¹B��
;>PWHKBTMQy d BTH©?7HKF�ACJL¥T,¤F�,�;�b@MYBcDQ?NXOXY?NX]DNF�, F�ALXOBÏH©JCH©JCD]d�?N,WJC¥T,¢DNBT,�;>MOF�XY;i�fJC,@?a;>JCDQX©2�F�,@\ÂXYBTH©?
d�?N,@JL¥T,ib@MYBcDQ?NXYXO?NX±Z�?�y¦¥@yEJC,WÔÅFSHKHKFS;>JLBT,Å^�DNF�,ÎH©JCH©JCD<HKF�ACJL¥T,¤F�,�;ÀDQBT,�;>M>FSXY;"�fJL,@?Q;OJCDNXQy � P@MY;O=@?NMYHKBTMY?�9D:=¤F�,W¥T?NX¨BT,%.�0"13254³6Í+�F¶�n;>?NMË;>=@?QM>F�b�e)HKFGe d�?©,WBT,c2-bWMO?N\WJCDQ;OJL·�?�9ÒF�,@\(b@=�eEXOJLBTACB�¥TJCDNF�A�D:=@F�,@¥T?QXÆJL,
;>PWHKBTM<DNF�P@XY?N\¹dfe];O=@?NMOF�b�e]\@BE?NX8,@B�;Í,@?QDN?QXOX>FSMOJCA£e_FSÌ�?NDa;ËBx·�?NM>FSACA�b¤F¶;>JC?Q,�;8XOP@M5·cJ£·SF�AÀº£»NÇ�½¾y
�<=@?]H©?Q;O=@Bc\ÏJCX�AL?NXYX�F�b@b@ALJCDNF�d@AC?�JL,*d�BE\We MO?Q¥TJCBT,WXÆ¡8=@JLD:=ÁF�MO?Î=W?GFG·EJCALe FSÌ�?NDa;>?Q\Ud�e MO?QXOb@JLM>FS;OBTMYe
H©B�;>JLBT,@X³Z�XYP@D:=VF�XiALP@,@¥TXKF�,@\¢ACJ£·T?NM>^ayV+-,ÂB�;O=@?NMKd�BE\WeÁMY?N¥TJLBT,@XN9wXOP@D:=VF�X©;>=@?³d@M>FSJC,�9"JL,U¡8=WJCD:=
JC,�·SF�XYJL·T?�b@MYBcDQ?N\@PWMO?NX±DGFS, d�?�b@MOBT=WJCd@J£;>?N\�9Ò.�0"13254768+&JCX�BS�w¥TMY?GFS;¨·SF�ALP@?�y Ñ AL;>=WBTP@¥T=%.�0"13254³6Í+
JCX±F_MO?QARFS;OJL·T?QALe7?GF�XYJCALe b�?QMY��BTMYHK?Q\ XYDGF�,@,WJC,@¥¹b@MOBEDN?Q\@P@MY?�93¥�MO?GF¶;ÆDNF�MO?©H�P@X5;�d�?�?a`c?NMYDNJLXO?N\ÏJC,%b@MO?¸2
DNB�,f;OM>F�X5;ËF�DNÖfP@JLXOJL;OJCBT,WX¨Z�d¤FSXO?NALJC,@?�ºÐ»GÇ�½R^a9¤JL,�cY?NDa;>JLBT,]M>FS;O?¨F�,@\¹\@BTXY?±BS�3DQBT,�;>M>FSXY;ËF�¥T?Q,f;Ny
Ñ X<¡8JLACA�\@?QXODQMOJCd�?N\¹ARF¶;>?NMQ9@b@JÐ`W?QA£2ðdfe�2ðb@J£`c?NA�?NXY;OJCHKFS;>JLBT,_F�,@\_DQBTMOMY?NXOb�BT,@\WJC,@¥©=@JCX5;>BT¥�M>F�H©X"B��°;>=@?±b¤F¶2
M>FSHK?a;>?NMYX���MYBTH�bW=¤F�MOHKF�DQBT�fJC,@?a;>JCD®H©Bc\@?QACX°DGF�,�bWMOBx·EJC\@?²JC,W��BTMYHiF¶;>JCB�,�F�d�BTPW;�;>P@H©BTM°=@?Q;O?NMYBT¥T?N,W?NJL;-e
JC,_F�XY?NAC?QDQ;O?N\_MO?Q¥TJCBT,�y Ñ AL;O=@BTP@¥�=]b@J£`c?NAÐ2-HKF�b@b�?N\]FS,¤F�ALeEXY?NX<b@MYBµ·EJL\@?�¥TBEBc\Î·EJCXYP¤F�ALJ @GF¶;>JCB�,iB��Ò;>PWHKBTM
=@?a;>?NMYBT¥T?Q,@?NJ£;-eT9 b@JÐ`W?QA£2ðd¤F�XO?Q\Ï?QXY;>JLHiF¶;>JCB�,@X¨DGF�,*d�?i\WJ"?©DNP@A£;G9�BTM�,@BS;�?a·T?N, ��?NF�XOJLd@AC?³º ��H¶½[y < ,Ï;>=W?
B�;O=@?NM =¤FS,@\�9E6 < +¾2-d¤FSXO?N\©H©?GF�XYP@MO?QHK?Q,f;OX®F�MO?8ACJLHKJ£;:FS;O?N\Ædfe�;>=@?<��F�Da; ;>=¤FS; ;O=@?Qe�H�P@XY;®d�?8BTdW;:FSJC,@?Q\
��MOB�H DQBTHKb@F�M>F�dWAC?ÍMO?N¥�JCBT,@X²;>B�d�?I·SF�ACJL\iJL,ÎXO?QMOJRFSA�XY;OP@\@JL?NXNy �<=WJCX<JCX²d�?QDGF�PWXO?&;>PWHKBTM²=@?Q;O?NMYBT¥T?N,W?NJL;-e
F�ALBT,@?�DNB�P@AC\¹F�DQDNBTP@,�;8��BTM8F�,¹F�bWb¤F�MO?Q,�;ID:=¤FS,@¥T?¨JC,_H©?GF�XYP@MO?QHK?Q,f;OX±º£»GÇS½¾y
Ñ XÆF�ALMO?GFS\We(HK?Q,�;>JCB�,@?N\�9°HKF�,�e(DGF�,@DQ?NMYX�\@JLXOb@ACFxe D:=¤F�M>FSDQ;>?QMOJLXY;>JLDK?Q,@=¤F�,WDN?NH©?N,�;�b¤FS;O;O?NMY,@X J�MOF�b@JL\
F�,@\)=WJC¥T=(F�H©b@ALJL;>PW\@?±¡wF�XY=c2-JL,�9���BTALACBx¡w?Q\)d�e)FÎMO?QARFS;OJL·�?NALe¹MOF�b@JC\³¡"F�XY=c2-B�PW;GyÆ´w?N,WJC¥T,)AL?NXOJLBT,@X�FS,@\
=@?NF�AL;O=fe_;OJCXOXYP@?NX&F�MO?�XY=@Bx¡8, ;>BÎ?Q,@=¤F�,WDN?�F�,W\ ¡"F�XY=c2-B�PW;&H©BTMO?ÆXOALBµ¡8A£eTyË+ð;&JCXÍ=@Bx¡²?Q·T?QM¨JCH©b�BTM5;:F�,�;
;>BK��?Q?Nb(JC,³HKJL,@\¹;O=¤FS;ËHKJLDNMYBTXODQBTb@JCD±\@JLXO?GFSXO?�DNF�, d�?�b@MY?NXY?N,�;�?Q·�?N, ;O=@BTP@¥T= .�0"13254768+ÍF�XOX5ecXI\@B
,@B�;ÍMY?Q·T?NF�A°F�,�e_XOJL¥T,@X8B��°;>P@H©BTMNy Ñ AL;>=WBTP@¥T=¹?a`E;>?Q,@XOJ£·T?±,@?NBTF�,@¥TJLBT¥T?N,W?NXOJLX8JCXÍF�\@JCX5;>JC,WDQ;>J£·T?���?GF¶;>P@MY?
B��§ACF�MO¥�?NMÀ;>P@H©BTMOXQ9cXYHiFSACAÅDNALP@XY;O?NMOXwB��§HKF�ACJL¥T,¤F�,�;ÀDN?QACALXN9E\@B�,@B�;w?a`c=@JLd@JL;²\@?Q;O?NDa;:F�d@AL?I,@?QB�F�,@¥�JCBT¥T?Q,@JCD
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b@MYBTb�?QMY;OJC?NXQy©.�0"13254768+IDNF�,%;O=fP@XÆB�,@ALe7\@?Q;O?NDQ;±;>PWHKBTMYX�JC,)¡8=@JLD:=��ð;>=@?©F�,@¥�JCBT¥T?Q,@JCD�XY¡8JL;OD:=���=¤FSX
d�?N?N,_;>PWMO,@?Q\7BT,%ºÈÇCF¶½[y
.�0"13254³6Í+§?¸`W=WJCd@J£;�¥�MO?GF¶;�XY?N,@XYJL;OJL·EJL;-e�;OBËXYJL;>?QX�BS�¤JC,c2-F�,@¥TJLBT¥T?Q,@JCD FSDQ;>J£·EJL;-eT9¶d@PW;3F8,EPWH�d�?QM�BS�¤d�?Q,@JC¥�,
b@MYBcDQ?NXOXY?NX�FS,@\ =WJC¥T=c2ðMOJLXO�7AL?NXYJCBT,@X±F�ALXOB¹?N,@=@F�,@DN?S9�MO?Q\@P@DQJC,@¥_;>=@?©XOb�?NDQJL¯¤DQJL;-e(B��²;>=@?©H©?Q;>=WBc\¢º ��HS½¾y
1 ,@=¤F�,WDN?NH©?N,�;³B��Æ,@BT,c2ðHiF�ALJC¥T,@F�,�;i;>JLXOXYP@?NX_DGFS,/d�?(DGF�P@XY?N\/dfe ¯¤d@MOBTF�\@?N,WBTHiFSXN9IJL,WÔÅF�H©HKFS;>BTM5e
DNB�,@\@JL;OJCBT,WXN9WXYDGF�M";OJCXYXOP@?S9@\WeEXOb@ACF�XY;OJCD&D:=@F�,@¥T?QXN9ÅXO�fAC?QMOBTXYJC,@¥�FS\@?N,@B�XOJCXQ9@M>FS\@JRF�A�XODNF�MN9@FS;-eEb@JCDNF�A�\@P@Da;:F�A
=�eEb�?QMOb@ACF�XOJCFW9@B���ACBTdWP@ARF�MwDGF�MYDNJC,WBTHiF�JL,]XOJ£;>P º �Meµ½¾y
Ñ ,WB�;>=@?QM ��F�DQ;OBTMÀDNBT,�;>MYJCd@Pc;>JC,W¥&;>B¨;>=@?8P@,@DQ?NM5;:F�JL,f;-e�BS��ÖfP¤F�,�;OJL;:F¶;>JL·�?8\¤FS;:F¨F�DQÖfP@JCMY?N\�¡8JL;>=©\WeE,¤F�H©JCD
JCHKF�¥TJL,@¥�JCXÀ;>=W?Ë¡8JC\W?IXODNFS;O;O?NM²B��§d@ALBcBE\©·�BTACPWHK?QXN9f;>M>FS,@XOJ£;²;OJCH©?NX®?Q;>DSycJL,K\WJLÌ�?NMO?Q,�;"BTMY¥�F�,@XQ9cBTM®?Q·�?N,
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CBno03B.gt1: Mean (SD) Gd−concentration time curve within ROI (N=80 [80]) − T1 mean = 708 (SD=78)
wty_1and2_3_2_multispectral.mat − chn 4:T1_DYN 
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CBno03B.gt1: Mean (SD) T1(CA) relaxation time curve within ROI (N=80 [80]) − T1 mean = 708 (SD=78)
wty_1and2_3_2_multispectral.mat − chn 4:T1_DYN 
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Ce(t), t0=0.7, A0=0.50, K1=0.25, K2=0.48  (98 frames)
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Time schedule for the dynamic contrast enhanced MRI scan
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Channels, or imaging measurements NG 2-2 Co registrated image measurements, NG 2-2
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Channels, or image measurements, NG 4-2

Co registrated image measurements NG 4-2
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ROIs manually delineated from post Gd-DTPA

ROIs manually delineated from dynamic

�oÅ

ROIs manually delineated from post Gd-DTPA

ROIs manually delineated from dynamic

z©Å

ROIs manually delineated from dynamic

ROIs manually delieated from post Gd-DTPA
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ng2_1and2_3_2 ’mask_01’ − Su: D0=0.031, D1=0.052, K2=0.033 |  Tofts: Ktrans=0.007, ve=0.229, kep=0.031

ROI (n=69) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_02’ − Su: D0=0.024, D1=0.042, K2=0.034 |  Tofts: Ktrans=0.006, ve=0.188, kep=0.031

ROI (n=35) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_03’ − Su: D0=0.034, D1=0.060, K2=0.043 |  Tofts: Ktrans=0.008, ve=0.206, kep=0.040

ROI (n=62) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_04’ − Su: D0=0.032, D1=0.059, K2=0.053 |  Tofts: Ktrans=0.008, ve=0.164, kep=0.049

ROI (n=61) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_05’ − Su: D0=0.035, D1=0.062, K2=0.052 |  Tofts: Ktrans=0.008, ve=0.174, kep=0.048

ROI (n=60) mean cons.
Su model
Tofts model

−5 0 5 10 15 20 25 30
−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

min

T
ot

al
 ti

ss
ue

 G
d−

co
nc

en
tr

at
io

n 
m

M

ng2_1and2_3_2 ’mask_06’ − Su: D0=0.037, D1=0.071, K2=0.054 |  Tofts: Ktrans=0.010, ve=0.191, kep=0.050

ROI (n=60) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_07’ − Su: D0=0.019, D1=0.033, K2=0.023 |  Tofts: Ktrans=0.005, ve=0.210, kep=0.022

ROI (n=50) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_08’ − Su: D0=0.019, D1=0.035, K2=0.036 |  Tofts: Ktrans=0.005, ve=0.142, kep=0.034

ROI (n=85) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_09’ − Su: D0=0.027, D1=0.052, K2=0.031 |  Tofts: Ktrans=0.007, ve=0.251, kep=0.028

ROI (n=90) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_10’ − Su: D0=0.027, D1=0.053, K2=0.029 |  Tofts: Ktrans=0.007, ve=0.273, kep=0.027

ROI (n=74) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_11’ − Su: D0=0.020, D1=0.036, K2=0.035 |  Tofts: Ktrans=0.005, ve=0.150, kep=0.033

ROI (n=297) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_12’ − Su: D0=0.039, D1=0.075, K2=0.048 |  Tofts: Ktrans=0.010, ve=0.229, kep=0.044

ROI (n=387) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_13’ − Su: D0=0.027, D1=0.050, K2=0.043 |  Tofts: Ktrans=0.007, ve=0.170, kep=0.040

ROI (n=1715) mean cons.
Su model
Tofts model

−5 0 5 10 15 20 25 30
−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

min

T
ot

al
 ti

ss
ue

 G
d−

co
nc

en
tr

at
io

n 
m

M

ng2_1and2_3_2 ’mask_14’ − Su: D0=0.027, D1=0.048, K2=0.046 |  Tofts: Ktrans=0.007, ve=0.155, kep=0.042

ROI (n=1938) mean cons.
Su model
Tofts model
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ng2_1and2_3_2 ’mask_15’ − Su: D0=0.027, D1=0.048, K2=0.037 |  Tofts: Ktrans=0.007, ve=0.191, kep=0.035

ROI (n=453) mean cons.
Su model
Tofts model
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ng2_1and2_1_1: enhanced ROI (n=44) on T1_DYN ng2_1and2_1_1: GM ROI (n=112) on RARE   ng2_1and2_1_1: muscle ROI (n=170) on RARE   ng2_1and2_1_1: whole ROI (n=257) on T1_DYN 
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ng2_1and2_1_1 ’enhanced’ − Su: D0=0.015, D1=0.030, K2=0.059 |  Tofts: Ktrans=0.004, ve=0.075, kep=0.054

ROI (n=44) mean cons.
Su model
Tofts model

−5 0 5 10 15 20 25 30
−2

0

2

4

6

8

10
x 10

−3

min

T
ot

al
 ti

ss
ue

 G
d−

co
nc

en
tr

at
io

n 
m

M

ng2_1and2_1_1 ’GM’ − Su: D0=0.000, D1=0.001, K2=2.975 |  Tofts: Ktrans=−0.000, ve=0.090, kep=−0.000

ROI (n=112) mean cons.
Su model
Tofts model
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ng2_1and2_1_1 ’muscle’ − Su: D0=0.022, D1=0.032, K2=0.592 |  Tofts: Ktrans=0.002, ve=0.012, kep=0.213

ROI (n=170) mean cons.
Su model
Tofts model
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ng2_1and2_1_1 ’whole’ − Su: D0=0.009, D1=0.020, K2=0.071 |  Tofts: Ktrans=0.003, ve=0.041, kep=0.064

ROI (n=257) mean cons.
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Tofts model

ng2_1and2_1_2: enhanced ROI (n=159) on T1_DYN ng2_1and2_1_2: GM ROI (n=145) on RARE   ng2_1and2_1_2: muscle ROI (n=160) on RARE   ng2_1and2_1_2: whole ROI (n=1588) on T1_DYN 
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ng2_1and2_1_2 ’enhanced’ − Su: D0=0.035, D1=0.061, K2=0.046 |  Tofts: Ktrans=0.008, ve=0.197, kep=0.043

ROI (n=159) mean cons.
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ng2_1and2_1_2 ’GM’ − Su: D0=0.014, D1=0.022, K2=0.194 |  Tofts: Ktrans=0.003, ve=0.019, kep=0.136

ROI (n=145) mean cons.
Su model
Tofts model
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ng2_1and2_1_2 ’muscle’ − Su: D0=0.037, D1=0.051, K2=0.169 |  Tofts: Ktrans=0.006, ve=0.052, kep=0.115

ROI (n=160) mean cons.
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ng2_1and2_1_2 ’whole’ − Su: D0=0.029, D1=0.049, K2=0.044 |  Tofts: Ktrans=0.007, ve=0.162, kep=0.042

ROI (n=1588) mean cons.
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ng2_1and2_2_1: enhanced ROI (n=48) on T1_DYN ng2_1and2_2_1: GM ROI (n=188) on RARE   ng2_1and2_2_1: muscle ROI (n=204) on RARE   ng2_1and2_2_1: whole ROI (n=180) on T1_DYN 
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ng2_1and2_2_1 ’enhanced’ − Su: D0=0.013, D1=0.025, K2=0.062 |  Tofts: Ktrans=0.003, ve=0.060, kep=0.056

ROI (n=48) mean cons.
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ng2_1and2_2_1 ’GM’ − Su: D0=0.008, D1=0.013, K2=0.270 |  Tofts: Ktrans=0.001, ve=0.008, kep=0.166

ROI (n=188) mean cons.
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ng2_1and2_2_1 ’muscle’ − Su: D0=0.025, D1=0.029, K2=0.082 |  Tofts: Ktrans=0.004, ve=0.053, kep=0.075

ROI (n=204) mean cons.
Su model
Tofts model
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ng2_1and2_2_1 ’whole’ − Su: D0=0.018, D1=0.028, K2=0.087 |  Tofts: Ktrans=0.004, ve=0.049, kep=0.077

ROI (n=180) mean cons.
Su model
Tofts model
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ng2_1and2_2_2: enhanced ROI (n=167) on T1_DYN ng2_1and2_2_2: GM ROI (n=214) on RARE   ng2_1and2_2_2: muscle ROI (n=349) on RARE   ng2_1and2_2_2: whole ROI (n=1124) on T1_DYN 
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ng2_1and2_2_2 ’enhanced’ − Su: D0=0.022, D1=0.038, K2=0.053 |  Tofts: Ktrans=0.005, ve=0.104, kep=0.049

ROI (n=167) mean cons.
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ng2_1and2_2_2 ’GM’ − Su: D0=0.012, D1=0.019, K2=0.282 |  Tofts: Ktrans=0.002, ve=0.012, kep=0.170

ROI (n=214) mean cons.
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ng2_1and2_2_2 ’muscle’ − Su: D0=0.026, D1=0.024, K2=0.080 |  Tofts: Ktrans=0.003, ve=0.047, kep=0.074

ROI (n=349) mean cons.
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ng2_1and2_2_2 ’whole’ − Su: D0=0.023, D1=0.037, K2=0.050 |  Tofts: Ktrans=0.005, ve=0.107, kep=0.047

ROI (n=1124) mean cons.
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ng2_1and2_3_2: enhanced ROI (n=203) on T1_DYN ng2_1and2_3_2: GM ROI (n=211) on RARE   ng2_1and2_3_2: muscle ROI (n=309) on RARE   ng2_1and2_3_2: whole ROI (n=1445) on T1_DYN 
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ng2_1and2_3_2 ’enhanced’ − Su: D0=0.039, D1=0.074, K2=0.050 |  Tofts: Ktrans=0.010, ve=0.217, kep=0.046

ROI (n=203) mean cons.
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ng2_1and2_3_2 ’GM’ − Su: D0=0.009, D1=0.015, K2=0.194 |  Tofts: Ktrans=0.002, ve=0.013, kep=0.143

ROI (n=211) mean cons.
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ng2_1and2_3_2 ’muscle’ − Su: D0=0.038, D1=0.046, K2=0.142 |  Tofts: Ktrans=0.006, ve=0.054, kep=0.108

ROI (n=309) mean cons.
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ng2_1and2_3_2 ’whole’ − Su: D0=0.030, D1=0.055, K2=0.042 |  Tofts: Ktrans=0.007, ve=0.191, kep=0.039

ROI (n=1445) mean cons.
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ng2_1and2_6_2: enhanced ROI (n=194) on T1_DYN ng2_1and2_6_2: GM ROI (n=243) on RARE   ng2_1and2_6_2: muscle ROI (n=230) on RARE   ng2_1and2_6_2: whole ROI (n=1177) on T1_DYN 
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ng2_1and2_6_2 ’enhanced’ − Su: D0=0.041, D1=0.073, K2=0.049 |  Tofts: Ktrans=0.010, ve=0.218, kep=0.046

ROI (n=194) mean cons.
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ng2_1and2_6_2 ’GM’ − Su: D0=0.011, D1=0.018, K2=0.262 |  Tofts: Ktrans=0.002, ve=0.012, kep=0.164

ROI (n=243) mean cons.
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ng2_1and2_6_2 ’muscle’ − Su: D0=0.021, D1=0.028, K2=0.154 |  Tofts: Ktrans=0.003, ve=0.032, kep=0.107

ROI (n=230) mean cons.
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ng2_1and2_6_2 ’whole’ − Su: D0=0.037, D1=0.062, K2=0.054 |  Tofts: Ktrans=0.009, ve=0.168, kep=0.051

ROI (n=1177) mean cons.
Su model
Tofts model
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ng2_1and2_7_2: enhanced ROI (n=217) on T1_DYN ng2_1and2_7_2: GM ROI (n=150) on RARE   ng2_1and2_7_2: muscle ROI (n=264) on RARE   ng2_1and2_7_2: whole ROI (n=3974) on T1_DYN 
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ng2_1and2_7_2 ’enhanced’ − Su: D0=0.033, D1=0.056, K2=0.051 |  Tofts: Ktrans=0.008, ve=0.162, kep=0.047

ROI (n=217) mean cons.
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ng2_1and2_7_2 ’GM’ − Su: D0=0.009, D1=0.016, K2=0.270 |  Tofts: Ktrans=0.002, ve=0.010, kep=0.167

ROI (n=150) mean cons.
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ng2_1and2_7_2 ’muscle’ − Su: D0=0.033, D1=0.048, K2=0.274 |  Tofts: Ktrans=0.005, ve=0.034, kep=0.144

ROI (n=264) mean cons.
Su model
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ng2_1and2_7_2 ’whole’ − Su: D0=0.026, D1=0.040, K2=0.056 |  Tofts: Ktrans=0.006, ve=0.106, kep=0.052

ROI (n=3974) mean cons.
Su model
Tofts model

wty_1and2_3_1: enhanced ROI (n=30) on T1_DYN wty_1and2_3_1: GM ROI (n=81) on RARE   wty_1and2_3_1: muscle ROI (n=117) on RARE   wty_1and2_3_1: whole ROI (n=36) on T1_DYN 
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wty_1and2_3_1 ’enhanced’ − Su: D0=0.029, D1=0.043, K2=0.250 |  Tofts: Ktrans=0.005, ve=0.030, kep=0.156

ROI (n=30) mean cons.
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wty_1and2_3_1 ’GM’ − Su: D0=0.015, D1=0.029, K2=0.308 |  Tofts: Ktrans=0.003, ve=0.018, kep=0.148

ROI (n=81) mean cons.
Su model
Tofts model
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wty_1and2_3_1 ’muscle’ − Su: D0=0.028, D1=0.032, K2=0.070 |  Tofts: Ktrans=0.004, ve=0.068, kep=0.065

ROI (n=117) mean cons.
Su model
Tofts model
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wty_1and2_3_1 ’whole’ − Su: D0=0.027, D1=0.040, K2=0.274 |  Tofts: Ktrans=0.004, ve=0.026, kep=0.167

ROI (n=36) mean cons.
Su model
Tofts model

wty_1and2_3_2: enhanced ROI (n=69) on T1_DYN wty_1and2_3_2: GM ROI (n=184) on RARE   wty_1and2_3_2: muscle ROI (n=165) on RARE   wty_1and2_3_2: whole ROI (n=721) on T1_DYN 
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wty_1and2_3_2 ’enhanced’ − Su: D0=0.047, D1=0.088, K2=0.041 |  Tofts: Ktrans=0.012, ve=0.314, kep=0.038

ROI (n=69) mean cons.
Su model
Tofts model
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wty_1and2_3_2 ’GM’ − Su: D0=0.010, D1=0.016, K2=0.156 |  Tofts: Ktrans=0.002, ve=0.017, kep=0.114

ROI (n=184) mean cons.
Su model
Tofts model
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wty_1and2_3_2 ’muscle’ − Su: D0=0.031, D1=0.036, K2=0.112 |  Tofts: Ktrans=0.005, ve=0.052, kep=0.092

ROI (n=165) mean cons.
Su model
Tofts model
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wty_1and2_3_2 ’whole’ − Su: D0=0.035, D1=0.063, K2=0.037 |  Tofts: Ktrans=0.009, ve=0.250, kep=0.035

ROI (n=721) mean cons.
Su model
Tofts model
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NG 1−1:  D0  n=159,  mean=0.011 (SD 0.004) | Colorscale: 103⋅ mM
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NG 1−2:  D0  n=2427,  mean=0.031 (SD 0.014) | Colorscale: 103⋅ mM
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NG 1−1: D1   n=159,  mean=0.026 (SD 0.008) | Colorscale: 103⋅ mM/min
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NG 1−2: D1   n=2427,  mean=0.053 (SD 0.023) | Colorscale: 103⋅ mM/min
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NG 2−1: D1   n=275,  mean=0.025 (SD 0.009) | Colorscale: 103⋅ mM/min
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NG 2−2: D1   n=1087,  mean=0.039 (SD 0.018) | Colorscale: 103⋅ mM/min
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NG 1−1: K2  n=159,  mean=0.094 (SD 0.063) | Colorscale: 103/min
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NG 1−2: K2  n=2427,  mean=0.070 (SD 0.042) | Colorscale: 103/min
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NG 1−1: Ktrans  n=164,  mean=0.003 (SD 0.001) | Colorscale: 103/min
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NG 1−2: Ktrans  n=2466,  mean=0.007 (SD 0.003) | Colorscale: 103/min
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NG 1−2:  D0  n=2466 [2721],  min=0.0018 max=0.0170 (median 0.0065)
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NG 1−1: ve  n=164,  mean=0.055 (SD 0.035) | Colorscale: 103/min

  0

 16

 32

 48

 64

 80

 96

112

128

144

160

0.1 0.2 0.3 0.4 0.5 0.6
0

5

10

15

20

25
NG 1−1:  D0  n=164 [182],  min=0.0000 max=0.1598 (median 0.0542)

mM

��� · � �"��),�2! �&��
��2�2� �����

NG 1−2: ve  n=2466,  mean=0.145 (SD 0.090) | Colorscale: 103/min

 15

 76

138

199

260

322

383

445

506

568

629

0.1 0.2 0.3 0.4 0.5 0.6
0

50

100

150

200

250

300
NG 1−2:  D0  n=2466 [2721],  min=0.0147 max=0.6291 (median 0.1277)
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NG 1−1: kep  n=164,  mean=0.082 (SD 0.046) | Colorscale: 103/min
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NG 1−2: kep  n=2466,  mean=0.061 (SD 0.030) | Colorscale: 103/min
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NG 2−1:  D0  n=275,  mean=0.014 (SD 0.006) | Colorscale: 103⋅ mM
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NG 2−2:  D0  n=1087,  mean=0.022 (SD 0.012) | Colorscale: 103⋅ mM
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NG 2−1: K2  n=275,  mean=0.161 (SD 0.090) | Colorscale: 103/min
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NG 2−2: K2  n=1087,  mean=0.053 (SD 0.020) | Colorscale: 103/min
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NG 2−2:  D0  n=1087 [1220],  min=0.0095 max=0.1373 (median 0.0509)
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NG 2−1: Ktrans  n=274,  mean=0.003 (SD 0.001) | Colorscale: 103/min
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NG 2−2: Ktrans  n=1107,  mean=0.005 (SD 0.002) | Colorscale: 103/min
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NG 2−2:  D0  n=1107 [1220],  min=0.0015 max=0.0146 (median 0.0048)
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NG 2−1: ve  n=274,  mean=0.032 (SD 0.018) | Colorscale: 103/min
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NG 2−2: ve  n=1107,  mean=0.113 (SD 0.043) | Colorscale: 103/min
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NG 2−2:  D0  n=1107 [1220],  min=0.0197 max=0.2923 (median 0.1090)
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NG 2−1: kep  n=274,  mean=0.100 (SD 0.033) | Colorscale: 103/min
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NG 2−2: kep  n=1107,  mean=0.049 (SD 0.019) | Colorscale: 103/min
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NG 7−1:  D0  n=529,  mean=0.045 (SD 0.018) | Colorscale: 103⋅ mM
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NG 7−2:  D0  n=3663,  mean=0.025 (SD 0.013) | Colorscale: 103⋅ mM
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NG 7−2:  D0  n=3663 [3967],  min=0.0014 max=0.0639 (median 0.0242)
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NG 7−1: D1   n=529,  mean=0.101 (SD 0.039) | Colorscale: 103⋅ mM/min
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NG 7−2: D1   n=3663,  mean=0.042 (SD 0.023) | Colorscale: 103⋅ mM/min
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NG 7−2:  D0  n=3663 [3967],  min=0.0042 max=0.1058 (median 0.0412)

mM

� r����,t#c�d>f
  ��f�h)_jr�� c}�,clz�clb@oxwA�ecBs]n�o�q���� w)`{t#`x�ecln�clt � � r@s `{s)r��e`{b ��� d 
 �fg g���� �
	
�
��������������	����������
);��	
24���
+�� g�� � -�� 	
��)�	
�������*����� +.- g��ba ��	72=������)&��	
��2=�0����	75$�Ig����4� a8����� ����2=��� ` �:� �
����	#�
27�=���:�6)<g�� - �����0	
���!�6�'���
���:�6);��	#�����!���

$ $



���������
	�� � ��
�����������������
�������� � � �"!#�"$

���-·������ � �&��
��2����� ���

NG 7−1: K2  n=529,  mean=0.035 (SD 0.010) | Colorscale: 103/min
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NG 7−1:  D0  n=529 [583],  min=0.0161 max=0.0615 (median 0.0329)
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NG 7−2: K2  n=3663,  mean=0.054 (SD 0.025) | Colorscale: 103/min
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NG 7−2:  D0  n=3663 [3967],  min=0.0000 max=0.1496 (median 0.0530)
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NG 7−1: Ktrans  n=527,  mean=0.013 (SD 0.005) | Colorscale: 103/min
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NG 7−1:  D0  n=527 [583],  min=0.0046 max=0.0296 (median 0.0123)
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NG 7−2: Ktrans  n=3697,  mean=0.006 (SD 0.003) | Colorscale: 103/min
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NG 7−2:  D0  n=3697 [3967],  min=0.0006 max=0.0136 (median 0.0057)
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NG 7−1: ve  n=527,  mean=0.384 (SD 0.161) | Colorscale: 103/min
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NG 7−1:  D0  n=527 [583],  min=0.0000 max=0.7545 (median 0.3934)
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NG 7−2: ve  n=3697,  mean=0.133 (SD 0.119) | Colorscale: 103/min
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NG 7−2:  D0  n=3697 [3967],  min=0.0000 max=1.0000 (median 0.1186)
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NG 7−1: kep  n=527,  mean=0.037 (SD 0.013) | Colorscale: 103/min
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NG 7−1:  D0  n=527 [583],  min=0.0170 max=0.0669 (median 0.0324)
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NG 7−2: kep  n=3697,  mean=0.052 (SD 0.024) | Colorscale: 103/min
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�à®áãè®âzärÞeó+ë"âzì®ñãÞCß�ë+ô�#Pò�ë"â�ëâ�ð&ÞCñÛñVë �®ß¡ò�Þeæ®é+ë '+ë"ârâqë"ñçâPß�å+æ�âqä�áÛä�àHärë\ärò®ëIð�Þ8êNåCí %Øà®æ�ß-ä�áçåCæ�ÞeñVì�ÞCíqä¡âzå�%cärò®ëußJÞCírèHáçå1'8ÞCârß�à®ñãÞeízâ�)Hâqä�ëJð~îHé+å1'CëJíræ®áçæ®é 2 åeärò
'Cå+ñÛà�ðwëIå�%ië"Þ+ß¡ò�ßJåCð&ì�ÞCíqärðwë"æ6äQÞCæ�èBä�ò®ë}æAàHärí�áçëJæ6äkírë%$6à®áçí�ë"ðwë"æ6ärâ�å&%;ä�ò®ë}ßJëJñçñçâ �'& 
 �=ô

(
) � ) � �Y�Y�4�	�±�	���G� �2" *��#/ �+*0/?�b� ��� / *M�b�¡� &w�	�g�
� írÞCáÛæ�ä�áãâ�â�à®ëwò�ÞCâIÞ4ò�áÛé+ò�ð&ë�ä¡Þ&2 åCñçáçß�írÞeä�ë+îVë��Aä�í¡ÞCß�ärâ¤ÞBñãÞeíréCë�ÞCð&åCà®æ6äIå&%Xå ��)AéCë"æ�%Øí�å+ð 2®ñÛåAåHè�ÞCæ�è�ò�ÞCâIÞ4ñçáÛð&áÛä�ë(èÞ&2�áÛñçá¼ä�)Yä�å�à�âqë�Þeæ�ÞCëJírå�2®áãßwéCñ*)Hß�åCñ*)Hâqáãâ %Øå+í�ð&ë�ä¡Þ&2 åCñçáçâ�ð�ßJåCð&ì�ÞCí�ë(è/ä�å�åCä�ò®ë"í�åCíré+ÞCæ�â � 0-, ��ô #PòAà�â"î�2�írÞCáÛæyäráçârâqà�ë4áçââ�ëJæ�â�á¼ärá('+ëXärå}ÞeñÛä�ëJí¡Þ8äráÛå+æ�âiå&%�2�ñÛåAåHè 
�å8ï}îeÞeæ�è�ä�ò®ëPð�Þeáçæ�ärÞCâ�ó}å&%�ä�ò®ëQßJëJírë�2®í¡ÞeñAß�áçírßJà®ñãÞ8ä�áçåCæ�áçâiärå¤ð�ÞCáÛæ6ärÞCáÛæ&Þ¤ß�åCæ�âNä¡Þeæ6äèHë"ñÛá*'Cë"í�)�å�%;å ��)AéCë"æLÞeæ�èBé+ñÛà�ßJå+â�ë¤ä�åwä�ò®ë$2�írÞCáÛæ?ô
#Pò®ëuñçå8ïoßJÞCì�Þ&2®áçñçá¼ä�)Lå&%[Þeæ�ÞCëJírå�2®áãß¤ð&ë�ärÞ�2�å+ñÛáãâ�ð áãâlß"Þeà�â�ë"è�2 )4ärò®ë %UÞ+ß-äkärò�Þ8ä¤æ®ëJà�í�å+æ�âQò�Þ4'+ë}ò®áÛé+òjëJæ®ë"í�é�)Bírë%$6à®áçí�ë�-ð&ëJæ6ärâ&èHà�ëLärå/ä�í¡Þeæ�â�ì�å+íqäwå&%láçåCæ�âwÞ+ß�írå+ârâuärò®ëJáçí&ð&ëJð 2�írÞCæ®ë Ü ô !Aë"ßJåCæ�è®ñ()+îXæ®ë"à®í�å+æ�â�åCæ®ñ*)�ò�Þ4'Cë~Þ/âqñçáÛé+ò6ä&âqä�å+í�ëLå&%éCñ*)Hß�å+éCëJæwÞeæ�èwå ��)AéCë"æ�ïQáÛä�ò®áçæwä�ò®ëkä�áãâ�â�à®ëCô�#Pò®ëQòAà®ð�Þeæ 2®í¡Þeáçæwáçâ:ärò®ëJírë %Øå+í�ëPë �6ärí�ë"ð&ëJñ*)�âqë"æ�â�á¼ärá('+ëPä�å}ñãÞCß¡óuå�% å ��)AéCë"æ?ô {ð&ÞCæ�ïQáçñÛñ 2 ë"ßJåCð&ëwà®æ�ß�å+æ�ârß�áçåCà�â¤Þ1% ärëJíIÞ5%Øë"ï�âqë(ß�å+æ�è®â\å&%zßJëJírë�2®í¡Þeñ;ò )6ì å �HáçÞ�î$ïQò®áÛñçëwðwáçæAàHä�ë(â¤å&%Xå ��)AéCë"æ�èHë/. ß�áÛäßJÞCæ�ß"Þeà�â�ëIáÛírírë�'Cë"írâ�á*2®ñÛë¤ß�ë"ñÛñcè�Þeð�Þeé+ë¤ÞCæ�è~ß�ëJñçñ?èHë(Þ8ä�òcô
�zëJírë�2�írÞCñ?å ��)6é+ëJæ�ßJåCæ�â�à®ð&ìHä�áçåCæjáçæjärò®ë 2�írÞCáÛæ�Þ+ßJß�å+à®æ6ärâ %ØåCí\Þ�2�å+àHä 
1032på&%@ärò®ëuäråeärÞCñiå ��)AéCë"æjß�åCæ�âqà®ð&ìHäráÛå+æjáÛæYÞæ®å+í�ð�Þeñ$írë"âqä�áçæ®éwò6à�ð&ÞCæ?ô #Pò®ë 2®í¡ÞeáçæBírë"ß�ë"á('+ë"â .4,�-/.-&52�å&%iä�ò®ëIírë"âqä�áçæ®éwß"Þeí¡èHáãÞCß\åCàHärì®àHä  6&-7�0uñÛáÛä�ë"írâ98Kð&áçæBáçæ�Þ+èHà®ñÛärâ7+ÞeñÛä�ò�åCà®é+ò�2®í¡Þeáçæ~ð�ÞCârâkÞCß"ß�åCà�æ+ä¡â %ØåCíQå+æ®ñ()�Þ&2 åCàHä	
32�å�%iärò®ë}ä�åCärÞCñ 2�åHè�)Lð�ÞCârâJô: 2 åCàHä;,3032�å�%iärò®ëuòAà®ð�Þeæ�2®í¡Þeáçæß�å+æ�â�áçâqärâ¤å&%zéCírë�)jð�Þ8ä�ä�ëJíIïQáÛä�ò/ð�Þeáçæ®ñ()jæ�ëJà®íråCæ�ÞCñ@ß�ëJñçñ�2�åHèHáçë"â"ô ,¤írë�)jð�Þeäqä�ë"íIí�ë(ß�ëJá*'Cë(â\ÞLñãÞeíréCë&Þeð&åCà®æ6äIå&% 2�ñÛåAåHèì ëJílà�æ®á¼älä�áçðwë+î Þ�2�å+àHäQä�ë"æ~ä�áçð&ë"âQärò®ë�Þ4'+ëJí¡ÞeéCë %ØåCíkä�ò®ë�ïQò®åCñçë$2�åHè�)+ô=<bò�á¼ärë�ð�Þ8ä�ä�ëJí(î�ïQò�áçß¡òjß�å+æ�â�áçâqälì®íráÛð�ÞCí�áçñ()Bå&%ð )+ëJñçáÛæ�Þ8ä�ë(èBì�í�åHß�ë(â�â�ë"â�å�%iæ®ë"à®í�å+æ�â"îHáçâkÞCñçâ�åwïzë"ñÛñVì ëJí�%Øà�â�ë"èVî�ÞCñ¼ärò®åCà�éCò�ñÛë(â�â�ärò�Þeæ~éCírë�)�ð�Þeäqä�ë"í"ô
Ü #Pò®ëPò®áÛé+ò�ð&ë�ä¡Þ&2 åCñçáçßzí¡Þ8ä�ë�áçæ�æ®ë"à®íråCæ�ÞCñ6ßJëJñçñçâ:áãâ:ßJÞeà�âqë(è 2 )uß�å+æ+äráÛæAà®å+à�â;ì®à®ð&ì®áçæ®é¤å&%�áçåCæ�â;Þ+ß�írå+ârâVärò®ëJáçí@ð&ëJð 2�írÞCæ®ëáçæLå+írèHë"íPä�å�ß�å+æ�èHà�ß�älâqáçéCæ�Þeñãâ	� >1> �=ô
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#Pò®ë�2®írÞCáÛæ�áçâiâqà®ì�ì®ñÛáçë"è�ïQá¼ärò 2®ñçåAåAèuð&ÞCáÛæ�ñ() 2 )¤ä�ò®ëzáÛæ6ä�ë"í�æ�ÞeñAßJÞeíråeäráçè}ÞCíqärëJíráÛë(â?Þeæ�èIä�ò®ë 'Cë"íqärë�2®í¡Þeñ+Þeí�ä�ëJíráçë"â"îJärò®ëXñãÞ8ä�ä�ëJí
%ØåCírð&áÛæ�éBärò®ë 2�ÞCâ�áÛñãÞeí}ÞCíqärëJí/)Cô #Pò®ë&ì å+âqä�ë"í�áçåCí}Þeæ�è�Þeæ6ärëJíráÛå+í¤ßJáÛí¡ß�à®áÛärâIå�%�ßJëJírë�2®í¡Þeñ:ß�áçírßJà®ñãÞ8ä�áçåCæ/Þeírë�áçæ6ä�ë"írßJåCæ®æ®ë(ß-ärë"è
2 )jß�åCð&ð�à®æ®áãßJÞ8äráÛæ�éLÞeí�ä�ë"í�áçë"â %ØåCírð&áÛæ®é4ä�ò®ë&ß�áçírßJñÛë�å&% <báçñÛñçáãâ ��
1& �=ô$#Pò®ëwß�áçírßJñÛë�å&% <báçñÛñçáãâlì®írå1'Aáçè®ë"âlÞLâ�Þ&%Øë�ä�) %UÞCß�ä�å+í
2 )Yë"æ�â�à®í�áçæ®é 2�ñÛåAåHè�âqà�ì®ì®ñ*)Yäråjä�ò�ëBïQò®å+ñÛë52�írÞCáÛæ�ë
'CëJæyá(%kåCæ®ëBå&%Qä�ò�ëBð�ÞeáçæMâqà�ì®ì®ñ*)6áçæ®é�ÞCíqärëJíráÛë(âuâ�ò®åCà®ñãè 2 ë"ß�å+ð&ëåHßJßJñÛà�è®ë"èVô
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!12��3�45� .*�60�"�$7$789�;: íråCð : ÞCí�ó8Þ+âcÞeæ�è=<?à�á¼ärëJæ?î 
1010�. � 
5& �=ô kæ�Þ8ä�å+ð )~å&%3'+ë"ârâqë"ñçâláÛæ <báÛñçñçáçâIß�áçí¡ß�ñçëuáÛæYòAà®ð�Þeæ  6 +\Þeæ�è�írÞeä  � +\ß�ëJírë�2�írÞCñiß�áçí¡ß�à®ñãÞ8äráÛå+æ?ô  2�2®írë�'AáçÞeä�áçåCæ�â/>; �: uîÞeæ6ärëJíráÛå+í�ßJëJírë�2®í¡Þeñ$Þeí�ä�ë"í�)@?  �	A; �îAÞCæ6ä�ëJíráçåCíPß�åCð&ð�à®æ®áãßJÞ8äráÛå+æBÞeí�ä�ë"í�)@?  � �: �î®Þeæ6ä�ë"í�áçåCí�áçæ�%ØëJíráÛå+í�ßJëJírë�2 ëJñçñçÞCí�ÞCíqärëJí/)@? !  uîCÞCæ+ärëJíráÛå+í@âqì®áçæ�ÞCñ®Þeí�ä�ëJí/)@? �  uî&2�Þ+âqáçñãÞeí@Þeí�ä�ë"í�)@? � �: �î8áÛæ6ä�ë"í�æ�Þeñ®ßJÞCí�åCä�áãè�ÞCíqärëJí/)�? Ý �: uîeð&áãè®èHñçëkß�ë"í�ë
2®írÞCñ6ÞCíqärëJí/)@?
B �: �î�ì å+âqä�ë"í�áçåCíkßJëJírë�2®í¡Þeñ?ÞCíqärëJí/)�? B �	A; �î�ì å+âqä�ë"í�áçåCíkßJåCð&ð�à®æ�áçß"Þ8ä�áçæ®é4ÞCíqärëJí/)�? ! �: uî$âqà®ì ëJíráçåCíkß�ë"í�ë
2�ë"ñÛñãÞeíkÞCíqärëJí/)@?
C  uî�'+ëJí�ä�ë�2�írÞCñ$ÞCíqärëJí/)Cô
 lâlèHë"ârß�írá(2 ë"è�2 ) : ÞeíróKÞ+â	DE<cà®á¼ärëJæ?î 
 010 . ��
1& �=îHärò®ë .�æ�ë"âqä 2®írÞCæ�ß¡ò®ë(âzå�%iärò®ë$'8ÞCârß�à®ñãÞeíPärí�ë"ëCîAärò®ë$2®í¡Þeáçæ~ß"Þeì®áçñçñçÞCí�áçë"â"î
%ØåCírð�Þeæ�Þ+âNäråCð&å+â�ë"âuÞCæ�è�ß�írë"Þeä�ëBÞ�èHëJæ�â�ë�ärí�ë"ë -hèHáÛð&ë"æ�âqáçåCæ�Þeñ '8Þ+â�ßJà®ñçÞCíuæ®ëJäNïzå+í�ó$ô <bò®áçñÛë~Þeí�ä�ë"í�áçë"â}írëJé+à®ñãÞ8ä�ë 2�ñÛåAåHèì®írë"ârâqà�í�ë+îVä�ò®ë5%Øà®æ�ß-äráÛå+æ�å&%�ä�ò®ë 2®írÞCáÛæyßJÞCì®áçñÛñãÞeíráÛë(âIáçâ}ä�åjð�Þeáçæ6ärÞeáçæ/ä�ò®ë 2®ñÛåAåHè - 2®í¡Þeáçæ 2�ÞCí�íráçëJí  � � � +IÞeæ�èyâ�à�âNä¡Þeáçæß�å+æ6ä�áçæ6à�åCà�âlë��®ß¡ò�Þeæ�éCëuå�%[æ6à®ä�íráÛë"æ+ä¡âJî$ë"ñÛë(ß-ä�íråCñ*)6ä�ë(âlÞeæ�èjï�Þ+âNärë�ì®íråHèHà�ß�ärâ 2�ëJäNïzë"ëJæ 2®ñçåAåHè�Þeæ�è�æ®ëJà®í¡Þeñiä�áãârâqà®ë+ô #Pò�ëßJÞCì®áçñÛñãÞeí/) 2�ë(èLò�ÞCâ�ñçÞCí�é+ëJíPâqà�í�%UÞ+ß�ë -�ë��®ß¡ò�ÞCæ®éCë\Þeírë"Þ}ärò�Þeæ~Þeñçñ$åeärò®ëJíPì�ÞCíqä¡âzå�%cärò®ë}ß�áçírßJà®ñçÞeä�áçåCæ?îHèHà�ë\äråwä�ò®ëIë��AärëJæ�â�á('+ë
2®í¡Þeæ�ß¡ò�áÛæ®éwáçæ+ärå4ÞwñçÞCí�é+ë\æAà®ð 2�ë"íQå&%;ä�ò®áçæ�'Cë"ârâ�ëJñãâJô
#Pò®ë�è®ëJæ�â�ë�ßJÞCì®áçñÛñãÞeí/)Bæ®ëJäNïzå+í�óLì®írå1'6áãèHë(âQñçÞCí�é+ë}ë��®ß¡ò�ÞCæ®éCë}Þeírë"Þ�ÞCæ�è~ð&áÛæ�áÛð&á � ë"âlä�ò�ë�èHá � à�â�áçåCæ�èHáãâqärÞeæ�ß�ë}ärå4ëJæ�â�à®írëëGF4ßJáÛë"æ+äzä�í¡Þeæ�â�ì åCí�äXå&%câ�à�2�âqärÞCæ�ß�ë(â32 ë�äNï�ëJëJæ 2�ñÛåAåHè4Þeæ�è&ä�áãâ�â�à®ë(âJô � æ4é+ëJæ®ë"írÞCñ)î+éCírë�)�ð�Þeäqä�ë"ízò�ÞCâ[æ�ë"Þeírñ*)�ärò®í�ë"ëkäráÛð&ë"âò®áçéCò®ë"í}èHëJæ�â�áÛä�)jå&%�ß"Þeì®áçñçñçÞCí�áçë"âlä�ò�ÞCæYïQò�á¼ärëwð�Þeäqä�ë"í � & 
 ��ô Ý å+í�ë"å1'CëJí(î$èHá �$ëJírëJæ�ß�ë"â¤áçæ/è®ëJæ�â�á¼ä�)Yß�åCírírëJñãÞ8ä�ë(âlïQáÛä�òYä�ò�ëëJæ�ëJíré�)yèHëJð�Þeæ�èGÞeæ�èMÞCß�ä�á*'6áÛä�)yå&%lÞ�ì�Þeí�ä�áãß�à®ñãÞeí 2®í¡ÞeáçæMí�ë"éCáçåCæ?ô !AëJæ�âqå+í�)yÞCârâqåHßJáçÞeä�áçåCæMß�ë"æ6ä�ëJí¡â�ÞCí�ëLð&åCírë4ò®ë"Þ4'Aáçñ()
'8ÞCârß�à®ñãÞeírá � ë"è�ä�ò�ÞCæ`ð&åeäråCí�ß�ë"æ6ä�ëJí¡â"îzâ�ò®å8ïQáÛæ�é�ä�ò�Þ8ä4ßJÞCì®áÛñçñãÞeí/)MèHëJæ�â�áÛä�)�áçâ&ò®áçéCò�ëJí&áÛæFð&ë�ä¡Þ&2 åCñçáçß"Þeñçñ()GÞ+ß-ärá('+ë�2®í¡ÞeáçæírëJéCáçåCæ ��
1& ��ô Ý ÞCæ )Lð&ëJæ6ärÞCñiÞeæ�èjß�åCé+æ®áÛä�á*'CëIärÞ+âqóHâkÞCí�ë}ë �Hë"ß�à®ä�ë"è~áçæ�ï�ëJñçñièHë4.�æ®ë(è�2®írÞCáÛæ�ÞCí�ë(ÞCâ"ô ; ëJà®íråCæ�ÞCñiÞ+ß-ä�á*'Aá¼ä�)áçæ�Þ 2®í¡Þeáçæjí�ë"éCáçåCæ~í¡Þeáãâqë(âPä�ò®ë�ð&ë�ärÞ�2�å+ñÛáãßuí¡Þ8ärë}áÛæ�ä�ò®ëwÞeírë"Þ®ô	�zë"í�ë
2®í¡ÞeñcßJáÛí¡ß�à®ñãÞ8äráÛå+æ~ð�à�âqälärò®ëJírë %Øå+í�ë$2 ë�ß"Þeì�Þ�2®ñÛë�å&%ð�ÞeóAáçæ®éBírëJé+áÛå+æ�Þeñ;ÞCèKêNà�âqä�ð&ë"æ+ä¡â¤å&% 2®ñçåAåHè 
�å8ï �'& 
 ��ô � ëJíræ®ë�DH<?ë�' )+î�.*I�I#J � ,��@âqärÞeä�ë(èjä�ò�Þ8ä¤ä�åeä¡Þeñ@ß�ë"í�ë
2®í¡Þeñ 2�ñÛåAåHè
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�å8ï_áçâQßJåCæ�âqärÞCæ+ä(î�2®àHäQärò�Þ8äkírëJé+áÛå+æ�ÞeñVß�å+íqäráçß"Þeñ 2®ñçåAåAè�
�å8ï_áçâQÞ+â�â�åHß�áãÞ8ärë"è4ïQáÛä�òjírëJé+áÛå+æ�Þeñ æ®ë"à®írÞCñ?ÞCß�ä�á*'6áÛä�)Cô
: ñÛå8ï±ärò®íråCà®é+ò�Þ 2®ñçå6åHè '+ë"ârâqë"ñcáãâ\è®ë"ârß�írá(2 ë"è�Þ+âQärò®ë#$6à�ÞCæ6ä�áÛä�)Lå�%32®ñÛåAåHè~ärò�Þ8äIì�ÞCârâ�ë"âkÞBéCá*'CëJæjì åCáçæ6ä\áçæ�ärò®ë '+ë"ârâqë"ñáçæ�Þ�éCá*'Cë"æ�ì ëJíráçåAè?ô Ý ÞeêNåCílè®ë�ä�ë"í�ð&áçæ�Þ8äråCí¡âPå&% 2®ñçåAåAè�
�å8ï_áãâQärò®ëuì®írë"ârâqà�í�ëuèHá �$ëJírëJæ�ßJë  Øå+íkéCí¡ÞCèHáçëJæ6ä + 2�ëJäNïzë"ëJæ~ä�ò�ëäNï�å�ëJæ�è®âlå&%:ä�ò�ë 'Cë(â�â�ëJñ=î�ÞCæ�èLä�ò®ë 'KÞ+â�ßJà®ñãÞeíQírë"â�áçâqärÞCæ�ß�ëIärå 
�å8ï2ïQò®áçß¡òjåHß"ß�à®í¡âkÞCâlÞ�í�ë(âqà�ñ¼äkå�%�%Øíráãß-ä�áçåCæ�ÞCé+ÞCáÛæ�âqäQä�ò�ëáçæ�âqáãèHë 'Cë(â�â�ëJñ;ï�ÞCñÛñ � >1> ��ô �zëJírë�2�írÞCñ 2®ñçåAåHè 
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TR=2000: min=0.00, max=255.00, mean=76.33, std=71.42
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TR=1500: min=1.35, max=233.15, mean=69.31, std=64.09
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TR=500: min=0.92, max=150.32, mean=44.77, std=37.19
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TR=300: min=0.33, max=113.41, mean=33.61, std=25.22
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TR=100: min=1.32, max=74.17, mean=18.81, std=10.00
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CBno16B.gr1: SI vs. TR @ (row=80,col=120) − ROI mean = 12.24
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