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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
[R:]\ ���_^�+�)>�*�������!+��3�*),+��C�8)E�#%���4�7#5�C 9 Y

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$ACB � {�nKQT}OMsrKMO��y p HKJD}O{�U�J<L B'BDB'BDBDB'BDBEB'BDB'BDBDB'BDB'BDBDBDBDBDB'BDB'BDBDB'BDBEB A*ICn
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ACB$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�P�B ��Q�u {[rKn � HKMOL J[JDS�wK}sQ[U�L�Q[P wK{[S�{[y.J<UVJDS nKMsLNU�SNMvNK�xU�MOQ[rKL {[�DSNQTLVL�nKM$j7J<SVJDr_U�U��Ky.QTS
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n6B �6ACB GIMOy.J nKJg�TJD}sQTwKy.JDr_U�Q[P=�m��wK{[S�{[y.J<UVJDS�����Msr�{�rKMOyz{[}���� � BDBDB'BDB'BDBDB'BDBEB b[�
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n6B �-P�B GIMOy.J nKJg�TJD}sQTwKy.JDr_U�Q[P=�m��wK{[S�{[y.J<UVJDS� ��MOr�{[rKMsy {[}7� � n BDBDB'BDB'BDBDB'BDBEB bCb
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n6B �-b�B GIMOy.J nKJg�TJD}sQTwKy.JDr_U�Q[P�GAQ[P UVLIwj{[S�{�yzJgU�JDS��! IMOr�{[r�MOyz{[}7��� n BDB'BDB'BDBDB'BDBEB A �T�
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w�JDSVMsQxn(Q�P�{[�xU��Ky.r ���T�_� U�Q�� Msr�UVJDS �[�T����B
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�[�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

�0��I��� :�0I��7�8�<£^}|O~�Z�+J-#��%�� ���%1��(��4�V��(6�}&4��	�	K���1708P32�����S(��4�V��(�(���A����P� #�K�1�*��(�7�8��1���CZ[���GI�� 6��I���708��6�*&;%1�1�B`�F��<
� |O�$������Y:�1(6�* 6 �(���70���� :�4\�����%��6�6��������!#!#!}< ���3U��7�<  6����	K�*AC�B&4�0�1����70�F1(6�*������ ������ �� !�t�1(��� 6 �< %��6	�7r<

M



����� ��� � ��� 	�� � � ���

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
{[rKngN�J<U�� JDJDr%LV��N ONJD�<UVL B � SNQTy { wKH_�mLVMsQT}OQ[pTMO�D{[}�w�JDSNLVw�JD�<UVMs�[J[��UVHKJ yzQTL U?MOy.w Q[SNU|{�r�U nKM%j JDSNJDrK�<J
N�J<U�� JDJDr UV�Ky.QTSVL�{[rKn�rKQTSNy {[}�UVMOLNLV�KJ<L�}OMsJDLIJ uK{��<U�}�� MOr�U�HKJB��{[LV�<�K} {�UV�KSVJ
� b � B G �Ky.QTSI��{[LV�<�K} { U��KSNJ
�DQ[yzy.QTrK}����<QTrKLNMOLNUVLeQ[PYU���Q nKM$j7J<SVJ<r�U�U��xw�JDLBQ[PY�[JDLVLNJD}sL � A (�MOr�pTSVQ � MOr�p �TJ<LVLVJ<}OLBPRSVQTy HKQTL UeU�MsLVLV��J{[rKn � (�rKJg� }s�?pTJ<rKJDSV{�U�J<n "b{�rKpTMOQ[pTJDrKMs� (A�[JDLNLVJD}sL B GA�KyzQ[S�yzMs�DSVQm�DMsSV�<�K} {�UVMOQTrqQ[P U�J<r nKMsLVwK}O{��xL {-N�rKQTSmK
yz{[}��|Hj{[SV{[�<UVJDSVMsLNUVMO�DL B ��r pTJDr�JDS�{�}i�~U��Ky.QTSVLq{[SNJznKSV{[yz{�U�Ms��{[}s}s��HKJ<UVJDSVQ[pTJDrKJ<QT�KL Msr UVJDSVy.L Q[PFU�H�JDMOS
w�JDSNPR��LVMOQ[r�� Q�um�mpTJDrK{�U�MsQTr {[rKn#yzJgU|{-N�QT}OMsLVy B ��}�U�HKQ[�KpTH#Q �[JDS�{�}O}@NK}OQmQxn�LV��wKwK}s��U�Q.U��Ky.QTS�y {��]N�J
pTQmQxn �|��{-N�rKQTSVyz{[}A�|Hj{[SV{[�<UVJDSVMsLNUVMO�DL�Q[PYU�HKJ UV�Ky.QTS��[JDLVLNJD}sL yz{�����{[�KLNJ?{[SVJD{[LeQ[PYrKJ<�DSNQTLVMsLB{[rKn H_�4K
w�Q uxMO{ B t�LNw J<�DM {�}O}s� MOL�yz{[}sMOpTrj{�r�U�N�S�{[Msr�U���yzQTSNL�LN�K�|H {[L�J B p B p[}OMOQ-NK} {[L U�QTyz{ y �K}�U�M�PRQTSVy.J[��J�rKQ � r
U�Q�N�J(HKMOp[HK}s� ��{[LV�<�K} {[SNM%�<JDn�{[rKn1UVQ w�QTLNLVJDLNLz�<JDr_U�SV{[}I{[SNJ�{[L?Q[P�rKJ<�DSNQ[U�Ms� U�MOLNLV�KJ�� LN�KSVSNQT�KrKn�JDngN��
wj{�UV�|HKJDLeQ�P��xMO{-NK}sJqU���yzQTS U�MsLVLN�KJ�� A��4n�� B ��}�U�HKQT��pTH#pTJ<rKJDSV{[}O}���MOrK�<SVJ�{�LVJDn7�7��{[LV�<�K} {[S�w J<SVy.J�{-N�MO}OM�U��
MOr(UV�KyzQ[SVLIMOL {�}OLVQ�H�MOpTHK}�� ��{[SNM {-NK}sJ[�6N Q[UVH(� MsU�H�MOr(MOr�nKMs�mMOn��j{[} UV�Ky.QTSVL {[r�nGN�J<U�� JDJ<r�U���yzQTSNL B
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> {[LN�D�K}O{[S w J<SVy.J�{-NKMs}OM�U�� MOL SNJ<PRJDSNSVJ<n#U�Qz{[L ` "jhq`bkNX[Z�c hgZ�\%� ` "jh0/ ]^X�/�`^kVX[Z�c4+#� k ` ���?f(� l�+#� amZ�\ c Xmfgk � c|c
` "jh 	 /����D\ �[h|c|c h0/ 3 X�/ /v] Zj` � ` "jh?] Zj` hgk�cg`^] `b]^X�/Ac4+�Xmf|h
����` "jh?`^axl � k � b4M � B ��LBy.JDr_U�MsQTrKJ<n MOr p Hj{[w�K
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
F�Ms�DSVQ[LV�DQ[wKMO� UV�KyzQ[SVLD��QTSVMspTMOrK{�U�J<n:{[L�{ ��{[LN�D�K}O{[S {[pTp[SVJDpT{�U�J<L�Q�P yz{[}OMspTrj{[r_U �DJD}s}OL(�D{[r p[SVQ �+UVQ
{��<JDS U|{[Msr LNM%�DJ " A �x� y.y��	(EN_� LVMsyzw�}OJ�nKM$j7�KLNMOQTr Q[PIr���UVSVMsJDr_U�Lq{[rKn yzJgU|{-N�QT}OMs� �F{�LNU�JzwKSVQmnK�K�gU�L B
GIHKMsLAn�M%j �KLVMsQTr6K�}sMOy.MsUVJDn � � wKSNJ<��{[LV�<�K} {�SAL U|{[p[J �D{[rEN JYyz{[MOr_U�{[MOrKJ<n PRQTS~{IwKSVQ[}OQTrKp[JDnBw J<SVMsQxne�Kr_UVMO}TU�H�J
wKSNQx�<JDLVLYQ[P {[r�pTMOQTp[JDrKJ<LVMOLvMOL��Kw�K�SVJ<pT�K}O{�U�J<n B GAQBpTSVQ � N Jg�TQTr�n?UVHKMOLv}OMOy.MsUVJDnqLVM%�<J[��{���{[LN�D�K}O{[S�LV��wKwK}s�
Hj{[L U�Q N J JDL U|{-N�}OMOLNHKJDn B GIH�JqU���yzQTS M�U�LVJ<}sP MOL<��H�Q � J<�[JDS<��rKQ[U���{[wK{-NK}OJ Q[P�p[JDrKJ<S�{�UVMOrKp?�TJ<LVLVJ<}OLe{�rKn
y �KL U�SNJD�<SV�KM�U�rKJg� NK}OQmQmn �[JDLNLVJD}sL N_� �[{�LV�D��}OQTpTJ<rKJDLNMOL �B{[rKn#{[rKpTMsQTpTJDr�JDLVMsL � P � A ���>B ��r�MsU�MO{[}O}��zUVHKJDSNJ
{[SNJ�QTr�}s�?y.MOrKQTS�w�SVJhK JguxMOL U�MsrKpqH�QTLNU �TJ<LVLVJ<}OLFJ<rK�D}sQTLVJ<nTN_�?U�HKJ U��Ky.QTS<�m��r�UVMO}jU�H�J�HKQTL U�MsLYLNU�Msy �K}O{�U�J<n
U�Q#pTJDrKJ<S�{�UVJ rKJg� �[JDLVLNJD}sL1N�� {[rKpTMsQTpTJ<rKJDLNMOL B GIHKJ U���yzQTS � MO}s}YUVHKJDr1J<r_U�JDS UVHKJ ��{[LN�D�K}O{[S wKHK{[LVJ ��|Hj{[SV{[�<UVJDSNM%�DJ<n�N��#Jguxw�QTrKJDr_UVM {[} pTSVQ �IU�H {�rKn PRQT}O}sQ � MOrKp.�D}sMOrKMs��{[}~LN�my.w�U�Q[yzL � �[� � �Cn�� B GIHKJ�Jgu�{[�gU
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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��r�pTMOQTp[JDrKJ<LVMOL MOLYU�H�J��DQ[yzwK}sJgu ��y �K}�U�MOL U�J<wzwKSNQx�<JDLNLWN_�.� H�MO�|H rKJg� �TJ<LVLVJ<}OLIpTSNQ �3U�Q ��{[SVn({�rKn MOr_UVQ
{(U�MOLNLV�KJ N_� LVw�SVQT��UVMOrKp Q[P���{[w�MO}O}O{[SN�]NK��nKL PRSNQTy�J u�MsLNUVMOrKp y.MO�DSNQ �TJDLNLVJ<}OL
� P � nT� � B GIHKJ?wKSNQx�<JDLNLqMsL
U�MspTH_U�}�� SVJ<pT�K}O{�U�J<ngN_��L U�MOy �K} {�UVQTSVL<��MOrKH�MvNKM�U�QTSNL�{[rKn�MOr_U�J<S�{[�gU�MsQTraN JgU���J<JDr3nKM$j7J<SVJ<r�U.�<JD}O}FU��mw�JDL B
��r�J y��KMs}OM%NKSVMs�Ky N�J<U�� JDJ<r wKSNQ_{[rKpTMsQTpTJ<rKMO��{[rKn�{[r_U�M {�rKpTMOQ[pTJDrKMs��P^{[�gU�QTSNLI��{[�KLNJDL��TJDLNLVJ<} pTSNQ �IU�H]N��
{[rKp[MOQTpTJ<rKJDLNMOL�U�Q Qx�<�D�KSz{�U { �[JDSN��LNy {[}s}IJgumU�J<r_U(MOr�HKJ�{�}sU�H_��{[n��K}sUVL � M-b � B ��yzw�QTS U|{[r_U.wKH_�mLVMOQ K
}OQ[pTMO�D{[}�wKSNQx�<JDLVLNJDL�LV�K�|H {[L�JDy NKSN�[QTpTJDr�JDLVMsLD���DQTSNwK�KL�}O��UVJD�Ky PRQ[SVyz{�U�MsQTr��j{[r�n�� QT�KrKn H�J�{[}sMOrKp.{[SNJ
�DQ[r�UVSVQT}s}OJ<n_N_� {[�<�DJ<}OJDSV{�U�MsQTr Q[P {�rKpTMOQ[pTJDrKMs�qp[JDrKJ<S�{�UVMOQTr Q�PY��{[wKMs}O}O{[SN� �[JDLNLVJD}sL B ��rKp[MOQTpTJ<rKJDLNMOL�{[}OLNQ
wK}O{ �mL {��DSN�K�DMO{[}YSVQT}sJ?MOr wK{�U�HKQ[wKH_�xLNMOQT}sQTpTMs��{[}�L U|{�UVJDL<��LV�K�|H�{�LqSV{[wKMOn pTSVQ �IUVH {[rKn yzJgU|{[L U|{[LNMOLBQ[P
U���yzQTSNL B �In�nKMsUVMOQTrj{�}O}s�[�_{[rKp[MOQTpTJ<rKJDLNMOLYMOL �DQ[rKLVMsnKJDSNJDn { wj{�UVHKQT}OQ[pTMO�D{[}K�|Hj{[SV{[�<UVJDSNMOLNUVMO��MOr.�DQTr�nKMsUVMOQTrKL
LV���|H {[L nKMO{-N JgU�Ms� SVJgU�MOr�QTwj{�UVH�� {[rKn�SVHKJ<�Kyz{�U�HKQ[MOn {[S U�HKSNMsU�MsL�� �[� � 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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LV��J B GIHKJ<LVJ rKJ<� }�� PRQTSNyzJ<n �TJDLNLVJ<}OL JguxHKMvN�MsU { LVJ<SVMsJDLYQ[P LNU�SN�K�<UV�KS�{�}�{[rKn�PR�KrK�gU�MOQ[rj{[}K{ZNKrKQTSNy {[}sMsUVMOJDL 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[yPRSV{[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
w�JDSVMs�<��U�Ms���DQ �TJ<SVMsrKpK�RN Q�U�H SVJ<nK�K�DMsrKp JDrKn�Q[U�HKJ<}OMO{[}vw�JDSNyzJD{-NKMO}sMsU�� B > t � � MOL UVHKQT�KpTH_UBU�Q SNJDpT�K}O{�U�J
U�H�MOLF��{[LV�<�K} {�SIy {�UV�KS�{ U�MOQ[r��K{[r�n�H�JDrK�<J �[JDLVLNJD}Aw J<SVy.J�{-N�MO}OM�U�� � A�� �>B
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�oNK}OQmQxnsN�QTSVr�J y.QT}OJ<�D�K}sJeQTS�wK{[SNUVMO�D}sJ U�Hj{ U�J<r�UVJDSNL�U��Ky.QTSI��{[LV�<�K} { U��KSNJqSNJ�{[�|HKJ<L��D{[rK�DJ<S��<JD}O}sL��mMO{
U�H�J PRQT}O}sQ � MsrKp w�SVQm�DJDLNLVJ<L � nKMOL U�SVM%NK��UVMOQTr#UVHKSVQ[�KpTH U�H�J �[{�LV�D��} {[S �<QTy.wj{[SNUVyzJ<r_U��7UVS�{[rKLNw Q[SNUB{[�<SVQTLNLU�H�J?�[JDLNLVJD}Y��{[}O}�{�rKn UVS�{[r�LVw�QTSNU {���{ � PRSNQTy+UVHKJ��TJ<LVLVJ<} ��{[}s}v� MsUVHKMOr UVHKJ?MOr_U�J<SVLNUVMsUVMO�Ky B tY{[�|H Q[P
U�H�JDLVJ?wKSNQx�<JDLNLVJDLByz{��#Msr��[QT}s�[J nKM$j7�KLNMOQTr {�rKn �DQTr_�[JD�<UVMOQTr B ��r {[nKn�MsU�MsQTr�� yzQT}sJD�<�K}OJ<L���{�reNKMOrKn Q[S
N�J y.J<U�{-N�QT}OM �DJDn nK�KSVMsrKp�U�HKJ<MOS ONQT��SVrKJg� PRSVQTy NK}OQmQxnzU�Q.�DJD}s}OL�� �T� � �4M�� B
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ROI (n=80) on wty_1and2_3_2_multispectral.mat (CBno03B.gt1) − chn 4:T1_DYN 
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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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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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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

−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_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
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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
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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
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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.
Su model
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.
Su model
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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.
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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.
Su model
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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.
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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.
Su model
Tofts model

−5 0 5 10 15 20 25 30
−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

min

T
ot

al
 ti

ss
ue

 G
d−

co
nc

en
tr

at
io

n 
m

M

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.
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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.
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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
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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.
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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
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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.
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ROI (n=721) mean cons.
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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

 8

15

21

28

34

41

47

54

60

67

73

0.01 0.02 0.03 0.04 0.05 0.06 0.07
0

20

40

60

80

100

120

140

160

180

200
NG 1−2:  D0  n=2427 [2721],  min=0.0081 max=0.0734 (median 0.0284)

mM

� r����,t#c d�f�g ��f@h,_jr@�ec5�)clz�cBb�o�w)� cls]neo�q¡��� wA`Ntu`{�ecln�clt	� � r�s `{s,r@�e`{b ��� g 
 · gfgH¨*¦©´�±�°À´w· ³F¼�·H³ ¿ ±�¥,°X¦�¥�¹² g °X¦�ªO°OºX«Ng ¨Fª[¥5°'´�´�¤*¥�¦�¥ ¿ «Q³*¹ ¦ ¿ °'³e��±�¥�²F±�¥,¦©¥�³�´�¥�¹ Ã�ÂÁ· ³ ¿ ±w¥�°X¦�¥�¹Áª[¥�°X³hºÀ°IgH¨F¥�°X³*¹ · ³ ¿ ±w¥�°X¦�¥�¹m»±�° ¿ ´�·H«X³h«'#ÂQ¥0g g «ba²*°'´ ¿ ¤F¥,¦���� ` ·H¦©´�«Q¼X±�°'ªO¦a¦©¤*«ba6¤F·H¼X¤F¥�±§¹�· ¦©²r¥;±�¦©·H«X³7�»·1� ¥��*°gª[«X±w¥ ¤F¥ ´w¥;±w«X¼X¥�³F«X¨�¦�¹�· ¦©´�±w· ÃF¨F´�·H«X³ «'A�3�u� a¶· ´w¤Á´�·Hªg¥y�

\ Á



����� ���-�u�©	�� � � ���{�� ���#"¨�{��¤GïY���� �������
	 �����

����·������ � �&������2� �����

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 1−1: 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
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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 2−1: 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 2−1: 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)

mM

� r����,t#c d�f/ �+>f@h,_jr@�ec5�)clz�cBb�o�w)� cls]neo�q¡��� wA`Ntu`{�ecln�clt	� � r�s `{s,r@�e`{b ��� d 
 � gfg��&�6��	#�$�
���������&��	����������
) g:����27� 5��Ng���2=� 
 	
�!� �������¡�(	���)�	
�������*�����=+*-7�����0	
���!�6�"��� 2=����� )&��	
��24������	 5$�Ig����4� a8� �
� �
��2=��� ` ���6���!��	#�27� ���:��) g�� -
�=�0�!	�	
����)��!�&�������=������);��	#�6�����<������	����������

$ \



����� ���-�u�©	�� � � ���{�� ���#"¨�{��¤GïY���� �������
	 �����

����·������ � �&������2� �����

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 7−1: K2  n=529,  mean=0.035 (SD 0.010) | Colorscale: 103/min
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NG 7−2: K2  n=3663,  mean=0.054 (SD 0.025) | Colorscale: 103/min
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NG 7−1: Ktrans  n=527,  mean=0.013 (SD 0.005) | Colorscale: 103/min
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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 7−2: kep  n=3697,  mean=0.052 (SD 0.024) | Colorscale: 103/min
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#Pò®ë\ëJæ�èHåCä�ò®ë"ñÛáãÞeñ ß�ë"ñÛñãâ3%Øå+í�ð�ärò®ëláçæ®æ®ë"íXñãÞ4)CëJí�ÞeíråCà®æ�è�ärò®ëIßJÞeì�áÛñçñçÞCí�)�ñÛà�ðwë"æ?ô #Pò®ë�)�ÞCí�ëlßJñÛå6âqë"ñ()&ß�å+æ®æ®ë(ß-ä�ë(è 2 )�äráÛé+ò6äêNà®æ�ß�ä�áçåCæ�â ��
1& �=ô � )uð&ë"ÞCæ�â;å&% ä�áçéCò6ä$êNà®æ�ß-äráÛå+æ�â"î+â�ì�ë(ß�á .�ßzä�í¡Þeæ�â�ì�å+íqä:ì®íråeärëJáçæ�âJî+Þ&2�â�ëJæ�ßJëzå�% %Øë"æ®ë"âqä�í¡Þ8äráÛå+æ�â@Þeæ�èwÞeñçð&å+âqäæ®å~ärírÞCæ�âqì åCí�ä$'AáçÞ~ì®áçæ®åHß )6ärë 'Cë"â�áãß�ñçë"â"î � � � 'Cë(â�â�ëJñ[ïPÞeñçñãâIì�ë"í�%Øå+í�ð .�æ®ë4Þeæ�èYírë"Þ+è�)�ßJåCæ6ä�íråCñ@å�%zärò®ë4ë��AärírÞ+ß�ëJñçñçà®ñçÞCíëJæ 'Aáçí�å+æ®ð&ëJæ6ä}áÛæyärò®ë52®í¡Þeáçæ?ô�#Pò�ë52®í¡Þeáçæ/ß"Þeì®áçñÛñãÞeí/)�ë"æ�èHåeärò®ëJñçáãÞeñ3%Øå+í�ð&áçæ®é�2®ñçå6åHè - 2®í¡Þeáçæ 2�Þeírí�áçëJíIì å+ârâqë(â�â�ë"â}â�ì ë"ß�áãÞeñß¡ò�ÞCírÞ+ß-ä�ë"í�áãâqä�áãßJâ"ô  Qè�èHá¼äráÛå+æ�Þeñçñ*)�ä�å&äráÛé+ò+ä@êNà�æ�ß-äráÛå+æ�âkå�%ië��Aärí�ë"ðwë"ñ()LñÛå8ï_ì�ë"í�ð&ë(Þ&2®áçñÛáÛä�)Cî®ä�ò®ë(âqë}ë"æ�èHåeärò®ëJñçáãÞeñcßJëJñçñçâPò�Þ4'+ëñçå8ï_í¡Þ8ärë"âQå�% 
�à®áçè~ì�ò�ÞCâ�ëuëJæ�èHåHß )6ä�å6âqáãâkÞeæ�è�â�ì ë"ß�á .�ßIärírÞCæ�â�ì�å+íqä�-zÞeæ�èjß"Þeírí�áçëJíPð&åCñçë"ßJà®ñçë"â"ô  læ®åeärò®ëJí %Øë"Þ8ärà®írëuå&%:ä�ò�ëëJæ�èHåeärò®ëJñçáçÞCñcß�ë"ñÛñãâQáãâPä�ò�ëuò®áçéCò~æAà®ð 2 ëJíkå�%@ðwáÛä�åHß¡ò®å+æ�èHíráçÞwïQò®áãß¡ò~ì®írå1'6áãèHëIëJæ�ëJíré�)5%Øå+íPä�ò®ë�âqì ë"ßJá .�ß}ä�í¡Þeæ�â�ì�å+íqärëJí¡â�å&%ä�ò�ë$2®ñÛåAåHè 2®í¡Þeáçæ 2�ÞCí�íráÛë"í"ô
: áÛé+à®írë! �ô >�áçñÛñçà�âqä�í¡Þ8ärë"â¤ä�ò�ë&ßJåCð&ì å+â�á¼äráÛå+æYå�%�Þ~ßJÞCì®áÛñçñãÞeí/)jï�ÞCñÛñ=ô #Pò®ë&ë��Aä�írëJð&ëJñ*)järáÛé+ò+äPêNà®æ�ß-ä�áçåCæ�â}ë��$ë"ß�ä�á*'CëJñ*)�â�ë"ÞCñä�ò�ë}ì�Þeí¡ÞCßJëJñçñÛà®ñãÞeí�ärírÞCæ�âqì åCí�äPì�Þ8ärò6ïPÞ4)Cô <bò®áçñçëIä�ò®ëuáçæ®æ®ë"íkâqáãèHë}å�%cä�ò�ë}ëJæ�èHåCä�ò®ë"ñÛáãÞeñiß�ëJñçñãâQß�írë"Þ8ärë"â�ärò®ë$'Cë(â�â�ëJñVñçà®ð&ëJæ?îä�ò�ë�å+àHä�ë"í\â�áçèHëwáãâ\â�à®írí�å+à®æ�èHë(è�2 )jÞ 2�ÞCâ�ëJð&ëJæ6ä¤ðwë"ð 2®í¡Þeæ�ë�ß�å+æ�âqáãâqä�ëJæ6ä¤å&%XÞ�ärí�á(-�ñçÞCðwáçæ�ÞCílë��AärírÞ+ß�ëJñçñçà®ñçÞCíkð�Þ8ärí�á �jå&%ß�å+ñÛñãÞeé+ëJæMÞCæ�è�ì®íråeärëJáçæ�âJô #Pò®ëLë"ñÛë"ð&ëJæ6ärâ�ÞeírëBì®íråHèHà�ß�ë(è 2 )Yärò®ë~ß�ëJírë�2�írÞCñXßJÞCì®áÛñçñãÞeí/)Yë"æ�èHåeärò®ëJñçáãÞeñPß�ëJñçñãâ ��
1& ��ô #Pò�ë
2�Þ+âqë"ðwë"æ6äPð&ë"ð 2®í¡Þeæ®ëIå+æLärò®ëuÞ&2�ñÛà®ð&áçæ�Þeñ?â�à®í�%UÞCßJëIâ�ì®ñçá¼ä¡âQáçæ�ì�ñçÞ+ß�ë"â�ärå�ëJæ�ßJñÛå6âqëIì ëJíráçß�)6ä�ë"â"îHïQò®áãß¡ò~ò�Þ4'CëIß�å+æ+ärírÞ+ß-äráÛñçëÞeæ�èGì®ò�ÞeéCåHß�)+äråeäráçßLì®íråCì ëJí�ä�áçë"â"ô #Pò®ë~åCà®ä�ëJí�ì åCí�ä�áçåCæ`å&%\ä�ò®ë 2�Þ+âqë"ð&ëJæ6äwð&ë"ð 2®í¡Þeæ®ë~ð�Þ4) 2 ë�%Øà®íqärò®ëJí&ë �Aì�Þeæ�èHë(è
2 ë�)Cå+æ�èGä�ò®ë~ì ëJíráçß�)+ärë"â"îzë(âqì ë"ßJáçÞCñÛñ*)�áçænß"Þeì®áçñçñçÞCí�áçë"â"ô #Pò®áãâ&ë��Hì�ÞCæ�â�áÛå+æ %ØåCírð�â&Þ/ßJåCñçñçÞCéCë"æ�-6.�ñÛñçë"è`âqì�Þ+ß�ë~ß�å+æ+ä¡Þeáçæ®áçæ®é
	qì�ë"í�á*'8ÞCârß�à®ñãÞeíkßJëJñçñçâ��}ÞCæ�è~ð&áçßJí�å+éCñçáçÞ� � ; !�ð�ÞCßJí�å+ì®ò�Þeé+ë"â7+	�(. �=ô  lâqä�íråHß )6ä�áãß}ëJæ�è %ØëJë�ä¤Þeírë}áÛæ�ßJñÛå6âqë}írëJñãÞ8äráÛå+æLärå�ä�ò�ëëJæ�èHåeärò®ëJñçáçÞCñ?ß�ë"ñÛñãâkÞeæ�èBì ëJírá('8Þ+â�ßJà®ñçÞCíQß�ëJñçñãâ 2 )�âqà�í�íråCà®æ�èHáÛæ�é�ärò®ë$2�ÞCâ�ëJð&ë"æ+äQð&ëJð 2®í¡Þeæ®ë+ô
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� � 0�0 $�. . �#. 12" ��������!� �zë"í�ë
2®í¡Þeñ$Þeí�ä�ëJíráçåCñãÞeí  UñÛë�% ä7+PÞCæ�èßJÞCì®áçñÛñãÞeí/)  ØíráÛé+ò6ä7+lï�ÞCñÛñãâIÞeírë %Øå+í�ð&ë"è 2 )�èHá � ë"í�ë"æ6ä}ßJëJñçñ;ä�)6ì ë"â"ô #Pò®ë�ßJÞeì�áÛñçñçÞCí�) 2�ñÛåAåHè - 2®írÞCáÛæ 2�ÞeíríráÛë"í\áãâ %ØåCírð&ë"è 2 )ä�ò�ë}ëJæ�èHåCä�ò®ë"ñÛáãÞeñ?ßJëJñçñçâ"ô
,¤ñçå6å+í�ëJä&ÞCñ)ô � >�. �kèHë4.�æ®ë � � � %Øà�æ�ß-äráÛå+æ`ÞCâ�írë"âqä�íráçß�ä�áçåCæMå�%kä�ò®ë~æ®å+æ�-hâqì ë"ßJá .�ß 
�à �Må�%láÛå+æ�â"î[ì®íråeä�ë"áÛæ�â�ÞCæ�èMåCä�ò®ë"íâ�à�2�âqärÞeæ�ß�ë"â¤áçæ6ä�åLä�ò®ë�ß�ë"æ6ä�í¡Þeñ;æ®ëJí/'Cå+à�â�-hâ�)Aâqä�ë"ð ëJæ 'AáÛíråCæ®ð&ë"æ+ä(ô #Pò®ë&à®æ®á $6à®ë %Øë(Þ8ärà®í�ë(â¤å&%Xärò®ë 2®ñÛåAåHè - 2®í¡Þeáçæ 2�ÞCí�íráÛë"íâ�ëJí/'Cë¤ä�å�ð�Þeáçæ6ärÞCáÛæ~ò®å+ðwë"å+âqärÞ+âqáãâ�áÛæ~ärò®ë � ; !�2 )Bì�í�åCä�ë"ß�ä�áçæ®é&ä�ò�ë}æ®ëJí/'Cå+à�âPëJæ 'AáÛíråCæ�ðwë"æ6ä %ØíråCð�ä�ò®ë�ò�Þeírð %Øà®ñcß�å+ð -ì å+â�á¼äráÛå+æ�Þeñ 
�à�ß-ä¡Þ8ä�áçåCæ�â[åHßJßJà®í�áçæ®é}áçæ&ä�ò®ë 2®ñÛåAåHèVîAÞeæ�è&ÞCñÛñçå8ïFâ�ëJñçë"ß�ä�á*'CëQà®ì®ärÞeó+ëkå&%Vë(â�â�ëJæ6ä�áãÞeñ®â�à�2�âqärÞCæ�ß�ë(âJô : ñÛà�ß-ärÞeä�áçåCæ�âå&%:Þ&ß�ëJí�ärÞCáÛæ�âqà 2�âNä¡Þeæ�ßJëIáÛæ�ä�ò�ë 2�ñÛåAåHèBïQáçñçñVä�ò®ë"í�ë�%ØåCírë\æ�åeä 2�ë}írë 
�ë"ß-ärë"èLáÛæLä�ò�ë}ë��Aä�í¡ÞCßJëJñçñÛà®ñãÞeí 2®í¡Þeáçæ4äráçârâqà�ëCô3#Pò®áãâPáçâáçðwì åCí�ärÞCæ6ä�2 ë"ß"Þeà�â�ëzä�ò®ëQð&ëJð 2®í¡Þeæ®ë�ì�åCä�ë"æ+äráçÞCñHå&%�ä�ò®ëPæ®ë"í�'+ë�ßJëJñçñçâ:áãâ@âqë"æ�â�á¼ärá('+ëzäråIë��Aä�í¡ÞCßJëJñçñÛà®ñãÞeí:ÞeñÛä�ë"írÞeä�áçåCæ�âiå&% áÛå+æ®áãßß�å+ð&ì�å6âqáÛä�áçåCæ  UëCô é�ôIÞ�írÞCáçâ�ëuáçæ�ë �6ärírÞ+ß�ë"ñÛñçà®ñãÞeíkì åeä¡ÞCârâqáçà®ð ïQáÛñçñ:ßJÞeà�âqë�è®ëJì åCñãÞeírá � Þ8ä�áçåCæ�+-ô	�\áãâqírà®ìHäráÛå+æ�åCí 2®í�ë(ÞeóHèHå8ïQæå&%;ä�ò�ë � � � áãâQÞCârâ�åAßJáçÞeä�ë(è4ïQáÛä�òjÞwæ6à�ð 2 ëJíkå�% � ; !�èHáãâ�åCí¡èHëJíQâ�à�ß¡ò�Þ+â�ä�à®ð&å+írâ"îHáÛæ�%UÞeí¡ß-ä�áçåCæ�åCíQáçæ 
�ÞCð&ð&Þeä�áçåCæ � > . ��ô
� æ8êNà®í/)järåBärò®ë 2®írÞCáÛæcîVïQò®ë�ärò®ëJí}áÛä}áçâ}ß"Þeà�â�ë"è 2 )�è®áçâ�ë"Þ+âqë+î$ä�à®ð&åCí¡â"î?èHáÛírë"ß�äIä�í¡Þeà®ð�Þ®îVáçæ 
�ÞCð&ð&Þeä�å+í�)jâ�à�2�âqärÞeæ�ß�ë"â¤å+íß¡ò®ë"ðwáãßJÞCñ ä�å �HáÛæ�âJîAïQò®áãß¡ò�ß"Þeà�â�ë 2®í�ë(ÞeóHèHå8ïQæ4å�%cärò®ë � � � îAïQáÛñçñ?Þeñçñçå8ï %Øí�ë"ë¤è®á �$à�â�áÛå+æLå�%iñãÞeíréCëlð&å+ñÛë(ß�à®ñçë"âPÞeæ�èBåCä�ò®ë"í
2®ñçåAåAè~ßJåCð&ì�å+æ®ëJæ6ä¡âJî®â�à�ß¡ò~ÞCâ�ä�å �HáãßIß�åCð&ì åCà®æ�è®âQÞeæ�èLì åeärÞ+â�â�áçà®ð~îHáÛæ6ä�å&ärò®ë}æ®ë"í�'+åCà�âzä�áãârâqà®ë � J 0 ��ô
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����� �����,����� $���./�-( 12��!$�(*( .*��� 0�"�$7$78�� 0��1 ��3 0 1 �����  � % �$
���6�,0 �  � . 12" � ���	� ��!� #iírÞCæ�â�ì�å+íqäkð&ë"ß¡ò�-Þeæ�áçâ�ð�âQÞeæ�è~âqä�írà�ß-ärà®í�ë(âPïQò®áãß¡ò�ì�í�å1'AáãèHë � � � %Øà®æ�ß-äráÛå+æ7?  �.	+Pì�ÞCírÞ+ß�ë"ñÛñçà®ñãÞeíPèHá �$à�â�áÛå+æ?î  
�+zärírÞCæ�â�-hß�ë"ñÛñçà®ñãÞeíQèHá � à�âqáçåCæ?î
 > +@ßJÞeä�áçåCæ�ß¡ò�ÞCæ®æ®ëJñãâ"î  , +:áÛå+æ�â�)Að&ì�å+íqä¡âJî� 6&�+:áÛå+æ�Þeæ6ä�áçì�å+íqä¡âJî� �� +�%UÞCßJáÛñçá¼ä¡Þ8ärë"è&èHá � à�â�áçåCæ4ÞCß�ä�á*'CëPärírÞCæ�âqì åCí�ä"î� �0&+[ÞCß-ärá('+ëä�í¡Þeæ�âqì åCí�ä"î  �J�+�ÞCß�ä�á*'Cë}Þeæ6ä�áçì åCí�ä�ärírÞCæ�â�ì�å+íqäkÞeæ�è  �I�+�ëJæ�èHåHß )6ä�å6âqáãâ  Øð&ë"èHáãÞ8ärë"è 2 )Bírë"ßJëJìHäråCí¡â/+�ô
: áÛé+à®írë  uô ,BáçñÛñçà�âqä�í¡Þ8ärë"â¤èHá �$ëJírëJæ6ä¤ì�Þ8ärò6ïPÞ4)HâPä�ò�í�å+à®éCò~ärò®ë 2�ñÛåAåHè - 2®írÞCáÛæ 2�Þeírí�áçëJí(ô � ë"ßJÞCà�â�ëuå&%@ärò®ë�äráÛé+ò6äXêNà®æ�ß�ä�áçåCæ�â
2 ë�äNï�ëJëJæ~ÞCè8êqÞCß�ë"æ6ä�ë"æ�èHåeärò®ëJñçáãÞeñ?ß�ë"ñÛñãâ"îAä�ò®ëIì�ÞCírÞ+ß�ëJñçñçà®ñçÞCízì�Þ8ä�òAïPÞ4)�áçâ�áçð&ì�ë"í�ð&ë"Þ�2®ñçë\ärå�âqå+ñÛàHärë"â"ô �3'Cë"æBärírÞCæ�âqì åCí�äPå&%áçåCæ�â;Þeæ�è�ï�Þeä�ë"íiáãâcírë"âqä�íráãß-ä�ë(èVô A\æ�ñ()}â�ð&ÞCñÛñAñçáÛì åCì�ò®áÛñçáãßzâ�åCñçàHä�ë(â� UñÛë(â�âiärò�Þeæ3�5010	�\Þ +-îeÞCâiï�ëJñçñAÞ+âcé6ÞCâ�ë"âiâqà�ß¡òwÞCâiå ��)6é+ëJæÞeæ�è/ß"Þeí/2�å+æ�èHáÛå �HáãèHëCî;ßJÞCæ/é+ëJæ®ë"írÞCñÛñ*)jì�Þ+â�âIärò®íråCà®é+ò�ärò®ë � � � 2 )�ì�Þ+â�â�á*'Cë�èHá � à�â�áçåCæ?ô ; àHärí�áçëJæ6ärâ�Þeírë�âqë"ñÛë(ß-ä�á*'Cë"ñ()ä�í¡Þeæ�âqì åCí�ä�ë(è`áçæ6ä�å�ärò®ë 2�írÞCáÛæ 'AáçÞGèHá �$ëJírëJæ6äLâ�à®í�%UÞCßJëjä�í¡Þeæ�â�ì åCí�ä�ëJí¡â&áçænä�ò®ë � � �  Øë+ô é�ô[ä�ò�ë�áÛæ�âqà®ñçáçæ�-=áçæ�èHë"ì�ë"æ�èHë"æ+ä
, <�
 # -/.uä�í¡Þeæ�â�ì�å+íqärëJíkì�í�å1'AáãèHë"âPärírÞCæ�â�ì�å+íqäkå�%:é+ñÛà�ß�å+â�ëuÞCßJí�å6â�âQä�ò®ë � � � +-ô � � � ì å+ârâqë(â�â�ë"âQå+æ®ñ*)�Þ4â�ð�ÞeñçñiÞCðwå+à®æ6äå&%:ì®áçæ®åHß )6ä�áãß 'Cë(âqáãß�ñçë"â"ô �[æ�èHåHß )6ärå+â�áçâPáãâQò®å8ï�ë�'+ëJí�áÛð&ì åCí�ärÞeæ6äQáçæLärírÞCæ�â�ì�å+íqä¡Þ8ä�áçåCæLå&%;ëCô é�ô�â�åCð&ëIò®åCírð&åCæ®ë(â � ,30 �=ô
� ë(ß�ëJæ6äkâqä�à�èHáçë"â�áçæ�èHáãßJÞeä�ë"âzärò�Þ8äPä�ò�ë\äráÛé+ò6ä;êNà�æ�ß-äráÛå+æ�âPå&%?ärò®ë � � � ò�Þ4'CëIÞ�è�)Aæ�ÞCð&áçß¤âNärí�à�ß-ä�à�í�ë¤ïQò®áãß¡ò�ß"Þeæ 2 ë¤ä�ë"ð -ì åCí¡ÞeíráÛñ*)�ÞCñ¼ärëJírë"è�è®à®í�áçæ®éLì�Þ8ärò®åCñçåCé+áçß"ÞeñcâqärÞeä�ë"â"ô Ý åHèHà®ñãÞ8ä�áçåCæ�å&%[ärò®ë�ß�)+ärå+ÞCírß¡ò®áÛä�ë(ß-ärà®í�ë�ì®í�å1'AáãèHë"â � � � ì®íråeärë"ß�ä�áçåCæå&%iä�ò®ë � ; !LëJæ 'AáÛíråCæ®ð&ë"æ+äQèHë(âqì®áÛä�ëIáçñÛñçæ®ë(â�â"ô  2ä�åCärÞeñ?è®áçâ�í�à�ìHä�áçåCæ?îHå+í 2®í�ë(ÞeóHèHå8ïQæ?îAå�%cä�ò�ë$2®ñÛåAåHè�2®írÞCáÛæ 2�ÞCí�íráÛë"í�ß"Þeæ?îò®å8ï�ë�'+ëJí(î(åHß"ß�à®í[èHà�í�áçæ®éIë��Aä�írëJð&ëQß�å+æ�èHáÛä�áçåCæ�â:å+í:ì®í�å+ñÛå+æ®éCë(èuì�Þeä�ò®å+ñÛå+éCáãßJÞCñAâqärÞeä�ë(â � ,30 �=ô ,¤ëJæ�ëJí¡Þeñçñ()Iärà®ð&åCí@ð&áçßJí�å1'+ë"â�-â�ëJñãâ�Þeírë�à®æAà�â�à�Þeñçñ*)�ñçë"Þeó )Yä�å�ð�Þ+ß�íråCð&åCñçë"ßJà®ñÛë(âJô #Pò®ëBâqä�írà�ß-ärà®í¡Þeñ32�Þ+âqáãâuå�%Pä�ò®áãâuñçë"ÞCó6áçæ®ë(â�â}írëJð�ÞCáÛæ�â�à®æ�ßJñÛë(Þeí(î 2®àHäâ�à®éCé+ë"âqä�ë"èBì�å6â�â�á*2®áÛñçáÛä�áçë"âQïQáçñÛñ 2�ëuèHáãârß�à�ârâqë(èBáçæ~âqë(ß-ä�áçåCæ 
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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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