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��B�U��YfnB�KAXCPQr�KNFpH�PNSc�CHCFpU[B�r�B�KNZ[aCEGB�FIH
Rn ��FpU[@ n ≥ � y��^F|UV@+HCP�MIPQZGZ�PNScOQB�HCB�EVKNMpFpUmb�uBYZG@LKNMpM*KNZGZ[aCr�B#UV@LKTU | � | � � y���B#XCB�HCPTUVB�fRb

M � ���.UV@CB�J�MIKNZ[Z�PTS$EGBqKNM�j hQKNMIaCB�Xr�BqKNZGaCEVKNfWMIB$SxaWHCJ�U[FIPQHCZzPQH#�
KNHCX�fkb
M ¡�� ����UV@WB�J�MIKNZ[ZzPNS�HCPQHCHWB�ORKTU[FphNB�SxaCHCJiUVFIPNHCZ�FpH

M � ���iytub
c, C

�,B+Z[@CKNMIM(XWB�HCPNU[B�hQKNE[FpPQaCZADgPQZ[F|UVF|hQB�J�PNHCZGUVKNHRUVZ�FIHCXCB�DnB�HCXCB�HkUzPNS�KNDCDCEGPQDCEGFsKTU[BokaLKNHRUVF|UVFpB�ZuKNHCXwHWPNU,HWB�J�B�Z[Z[KNE[FpMpb�UV@WB�ZVKTr�BzKTU¢BqKNJ]@wPcJ�J�aCEGE[B�HWJ�BNy���B���FpMIMC��EGFpUVB
A . BFpSLU[@CB�EGBvFIZ�K*DnPNZ[FpU[FphNB,J�PNHCZGUVKNHRU

C
~RFpHCXCB�DnB�HCXCB�HRU�PNH.KNDCDCEGPQDCE[FIKTUVBuokaLKNHRUVF|UVFIB�Z�~QZGaCJ]@�UV@LK£U

A ≤ CB
y¤LPQE�Um�uP�HCPNE[r�B�X#SxaCHCJiUVFIPNHYZGDLKNJ�B�Z

X, Y
PNS¢SxaCHCJiUVFIPNHCZ�XCB��CHCB�X�PQH¥�*~��uB�Z[Kqb}UV@LK£U

X
FIZAJ�PQHRUVFIHkaCPNaCZ[M|b�B�r�fgB�XWXCB�X"FIHRUVP

Y
~:KTHCX���E[FpU[B
X ↪→ Y,� � y � ���@CB�H"UV@WB�E[B+FpZ�K.DgPQZGFpUVF|hQB�J�PQHCZGUVKNHRU

C
Z[aCJ]@¦UV@LKTU�~CSxPQEAB�hNB�E\b

u ∈ X
~C�,B+@LKqhQB

‖u‖Y ≤ C‖u‖X .§ S � � y � ��FIZ�ZVKTU[FIZ\�LB�X(~3�,B_Z[KqbYU[@LKTU�UV@CB�Z[DLKTJ�B Y FIZ$K¥¨|©Nª<«1¬iª�m®>©1¯'¬�U[@LKNH
X
~�PQE+UV@LK£U

‖ · ‖Y
FIZ�K�i°�©N¨�¨I¬iª�±>²£ª³°´U[@LKNH ‖ · ‖X

y�§ Sµ~5r�PQE[B�P-hNB�E�~(UV@CB.Z[DCKNJ�B�Z
X
KNHCX

Y
XCP�HCPTUJ�PNFIHCJ�FIXCB+FIH¦UV@CB�Z[BiUGjlUV@CB�PQE[BiUVFIJ�KNM5Z[B�HCZ[BT~n�uB�ZVKqb�UV@CKTU

Y
FIZ�¬]]'¬i±L¶¸·¸©N¨�¨º¹w¨|©Nª<«1¬iª�UV@CKNH

X
y§ S¢HCPQHCB�PNS�UV@CB�EGB�MIKTUVFpPQHCZ

X ↪→ Y
~
Y ↪→ X

@CPQMpXCZ�~nUV@CB�H}�,B�Z[K'b"UV@LK£U*UV@CB�ZGDLKNJ�B�Z
XKNHCX

Y
KNEGB�·�±>¯'²£°�®>©NªG©R»�¨I¬iy¤LPQE�Bi¼WKNr�DCMpBN~5�,B�@LKqhQB

Lp ↪→ Lq FpS,KNHCX�PQHCMpb�FpSv½ < q ≤ p ≤ ∞ ~�Z[FpHCJ�B��¾FIZ�PTS�LHCF|UVB�r�BqKNZGaCE[BTytub`K`¿(²N»£²£¨I¬iÀ#·�±>¬[Á�ÂW©N¨º·�¶<¹Ã�uB}r�BqKNH�KNH�B�Z\UVFprwKTU[B"PTS�K¥J�B�EGU]KTFIH�HWPQE[r PNS+K¥ONFphQB�HSxaCHCJiUVFpPQH"PTS�Z[BihQB�E[KNM5hRKNEGFsKNfCMpB�Z�fRb"KNHCPNU[@CB�E�~gDgPQZGZ[FIfWMpb�XCF|Ä>B�E[B�HkU�~nHWPQE[rÅPNS�FpU[Z�ONEVKNXCFpB�HRUqydcPC~¢FpS
X, Y

FpZ�K�DCKNFIE�PNS*tvKNHLKTJ]@`ZGDLKNJ�B�ZwPNS�SxaCHCJiUVFpPQHCZ.XCB��CHCB�X`PQH��*~¢UV@CB"dcPNfnPQMpB�hFIHWB�okaLKNMpFpUmb_FpZvUV@CB+B�ZGUVFprwK£UVB
‖u‖Y ≤ C‖∇mu‖X , u ∈ CmÆ � ��� .� � y � �
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WmÆ � X � ↪→ Y.� � y��Q�

�zB�E[BT~:U[@CB+Z[aCfWZ[J�EGFIDWU�½�XCB�HWPNUVB�Z�U[@LKTU�UV@CB�SxaCHWJ�UVFpPQHCZ�FIH � � y � �vKNE[B+PNS3J�PQr�DLKNJiU�Z[aCDCDgPQE\UPQH�� KNHCX�UV@CB�Z[aWDnB�E[Z[J�E[FpDWU
m
Z\U]KNHWXCZ�SxPNE�U[@CB�PQE[XCB�EzPTS�UV@WB$B�r�fnB�XCXCFpHCO � UV@CB�PQE[XWB�E�PNSUV@WB�OQEVKTXCFIB�HkU�FIHRhQPNMphQB�X:�iy�?A@CB�Z[DCKNJ�B�Z

X
KNHCX

Y
KNE[B$E[B�ZGDnB�J�U[FphQB�Mpb"JqKNMpMIB�X"UV@WB��1²£°�©N·�±m®>©1¯'¬�KNHWX¦U[@CB.ª[©N±1«1¬�m®>©1¯'¬+PNS�UV@CB$dcPQfgPQMpB�h_B�r�fgB�XCXCFpHCOCy

� aCE*r�KNFIH"PQf��GB�J�UVF|hQB�FpZ�UVP�Z\UVaCXWb ²]®g¶<·�°�©N¨º·�¶¸¹¦PNS�hRKNEGFIPQaWZ*UmbcDgB�Z�PTS¢SxaWHCJ�U[FIPQH}ZGDLKNJ�B�ZFIH"UV@CB.d1PQfnPNMIB�h¦B�r�fnB�XCXCFpHCOQZ�y*�5BiU�aCZ*B³¼cDCMsKNFpH"��@LK£U*�,B�r�BqKTH}fRb�PQDcUVFIr�KNMpFpUmbQy�§ S�UV@WBZ[DCKNJ�B
Y
FIH � � y��R��J�KNH fnB�E[B�DCMsKTJ�B�X fRb K#Z[r�KNMIMpB�E�ZGDLKNJ�B Y ′ ~¢ZVKqbQ~,KNHCXÃUV@CB"dcPNfnPQMpB�hB�r�fnB�XCXCFIHWO

WmÆ � X � ↪→ Y ′� � y��k�FIZ�ZGUVFpMIM5UVEGaCBN~(U[@CB�H(~�PTSuJ�PQaCEGZ[BN~ � � y �k��FpZ�KNH�B�ZGZ[B�HRU[FsKNMpMpb"ZGUVEGPQHCOQB�E�E[B�Z[aCM|U*UV@LKTH � � y��R�iy�§ SZ[aWJ]@_KNH�FIr�DCE[P'hNB�r�B�HRU¢FIZ�HCPNU¢DgPQZ[ZGFIfCMpB � ��FpU[@CFIH�K+OQFphNB�H�JqKTU[B�OQPNEGb�PNSnSxaCHCJiUVFIPNH�ZGDLKNJ�B�Z]�³~�uB�ZVKqb�UV@LK£U
Y
FpZ�KTH`²]®g¶<·�°�©N¨5ªG©N±1«1¬ � KNORKTFIH(~C��F|UV@CFpH�FpU[ZzJ�KTUVB�OQPQE\bC�³y"!zHLKNMpPQOQPQaCZGMpb��uBUVEGBqKTU,PQDWU[FIr�KNMIF|Umb�PNS�U[@CB�XCPNrwKNFpHwZGDLKNJ�B

X
y�§ S5HCB�F|UV@CB�EuU[@CB�E[KNHCOQB*HWPQEuU[@CB�XCPNrwKNFpHwJ�KNHfgB�Fpr�DWE[P'hQB�X(~W�uB�UVKNM��wKNfnPNaWU�²]®g¶<·�°�©N¨1®>©N·�ª�PNS�SxaCHCJ�U[FIPQH�ZGDLKNJ�B�Z�y��Bu��FIMpMkHCP'�`FpMIMpaCZGU[EVKTU[B�U[@CB#�TB�b$E[PQMpB,PNSChQKNE[FpPQaCZ�SxaCHCJ�U[FIPQH�Z[DLKNJ�B�Z�FpH�dcPQfgPQMpB�h�B�r�fgB�X1jXCFpHCOQZ�yu�¥B$fnB�OQFIH���FpU[@"UV@WB�S¸KNr�FIMpFsKNE,��B�fgB�Z[ONaCB � PQE Lp �vZ[DCKNJ�B�Z�KNHCX¦UV@CB�H}Bi¼1UVB�HCX}PQaWEUV@WPQaCOQ@RUVZvU[P�fCE[PQKNXCB�EAZGJqKNMpB�ZAPNS�SxaWHCJ�U[FIPQH�ZGDLKNJ�B�Z�y��¥B*��FpMIM<~kSxPNE,UV@CB�Z[K$�NB+PNS�ZGFIr�DCMIFpJ�FpUmbN~E[B�ZGU[E[FIJiU�PQaCE[ZGB�M|hQB�Z�UVP�U[@CB+JqKNZGB�PTS3U[@CB��LE[Z\UGjmPNE[XCB�E�ONEVKNXCFpB�HRUqy

%3B�E[@LKTDCZ7UV@CBuZ[Fpr�DCMpB�Z\U�SxPQEGr PTSLUV@CBuJ�MsKTZ[Z[FpJqKNMWdcPQfgPQMpB�h�FIHCB�okaLKNMIF|Umb�KNZ[ZGB�E\UVZ7UV@CKTUq~QONFphQB�H�
< p < n

~CUV@CB�E[B+Bi¼cFpZGUVZ
C >

½.ZGaCJ]@"U[@LKTU
(∫

& |u � x � | np
n−p dx

)n−p
np

≤ C

(∫

& | � ∇u � � x � |p dx
) ' /p

, u ∈ C
'Æ � ��� .� � y)(Q�

§mH¥J�KNZ[B.��@CB�H
p > n

KNHWX¥�%FpZ$K¦��FIDCZGJ]@CFpU[{�XWPQrwKTFIH(~�K�SxaCHCJ�U[FIPQH���@CPQZGBwOQE[KNXCFpB�HRUfgB�MIPNHCOQZvUVP
Lp � ���vFpZ*�1HWP-��H¦UVP.fgB+�-,QMIXWB�EAJ�PNHkU[FIHkaCPQaWZ�~:HLKNr�B�M|bQ~
Z[aWD

x,y∈
&
|u � x � − u � y � |
|x− y| ' −n/p

≤ C

(∫

& | � ∇u � � x � |p dx
) ' /p

, u ∈ C
'Æ � ��� ,

��@CFpJ]@(~LFIH�DLKNE\UVFpJ�aCMIKNE�~cFIr�DCMIFpB�Z
‖u‖L∞ ≤ C

(∫
& | � ∇u � � x � |p dx) ' /p

, u ∈ C
'Æ � ��� .� � y�.R�

?A@CBzJqKNZGBz��@CB�H
p � n

FpZuZGDnB�J�FsKTMly3��B�J�KNMIM:F|U¢U[@CB�¨º·�°�·�¶¸·�±1«�¯�©£'¬zPNS�dcPQfgPQMpB�h.B�r�fnB�XcjXCFpHCOCy*§ U�FpZ�J�MIBqKTE[Mpb�U[@CB�r�PQZGU�FIHRUVB�E[B�Z\UVFpHCO_JqKTZ[BN~(KNHCX(~(FpHCXCB�B�X(~�KTMIZ[P�UV@CB�r�PQZ\U*XCF0/�J�aCMpUPQHCBTy�§ U�FIZ1�kHCP'��H¦U[@LKTUq~CSxPNEAB�hQB�EGb
q <∞ ~

(∫

& |u � x � |q dx
) ' /q

≤ C

(∫

& | � ∇u � � x � |n dx
) ' /n

, u ∈ C
'Æ � ��� .� � y)2Q�
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d1UVKNHCXLKNEGX#Bi¼WKNr�DCMIB�Z�PNS�SxaCHCJiUVFIPNHCZ���FpU[@�KNH�KNDCDWE[PQDCEGFsKTU[B��GMpPQORKNEGFpU[@Cr�FpJ+OQE[P'�AUV@}U[P�FIHcj�LHCF|Umb� �HCBqKNEuUV@CB*PNE[FIONFIH(~1ZVKqbQ~WZ[@CP'� UV@LKTU�~CKNM|UV@CPNaCOQ@

np/ � n− p
� → ∞ ��@CB�H

p→ n− ~PQHCB+J�KNHCHCPNU�UVK$�NB�UV@WB
L∞ j HCPQE[r PQH�UV@CB+MIBiS�UAZ[FpXCB+PNS � � y)2N�iy��B�U�aCZ�HCP'� EGB���EGFpUVB*U[@CB�ZGB$FpHCB�okaLKTMIFpU[FIB�ZvFIH�UVB�E[r�ZAPNS3B�r�fgB�XCXWFIHCOQZ�y��¥B+OQBiU
W

'Æ � Lp � ↪→ L
np

n−p ,
�
< p < n !� � y#"R�

W
'Æ � Lp � ↪→ L∞, n < p <∞ !� � y#$R�

W
'Æ � Ln � ↪→ Lq,

SxPNEAB�hQB�EGb
q <∞.� � y � ½R�

%zP'�+~���FpUV@WFIH�UV@CB�MIFpr�F|UVB�X#B�HRhcFpE[PQHWr�B�HkU$PNS
Lp Z[DLKNJ�B�Z�~7UV@CB�Z[BwEGB�ZGaCMpU[Z$J�KNHCHCPNU$fgB�Fpr.jDCEGP-hNB�X_FpHwKTHkb�DgPQZ[ZGFIfCMpBA�vKqbQy&%�PNUVB�UV@WBzFpHkU[B�EGB�ZGU[FIHCO�S¸KNJ�U('3��@CFpMIB � � y)"R�7J�PQHRU]KNFpHCZ,KTHwPQDcjUVFprwKTMgDCKNFIEuPNS

Lp HWPQE[r�Z�~ � � y#$R�¢XWPcB�ZAHCPNUA@LKqhNB*UV@CB*PNDWUVFprwKNM:XCPNrwKNFpH_HCPQEGr KTHCX � � y � ½R�XCP1B�Z�HWPNU�@LKqhNB_UV@CB_PNDWUVFprwKNM�E[KNHCOQB�HCPQE[r¦~7ZGFIHCJ�BwUV@CB�E[B�FpZ�HCP}MIKNE[ONB�ZGU
Lp Z[DLKNJ�B_UV@LK£U�uPQaCMIXYE[B�HCXCB�E � � y)$Q�zUVE[aWB�KTHCX(~�MIF��TB���FpZ[BN~�U[@CB�EGB�FpZ+HCP"ZGrwKTMIMIB�ZGU Lq Z[DCKNJ�B.UV@LK£U��uPQaCMpXE[B�HCXCB�E � � y � ½R�uUVEGaCBNy* MIB�KNE[M|bQ~kUV@CBzB�r�fgB�XWXCFIHCONZvFIH � � y#$R�uKNHWX � � y � ½R�¢KNE[BzHCPNUAZ[KTUVFpZGS¸KNJiUVPQE\b.SxE[PQr UV@WB�SxaCHCJ³jUVFpPQH¥ZGDLKNJ�B�Z�DgPQFIHRU$PNSAh1FIB��+~�KTHCX FpU$FIZ$HLKTU[aCEVKNM�UVP}KNZ�����@CB�U[@CB�E�KNHRb¥EGBqKNZGPQHLKNfCMpBwFpr.jDCEGP-hNB�r�B�HRU_FpZ�KTUwZGFIOQ@RU�y�?A@CB�KNHCZG�uB�E�FIZ�FIH UV@CB¦DgPQZ[F|UVFphNBN~ufCaWU��,B"@LKqhQB"U[P�DCK'bÃSxPNEUV@WB�Fpr�DWE[P'hQB�r�B�HkU�fRb�fgB�FIHWO�SxPNE[J�B�X�U[P¦J�PQHCZGFIXCB�E$PNU[@CB�E�~5r�PQEGB.J�PQr�DCMIFpJqKTU[B�X#ZGJqKNMpB�Z+PNSSxaCHCJiUVFpPQH�Z[DLKNJ�B�Z�UV@LKTH

Lp Z[DLKNJ�B�Z�y?A@CB�E[B+KNEGB*Um�,P.fLKNZGFIJ*XWFIE[B�J�U[FIPQHCZ,FIHw��@CFpJ]@��,B+JqKTH�Bi¼1UVB�HCX"PNaCE,UV@WPQaCOQ@RUVZ�y�?A@CB*�LE[Z\UPQHCB,FIZ3U[@CBvXCFpE[B�J�UVFpPQH�PTSg�5PNE[B�HRU[{vZ[DLKTJ�B�Z�~Q��@CFIJ]@�EGB�okaCFpE[B�Z�aWZ�UVP*FpHRUVE[P1XCaCJ�BuU[@CBvHCPNU[FIPQH$PNSUV@WB�HWPQHcjmFpHCJ�EGBqKNZGFIHCO�EGBqKNEGEVKNHWOQB�r�B�HRUqy�?A@WB$ZGB�J�PNHCX"XWFIE[B�J�U[FIPQH�FIZuUV@LKTU�PTS � E[MpFIJ�{*Z[DLKTJ�B�Z�~FIHRhNPQMph1FIHWO�OQB�HCB�EVKNM�J�PQHRhQB³¼"SxaWHCJ�U[FIPQHCZ�FpH�DCMsKNJ�B+PNS�DgP'�,B�E[Z�y
+ FphQB�H

f ∈ M � ���³~W�uB�XWB��LHCB�F|UVZ*±>²£±-,m·�±>¯iªV¬[©£i·�±1«�ªV¬[©NªiªG©N±1«1¬i°w¬i±L¶¸~ f ∗ ! PQH � ½ , � �i~cfkb
f ∗ � t � � FIHWS {λ > ½ ! |{x ∈ � ! |f � x � | > λ}| ≤ t}, t ∈ � ½ , � � .

%zPTUVB�UV@LK£Uq~W��@CB�H
f ∈ M � ���i~CU[@CB�H f ∗ ∈ M ¡�� ½ , � �iy¤LPQEz½

< p, q ≤ ∞ ~:�,B�XCBi�LHCB�U[@CB/.5²£ªV¬i±L¶�0�m®>©1¯'¬
Lp,q � ���zKNZzUV@CB$J�PQMpMIB�JiUVFpPQH"PTS¢KNMIMSxaCHCJiUVFpPQHCZ

u ∈ M � ���,Z[aWJ]@"UV@CKTU�UV@CB+okaLKNHRUVF|Umb
‖u‖p,q � ∥∥∥u∗ � t � t 1p− 1q ∥∥∥

Lq 2 Æ , '43FIZv�CHCFpU[BNy��B$��FIMpM5HCB�B�X}UVP_J�PQr�DCKNE[B�hRKNEGFIPQaCZ�SxaCHCJiUVFIPNH�Z[DCKNJ�B�Z�FIH"U[@CB�ZGB�HCZGB�PNS�KwJ�PQHRUVFIHkaCPNaCZB�r�fnB�XCXCFIHWOCy3§mH�UV@CB¢J�PNHkU[Bi¼1U7PTS:��PQE[B�HkU[{uZGDLKNJ�B�Z�~TUV@CB¢SxPQMIMpP-��FpHCOAB�MpB�r�B�HRU]KTEGb�B�r�fnB�XCXCFpHCODCEGPQDnB�EGUmb_��FpMIM(fgB�aCZGB�SxaCM4'
Lp,q ↪→ Lp,r, p ∈ � ½ ,∞ 5 , ½ < q ≤ r ≤ ∞.� � y �Q� �§mH¦DLKNEGU[FIJ�aCMsKNE�~

Lp,p � Lp y§ U�UVaCEGHCZ�PQacU�U[@LKTU�~3��@CFpMIB � � y#"R��FIZ�KNH�PQDWUVFprwKTM�E[B�ZGaCMpU���FpU[@CFIH�UV@WB�B�Hkh1FpE[PQHCr�B�HRU$PNS��B�fgB�ZGOQaCB}ZGDLKNJ�B�Z�~�FpU�FIZ�HCPNUwPQDWUVFprwKTMAFIH`U[@CB}fCEGPRKNXCB�EwJ�KTUVB�OQPQEGb PNS���PQEGB�HRUV{"Z[DLKTJ�B�Z�~
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§mHCXCB�B�X(~L�uB$J�KNH¦FIr�DCE[P'hQB�F|UAB�F|UV@CB�E�fkb_rwK$�kFpHCO�UV@CB+E[KNHCOQB+Z[DCKNJ�B�Z[r�KNMIMpB�E�'
W

'Æ � Lp � ↪→ L
np

n−p
,p,

�
< p < n,� � y � � �PQEAfRb�r�K$�kFIHCO�U[@CB+XCPQr�KNFIH�ZGDLKNJ�B+MIKNE[OQB�E('

W
'Æ � Lp, np

n−p
�
↪→ L

np
n−p ,

�
< p < n.� � y � �R�
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LA

FIZ�B�ZGZ[B�HkU[FsKNMpMpb�ZGrwKTMIMIB�E_UV@LKTH
LB

F|S�KNHCX PQHCM|b�FpS
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Lp,q � α � ���³y7?A@CB�ZGB�Z[DLKNJ�B�Z��uB�E[B�FpHkU[E[P1XCaCJ�B�X�KNHCX.ZGU[aCXCFpB�X�fRb.t,B�HCHCB�UGUKNHCX	��aCXCHCFpJ �_FIH�� � � 5 y¢¤:PNE�½ < p, q ≤ ∞ KNHWX
α ∈ R

~LXCBi�LHCB
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½c~ Bi¼cD
Lα � L∞,∞ �−

1
α

KTHCX
Lp � MIPQO L � α � Lp,p � α.
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Ã � s � s−n′− '

ds <∞.

����	�����	�� � ��� � � F�� � �L¬7m®>©1¯'¬
Ln ·I�¶ �L¬¢¨|©Nª<«1¬]i¶ �vªi¨º·l¯ 0�m®>©1¯'¬ LA

iÂL¯ ��¶ �W©N¶
W

'Æ � LA

�
↪→

L∞ �

� FpF�� � �L¬iªV¬ �1²R¬]¦±>²£¶.¬��Q·Ii¶�©N±L¹�¨|©Nª<«1¬]i¶��vª³¨º·l¯ 0¦m®>©1¯'¬
LA

iÂ:¯ � ¶��W©N¶
W

'Æ � LA

�
↪→t � � �



� � �������	��
�����

%zP'� MIB�U�aWZ�U[aCE[H�UVP.OQB�HCB�E[KNM �",NMIXCB�E�~ * KNr�DLKNHCKTUVP�KNHCX	�"PNE[E[Bib�Z[DLKTJ�B�Z�y
!%J�MsKNZGZ[FIJ�KNM�EGB�ZGaCMpU�XWaCB�UVP��"PNE[E[Bib}Z\U]KTU[B�Z*UV@CKTU�FpS

p > n
~(UV@CB�H�KTHkb¦SxaCHCJiUVFpPQH}SxE[PQr

W
' ,p � Q ��B�okaLKNMpZ,Kcy BTycK �",NMIXCB�E¢J�PQHRUVFpH1aWPQaCZuSxaWHCJ�U[FIPQH.��FpU[@�B³¼WDgPQHCB�HRU � − p

n

y %�EGB�J�FIZ[B�MpbN~UV@WB�B�r�fgB�XCXCFpHCO
W

' ,p ↪→ C
Æ
,α, α � � − p

n
,� 21y��k�@CPQMpXCZ�~:��@CB�E[B

C
Æ
,α � Q �AXCB�HWPNUVB�Z�UV@CB$Z[DLKTJ�B�PTS �",QMpXCB�E�J�PNHkU[FIHkaCPQaWZzSxaCHCJiUVFpPQHCZz��F|UV@"Bi¼kjDgPQHCB�HRU

α ∈ � ½ , � 5 B�HCXCP'�uB�X���F|UV@�UV@WB�ZGB�r�FIHCPNE[r
‖f‖C

�
,α � ZGaCD

x,y∈Q
x6 � y

|f � x � − f � y � |
|x− y|α .

�"PQEGB�OQB�HCB�E[KNMIM|bQ~:OQF|hQB�H�KwJ�PNHkU[FIHkaCPQaWZzSxaCHCJiUVFpPQH
ϕ
' � ½ ,∞ � → � ½ ,∞ �i~L��@CFpJ]@���FIMpM�fgBE[BiSxB�EGE[B�X�UVPzKNZ�KNHw©��N°�·I]i·¸»�¨I¬ 
³Âc±>¯i¶¸·l²£±L~TPNHCB�JqKNH$J�PQHCZGFIXCB�E�UV@CB¢Z[DLKTJ�B

C
Æ
,ϕ � Q �(B�o1aWFIDCDgB�X��FpU[@�UV@CB+Z[B�r�FpHCPQEGr

‖f‖C
�
,ϕ � Z[aWD

x,y∈Q
x6 � y

|f � x � − f � y � |
ϕ � |x− y| � .� 21y)(Q�

� fRhcFpPQaCZGMpbQ~
C
Æ
,ϕ � Q �vJ�PQHRU]KNFpHCZ�aCHCFpSxPNE[r�Mpb�J�PQHRU[FIHkaCPQaCZASxaCHWJ�UVFpPQHCZ�FpS3KNHWX"PQHWMpb_F|SMpFIr

t→
Æ ¡ ϕ � t � � ½

.

�",NMIXCB�E�Umb1DnB�Z[DCKNJ�B�ZwKNEGB�K}fLKNZGFIJ_UVP1PQMuFIHÃhRKNEGFIPQaWZ.KNE[B�KNZ�PNSzKNHLKNM|b1Z[FIZ�~�FIHCJ�MIaCXCFpHCOC~�SxPNEFIHWZGU]KTHCJ�BT~�U[@CB�PQE\b�PNSvEGB�OQaWMsKNEGFpUmb}FpH#UV@CB�JqKNMpJ�aCMpaCZ�PNSuhRKNEGFsKTU[FIPQHCZ+KTHCX¥FpHYDCKNEGU[FsKNM7XWFpÄnB�E\jB�HRU[FsKNM¢B�okaLKTU[FIPQHWZ�y#§mH UV@WB�Z[B�KTHCXÃPNUV@WB�E�KNDWDCMIFpJqKTU[FIPQHCZ�~�@CP'�uB�hNB�E�~¢PQHCBwFIZ�PTS�UVB�H SxPNE[J�B�XUVP.UVP.�uPQE�����FpU[@"EGB�MIKTUVB�X¦SxaCHWJ�UVFpPQH¦Z[DLKNJ�B�ZzXCB��LHWB�X}FpH¦U[B�E[r�Z�PNS7FpHRUVB�ONEVKNM<~CEVKTU[@CB�E�UV@CKNHDgPQFIHRUm��FIZGBN~gPQZ[J�FIMpMsKTU[FIPQH(yA?A@WB�Z[B�KNE[B�UV@CB$Z[DLKNJ�B�Z�PNS * KNr�DCKNHLKTU[P_KNHCX �"PQE[EGB�b¦Umb1DnBTy*§mHKNHLKTMIPQONb¥��FpUV@ � 21y)(Q� � ZGB�B � ��� 5 �³~vOQF|hQB�H�KNH�KTXCr�FpZ[ZGFIfCMpB_SxaCHCJ�U[FIPQH ϕ ~,U[@CB * KNr�DCKNHLKTU[PZ[DCKNJ�B
LC

ϕ � Q �,FIZAXWB��LHCB�X}KNZvU[@CB+Z[DLKTJ�B+PNS�KNMIMnE[BqKTM|j hQKNMIaWB�X�r�BqKNZGaCEVKNfWMIB*SxaCHCJiUVFpPQHCZ f PQH
Q
SxPQEv��@WFIJ]@�UV@CB+Z[B�r�FpHCPQEGr

‖f‖LC
ϕ
� ZGaCD

Q′⊂Q

�
|Q′|ϕ � |Q′|

1
n
�
∫

Q′

|f � x � − fQ′| dx
FIZ��LHWFpUVBT~T��@CB�E[B¢UV@CB¢Z[aCDWE[B�r�aCr
FIZ�U]K$�TB�H�P'hNB�E7KTMIMRZ[aWfnJ�aCfnB�Z

Q′ PNS Q ��FpU[@$ZGFIXCB�Z�DLKNE[KNMIMpB�MUVP�U[@CPQZ[BAPTS
Q
KNHCX

fQ′ � |Q′|− ' ∫
Q′
f � y � dy ~£U[@CBAr�BqKNH�hRKTMIaCBAPNS f P'hQB�E Q′ y�dcFpr�FpMsKNEGMpbN~UV@WB �¦PQE[EGB�b�ZGDLKNJ�B

LM
ϕ � Q �vFpZvXCB��CHCB�X�KNZvUV@CB+ZGDLKNJ�B+PNS�KNMpMnSxaCHCJiUVFpPQHCZ f KNZ�KNfgP'hQB+Z[aCJ]@UV@CKTUAUV@CB+HCPNE[r
‖f‖LM

ϕ
� Z[aCD

Q′⊂Q

�
|Q′|ϕ � |Q′|

1
n

�
∫

Q′

|f � x � | dx
FIZv�CHCFpU[BNy �zB�E[BT~ |E| XCB�HCPNU[B�ZAUV@WB$��B�fnB�Z[OQaCB�r�BqKNZGaCE[B+PNS�K�r�BqKTZ[aCE[KNfCMIB�ZGB�U E ⊂ Rn y§mH UV@WB_JqKNZGBw��@CB�H

ϕ � t � � tα
��FpUV@ KTDCDCE[PNDCE[FIKTUVB

α ∈ R
~7U[@CB_Z[DCKNJ�B�Z

LC
ϕ � Q �$KNHCX

LM
ϕ � Q ��J�PQFpHCJ�FpXCB���FpU[@ U[@CB"J�MsKNZGZ[FpJqKNM * KNr�DLKNHCKTUVPYKNHCX �"PQEGE[B�b ZGDLKNJ�B�Z_KTHCX`��FpMIMvfgBXCB�HCPNUVB�X�ZGFIr�DCMpb�fRb

LC
α � Q �.KTHCX LM

α � Q �³~,EGB�Z[DgB�JiUVF|hQB�M|bQy ?A@CB¦FIr�DnPQE\U]KNHWJ�B�PNS * KNr�jDLKNHCKTUVP�ZGDLKNJ�B�Z+FIH}UV@WB�UV@CB�PQEGb�PNS,EGB�OQaWMsKNEGFpUmb¦ZGU[B�r�Z*SxE[PQr UV@CB�S¸KTJ�U�UV@CKTU*UV@WB�b#P'hQB�E[MIKND



� 
 � ����� ��� � ��� �	��
���#������������������ � � �� � � ��� ��� ��������� � � � � ��� � �
��FpU[@ �",NMIXCB�E$ZGDLKNJ�B�Z�y#§mHCXWB�B�X>~�K�fLKNZGFIJwEGB�ZGaCMpU � Z[B�BwSxPQE�Bi¼WKNr�DCMIB � � . 5 �³~�UVB�MIMpZ�aWZ�UV@LK£U
LC

α � C
Æ
,α F|S�½

< α ≤ � y¥?A@CB"P'hNB�E[MIKNDCDCFpHCO#PNS * KNr�DLKNHLKTU[PYKNHCX �"PQEGE[B�b Z[DLKNJ�B�ZFIZ+KTMIZ[P�HCPNHCB�r�DWUmbQ~�Z[FpHCJ�B
LC

α � LM
α

F|S −n ≤ α <
½Wy�§mH�UV@CB.fgPQE[XCB�E[MpFIHCB�J�KNZ[B.��@CB�H

α � ½c~
LMÆ � L∞ ~L��@CB�E[BqKTZ LCÆ � t � � ~LUV@CB�Z[DCKNJ�B$PNS�SxaCHWJ�UVFpPQHCZ�PNS7fgPQaCHWXCB�X"r�B�KNHPQZGJ�FIMpMsKTU[FIPQH�P'hQB�E

Q � Z[B�B+BTy OCy � � . 5 SxPQE�K�J�PQr�DCE[B�@CB�HCZGFphNB$B³¼WDgPQZGFpUVFpPQH�PNS�UV@CB�Z[B�Z[DLKTJ�B�ZV�iy
�������5������� �g�����1���n�C���������_��	��R�C��	:������� � 	¥�3� � � 	:�c�1�C�������

������� ÖL;
	³ÑlÑ��TÔ1/:ÖW8� Î��QÔ��TÖ����iÑ��	�	�������Ö�� �<Í"!�	#�$�&%QÔ('*)�Ê�+-,[Ê�./.&01)�2&34,[Ê\É65gÊ Ê7)987: È;3�3<0=8GÈ#:?>A@#B<Ê�)TÉ1C
3EDRÈ/8GÊ�3mÔ � 	#��FkÖ'9G�£Í"HNÖ�IJ!�!$KALNMIÕ³ÓiÓ �PO ÔqÒ/Q RPS T�Õ�U-Ö

� Õ � I¢ÖR;��	#�£Î�F�pÔWV�ÖQ=7Í\ÑlÏ-	#�kÔQ2�ÖR4X!$ ÎY	����+/gÖN8? Î��QÔ[Z\3�]£È&BED^B<Ê È&B<BlÈ&) 2�Ê7+vÊ7)£É_01)QÊ�`7a£È&:b0ºÉ6c(d�@&B*d�B<È�87eÉE0=@&)QÈ&:[+AÈ7f/01+AÈ&:g@�DRÊ7B<È]ÉG@&BmÔh� ��ij�kl	 � 	&��Fnmkojp�MIÕ³ÓiÓ�Ó O Ô£Õ/R�RPS'Õ�U#T£Ö
� Ò � I¢ÖL;��	#�£Î�F��	#�j��/:Öc8? Î��QÔ
qh@/,"@#: Ê7r�Ê�+-,GÊ�./.&01) 2#3s01)TÉt@

BMO u V MO u È&)v. L∞
ÔwI5Ñ��QÖ � 	#�xovy

M � Q�Q/U O ÔqÒ � RPSqÒ#T�Ó-Ö
� T � I¢Ö�;�l	��£Î�F$$	#�j�u/gÖi8� Î��QÔ�qh@�,P@&: Ê�r¢Ê7+x,[Ê�.�.#01) 2#3J01)£ÉG@z3EDRÈ/8GÊ�3X@{d}|:È#+JDkÈ&)NÈ³Ét@ u�~ @#B<B<Ê�c,È&)v.X�Y�#:�.iÊ7BÉEc�DRÊ\Ô��TÖ � 	&��FkÖ�IJ�j	#KIÖ�IJ!$!�KpÖv�jph�nMpÕ³Ó�ÓiÒ O Ô � Õ�U;S �;� Ó£Ö
� �;� ÌuÖ ��Ö9���'ÏYi����$�GÔ�V�Ö_=7Í\ÑlÏ-	#��	#�j� /:Ö_8� Î��QÔ�'�DNÉE01+vÈ#:�qh@/,"@#: Ê7r Ê7+x,[Ê�.�.#01) 2#3�01)�r&@&:�rP01) 2

B<Ê È#B<B<È&)�2�Ê7+vÊ7)£ÉEeG01)�r]È&B<0|È#)£É_`�a£È&3<01)v@&B<+�3mÔ��TÖ$�$i$�£Î��GÖvIJ��	�KpÖ[m$�j��MIÕ³Ó�ÓiÓ O Ô-ÒiÓ�R"SqÒ ��� Ö
� �&�}� Ö Ì¢ÖJ�?%/	����\Ô323Ö�4X!$ Î�	����¦/gÖ�8� Î��NÔ(�<)£É�Ê7BEDW@&: È]ÉE0=@&)�@�d�@�DkÊ�BlÈ]ÉG@&B�3N@&)�378GÈ#: Ê<3�@{d�2�Ê7)NÊ7B<È#:�0�C[Ê�.

>�@&B<Ê7)£É�C7et�Ac72�+�ak)h.�36DkÈ�8[Ê<3mÔ � 	&��FkÖ���	�Î�F-Ñ[ÖWm�ph�nM � Q�Q � O Ô � Õ R"S � U � Ö
� R � I¢Öj�(��� 	&�����F %�lK�[	����*/:Ö£8? Î��QÔ£ÇYa£È&:�0ºÉEczDhB<01)v870 Dv: Ê�3,È&)h.-B<Ê�.#a�8µÉE0=@&)�É1]£Ê�@&B<Ê7+Y3mÔ � 	&��F1Ö-9G�-Í"HNÖ�I�!$!$K

o�MIÕ³ÓiÓ�Ó O Ô � Ò�Q&S ��� U-Ö
� U � I¢Ö��(��� 	&�����F %�lK��	����¥/:Ö¢8? Î��QÔ�ÇY0�3�87B<Ê\É60�C[È³É60=@#)�È&)h.#È&)TÉ601e�.#0�3�87B<Ê\É60�C[È³É60=@#)�@{d BlÊlÈ#B<B<È&)�2�Ê7+AÊ�)TÉ6e

01)jrVÈ#B<0|È&)£É
)v@#B<+Y3mÔ£8?i-Ð$KIÖ � 	#�GÖ$LW�nMpÕ³Ó�ÓiÒ O Ô-Ò �/� S'Ò � U£Ö
� Q � �TÖ � 	#Kl¡�	#���"/:Ö58� Î��QÔ(ZX)�Ê�: Ê�+AÊ�)TÉsÈ#B<c¢DhB�@�@�dn@�d�3�]£È&BED£qW@�,P@&: Ê7rwÊ7+x,[Ê�.�.#01) 2#3 Ô}	�Î\ÎµÍ"!k�<ÍP��¤���Ñ

!$i£Ð$K� Î7	#��l���¥����8gÑ��'Î³ÖkI�Ï,ÍGÑGÖ � 	&��FkÖj���'Î³Ö
��� Ó � 2�Ö£4X!$ Î�	#�j��/:Ö'8? Î��QÔ�'*)s2�Ê7)NÊ7B<È&:b0�CGÊ�.Y>�@&BlÊ�)TÉ1C7et�Ac72�+�ak)h.�3EDRÈ�8[Ê�3 Ô � 	&��F1Ö'9G�-Í"HNÖkIJ!$!�K[��M � Q�Q/Q O ÔÒ/Q � S�T � RqÖ
������� /gÖQ8? Î��QÔ_'�DNÉE01+AÈ&:�qh@/,"@#: Ê7r*Ê7+x,[Ê�.�.#01) 2#3 Ôg�J�/�$K�l�-ÍP	³Ñ}IJ��	�K�¦k��l�GÔ[�$i��£Î<����/����!j	iÎµÍP�z	#����IJ!$!$Kl Î7	&§

����/��� � Ô³8:Ñ��'ÎµÍ\ÍP�kl�$�/�A�#¤$��F-Í � ��Fu9G� �<Í\Ñ���	#��l����	�K ��!-Ñ�l�$�z�-Î�F$����K F-Í7K���l�,8gÑ�	���i-Í�Ô];�¨GÍGÎ�F©V�Í7!$i£Ð$K� Î³Ô
� 	;¦ §G��i��-Í � Q�Q/U-Ô � Ö£=7ÑlÐTÍ[Îz	#���4I�Ö£=zi$¤��-Í\Ñ�M|Í"�$�GÖ O ÔN4XKl¦�Ïx!$�	v8:ÑlÍ"���\Ô-8gÑ�	���i-Í�Ô � Q�Q/Q-Ô �P��� S � Q�Q£Ö

��� Õ � /gÖW8? Î��QÔ
qjaPDhB<Ê�+©ak+ª@�DkÊ�B<È³Ét@#B�3*È#)v.�@�DQÉ601+AÈ&:
qh@/,"@#: Ê7r¢01)NÊ�`7a£È&:�0ºÉE0|Ê<3mÔ
�$i$�£Î���l���«�k!�	iÎ\Í"�GÔ:Ì��¬NÍGÑ�§Í"�/��l	�KL4X!NÍ\Ñ�	&���iÑ��J	#�j�¢�J�/�$K�l�-ÍP	³ÑzIJ��	�K�¦k��l�GÖN8gÑ��'Î\Í\Í"�$��$� �_�#¤w��F-Í-��!-Ñ���$���'Î�F$����K�F-Í7K��¢l�n�k¦�#�lÍ;nÍ"�/�lÑ<Í�ÔR8�i��$	/��®�¯iÑ�%�?M6�J��Ñ���F-Í\Ñ����gl�$Kl	���� O Ô[��i$�£Í � Q/Q�Q£Ôj�3Ö � i��{�����-Í"��	����¢�TÖvVJ°���� ���$±l��M�ÍP�$�\Ö O Ô
� 	#��F-ÍGÏ-	&�� Î7	�KR9G���������ik�lÍ�IX��;
V�Ô£8gÑ�	���i-Í�Ô'ÕiÓiÓ�Ó-Ô-Õ³Ó�R"S'Õ � Q£Ö

�3����	:����	�� 	g��	:�5� 	��
��� Ò � ÌuÖ V�Ö�IX�$	³Ï-�GÔ�Z²3�]£È&BEDn01)QÊ�`�a£È#:�0ºÉ6c-@{dz³k´ ~ @&3\Ê�Bwd�@&BJ]�0b2;]-Ê7BY@&B�.iÊ7B}.�Ê�B<01r]È]ÉE01r]Ê<3mÔ�I��$��	#K����#¤ � 	#��FkÖ

m$��p�M � Q/U�U O Ô'Ò�U � SqÒ/Q�U-Ö
��� T � ;3Öi2>Í"�$�-Í����?	#���,=vÖ�V_ij�k�$ Î��NÔ�'*)©>A@#B<Ê7)£É�C�et��c72#+©ak)v.}36DkÈ�8[Ê<3mÔqÌ�����¸ÍGÑ��[Ö � 	&��F4m$�vµ4M � Q/UiÓ O Ô � S$R³Õ-Ö
���P�;� ;3ÖR2>Í7�$�£Í�����	�����V�ÖA�kF�	³Ñ�!$K Í7¦iÔ[��)£É�Ê�BED[@&: È³É60=@#)9@{d4'�DRÊ7B<È³Ét@#B�3 Ôc8�i-ÑlÍ�	�����I�!$!$Kl ÍP� � 	#��F-ÍGÏ-	&�� Î7�

�w�/KpÖ � Õ#Q-Ô$I3Î7	/�'Í\Ïx Î�8gÑ<ÍP���GÔ'2
�/������� � Q/U�U£Ö
���"�&��� ÖN2>Ñ�	iÏx	�� ��[	#�j��;3ÖN;nÍ\Ñ�ik����pÔ

W ¶ , ·
p

37@&:�r]È�,701:�0ºÉEc}d�@&B�É�]-Ê¥|:È&a�8�]�c&¸VÇ�01B<0=8�]�: Ê\ÉwDhB�@�,7: Ê7+£d�@&B*DkÈ&B<È#e
,P@&:�0=8vÊ�`7a£È]ÉE0=@&)$3}5w0ºÉ�]

V MO
8P@iÊ6¹ 8�0|Ê7)£É63mÔQ;��iÏvÏ*Ö-8w	³Ñ��GÖ-ÌX�¬WÖ���Hºmkp�M � Q/QiÒ O Ô � R³Ò � S � R � Ò£Ö

��� R ��» Ö�2>Ñ�¼"¨7���	#�j�x�RÖ � 	#l�$�iÍGÑGÔ�Z²)h@]É�Ê(@#)�:�01+�0ºÉE01) 2-8[È;3\Ê�3(@{dJqh@/,"@#: Ê�r,Ê�+-,GÊ�./.&01) 2#3�È#)v.x8"@#)�r&@&:�a'ÉE0=@&)
01)QÊ�`7a£È&:b0ºÉ60|Ê�3mÔQ;��iÏvÏ*Ö-8w	³Ñ����	#KRÌXb¬CÖj��HNÖjµnM � Q/UiÓ O Ô�R�R³Ò;S$R#U�Q£Ö

��� U � �WÖC;�F�l	iÑ<Í"�$¨"	�Ô
Lp

eGB<Êt2#ak: È&B<0ºÉEc�d�@&B-3<c;3mÉsÊ7+�3�@�d©½LÇz¾x¿ 3�5w0ºÉ�]^8P@iÊ6¹ 8�0|Ê7)£É63�01)
V MO

Ôw�����$Kl��£Í"	³Ñ
I���	#Kl¦k����\Ô$��i$�£Î���l���¢��!�	�ÎµÍ"�_	����4IJ!$!$Kl Î7	&����/���_�w�/KpÖjµkÔ£8:Ñ��iÏvÍ7��F-Í"i��\Ô'8gÑ�	���i-Í � Q/Q � Ô � SqÒ�Õ-Ö



� � �������	��
�����

��� Q � �WÖc;�F$�	³ÑlÍ7�$¨P	-Ô � ÖW�-Ñ�	��lÎ7	¥	#����8(ÖQ/[�������£Ô
W · ,p et3�@#:�r]È�,701:�0ºÉ6c�@�d,É1]£Ê�Ç�01B<0=8�]�: ÊµÉ?DvB�@/,�: Ê�+ d�@&Bx)v@#)

.#01rVÊ7B62�Ê�)h8GÊ,Ê�:1:b0 DNÉE0=8uÊ�`7a£È]ÉE0=@&)$3z5w0ºÉ�]
V MO

8"@�Ê=¹ 870|Ê�)TÉ=3mÔ��cÑ�	����GÖ I�Ï,ÍGÑGÖ � 	&��F1Ök�k�qÎ}ovoj��M � Q�Q�Ò O Ô
U�T � SkU � Ò-Ö

� Õ³Ó � I¢ÖT;�l	��£Î�F$IÔ$Z 3�]£È&BED.Ê�+-,GÊ�./.&01) 2zÉ�]-Ê�@&BlÊ�+�d�@&B-'*B<:�0=8�C�¸�qh@/,"@#: Ê�r©3EDRÈ/8GÊ�3mÔ-9G���k�	#�j	u0��$�%QÖ � 	#��FkÖ$�
LWµnM � Q�Q � O Ô'Ò�Q&S � � Ö

� Õ ����� Öq;��_���Í7K�	����-�5Öi8?i����{¦ Kl�$l�QÔkqh@/,"@#: Ê�r¢É6c�DkÊ�Ê7+-,GÊ�.�.#01) 2#3�01)�É1]£Ê�:b01+�0ºÉE01) 2-8[È;3\Ê\Ô �TÖ/����i-Ñ� ÍGÑ�IJ��	�KpÖ
I�!$!$KAL�M � Q�Q/U O ÔkT�ÒiÒ&S T/T � Ö

� ÕiÕ � ÌuÖ ��Ög���'ÏYi����$�GÔg8(Ö��(i£Ñ�� 	�	#�j�.2�Ö:4X!� ÎiÔÃÇ©@&a�,7: Ê+Ê�f�DW@#)NÊ7)£ÉE0|È&:*01)£É�Êt2#B<È/,�01:b0ºÉ6c�@{d�8"@#)�r&@&:�a'ÉE0=@&)
@�DRÊ7B<È]ÉG@&B�3Y01)º2�Ê�)QÊ�B<È#:�0�C[Ê�.x>�@&BlÊ�)TÉ1C7¸#��c72#+©ak)v.�3EDRÈ�8[Ê�3 ÔN9G���k�	#�j	A0J�$l%QÖ � 	#��FkÖv�£ÖjLjL«M � Q/Q �/O Ô � Q&S
T�Ò-Ö

� Õ³Ò � �¢Ö��$ij�<Î7�£ÔL8(Ö /gÖc/A��/���Y	�����;3Ög�qÐv�iÑ��k�/�-ÍiÔ
qh@/,"@#: Ê7rº01+x,[Ê�.�.&01)�2�É�]-Ê�@&B<Ê7+�3�01) ,P@&B�.�Ê�B<:b01)NÊº8[È;3\Ê<3mÔ8gÑ��'Î³ÖkI�Ï,ÍGÑGÖ � 	&��FkÖ����'Îxmk��L�M � Q�Q �/O Ô ���$� S �#� � Ö
� Õ&T � =vÖ » 	#���������kÔJ�<+-,[Ê�./.&01)�2wÉ1]£Ê�@#B<Ê7+Y3�@{dºqh@�,P@&: Ê�r�ÉEc�DRÊ�01)ND[@]É�Ê�)TÉ60|È#:�É�]-Ê�@&B<c]Ô � 	&��F1Ö*�'Î"	#���kÖ�LWµ

M � Q R#Q O Ô$R/R"S � Ó�Õ-Ö
� Õ �;� �TÖ I¢Ö » Í\Ïx!NÍ7KIÔ �,Ö V�Ö � �iÑlÑ�l�J	����¢�¢Ö �QÖ��cÑ�i��$��$��Í\Ñ[Ô?'*)�É1]£ÊY3�]£È&BEDh)NÊ�3�3-@{dvÈ¥:�01+�0ºÉE01) 2�8GÈ&3µÊ-@�d¢É�]-Ê

qW@�,P@&: Ê7rx01+x,[Ê�.�.&01)�2zÉ1]£Ê�@#B<Ê7+uÔ£2
i$KlKIÖ�IJi����<Ñ�	#Kl�	#� � 	&��FkÖ����'Î�o�M � Q R]Ó O Ô-Ò � Q;S'Ò R³Ò-Ö
� Õ �&� I¢Ö£=zik¤��-ÍGÑGÔN4uÖ$�/��F���	����º�QÖ���i���±l�QÔ��Wak)h8µÉE0=@&)�3EDRÈ�8[Ê�3 Ôv�J���iÑ��kF$��¬WÔ-/1Í7¦k�'Í"�kÔ�I�Î"	��'ÍGÏxl	£Ô£8:Ñ�	#F�	£Ô

� Q R�R'Ö
� Õ/R � �3Ö �,Ö � 	#¨
	 ¦ 	-Ô�Z É�]-Ê�@&BlÊ�+ @&)"É1]£Ê¢+©ak: ÉE0=.&01+AÊ�)�3�0=@#)NÈ#:�qW8�]kB���.#01) 2�Ê�B�@�DRÊ7B<È]ÉG@&B�M=V_i�����l	�� O Ô�9G¨"%NÖ

I��/	��kÖ$��	#i��NÖ¢�jp�M � Q � T O Ô ��� T � § ��� R³Õ-Ö
� Õ#U � �3Ö �,Ö � 	#¨�	 ¦/	£Ôhqh@/,"@#: Ê�r©q�DRÈ�8[Ê�3 Ôv��!-Ñ���$��Í\Ñ[Ô-2>Í\Ñ�K�l� � Q�U � Ö
� Õ#Q � �TÖR8CÍ\Í��lÑ<Í�ÔA¾�3EDRÈ�8[Ê�3�.A¿ 01)£É�Ê�BED[@&: È³É60=@#)wÊ\É5É�]��@&B��Ê7+vÊ¥.iÊ-qh@�,P@&: Ê���Ô�IJ�$�kÖR9G�j�{�[Ö[�$��i£Ñ� Í\Ñ©m�y9M � Q �/�/O ÔÕ R&Q;S'Ò � RqÖ
� ÒiÓ � �QÖ 9mÖk8�����F$�/¨7F�	iÍ7%QÔ_'*)�Ê�0b2�Ê7)"d�ak)v8\ÉE0=@&)$3s@�dvÉ1]£ÊzÊ�`7a£È]ÉE0=@&)��

u � λf
M
u
O�� Ó£ÔcÌX����KIÖ[IJ�/	/�RÖ[��	�i$�

�$�$V�mkyhµnM � Q �/�/O Ô'Ò � SqÒ�Q£Ö
� Ò ��� ��ÖW�$	��_¦iÍ\Ñ[Ô��X@&ak)v.�Ê�.&)NÊ�3�3-@�d�8�: È;3�3<0=8GÈ#:
@�DkÊ�BlÈ]ÉG@&B�3�@&)«87: È;3�3<0=8[È&:�>�@&BlÊ�)TÉ1Cx36DkÈ�8[Ê<3mÔw� ��ij�kl	 � 	#��FkÖ

� y�M � Q�QiÓ O Ô � T � S �P� U£Ö
� Ò�Õ � V�ÖW��F�	iÑ�!�K Í"¦iÔ
|w@#ak)£É�Ê�BlÊ�fqÈ&+�Dv: Ê<3*d�@&B-8�: È&3�3�0=8[È&:?@�DRÊ7B<È]ÉG@&B�3©01)�>A@#B<Ê7)£É�C�¸��Ac72�+�ak)h.�3EDkÈ�8[Ê<3mÔA� ��i��k�	

� 	#��FkÖ�yvp�M � Q�U�Ó O Ô � T � S �P� U-Ö
� ÒiÒ � �QÖ /:ÖJ����Ðj�/K Í"%QÔ(Z�D/Dv:�0=8[È]ÉE0=@&)�3�@�d��[ak)v8\É60=@#)NÈ#:_ZX)QÈ&:�c;3<0�3�01) ~ È]É�]-Ê7+vÈ³É60=8[È&:X½?]�c;3<0=8<3mÔ��cÑ�	�����KIÖ
�#¤� 	#��F-ÍGÏ*Ö � ���$�/�iÑ�	#!$Fj�\ÔkI5ÏvÍGÑ� Î7	�� � 	#��FkÖv���'Î³Ö Ô£8:Ñ��&%�l�'Í"�£ÎµÍ�Ô V�Ö 9mÖv�kÔ � Q � Ò£Ö
� Ò#T � �QÖ$��!j	#�$�-Í�Ôhqh@#+vÊ?d�ak)v8\É60=@#)�36DkÈ�8[Ê<3Y.�Ê��?)NÊ�.xa�3<01) 2vÉ�]-Ê�+vÊ È#)�@;378701:1: È]ÉE0=@&)�@&r]Ê�B�87a�,GÊ�3mÔ$IJ�$�1Ö��'Î�ikÖ

���iÑlÏ�Ö��ki$!kÖ£8?l��	sm � M � Q � ��O Ô � QiÒ#§ � Ó�U-Ö
� Ò �;� �3Ö ÌuÖ����<Í7!j	#�$�&%QÔ��h]-Ê(5gÊ70b2;]qÉ�Ê�.}�uÈ&B�.#c[¿ 3�01)NÊ�`7a£È&:�0ºÉEc�d�@#B�)h@&)�01)h8�BlÊlÈ&3<01) 2*d�ak)v8\ÉE0=@&)$3mÔ �1Ñ�	#���GÖ�I�Ï,ÍGÑGÖ

� 	#��FkÖ��k�qÎiÖjovojp�M � Q�Q�Ò O Ô � R]Ò&S � U � Ö
� Ò �&� V�Ö �QÖ?� �lÑ� Î�F�	iÑ���¨iÔ
Z�)v@³ÉsÊ�@&)!�$B<a�.&01) 2�Ê7B$¿ 3�Ê�f�ÉsÊ7)$3<0=@&) @�d¥qh@�,P@&: Ê�rh¿ 3º01)NÊ�`�a£È#:�0ºÉEc]Ôn9G���$l	���	$0��$l%NÖ

� 	#��FkÖ$�4�Wm¢M � Q RiÕ O Ô�U�T � S�U#TqÕ'Ö
� Ò R � �¢Ö �QÖ��cÑ�i��$��$��Í\Ñ[Ô�'*)n01+x,[Ê�.�.#01) 2#3�01)£ÉG@�'*B<:�0=8�Cx3EDRÈ�8[Ê�3vÈ&)h.s3�@#+vÊAÈ�D�Dh:�0=8GÈ³É60=@#)$3mÔ��TÖ � 	&��F1Ö � Í[Î�F

m$�nM � Q � R O Ô�T�R³Ò;S�T/UiÒ£Ö
� Ò�U � �3Ö 9mÖ#"�i��k�&%� Î�FkÔ}qW@&+AÊ�Ê<3mÉE01+vÈ³ÉsÊ�3�8"@#)�)QÊ�8\É�Ê�.«5w0ºÉ�] 01)£É�ÊE2�B<È#:z@�DRÊ7B<È]ÉG@&B�3�È#)v.«5w0ºÉ�]�37@#:�a'É60=@#)$3n@�dÊ7:1:�0 DNÉE0=8vÊ�`�a£È³É60=@#)$3mÔj���&%� Í�� � 	&��FkÖ£ÌX����K�	��k¦º��M � Q �$�;O Ô�R;T � S�R;T/Q£Ö
� Ò�Q �}� Ö 8(Ö%$v Í\ÏvÍ\Ñ[Ô'&*Ê È)(&:�c,Ç�0 ��Ê7B<Ê7)£ÉE0|È�,7: Ê*�Wak)h8µÉE0=@&)�3 Ôv��!-Ñ���$��Í\Ñ[Ôk�5Í+�,"��iÑ���Í7�lÎ³Ö � Q�U/Q-Ö
� T�Ó � I¢Ö�$v¦��iÏ�i$���RÔ��$B<0b2/@#)v@#+vÊ\É6B<0=8YqRÊ�B<0|Ê�3mÔN;
	³ÏuÐ-Ñ���k��Í�0��$�%�Í\Ñ�����{¦�8gÑ<ÍP���GÔ£;
	³Ï¢Ð£Ñ���k�iÍ�Ö

-/.0�132 4�56.784:9�;�<=1>4�?3.5@1>4�ACB%13DFEG7�13DIH�JKACJ�LNM�18B%O3DI4�HP93;Q<R1>4�?8.561>4�ACB�JS1378T:UV?�H�J+ACB�J
L
W ?�132�D .�JGXG78AZY�.28JKA[4�H�L]\�93^39�D_9�Y�JK^3`ba�c�L�d
aeQf_ghUV2�13?81ba�L W�i .�B�?kjl.0O8m�D ACB

¾
eG+AÈ&01:cÈ/.�.#B<Ê<3�3iËon�p qsrt
r>u
v�w�p)x#y�z�{_{�y|q)}_x�p�y~qs�


