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JKVW[Ig ��[Z`3JKT
L i�G6SgR\G�T
[lHKcfVmJ]GZi��zGI{LjpefVmNMLL�7Vmg�` LU{
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{
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L
cfefNKc\[lHML�[Z` JKT
L8Vmg
{
ime
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[INKVWHML NML
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klVWHKJML
NMH�[Z`�Vmg�` LU{
JKVW[Ig
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g�`t[INM{ULUHSJKT
L T
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JST
[lHKcfVmJ]GZi��zGI{LjpefVmNMLL��Vmg�` LU{
JKVW[Ig
H�Vmg�JKT
L
VmN GZNMLPG�[Z`
NMLUHKc\[Ig
HKVmYfVmimVmJ�^ |�R�T
L � GZJKVW[IghGZi r�efYfimVW{ � LPGZimJKT y�g
HMJKVmJKefJML � � GZg
H]GZg JML
NKo L
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NKo LUH GIH JKT
L
ghGZJKVW[IghGZi"{U[Ig
HMefimJ]GZg JSVmg8JKT
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Q5RTS�UVUXWZY�[(\%]^S`_�aVR%bc]^S�deY(f`RgRhfjief
_kf`[EalS�U'aVR�m$Yk_�dnaof`Rhi�S�dpdnqhY h Y�aVUlS�qrdna X fjins%aVd^S�Utaoi5Rhf`d�SkujS�aVUlS�\%UoYjv
w qhYx]eYOS`i^f`RPaoiOyjdnq
S�dzin{h_eq"S}|hbj{%]eY~_kf`Rrd^S�aVRhi�Rhf�aVR�m�f`]n[;S�dnaof`R;dnq
S�dH_kf`{%Uo�;qhY�UVsPaVRPdnqhY�s%]eY�u�Y�R�dnaof`R
indn]n{%bjbjUoYjv X Y�Rh_kYjyzRhf�Y���f`]ndeiPq
SOu�Yc\�YkY�R�[;S`�%YKdef��%Y�|hRhY�aVdOv���RhindeYOS`��yzdnqhYK]^S�deYki;f�m�_kY�]nd^S�aVR
dZ�
s�Ykixf�mtRhfji^f�_kf`[EalS�U�aVR�m�Yk_�dnaof`Rhi5S�]eY}dnqhf`]ef`{%bjq%UV��[Pf`R%aVdef`]eYk��y�Yjv bhv3\%Uof�f
�%indn]eYOS�[�aVR�m�Yk_�dnaof`Rhi~S�Rh�
in{%]nbjao_OS�U�aVR�m$Yk_�dnaof`Rhi�]eY�UlS�deYk�Cdef�q%aVsCY�Rh�%f`s%]efjindnqhYkieYki�v u Y�u�Y�]ndnqhY�UoYkieiOy�dnqhYPRhfjief�_kf`[EalS�UHaVR�m$Yk_�dnaof`R
inaVdn{
S�dnaof`R�S�d3dnqhY h Y�aVUlS�q�dna X fjins%aVd^S�Uhaoi'Rhf`dBdnqhf`{%bjq�dHdef���aVu�Y�]nb�Y�m$]ef`[�f`dnqhY�]BR
S�dnaof`R
S�U�f`]3aVRrdeY�]nR
S9W
dnaof`R
S�U�qhfjies%aVd^S�UoiOy�S�UVdnqhf`{%bjqTS�u�aVb�f`]ef`{hi5_kf`[Es
S�]naoief`R�aoi~Rhf`d Y {hindnaX|
Yk��yhinaVRh_kY�[;S�R��c�%Y�UVao_OS�deY(S�Rh�
ieY�u�Y�]eY�UV�#aVUVUzs
S�dnaoY�R�deiOy�UVaV��Y"dn]^S�Rhies%UlS�Rrd^S�dnaof`R�s
S�dnaoY�R�deiOy3m$]ef`[DS�UVU�f�u�Y�] % aVR%UlS�Rh��S�]eY�_kY�R�dn]^S�UVaoieYk�
dnqhY�]eY }��ov{� v
w qhY�f�_k_�{%]n]eY�Rh_kY�f�m5S�R�dnaV[Eao_�]ef`\%alS�U�]eYkinaoind^S�Rh_kY�S�[Pf`R%bgs
S�dnqhf`b�Y�Rhi�aoi(��Y�s%d�{%Rh�%Y�]�_�Uofji^Y;��S�de_eq�v
^ a g in[;S�UVU hg�]^ QMY�s%ao�%Y�[Eao_ki5f
_k_�{%]eYk��S�d~dnqhY h Y�aVUlS�q�dna X fjins%aVd^S�U�aVR �j�j�ot v w qhY�]eY��zY�]eY lot RhY��
Y�s%aoief
�%Yki5f�m hg�]^ Q�v w {%]naVR%b�dnqhY�s
S`ind5m�Y�����YOS�]ei5dnqhY�R�{%[�\�Y�]pf�m hg�]^ Q�Y�s%aoief
�%Yki5q
S`i~dn{%]nRhYk�
�%fO��R�y�s
S�]ndnUV��\�Yk_OS�{hieY�f�mHdnqhY(aVRh_�]eYOS`ieY�aVR�q
S�Rh�g��aoinaVR�m�Yk_�d^S�Rrd�_kf`Rhin{%[Es%dnaof`R W7^ {%\hieYk_�dnaof`R���v � vV�
S�Rh� % aVbhv���v�� ` v w qhY �}�~  inaVdn{
S�dnaof`R�aoi}u�Y�]n�gb�f
f���S�d�dnqhY�qhfjins%aVd^S�UzS�Rh�TRhfKin{h_k_�{%[�\�Yk��_OS`ieYki
��Y�]eY�Y�Rh_kf`{%RrdeY�]eYk�¡aVR �j�j�ot y���qhY�]eYOS`i(dnqhYPs%]eY�u
aof`{hi(aVRh_�]eYOS`ieY;aVR   ^
¢�£ Y�s%aoi^f��%Yki�ieYkY�[Pi�def�\�Y
indeYOS`���
aVR%bhv<¤�¥ D@R Ti2X¦;6o45R;0 y�f`R�dnqhY�_kf`R�dn]^S�]n��y��zS`i"aoief`UlS�deYk�§m$]ef`[ � �Ts
S�dnaoY�R�deiOy�_kf`[Es
S�]eYk��def
� v aVR �j�j��¨ v w qhY�]eY(q
S`i}S�UoiefP\�YkY�Rgi^f`[PY�s%]ef`\%UoY�[Pip��aVdnq�def`\%]^S�[(�
_�aVR�W�]eYkieaoind^S�Rrd(©x¥ 6;*G?GR`¦o2JI3.90>6
W$w��~j Q ` W�\
S`_�deY�]nalSTS�d�f`RhY"f�mxdnqhY;qhY�[;S�def`Uof`bjao_OS�U��zS�]e�%iOyBS�Rh�¡�%Ykins%aVdeY�S`ieinao��{hf`{hi�Y���f`]ndeiOytdnqhY
ief`{%]e_kY�f�m'dnqhY�\
S`_�deY�]nalS�q
S`i~Rhf`d�\�YkY�Rcm$f`{%Rh��v } � ¨j¨9�
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w S�d^S;f`R�dnqhY�s%]eYk�%f`[EaVR
S�Rh_kY�f�m3Rhfjief�_kf`[EalS�U ¢p^ ��i~aoix{hieY�m${%U�def;qhfjins%aVd^S�U�q���bjaoY�RhY�s�Y�]ei^f`R%RhY�U�y�S`i
aVd5_kf`R�d^S�aVRhi~aVR�m�f`]n[;S�dnaof`R���q%ao_^qTS�ao�%i~defEs%]eY�u�Y�RrdpdnqhY�[cy
Yjv bhv�qhfO�»dnqhY�aVR�m�Yk_�dnaof`RhipS�]naoieY W _kY�Rrdn]^S�U
u�Y�Rhf`{hiP_OS�dnqhY�deY�]naV¼�S�dnaof`R�aoiPS�_kf`[E[Pf`R�_OS�{hieY ` v w qhY"bj]^S�dnaXm$�
aVR%bCS`ins�Yk_�dEf�m ¢p^ �½i�aoi�dnq
S�d�aVd�aoi
Rhf`d�u�Y�]n�?q
S�]e�Cdef��%Y�deY�]n[EaVRhY"��qhY�dnqhY�]�dnqhY"aVR�m$Yk_�dnaof`Rhi�S�]eY;qhfjies%aVd^S�UXW�S`_ f {%aV]eYk�¾f`](_kf`[E[({%R%aVdZ��W
S`_ f {%aV]eYk��vP�ZR �j�j�ot dnqhYEf�u�Y�]^S�UVUHR�{%[�\�Y�]�f�m ¢p^ �½i�S�d�dnqhY h Y�aVUlS�qrdna X fjins%aVd^S�U3�zS`i v � ¨ y�inUVaVbjq�dnUV�
[Pf`]eYzdnq
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S�]eYk�
def ¨;t ¿ÀaVR �j�j��¨ v $ R%UV�Cf`RhY h��_^ QÁindn]^S�aVR#��S`i�aoief`UlS�deYk�#m�]ef`[ÂdnqhY;\%Uof
f
�#i^S�[Es%UoYki�yBS�Rh�CdnqhY
S�RrdnaV[Eao_�]ef`\%alS�U�]eYkinaoind^S�Rh_kY~f�m�Ãx¥ A .98 2 W$  ^
¢�£S` aoief`UlS�deYkiBind^SO��Yk�E[Pf`]eYxf`]BUoYkieiBdnqhY�i^S�[PY~S`i'aVR �j�j��¨ v
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S�dnaoY�R�deixS�d�dnqhY h Y�aVUlS�q�dna X fjins%aVd^S�U�v w {%]ÊW
aVR%b�dnqhY�s
S`ind�� � ��YOS�]ei5dnqhY�[Pf`]nd^S�UVaVd���q
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aVdZ��]^S�deYki�aoi���¥ 69R ? *GR 0 v w qhY5[Pf`]nd^S�UVaVd���q
S`izie�zSk��Yk�c\�Y�d���YkY�R �j� S�Rh� �ot ¿ ��{%]naVR%bEdnqhY5s%]eY�u
aof`{hi
dnq%]eYkY���YOS�]eiOy3\%{%d���S`i(s�Y�]naof
��ao_OS�UVUV�Cu�Y�]n�CUof��ÁYOS�]nUVaoY�]Ov h��_^ QÁq
S`i�s%UlSk��Yk��S�u�Y�]n�Cin[;S�UVU�]ef`UoY
aVR§dnqhYkieY�Y�s%aoief
�%YkiOv#Ãx¥ A .98 2 [Pf`]nd^S�UVaVd���y�f`R¾dnqhY�f`dnqhY�]Eq
S�Rh��yBq
S`iE�%Yk_�]eYOS`i^Yk�¾aVR¡dnqhY�s
S`ind�d���f
��YOS�]ei5S�Rh��]eY�[;S�aVRhi~UofO��v X fjins%aVd^S�UXW�S`_ f {%aV]eYk��© I�*>R TU.mA .MA A>R 0 aVR�m�Yk_�dnaof`Rhixf
_k_�{%]xieY�Uo�%f`[cy%\%{%d~S�]eY
f {%aVdeY�UoY�dnq
S�Ux��qhY�R§dnqhY��¡�%f%v¾��dEinqhf`{%Uo�§\�Y"Rhf`deYk��dnq
S�dEdnqhYcS�\�f�u�Y�s�Y�]e_kY�R�d^S�b�Yki"S�]eYc�%Y�]naVu�Yk�
m$]ef`[ f�m$deY�R"Y g dn]eY�[PY�UV�;in[;S�UVU
s�f`s%{%UlS�dnaof`RhiOy
ief�f`RhYpS`�%��aVdnaof`R
S�U�_OS`i^Y~f`]�f`RhY5_OS`ieYxUoYki^iH_kf`{%Uo��in�zSO�
dnqhY�[Â]^S`��ao_OS�UVUV��v % {%]ndnqhY�]n[Pf`]eYjy3dnqhY;{%Rh�%Y�]nUV��aVR%bgqhYOS�UVdnq¾ind^S�dn{hi�f�m~�%Yk_kYOS`ieYk�#s
S�dnaoY�Rrdei�aoi(f�m�deY�R
s�YkieinaV[Eaoindnao_jv } � ¨j¨9�
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w qhYpRhfjief
_kf`[EalS�U�aVR�m�Yk_�dnaof`R�s%]eY�u�Y�Rrdnaof`RKs%]^S`_�dnao_kYkixS�]eYp]eY�UlS�deYk��def�dnqhY}��aX��Y�]eY�Rrd�[PYOS�Rhi�\r�;��q%ao_eq
s
S�dnqhf`b�Y�Rhi~ies%]eYOS`��v % ]ef`[ÁdnqhY}u
aoY���s�f`aVR�dxf�mtRhfjief
_kf`[EalS�U�aVR�m�Yk_�dnaof`RhiOy�dnqhY}[Pfjind�aV[Es�f`]nd^S�Rrd~f`RhYki
S�]eY A .oI�476VAC4 y O9? ./�38 *>4 S�Rh� 692J?8� .9?GI�*(2JIMDC* Am4525.9IL0 v¾�ZR�m�Yk_�dnaof`R§\r� A .9I3476VAC4 aoi�dnqhYK[PfjindE_kf`[E[Pf`R
f�m~dnqhYkieY�dnq%]eYkYjv j S�dnqhf`b�Y�Rhi;S�]eY�{hin{
S�UVUV��dn]^S�Rhin[EaVdndeYk�§f`R¡dnqhY�q
S�Rh�%iEf�mxqhYOS�UVdnq�_OS�]eY;�zf`]n��Y�]ei
m$]ef`[ f`RhY�s
S�dnaoY�Rrd�def�S�Rhf`dnqhY�]H��qhY�RPdnqhYxdn]eYOS�dn[PY�RrdHaVR�u�f`UVu�YkiHs�Y�]eief`R
S�Uh_kf`R�d^S`_�dOv w qhY�s
S�dnqhf`b�Y�Rhi
_OS�R#f`]naVbjaVR
S�deYPm�]ef`[Fs
S�dnaoY�Rrd�ieYk_�]eY�dnaof`R�yt��q%ao_eq#f�m$deY�RC_kf`R�d^S�aVRhi(UlS�]nb�Y�S�[Pf`{%Rrdei�f�m�\
S`_�deY�]nalS�y�f`]
m$]ef`[F_kf`Rrd^S�[EaVR
S�deYk�§S�]eYOS`i�aVRCdnqhYEaVR
S�R%aV[;S�deY�Y�Rru
aV]ef`R%[PY�RrdOv w qhY;s
S�dnqhf`b�Y�Rhi(_OS�R#in{%]nu�aVu�YPm$f`]
Uof`R%bKs�Y�]naof��%i�f�mzdnaV[PY�f`R?dnqhY�q
S�Rh�%iOy�S�Rh�TS�]eYEYOS`ieaVUV��dn]^S�Rhin[EaVdndeYk�gm${%]ndnqhY�]Ov :<? ./�38 *>4 aVR�m$Yk_�dnaof`R
[PYOS�Rhi�dnq
S�dBdnqhYxs
S�dnqhf`b�Y�Rhi�S�]eYxins%]eYOS`�;dnq%]ef`{%bjq;UlS�]nb�Y~��]ef`s%UoY�dei�y�s%]ef
��{h_kYk��y�m�f`]HY g S�[Es%UoYjyr��qhY�R
inRhYkY�¼kaVR%bhy�_kf`{%bjq%aVR%b�f`]~Y�u�Y�R�d^S�UV��aVR%bhv w qhY���]ef`s%UoY�deipS�]eY�qhYOSku
�KY�Rhf`{%bjq�defE\�Y}s%{%UVUoYk���%f���R�\��
bj]^Sku
aVdZ��S�brS�aVRhind3S�aV]��
fO�xiOy�S�Rh�(]^S�]eY�UV���h�}m�S�]ndnqhY�]�dnq
S�RESx[PY�dn]eYjvtQ�_k_kf`]e��aVR%bjUV��yjaVR�m�Yk_�dnaof`R(]eY f {%aV]eYki
_�UofjieY�s%]ef g aV[EaVd���def�dnqhY�ief`{%]e_kYjv�¤ 2J?8� .9?GI�* aVR�m�Yk_�dnaof`R?aoi�ins%]eYOS`�Tdnq%]ef`{%bjq?s
S�dnqhf`b�Y�R�WZ_kf`R�d^S�aVR%aVR%b
S`Y�]efjief`UoiOy3Yjv bhv�ie_�{%]ÊmÊytdnaVR��C��]ef`s%UoY�dei�S�Rh�¡��{hind(s
S�]ndnao_�UoYkiOv w qhYkieY�S�]eYPUoYki^i�dnq
S�R t
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S�dnqr��Sk��iOv $ dnqhY�]�u�Yk_�def`]eiOyHUVaV��Y�\%Uof�f
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S�]^S�[Pf`{%R�d�aVR®dnqhY�s%]eY�u�Y�R�dnaof`R f�m}qhfjies%aVd^S�UXW�S`_ f {%aV]eYk� aVR�m�Yk_�dnaof`RhiOv �Zd
ieY�deip{%s?S�RgY���Yk_�dnaVu�Y�]ef�S`��\%Uof
_e��f`RTdnqhY�_kf`Rrd^S`_�d}aVR�m�Yk_�dnaof`Rgs
S�dnq��zSO��v ^ aVRh_kY�dnq%aoi5aoi5dnqhY([;S Y f`]
q%aVbjqr��Sk�;m$f`]BRhfji^f�_kf`[EalS�U�s
S�dnqhf`b�Y�RhiOyraVdHaoiHYkindnaV[;S�deYk�;dnq
S�dHqhfjins%aVd^S�UXW�S`_ f {%aV]eYk�;aVR�m�Yk_�dnaof`RhiH_OS�R"\�Y
]eYk��{h_kYk��\r�E]ef`{%bjq%UV� tj� ¿�\r�"S�s%s%]ef`s%]nalS�deYpq
S�Rh�;qr�
bjaoY�RhYjy�S`i�aVRh��ao_OS�deYk��aVR�S�indn{h���E\r� j aVdndeY�d *>4
698�} �j��� � v ¢ {%dH��q
S�dz�%f�YkiHb�f�f
�;S�Rh�"S�s%s%]ef`s%]nalS�deY5q
S�Rh�Pq���bjaoY�RhY~[PYOS�R � w qhYpS�Rhin��Y�]z_kf`[Es%]naoieYki
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X S�Rh���zS`inq%aVR%b�aoi�Rhf��zS`�hSO�
i"{hieYk� Y {hied�defg]eY�[Pf�u�YKu�aoieaV\%UoY���aV]nd�m$]ef`[ dnqhY�q
S�Rh�%iOv j ]eY�u�aof`{hieUV�
q
S�Rh���zS`ieq%aVR%b��zS`i�]eYk_kf`[E[PY�Rh�%Yk� aVRÍf`]e�%Y�]�def#]eYk��{h_kYgdnqhY�dn]^S�RhinaoY�RrdK\
S`_�deY�]nalS�U��
f`]^S#f�m�dnqhY
q
S�Rh�%iOy�\%{%d(S�UV]eYOS`���?�ZbjR
S�¼ ^ Y�[E[PY�UV�zY�aoi�f`\hieY�]nu�Yk�?dnq
S�d�inaV[Es%UoYPq
S�Rh���zS`inq%aVR%bg��aVdnqCief�S�sCS�Rh�
�zS�deY�]~�zS`i�Rhf`d�Y���Yk_�dnaVu�Y}aVRKdnqhY}]eYk��{h_�dnaof`Rcf�mt_eq%aVUo��\�Yk��m�Y�u�Y�]�Y�s%aoief��%Yki�aVRKdnqhY�� l�¨r� iOv u f`RhY�dnqhY�W
UoYkieiOy�q
S�Rh���zS`ieq%aVR%b���aVdnq¡ief�S�s��zS`i�indnaVUVUB]eYk_kf`[E[PY�Rh�%Yk�#\r�?dnqhY � wE� aVR�� nolot S�Rh�Cq
S�Rh�C��aoiÊW
aVR�m�Yk_�dnaof`R?��aVdnq?S�Uo_kf`qhf`U3��S`i�Rhf`d�S`��u�aoi^Yk�TS`i�S"]eY�bj{%UlS�]�S`_�dnaof`R�v���dpdef�f`�C� � [Pf`]eY���YOS�]ei}\�Y�m$f`]eY
S�Uo_kf`qhf`U���aoieaVR�m$Yk_�dnaof`Rc\�Yk_OS�[PY�dnqhY�s%]naV[;S�]n��]eYk_kf`[E[PY�Rh�%Yk�gS�UVdeY�]nR
S�dnaVu�Y�aVRcdnqhY [ v ^ v } �j� �{� v
% aVR%UlS�Rh��y�f`R;dnqhY~_kf`R�dn]^S�]n��y
q
S`iH\�YkY�R;f`RhYpf�m�dnqhY~s%aof`RhYkY�]eiHaVR"dnqhYx{hieY5f�m�S�Uo_kf`qhf`UXW�\
S`ieYk�"��aoieaVR�m$Yk_�W



��� +����������9�%�(�������
	������$���t��������	9�������?)������
���%�������¡)����
	�����	9��� ���

�����
	���
\�g��� �e���7��� �!�<�C� �� ��8" +�>#� M � � = +�> �8" �#� 5 +1�*���-�8, 5_� , �� �/�/� �7 �4, �r�1( � M �!� � ,-�'+7�/� ��� "X� �1����,<� " + Z �  9(
� " +7�E��� �<� M >r+ Z >#�  9(D( �C���  1" � 5 +�� �� =��-+�>%�  ��, 5_� > � ,-� 5K( �����  1" � 5 +��  + U F �70 � 5 ��Y�+�>���? �  9( ?�* M �<�  �BI �/� ��0 � 5 �
� �  +7�E���
	
����
���������������	�� ��� 	�� ����� ��� � ����� ��� [�5_5! �<�  Q(\%#"%$�& ^ #�S�S7�7Z

d^S�Rrdei'aVRhiedeYOS`��f�m
i^f�S�s�S`i3S~[PYOS�Rhi�def5]eY�[PfOu�YzdnqhYzdn]^S�RhinaoY�R�dt\
S`_�deY�]nalS�U%in�
aVR �
f`]^S�v�Q5Uo_kf`qhf`UXW�\
S`ieYk�
��aoinaVR�m�Yk_�d^S�Rrdei5q
Sku�Y�\�YkY�Rcinqhf���Rcdef�\�Y}[({h_eq�[Pf`]eY�Y���Yk_�dnaVu�Yjy�S�Rh��\r�KS`�%��aVR%b���W � ¿ f�m'bjUV�
_kY�]ef`U
def�dnqhY�Y�[�{%Uoinaof`R�y�dnqhY�q
S�Rh�%i���aVUVU'Rhf`d���]n�gS`i�S9m�deY�]�S"dn]^S`��aVdnaof`R
S�UBief�S�s?��S`inq�v w qhYEY�[({%Uoinaof`Rhi
��q%ao_eqgS�]eY5{hi^Yk�"aVR % aVR%UlS�Rh�K_kf`R�d^S�aVRR� � [;S`ieix¿ Y�dnq
S�Rhf`UtS�Rh����v � [;S`i^i�¿ deY�]ndÊW�\%{%d^S�Rhf`U�v w qhY��
]^S�s%ao��UV�(�%Ykiedn]efO��\
S`_�deY�]nalS�S�Rh�([Pfjind'u
aV]n{hieYkiOy�aVRh_�UV{h��aVR%b X � � y �]^ � yOdnqhYz]ef`d^SOu�aV]n{hiBS�Rh��qhY�s
S�dnaVdnaoi
Q�S�Rh� ¢ u
aV]n{hieYkiOv w qhY�Y g _kY�UVUoY�R�d}dnq%aVR%b�S�\�f`{%d}S�Uo_kf`qhf`U3S`i}S;��aoinaVR�m�Yk_�d^S�Rrd}aoiOy
dnq
S�d5aVdpaVRhind^S�R�dnUV�
�
aVUVUoi;\
S`_�deY�]nalS¡S�Rh��dnqhY����%f?Rhf`d��%Y�u�Y�Uof`s®]eYkieaoind^S�Rh_kYcdef��zS�]e�%i�aVdOyxS�UVdnqhf`{%bjq dnqhY�]eY�S�]eY�S?m$Y��
s
S�dnqhf`b�Y�Rhi W Yjv bhv(' 8 .10G45?G25Oo2JR T O92 ) A>2 8 *1` ��q%ao_eq¾S�Uo_kf`qhf`U���aoinaVR�m�Yk_�d^S�Rrdei�S�]eYEaVRhY���Yk_�dnaVu�Y"S�brS�aVRhindOv
% f`]�dnqhY"S�Uo_kf`qhf`U�Y�[�{%Uoinaof`R¡defcq
SOu�Y;s%]ef`s�Y�](Y���Yk_�dOy'Y�Rhf`{%bjq¡f�mxaVd W {hin{
S�UVUV� ��*r¨ [EU ` q
S`i�def�\�Y
S�s%s%UVaoYk�cief�dnq
S�d�dnqhY}q
S�Rh�%i�]eY�[;S�aVRc�zY�d�m$f`] �j��* � � ieYk_kf`Rh�%iOy%S�Rh��dnqhY}_kf`]n]eYk_�dxdeYk_^q%R%a f {hY}q
S`i�def
\�Y�{hieYk����qhY�RT]n{%\%\%aVR%b�aVd~aVRrdef�dnqhY�q
S�Rh�%iOv w q%aoip[PYOS�Rhi5dnq
S�d�S�UVU's
S�]ndei}f�mBdnqhY�q
S�Rh�%i}q
SOu�Y�def
\�YE��f`]n��Yk�Cdnq%]ef`{%bjq�y'S�Rh�Cins�Yk_�alS�UB_OS�]eY;\�Y�bjaVu�Y�R#def�dnqhYE|hR%b�Y�]ndnaVshi�S�Rh�?dnqhYEdnqr{%[(\�v�Q~Uo_kf`qhf`U
��aoinaVR�m�Yk_�dnaof`RKaoizs�Y�]Êm�f`]n[PYk�;\�Y�m�f`]eY}S�Rh��S9m$deY�] * 6VAG)\�+6o4527*GI�4-A .oI�476VAC4 v w Ykins%aVdeY5dnqhY}_�UoYOS�]�Y�u�ao�%Y�Rh_kY
f�m�dnqhYz{hieY�m${%UVRhYkiei'f�m�S�Uo_kf`qhf`U%��aoinaVR�m�Yk_�dnaof`R W5% aVbhv`��v �V` y`dnqhY�S�\�fOu�Yzbj{%ao�%Y�UVaVRhYkiHS�]eYzRhf`dBS�UV�zSO�
i3_kf`[�W
s%UVaoYk����aVdnq�v w qhY~]eYOS`i^f`RhiHm�f`]Hdnq%aoi�S�]eY5Rhf`d�aVRh��aX��Y�]eY�Rh_kY�S�Rh�"��aoie\�Y�UVaoY�mnyr\%{%dz]^S�dnqhY�]zm$f`]nb�Y�dÊm${%UVRhYkiei
��{%]naVR%b�qhYk_�dnao_~[Pf`[PY�R�dei�S�Rh��S�RKS`iein{%[Es%dnaof`R�dnq
S�dHdnqhY}S�Uo_kf`qhf`U���aoieaVR�m$Yk_�d^S�R�dzaoi�{hieYk�;[Pf`]eY~dnq
S�R
��q
S�dxaoi~S`_�dn{
S�UVUV��dn]n{hY } � ¨;v9� v
w qhY5{hieYxf�m�S�Uo_kf`qhf`U���aoinaVR�m$Yk_�d^S�R�deiHaoi�{hin{
S�UVUV��[Pf`R%aVdef`]eYk��\r�E[PYOS`in{%]naVR%b�qhfO�®[�{h_^q�f�m�dnqhY5Y�[�{%UXW
inaof`R�aoi(_kf`Rhin{%[PYk��v w q%aoi�ieY�]nu�Yki�s
S�]ndnUV��S`i�S�[Pf`dnaVu`S�dnaVR%b�m$f`]e_kYjy�inaVRh_kYEdnqhYEs�Y�]eief`R%RhY�Uzf`RCYOS`_eq
�zS�]e��_OS�R¾i^YkY"qhf�� [�{h_eq�q
S`i�\�YkY�R¾{hieYk��yHS�Rh�§_kf`[Es
S�]eY�aVd�defgs%]eY�u
aof`{hi�[Pf`Rrdnqhi;S�Rh�¡��YOS�]eiOv
w {%]naVR%b¾dnqhY�s
S`ind;m$Y�� ��YOS�]eiOy�dnqhYg_kf`Rhin{%[Es%dnaof`RÍq
S`i"\�YkY�RÍindeYOS`��aVUV��aVRh_�]eYOS`inaVR%b¡aVR dnqhY�dnq%]eYkY
\%aVbjb�Ykindx{%R%aVu�Y�]eieaVdZ��qhfjins%aVd^S�Uoi�aVR % aVR%UlS�Rh� W5% aVbhvh��v�� ` v w qhY}qhfjins%aVd^S�UXW���ao�%Y�_kf`Rhin{%[Es%dnaof`R�aoi�d���s%aXW
_OS�UVUV�Ks%]eYkieY�R�deYk�gS`i~UVaVdn]eYkixs�Y�](�jy �j�j� s
S�dnaoY�R�dÊWZ�hSk��iOy���q%ao_eqgaoixRhf`d~u�Y�]n�K_kf`Rh_�]eY�deYjv X fO�zY�u�Y�]Oy
dnqhY
Rr{%[(\�Y�]eip_OS�Rc\�Y}dn]^S�RhiÊm�f`]n[PYk�KaVRrdefPi^f`[PY�dnq%aVR%b;{hieY�m${%U f {%aVdeY�YOS`inaVUV��v3�ZR �j�j�ot dnqhY�_kf`Rhin{%[Es%dnaof`R
S�dEdnqhY h Y�aVUlS�qrdna X fjins%aVd^S�U��zS`i tov UVaVdn]eYki,+
�jy �j�j� s
S�dnaoY�RrdÊWZ�hSk��i W5% aVbhv3��v�� ` v w q%aoiPY f {
S�Uoi�def tov
[EU3s�Y�]�s
S�dnaoY�Rrd�s�Y�]��hSk��v���m�dnqhYE�%fjieY�aoi��"[EU�y�dnqhYPS�Uo_kf`qhf`UH��aoinaVR�m�Yk_�d^S�Rrd�aoi}{hieYk��y�f`RCSku�Y�]^S�b�Yjy
S�\�f`{%d~� n dnaV[PYki3s�Y�]3s
S�dnaoY�Rrd�YOS`_^q;�hSk�PS�d3dnqhY�qhfjins%aVd^S�U�v u S�dn{%]^S�UVUV��y�dnqhY~_kf`Rhin{%[Es%dnaof`RPaoi3Rhf`d3dnqhY
i^S�[PY�f`RgS�UVU��zS�]e�%iOv w qhY�_kf`Rhin{%[Es%dnaof`Rcaoix�%Y�s�Y�Rh�%Y�Rrdpf`RcdnqhY�R�{%[�\�Y�]5f�m's
S�dnaoY�Rrd5_kf`R�d^S`_�deixdnqhY
qhYOS�UVdnq�_OS�]eY���f`]n��Y�]ei~s�Y�]Êm�f`]n[cyh[PYOS�R%aVR%b"dnq
S�dx[Pf`]eY�aoi~_kf`Rhie{%[PYk�caVR�� � [ ixdnq
S�R�y�m$f`]5Y g S�[Es%UoYjy

http://www.handhygiene.org/
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dnqhY�S�UVUof��zS�Rh_kY�f�m �
fO�zY�]eipS�Rh��s%UlS�R�dei�aVRKs
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_�Uof`dnq%aVR%b �hS�Rh��aVRrdn{%\
S�dnaof`RcS�Rh��_OS�dnqhY�deY�]naV¼�S�dnaof`R�y Y {hied�def([PY�Rrdnaof`RcS�m$Y���v X fjins%aVd^S�U�S�]e_^q%aVdeYk_�dn{%]eY
S�Rh��dnqhY�ins
S`_kY�\�Y�d���YkY�RT\�Yk�%i~aVR�[({%UVdnaVs
S�dnaoY�Rrd�]ef
f`[PipS�]eY�S�Uoief;Y g S�[Es%UoYki5f�m�S9��Yk_�dnaVR%bPm�S`_�def`]eiOv
  u�Y�R�dnqhY~_kf`Rhied^S�RrdnUV�"f`R%b�f`aVR%b�]eY�RhfOujS�dnaof`Rhi�S�d�dnqhY h Y�aVUlS�q�dna X fjins%aVd^S�U�q
Sku�Ypdef�\�YxaVRh_kf`]ns�f`]^S�deYk�
aVRrdef(dnqhY�s%]eY�u�Y�R�dnaof`R�ie_^qhY�[PYkiOv w qhYx�%f
_�def`]eizS�Rh�PRr{%]eieYkiH]eYkins�f`RhieaV\%UoY�m�f`]Bqhfjins%aVd^S�Uhq���bjaoY�RhY5q
Sku�Y
def�\�Y5aVR�m�f`]n[PYk��f�m�dnqhYp_kf`Rhiedn]n{h_�dnaof`RK��f`]n��y�aVRKf`]e�%Y�]�def([EaVR%aV[EaoieYpaVdeizY���Yk_�dei�f`R�s
S�dnaoY�Rrdxi^S9m�Y�dZ��v
w {hindES�Rh�#ins�f`]eYkiES�]eY;Rhf`d�YOS`inaVUV��_kf`R�|hRhYk�¾def�dnqhY"_kf`Rhiedn]n{h_�dnaof`R§S�]eYOSgS�Uof`RhYjyHS�Rh�¡ins�f`]eYki(_OS�R
_OS�{hieY�i^Y�]naof`{hi�Rhfjief
_kf`[EalS�U�aVR�m$Yk_�dnaof`Rhi~aVRcaV[E[�{%Rhf
_kf`[Es%]ef`[EaoieYk��s
S�dnaoY�RrdeiOv
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¢ S`ieYk�Ef`R�dnqhY�s%]eY�u�aof`{hi3i^Yk_�dnaof`Rhi3f�m�dnq%aoi3_eq
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•
w qhY��zS�deY�]p��aoindn]naV\%{%dnaof`R�in��indeY�[cv
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{hin{
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Yk� W.� ` y�s%]ef
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inaVR%bjUoY�{hi^Y}def;S(m$Y��<�hSO�
i5f`]�[Pf`RrdnqhiOv
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�%Y W � ^
  ` def~dn]^S�Rhinm$f`]n[�S5_eqhY�[Eao_OS�U
]eYOS`_�dnaof`R�f`R;dnqhY5\%aof�_OS�d^S�UV��indHaVR�def(S��%Y�deYk_�d^S�\%UoY5inaVbjR
S�U�v ^ {h_^q�S��%Y�u�ao_kY~]eY f {%aV]eYki�dZ�zf(Y�UoYk_�dn]ef
�%YkiOv
$ RhY5aoiBdnqhYx�zf`]n��aVR%b�Y�UoYk_�dn]ef
�%Y5S�Rh�"dnqhY~f`dnqhY�]HdnqhY~]eY�m$Y�]eY�Rh_kYpY�UoYk_�dn]ef
�%Yjv w qhYx��f`]n�
aVR%b�Y�UoYk_�dn]ef��%Y
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dnqhYE_kf`Rh_kY�Rrdn]^S�dnaof`R¾f�m�dnqhY�aof`R�S�d�dnqhY��zf`]n��aVR%b�Y�UoYk_�dn]ef
�%Y�aoi��%Y�deY�]n[EaVRhYk��v w qhY�[Pfjind�_kf`[E[Pf`R
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S`i��zY�UVU�y3S�UVdnqhf`{%bjq#aVd�aoi�dnqhY;_^qhf`ao_kY"f�m�[PY�[�\%]^S�RhY"[;S�deY�]nalS�U�f`R#dnqhYP�zf`]n��aVR%bgY�UoYk_�dn]ef��%Y;��q%ao_eq
Y�R
S�\%UoYki5dnqhY�m�S�\%]nao_OS�dnaof`R�f�mBY�UoYk_�dn]ef��%Ykixm$f`]~dnqhY��%Y�deYk_�dnaof`R�f�mHS���ao�%Y�u`S�]naoY�d��Kf�mBS�b�Y�R�deiOv w q%aoixaoi
\�Yk_OS�{hieY���aVdnqKdnqhY}]naVbjqrdpY�R%¼k��[PYki�y�dnqhY�in{%\hindn]^S�deY�f�mtaVRrdeY�]eYkindp_OS�RK\�Y�_OS�d^S�UV��ieYk��aVRrdef"S�s%]ef���{h_�d
S�Rh��S�Rcaof`RKdnq
S�d~aoix�%Y�deYk_�d^S�\%UoY�\��KS�Rc� ^
  v } � t y�� ¨r�{�

��«*¬x«½Ä ��¶ Æ�´'³�¯~¶Ç´t²�³�·eº ��·^¯x±
´3¸�±
¯�³�±

Q5[Es�Y�]ef`[PY�dn]nao_?\%aofji^Y�Rhief`]eicS�]eYT\
S`ieYk�Íf`RÍdnqhYT]eYk��{h_�dnaof`R<f`]cf g ao�hS�dnaof`R<f�m�S�R<S�b�Y�Rrd�f`RÍdnqhY
��f`]n�
aVR%bTY�UoYk_�dn]ef��%Yjv�Q5i�aVR�dnqhYP_OS`ieY;f�m�dnqhYPs�f`deY�R�dnaof`[PY�dn]nao_"\%aofji^Y�Rhief`]OytSK]eY�m$Y�]eY�Rh_kY"Y�UoYk_�dn]ef��%Y
aoi(RhYkYk�%Yk��v w qhY"S�[Es�Y�]ef`[PY�dn]nao_;\%aofjieY�Rhi^f`]���f`]n��i(\r��S�s%s%UV��aVR%b?S�s�f`deY�RrdnalS�Uz\�Y�d���YkY�R¡dnqhYPd���f
Y�UoYk_�dn]ef
�%YkiOv w q%aoi(s%]ef���{h_kYki�Sc_�{%]n]eY�R�dOy'��q%ao_eq¾aoi�s%]ef`s�f`]ndnaof`R
S�U�defcdnqhY;]eYk�%f g ]eYOS`_�dnaof`R§S�d�dnqhY
��f`]n�
aVR%b�Y�UoYk_�dn]ef
�%Yjv ¢ ��[PYOS`in{%]naVR%b�dnq%aoi'_�{%]n]eY�RrdOy�aVd'aoits�fjieinaV\%UoYzdef}�%Y�deY�]n[EaVRhY�dnqhYz_kf`Rh_kY�R�dn]^S�dnaof`R
f�mxdnqhY;S�R
S�UV�
deY"S�d(dnqhYP��f`]n�
aVR%b�Y�UoYk_�dn]ef
�%Yjv ¢ S`inao_OS�UVUV�TaVd�aoi�m$YOS`inaV\%UoYPdef��%Y�deYk_�d�S�R���in{%\hind^S�Rh_kY
��q%ao_eqg_OS�Rc\�Y�f g ao��aoieYk�cf`]�]eYk��{h_kYk�c��aVdnqgS�R�S�[Es�Y�]ef`[PY�dn]nao_�\%aofjieY�Rhief`]Ov } � t y�� ¨r�9�
� Yk_kY�R�dnUV� £ UlS�{h�%Y�d *>4 698 ]eY�s�f`]ndeYk�cf`R�S�R�S�[Es�Y�]ef`[PY�dn]nao_�\%aofjieY�Rhief`]�m�f`]�dnqhY}]eYOS�U�dnaV[PY�[PYOS`in{%]eY�W
[PY�Rrd�f�m�S`�%Y�RhfjinaVRhY�dn]naVs%qhfjins%q
S�deY W Q w j ` aVRT\%aof`Uof`bjao_OS�U3dnaoiein{hY } nol1� v�Q w j aoipdnqhY�_kY�UVU r i�ins�Yk_�alS�U
_OS�]n]naoY�]Pf�m5Y�RhY�]nbj�¾S�Rh�Cs%UlSO�
iPS�R¡aV[Es�f`]nd^S�R�dEs
S�]nd�aVR¾Y g dn]^S`_kY�UVUV{%UlS�]EinaVbjR
S�UVUVaVR%bhv £ UlS�{h�%Y�d *C4<698
_kf�S�deYk� j d�Y�UoYk_�dn]ef
�%YkiH��aVdnq�S�s�f`]ef`{hi�ieaVUVao_OS�deY	�H\%aof`UlSk��Y�]Oy�f`Rrdef(��q%ao_eq�dZ�zf(Y�R%¼k�
[PYkiOy�bjUV�
_kY�]ef`U���aXW
R
S`ieY�S�Rh��bjUV��_kY�]ef`UXW��9W�s%qhfjins%q
S�deY�f g ao�hS`ieYjy��zY�]eY�Y�Rrdn]^S�s%s�Yk��vH��R�S(dZ�zf�WZindeY�sc]eYOS`_�dnaof`RK��aVdnq�dnqhYkieY
Y�R%¼k�
[PYkiOyjaVRru�f`UVu
aVR%b�bjUV��_kY�]ef`U%S�Rh�Ef g �
b�Y�R�y`qr����]ef`b�Y�REs�Y�]ef g ao�%Y W5X�
 $ 
M` aoi's%]ef���{h_kYk����qhY�RPQ w j
aoi�s%]eYkieY�RrdES�d�dnqhY;Y�UoYk_�dn]ef
�%Yjv � qhY�R#dnqhY j d�Y�UoYk_�dn]ef��%Y"aoi�f`s�Y�]^S�deYk�¾S�d
� tj�j� [ � ]eY�UlS�dnaVu�Y;def
dnqhYx]eY�m�Y�]eY�Rh_kY~Y�UoYk_�dn]ef
�%Yjy�dnqhYxqr����]ef`b�Y�R;s�Y�]ef g ao�%Yx\%]eYOS���iH�%f���R"aVR�def�f g �
b�Y�R�yrs%]ef`def`RhizS�Rh�;Y�UoYk_�W
dn]ef`RhiOv w qhY(ie{%\hieY f {hY�R�d�_�{%]n]eY�Rrd}aoi~dnqhY�Y�u
ao�%Y�Rh_kY�f�mHQ w j aVRgdnqhY�i^S�[Es%UoYjv � UoYOS�]}Q w j inaVbjR
S�Uoi
��Y�]eY(f`\%d^S�aVRhYk��S�dx_kf`Rh_kY�R�dn]^S�dnaof`Rhi}S`ixUofO�»S`i�� �j� R h W [Pf`UlS�]naVd�� h�� [Pf`U +9U ` v
� [ ���-,C� 5!$ +  �C� $2��� ,  /560 ,  �5_������& �C�  /(G�8" $ ���-,C� 56�� � 
1� (
 � F:�

x

J
y

Z ^ � ���# E�# + $ ,�� $8 ]( �:5/5!$ �;� �� �$ ,-,C*
>:* (
&��7M� / gU



	�� +���)�����	��
�t� ���^���9��� 	 	

��«*¬x«Zª ��¯~¸(° �(º�²�¯~¶Ç´t²�³�·eº ��·e¯x±
´3¸�±
¯x³�±

� f`Rh��{h_�def`[PY�dn]nao_�\%aofjieY�Rhief`]eiE]eY�UV�¾f`R�dnqhY�[PYOS`in{%]eY�[PY�R�d"f�m}dnqhYK_kf`Rh��{h_�dnaVu�aVd���f�m�S�|hUV[Df`]"S
\%{%UV�T[;S�deY�]nalS�U�y�def��%Y�deYk_�d�dnqhYE\%aVRh��aVR%bgf�m�S�R#S�R
S�UV�
deYEdefKdnqhY;ieY�Rhief`]Ov [ in{
S�UVUV�gdnqhYE]eYkinaoind^S�Rh_kY
aoi�[PYOS`in{%]eYk�¡{hinaVR%bT��aV]eYk_�d�_�{%]n]eY�R�d W5wE� ` yt\%{%d�aVd(aoi�Rhf`d�{%Rr{hin{
S�U�defg{hieY�S�UVdeY�]nR
S�dnaVR%b�_�{%]n]eY�Rrd
W Q � ` y�inaVRh_kYpaVd�S�UVUof��xi�_eq
S�R%b�Yki�aVR�dnqhYp_OS�s
S`_�aVdnaVu�Y}aV[Es�Yk�hS�Rh_kYpdef�\�Y5�%Y�deYk_�deYk��v w q%aVR�|hUV[Pi�q
Sku�Y
\�YkY�R�{hieYk��S`i~brS`ixieY�Rhief`]ei�yhinaVRh_kY�dnqhY�aV]5_kf`Rh��{h_�dnaVu�aVd���_eq
S�R%b�Ykip��{hY�defPie{%]Êm�S`_kY�_^qhY�[Eaoief`]ns%dnaof`R 
 v
��R;YkieieY�Rh_kYjy
_kf`Rh��{h_�def`[PY�dn]nao_~\%aofji^Y�Rhief`]eizS�]eYxRhf`R�WZieY�UoYk_�dnaVu�Yjy
\%{%d�ieY�UoYk_�dnaVu
aVdZ�P_OS�RP\�Y~S`_^q%aoY�u�Yk�;\��
{hinaVR%bP[Pf
��aX|
Yk�cin{%]Êm�S`_kYkiOv } � ¨r�1�
Q5RCY g S�[Es%UoY;f�mzdnq%aoi�aoi�dnqhYP�%Y�u
ao_kYP�%Y�u�Y�Uof`s�Yk�C\r� � {%a *>4]698 v w qhY��Tq
Sku�YP_kf`Rhiedn]n{h_�deYk�CinaVUVao_kf`R
R
S�RhfO��aV]eYki;_kf�S�deYk�#��aVdnq¾[Pf`UoYk_�{%UlS�]�]eYk_kY�s%def`]ei } ¨ � � vTQpi�dnqhY�d^S�]nb�Y�dPS�R
S�UV��deYki�\%aVRh�¡def�dnqhY;]eY�W
_kY�s%def`]ei�f`R?dnqhY�R
S�Rhf���aV]eY r i�in{%]Êm�S`_kYjy�dnq%aoi}]eYkin{%UVdei�aVRCS��%Y�s%UoY�dnaof`RCf`]�S`_k_�{%[�{%UlS�dnaof`R¾f�mz_OS�]n]naoY�]ei
aVR�dnqhYKR
S�Rhf���aV]eY�iedn]n{h_�dn{%]eYjv w q%aoi;_OS�R�\�YK�%Y�deYk_�deYk��\r��S?��aV]eYk_�d;_^q
S�R%b�YcaVR�dnqhYKR
S�Rhf���aV]eY r i
_kf`Rh��{h_�dnaVu
aVdZ��vp�ZR�SPdeYkind5i^Y�dn{%s�dnqhY�\%aVRh��aVR%b�f�mBdnqhY�s%]ef`deY�aVRgindn]eY�s%d^SOu�ao��aVRgdefP\%aof`dnaVR��([Pf`UoYk_�{%UoYki
W S�Uoief"��Rhf���RTS`i5u
aVd^S�[EaVR ¢

7

f`]pu�aVd^S�[EaVR X_` Y�Rrdn]^S�s%s�Yk�Tf`R�dnqhY�R
S�RhfO��aV]eY��zS`i}�%Y�deYk_�deYk�g�%fO��R
def;S�_kf`Rh_kY�R�dn]^S�dnaof`Rgf�m�� � s h v

�?-�� � N?AB794}8;:�2��g23AB@�6 2

��«ÊÄ}«^¬ � ��µx¸5²���¶ °�¯�²�� �(¯�³�´3±
ºt´3¸5²»­eµ���´3­e­e·e¸ �

% UV{hf`]eYkie_kY�Rh_kYPUlS�\�Y�UVUVaVR%bcaoi�S���ao�%Y�UV�T{hieYk�T[PY�dnqhf
�?defcf`\hi^Y�]nu�YEindn]n{h_�dn{%]^S�U�_kf`[Es
S�]ndn[PY�R�dei�S�Rh�
[Pf`UoYk_�{%UoYki�aVRT_kY�UVUoiOy���q%ao_eq�S�]eY�u
aV]ndn{
S�UVUV��dn]^S�Rhins
S�]eY�R�d�{%Rh�%Y�]pu
aoinaV\%UoY(UVaVbjqrdOv w ]^S`��aVdnaof`R
S�UVUV��y�dnq%aoi
q
S`i�\�YkY�RKS`_k_kf`[Es%UVaoieqhYk��\r�;dnqhYp{hieY}f�m�f`]nbrS�R%ao_}[Pf`UoYk_�{%UoYkix��aVdnq �h{hf`]eYki^_kY�Rrdxs%]ef`s�Y�]ndnaoYkiOv w qhYkieY
�h{hf`]ef`s%qhf`]eYki�_OS�R�\%aVRh�gY�aVdnqhY�]5��aV]eYk_�dnUV��defPdnqhY�d^S�]nb�Y�dp[Pf`UoYk_�{%UoYki}f`]~aVRh��aV]eYk_�dnUV�cu
alS;S�R�dnaV\�f
��aoYkiOv
��R�� nonol qhfO��Y�u�Y�]Oy�Q5UVaVu�aoi*S�defji *>4�698 y�S`iH�zY�UVU�S`i u aoY *>4�698 y�]eY�s�f`]ndeYk�"f`R"dnqhY�|h]eind�{hieY~f�m f {
S�Rrdn{%[
�%f`d W	�]w<` R
S�Rhf
_�]n�
ied^S�Uoi~S`i�\%aof`Uof`bjao_OS�U�UlS�\�Y�Uoi } ����yh� ¨9� v
� {
S�Rrdn{%[ �%f`deiHS�]eYxie[;S�UVUhbj]ef`{%s%aVR%b�iHf�m�ieY�[Eao_kf`Rh��{h_�def`]�S�def`[Pi W

∼
�jy �j�j� def�S`i3[;S�R��PS`ix� �j� y �j�j�

S�def`[PizaVR"f`RhY �]wb` v w qhY�aV]�ieaV¼OYkiH]^S�R%b�Yxm�]ef`[ S}m�Y���R
S�Rhf`[PY�dn]eYkizdef�deY�Rhizf�m�R
S�Rhf`[PY�dn]eYkiOv � {
S�R�W
dn{%[F�%f`dei�q
Sku�Y"Y g dn]^S`f`]e��aVR
S�]n��Y�UoYk_�dn]ef`R%ao_�S�Rh��f`s%dnao_OS�UHs%]ef`s�Y�]ndnaoYkiOy'S�]naoinaVR%bKm$]ef`[ dnqhYP_kf`R�|hRhY�W
[PY�Rrd�f�mzdnqhYEY�UoYk_�dn]ef`Rhi r [Pf`dnaof`Rhi�\��gs�f`deY�RrdnalS�UH\
S�]n]naoY�]ei�aVR#S�UVU3dnq%]eYkYP��aV[PY�Rhieaof`Rhi } n y ��¨ y3�j� v1� v
� f`[Es
S�]eYk�"def�f`]nbrS�R%ao_ �h{hf`]eYkie_kY�R�dH[Pf`UoYk_�{%UoYkiOy f {
S�R�dn{%[ �%f`deiBs�fjieieYki^i3ieY�u�Y�]^S�U�S`��ujS�Rrd^S�b�YkiOv $ ]ÊW
brS�R%ao_ �h{hf`]ef`s%qhf`]eYki�_OS�R;f`R%UV��\�YxY���Yk_�dnaVu�Y�UV�PY g _�aVdeYk�;��aVdnqPUVaVbjqrdOy���qhfjieYx��Sku�Y�UoY�R%bjdnq�aoi3aVR"S�u�Y�]n�
R
S�]n]efO�®��aVRh�%fO� f�m�dnqhY�ins�Yk_�dn]n{%[cv w q%aoi3aoi'm�f`UVUofO�zYk�P\r��dnqhYxY�[Eaoieieaof`RPf�m�UVaVbjq�d�S�d�SpUof`R%b�Y�]B��Sku�Y�W
UoY�R%bjdnq�v ¢ f`dnq�dnqhYzY g _�aVd^S�dnaof`RES�Rh��Y�[Eaoieinaof`R��zSOu�Y�UoY�R%bjdnqhiHS�]eY�{%R%a f {hYHm$f`]'��aX��Y�]eY�Rrd �h{hf`]ef`s%qhf`]eYkiOv

 � >  /� ��� ��&<� +�� �� ���B+�>  ���&<�15  ��� � *�=�>4� 5 > $D��� ,  Q560 ,  �;+�� 5 � �K+ � $ � 0�&;" $75  � * "X� &�� �  4M $\5 >  /� � 5,$ ,

�
�� 9( U
� "�� ,  Q560 , $ &|"X��&<� 0 , $a�8" � � � +��  Y � �	� ? �	
���
 J � F



	�� +���)�����	��
�t� ���^���9��� 	 �

� {
S�Rrdn{%[ �%f`deiOyjf`REdnqhY�f`dnqhY�]3q
S�Rh��y�_OS�RE\�Y�Y g _�aVdeYk����aVdnqEUVaVbjq�d'm�]ef`[�Sp\%]ef�S`�Eins�Yk_�dn]n{%[cv w qr{hiOy
Y {hind}S"inaVR%bjUoY(UVaVbjqrd�ief`{%]e_kY(aoipRhYkYk�%Yk��def�Y g _�aVdeY �]w UlS�\�Y�Uoipf�m���aX��Y�]eY�Rrd�_kf`Uof`{%]eiOy���qhY�]eYOS`i�YOS`_eq
f`]nbrS�R%ao_ �h{hf`]ef`s%qhf`]eY(�%Y�[;S�Rh�%i5aVdei~f���R�Y g _�aVd^S�dnaof`Rgief`{%]e_kYjv w qhY�Y�[Eaoi^inaof`R�ins�Yk_�dn]^SEf�m �]w i5S�]eY
S�Uoief�R
S�]n]efO�zY�]pS�Rh��UlS`_e�"Uof`R%bEd^S�aVUoiOy
��q%ao_eqK[;S���Yki�aVd�s�fjieinaV\%UoY5def���aoie_kY�]nRKdnqhY}inaVbjR
S�Uoi�f�m �]w i�f�m
[;S�Rr�E��aX��Y�]eY�Rrdz_kf`Uof`{%]eiBinaV[�{%UVd^S�RhYkf`{hieUV��v % {%]ndnqhY�]n[Pf`]eYjy �]w iBq
Sku�YxUof`R%b�Y�] �h{hf`]eYkie_kY�RrdBUVaXm�Y�dnaV[PYki
S�Rh��S�]eY�\%]naVbjq�deY�]5Y�[EaVdndeY�]ei5f�m �h{hf`]eYkie_kY�R�d~UVaVbjq�dOv
^ S`��UV��y%dnqhY�]eY�S�]eY�S(m�Y��<��]^Sk��\
S`_^�
i~def �]w iOv £ aV��Y�dnqhY�aV]~f`]nbrS�R%ao_�_kf`{%RrdeY�]ns
S�]ndei5dnqhY��"q
SOu�Y�\�YkY�R
]eY�s�f`]ndeYk��def���\%UVaVR%���^y�a�v Yjv3��]naXm$d�\�Y�d���YkY�R�Y�[Eaoieieaof`RK[Pf��%Yki�f�m��Zf`R���S�Rh���Zf���� } lon1� v u Y�u�Y�]ndnqhY�UoYkieiOy
dnqhY�]eY�aoi(i^f`[PY"_kf`R�dn]efOu�Y�]ein�§S�\�f`{%d�dnqhY"[;S�dndeY�]OyHS`i�S�Rhf`dnqhY�]�]eY�s�f`]nd�ied^S�deYk�Cdnq
S�d�dnqhY"\%UVaVR%��aVR%b
[EaVbjqrdp\�Y���{hY�def;dnqhY�_kf`UVUof`ao�hS�U �]w i r _�UofjieY�s%]ef g aV[EaVd��Kdef;in{%]Êm�S`_kYkiOy
��q%ao_eq�aoi5dnqhY�_OS`ieY�aVRc[Pfjind
Y g s�Y�]naV[PY�R�deiOv u fp\%UVaVR%�
aVR%b��zS`iBf`\hi^Y�]nu�Yk��m�]ef`[ �]w i'aVREief`UV{%dnaof`RE��aVdnqERhf�_�UofjieY�in{%]Êm�S`_kYki W ��q%ao_eq
_kf`]n]eYkins�f`Rh�%i'def 2JI �M2 �{. Y g s�Y�]naV[PY�Rrdei ` } n�¨9� v � ]eYOS�deY�]B��aoi^S`��ujS�Rrd^S�b�YkiBS�]eYjy�qhfO��Y�u�Y�]OyrdnqhYzaVR%qhY�]eY�Rrd
def g ao_�aVdZ�Tf�mH[;S�R�� �]w i�S�Rh��dnqhY�aV]}aVRhief`UV{%\%aVUVaVd���aVRg�zS�deY�]Ov w q%aoip]eY�Rh�%Y�]ei}dnqhY�[Ç{%Rr{hi*S�\%UoY�m�f`] 2JI
�m2L�{. Y g s�Y�]naV[PY�R�dei}S`ipin{h_^q�y�S�Rh��dnqhY�]eY�m$f`]eY(dnqhY��cq
SOu�Y�def"\�Y�[;S`�%Y�\%aof
_kf`[Es
S�dnaV\%UoYjv w qhY�{hin{
S�U
S�s%s%]ef�S`_eq?aoi5def�Y�Rh_OS�shin{%UlS�deY�dnqhY�q��
��]ef`s%qhf`\%ao_ �]w i5��aVdnq?SPUlSk��Y�]�f�mzS�[Es%q%aVs%q%aVUVao_�[Pf`UoYk_�{%UoYki � v
w qhY�qr����]ef`s%qhf`\%ao_�s
S�]ndeiEf�m~dnqhYkieY�[Pf`UoYk_�{%UoYkiPS�]eY�\�f`{%Rh�#defgdnqhY�in{%]Êm�S`_kY�f�m~dnqhY �]w ytUoYOSOu�aVR%b
dnqhYKq��
��]ef`s%q%aVUVao_�qhYOS`�§bj]ef`{%shiPaVR�_kf`R�d^S`_�d;��aVdnq�dnqhY�S f {hYkf`{hiE[PYk��aV{%[cv w qhYkieYK_kf�S�dnaVR%b�i"S�]eY
{%R�m�f`]ndn{%R
S�deY�UV��s%]ef`RhYBdef5��aoinaVRrdeY�bj]^S�dnaof`R�v3Q5R(S�s%s%]ef�S`_eq�defxs%]ef
��{h_kYB[Pf`]eY�ind^S�\%UoYHieqhY�UVUoi�aoitin{%]Êm�S`_kY
inaVUlS�R%aV¼�S�dnaof`R�vc��R�dnq%aoi�s%]ef�_kYkiei�SKinqhY�UVUzf�m�q��
��]ef`s%q%aVUVao_�inaVUVao_OS W inaVUVao_kf`R#��aof g ao�%Yjy ^ a $ 
M` aoi�bj]efO��R
S�]ef`{%Rh��dnqhY �]w i } t � � v�Q�qr����]ef`s%q%aVUVao_xinqhY�UVU�aoi3S�UoiefpRhYkYk�%Yk�EinaVRh_kY�ief`[PY �]w iOy`UVaV��YzdnqhfjieYz[;S`�%Y�f�m
_OS`��[EaV{%[ÁS�Rh�;ieY�UoY�R%aV{%[cy%S�]eY�def g ao_5def�[;S�Rr�"_kY�UVUoiOv % ]ef`[ dnqhY 2JI �m2L�{. s�Y�]eies�Yk_�dnaVu�Y~dnqhY~ind^S�\%aVUVaVd��
f�m�dnqhYEieqhY�UVUt\�Yk_kf`[PYki�s
S�]^S�[Pf`{%R�dOytS`ip[Pfjind �]w UlS�\�Y�Uoi}�zf`{%Uo��ind^SO��aVR?dnqhY�dnaoiein{hY(m�f`]�[Pf`Rrdnqhi
f`]~Y�u�Y�Rc��YOS�]ei } �j� v1� v

��«ÊÄ}«½Ä � ��²�¯ � �(¯x³�´3±�º�´3¸�º�´

Q5{%def �h{hf`]eYkie_kY�Rh_kYjyxa�v YjvÍdnqhY�aVRrdn]naVRhinao_ �h{hf`]eYkie_kY�Rh_kYgf�m�ie{%\hind^S�Rh_kYki;��aVdnq%aVRÍS?[Eao_�]ef
f`]nbrS�R%aoin[cy
aoi�ieY�Uo�%f`[DSg�%YkinaV]eYk�Cs%]ef`s�Y�]ndZ�¾f�m5i^S�[Es%UoYki�indn{h��aoYk�¡{%Rh�%Y�]�[Eao_�]efjie_kf`s�YkiOv w qhY�]eYKS�{%def �h{hf`]eYkiÊW
_kY�Rh_kY�_OS�R�\�Y}S(]eYOS�U�s%]ef`\%UoY�[cy�\%{%d�aVdzaoi�S�s%qhY�Rhf`[PY�Rhf`Rc��q%ao_^qK_OS�R�\�YpY g s%Uof`aVdeYk��aVR�\%aofjieY�RhinaVR%b
ie_^qhY�[PYkiOv w qhYPaVRrdn]naVRhinao_ �h{hf`]eYkie_kY�Rh_kYPaoi���{hYPdefc_kY�]nd^S�aVRC[Pf`UoYk_�{%UoYki(��q%ao_eq��h{hf`]eYki^_kYP��qhY�R�aV]ÊW
]^S`��alS�deYk�¾��aVdnq¡UVaVbjqrdPf�m~ins�Yk_�aX|
_;��Sku�Y�UoY�R%bjdnqhiOv   ins�Yk_�alS�UVUV��dnqhY�S�{%def �h{hf`]eYkie_kY�Rh_kYcf�mx\
S`_�deY�]nalS�U
ins�f`]eYki�q
S`i�\�YkY�R?{%dnaVUVaoieYk�?defKieY�s
S�]^S�deY�dnqhY�[ m�]ef`[ÀRhf`R�W�\%aof`Uof`bjao_;[;S�dndeY�]Ov X f *C4a698 q
Sku�YP_kf`R�W
indn]n{h_�deYk�KS��h{hf`]eYki^_kY�RrdxS`Y�]ef����
R
S�[Eao_5s
S�]ndnao_�UoYpieaV¼OY�] W5%'£ Q j ^&` m�f`]zdnqhY~�%Y�deYk_�dnaof`RKf�m�\%aof�S`Y�]efjief`Uoi
} � � yu�
� � v w qhY��g{hieYk�?S�RT{%UVdn]^Sku
aof`UoY�d W5[~�<` UlS`ieY�]�S�dp��Sku�Y�UoY�R%bjdnqhi�m�]ef`[ � ¨r� defK� vj� R%[ def�b�Y�d
S�RcS�{%def �h{hf`]eYkie_kY�Rh_kY�]eYkins�f`RhieY~m�]ef`[�� 6VA>2 8J8 R;0x¦98 .9�G2V¦92 2 ins�f`]eYkiOy
S(q
S�]n[EUoYkiei	� 6VA>2 8J8 R 0b69I34 );?E6;A>2=0�

inaV[({%UlS�RrdOv w qhY �h{hf`]eYkie_kY�Rrd}Y�[Eaoieinaof`Rg_OS�R�\�Y��%Y�deYk_�deYk��f`R��zSku�Y�UoY�R%bjdnqhi}\�Y�dZ�zYkY�R ¨r�j� S�Rh� totj�
R%[cv��Zd�aoi�[Pfjind�UVaV��Y�UV�TdnqhYP\%aof`Uof`bjao_OS�U�[Pf`UoYk_�{%UoYP]eYk��{h_kYk��R%ao_kf`dnaVR
S�[Eao�%Y�S`�%Y�R%aVRhY;��aVR�{h_�UoYkf`dnao�%Y

� [K��� >9� � >9�-,C� 5 � $8��� >9� ��$ +�>4� 5/Z���� ,  Q560 ,  �l> $ d  �]� +�>�>:* (
&��7� >4�C,-� 5 ��
)= $ +  ,& , � d:�  4M 
 Z $8 9( >:* (�&��7� > � � � 5
��
)= $ +  ,& "  ,$�& �  4M 
 Z���&��7�  ,& +<�  � U
��� ilk'{9}��:n<k�t_y�p �C�|+<>  ��$�5 +  ,& � 04� 5,$80 ���  9M +<>  (
 �$�( ,C* ( ���  �$ �  �$8 +�> & $ 
 U



	�� +���)�����	��
�t� ���^���9��� 	 �

W5u Q w_Xb` ��q%ao_^q�Y�[EaVdei��h{hf`]eYkie_kY�Rrd�UVaVbjq�d�aVRTdnq%aoi�_OS`ieYjv u Q w_X s%UlSO�
i�S�R?YkieieY�R�dnalS�U']ef`UoY(aVRTdnqhY
Y�RhY�]nbj��s%]ef���{h_�dnaof`Rgf�m'_kY�UVUoi5S�Rh�Kaoi�s%]eYkieY�R�dxaVR�S�UVU�_kY�UVUoiOy%\%{%d~defE��aX��Y�]eY�R�d5Y g deY�RrdeiOv
� Yk_kY�R�dnUV��y w SOu�aVdnd *>4 6o8 q
SOu�Y�]eY�s�f`]ndeYk��f`R�S�R�aVRhindn]n{%[PY�Rrd5��aVdnq�dnqhY(i^S�[PY�f`\ Y Yk_�dnaVu�YjyhqhfO�zY�u�Y�]Oy
[;S��
aVR%b#{hieY�f�m(S�]n]^Sk��i"f�m [a� UVaVbjqrdÊWZY�[EaVdndnaVR%b§��aof��%Yki W$£� cw<` aVRhindeYOS`��f�m [a� UlS`ieY�]eiOv w qhYkieY
[a� £� -w S�]n]^Sk��iOy�Y�[EaVdndnaVR%bcUVaVbjq�d�S�d �onj� R%[ S�Rh�#� ¨r� R%[cy�d^S�]nb�Y�d(S`Y�]efjief`UVaoi^Yk�?s
S�]ndnao_�UoYki�_kf`R�W
d^S�aVR%aVR%b�dnqhYp\%aof`Uof`bjao_OS�U�[Pf`UoYk_�{%UoYki�dn]n�
s%def`s%q
S�R W S�RcS�[EaVRhf�S`_�ao� ` S�Rh� u Q w_X v w ]n�
s%def`s%q
S�RK�zS`i
�%Y�deYk_�d^S�\%UoY"S�d(_kf`Rh_kY�Rrdn]^S�dnaof`Rhi(\�Y�Uof�� � �ot

µ
h S�Rh� u Q w]X S�dP� ¨r�

µ
h } ¨j¨ y ¨ � � v % f`](S�[Pf`]eY

�%Y�d^S�aVUoYk���%Yki^_�]naVs%dnaof`R�ieYkY ^ {%\hieYk_�dnaof`R t v���vV��v
Q�dxUoYOS`indxf`RhY�iedn{h���;q
S`i�\�YkY�Rc_kf`Rh��{h_�deYk�KdefPS`ieieYki^i���qhY�dnqhY�]5S�{%def �h{hf`]eYkie_kY�Rh_kY�_OS�RK\�Y}{hieYk�cS`i
S�u
alS�\%aVUVaVdZ�E[;S�]n��Y�]Hm$f`]H\
S`_�deY�]nalS�U�ins�f`]eYkiOv £ S���S�[E[PY *>4�698 ��aoi^_kfOu�Y�]eYk�"dnq
S�dHdnqhY~S�{%def �h{hf`]eYkie_kY�R�d
ins�f`]eYkiz��Y�]eYE�jv���dnaV[PYki�[Pf`]eYp_�{%UVdn{%]^S�\%UoY}��qhY�RK_kf`[Es
S�]eYk��def(dnqhY}_kf`]n]eYkins�f`Rh��aVR%b�s�f`s%{%UlS�dnaof`Rcf�m
Rhf`R�W�S�{%def �h{hf`]eYkie_kY�R�d}ies�f`]eYki } n � � v

��«ÊÄ}«Zª � ��´B¶Ç·½È�µx¸�° ��·^¯x­ ��¶Ç·e¸(´3±�º�´3¸�ºt´

� qhY�[EaVUV{%[EaVRhYkie_kY�Rh_kY~aoi�dnqhYzs%]ef
_kYkieit��qhY�]eYxS~_^qhY�[Eao_OS�Uh]eYOS`_�dnaof`R�s%]ef���{h_kYki'UVaVbjq�dOv3�ZR�aVdei'inaV[Es%UoYkind
m�f`]n[cy�_eqhY�[EaVUV{%[EaVRhYkie_kY�Rh_kY�S�]naoieYkip��qhY�R?dZ�zf�]eYOS`_�d^S�RrdeiOy�Q S�Rh� ¢ y�]eYOS`_�d�aVRTdnqhY�s%]eYkieY�Rh_kYEf�m�S
in{%aVd^S�\%UoY}_OS�d^S�UV��indzS�Rh�"s%]ef���{h_kY}ief`[PY~s%]ef���{h_�dei�S�Rh�"UVaVbjqrd"!3Q

+
¢���������� 	�
��
−−−−−→

s%]ef
��{h_�dei
+
UVaVbjq�dOv3��m

dnqhYE_eqhY�[EaVUV{%[EaVRhYki^_kY�Rh_kYPd^S���Yki�s%UlS`_kY�aVRhinao�%YPS"UVaVu
aVR%b�f`]nbrS�R%aoie[cy�aVd�aoi}_OS�UVUoYk�T\%aof`UV{%[EaVRhYkie_kY�Rh_kYjv
[ in{
S�UVUV��yrdnqhY~Y�[EaVdndeYk�PUVaVbjqrd�aoiB\�f`]nRP��qhY�R�S�R $

−
$ \�f`Rh�;f�m�S�R"f`]nbrS�R%ao_xs�Y�]ef g ao�%Y~_kf`[Es�f`{%Rh�Paoi

_�UoYOSku�Yk��aVR�dnqhY~]eYOS`_�dnaof`R�v w q%aoizaoi�dnqhY~_OS`ieY5aVR;dnqhY5[Pfjindz_kf`[E[Pf`R�_^qhY�[EaVUV{%[EaVRhYkie_kY�Rh_kY}]eYOS`_�dnaof`R�y
��qhY�]eY�qr����]ef`b�Y�RTs�Y�]ef g ao�%Y�S�Rh��UV{%[EaVRhf`U WBt W�S�[EaVRhf�W � y��9WZ��aVq��
��]ef�W^�jy ¨ W�s%q�d^S�UlS�¼kaVR
Yk��aof`RhY ` ]eYOS`_�d5aVR
S�UV�jS�UVaVRhY�_kf`Rh��aVdnaof`RhiOy�_OS�d^S�UV��ieYk��\��¡dnqhY�Y�R%¼k��[PYKqhf`]ei^Y�]^S`��aoinq�s�Y�]ef g ao�hS`ieYjv X Y�]eY�aVR

hν
aoiEdnqhY

Y�RhY�]nbj�Kf�mtdnqhY�Y�[EaVdndeYk�Ks%qhf`def`R�yh��qhY�]eY
h
aoi j UlS�Rh_e� r ip_kf`Rhind^S�Rrd5S�Rh�

ν
dnqhY}m$]eY f {hY�Rh_���v } � v y �on1�

��X 
 $ 

+
UV{%[EaVRhf`U

+
$ X ��
������������ ��
 �

−−−−−−→
�
-
S�[EaVRhf`s%q�dnq
S�UlS�deY

+
u 


+
� X 
 $

+hν (λmax = 430
R%[

)

¢ aof`UV{%[EaVRhYkie_kY�Rh_kYEaVR�u�f`UVu�Yki�S�RTY�R%¼k�
[PY�WZ_OS�d^S�UV��ieYk�g]eYOS`_�dnaof`R�y���qhY�]eYESPUV{h_�aXm�Y�]naVR���aoi}f g ao��aoieYk�g\��
S"UV{h_�aXm$Y�]^S`i^Y��`v w q%aoi5s%]ef
_kYkiei}Y�R
S�\%UoYki�dnqhY��%Y�deYk_�dnaof`R�f�m�Q w j ��qhY�RTUV{h_�aXm�Y�]^S`ieY(m�]ef`[ dnqhY(|h]eY��h�
© ) .V452JILR 0����9? 698 2J0 aoi�{hieYk��v w qhYPUVaVbjqrdÊW�s%]ef
��{h_�aVR%bT\%aof�_^qhY�[Eao_OS�U�]eYOS`_�dnaof`RCq
S�s%s�Y�Rhi�aVR#[�{%UVdnaVs%UoY
ind^S�b�YkiOy�\%{%d"aVR S?ieaV[Es%UVaX|
Yk��m�f`]n[ Q w j yHUV{h_�aXm�Y�]naVR S�Rh� f g �
b�Y�R�[Pf`UoYk_�{%UoYki�S�]eY�_OS�d^S�UV��ieYk��\��
UV{h_�aXm�Y�]^S`ieY�S�Rh�K[;S�bjRhYkinaV{%[ aof`RhiOy�s%]ef
��{h_�aVR%b;f g ��UV{h_�aXm�Y�]naVR�yh\��rW�s%]ef
��{h_�dei5S�Rh�cUVaVbjqrdOv

Q w j
+
UV{h_�aXm�Y�]naVR

+
$ 
 ��� � � !"��� ��
 �

−−−−−→#%$'&(
Q h|j

+
f g �
UV{h_�aXm$Y�]naVR

+
jcj

i +
� $ 


+ hν (λmax = 560
R%[

)


') 0]5 � "  !& �  ��� $K5_�������� � �$��  u"X��&�� � M7�  / +<� "X�704 9( �  ,C�-d:�  4MK��&<M $� ��� � � 5!$���$ � ,  l��" � � � , 04� �  � � 5  / 95  ^
"X��& �  �;+ $� 95  ^ ��&  +* �  �/^ (
 ! /�1& �  �$ � ��> $8 9(\� � 5!&�� �  � U

,') 0]5 � "  !& $ �  ��� +�>  $ �$8�# ��8" $aM�&<��04�\�8"  _ .- * �# � 0 �  Q( $ � 5!$ + $ ,C*1�.+w� �  � � � , 04� �  � � 5  / 95  &  ,$�5 +�� �� � U



	�� +���)�����	��
�t� ���^���9��� 	 �

X Y�]eY j-j
i

aoizdnqhY�S�R%aof`Rcf�m�s���]ef`s%qhfjins%qhf`]nao_(S`_�ao���jy���qhY�]eYOS`i�Q h|j ind^S�Rh�%izm$f`]�S`�%Y�RhfjinaVRhY}[Pf`Rhf�W
s%qhfjins%q
S�deYjy~��q%ao_eqÍaoi;dnqhY�dZ��ao_kYgqr����]ef`UV��ieYk��m�f`]n[ f�m�Q w j v w qhY�Y�[EaVdndeYk�®UVaVbjqrd�q
S`iKS?s�YOS��
�zSOu�Y�UoY�R%bjdnq<f�m tovj� R%[ W ��Y�UVUofO��W�bj]eYkY�R ` v w qhYTS�\�fOu�Yc]eYOS`_�dnaof`R aoi"dnqhYc[Pfjind�Y�RhY�]nbj��Y��;_�aoY�Rrd
_eqhY�[EaVUV{%[EaVRhYki^_kY�Rrdc]eYOS`_�dnaof`R ��Rhf���R�y�\�f�S`indnaVR%b¡S f {
S�R�dn{%[ÉY��;_�aoY�Rh_���f�m lol ¿�v w q%aoi"[PYOS�Rhi
dnq
S�dxRhYOS�]nUV�cS�UVU�f�m'dnqhY}aVR%s%{%d~Y�RhY�]nbj��aoix_kf`Rru�Y�]ndeYk��aVRrdef;UVaVbjqrdOv
Q5Rhf`dnqhY�]�aV[Es�f`]nd^S�RrdT\%aof`Uof`bjao_OS�U�in{%\hind^S�Rh_kY#��q%ao_eqÌ_OS�R»\�Y��%Y�deYk_�deYk�M\r� \%aof`UV{%[EaVRhYkie_kY�Rh_kY¡aoi
u Q w_jcX y�dnqhY�]eYk��{h_kYk�gm�f`]n[ f�m�R%ao_kf`dnaVR
S�[Eao�%Y;S`�%Y�R%aVRhY���aVRr{h_�UoYkf`dnao�%YEs%qhfjins%q
S�deY W5u Q w]j ` y�S�R
aV[Es�f`]nd^S�Rrd�_kf
Y�R%¼k��[PY�aVR?_kY�UVUoiOv(�ZRgdnq%aoi�_OS`ieYjy�dnqhY�]eYOS`_�dnaof`R?aoi�S�Uoief�[({%UVdnaoind^S�b�Yk��y�\%{%d���aX��Y�]eY�Rrd
]eYOS`_�d^S�RrdeipS�]eY}RhYk_kYkiei^S�]n��S�Rh��dnqhY}UV{h_�aXm$Y�]^S`ieY�f�mtdnqhYp[;S�]naVRhY�\
S`_�deY�]nalS�� 2.�G?G25.���0>A>)+*G?G2 f`]�� 2.�G?G25.
) 69?Q�1* �92 aoi~{hieYk�cdef"_OS�d^S�UV�
ieY�dnqhY�]eYOS`_�dnaof`R�v w qhY(Y�[EaVdndeYk��UVaVbjq�d5q
S`ipSEs�YOS����zSku�Y�UoY�R%bjdnq�f�m ¨;nj�
R%[ W \%UV{hY�W�bj]eYkY�R ` v
  UoYk_�dn]ef
_eqhY�[EaVUV{%[EaVRhYkie_kY�Rh_kY W$ B�z£S` aoi�S(dnq%aV]e��dZ�
s�Y}f�m�UV{%[EaVRhYki^_kY�Rh_kYjv ¢ S`inao_OS�UVUV��y
aVd�aoi�S([;S�dndeY�]
f�mBSE_eqhY�[Eao_OS�U�]eYOS`_�dnaof`Rc��q%ao_eq�aoixY�UoYk_�dn]nao_OS�UVUV�cindnaV[�{%UlS�deYk��def�s%]ef���{h_kY�UVaVbjqrdOv

��«ÊÄ}«�� �(¯ �(³�·e´'³�²
³�µx¸(±�¹k¯�³�¶ ·^¸(¹�³�µ�³�´3° ±
Æ"´3º�²
³�¯~±
ºt¯�Æ}Ë

h f`UoYk_�{%UoYkiz_OS�R;\�Y5_eq
S�]^S`_�deY�]naoieYk�"\r�EdnqhY~�zSku�Y�UoY�R%bjdnqhi�f�m�dnqhY5Y�UoYk_�dn]ef`[;S�bjRhY�dnao_pies�Yk_�dn]n{%[ ��q%ao_eq
S�]eYPS�\hief`]n\�Yk�g��qhY�R?UVaVbjqrd�aoi}s
S`ieieYk�gdnq%]ef`{%bjq?dnqhY�[cv ¢ �c]eYk_kf`]e��aVR%bcdnqhY�aVRrdeY�RhinaVd��gf�mzdnqhY�s�Y�R�W
Y�dn]^S�deYk�®UVaVbjqrdKS�d"��aX��Y�]eY�Rrd��zSku�Y�UoY�R%bjdnqhi�y5S?{%R%a f {hYK|hR%b�Y�]ns%]naVR�d�aoi;f`\%d^S�aVRhYk��m$f`]"dnqhY�i^S�[Es%UoYjy
Y�R
S�\%UVaVR%bKaVdeipao�%Y�RrdnaX|
_OS�dnaof`R�v � q%ao_^qgm�]eY f {hY�Rh_�aoYki�S�]eYES�\hief`]n\�Yk�T�%Y�s�Y�Rh�%i}f`RgdnqhY�]eYkief`R
S�R�d}m�]eY�W
f {hY�Rh_�aoYki�f�m�dnqhY�_eqhY�[Eao_OS�Uz\�f`Rh�%i(aVRCdnqhY"[Pf`UoYk_�{%UoYkiOv w qhYki^Yjy�aVR#dn{%]nR�y3S�]eY"�%Y�s�Y�Rh�%Y�Rrd�f`RCdnqhY
\�f`Rh�KdZ�
s�Yjy�dnqhY�UoY�R%bjdnq�f�mtdnqhY�\�f`Rh��S�Rh��dnqhY�[;S`ieieYkixf�m'dnqhY�S�def`[Pix_kf`R%RhYk_�deYk��\r��dnqhY}\�f`Rh��v
��R % f`{%]naoY�]~dn]^S�Rhinm$f`]n[ aVR�m�]^S�]eYk� W5%'w � �]` ies�Yk_�dn]efjie_kf`s���y
_kf`qhY�]eY�R�d~aVR�m$]^S�]eYk� W � �]` UVaVbjqrd5aoixbj{%ao�%Yk�
dnq%]ef`{%bjqcS�R"aVR�deY�]Êm$Y�]ef`[PY�deY�]�\�Y�m�f`]eY~s
S`iei^Yk�Pdnq%]ef`{%bjq�dnqhY5i*S�[Es%UoYjv3�ZR�aVdeiH[PfjiedzinaV[Es%UoY~m�f`]n[cyrdnqhY
aVRrdeY�]Êm�Y�]ef`[PY�deY�]�_kf`RhieaoindeiBf�m�d���f�[EaV]n]ef`]ei �rf`RhY�ind^S�dnaof`R
S�]n�PS�Rh�Ef`RhY�[PfOu
aVR%bhy�S�Rh�PS5\�YOS�[Pins%UVaVdndeY�]Ov
w qhY~� � UVaVbjq�dHaoiHies%UVaVd3aVRrdef�d���f�s�Y�]ns�Y�Rh��ao_�{%UlS�]zS�]n[PiH\r��dnqhY�\�YOS�[Pins%UVaVdndeY�]Ov w qhY�[EaV]n]ef`]ei�S�]eY�s�f�W
inaVdnaof`RhYk��S�d�dnqhYzY�Rh�%i�f�m%dnqhYkieYzS�]n[Pi3S�Rh��dnqhYB]eY��
Yk_�deYk��\�YOS�[Pi�S�]eY�]eY�{%R%aVdeYk��\���dnqhYB\�YOS�[Pins%UVaVdndeY�]Ov
¢ ��[Pf�u�aVR%bKdnqhYEf`dnqhY�]�[EaV]n]ef`]Oy�S"s%q
S`ieYEinq%aXm$d�aoi}aVRrdn]ef
��{h_kYk�?\�Y�dZ��YkY�R#dnqhY�]eYk_kf`[�\%aVRhYk�C\�YOS�[Pi
S�Rh�CS�R?aVR�deY�]Êm$Y�]eY�Rh_kYEs
S�dndeY�]nRCaoipm$f`]n[PYk��v w qhY�s%q
S`ieYEinq%aXm$deYk�T\�YOS�[Pi�S�]eY�s
S`ieieYk�gdnq%]ef`{%bjq�dnqhY
i^S�[Es%UoYjv5Q��%Y�deYk_�def`]p[PYOS`ie{%]eYki~dnqhY�inaVbjR
S�U�y���q%ao_eqTaoi~dnqhY�aVRrdeY�]Êm�Y�]ef`bj]^S�[cy�S�Rh�gSP[;S�dnqhY�[;S�dnao_OS�U
% f`{%]naoY�]zdn]^S�RhiÊm�f`]n[;S�dnaof`R"aoiHs�Y�]Êm�f`]n[PYk�;f`RPaVdOv w qhY5ins�Yk_�dn]n{%[���q%ao_eq�aoiBdnq�{hiHs%]ef
��{h_kYk�PaoiHao�%Y�RrdnaXW
_OS�U�def�dnqhY}f`RhYpf`\%d^S�aVRhYk�Km�]ef`[Á��aoins�Y�]einaVu�Y}� � ins�Yk_�dn]efjie_kf`s��"\��;]eYk_kf`]e��aVR%b;S�\hief`]n\
S�Rh_kYjy%\%{%d�dnqhY
m$]eY f {hY�Rh_��cf�m3dnqhY�[Pf`Rhf
_eq%]ef`[;S�dnao_E� � i^f`{%]e_kY��%f
Yki~Rhf`d5q
Sku�Y�def;\�Y�S`� Y {hiedeYk��v w q%aoi5deYk_eq%R%a f {hY
_OS�R�Rhf`d Y {hind�\�Y5{hieYk�"def�s%]ef`\�Y~dnqhYp_kf`[Es�fjinaVdnaof`R�f�m�dnqhY5i^S�[Es%UoYjy
\%{%d�S�Uoief(def(��aoie_�]naV[EaVR
S�deY�S�Rh�
ao�%Y�RrdnaXm$��[Eao_�]ef�f`]nbrS�R%aoie[PiOy
inaVRh_kY}dnqhY��KY g q%aV\%aVdx{%R%a f {hY�� � ins�Yk_�dn]^SES`ix��Y�UVU } � �j� y�� � � � v
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X f`Uof`bj]^S�s%q%ao_"ieY�Rhi^f`]ei(S�]eYE{%R%a f {hYPaVR�dnqhY"ieY�RhieYEdnq
S�d�dnqhY;i^S�[PYPi^Y�RhinaVR%b�Y�UoY�[PY�R�d�m${%Rh_�dnaof`Rhi�S`i
\�f`dnq�dnqhY�aVRrdeY�]n]ef`brS�def`]�f�mBdnqhY�i^S�[Es%UoY�S�Rh�cdnqhY�f`s%dnao_OS�UVUV�K]eY�s�f`]ndnaVR%b"dn]^S�Rhie��{h_kY�] } non1� v���R�f`dnqhY�]
��f`]e�%i�y�dnqhY�]eY(aoi5Rhf"RhYkYk��m�f`]5m�{%]ndnqhY�]}Y�UoYk_�dn]ef`R%ao_�s%]ef�_kYki^inaVR%bhv w qhY�s%]naVRh_�aVs%UoYki}\�Y�q%aVRh�gS"inaV[Es%UoY
]eY��
Yk_�dnaof`R�qhf`Uof`bj]^S�[ÇS`i~S�\%aof`Uof`bjao_OS�UtS�Rh��_eqhY�[Eao_OS�U�i^Y�Rhief`]~S�]eY�]^S�dnqhY�]~Y�UoY�[PY�R�d^S�U�v
� f`Rru�Y�R�dnaof`R
S�U�����q%aVdeY�W�UVaVbjqrd�]eY��
Yk_�dnaof`RTqhf`Uof`bj]^S�[Pi ��_kf`Rhinaoind}f�mBbjUlS`ieipf`]5s%UlS`indnao_�in{%\hindn]^S�deYki}_kf�urW
Y�]eYk����aVdnqPSxb�Y�UlS�dnaVR�WZinaVUVu�Y�]3q
S�UVao�%Y���s%qhf`def`bj]^S�s%q%ao_xY�[({%Uoinaof`R�v w q%aoi�qhf`Uof`bj]^S�s%q%ao_�s%UlS�deYzaoi'Y g s�fjieYk�
def"UVaVbjqrd5m�]ef`[ÇSPinaVR%bjUoY�UlS`ieY�]Oy
��qhfji^Y�\�YOS�[ aoi5ins%UVaVd~aVR�dZ��f%v w qhY�aVR�deY�]Êm$Y�]eY�Rh_kY�f�m3dnqhY(]eY�m$Y�]eY�Rh_kY
\�YOS�[cy���q%ao_eqCaoi}s
S`ieieYk�gu�alSKS�[EaV]n]ef`]�iedn]^S�aVbjqrd�m$]ef`[ÀdnqhY�UlS`ieY�]Oy�S�Rh�TdnqhYEf`\ Y Yk_�d�\�YOS�[cy���q%ao_eq
aoi}]eY��
Yk_�deYk��m�]ef`[ÇdnqhY�d^S�]nb�Y�d�f`\ Y Yk_�dOy�S�Rh�gdnqhY�in{%\hieY f {hY�Rrd��%Y�u�Y�Uof`s%[PY�R�d(S�Rh�gs�fjindÊW�s%]ef
_kYkieinaVR%b
bjaVu�Yx]naoi^Y�def}m$]naVR%b�YkiHf�m�dnqhYxinaVUVu�Y�]�q
S�UVao�%YkiB��aVdnq%aVR;dnqhY~b�Y�UlS�dnaVR�v w qhY�m$]naVR%b�YkiBUVaoYxaVR;s%UlS�RhYkiBs
S�]^S�UVUoY�U
defKdnqhY�b�Y�UlS�dnaVR¡in{%]Êm�S`_kYjv w qhY�s%UlS�RhYki�UVaoYPS�s%s%]ef g aV[;S�deY�UV�?q
S�UXm�S���Sku�Y�UoY�R%bjdnq#m�]ef`[FYOS`_eqCf`dnqhY�]Ov
[ s�f`RPaVUVUV{%[EaVR
S�dnaof`R���aVdnq;��q%aVdeYxUVaVbjqrdOy
dnqhYx��aX��]^S`_�dnaof`R;bj]^S�dnaVR%b�i���f`]n�PS`iB��Sku�Y�UoY�R%bjdnq�|hUVdeY�]ei�S�Rh�
]eY�s%]ef
��{h_kYEdnqhYEf`]naVbjaVR
S�UBf`\ Y Yk_�d�S`i(S;[Pf`Rhf
_eq%]ef`[;S�dnao_;dnq%]eYkY�WZ��aV[PY�Rhinaof`R
S�UHaV[;S�b�Yjv w qhY�s
S�]ndnalS�U
]eY��
Yk_�dnaof`Rhi�m$]ef`[ dnqhY;m$]naVR%b�Yki�aVRrdeY�]Êm�Y�]eYK_kf`Rhindn]n{h_�dnaVu�Y�UV��yzS�Rh�#s%]ef
��{h_kYcS�ins�Yk_�dn]^S�U�s�YOS�����qhfjieY
�zSOu�Y�UoY�R%bjdnqcaoi��%Ykie_�]naV\�Yk�"\��PdnqhY ¢ ]^S�bjbEY f {
S�dnaof`R W

λmax = 2nd cos θ
` y���qhY�]eY

n
aoizdnqhY}Sku�Y�]^S�b�Y

]eY�m$]^S`_�dnaVu�Y~aVRh�%Y g y
d
dnqhYx��aoind^S�Rh_kY~\�Y�d���YkY�R�dnqhY�m$]naVR%b�Y�s%UlS�RhYkizS�Rh�

θ
dnqhY5S�R%bjUoY5f�m�aVRh_�ao�%Y�R�d�UVaVbjq�dOv

u fO��y�dnqhYx\
S`inaoiBm$f`]�S�qhf`Uof`bj]^S�s%q%ao_5i^Y�Rhief`]BaoiBdnqhY5ins�Yk_�dn]^S�Uhs�YOS�����Sku�Y�UoY�R%bjdnq r i��%Y�s�Y�Rh�%Y�Rh_kY5f`R
nS�Rh�

d
vt��m�Y�aVdnqhY�]3f�m
dnqhYki^YHaoit[Pf
��aX|
Yk�(\���S�R���[PYOS�RhiOyjaVdt��aVUVU�q
Sku�Y�S�R�aV[Es
S`_�d'f`R�dnqhYz�zSOu�Y�UoY�R%bjdnq

S�Rh�KaVR�deY�RhinaVdZ��y�a�v Yjv'dnqhY�_kf`Uof`{%]5S�Rh�KdnqhY�\%]naVbjqrdnRhYkieiOy
f�mtdnqhY�qhf`Uof`bj]^S�[cv } � v y non1�
w qhY�bj]ef`{%s�f�m � q%]naoindef`s%qhY�] � v £ fO�zY(S�d�dnqhY [ R%aVu�Y�]einaVdZ�Kf�m � S�[(\%]nao��b�Yjy [ v��EvVy%q
Sku�Y��%Y�u�Y�Uof`s�Yk�
qhf`Uof`bj]^S�s%q%ao_PieY�Rhi^f`]eixm�f`]5dnqhY�[Pf`R%aVdef`]naVR%bcf�mHs X } � �ot1� S�Rh�gbjUV{h_kfjieY } not1� v w qhY�s X [Pf`R%aVdef`]naVR%b
ieY�Rhief`]ei���Y�]eY~m�S�\%]nao_OS�deYk�;{hinaVR%b�S�dnq%aVR�y�s�f`UV�
[PY�]nao_jy�qr����]ef`b�Y�U ���x|hUV[cy�_kf`Rrd^S�aVR%aVR%bPS`_�ao��ao_5f`]H\
S`inao_
[Pf`Rhf`[PY�]eiOy'aVRhindeYOS`�¡f�mxdnqhYPb�Y�UlS�dnaVR�v���f`R%aoi^S�dnaof`R¾f�mxdnqhYkieY;[Pf`Rhf`[PY�]ei�_OS�{hi^Yki�dnqhY;qr����]ef`b�Y�U�def
in�zY�UVU�y�S�Rh�"qhY�Rh_kYjy
dnqhY�m$]naVR%b�Y5ies
S`_�aVR%b(aoiz_eq
S�R%b�Yk��y���q%ao_^q"aVRh_�]eYOS`ieYkizdnqhY5��aX��]^S`_�dnaof`R��zSOu�Y�UoY�R%bjdnq
f�mxdnqhY"qhf`Uof`bj]^S�[ S�Rh�#]eYk�#ieq%aXm�dei�dnqhY"_kf`Uof`{%]Ov�Q _kf`R�dn]^S`_�dnaof`R�f�mxdnqhYPq��
��]ef`b�Y�U�]eYkin{%UVdei(aVRCdnqhY
f`s%s�fjinaVdeYjy�S�Rh��dnqhY�_kf`Uof`{%]B\%UV{hY�WZieq%aXm�deiOv w q�{hiOy�dnqhY�s X f�m�dnqhY�[PYk��aV{%[cyr��q%ao_eqPaoiBaVRP_kf`Rrd^S`_�dB��aVdnq
dnqhY5qhf`Uof`bj]^S�[cy�aoi�ieY�RhieYk�;\r�EdnqhY~i^Y�Rhief`]Ov £ fO�zY *C4c698 q
Sku�Y}S�Uoief�dn{%]nRhYk�;dnq%aoiHqhf`Uof`bj]^S�s%q%ao_}ieY�Rhief`]
aVRrdefES�\%aofjieY�Rhief`]�S�\%UoYpdef(�%Y�deYk_�dz{%]eYOS�S�Rh�;s�Y�R%ao_�aVUVUVaVR�y�\r�PaV[E[Pf`\%aVUVaoieaVR%b�_OS�d^S�UV��inaVR%b�Y�R%¼k��[PYki�f`R
dnqhY�qhf`Uof`bj]^S�[ in{%]Êm�S`_kY } � �ov9� v
w qhYBbjUV{h_kfji^Y�WZieY�RhinaVdnaVu�YBqhf`Uof`bj]^S�s%q%ao_zieY�Rhief`]��zf`]n�
i�[�{h_^q(aVR�dnqhYHi^S�[PY3�zSO��yjY g _kY�s%d�dnq
S�d�S�bjUV{h_kfjieY
\%aVRh��aVR%b}UVaVbrS�Rh��aoi�{hieYk�(aVR�dnqhY�q��
��]ef`b�Y�U
|hUV[cv w qhYzS`��ujS�Rrd^S�b�Yki3f�m�qhf`Uof`bj]^S�s%q%ao_zi^Y�Rhief`]ei3S�]eYHdnqhY�aV]
aVRhY g s�Y�RhinaVu�Y�RhYki^iOy%]eYOS`��aVRhYkiei~def�\�Y}[;S`ieinW�s%]ef���{h_kYk��y
Uof`R%b�Y�u�aVd��KS�Rh��S�\%aVUVaVdZ��def�\�Y}]eY�{hi^Yk��v

� [ �;�C,Cd  !& > $ ,-� (
 �C� $256�7���]�704 9( ��" ���-,Cd  ,& $� 9( $ > $ , �7M� / gU V >  ���� �;+ 5_�������� �;�C,-d  !& > $ ,-� (
 � $�&� 
���-,Cd  ,& ��&��7� � (
 � [KM � &wZ ^9���-,Cd  ,&K5 >4, ��& � (
 � [�M:� , Z�$8 9( ���-,Cd  ,& � �1( � (
 � [�M H Z6U
�	�/?K* (
&<��M  ,�� $ &  B � +.= � &	� � �8" �
� ,C* �# ,&K5 > $ �  � =�>4� 5 > 5,$8 $ � � ��& � d $ �.+ $��a�704 +<� ��" = $ +  ,&/U



	�� +���)�����	��
�t� ���^���9��� 	 �

��«ÊÄ}«�� Å �(³�¹kµxºt´ Æ�­eµx±�¶Ç¯~¸ ³�´3±�¯x¸�µx¸(ºt´

Q in{%]Êm�S`_kY�s%UlS`ie[Pf`R§aoiPSgdn]^S�Rhinu�Y�]eieY�[;S�bjRhY�dnao_ W$w h�` Y�UoYk_�dn]ef`[;S�bjRhY�dnao_�ie{%]Êm�S`_kY��zSOu�Yjyz��q%ao_eq
Y g aoindei~S�d�dnqhY�aVRrdeY�]Êm�S`_kY�\�Y�dZ�zYkY�R�f`RhY}[PYk��aV{%[���aVdnq�S(s�fjinaVdnaVu�Y���aoY�UoYk_�dn]nao_�_kf`Rhind^S�R�d W aVRhin{%UlS�def`] `
S�Rh�TS�Rhf`dnqhY�]5[PYk��aV{%[Ç��aVdnq?SERhY�brS�dnaVu�Y���aoY�UoYk_�dn]nao_�_kf`Rhied^S�Rrd W [PY�d^S�U `/} � t � � v ^ {%]Êm�S`_kY(s%UlS`in[Pf`Rhi
S�]naoieYp��qhY�R�s�W�s�f`UlS�]naoieYk��[Pf`Rhf
_eq%]ef`[;S�dnao_}UVaVbjq�d�f�m�dnqhY~]naVbjq�d��zSku�Y�UoY�R%bjdnqKs%]ef`s
S�brS�deYki�dnq%]ef`{%bjq�S
��aoY�UoYk_�dn]nao_zs%]naoin[Ì_kf�S�deYk����aVdnqESxdnq%aVR�UlSk��Y�]'f�m�SxRhf`\%UoYH[PY�d^S�U W {hin{
S�UVUV��b�f`Uo� ` {%Rh�%Y�]�dnqhYz_kf`Rh��aVdnaof`R
f�m�def`d^S�U�aVRrdeY�]nR
S�U�]eY��
Yk_�dnaof`R W$w � �]` v [ Rh�%Y�]�dnqhY~]naVbjq�dz_kf`Rh��aVdnaof`RhizdnqhY~aVRh_�ao�%Y�Rrd�s%qhf`def`RhizaVRrdeY�]^S`_�d
��aVdnqTdnqhY(m�]eYkY�Y�UoYk_�dn]ef`Rhi�f�mHdnqhY�[PY�d^S�U3in{%]Êm�S`_kY�S�Rh�?S�]eYES�\hief`]n\�Yk�TS�Rh�T_kf`Rru�Y�]ndeYk�TaVR�defKin{%]Êm�S`_kY
s%UlS`in[Pf`Rhi } � ��¨V� v w q%aoi�UoYOSOu�Yki�S�brS�s?aVR?dnqhY�]eY��
Yk_�deYk�?UVaVbjq�d�aVRrdeY�RhinaVd��gs%]ef�|hUoY W5% aVbhv ¨ v �V` v w q%aoi
s%qhY�Rhf`[PY�Rhf`Rgaoix_OS�UVUoYk�cin{%]Êm�S`_kY}s%UlS`in[Pf`Rc]eYkief`R
S�Rh_kY W7^ jB�]` v
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Qpi�s%qhf`def`Rhi5S�]eY}]eY��
Yk_�deYk�K{%Rh�%Y�] w � � _kf`Rh��aVdnaof`RhixdnqhY���_�]eYOS�deY�S�RcY�UoYk_�dn]nao_OS�U�|
Y�Uo�Kf`RKdnqhY�f`dnqhY�]
inao�%Y}f�m�dnqhYpaVRrdeY�]Êm�S`_kYjv ^ {%]Êm�S`_kYps%UlS`in[Pf`Rhi�_�]eYOS�deY�S�inaV[EaVUlS�]z|
Y�Uo��f`RKY�aVdnqhY�]�inao�%Y}f�m�dnqhYpaVRrdeY�]Êm�S`_kY
S�Uof`R%b?��q%ao_eq§dnqhY��#s%]ef`s
S�brS�deYjv w q%aoiEY�UoYk_�dn]nao_OS�U�|
Y�Uo�¡aoi�_OS�UVUoYk��S�R§Y�u`S�RhYki^_kY�RrdE�zSOu�Yjy�ieaVRh_kY"aVd
�%Yk_OSk��ipY g s�f`RhY�RrdnalS�UVUV��S`i~S�m�{%Rh_�dnaof`R�f�m3dnqhY���aoied^S�Rh_kY}m�]ef`[ dnqhY�aVRrdeY�]Êm�S`_kYjv w qhY�u�Y�Uof�_�aVd��cf�mtdnqhY
Y�ujS�RhYkie_kY�Rrd���Sku�Y;aoi}R
S�dn{%]^S�UVUV�T�%Y�s�Y�Rh�%Y�Rrd(f`R?dnqhY�]eY�m�]^S`_�dnaVu�YEaVRh�%Y g f�m�dnqhY�[PYk��aV{%[ aVd�dn]^Sku�Y�Uoi
aVR�v � f`RhieY f {hY�RrdnUV��yhaVdzaoizu�Y�]n��ieY�RhinaVdnaVu�Y}def�[;S�dndeY�]�\�f`{%Rh��def�dnqhYpm�S�]�ieao�%Ypf�m�dnqhY}[PY�d^S�U�ie{%]Êm�S`_kYjv
w qhY�u�Y�Uof
_�aVdZ�cf�m'dnqhY�Y�u`S�RhYki^_kY�Rrd~��Sku�Y(��aV]eYk_�dnUV�KS9��Yk_�deixdnqhY}u�Y�Uof
_�aVdZ�Kf�m3dnqhY}s%UlS`in[Pf`R�y
��q%ao_eqcaVR
dn{%]nR�S9��Yk_�deixdnqhY�S�R%bjUoY�S�d~��q%ao_eq�]eYki^f`R
S�Rh_kY�f�_k_�{%]ei�v
^ fPdnqhY�S�R%bjUoY�S�d~��q%ao_eqg]eYkief`R
S�Rh_kY(f
_k_�{%]eixaoi5�%Y�s�Y�Rh�%Y�R�d�f`RcdnqhY�[;S�dndeY�]p\�f`{%Rh��defPdnqhY(in{%]Êm�S`_kY
f�m�dnqhY}[PY�d^S�U�_kf�S�dnaVR%bhv w q%aoi�s%]ef`s�Y�]nd��"[;S���Yki�dnqhY}s%qhY�Rhf`[PY�Rhf`R�in{%aVd^S�\%UoYpm$f`]�{hieY�S`ixS�ieY�UoYk_�dnaVu�Y
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S�]ndOy�dnqhY;UVaVbrS�Rh��y'f�m5S�RCaVRrdeY�]^S`_�dnaof`R¡s
S�aV]�f�m�[Pf`UoYk_�{%UoYki�y�aoi(aV[E[Pf`\%aVUVaoieYk�¡f`Rrdef
dnqhY�[PY�d^S�U +�ieY�Rhief`]Pie{%]Êm�S`_kYjv w qhY�f`dnqhY�]Es
S�]ndOyHdnqhYcS�R
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S�Rh_kY"S�R%bjUoY"_eq
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S�[PYk��in{%]Êm�S`_kY�WZY�R%q
S�Rh_kYk� � S�[;S�R�ie_OS�dndeY�]naVR%bhv ^
 B�]^
aoi�f`\hieY�]nu�Yk�gm$]ef`[Ç[Pf`UoYk_�{%UoYki���q%ao_^q#S�]eY�aVR?dnqhY�u�ao_�aVR%aVd��gf�mz[PY�d^S�UVUVao_ ��R
S�Rhfjindn]n{h_�dn{%]eYki �^v w qhYkieY
_OS�R¾\�Y"Y�UoYk_�dn]ef��%Y�in{%]Êm�S`_kYkiOy'f�m$deY�R#]ef`{%bjqhY�RhYk��yH\%{%d(Rhf`d�RhYk_kYkiei^S�]naVUV��yBY�ujS�s�f`]^S�deYk�CaoinUlS�Rh�C|hUV[Pi
f`]5_kf`UVUof`ao�%i�v w qhY�indn]ef`R%b�YkiedpY�R%q
S�Rh_kY�[PY�R�dei�S�]eY�f`\%d^S�aVRhYk��m�]ef`[ _�UV{hindeY�]ei5f�mH_kf`UVUof`ao�hS�Uts
S�]ndnao_�UoYkiOy
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w qhY�[Pfjied5_kf`[E[Pf`R%UV�K{hieYk�cie{%\hindn]^S�deYki5S�]eY�dnqhY�_kf`aVR
S�b�Y�[PY�d^S�Uoi �hb�f`Uo��y
ieaVUVu�Y�]pS�Rh�c_kf`s%s�Y�]Oy
��{hY
defEdnqhY�aV]~ie{%s�Y�]naof`]xY�R%q
S�Rh_�aVR%b"s�f���Y�]ei } �j� � v � f`UVUof`ao�hS�U�_�UV{hindeY�]ei5f`]�aoinUlS�Rh��|hUV[Pixf�m'b�f`Uo�cf`]xinaVUVu�Y�]
_OS�R�s%]efOu
ao�%Y�Y�R%q
S�Rh_kY�[PY�Rrd�m�S`_�def`]ei�fOu�Y�]
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} l � � v w qhY}Y�RrdnaV]eYp[PYk_eq
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s%]ef
_kYkiei(S�]eY;Rhf`d�{%Rh�%Y�]eindef
f���y�\%{%d(Y g s�Y�]naV[PY�Rrdei(aVRh��ao_OS�deYPdnq
S�d�d���fgY���Yk_�dei(_kf`Rrdn]naV\%{%deY�defKdnqhY
Y�R%q
S�Rh_kY�[PY�RrdOv w qhY'|h]eind�Y���Yk_�d�aoitS�R�Y�UoYk_�dn]ef`[;S�bjRhY�dnao_�|
Y�Uo��Y�R%q
S�Rh_kY�[PY�R�d'��{hYHdefxdnqhY�Y g _�aVd^S�dnaof`R
f�mtie{%]Êm�S`_kY5s%UlS`in[Pf`Rhi�f`R�dnqhY5[PY�d^S�U�in{%]Êm�S`_kYpaVR"dnqhYp[Pf`UoYk_�{%UoY r i�s%]ef g aV[EaVd���v w qhYpieYk_kf`Rh��Y���Yk_�d�aoi
S�_^qhY�[Eao_OS�U�Y�R%q
S�Rh_kY�[PY�R�dOy���q%ao_eq�aoiB�zYOS���Y�]�dnq
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 B�_^ q
S`iz[;S�R���S�s%s%UVao_OS�dnaof`RhiOy�]^S�R%bjaVR%b�m$]ef`[ ieaVR%bjUoY�W�[Pf`UoYk_�{%UoY��%Y�deYk_�dnaof`RKS�Rh��ao�%Y�R�dnaX|
_OS�dnaof`R�f�m
[Eao_�]ef
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S�]nRhYkieinaVR%b�[;S`i^iPieY�RhinaVR%bCS�Rh�
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S�deY�UV��y�dnqhY
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s%]ef`\%UoY�[PiES�]eYjy�qhf���Y�u�Y�]Oy'\�Y�aVR%b�S`�%��]eYkieieYk�C\r��y�m�f`]�aVRhind^S�Rh_kYjytY�[Es%UofO�
aVR%b�]eY�m�Y�]eY�Rh_kY;�%Y�u
ao_kYki�f`]
in{%aVd^S�\%UoYcie{%]Êm�S`_kY�_eqhY�[Eaoiedn]naoYkiOyH\%{%d;S�]eY��zY�UVU5S�Rh�¾dn]n{%UV�CRhf`dE{%R%a f {hY�defTdnq%aoiP_�UlS`ieiEf�m}ieY�Rhief`]eiOv
h ao_�]ef�W�S�Rh�§R
S�Rhf
�%Y�u�ao_kYki"_OS�s
S�\%UoYcf�mp[;S`i^iPieY�RhinaVR%b�_OS�R�\�YKins%UVaVdPaVR�def �327*��m.{*G8 * AC45?@2BA�A>? �10G47698 �
� 610m* O S�Rh� 0@2 8 2BA .9I�� Ã � � �w� 690C* O �%Y�u�ao_kYkiOv
j aoY�¼Of
Y�UoYk_�dn]nao_�_�]n�
ied^S�UXW�\
S`ieYk�(�%Y�u
ao_kYki'_�]eYOS�deY�ind^S�Rh��aVR%bpf`]tdn]^Sku�Y�UVUVaVR%b�S`_kf`{hindnao_z��Sku�Yki'��q%ao_eq�s%]ef`s�W
S�brS�deYES`_�]efjieipdnqhY(i^Y�Rhief`]pie{%]Êm�S`_kYjv w qhY�S`_kf`{hindnao_��zSku�Yki�S�]eY(b�Y�RhY�]^S�deYk�T\r��deY�[Es�f`]^S�UVUV��f`]�ins
S9W
dnalS�UVUV��ujS�]n�
aVR%bpY�UoYk_�dn]nao_OS�UhinaVbjR
S�Uoi3S`_�dnaVR%b�f`RES�|hUV[�f�m
s%aoY�¼Of
Y�UoYk_�dn]nao_z[;S�deY�]nalS�U W Yjv bhv f {
S�]ndn¼�f`]�¼kaVRh_
f g ao�%Y ` v w qhY~s%]ef`s
S�brS�dnaof`R�f�m�dnqhY5S`_kf`{hiednao_~��Sku�Yki��%Y�s�Y�Rh�%izf`RPdnqhY~[;S�dndeY�]�\�f`{%Rh�Pdef�dnqhY~ieY�Rhief`]
in{%]Êm�S`_kYjytdnqr{hi�s%]efOu
ao��aVR%bTSc[PYOS�Rhi�defc]eYk_kf`bjR%aoieY"dnqhYPs%]eYkieY�Rh_kY�f�mxdnqhYPd^S�]nb�Y�dES�R
S�UV�
deYjv j aoY�¼Of�W
Y�UoYk_�dn]nao_T�%Y�u�ao_kYki"{hinaVR%b¾in{%]Êm�S`_kY�S`_kf`{hindnao_��zSOu�Yki W7^ Q � i ` S�Rh� f {
S�]ndn¼T_�]n�
ind^S�U5[Eao_�]ef`\
S�UlS�Rh_kYki
W	�E� h i ` S�]eY�dnqhY�[Pfjind}��Y�UVUXW��
RhfO��R�y'S�UVdnqhf`{%bjq�dnqhY��g[;Sk�TY g s�Y�]naoY�Rh_kY�{%R
S`_k_kY�s%d^S�\%UoYP�hS�[Es%aVR%b
aVR�S f {hYkf`{hixY�Rru
aV]ef`R%[PY�Rrdei�v } �O� �1�
^ aVUVao_kf`R hg ch�^ W�\
S`ieYk� �%Y�u�ao_kYki�_kf`RhinaoindKf�m�S¡[Eao_�]ef�W;f`]KR
S�Rhf�WZie_OS�UoYC_OS�RrdnaVUoY�u�Y�] W f`]�S�R�S�]n]^SO�
f�m�dnqhY�[ ` [;S`�%Y�f�m�S?Rhf`R�W�s%aoY�¼Of�Y�UoYk_�dn]nao_�[;S�deY�]nalS�U�y�f�m�deY�R®inaVUVao_kf`R�v w qhYki^Y���aVu
aVR%b�\�f�S�]e��dZ�
s�Y
indn]n{h_�dn{%]eYkiOyt��q%ao_^q¡S�]eY � v ��* �

µ
[ dnq%ao_eq�y �j��* � �j�

µ
[ ��ao�%Y"S�Rh��� �j��* tj�j�

µ
[ Uof`R%b } �O�j� � y�_OS�R

f`s�Y�]^S�deY�aVRKdZ�zfP[Pf
�%Yki"!Bin{%]Êm�S`_kY�indn]eYkiei~_eq
S�R%b�Y��%Y�deYk_�dnaof`RTS�Rh�K[;S`ieix_^q
S�R%b�Y��%Y�deYk_�dnaof`R�v��ZRKdnqhY
m�f`]n[PY�]Oy�dnqhYp\%aof
_eqhY�[Eao_OS�U�]eYOS`_�dnaof`Rcf�m�dnqhY5d^S�]nb�Y�d�ies�Yk_�aoYkiz\%aVRh��aVR%b�def(f`RhYpinao�%Ypf�m�dnqhY}_OS�RrdnaVUoY�u�Y�]
_eq
S�R%b�YkipdnqhY(in{%]Êm�S`_kY�m�]eYkY(Y�RhY�]nbj��v w q%aoi~_^q
S�R%b�YkipdnqhY�in{%]Êm�S`_kY�indn]eYki^i5S�Rh��ie{%\hieY f {hY�R�dnUV�c]eYkin{%UVdei
aVR�dnqhYE_OS�R�dnaVUoY�u�Y�](\�Y�Rh��aVR%b W5% aVbhv ¨ v t;` vE��R?[;S�dnqhY�[;S�dnao_OS�UHdeY�]n[PiOy�dnqhYE�%Y��
Yk_�dnaof`R#f�m�dnqhY�dnaVsCf�m
dnqhY�_OS�R�dnaVUoY�u�Y�]p_OS�RK\�Y�Y g s%]eYki^ieYk��S`i

∆z = 4

(

L

t

2
)

(1 − ν)

E
(∆σ1 − ∆σ2)

W�¨ vV� `



	�� �g!C��	 �*�����
�^����������� � ���������9�����������
)�)�����	`�r�����
��� � �

��qhY�]eY
L
aoi�dnqhYTUoY�R%bjdnq<S�Rh�

t
dnqhYTdnq%ao_e�
RhYkieiKf�m�dnqhY?_OS�R�dnaVUoY�u�Y�]Oy

E � f`{%R%b r ic[Pf���{%UV{hi � ��y νj f`aoieief`R r i�]^S�dnaof � 
 S�Rh�
∆σ1

dnqhY�_eq
S�R%b�Y�aVR¡dnqhY�in{%]Êm�S`_kY"indn]eYkiei�f`R¡dnqhY;def`s¾in{%]Êm�S`_kY�S�Rh�
∆σ2f`R�dnqhY�\�f`dndef`[ in{%]Êm�S`_kY�f�m3dnqhY�_OS�RrdnaVUoY�u�Y�] }��ol1� v w qhY�\�Y�Rh��aVR%b"_OS�R�\�Y�]eYOS`��Y�aVdnqhY�]5f`s%dnao_OS�UVUV�cf`]

Y�UoYk_�dn]nao_OS�UVUV��v $ s%dnao_OS�Uh�%Y�deYk_�dnaof`RP{%dnaVUVaoi^YkiBS~UlS`i^Y�]3\�YOS�[Ìd^S�]nb�Y�deYk�;S�d'dnqhY�dnaVsEf�m�dnqhY�_OS�R�dnaVUoY�u�Y�]Ov3Q5i
dnqhY�_OS�R�dnaVUoY�u�Y�]5\�Y�Rh�%iOy�dnqhY�S�R%bjUoY�f�m'dnqhY�]eY��
Yk_�deYk��\�YOS�[���aVUVU�_eq
S�R%b�Yjyh��q%ao_^q�_OS�RK\�Y�[PYOS`in{%]eYk�
u�Y�]n�;s%]eYk_�aoi^Y�UV��v   UoYk_�dn]nao_OS�U��%Y�deYk_�dnaof`Rc_OS�R�\�Yjy�m�f`]�Y g S�[Es%UoYjy%_OS�s
S`_�aVdnaVu�Yjy���qhY�]eY�S�s%UlS�deY�W�def�W�s%UlS�deY
brS�s�ujS�]naoYkit��{hYBdefxdnqhYH\�Y�Rh��aVR%bpf�m%dnqhYH_OS�RrdnaVUoY�u�Y�]Ov w qhY�ieY�RhinaVdnaVu
aVdZ��f�mhdnq%aoi�i^Y�Rhief`]�aoi�aVRh_�]eYOS`ieYk��\��
]eYk��{h_�aVR%b�dnqhY�ins%]naVR%b�_kf`Rhind^S�RrdOyr\%{%d'dnqhY�def`d^S�UhS�]eYOSpf�m�dnqhY�_OS�R�dnaVUoY�u�Y�]Binqhf`{%Uo�ES�Uoiefp\�Yz_kf`Rhinao�%Y�]eYk��y
S`i�aVdx��ao_�d^S�deYki�qhf��<[;S�Rr��d^S�]nb�Y�d~S�R
S�UV�
deYki�RhYkYk�Kdef�\%aVRh�Kdef�dnqhY�in{%]Êm�S`_kYpaVRcf`]e�%Y�]�def�s%]ef���{h_kY�S
�%Y�deYk_�d^S�\%UoY�\�Y�Rh��aVR%bhv

�����
	���
 ��� � � � & �  95 � � ,  � �8" � 0�&;" $75  �;+ &  �<� 5 > $8 4M  $8 9( �#$ ��� 5 > $8 9M� �(
 +  Q5 +�� �� �0 ���  4M $K� � 5!&��15,$8 +��C,  d  ,&/U
[�(�$�� +  Q(D" &<��� � #�%��LU

h S`iei3_eq
S�R%b�Y��%Y�deYk_�dnaof`R�y�f`R�dnqhY�f`dnqhY�]3q
S�Rh��y�aVRru�f`UVu�YkiHS5u
aV\%]^S�dnaVR%b�_OS�RrdnaVUoY�u�Y�] W5% aVbhv ¨ v t;` v � qhY�R
dnqhY"d^S�]nb�Y�d�ies�Yk_�aoYki�\%aVRh�%i(def�dnqhY�_OS�RrdnaVUoY�u�Y�]Oy3aVdei(]eYkief`R
S�Rrd�m$]eY f {hY�Rh_���ieq%aXm�dei W dnqhY"_OS�R�dnaVUoY�u�Y�] r i
ins%]naVR%bK_kf`Rhind^S�R�dpaoi�S`ieie{%[PYk��def"]eY�[;S�aVRT{%Rh_eq
S�R%b�Yk� ` y���q%ao_^q�_OS�R�\�Y�[PYOS`ie{%]eYk�gY�aVdnqhY�]�Y�UoYk_�dn]naXW
_OS�UVUV�¾f`]�f`s%dnao_OS�UVUV��v ¢ �C_kf`[Es
S�]naVR%b�dnqhY�]eYki^f`R
S�Rrd�m$]eY f {hY�Rh_��¡��aVdnq�S�Rh�¾��aVdnqhf`{%dEdnqhYcS�R
S�UV��deY
\�f`{%Rh�KdefEdnqhY�ieY�Rhief`]OyhdnqhY�_eq
S�R%b�Y�aVR�[;S`ieix_OS�RK\�Y�_OS�Uo_�{%UlS�deYk�c��aVdnq

∆m =
k

4π2

(

1

f2
1

−
1

f2
0

) W�¨ v �V`

��qhY�]eY
k
aoi�dnqhY5ies%]naVR%b�_kf`Rhind^S�R�dOy

f0

aoi�dnqhY~{%R%Uof�S`�%Yk��]eYkief`R
S�R�dzm�]eY f {hY�Rh_��"S�Rh�
f1

aoizdnqhY~Uof�S`�%Yk�
]eYkief`R
S�R�dBm$]eY f {hY�Rh_�� }��ol1� v w qhY~ieY�RhinaVdnaVu
aVdZ��f�m�dnqhY�[;S`ieiB_^q
S�R%b�Yx�%Y�deYk_�dnaof`RP[Pf
�%Y�aoi3aVRh_�]eYOS`ieYk��\��
]eYk��{h_�aVR%b�dnqhY�[;S`iei5f�m3dnqhY(_OS�R�dnaVUoY�u�Y�]}S�Rh�g�%Yk_�]eYOS`inaVR%b�dnqhY�UofO�zY�]5UVaV[EaVd}f�mB�%Y�deYk_�d^S�\%UoY�]eYki^f`R
S�Rrd
m$]eY f {hY�Rh_��¾inq%aXm$deiOv £ aV��Y�dnqhY ^ Q � S�Rh� �E� h �%Y�u�ao_kYkiPdnqhY�u�aV\%]^S�dnaVR%b�_OS�R�dnaVUoY�u�Y�];Y g s�Y�]naoY�Rh_kYki
�hS�[Es%aVR%bEaVR �h{%ao��ao_5[PYk��aV{%[Pi�y�[;S���aVR%b�dnqhY}indn]eYkieizieY�RhinaVR%b�[Pf��%Y5dnqhYps%]eY�m$Y�]n]eYk��_^qhf`ao_kY5aVR�dnqhYkieY
_OS`ieYkiOv u Y�u�Y�]ndnqhY�UoYkieiOy�aXmHdnqhY�d^S�]nb�Y�d�ins�Yk_�aoYki~aoi�S;��qhf`UoY�f`]nbrS�R%aoie[cy�Yjv bhv}S"_kY�UVU3f`]}S;\
S`_�deY�]naV{%[cy
dnq%aoi�[Pf��%Y�aoiOytaVR�S�UVUzs%]ef`\
S�\%aVUVaVdZ��yBaVRhY���Yk_�dnaVu�YKS`iES��%Y�deYk_�dnaof`R§deYk_^q%R%a f {hYjyBieaVRh_kY;dnqhY�f`]nbrS�R%aoin[
[EaVbjqrd�Rhf`d�s%]ef���{h_kY~dnqhY~RhYk_kYkiei*S�]n�E{%R%aXm$f`]n[ _eq
S�R%b�Y5aVR�indn]eYki^iHfOu�Y�]zdnqhY~_OS�R�dnaVUoY�u�Y�]�in{%]Êm�S`_kYjv w qhY
u
aV\%]^S�dnaVR%b�[Pf��%Yjy`aVR�dn{%]nR�yjq
S`it\�YkY�R�{hi^Yk�(def}�%Y�deYk_�d'[Eao_�]ef
f`]nbrS�R%aoin[PiOyrYjv bhv3Ãx¥ A .98 2 yj\r��S�dnd^S`_eq%aVR%b
� � 
u��09 4M � � ���1(10 , 0 � ��� $2�# ,$ � 0�&  ��8" +�>  �.+<���  � ��� ��" $2�#$ +  ,& � $ , U H~+ ����+<>  & $ +�� � �  +.=  , _ +  _ ���-,  

�;+ &  �<� $8 9( �.+ & $ �  �U � NQ���
� 
 � � ����� �� � � & $ +<� � �C� $ �<� �15 � $ +  /( =��-+�>!+�>  �.+ &� + 5 >4�  4M $� 9(356�7 + & $75 +<� �7 G��" $ �
�1( * =�>  _ $�"X��&w5  ���

$8�9� ,-�  /( + � �-+B�  ��� � ( � &  /5 +�� �� gU H~+B����+<>  �& $ +�� � �  +.=  ! _ +<>  5_�� + & $�5 +�� �� �.+ & $ �  2�  !&<�  / 9( � 560 , $ & + � +<>  
"X��&w5  �$� 9( +�>  � 
r+  _ ��� �� �.+ & $ �  �  +�>  ( � &  /5 +�� �� b�8" +�>  �"X� &<5! �U � N/���



	�� �g!C��	 �*�����
�^����������� � ���������9�����������
)�)�����	`�r�����
��� � 	

[Eao_�]ef`\�Y�WZins�Yk_�aX|
_�S�RrdnaV\�f���aoYki5f`RKdnqhY�_OS�RrdnaVUoY�u�Y�]pin{%]Êm�S`_kY } � v{� v
h ao_�]ef�_OS�R�dnaVUoY�u�Y�]��%Y�u
ao_kYki(q
Sku�Y"Sc]eYkins�f`RhieYEdnaV[PYPaVR#dnqhYP[EaVUVUVaoieYk_kf`Rh�%i�S�Rh�C_kf`[E[Pf`R%UV��m$YOS�dn{%]eY
R
S�Rhf`bj]^S�[ W

10−9
` yts%ao_kf`UVaVdn]eY W

10−12
` y�m�Y�[�def Y f`{%UoY W

10−15
` S�Rh�#S�dndef`[Pf`UlS�] W

10−18
` i^Y�RhinaVdnaVu�aXW

dnaoYki } � ¨ � � v h ao_�]ef
_OS�RrdnaVUoY�u�Y�]ÊW�\
S`ieYk��ieY�Rhief`]ei�]eYkief`R
S�dnaVR%b"S�d�Uof���Y�]�m$]eY f {hY�Rh_�aoYki�dnq
S�R ^ Q � W�\
S`ieYk�
ieY�Rhief`]ei W��j��*
�j�j� � X ¼Eu�iOv t�* tj�j�(hZX ¼ ` _OS�R?\�Y�[Pf`]eY;ieY�RhinaVdnaVu�Yjy�S�Rh�?aVRh�%YkYk��y�aVd�aoi�YkindnaV[;S�deYk�
dnq
S�d5S(R
S�Rhfjie_OS�UoY�_OS�R�dnaVUoY�u�Y�]Oyh��qhfjieY}]eYkief`R
S�R�d�m$]eY f {hY�Rh_��"]eYOS`_eqhYkixdnqhY}[PY�brS�qhY�]ndn¼�[;S�]n��y%_kf`{%Uo�
\�Y�_OS�s
S�\%UoY�f�m�[;S`ieixi^Y�RhinaVR%bPS�s%s%]ef�S`_eq%aVR%b;dnqhY}¼OY�s%def`bj]^S�[ W

10−21
` UoY�u�Y�U�y�a�v YjvBinaVR%bjUoY}[Pf`UoYk_�{%UoYki

} �O�j� � v

��«�ª�«½Ä � ·^º�³�¯ � �(·e°�·eº ±hË�±h²�´B¶Ç±

h ao_�]ef �h{%ao��ao_cin��indeY�[PiES�]eY�m�S�\%]nao_OS�deYk�¾{hinaVR%bT[;S�R��¡f�mpdnqhY�i*S�[PY�[PY�dnqhf��%i�m�S�[EaVUValS�]�m�]ef`[ dnqhY
s%]ef
��{h_�dnaof`R�f�m h� -h"^ v [ R%UVaV��Y�_�UlS`i^inao_OS�U hg ch�^ ytqhfO��Y�u�Y�]Oy�dnqhY��C_kf`R�d^S�aVR �h{%ao��ao_�[Eao_�]ef�_kf`[�W
s�f`RhY�Rrdei W Yjv bhv(_eq
S�R%RhY�UoiOy�u`S�UVu�YkiOy�s%{%[Eshi�y�]eYkieY�]nu�f`aV]eiOy �h{%ao�gaVRrdeY�]e_kf`R%RhYk_�dei�y�|hUVdeY�]ei ` aVR�S`�%��aVdnaof`R
defcdnqhY"ieY�Rhief`]ei�S�Rh�C�%Y�deYk_�def`]ei } �O� �1� v $ ]naVbjaVR
S�UVUV��y'dnqhYP|
Y�Uo�Cf�m�[Eao_�]ef �h{%ao��ao_�in�
iedeY�[Pi�q
S`��d���f
S�s%s%]ef�S`_eqhYki�v $ RhYp�zS`i�def�_kf`[�\%aVRhY}[Eao_�]efjieY�Rhi^f`]ei���aVdnq�dnqhYki^Y��h{%ao��ao_p[Eao_�]ef
_kf`[Es�f`RhY�R�deiOyh_�]eYOS�dÊW
aVR%b���qhf`UoY�in��indeY�[PiOv w qhY}f`dnqhY�]z��S`i�def�[EaVR%alS�dn{%]naoieY}dnqhYp\%aof�_^qhY�[Eao_OS�U�UlS�\�f`]^S�def`]n��f`]xS�R
S�UV��dnao_OS�U
_eqhY�[Eao_OS�U�[PY�dnqhf
�%iHf`Rrdef�S�inaVR%bjUoY5_eq%aVs }��ot{� v w qhY~UlS�dndeY�]Bq
S`iB]eYk_kY�aVu�Yk�Pm�S�]B[Pf`]eY5Y�[Es%q
S`inaoiOy�Ykins�Y�W
_�alS�UVUV��b�Y�RhY�dnao_(S�R
S�UV��inaoiOv w qhY jB�z� s%]ef
_kYk��{%]eY W ieYkY ^ {%\hi^Yk_�dnaof`R ¨ v ¨ vV� ` y
m�f`]xaVRhind^S�Rh_kYjy%q
S`i~\�YkY�R
aV[Es%UoY�[PY�RrdeYk��aVR�S�[Eao_�]ef �h{%ao��ao_(�%Y�u�ao_kY } l�¨V� v
^ aVRh_kY(dnqhY�inaV¼OY�f�mHSE_kY�UVU�aoi~f�m3dnqhY�i*S�[PY�[;S�bjR%aVdn{h�%Y�S`i5_kf`[E[Pf`R�[Eao_�]ef �h{%ao��ao_��%Y�u
ao_kYki W � ��* � �j�
µ
[ ` [Eao_�]ef �h{%ao��ao_�in��indeY�[Pi�S�]eY5s�Y�]Êm�Yk_�dnUV�"in{%aVd^S�\%UoYpm�f`]z_kY�UVU�S�R
S�UV��inaoiOv ^ f`[PYpm${%]ndnqhY�]xS`��u`S�R�d^S�b�Yki
f�mHdnqhYkieY��%Y�u
ao_kYki�S�]eY(dnqhY�aV]p|hRhY�S�\%aVUVaVdZ��def"[;S�R%aVs%{%UlS�deYEieaVR%bjUoY(f`\ Y Yk_�dei�f�mH_kY�UVUV{%UlS�]���aV[PY�Rhinaof`RhiOy
dnqhY�m�S`ind'[;S`ieiBS�Rh�EqhYOS�d3dn]^S�RhiÊm�Y�]eiHS�Rh��dnqhY�s�fjieinaV\%aVUVaVd��(def}b�Y�RhY�]^S�deYxiedn]ef`R%b�Y�UoYk_�dn]nao_OS�U%|
Y�Uo�%i3��aVdnq
in[;S�UVUzu�f`UVd^S�b�Yki�aVRCdnqhYkieY�in��indeY�[Pi }��ot{� v�Q [Eao_�]ef �h{%ao��ao_��%Y�u
ao_kYPm�f`](dnqhf`]ef`{%bjq§_kY�UVU�S�R
S�UV�
ieaoi�aoi
]eY f {%aV]eYk��def�\�Y}S�\%UoY}def�s�Y�]Êm�f`]n[À� ` i^S�[Es%UVaVR%bhy �V` dn]^S�s%s%aVR%b"S�Rh��ief`]ndnaVR%bhyh� ` dn]eYOS�dn[PY�RrdOy�S�Rh� ¨ `
S�R
S�UV��inaoi�f�m�_kY�UVUoiOv3�ZR"dnqhYxm�f`UVUofO��aVR%bhyhS�m�Y���[EaVR%alS�dn{%]naoieYk��_kf`Rh_kY�s%dei�f�m�_kY�UVU�dn]^S�s%s%aVR%bES�Rh��ief`]ndnaVR%b
��aVUVU3\�Y({%R�m�f`Uo�%Yk��v % f`]�[PY�dnqhf
�%i�_kf`Rh_kY�]nR%aVR%b�dnqhY�f`dnqhY�]�s%]ef�_kYk��{%]eYki�dnqhY�]eYOS`�%Y�]�aoi}]eY�m$Y�]n]eYk�Tdef
dnqhY�S�UV]eYOS`����[PY�Rrdnaof`RhYk��]eY�u
aoY�� \r�KQ~Rh�%Y�]ei^ief`R *>4x698 }��ot{� v
h Yk_eq
S�R%ao_OS�U~dn]^S�s%s%aVR%b#f�m}_kY�UVUoiEaoiPs�fjieieaV\%UoY"\���y�m$f`]�aVRhind^S�Rh_kYjyz[Eao_�]ef�m�S�\%]nao_OS�deYk�§|hUVdeY�]eiOv w qhYkieY
|hUVdeY�]ei�_kf`Rhinaoind;f�m�s
S�]^S�UVUoY�U�yx]eYk_�d^S�R%bj{%UlS�]�_^q
S�R%RhY�UoiKf�m�ie{h_eq���ao��dnq S�Rh��qhY�aVbjq�d"dnq
S�d�s
S�]ndnao_�UoYki
f�m~UlS�]nb�Y�]���aV[PY�Rhinaof`RhiES�]eY;s%]eY�u�Y�R�deYk�#m�]ef`[ Y�RrdeY�]naVR%bhv ¢ Yk_OS�{hieY"Y�UoYk_�dn]nao_"|
Y�Uo�%iES�]eY f {%aVdeY�YOS`in�
def�b�Y�RhY�]^S�deY;S�Rh�Tindn]n{h_�dn{%]eYPf`RT[Eao_�]ef
_eq%aVshiOy�Y�UoYk_�dn]ef`��aVRhY�dnao_;ieY�s
S�]^S�dnaof`RCS�Rh�Tdn]^S�Rhins�f`]nd^S�dnaof`RCf�m
[Pf`UoYk_�{%UoYki3S�Rh��_kY�UVUoi�aoi�s�Y�]nq
S�shi�S�[Pf`]eYzS�dndn]^S`_�dnaVu�YzS�UVdeY�]nR
S�dnaVu�Yjv w ]^S�Rhies�f`]nd^S�dnaof`R�f�mh_kY�UVUoi W s%{%[Es�W
aVR%b ` aoi�s�fjieinaV\%UoY�dnq%]ef`{%bjqEY�UoYk_�dn]ef`s%qhf`]eYkinaoi W dnqhY�[PfOu�Y�[PY�RrdBf�m�S~_^q
S�]nb�Yk��ie{%\hind^S�Rh_kY���{hY�def}Sx{%R%aXW
m�f`]n[ Y�UoYk_�dn]nao_�|
Y�Uo� ` y�S`iHS�UV[Pfjind�S�UVU�\%aof`Uof`bjao_OS�U�_kY�UVUoiHq
Sku�Yx[Pf`]eY~f`]BUoYkiei3dnqhYxi*S�[PYxY�UoYk_�dn]ef`s%qhf`]eY�dnao_
[Pf`\%aVUVaVdnaoYkiOv }��ot1�



	�� 	g� ��	�������	P�
	������ ����������� ���^���9��� � �

^ Y�s
S�]^S�dnaof`R?S�Rh�cdn]^S�s%s%aVR%b;\��KY�UoYk_�dn]nao_�|
Y�Uo�%i~_OS�R�\�Y(S`_k_kf`[Es%UVaoinqhYk�c��aVdnqg��aoY�UoYk_�dn]ef`s%qhf`]eYkinaoiOv��ZR
��aoY�UoYk_�dn]ef`s%qhf`]eYkinaoi�S;Rhf`R�W�{%R%aXm�f`]n[ Y�UoYk_�dn]nao_�|
Y�Uo�TY g Y�]ndei�SEm�f`]e_kY(f`R?S"��aoY�UoYk_�dn]nao_�s
S�]ndnao_�UoYjy�a�v Yjv}S
_eq
S�]nb�Yk��s
S�]ndnao_�UoYcaoiERhf`dE]eY f {%aV]eYk��v�Qpi;S�UVU�s
S�]ndnao_�UoYkiPq
SOu�Y���aoY�UoYk_�dn]ef`s%qhf`]eY�dnao_�s%]ef`s�Y�]ndnaoYki�y��%Y�W
s�Y�Rh��aVR%b�f`R�dnqhY�aV]�_eqhY�[Eao_OS�U�[;S���Y�W�{%s�y�dnqhY�aV]�s%q��
ieao_OS�U�S�dndn]naV\%{%deYkixS�Rh�"dnqhYxm$]eY f {hY�Rh_��Pf�m�dnqhY5Q �
Y�UoYk_�dn]nao_5|
Y�Uo��yraVd�aoiHs�fjieinaV\%UoY~def�[;S�R%aVs%{%UlS�deYpdnqhY�[ \r�Edn{%R%aVR%b�dnqhYx|
Y�Uo��v w q%aoi�q
S`i�Y�R
S�\%UoYk��ieY�s
S9W
]^S�dnaof`R;f�m�_kY�UVUoiHS�Rh��u�aV]n{hieYki3f�m���aX��Y�]eY�Rrd3�
aVRh�%i3aVR�[Eao_�]ef �h{%ao��ao_~�%Y�u
ao_kYki } � ¨ y��j�j� � v�Q���ujS�Rrd^S�b�Yki�f�m
��aoY�UoYk_�dn]ef`s%qhf`]eYkinaoixS�]eY5aVdeiBRhf`R�W�aVR�u`S`inaVu�Y�RhYki^ixS�Rh�;YOS`in�EaVRh_kf`]ns�f`]^S�dnaof`R"aVR�def�[Eao_�]ef �h{%ao��ao_5in��indeY�[Pi
dnq
S�R%��ixdefEinaV[EaVUlS�]x[;S�R�{�m�S`_�dn{%]naVR%b�deYk_eq%Rhf`Uof`bjaoYki } � t1� v
% aVR
S�UVUV��y�_kY�UVUBief`]ndnaVR%b�aoipm�YOS`inaV\%UoY���aVdnq��
fO��_��
def`[PY�dn]n��v���R��
f���_���def`[PY�dn]n�?S�indn]eYOS�[Àf�m �h{%ao��y
��q%ao_eq®_kf`Rrd^S�aVRhi;ie{hins�Y�Rh�%Yk�¡s
S�]ndnao_�UoYkiOyHaoi�d^S�]nb�Y�deYk�§\r�¾SgUlS`ieY�]�\�YOS�[cv ^ Y�u�Y�]^S�Ux�%Y�deYk_�def`]ei;S�]eY
m�f�_�{hieYk�Cf`RCdnqhYEaVR�deY�]eieYk_�dnaof`R¾S�Rh�C\�f`dnq#ie_OS�dndeY�]eYk�#S�Rh� �h{hf`]eYkie_kY�Rrd�UVaVbjqrd�S�]eYP[PYOS`in{%]eYk��v w aXm�W
m�Y�]eY�Rrdps
S�]ndnao_�UoYki~aVRcdnqhY(indn]eYOS�[ s%]ef
��{h_kY���aX��Y�]eY�Rrd}ie_OS�dndeY�]naVR%b�S�Rh� �h{hf`]eYkie_kY�R�dpinaVbjR
S�Uoi�y�S�Rh�K\��
S�R
S�UV��inaVR%bPdnqhYkieYjyh��aoi^_�]naV[EaVR
S�dnaof`R�\�Y�dZ��YkY�Rg��aX��Y�]eY�R�d~s�f`s%{%UlS�dnaof`Rhix\�Yk_kf`[PYkixs�fjieinaV\%UoYjv j S�]ndnao_�UoYki
f�mxf`RhY�s�f`s%{%UlS�dnaof`R¡_OS�R�dnqhY�R�\�YE_eq
S�]nb�Yk�¡S9m�deY�]�s
S`i^inaVR%bcdnqhY�UlS`ieY�]�\�YOS�[FS�Rh�?UlS�deY�](Y g dn]^S`_�deYk�
m$]ef`[FdnqhY�indn]eYOS�[ÂaVRrdefTScieY�s
S�]^S�deY �
fO� } � v{� v % Uof�� _��
def`[PY�dn]n�Cf�mny�m�f`]�aVRhied^S�Rh_kYjyHÃx¥ A .o8 2 q
S`i
\�YkY�R��%Y�[Pf`Rhindn]^S�deYk�c\�� h _ � UlS�aVR *C4 698x} � �on1� v

�?- � / ��4p:�@�7�4 8;4p7�� � �C8"23@�� 2��g23AB@�6 2

u {h_�UoY�ao_�S`_�ao�
W�\
S`ieYk�®in�
iedeY�[PiE{%dnaVUVaoieYKdnqhYcY�u�Y�]ÊW�s%]eYki^Y�RrdOy�f`]nbrS�R%aoin[�WZins�Yk_�aX|
_cR�{h_�UoY�ao_gS`_�ao�%i�y��%Y�W
f g �
]naV\�f`R�{h_�UoY�ao_�S`_�ao� W5w]u Q ` S�Rh�K]naV\�f`Rr{h_�UoY�ao_�S`_�ao� W$�~u Q ` defP�%Y�deYk_�d~[Eao_�]ef
f`]nbrS�R%aoin[PiOv w qhYkieY
in��indeY�[Pi~S�]eY�d���s%ao_OS�UVUV�KY g dn]eY�[PY�UV�KieY�RhinaVdnaVu�Yjy�\%{%d�m�S�aV]nUV��ieUofO�»S�Rh�cf�m$deY�R�S�]e��{hf`{hiOv

��« ��«^¬ �C¯x­nË�¶Ç´'³�µ~±
´ º��(µx·^¸ ³�´3µxº�²�·e¯x¸

j f`UV��[PY�]^S`ieYK_^q
S�aVR§]eYOS`_�dnaof`R W5jB�z�]` aoi�ScdeYk_^q%R%a f {hY�defTS�[Es%UVaXm��¾S�ies�Yk_�aX|
_"]eY�bjaof`R§f�mpS w_u Q
ieY f {hY�Rh_kY 2JIW�m2 45? . v w qhY w]u Q�aoi�Y�R%¼k�
[;S�dnao_OS�UVUV��]eY�s%UVao_OS�deYk�#S�Rh��aVRh_�]eYOS`i^Yki�aVR�S�RTY g s�f`RhY�RrdnalS�U
[;S�R%RhY�]Ov w qhYES�[Pf`{%Rrd�f�m w_u QMm$]ef`[ dnqhY�]eY�bjaof`RT_OS�R�\�Y�S�[Es%UVaX|
Yk�TS;\%aVUVUVaof`R�m�f`Uo��y
m�S`_�aVUVaVd^S�dnaVR%b
S�R
S�UV��inaoiES`i�[Pf`]eY w_u Q aoi�SkujS�aVUlS�\%UoYjv jB�z� q
S`i([;S�R��#S�s%s%UVao_OS�dnaof`RhiPS�Rh�#aoi�m$]eY f {hY�R�dnUV�C{hieYk�
aVRC[PYk��ao_OS�U�S�Rh��\%aof`Uof`bjao_OS�U�]eYkieYOS�]e_eq¡UlS�\�f`]^S�def`]naoYki�v ¢ Ykinao�%Yki�aVdei�{hieYPaVR�s
S�deY�]nR%aVdZ��deYkiednaVR%bhy��%Y�W
deYk_�dnaof`R�f�mpqhY�]eYk��aVd^S�]n�¡��aoieYOS`i^YkiOyBb�Y�RhY�dnao_�|hR%b�Y�]ns%]naVR�dnaVR%bhyz_�Uof`R%aVR%b#f�m5b�Y�RhYkiOyzS�Rh�¡��alS�bjRhfjieaoiPf�m
aVR�m�Yk_�dnaof`{hi���aoi^YOS`ieYkiOy jB�z� aoi�S�Uoi^f�S�s%s%UVao_OS�\%UoY�defc\%aofjieY�RhieaVR%bgin��indeY�[PiOv w qhY"dn]^S`��aVdnaof`R
S�U jB�z�
deYk_eq%R%a f {hYP��aVUVUH\�YE\%]naoY��h�?�%Ykie_�]naV\�Yk�T\�Y�UofO��y�\%{%d�dnqhY�]eYPY g aoindei�S�UoY�bjaof`RCf�m�[Pf
��aX|
Yk�?u�Y�]einaof`RhiOy
UVaV��Y5RhYkindeYk��yraVR�u�Y�]eieYjy�]eY�u�Y�]eieY~dn]^S�Rhi^_�]naVs%dnaof`R W {hieYk�;def(S�[Es%UVaXm$�P�hS�d^S�_kf`R�d^S�aVRhYk�"aVR �~u Q ` y�S`in��[�W
[PY�dn]nao_jytdef`{h_eqh�%f���R�y3_kf`Uof`Rr��y f {
S�R�dnaVd^S�dnaVu�YjyBS�Rh� f {
S�R�dnaVd^S�dnaVu�Y;]eYOS�UHdnaV[PY jB�z� y���q%ao_eq¡��aVUVUB\�Y
f`[EaVdndeYk��y%Y g _kY�s%d�m�f`] f {
S�R�dnaVd^S�dnaVu�Y jB�z� ��q%ao_eqK��aVUVU�\�Y Y {hindzieqhf`]ndnUV�P[PY�Rrdnaof`RhYk��v w qhY5]eYOS`�%Y�]�aoi
]eY�m�Y�]n]eYk�Kdef } � v{� m�f`]x�%Ykie_�]naVs%dnaof`Rhi~f�m'dnqhYkieYjv



	�� 	g� ��	�������	P�
	������ ����������� ���^���9��� � �

jB�z� aoi~S�\%UoY�defP_kf`s���u�Y�]n��inqhf`]nd w]u Q�m�]^S�bj[PY�R�deiOyh_kf`[E[Pf`R%UV�K{%scdefK� � �
\ W �
aVUofE\
S`ieY}s
S�aV]ei ` y
S�UVdnqhf`{%bjq?ief`[PY�ujS�]nalS�dnaof`Rhi}f�mBdnqhY�deYk_^q%R%a f {hYES�]eY�S�\%UoY�def"Y g deY�Rh��dnq%aoi~def ¨r� �
\�v u f`RhY�dnqhY�UoYkieiOy
dnqhYkieY�m$]^S�bj[PY�Rrdei�S�]eY�aVR�|hR%aVdeYkinaV[;S�UH_kf`[Es
S�]eYk�Cdef�dnqhY���qhf`UoYEb�Y�Rhf`[PYPf�m�S�R�Y�{%�jS�]n��f`dnao_P_kY�UVU � � v
w qhY w_u Q§m�]^S�bj[PY�R�d3��q%ao_eqEaoi'defp\�Y�S�[Es%UVaX|
Yk��q
S`i'Rhf`d3f`R%UV��defp\�Yzieqhf`]ndOy`\%{%d3S�Uoi^f5�zY�UVUXWZ�%Y�|hRhYk��v
w qhY jB�z� s%]ef
_kYk��{%]eYzRhYkYk�%i'dnqhYzm$f`UVUof���aVR%b�\
S`inao_zaVR%bj]eYk��aoY�Rrdei"!3S :�� ¤ 4�*GT��38 6V4�* ��q%ao_eqP_kf`R�d^S�aVRhi
dnqhY~m�]^S�bj[PY�R�d���q%ao_^q"aoi�def�\�Y~_kf`s%aoYk��y�dZ�zf ��?@2 Ts*G? 0 ��q%ao_eq�[;S�]n�PdnqhYx\�Y�bjaVR%R%aVR%b�S�Rh�"Y�Rh�"f�m�dnqhY
m$]^S�bj[PY�RrdOy :�� ¤ �+.98 �9TU*>?E610m* ��q%ao_^qKaoi�dnqhY}Y�R%¼k��[PY}�%f`aVR%bEdnqhY}_kf`sr�
aVR%bhy ILR&A>8 * .o4525O *@0 ��q%ao_eq�S�]eY
dnqhY�\%{%aVUo��aVR%b"\%Uof�_^�
ixf�m w_u Q�yhS�Rh�cS �GR��a*G? ��q%ao_^qcdnqhY�s�f`UV��[PY�]^S`ieY}aoi~_kf`[Es
S�dnaV\%UoY���aVdnq�v
w qhY w]u Q S�[Es%UVaX|
_OS�dnaof`R�aoiH_OS�]n]naoYk��f`{%dHaVR;dnq%]eYkY5indeY�shi�aVR"S�dnqhY�]n[;S�U�_��
_�UoY�]Oy���q%ao_eqKS`� Y {hindeiBdnqhY
deY�[Es�Y�]^S�dn{%]eY�f�m�dnqhYp[Ea g dn{%]eY}def(dnqhY�S�s%s%]ef`s%]nalS�deY�UoY�u�Y�U�m�f`]�YOS`_eqcindeY�s�v w qhYkieYpdnq%]eYkY�indeY�shi�q
Sku�Y
def�\�Y}]eY�s�YOS�deYk��aVRcieY�u�Y�]^S�U W��j� defP� tV` _���_�UoYkiOv £ Y�d�{hi���S�UV�"dnq%]ef`{%bjq�dnqhYkieY}dnq%]eYkY�indeY�shi~S�Rh�KieYkY
��q
S�dxq
S�s%s�Y�RhixaVRcYOS`_^q�f�m'dnqhY�[cv

�jv :F*>I36o45R ?@2 I�¦ ¥ w qhYP[Ea g dn{%]eY"aoi�qhYOS�deYk�#def n�¨�* nov
◦
� m�f`]"� * t [EaVR�{%deYki�aVR#f`]e�%Y�](def�ieY�s�W

S�]^S�deYPdnqhYPiedn]^S�Rh�%i�f�m�dnqhY w_u Q �%f`{%\%UoYPqhY�UVa g v w qhYPqhYOS�d�\%]eYOS���i�dnqhYPq��
��]ef`b�Y�R#\�f`Rh�%i
\�Y�d���YkY�R§dnqhY�indn]^S�Rh�%iPS�Rh�#dnqr{hi�s%]ef
��{h_kYki�ieaVR%bjUoY�WZindn]^S�Rh�%Yk� w]u QÁ[Pf`UoYk_�{%UoYkiOv ¢ Yk_OS�{hieY
f�mtdnqhY�RhYk_kYkiei^S�]n��q%aVbjqcdeY�[Es�Y�]^S�dn{%]eY�f�m'dnq%aoixindeY�s�y w_u QxW�s�f`UV��[PY�]^S`i^Y�Y�R%¼k��[PYkixm�]ef`[Áq��rW
s�Y�]ndnqhY�]n[Pf`s%q%aVUVao_	� � \
S`_�deY�]nalS�f`]�S�]e_eq
S`YOS�q
SOu�Y�def;\�Y�{hi^Yk� W Yjv bhv '�)+*>?@TiR 0i6��>R&6o452BA>R 0 f`]
© �9?E.MA .mA A>R 0 DGR ?@2B.10@R 0{` v w qhY w_u QxW�s�f`UV�
[PY�]^S`ieY}f�m�dnqhYkieY}f`]nbrS�R%aoin[Pi�ind^Sk��i�ind^S�\%UoY}Y�u�Y�R�S�d
q%aVbjqcdeY�[Es�Y�]^S�dn{%]eYkiOv

� v�¤ ILI�* 6o8 2 I�¦ ¥ $ Rh_kY5dnqhYp�%f`{%\%UoY�WZindn]^S�Rh�%Yk� w_u QÍq
S`iz\�YkY�R"�%Y�R
S�dn{%]eYk��y�dnqhY5deY�[Es�Y�]^S�dn{%]eYpaoi
UofO�zY�]eYk��defcS�UVUofO� dnqhY�s%]naV[PY�]ei�def�\%aVRh�Tdef�dnqhYEinaVR%bjUoY w_u Q indn]^S�Rh�%iOv w qhY�s%]naV[PY�]ei�S�]eY
inqhf`]nd}f`UVaVb�f`Rr{h_�UoYkf`dnao�%Yki � 
 W {hin{
S�UVUV��� l�*
�ot \
S`ieY�s
S�aV]ei�yh\%{%dpRhY�u�Y�]~[Pf`]eY(dnq
S�R tj�V` y���q%ao_eq
q
Sku�Y(\�YkY�R�_eqhfjieY�R�def ��S�R%��dnqhY�aVR�deY�]eYkindnaVR%b w_u Q�m$]^S�bj[PY�RrdpdefE\�Y�_kf`s%aoYk��v $ RhY�s%]naV[PY�]
\%aVRh�%i}def;dnqhY(\�Y�bjaVR%R%aVR%b�f�m�dnqhY�m$]^S�bj[PY�Rrd�f`RTf`RhY�iedn]^S�Rh�gS�Rh�gdnqhY�f`dnqhY�]pdef"dnqhY�Y�Rh��f`R
dnqhY;f`dnqhY�]�iedn]^S�Rh��v � f`RhieY f {hY�RrdnUV��ytdnqhY�]eYEaoi(f`R%UV�gf`RhY;s%]naV[PY�]�S�dnd^S`_^qhYk��defcYOS`_^q#inaVR%bjUoY�W
indn]^S�Rh�%Yk� w_u Q [Pf`UoYk_�{%UoYjv w qhY;deY�[Es�Y�]^S�dn{%]eY�f�mxdnq%aoi�indeY�s#�%Y�s�Y�Rh�%i�f`R�y'S�[Pf`R%b?f`dnqhY�]
dnq%aVR%b�iOytdnqhYPs%]naV[PY�]ei r UoY�R%bjdnqhiOy�\%{%d�aoi�{hie{
S�UVUV�CS�]ef`{%Rh� ¨;t�* � �

◦
� v w q%aoi�indeY�s#d^S���Yki;� *
�

[EaVRr{%deYkiOv
��v�Ã�� 4�*GIL0@2B.9I ¥ w {%]naVR%b(dnq%aoiHindeY�sEdnqhY w]u Q~W�s�f`UV�
[PY�]^S`ieYx_kf`s%aoYkiHdnqhY w_u QÍind^S�]ndnaVR%b�m$]ef`[�dnqhY
s%]naV[PY�]eiOv w qhY�deY�[Es�Y�]^S�dn{%]eYES�Rh��dnaV[PY�f�mBdnq%aoipindeY�sg�%Y�s�Y�Rh�%i}f`R�dnqhY w_u Q~W�s�f`UV��[PY�]^S`ieYjy
\%{%dxdnqhY�dnaV[PY�aoi~�%Y�s�Y�Rh�%Y�R�d5f`RKdnqhY�UoY�R%bjdnq�f�m'dnqhY}m$]^S�bj[PY�Rrd5S`ix��Y�UVU�v

Q~m�deY�]�YOS`_eqc_���_�UoYpdnqhY}RhY���UV�"in�
RrdnqhYkieaV¼OYk� w]u QÍm$]^S�bj[PY�Rrdei~S�Uoi^f�i^Y�]nu�Y}S`i�deY�[Es%UlS�deYki�y�dnqr{hix�%f`{�W
\%UVaVR%b;dnqhY�S�[Pf`{%R�d5f�m w_u Q<m�]^S�bj[PY�R�dei~aVRKdnqhY�[Ea g dn{%]eYjv�Qxm$deY�]~S(m$Y��»_��
_�UoYki�[Pfjiedxf�mtdnqhY w_u Q
� � V >  > 04��$8 2M� / 4���# $56�7 ���C�;+<� �8" $8�9��&�� 
1� ��$ +  ,-*�+<> &  ! 
� �C,-,C� �7 � $ �  e� $ � & � U
� � ?K* �  !& +�>  ,&����7� >4�C,-� 5�� &�M�$8 ��� � ��,C�-d  �   
 5 &<095 � $ +<�  4M ,-*�> � +  _ d:� &<�� 4�# / +w�_^r=��-+�> ��� +<� ��$ ,
+  _���  ,& $8&

+ 0�&� � $ &<��04 ](D%�S � N7N/S
◦
�BU

� � [K 3� ,-� M��7 :095 ,  _� +�� (
 �C� $ �;> ��& + �a� ,  Q560 ,  ���"  :095 ,  � 5 $�5 � (G���� 4�7�  ,& �/^ "X��&<� �  4M%$ ���  4M ,  6& �.+ & $� 9(
 Q(� � [ 5 > $ �  �U V >  * $�&� �56�7���a�7 ,C* 0 �  /( $ � ��&<� �  � $� 9(b��& � �# !& � U



	�� 	g� ��	�������	P�
	������ ����������� ���^���9��� � �

�����
	���
 ��������[ � 5 >  _��$ +�� 5�( � $8M & $�� �8" +<>  ��
� ,C* �# !& $ �  �5 > $ �  �&  ,$�5 +�� �� E��&<�15  Q(10�&  �U [�" +  ,& +<> &  ! B5 * 5 ,  �
%G��0 + ��"�NQ� � � [ �;+ & $8 9( � $ &  b(109� ,-� 5!$ +  � �8"  ��+<>  !& �.+ & $� 9(3" &<��� +<>  + $�&�M  + &� /M � �� �  _ d  , ���  /( �  
*  ,-, � = Z�Ul[�(�$�� +  Q(\" &��7� � # f �~U

indn]^S�Rh�%itS�]eYHf�mhS�inaVR%bjUoY3�
aVRh��S�Rh��_kf`]n]eYkies�f`Rh��def~dnqhY w_u Q#]eY�bjaof`R�\�Y�dZ�zYkY�R(dnqhYHf`]naVbjaVR
S�Urs%]naV[PY�]eiOv
^ d^S�]ndnaVR%b�m$]ef`[ÁS�inaVR%bjUoY}�%f`{%\%UoY�WZindn]^S�Rh�%Yk� w]u Q deY�[Es%UlS�deYjy�dnq%]eYkY�_���_�UoYkizaVRrdef�dnqhYps%]ef�_kYki^i l f`{%d
f�m�� vQw]u Q _^q
S�aVRhi(S�]eYEY g S`_�d�_kf`s%aoYki�f�m�Y�aVdnqhY�]�indn]^S�Rh�gm$]ef`[ÀdnqhYEd^S�]nb�Y�d�]eY�bjaof`R W5% aVbhv ¨ v v;` v��Zd
f`R%UV��d^S���Ykitm�f`{%]t[Pf`]eYz_���_�UoYki'defpaVRh_�]eYOS`ieYzdnq%aoit]^S�dnaof5def ��¨r� f`{%d3f�m �otov yrS�Rh�(��qhY�REdnqhYzs%]ef�_kYk��{%]eY
aoi�|hR%aoinqhYk�cdnqhY�bj]eYOS�dx[;S Y f`]naVdZ�Kf�m w_u Q»_^q
S�aVRhi5S�]eY}m$]ef`[ÁdnqhY�S�[Es%UVaX|
Yk��]eY�bjaof`R�v
w qhY jB�z� [PY�dnqhf
�gaoipY g _kY�s%dnaof`R
S�UVUV��i^Y�RhinaVdnaVu�Yjy�S`ipaVd5aoips�fjieinaV\%UoY W S�dpUoYOS`ied5aVRTdnqhYkf`]n� ` def�ind^S�]nd
��aVdnq#SKieaVR%bjUoY w_u Q deY�[Es%UlS�deY"S�Rh�CS�[Es%UVaXm$�TaVd�defc�%Y�deYk_�d^S�\%UoYPUoY�u�Y�UoiOv � {
S�RrdnaVd^S�dnaVu�Y jB�z� _OS�R
\�YP{hieYk�Cdef f {%ao_e�
UV�?[PYOS`in{%]eY;dnqhY�S�[Pf`{%Rrd�f�m jB�z� s%]ef���{h_�dOv w qhYPdnq%]eYkY"[;S�aVRC[PY�dnqhf
�%i�S�]eY
S�brS�]efjieY~b�Y�U
Y�UoYk_�dn]ef`s%qhf`]eYkinaoiOy ^ � ¢�� bj]eYkY�R;����Y�aVR%b�S�Rh�EdnqhYx{hieY�f�m �h{hf`]eYkie_kY�Rrd�]eY�s�f`]ndeY�]�s%]ef`\�YkiOvw qhYPUlS�dndeY�](dZ�zf�Y�R
S�\%UoY f {
S�R�dnaVd^S�dnaVu�Y;]eYOS�U�dnaV[PY jB�z� y�S`i�dnqhY��T]eY�UV��f`R��h{hf`]eYkie_kY�Rh_kY�S�Rh�?dnqhY
f`R%b�f`aVR%b;]eYOS`_�dnaof`Rg_OS�RK\�Y}[Pf`R%aVdef`]eYk�gS`i�aVdx{%R�m�f`Uo�%iOv } � v y � � �

��« ��«½Ä � ��º�­e´3·^º µ~º�·e° ±
´�� ��´3¸(ºt´�È ��µx±�´3°Dµ~¶ Æ�­e· ��º�µ�²�·e¯x¸

u {h_�UoY�ao_�S`_�ao�¡ieY f {hY�Rh_kY�W�\
S`ieYk�¾S�[Es%UVaX|
_OS�dnaof`R W5u Q ^
¢ Q ` aoi�S�[PY�dnqhf��#��q%ao_eq¾]eYkieY�[(\%UoYki jB�z�
aVRÍ[;S�Rr�®�zSk��iOv X fO�zY�u�Y�]Oy~dnqhYgd^S�]nb�Y�dcf�m u Q ^
¢ QÇaoi�s%]naV[;S�]naVUV� �~u Q(yH��q%ao_eq aoiKS�[Es%UVaX|
Yk�
u�Y�]n�?ieY�RhinaVdnaVu�Y�UV� 2 IW�m2545?E. y Y {hind�UVaV��YEaVR�]eY�u�Y�]ei^YEdn]^S�Rhie_�]naVs%dnaof`R je�z� W$�'w W jB�z�_` y�\%{%d�qhY�]eYEdnqhY
inaV[EaVUlS�]naVdnaoYkip\�Y�dZ��YkY�RgdnqhY�s%]ef
_kYk��{%]eYkipY�Rh��v � qhY�]eYOS`i jB�z� _kf`Rhinaoindeipf�m'dnq%]eYkY�]eY�s�YOS�dnaVR%b�indeY�shiOy
u Q ^
¢ Q§_kf`[Es%]naoieYkitf`R%UV��f`RhY 2 IL2545256o452B.9I���) 690C* S�Rh��S�inaVR%bjUoYzieY�UXm�WZie{hind^S�aVRhYk� 69T��38 2 � A 6o452B.9Ia��) 690C* v
% {%]ndnqhY�]n[Pf`]eYjy�dnqhYxS�[Es%UVaX|
_OS�dnaof`R"indeY�s�aoi'aoief`dnqhY�]n[;S�U�y�Y�UVaV[EaVR
S�dnaVR%b�dnqhY�RhYkYk��m�f`]tdnqhY�]n[;S�U�_��
_�UVaVR%b
Y f {%aVs%[PY�RrdOv w qhY�\%aVbjb�YkindE��aX��Y�]eY�Rh_kY�\�Y�dZ�zYkY�R u Q ^
¢ Q S�Rh� �'w W jB�z� aoi�dnqhY;m�S`_�dOyBdnq
S�d�dnqhY
inaVR%bjUoY�WZindn]^S�Rh�%Yk� �~u Q S�[Es%UVao_kf`Rhi�s%]ef
��{h_kYk�T\r� u Q ^
¢ Q S�]eYEYOS`inaVUV���%Y�deYk_�d^S�\%UoYE\���[Pf`UoYk_�{%UlS�]
s%]ef`\�YkiOv<Q m�{%]ndnqhY�]�S`��u`S�R�d^S�b�YTf�m u Q ^
¢ QÇaoi;aVdei"_OS�s
S�\%aVUVaVd���def#S�[Es%UVaXm$�§dnqhYcd^S�]nb�Y�d�inaVR%bjUoY�W
indn]^S�Rh�%Yk� �~u Q�[Pf`UoYk_�{%UoYki;Y�u�Y�R�aVR�dnqhYKs%]eYkieY�Rh_kYcf�m��%f`{%\%UoY�WZindn]^S�Rh�%Yk� w_u Q ��aVdnq�dnqhYKi^S�[PY



	�� 	g� ��	�������	P�
	������ ����������� ���^���9��� � �

ieY f {hY�Rh_kYjv $ R%UV����qhY�RKdnqhY}d^S�]nb�Y�d �~u Q aoixS�\hie_kY�Rrd5f`]zd^S�]nb�Y�d w]u Q<aoi�s%]eYki^Y�RrdxfOu�Y�](�jy �j�j� W�m$f`Uo�
_kf`[Es
S�]eYk�§defTdnqhY�d^S�]nb�Y�d �au Q�y�aoi�aVd�s�fjieinaV\%UoY�dnq
S�d�dnqhY�s%]ef
_kYk��{%]eY�S�[Es%UVaX|
Yki w_u Q S`i���Y�UVU�y
S�UVdnqhf`{%bjq�UoYkieiHY��;_�aoY�R�dnUV��v �~u QÍieY f {hY�Rh_kYkiH��q%ao_^q�_OS�R�\�Y~Y��;_�aoY�RrdnUV��S�[Es%UVaX|
Yk�"\r� u Q ^
¢ Q S�]eY
S�\�f`{%d�� �j��*
�otj� R�{h_�UoYkf`dnao�%Yki~aVRKUoY�R%bjdnq�v } ¨;v{�
Q�[Pf
��aX|
Yk� u Q ^
¢ QÁs%]ef
_kYk��{%]eY�q
S`iPS�Uoiefg\�YkY�R¾s%]eYkieY�R�deYk�¡m$f`]�dnqhY�ins�Yk_�aX|
_KS�[Es%UVaX|
_OS�dnaof`R�f�m
w_u Q } ¨;v1� y�\%{%dxdnq%aoixdeY g d���aVUVU�m�f
_�{hixf`RKdnqhY �~u Q u Q ^
¢ Q»[PY�dnqhf
��v
w qhY �au Q u Q ^
¢ Q [PY�dnqhf
�§s%]ef
_kYkYk�%i;S`i�m�f`UVUofO�xi W5% aVbhv ¨ v�� ` v w {%]naVR%bCdnqhYKaVR%aVdnalS�dnaof`R�s%q
S`ieY
dnqhY5[Ea g dn{%]eY5f�m�aoief`UlS�deYk� �au Q S�Rh�;ies�Yk_�aX|
_	��m$f`]n��S�]e� �pS�Rh� ��]eY�u�Y�]eieY��xs%]naV[PY�]ei�yr��q%ao_^q"[;S�]n�EdnqhY
\�Y�bjaVR%R%aVR%b�S�Rh�EY�Rh�Pf�m�dnqhY�d^S�]nb�Y�dHieY f {hY�Rh_kY�f`RPdnqhY �au Q�yjS�]eY�aVRh_�{%\
S�deYk�"S�d vot

◦
� v w q%aoizS�UVUofO�xi

dnqhYHm$f`]n��S�]e��s%]naV[PY�]tdefxq���\%]nao��aoieY�defxdnqhYHd^S�]nb�Y�d �au Q�yk\�Yk_OS�{hieYBaVd�s�fji^ieYkieieYkitS�ieY f {hY�Rh_kYH��q%ao_^q(aoi
_kf`[Es%UoY�[PY�Rrd^S�]n��def(dnqhYp\�Y�bjaVR%R%aVR%bEf�m�dnqhYpd^S�]nb�Y�dzi^Y f {hY�Rh_kYjv w qhY5deY�[Es�Y�]^S�dn{%]eY5aoi�in{%\hi^Y f {hY�R�dnUV�
UofO�zY�]eYk��def ¨ �

◦
� S�Rh�"dnq%]eYkY5Y�R%¼k�
[PYki�S�]eY5S`�%�%Yk� !BSOu�alS�R�[���Y�Uof`\%UlS`indefjieaoi�u�aV]n{hi W Q hZ�<` ]eY�u�Y�]eieY

dn]^S�Rhie_�]naVs%d^S`ieY ��� W$�'w~` y �~u S`ieY X S�Rh� w � w_u QxWZ�%Y�s�Y�Rh�%Y�Rrd �~u QÍs�f`UV��[PY�]^S`ieY ��� W5w � � s ` v w qhY
Q he�<�'w ��aVUVU�Rhf�� Y g deY�Rh��dnqhYxm�f`]n�zS�]e��s%]naV[PY�]���q%ao_eq�q
S`i�\�f`{%Rh��def(dnqhY �au Q�y�dnq�{hizs%]ef���{h_�W
aVR%b;S�_ w_u Q~W �~u QÍqr�
\%]nao��vBQ�d�dnqhY}i^S�[PYpdnaV[PYjy�qhfO��Y�u�Y�]Oy �~u S`ieY X �%Y�bj]^S`�%Yki�dnqhY �~u Q<f�m�dnqhY
qr�
\%]nao��[Pf`UoYk_�{%UoYjv���R�YkieieY�Rh_kYjy�dnq%aoi�s%]ef���{h_kYki�SK_ w_u Q indn]^S�Rh��y���qhfjieYE\�Y�bjaVR%R%aVR%b�_kf`Rhinaoiedei�f�m
dnqhY�m�f`]n�zS�]e��s%]naV[PY�]Oyhm�f`UVUofO�zYk��\���dnqhY�d^S�]nb�Y�d5ieY f {hY�Rh_kYjyhdnqhY�]eY�u�Y�]eieY�s%]naV[PY�] r ip_kf`[Es%UoY�[PY�Rrd^S�]n�
ieY f {hY�Rh_kY�S�Rh�"|hR
S�UVUV��S(s�fji^inaV\%UoY}ieY f {hY�Rh_kY}f�mtdnqhY5]eYkied�f�mtdnqhY}f`]naVbjaVR
S�U �~u Q [Pf`UoYk_�{%UoYjv � f`RhieY�W
f {hY�RrdnUV��y�dnqhY�]eY�u�Y�]ei^Y�s%]naV[PY�]Bqr�
\%]nao��aoieYki3defpaVdeiB_kf`[Es%UoY�[PY�R�d^S�]n�PieY f {hY�Rh_kY�f`REdnqhY�_ w_u Q�indn]^S�Rh��y
S�Rh��dnqhY�Q he���'w Y g deY�Rh�%i3aVd'def5dnqhY�Y�Rh�Ef�m�dnqhY�_ w]u Q�iedn]^S�Rh��_kf`R�d^S�aVR%aVR%b�dnqhY�m�f`]n�zS�]e�Es%]naV[PY�]Ov
X Y�Rh_kYjy
S��%f`{%\%UoY�WZindn]^S�Rh�%Yk� w_u Q<[Pf`UoYk_�{%UoY}aoi�s%]ef
��{h_kYk�cf�m�dnqhY}d^S�]nb�Y�dxieY f {hY�Rh_kY�f`RKdnqhY �~u Q�v
w qhY5m$f`]n��S�]e��s%]naV[PY�]Oy���q%ao_^q�aoi�Rhf��ÍaVRh_kf`]ns�f`]^S�deYk��aVRrdef�dnq%aoiz[Pf`UoYk_�{%UoYjy%_kf`Rrd^S�aVRhixS�s%]ef`[Pf`deY�]�f�m
w � w � � s�y%S�Rh��inaVRh_kYpdnqhY}s%]ef`[Pf`deY�]�aoi�RhfO� �%f`{%\%UoY�WZindn]^S�Rh�%Yk��y
dnqhY w � w � � sK_OS�R�S�dnd^S`_^qKaVdeieY�UXm
def�aVd�S�Rh��in�
RrdnqhYkieaV¼OY5[;S�R��;RhY�� �~u Q indn]^S�Rh�%i W _OS�UVUoYk�KS�[Es%UVao_kf`Rhi ` ��q%ao_eq�S�]eYp_kf`[Es%UoY�[PY�Rrd^S�]n�
defEdnqhY�d^S�]nb�Y�d �~u Q�ieY f {hY�Rh_kYjv
h fOu
aVR%bKm$f`]n��S�]e��y u Q ^
¢ Q s%]ef
_kYkYk�%i�defKdnqhY;S�[Es%UVaX|
_OS�dnaof`R#s%q
S`ieYjy���qhY�]eYEdnqhYPd^S�]nb�Y�d �~u Q�aoi
_kf`s%aoYk�?Y g s�f`RhY�R�dnalS�UVUV��v w qhY(]eY�u�Y�]ei^Y�s%]naV[PY�]�q���\%]nao��aoieYkipdef�dnqhY(RhY�� �au QÌ[Pf`UoYk_�{%UoYki�y�S�Rh�gS�]eY
in{%\hieY f {hY�RrdnUV�#Y g deY�Rh�%Yk�#\r��Q he�Á�'w v ^ aV[({%UVd^S�RhYkf`{hinUV��y �au S`ieY X �%Y�bj]^S`�%Yki�f`Rh_kY�S�brS�aVRCdnqhY
�~u QCm�]ef`[<dnqhY�_ w_u Q~W �~u Q�q���\%]nao��[Pf`UoYk_�{%UoYjy�m�f`UVUofO�zYk��\��}dnqhY'm$f`]n��S�]e��s%]naV[PY�] r i�qr�
\%]nao��aoi^S�dnaof`R
defPdnqhY�_ w]u QÌindn]^S�Rh��v [ inaVR%bEdnq%aoipS`i5S�deY�[Es%UlS�deY(dnqhY�Q he�Ì�'w _kf`[Es%UoY�deYki5dnqhY�_ w_u QMindn]^S�Rh�
S�Rh�#SKs
S�]ndnalS�Uz�%f`{%\%UoY�WZindn]^S�Rh�%Yk� w_u Q [Pf`UoYk_�{%UoY;aoi�m�f`]n[PYk��y�_kf`R�d^S�aVR%aVR%bgdnqhY"�%f`{%\%UoY�WZindn]^S�Rh�%Yk�
w �Cs%]ef`[Pf`deY�]cieY f {hY�Rh_kYjv w � w � � s�yxaVR®dn{%]nR�y5{hieYki"aVd�def¡in�
RrdnqhYkinaV¼OYgRhY�� �~u QÇ[Pf`UoYk_�{%UoYki
_kf`[Es%UoY�[PY�Rrd^S�]n�Tdef�dnqhY�f`]naVbjaVR
S�U3d^S�]nb�Y�d}i^Y f {hY�Rh_kYjv w q%aoi�_���_�UVao_�s%q
S`ieY�]eY�s�YOS�deipaVdeieY�UXm�fOu�Y�]�S�Rh�
fOu�Y�]�S�brS�aVR�y�m�f`]�f`RhYEdefcdZ��f�qhf`{%]eiOy�dnqhY�]eY�\r�?[�{%UVdnaVs%UV�
aVR%b�dnqhY"S�[Pf`{%Rrd�f�m �au Q S�[Es%UVao_kf`Rhi�aVR
dnqhY�[Ea g dn{%]eYjv } ¨;v1�
� 
_I  d  !& �  + & $� � 5!& � � + $ �  ��� $8  _ .- * �  =�>4� 5 >2�;*  +�>  �;� -! � $a5_����� ,  _�# _ + $ & * � � [ � 5 � � [BZ �;+ & $8 9(" &<��� $8 I � [ �;+ & $8 9(gU V >9�C�|��� �  !&�"X��&<�# /( � *�+<>   _ .- * �  � � I � [�&)(
 _�  _ ](
 _ + � � [c�]� ,-* �# !& $ �  �U V >  

 _ - * �# � � � � [�&)(
 /�  / 9(
 _ + � � [ �
� ,C* �  ,& $ �  +<>  _ ��*  +�>  �;� -! � $�56�7��� ,  /�# _ + $�& *G�.+ & $� 9(G" &��7� +<>  
5 � � [ � � +�>  (1��0 � ,  _& �;+ & $8 9(� /( � � [ �C� "X� &��# /(gU
� , � � [�&)(
 /�  / 9(
 _ +BI � [��
� ,C* �# ,& $ �  � �
� ,C* �# !& �C�  I � [�" &<��� $ � � [ +  _��� , $ +  �U



	�� 	g� ��	�������	P�
	������ ����������� ���^���9��� � �

�����
	���
 ����� ��[ � 5 >  /��$ +�� 5�( � $8M & $�� �8" +�>  � :095 ,  � 5 $�5 � ( �  ��r0� / 95  _&�� $ �  /( $8��� ,C� �]5,$ +<� �7 a��&��15  Q(10�&  �U��KN
���e+�>  �"X� & = $ &w(���& � �# ,&�$8 9( ��# +�>  #&  d  !& �  a��& � �# !&QU�V >  + $ &<M� +�I � [ �  ��r0� _ ]5  �C��, �15!$ +  /( �  +.=  , _ 
+�>  d  !& +�� 5!$ , ,-�  � � �� +�>  I � [ ��$�& �|�  +<>  �  ��+<� $ +�� �� 2� > $ �  7Ul[�(�$8� +  /(\" &<��� � q7���~U

�����
	���
 ������� � & �  95 � � ,  � ��" $D��� ,  Q560 , $ &
�  ,$�5_�� gU���o��w}~i	� >  /  9� +$>:* ��& � ( ���  Q( + � $b56����� ,  _�# / + $ & *
$8��� ,C� 56�� ^�+�>  *904� &��7� > ��&  � � Z $� 9( +<>  �r0� / 95 >  ,& ��
 Zg��" +�>  |��� ,  /5_0 , $�&��  ,$756�7 $ &  �5 , � �  + �  �$�5 > � +�>  !&
$8 ]( +�>  *]04��&  � 5  / 95  �;� M� �$ ,7��� (1��0 �  Q( U
�By�� �:})i ?K* ��& � ( �C� $ +<� �7 + � $B5_����� ,  _�# _ + $ & *�I � [ �.+ & $� 9($�7�  / �
+�>  > $ � &<� �  �.+ &�095 + 0�&  K��" +<>  �  ,$756�7 ^8+<> 0 ���  _��$�& $ +��  4M +�>  �r0� _ 95 >  !&l" &<��� +�>  *904� &��7� > ��&  ^�=�>4� 5 > 5,$8 
 4� =  _� ��+ *]04��&  � 5  / +�,C� M >r+ Ul[�(�$8� +  /(\" &<��� � q7�'�LU

w qhY �au Q S�[Es%UVao_kf`Rhi�S�]eY�s�Y�]Êm$Yk_�dnUV�?in{%aVdeYk�gm�f`]��%Y�deYk_�dnaof`RC\��?ieY f {hY�Rh_kY�WZies�Yk_�aX|
_Es%]ef`\�YkiOv w qhY
s%]ef`\�YkiHS�]eY�f`UVaVb�f`Rr{h_�UoYkf`dnao�%Yki���aVdnq;S~R�{h_�UoYkf`dnao�%Y~ieY f {hY�Rh_kY�_kf`[Es%UoY�[PY�Rrd^S�]n�Edef�Sps
S�]ndBf�m�dnqhY�S�[�W
s%UVao_kf`R r iBieY f {hY�Rh_kYjy`dnqr{hiBS�\%UoYzdefpqr�
\%]nao��aoieY���aVdnq�dnqhY�S�[Es%UVao_kf`R�v j ]eYkieY�RrdnUV��yrdnqhYz[Pfjind3_kf`[E[Pf`R%UV�
{%dnaVUVaoieYk���%Y�deYk_�dnaof`RC[PY�dnqhf��?aVR�u�f`UVu�Yki  B�z£ m�]ef`[À]n{%dnqhY�R%aV{%[�W�UlS�\�Y�UVUoYk�Cs%]ef`\�YkiOy�\%{%d��h{hf`]eYki^_kY�Rrd
s%]ef`\�YkiOyjm�f`]BaVRhind^S�Rh_kYjyrq
Sku�Y5S�Uoi^f}\�YkY�RP{hi^Yk��v w qhYki^Yx�%Y�deYk_�dnaof`R"in��indeY�[PiHS�]eYxRhf`dBaVR%aVdnalS�deYk�P\�Y�m$f`]eY
dnqhY;S�[Es%UVaX|
_OS�dnaof`R¡s%q
S`ieYjvEQ5R�Y�[PY�]nbjaVR%b��%Y�deYk_�dnaof`RC[PY�dnqhf
��y���q%ao_^q���f`{%Uo�#_�UoYOS�]�dnqhYE��Sk�gm$f`]



	�� ���p�9��� � ���
�*�������9�����
��� � 	

]eYOS�U%dnaV[PY��%Y�deYk_�dnaof`R;��{%]naVR%b�dnqhY�_��
_�UVao_zs%q
S`ieYjy�{hieYkit[Pf`UoYk_�{%UlS�]3\�YOS`_kf`Rhi W5% aVbhv ¨ v lV` v'Q§[Pf`UoYk_�{%UlS�]
\�YOS`_kf`R;aoi�S�R;f`UVaVb�f`Rr{h_�UoYkf`dnao�%Y}��aVdnq�S��h{hf`]ef`s%qhf`]eY�S�dnd^S`_eqhYk�"def�f`RhYxY�Rh��S�Rh�"S f {hY�Rh_eqhY�]zdef�dnqhY
f`dnqhY�]Ov~QÌs
S�]ndpf�mBdnqhY�R�{h_�UoYkf`dnao�%YEieY f {hY�Rh_kY�\�Y�d���YkY�RTdnqhYkieY�[Pf`UoYk_�{%UoYki5aoip_kf`[Es%UoY�[PY�Rrd^S�]n��def�S
s
S�]nd~f�m'dnqhY�S�[Es%UVao_kf`R r i5i^Y f {hY�Rh_kYjv � qhY�RKdnqhY}[Pf`UoYk_�{%UlS�]~\�YOS`_kf`Rcaoi�Rhf`d�q���\%]nao��aoi^Yk�Kdef;S �~u Q
S�[Es%UVao_kf`R�y
dnqhY�Rr{h_�UoYkf`dnao�%Yp_eq
S�aVR;m$f`]n[Pi�S}q
S�aV]ns%aVR"indn]n{h_�dn{%]eYjyr\%]naVR%bjaVR%b�dnqhY �h{hf`]ef`s%qhf`]eY5S�Rh�EdnqhY
f {hY�Rh_eqhY�]�aVRK_�UofjieYps%]ef g aV[EaVdZ��def�YOS`_eqcf`dnqhY�]Ov w qhY f {hY�Rh_^qhY�]���aVUVU�RhfO� �%f`{hieYpdnqhY �h{hf`]ef`s%qhf`]eY r i
�h{hf`]eYkie_kY�R�d~inaVbjR
S�U�v ¢ {%d���qhY�R�dnqhY}[Pf`UoYk_�{%UlS�]�\�YOS`_kf`RKq���\%]nao��aoieYki�defES�RcS�[Es%UVao_kf`R�y%dnqhY}q
S�aV]ns%aVR
indn]n{h_�dn{%]eY�aoi3f`s�Y�RhYk��y`dnqhY f {hY�Rh_^qhY�]HS�Rh� �h{hf`]ef`s%qhf`]eY~S�]eY�m�S�]BS�s
S�]ndOyrS�Rh��dnqhY��h{hf`]ef`s%qhf`]eYxinq%aVRhYki
UVaV��Y�S�\�YOS`_kf`R�v
u Q ^
¢ Q�q
S`i}\�YkY�R?{hieYk�gdefK�%Y�deYk_�d�dnqhY �~u Q�f�mz[;S�Rr�g\
S`_�deY�]nalS�y�m${%R%bja3S�Rh�Tu
aV]n{hieYkiOv % {%]ndnqhY�]
�%Y�d^S�aVUoi�_OS�R®\�YKm�f`{%Rh�®aVR } ¨;v1� v w qhY u Q ^
¢ QÇs%]ef
_kYk��{%]eY�q
S`i�Y�u�Y�R®\�YkY�R®_kf`[(\%aVRhYk�Í��aVdnqÍS
[PY�[�\%]^S�RhY�WZiedn]naVs�W�\
S`ieYk�E\%aofjieY�Rhief`]�m$f`]tin{h_k_kYkieiÊm${%Ur]^S�s%ao���%Y�deYk_�dnaof`R�f�mhu�alS�\%UoY �5¥ 69I�4 );? 6VA>2J0 ies�f`]eYki
}�� � � v

�?-�� 
 @�:�:"� �C8"23@�� 23@�=�2B0 �z2

w ]^S`��aVdnaof`R
S�UVUV��y
dnqhYp\%{%UV�;f�m�ieY�Rhief`]ei�S�Rh���%Y�deYk_�dnaof`RK[PY�dnqhf
�%i�{hieY~\%aof`[Pf`UoYk_�{%UoYkixUVaV��Y}S�R�dnaV\�f
��aoYkiOy
s%]ef`deY�aVREUVaVbrS�Rh�%iBS�Rh��Rr{h_�UoY�ao_xS`_�ao�%iBS`it]eYk_kf`bjR%aVdnaof`RPY�UoY�[PY�Rrdei�v3�ZR�ind^S�]n��_kf`R�dn]^S`ind3defpdnqhYkieYzS�]eYzdnqhY
RhY���UV�?Y�[PY�]nbjaVR%bcdZ�
s�Yki�f�mzieY�Rhief`]ei�{%dnaVUVaoinaVR%b 8 2L�1* _kY�UVUoi�S�Rh�Tdnaoiein{hYki�v w qhYkieYE_kY�UVUXW�\
S`i^Yk��ieY�Rhief`]ei
S�]eY}indnaVUVU
aVR�dnqhY�aV]�aVR�m�S�Rh_�aoYki�y�\%{%dz]eYkieYOS�]e_^q�q
S`i�\�YkY�R�ins%{%]n]eYk��Ykins�Yk_�alS�UVUV�E\r�;dnqhY�aV]�S�s%s%UVao_OS�dnaof`R�def
dnqhY���]n{%b;��aoi^_kfOu�Y�]n��s%]ef�_kYki^iOv } �O� �1�
��R"_kY�UVUXW�\
S`ieYk��ieY�Rhief`]eiHUVaVu�aVR%b�_kY�UVUoizS�Rh�"dnaoiein{hYkizS�]eY~_kf`[�\%aVRhYk����aVdnq�_kf`Rru�Y�R�dnaof`R
S�U�ie��R�dnqhY�dnao_~[;S9W
deY�]nalS�UoiOv � Yk_kY�s%def`]eiH��q%ao_^q"]eYk_kf`bjR%aoieY5dnqhY~Y g dn]^S`_kY�UVUV{%UlS�]�S�b�Y�Rrdei�f�m�aVRrdeY�]eYkind�S�]eY~Y�[(\�Yk�%�%Yk�"aVR;dnqhY
_kY�UVU%[PY�[�\%]^S�RhYpS�Rh��Rr{h_�UoY�{hi W5% aVbhv ¨ v n;` v w q%aoi3dn]naVbjb�Y�]eiHS5]eYkins�f`RhieYzm$]ef`[ÌdnqhY�_kY�UVU�y�Yjv bhvt]eY�UoYOS`ieY�f�m
� S 
 � indef`]eYki�y�b�Y�RhY~Y g s%]eYkieinaof`R�yr[PY�[�\%]^S�RhY5s�f`deY�R�dnalS�U�_^q
S�R%b�Yjy�_kf`R�dn]^S`_�dnaof`R�y%Y�de_jv w qhYkieY~_kY�UVUV{%UlS�]
f`{%dns%{%dei}R
S�dn{%]^S�UVUV��RhYkYk�gdef�\�Y�dn]^S�Rhie��{h_kYk�TaVR�def�i^f`UVao�
WZind^S�deY�inaVbjR
S�UoiOv w qhY�d���f�[Pfjind}_kf`[E[Pf`R
dn]^S�Rhie��{h_�dnaof`Rcie_^qhY�[PYkizq
S�]nRhYkiei�Y�UoYk_�dn]nao_OS�U�S�Rh�"f`s%dnao_OS�U�]eYk_kf`bjR%aVdnaof`R�[PY�dnqhf��%i�v � Y�UVUoiz_OS�R�\�Y~Y�R�W
bjaVRhYkY�]eYk��defPY g s%]eYki^i~Y�UoY�[PY�Rrdei5dnq
S�d~]eY�s�f`]nd5_kY�UVUV{%UlS�]pY�u�Y�Rrdei5\r�cf`s%dnao_OS�Utf`]xUV{%[EaVRhYkie_kY�Rrdp[PYOS�RhiOv
 yg S�[Es%UoYki(f�mxin{h_^q#Y�UoY�[PY�R�dei�S�]eYP\�Y�d^ScUlS`_�d^S�[;S`ieYki�S�Rh��bj]eYkY�R �h{hf`]eYkie_kY�R�d(s%]ef`deY�aVRhiOv � Y�UVUoi(f�m
RhY�{%]^S�UHf`]naVbjaVR�y�f`]�f`dnqhY�]�Y�UoYk_�dn]nao_OS�UVUV��S`_�dnaVu�YP_kY�UVUoiOy�_OS�R�\�Y�_kf`[�\%aVRhYk�C��aVdnq�[Eao_�]ef�Y�UoYk_�dn]ef
�%Yki�def
s%]ef
��{h_kY;q���\%]nao�¡ieY�Rhief`]ei(_kf`RhinaoindnaVR%bTf�mx\�f`dnq#UVaVu�aVR%bTS�Rh��aVR
S�R%aV[;S�deY�[;S�dndeY�]Ov w qhY"[Eao_�]ef�Y�UoYk_�W
dn]ef
�%Yki�_OS�R��%Y�deYk_�d�aV[Es�Yk�hS�Rh_kYz_eq
S�R%b�Yki�aVR�dnqhYHY g _�aVd^S�\%UoYz_kY�UVUoiOy9dnqr{hi�ao�%Y�RrdnaXm$��aVR%bpf`R%b�f`aVR%bp_kY�UVUV{%UlS�]
]eYk_kf`bjR%aVdnaof`RTY�u�Y�RrdeiOv
Q5[Pf`R%b§dnqhY�S`��u`S�R�d^S�b�Ykicf�m�_kY�UVUXW�\
S`ieYk��ieY�Rhief`]eiKS�]eYTdnqhY�aV]�S�\%aVUVaVdZ� def§�%Y�deYk_�d�S#��ao�%YTu`S�]naoY�d��
f�mPin{%\hind^S�Rh_kYkiOypUVaV��Y�f`dnqhY�]�f`]nbrS�R%aoin[Pi W Yjv bhv u�aV]n{hieYki�y5\
S`_�deY�]nalS ` y}[PYk_^q
S�R%ao_OS�U�m�f`]e_kYkiOypdef g aVRhi
S�Rh�#\%aof`[Pf`UoYk_�{%UoYki��HS`i��zY�UVU�S`i�dnqhY�aV]�S�\%aVUVaVd��?def��%Y�deYk_�d({%R
S�Rrdnao_�aVs
S�deYk�¾dnq%]eYOS�dei W Yjv bhv�[�{%d^S�deYk�
s
S�dnqhf`b�Y�Rhi�f`]�RhfOu�Y�Uz_eqhY�[Eao_OS�Uoi ` ytinaVRh_kYEdnqhYkieYP��aVUVUBq
Sku�Y;S�m�{%Rh_�dnaof`R
S�U�aV[Es
S`_�d�f`R�[;S�[E[;S�UValS�R



	�� ���p�9��� � ���
�*�������9�����
��� ���

�����
	���
 �������K[ � 5 >  _��$ +�� 5�( � $8M & $�� ��"]5  ,-, & ��$ �  /( �  _ �;�  4M9U�V >  + $�&�M  +  
:+ & $�5  ,-, 0 , $ & $8M� / +<� $ &  �  _ �  /(
� * �# /� ��& $8 � _&��
��09 9(@� &  :095 ,  ,$�&�&� Q5  /� + � & � U "�0 ,-+�� � ,  � 5 � &w5 ,  ^�+ & � $8 4M ,  �Z �  4�40 +<� ��" �]� +�> �: 4� =  $8 9(
04 �: 4� =  2� & � M �  \5,$8 �  (
 +  Q5 +  Q( � * ��0 + �40 +<�K,-� �� �M� / �  
 ��&  �<�;� �� �U � N f #/�

_kY�UVUoiOy���q%ao_eqCS�]eY(dnqhY�Y�u�Y�Rrdn{
S�U3d^S�]nb�Y�deiOv}��RTS`�%��aVdnaof`R�y�Y�R%¼k�
[PYkiOy�]eYk_kY�s%def`]ei�S�Rh�?S�RrdnaV\�f���aoYki�S�]eY
[Pf`]eYPind^S�\%UoY�aVR?dnqhYkieY�\%aof`Uof`bjao_OS�U�in�
iedeY�[PiOy���q%ao_eqCS�]eY�dnqhY�aV]�R
S�dn{%]^S�UHY�R�u�aV]ef`R%[PY�R�dei��3S�Rh�gm�]ef`[
S;[;S�Rr{�m�S`_�dn{%]naVR%bcind^S�Rh��s�f`aVR�d}dnqhY���S�]eY�{%R%a f {hY�aVR�dnqhY�ieY�RhieY�dnq
S�d�S`i~UVaVu
aVR%b�ie�
indeY�[Pi5dnqhY���S�]eY
ieY�UXm�W�]eY�s%UVao_OS�dnaVR%b�S`i�Uof`R%b�S`i~S�in{%aVd^S�\%UoY�Y�RhY�]nbj�Kief`{%]e_kY�aoi5SkujS�aVUlS�\%UoYjv } �O� �{�
w Ykins%aVdeY�dnqhY�[;S�R��(S`��ujS�Rrd^S�b�YkiOyj_kY�UVUXW�\
S`ieYk��ieY�Rhi^f`]ei�s�fjieY�S�Uof`d'f�mhs%]ef`\%UoY�[Pi'def~\�YHief`UVu�Yk��S`i���Y�UVU�v
w qhY��PS�]eYjyjm�f`]3aVRhind^S�Rh_kYjy
Y�Rru
aV]ef`R%[PY�Rrd^S�UVUV�;ieY�RhieaVdnaVu�Y~S�Rh�E[�{hiedBRhf`dHf`R%UV��\�Y���Y�s%d�S�UVaVu�Yjy�\%{%d�S�Uoief
indeY�]naVUoYjy�a�v YjvPm$]eYkY�m$]ef`[ \
S`_�deY�]nalSgS�Rh�Tm�{%R%bja�y'S�Rh��aVR¡S�UVa f {%aXm�f`]n[ Y�R�u�aV]ef`R%[PY�R�dOv % {%]ndnqhY�]n[Pf`]eYjy
dnqhY(qr�
\%]nao��aVR�deY�]Êm�S`_kY�\�Y�dZ�zYkY�RgUVaVu
aVR%bKS�Rh��Rhf`R�W�UVaVu
aVR%b�[;S�dndeY�]5aoi}��a �;_�{%UVd}def;Y�R%bjaVRhYkY�]�S�dp\�YkindOy
S�Rh�KdnqhY�dn]^S�Rhi^��{h_�dnaof`R�f�m3_kY�UVUV{%UlS�]~inaVbjR
S�UoixdefEi^f`UVao�
WZind^S�deY�inaVbjR
S�Uoi�aoixdn]nao_e�
��v } �O� �{�
h f`]eYH�%Y�d^S�aVUoitf�m%_kY�UVUXW�S�Rh��dnaoieie{hY�W�\
S`ieYk��ieY�Rhi^f`]ei�_OS�R�\�Y'm�f`{%Rh��aVR�S�ins�Yk_�alS�Uraoiein{hY W��j�j� �jy���� W � * lV` `
f�m'dnqhY Y f`{%]nR
S�U � 2B.10C*>I&0>.9?@0F69I3O � 25.M*>8 * Am45?E.9I�25AG0 v



� �������	��
 �

� � ! �"� ��������� ��� 
 ! �"�#����� � � � ���y
 ! � 
 � �����

�c-�. 
��g7�2'AB79= � G?0"23NC7OAH8P:MG � �;7�@�=�@JN��z0 � ��45AH2

Q f {%ao_e�¾ieYOS�]e_^q§�zS`iE_kf`Rh��{h_�deYk��f`R¾dnqhYK��RrdeY�]nRhY�dEdefgb�Y�d;S�R¾ao�%YOSTf�m5��q
S�dEqhfjins%aVd^S�U�qr�
bjaoY�RhY
s%]ef
��{h_�dei�S�]eYc_�{%]n]eY�R�dnUV�®SkujS�aVUlS�\%UoYjv w qhY�ieYOS�]e_^q®indn]naVR%b�i ) .10;�32 476o8x) �O¦92B*>I�*eT�.oIL2 47.o?@2 I�¦G��?E.mO �
R&AC4 0 S�Rh� ) .90.�32547698x) �O¦927*GI�*!�1*GI3452J8 6o452B.9I TU.9IL2547.9?G2JI
¦ �zY�]eYKm�Yk�¾def?dnqhY � f
f`bjUoYcieYOS�]e_^q®Y�R%bjaVRhY
W�������	�

��������������������������������� ` S�Rh��dnqhY�]eYkin{%UVdei5\%]efO�xi^Yk�cm�f`]~]eY�UoY�ujS�Rrdpq%aVdeiOv w qhY(s%]naVRh_�aVs
S�U'S�aV[
�zS`i5defPaVR�u�YkindnaVbrS�deY(dnqhY�Y g aoind^S�Rh_kY�f�mB_kf`[E[PY�]e_�alS�UVUV��SkujS�aVUlS�\%UoY(qr�
bjaoY�RhY�[Pf`R%aVdef`]naVR%b��%Y�u�ao_kYki~m$f`]
qhfjins%aVd^S�U�{hieYjy'qhY�Rh_kY"dnqhY���f`]e� T�.oIL2 47.o?@2 I�¦ aVR¡dnqhY�ieYOS�]e_eq¾indn]naVR%b�iOv w q%aoi�ieYOS�]e_eq¡m�f`{%Rh�CRhf`RhY
_OS�s
S�\%UoYpf�m�_kf`R�dnaVRr{hf`{hi�[Pf`R%aVdef`]naVR%bhy
��q%ao_eq"aoiB��q��Pf`dnqhY�]Hqr�
bjaoY�RhY5s%]ef���{h_�deiH��Y�]eY}S�Uoief�aVRh_�UV{h�%Yk�
aVRTdnq%aoip\%]naoY�m�aVRru�YkiednaVbrS�dnaof`R�v w qhY�inaVdeY ������	 

���!��������"�#�	%$�&��'$��("���)%$���������*������!���"W Q�_k_kYkiei^Yk�#� �
h Sk��y �j�j�ovV` dn{%]nRhYk��f`{%dxdefE\�Y�S�R�S`�%Y f {
S�deY�s�f`]nd^S�U�defEdnqhY�Ykiei^Y�RrdnalS�U�_kf`[Es
S�R%aoYkiOy
\r��s%]efOu
ao��aVR%b
UVaoindei�f�mz[;S�Rr{�m�S`_�dn{%]eY�]ei�S`_k_kf`]e��aVR%b�defKieYk_�def`]�S�Rh�?s%]ef
��{h_�d�S�]eYOS�v h fjind�f�m�dnqhY�[;S�Rr{�m�S`_�dn{%]eY�]ei
S�Rh�"dnqhY�aV]�s%]ef
��{h_�dei���aoie_�{hieieYk�"\�Y�Uof��®�zY�]eYxm�f`{%Rh�"\r�;ieY�UoYk_�dnaVR%b�dnqhY �Z_�UVaVR%ao_OS�U��5ieYk_�def`]�S�Rh� �ZY�R�u�aXW
]ef`R%[PY�Rrd^S�U%[Pf`R%aVdef`]naVR%b �zf`] ��]^S�s%ao�(deYkind �Bs%]ef
��{h_�d'S�]eYOS`iOvt��d�inqhf`{%Uo�(\�YHRhf`deYk��dnq
S�d'S�R�Y g q
S�{hindnaVu�Y
in{%]nu�Y���f�m�dnqhY([;S�]n��Y�dpm�f`]5qhfjies%aVd^S�U�q���bjaoY�RhY�s%]ef
��{h_�dei}�zS`ipRhf`d}dnqhY(f`\ Y Yk_�dnaVu�Yjy�S�Rh��qhY�Rh_kY�dnqhY
Rr{%[(\�Y�]}S�Rh�KbrS�[�{%dpf�mts%]eYki^Y�RrdeYk�cs%]ef
��{h_�dei�aoi�UVaV[EaVdeYk��v

� ° ��µx¸�º�´3° �Ì¸(µ~­nËp²�·eºtµx­,+�´3º���¸(¯x­^¯ �x·e´3±.-
¸�º

[ v ^ v W�\
S`ieYk�cQ���ujS�Rh_kYk�KQ~R
S�UV�
dnao_OS�U�f���Y�]eixS��%Y�u
ao_kY}��aVdnq�S`_k_kf`[Es
S�Rr�
aVR%b;deYkind��
aVdeizm$f`]�dnqhY�S�{%def�W
[;S�deYk�CY�R�{%[PY�]^S�dnaof`R¡f�m�[Eao_�]ef
f`]nbrS�R%aoin[PiOv ^ S�[Es%UoYki�S�]eYEs%]eY�s
S�]eYk����aVdnqCf`RhY;f�mzd���fcdeYkied���aVdeiOy
�N690o'�*@0G4�w f`d^S�U � alS�\%UoY $ ]nbrS�R%aoie[Pi W$wx� $ ` �}aVd�f`] ��610o'�*@0G4�¢ aof`[;S`iei w Ykind �}aVdOv3��R"\�f`dnq���aVdei�y�S
\%{���Y�]5]eYOS�b�Y�R�d�aoipS`�%�%Yk��def;dnqhY(\
S`_�deY�]nalS�U3i^S�[Es%UoYjy�m$f`UVUof���Yk�g\r��dnqhY�S`�%��aVdnaof`R?f�m u {h_�UoY�ao_(Q�_�ao�
w ��Yjv w qhY�����Y�s�Y�]n[PYOS�deYkipdnqhY(_kY�UVUt[PY�[�\%]^S�RhYki�f�m3UVaVu�Y(\
S`_�deY�]nalS�y�_kf`Rhi^Y f {hY�R�dnUV��ind^S�aVR%aVR%b�\�f`dnq
UVaVu�Y"S�Rh�#�%YOS`�C\%aof`[;S`i^iOv��ZR�dnqhYPm$f`]n[PY�](��aVdOy'S�Rhf`dnqhY�](i^f`UV{%dnaof`R�y ¢�� Q � ��y�aoi�S`�%�%Yk�¡S9m$deY�]�dnqhY

�%+

http://www.google.com/
http://www.rapidmicrobiology.com/


���=���������^�������K ����*)������
�' 
� �����9���")���� � ��	9��� �+�

u {h_�UoY�ao_�Q�_�ao� w ��Y(ind^S�aVR%aVR%bhv w qhY ¢�� Q � �Eief`UV{%dnaof`R��zf`]n�
i}S`i5SP_kf`{%RrdeY�]ÊWZind^S�aVRTdefEdnqhY u {h_�UoY�ao_
Q�_�ao� w ��Yjy
UoYOSku
aVR%b Y {hind5UVaVu�Y�_kY�UVUoi��h{hf`]eYkie_kY�RrdOv w qhY(dnqr{hi5UlS�\�Y�UVUoYk��\
S`_�deY�]nalS�U'_kY�UVUoi5_OS�R�\�Y(Y�Rr{�W
[PY�]^S�deYk�c��aVdnq�dnqhY �~¢xw � �j�j� �%Y�u
ao_kY��%Y�u�Y�Uof`s�Yk�c\���dnqhY�_kf`[Es
S�Rr��v w qhY �~¢xw � �j�j� {hieYki �
fO�
_��
def`[PY�dn]n� W ieYkY ^ Yk_�dnaof`R ¨ v���v �;` def f {
S�RrdnaXm$�?UlS�\�Y�UVUoYk�#\
S`_�deY�]nalS��%fO��R¡defgS��%Y�deYk_�dnaof`R#UVaV[EaVd�f�m
� �j� _�m${ +9[EU�v ^ S�[Es%UoYEs%]ef
_kYkieinaVR%bKaoi}m${%UVUV�TS�{%def`[;S�deYk�#S�Rh�?]eYkin{%UVdei�S�]eYEf`\%d^S�aVRhYk�CaVR?\
S�]eY�UV� �j�
[EaVRr{%deYki�v
� Y�\hinaVdeY ! ������	 
 ���!����� �
#�#��%$������ �����!���\W Q�_k_kYki^ieYk��� ��h Sk��y �j�j�ovV` v

� ·e¯ ��¯x¸5²
³�¯x­?Å}Ë�±%²�´B¶Ç± -�¸�º

¢ aof � f`Rrdn]ef`U'aoi}SPin{%s%s%UVaoY�]}f�m3aVRh��{hindn]nalS�U�[Eao_�]ef`\%aof`Uof`bj��deYkindnaVR%b;s%]ef
��{h_�deiOv w qhY�_kf`[Es
S�Rr��f���Y�]ei
dZ�zfTqr�
bjaoY�RhY�[Pf`R%aVdef`]naVR%b?s%]ef���{h_�dei�y %'£ Q ^ X
	

©
S�Rh� £ � � Xpw u � u � hZ�_j�� # v %t£ Q ^ X
	

©
aoi�S

inaVR%bjUoY�{hieY�aVRhind^S�R�d�deYkind�indnao_e�g_OS�s
S�\%UoYEf�m��%Y�deYk_�dnaVR%bcs%]ef`deY�aVR?]eYkinao��{hYki�v ^ aVRh_kY�s%]ef`deY�aVR?]eYkinao��{hYki
S�]eY�f`RhY�f�mBdnqhY�_OS�]e��aVR
S�UtRr{%dn]naoY�R�d�ief`{%]e_kYkixm�f`]~[Eao_�]ef`\�YkiOy�dnqhY��cf���Y�]}SE[PYOS`in{%]eY(f�mH_�UoYOS�R%UVaVRhYkieiOv
w qhY�deYkindEin{%]Êm�S`_kY�aoiEin�zS�\%\�Yk�¡��aVdnq§dnqhY"deYkied�iednao_e�¡S�Rh�¾dnqhY�]eYkin{%UVdE_OS�R§\�Y�]eYOS`�¾S`iPSg_kf`Uof`{%]
_eq
S�R%b�Y���aVdnq%aVRc|hu�Y�i^Yk_kf`Rh�%iOv w qhY�UoY�u�Y�U�f�m3�%Y�deYk_�dnaof`R�aoixf`R%UV� f {
S�UVaVd^S�dnaVu�Y W ��Y�UVUofO�»[PYOS�Rhi~_�UoYOS�R
S�Rh��\%UV{hY�+9bj]eYkY�Rc��aV]ndZ� ` v w qhYp�%Y�deYk_�dnaof`RKaoi�\
S`i^Yk�;{%s�f`RcS�s%]ef`deY�aVR�W�\%aVRh��aVR%b;����Y5��q%ao_eqKaoizaV[E[Pf�W
\%aVUVaoieYk�Tf`RgdnqhY(in��S�\�v w qhY £ � � Xpw u � u � hZ�]j
� # aVRhindn]n{%[PY�R�d�aoipS;q
S�Rh�gqhY�Uo���%Y�u
ao_kY(��q%ao_eq
aoi�{hieYk�;S�Uof`R%b���aVdnq;dnqhY~_kf`[Es
S�R�� r i�i^S�[Es%UVaVR%b��%Y�u�ao_kYki�v w qhY�]eY5S�]eY~ie{%]Êm�S`_kYpS�Rh�PUVa f {%ao�;i^S�[Es%UVaVR%b
�%Y�u
ao_kYki W in�zS�\�W�]eYkieY�[(\%UVaVR%b"indnao_^�
i ` S�Rh��s X y�deY�[Es�Y�]^S�dn{%]eYjyhS�Rh�K_kf`Rh��{h_�dnaVu
aVdZ��s%]ef`\�YkiOv w qhY}��aoiÊW
s�fji^S�\%UoYEin{%]Êm�S`_kY�S�Rh�gUVa f {%ao�?i^S�[Es%UVaVR%bc�%Y�u
ao_kYki�S�]eY({hi^Yk��defKf`\%d^S�aVR�Q w j i*S�[Es%UoYkiOv w Y�deYk_�dnaof`R
S�Rh� f {
S�R�dnaX|
_OS�dnaof`R?aoi~\
S`ieYk�gf`R�\%aof`UV{%[EaVRhYki^_kY�Rh_kY W ieYkY ^ {%\hieYk_�dnaof`R ¨ v � v�� ` [PYOS`in{%]eYk����aVdnq�dnqhY
£ � � Xpw u � u � he�_j�� # aVRhindn]n{%[PY�R�dOv
� Y�\hinaVdeY ! ������	 
 ���!����� � )%$�����������"�������*�� � �����%�\W Q�_k_kYkieieYk�C�j� h SO��y �j�j�ovV` v

� - 
 ������������� �"²�°

¢ � $ �][p B£�£ aoi�Scin{%s%s%UVaoY�]�f�m�\%aof�WZ�%Yk_kf`R�d^S�[EaVR
S�dnaof`R�ief`UV{%dnaof`Rhi�S�Rh�#S�aV]�|hUVdn]^S�dnaof`R¾Y f {%aVs%[PY�RrdOv
w qhY�_kf`[Es
S�R��Kq
S`ix�%Y�u�Y�Uof`s�Yk��S�qr����]ef`b�Y�R�s�Y�]ef g ao�%Y W5X 
 $ 
 ` ujS�s�f`{%] W5X]j��<` b�Y�RhY�]^S�def`]5_OS�UVUoYk�
� UlS�]n{hi 	

©
v ¢ aof�WZ�%Yk_kf`R�d^S�[EaVR
S�dnaof`R�f�m�S?]ef
f`[Éf`]�S?�zS�]e�®��aVdnq S � UlS�]n{hi 	

©
{%R%aVd;]eY f {%aV]eYki;dnqhY

ins
S`_kYzdefp\�YzieYOS�UoYk�ES�Rh��Rhf~s�Y�]eief`Rhit[;Sk�(]eYkinao�%YzaVR�dnqhYzS�]eYOSp��{%]naVR%b�dnqhYzs%]ef�_kYki^iOv w qhY�_kf`[Es%{%deY�]
_kf`Rrdn]ef`UVUoYk� � UlS�]n{hi 	

©
{%R%aVd3��aVUVU���aoiedn]naV\%{%deY Xaj�� Y�u�Y�R%UV��aVRrdef}dnqhY�S�aV]Oyj{%R�dnaVUhi^S�dn{%]^S�dnaof`RP_kf`Rh��aVdnaof`Rhi

m�f`]tdnqhYxS�aV],+9q��
��]ef`b�Y�R;s�Y�]ef g ao�%Y�[Ea g dn{%]eY�S�]eY�]eYOS`_eqhYk��v w q%aoi'UoYOS`�%i'defpdnqhY�[Eao_�]ef�_kf`Rh�%Y�Rhi*S�dnaof`R;f�m
X 
 $ 
 f`Rrdef�S�UVU�Y g s�fjieYk��in{%]Êm�S`_kYki�v�Q5s%s%]ef g aV[;S�deY�UV�C�

µ
[ f�mBq��
��]ef`b�Y�R�s�Y�]ef g ao�%Y�aoixUlS�ao���%f���R�y

S�Rh�"aXm�dnqhY�]eY5S�]eY5[Eao_�]ef`\�Yki�s%]eYkieY�Rrd�f`R;dnqhYpY g s�fjieYk�"in{%]Êm�S`_kYkiBdnqhY X 
 $ 
 ��aVUVU���aVUVU�dnqhY�[cv3Qxm$deY�]zS
s%]eYk�%Y�deY�]n[EaVRhYk�c�%Yk_kf`R�d^S�[EaVR
S�dnaof`RcdnaV[PYpdnqhY � UlS�]n{hi 	

©
{%R%aVdz]eYk_�aV]e_�{%UlS�deYki�dnqhY}S�aV]Oy
�%Y�q�{%[Eao��aXm��
aVR%b

aVdpS�Rh��_OS�d^S�UV��dnao_OS�UVUV��_kf`Rru�Y�]ndnaVR%b�dnqhY X]j�� aVRrdef;�zS�deY�]�S�Rh��f g �
b�Y�R�aVR�dnqhY�s%]ef
_kYkieiOv � f`[Es%UoY�deY
RhY�{%dn]^S�UVaoi^S�dnaof`REf�m�dnqhYBqr����]ef`b�Y�R�s�Y�]ef g ao�%YHaoi�f`\%d^S�aVRhYk��\���{hinaVR%b5S`Y�]^S�dnaof`R�{%R%aVdei�f`]�dnqhYB\%{%aVUo��aVR%b r i
u�Y�RrdnaVUlS�dnaof`R�in��indeY�[cv u f}def g ao_�]eYkieao��{hYki�S�]eY�UoY�m$d3aVREdnqhYx�%Yk_kf`Rrd^S�[EaVR
S�deYk�KS�]eYOS�v w qhY�s%]ef
_kYkiei3q
S`i

http://www.aati-us.com/
http://www.biocontrolsys.com/


���=���������^�������K ����*)������
�' 
� �����9���")���� � ��	9��� �
	

Rhf�S`��u�Y�]eieY"Y���Yk_�dei�f`R�[;S�deY�]nalS�Uoi(f`](Y�UoYk_�dn]ef`R%ao_kiOv;Q ]ef
f`[ aoi��%Yk_kf`Rrd^S�[EaVR
S�deYk�¡aVR?m�f`{%]�qhf`{%]eiOy
��qhY�]eYOS`i5SP_kf`[Es%UoY�deY��zS�]e��]eY f {%aV]eYki�� � qhf`{%]eiOv
� Y�\hinaVdeY ! ������	 
 ���!����� � )%$���� ������� � �����%�\W Q�_k_kYkieieYk�C�j� h SO��y �j�j�ovV` v

� ·e¯�²
³�µxºt´ -
¸5²�´'³�¸(µ�²�·e¯x¸�µx­ �§­^º

[ v��Ev W�\
S`ieYk� ¢ aof`dn]^S`_kYEaoi�S�s%]efOu
ao�%Y�](f�m�m�S`ied f {
S�R�dnaVd^S�dnaVu�YPqr�
bjaoY�RhYP[Pf`R%aVdef`]naVR%bTin��indeY�[PiOv w qhY
_kf`[Es
S�Rr� r i's%]ef
��{h_�d�]^S�R%b�Yz_kf`[Es%]naoieYki'ieY�u�Y�]^S�U
]eYOS�b�Y�RrdeiBS�Rh��_kf`[Es%UoY�[PY�Rrd^S�]n��aVRhindn]n{%[PY�RrdeiOv w qhY
�z£�  Q u W '�� ¤ '�Ã 	

©
S�Rh�CQ �][ QxW '�� ¤ '�Ã 	

©
qr�
bjaoY�RhY;deYkiedei(S�]eY ��s�Y�R�W�UVaV��Y��"�%Y�u
ao_kYki���q%ao_^q¾S�]eY

in��S�\%\�Yk�CdefK_kf`UVUoYk_�d�dnqhYPi^S�[Es%UoYjv w qhYEm$f`]n[PY�]�aoi�{hieYk�?f`RCin{%]Êm�S`_kYki�S�Rh�?dnqhY�UlS�dndeY�]�f`R?�zS�deY�]Ov
¢ f`dnqTS�]eY(\
S`ieYk��f`R�dnqhY�\%aof`UV{%[EaVRhYkie_kY�Rh_kYEf�mHQ w j W ieYkY ^ {%\hieYk_�dnaof`R ¨ v � v�� ` y�iefPdef`d^S�Ut[Eao_�]ef`\%alS�U
_kf`{%Rrdei�_OS�R®\�YgS`ieieYkieieYk����aVdnq�dnqhY�[cv w qhY�deYkindei�S�]eY�]eYOS`��\��§dnqhY []u �ZW � �o' Ã 	

©
q
S�Rh��qhY�Uo�

UV{%[EaVRhf`[PY�deY�]eiOy~��q%ao_eq s%]ef���{h_kY�dnqhYc]eYkin{%UVdei"��aVdnq%aVR � � ieYk_kf`Rh�%iOv ¢ aof`dn]^S`_kY�q
S`i�S�Uoi^fCieY�u�Y�]^S�U
_kf`Uof`{%]�_^q
S�R%b�Y~deYkiedeiB��q%ao_eq"[PYOS`in{%]eYxs%]ef`deY�aVR"]eYkinao��{hYkiHf`R;dnqhY~in��S�\%\�Yk�"in{%]Êm�S`_kYjv w qhYkieYx]eY f {%aV]eY
RhfEaVRhindn]n{%[PY�R�deiOv
� Y�\hinaVdeY ! ������	 
 ���!����� � )%$�����"�#���� � ��� � ��� �\W Q�_k_kYkieieYk��� �ih Sk��y �j�j�ovV` v

��·e¹kµ �Ì·n³ �"²�°

£ aXm�S¾Q~aV]�aoiKS % aVR%R%aoinq _kf`[Es
S�Rr� f���Y�]naVR%b§ief`UV{%dnaof`RhiKm$f`]�dnqhYTaVRh�%f�f`]cS�aV] f {
S�UVaVdZ��v w qhY £ aXm�S
� Y�RrdnaVUlS�dnaof`R®qr�
bjaoY�RhYc_kf`Rh_kY�s%dEaoiPS�d^S���Y�W�Rhf�W�s%]naoief`RhY�]ei�in�
iedeY�[ _kf`RhieaoindnaVR%b?f�mpieY�u�Y�]^S�U~S�aV]P��{h_�d
_�UoYOS�R%aVR%bK{%R%aVdeiOv w qhY w {h_�d � f`Rrdn]ef`U h S g at_OS�RT\�Y�{hi^Yk��def�u
aoin{
S�UVUV�caVRhins�Yk_�d}dnqhY�_�UoYOS�R%UVaVRhYkiei�f�m
S�aV]H��{h_�dei'\�Y�m$f`]eYxS�Rh�PS9m$deY�]B_�UoYOS�R%aVR%bhv3��d'_kf`[Es%]naoi^Yki�S5u�ao�%Ykf�_OS�[PY�]^S�+ wx� in��indeY�[���aVdnq;S�REaVRh_kf`]ÊW
s�f`]^S�deYk�T]eY�[Pf`deY�_kf`R�dn]ef`UVUoYk�?[EaVR%aXW�dn]^S`_�def`]�_OS�s
S�\%UoYEf�mny�m$f`]paVRhind^S�Rh_kYjy�deY�[Es�Y�]^S�dn{%]eYPS�Rh�?S�aV]��
fO�
[PYOS`in{%]eY�[PY�R�dei;S�Rh�#��{hied�i^S�[Es%UVaVR%bhv w qhY w {h_�d � f`Rrdn]ef`U h aVR%a�aoi�S�ieaV[EaVUlS�]Oy3\%{%d�ie[;S�UVUoY�]�S�Rh�
q
S�Rh�g_kf`Rrdn]ef`UVUoYk�Tu�Y�]einaof`RgaVRrdeY�Rh�%Yk��m�f`]~u�Y�]ndnao_OS�U'inq
S9m�dei}S�Rh��ie[;S�UVU�qhf`]naV¼Of`R�d^S�U'��{h_�dei�v w qhY £ aXm�S
^ s�Yk_�alS�U � UoYOS�RhY�] �j� aoi}SPY�UoYk_�dn]nao_OS�UVUV����]naVu�Y�RT_�UoYOS�R%aVR%b�[;S`_eq%aVRhY(aVRrdeY�Rh�%Yk��m�f`]5in[;S�UVUt��{h_�deiOv ¢ �
dnqhYp_eqhf`ao_kYpf�m�\%]n{hieq�S�Rh�;f`dnqhY�]�S`_k_kYkieief`]naoYki�yrdnqhY~{%R%aVd�_OS�R"_�UoYOS�R�\�f`dnq"_�aV]e_�{%UlS�]�S�Rh�P]eYk_�d^S�R%bj{%UlS�]
��{h_�deiOv¡Q _kf`{%R�deY�]ns
S�]ndPm�f`]�UlS�]nb�Y���{h_�dei�aoiEY�[�\�f���aoYk�§aVR¾dnqhY £ aXm�S X �
��[;S`indeY�]OyH��q%ao_eq§aoi�q��rW
��]^S�{%UVao_OS�UVUV����]naVu�Y�R?S�Rh��_OS�Rg\�Y�Y f {%aVs%s�Yk�c��aVdnq?SEu
ao�%Ykf;_OS�[PY�]^SPdef"S`ieieYki^ixdnqhY�_�UoYOS�R%aVR%b�]eYkin{%UVd
aVRc]eYOS�U�dnaV[PYjv % aVR
S�UVUV��y%dnqhY X Y�s
S � UoYOS�R ¨r�j�j� aoi~S�Uof���W�s%]eYkiein{%]eY�u`S`_�{%{%[EaVR%b"{%R%aVdx��q%ao_eqg_OS�Rc\�Y
S�dnd^S`_eqhYk�¡def�dnqhY;[;S�aVR�deY�R
S�Rh_kY�f`s�Y�R%aVR%bTf�mxdnqhYPu�Y�RrdnaVUlS�dnaof`R§��{h_�dOv w qhY�Y g q
S�{hind�S�aV](aoi(Y�aVdnqhY�]
��aV]eYk_�deYk��f`{%de�%f
f`]ei~f`]�|hUVdeY�]eYk��dnq%]ef`{%bjq�S Xp cj QM|hUVdeY�]Ov
� Y�\hinaVdeY ! ������	 
 ���!����� �
��$���#�� �������\W Q�_k_kYki^ieYk���j� h Sk��y �j�j�ovV` v

http://www.bioquell.com/
http://www.biotrace.co.uk/
http://www.lifa.net/


���=���������^�������K ����*)������
�' 
� �����9���")���� � ��	9��� ���


 ³�·^¯x¸�� ·eµ �x¸�¯x±%²�·eº�µ 
 Ë

% aVR%UlS�Rh�
W�\
S`ieYk� $ ]naof`R w alS�bjRhfjiednao_OSTq
S`iPieY�u�Y�]^S�UxdeYkiedei;SkujS�aVUlS�\%UoY�m�f`]E[Eao_�]ef`\%aof`Uof`bjao_OS�U~qr�
bjaoY�RhY
[Pf`R%aVdef`]naVR%bhv w qhY�_kf`[Es
S�R�� r i w ]n�
_�{%UVd 	

©
w jB� ��aVshindn]naVs�aoixaVR�deY�Rh�%Yk�cm�f`]5S`ieieYki^inaVR%bEdnqhY�qr�
bjaoY�RhY

ind^S�dn{hiPf�m}�zS�deY�]"i^S�[Es%UoYkiOy���qhY�]eYOS`iEdnqhY X �
bjao_�{%UVd 	
©
��aVshindn]naVshi"S�]eY�m$f`]Pin{%]Êm�S`_kY�qr�
bjaoY�RhYK[Pf`R�W

aVdef`]naVR%bhv w qhY X �
bjao_�{%UVd 	
©
��aVshindn]naVshiP_kf`Rhinaoied�f�mps%UlS`indnao_�s%UlS�deYkiP_kf�S�deYk�¾��aVdnq�_�{%UVdn{%]eY�[PYk��aV{%[cv

^ S�[Es%UoYkip_OS�R�\�Y�f`\%d^S�aVRhYk�Km$]ef`[�\�f`dnq�in{%]Êm�S`_kYki5S�Rh�cUVa f {%ao�%ix\���s%]eYkieinaVR%bhy%\%]n{hinq%aVR%b�f`]5Y�[(\�Yk�
W
��aVR%b�dnqhY~��aVshindn]naVs�v3Q~m�deY�]�i^S�[Es%UVaVR%bhyrdnqhY5��aVshindn]naVs�q
S`iBdef�\�Y�aVRh_�{%\
S�deYk�"m$]ef`[ f`RhYxdef�dnq%]eYkY5�hSO�
i
�%Y�s�Y�Rh��aVR%b�f`R�dnqhY�deYkied'S�Rh��aVRh_�{%\
S�dnaof`REdeY�[Es�Y�]^S�dn{%]eYjv w qhYz]eYkin{%UVd'aoi'aVRrdeY�]ns%]eY�deYk�E\��(_kf`[Es
S�]naVR%b
dnqhYP_kf`Uof`{%]�f�m�dnqhYE��aVshindn]naVs�def�S�RCS�s%s�Y�Rh�%Yk��_kf`Uof`{%]�[;S�s�v w qhY�]eYPS�]eYP��aVshindn]naVshi}m�f`]�dnqhYEdef`d^S�U
\
S`_�deY�]nalS�UzS�Rh�gm${%R%brS�UB_kf`{%Rrdei W5X �
bjao_�{%UVd 	

©
w jB� ` y�Y�R�deY�]ef`\
S`_�deY�]nalS W5X �
bjao_�{%UVd 	

©
  ` y���YOS`indei�S�Rh�

[Pf`{%Uo�%i W5X �
bjao_�{%UVd 	
© ��� %�` y β W�bjUV{h_�{%]ef`R%ao�hS`ieY�W�s�fjieaVdnaVu�Y5f`]nbrS�R%aoin[Pi W5X �
bjao_�{%UVd 	©   +

β
W � [5�_` S�Rh�

_kf`UVaXm�f`]n[ \
S`_�deY�]nalS W5X ��bjao_�{%UVd 	
©
� %�` v

� Y�\hinaVdeY ! ������	 
 ���!����� �
��" $�����&�$�#�� �����!�%$���# � ���!���\W Q�_k_kYkiei^Yk��� �ih SO��y �j�j�ovV` v

��µx­^­ � �(³�¯�Æ�´ �;²�°

j S�UVU5aoi�S?�%Y�u�Y�Uof`s�Y�]�f�m5|hUVdn]^S�dnaof`R S�Rh��i^Y�s
S�]^S�dnaof`R�s%]ef
��{h_�deiEm�f`]Oy�S�[Pf`R%b¡f`dnqhY�]eiOyzdnqhYcqhYOS�UVdnq
_OS�]eY�i^Yk_�def`]Ov w aoins�fji^S�\%UoY��zS�deY�]P|hUVdeY�]ei�_OS�R�\�Y�m�f`{%Rh�®S�[Pf`R%b#aVdeiE|hUVdn]^S�dnaof`R s%]ef���{h_�deiOv w qhY
j S�UVUXWZQ f {
S`i^S9m�Y � # ]^S�R%b�Y"_kf`Rrd^S�aVRhi(�zS�deY�]�|hUVdeY�]�s%]ef���{h_�dei�m$f`]�ieqhfO��Y�](qhYOS`�%iOy�d^S�shi(S�Rh�?aVR�W�UVaVRhY
s%]ef
_kYkieinaVR%bhv w qhY�]eYzS�]eYH|hUVdeY�]ei�m$f`]'S�UVUr[Eao_�]ef
f`]nbrS�R%aoin[Pi3S�Rh��|hUVdeY�]ei�m�f`]�]eY�[PfOujS�U�f�m Y {hind � *�¦o25.9I *G8J8 6
ins%s�vtQ~UVU�|hUVdeY�]ei'S�]eY���aoins�fji^S�\%UoYjy`\%{%dtaVRrdeY�Rh�%Yk�(m�f`]�{%s�def��
y�� ¨ f`]t���z�hSk��i�{hi^Yjy��%Y�s�Y�Rh��aVR%b}f`R(dnqhY
dZ�
s�Y�f�m'|hUVdeY�]Ov % aVUVdn]^S�dnaof`Rgaoi�\
S`ieYk��f`R�SE�%f`{%\%UoY(UlSk��Y�] � v �

µ
[ [PY�[�\%]^S�RhYjv w qhY�|hUVdeY�]5qhf`{hinaVR%b

_kf`Rrd^S�aVRhi}S�\
S`_�deY�]naofjind^S�dnao_�S`�%��aVdnaVu�Y�def�s%]eY�u�Y�Rrd5dnqhY}|hUVdeY�]eYk�c\
S`_�deY�]nalS�m�]ef`[Ás%]ef`UVaXm�Y�]^S�dnaVR%bhv
� Y�\hinaVdeY ! ������	 
 ���!����� � 	�#����������!��������#������%��#�"���� #�� ��"ZW Q�_k_kYki^ieYk���j� h Sk��y �j�j�ovV` v

Å�µ�³
²�¯�³�· �(± ���

Q5[Pf`R%b�dnqhYE[;S�R��gs%]ef
��{h_�dei�f���Y�]eYk�?\�� ^ S�]ndef`]naV{hi�y�dnqhY h|wbl S�aV]eie_OS�R 	
©
S�aV](i^S�[Es%UoY�](S�Rh�?dnqhY

b�Y�UlS�dnaVRhYE|hUVdeY�]�{%R%aVdei�_OS�R�\�Y�m$f`{%Rh��v w qhYP��aoins�fji^S�\%UoYEb�Y�UlS�dnaVRhYE[PY�[(\%]^S�RhYP|hUVdeY�]ei�S�]eYE{hieYk�Tdef
_kf`UVUoYk_�dpdnqhY�i^S�[Es%UoYkiOv~Q�|hUVdeY�]5aoipS�dnd^S`_^qhYk��def;dnqhY�Rhf`¼k¼kUoY(f�mBdnqhY(S�aV]pi^S�[Es%UoY�]Oy
��q%ao_^q�m${%Rh_�dnaof`Rhi
[�{h_^q¾UVaV��Y"SK]eY�u�Y�]ei^Yk��ujS`_�{%{%[F_�UoYOS�RhY�]ES�Rh��dn]^S�shi�S�aV]n\�f`]nRhY;[Eao_�]ef`\�Yki(aVRCdnqhY;b�Y�UlS�dnaVRhY;[PY�[�W
\%]^S�RhYjvBQ~m�deY�]�i^S�[Es%UVaVR%bhy
dnqhYxb�Y�UlS�dnaVRhY~|hUVdeY�]eiz_OS�R"\�Y5��aV]eYk_�dnUV�Es%UlS`_kYk�"f`R�S�brS�]�s%UlS�deYki�yr��q%ao_^q�S�]eY
aVRh_�{%\
S�deYk��S`_k_kf`]e��aVR%b"defERhf`]n[;S�U�[Eao_�]ef`\%aof`Uof`bjao_OS�Uts%]ef�_kYk��{%]eYki�v
� Y�\hinaVdeY ! ������	 
 ���!����� � ��#�"�� ��"%$ ��� �����!���\W Q�_k_kYki^ieYk���j� h Sk��y �j�j�ovV` v

http://www.oriondiagnostica.com/
http://www.pall.com/healthcarewater
http://www.sartorius.com/


��� +��� 
�?���
������	 ��� ��������� ����	`�
���������l��� �*������� ���

Å�¶Ç·Ê²���± ��´t²�´3º�²�·e¯x¸

Q5UVdnqhf`{%bjqKRhf`d�S�in{%s%s%UVaoY�]�f�m�q���bjaoY�RhYps%]ef
��{h_�deiOy ^ [EaVdnqhi w Y�deYk_�dnaof`Rcf���Y�]eizs%]ef���{h_�dei�m�f`]�dnqhY5�%Y�W
deYk_�dnaof`RKf�m�\%aof`Uof`bjao_OS�U�S�b�Y�R�deiOv3��R;dnqhY�aV] w ]^S`_kY w Y�deYk_�dnaof`R�s%]ef
��{h_�dzieY�UoYk_�dnaof`R�dnqhY�]eY}S�]eY~�%Y�deYk_�dnaof`R
in��indeY�[Pi�d^S�]nb�Y�deYk��S�d�dnqhY3\%aof`Uof`bjao_OS�Ur��S�]Êm�S�]eY��%Y�m$Y�Rh_kYB[;S�]n��Y�dOv w ��f~f�m%dnqhYkieYBS�]eYBdnqhY ¢ aof�W ^ YkY f � #
S�Rh�cdnqhY ¢ aof�W w Y�deYk_�def`]Ov ¢ f`dnq�S�]eY�_OS�s
S�\%UoY(f�m'�%Y�deYk_�dnaVR%b"\
S`_�deY�]nalS�U'S�Rh�cu�aV]^S�U�s
S�dnqhf`b�Y�Rhi5aVR�S�s�W
s%]ef g aV[;S�deY�UV�C� � [EaVR�{%deYki�f`]�UoYkieiOv ¢ aof�W ^ YkY f � # aoi�S�s�f`]nd^S�\%UoYjy�q
S�Rh�?qhY�Uo��dnqhY�]n[Pf�_���_�UoY�]Oy�S�Rh�
{%dnaVUVaoieYki5dnqr{hipdnqhY je�z� W i^YkY ^ Yk_�dnaof`R ¨ v ¨ vV� ` s%]ef
_kYk��{%]eY�def"�%Y�deYk_�d}S�b�Y�R�dei5f�mB[;S`iei5�%Ykindn]n{h_�dnaof`R�v
w qhY�S`_k_kf`[Es
S�Rr�
aVR%bPi^S�[Es%UoYps%]eY�s
S�]^S�dnaof`Rc_OS�]ndn]nao��b�Y}_kf`Rrd^S�aVRhi~S�UVU�RhYk_kYkiei^S�]n�Pdef
f`Uoi�S�Rh�;]eYOS�b�Y�R�dei
def�Y�Rhie{%]eY�dnq
S�dHdnqhY5i^S�[Es%UoY�aoiH_kf`]n]eYk_�dnUV�Es%]eY�s
S�]eYk�;\�Y�m�f`]eY�aVRhieY�]ndeYk�;aVRrdef�dnqhYxdnqhY�]n[Pf
_��
_�UoY�]Ov w qhY
aVRhindn]n{%[PY�R�d�aoi"\%{%aVUVd"m$f`];|
Y�Uo��{hieYjy�_OS�R s%]ef
_kYkiei"iea g ��aX��Y�]eY�RrdKi^S�[Es%UoYki�inaV[({%UVd^S�RhYkf`{hinUV��y5S�Rh�
S�\%UoY�def��%Y�deYk_�dK��_�m�{ W _kf`Uof`Rr��W�m�f`]n[EaVR%b?{%R%aVd ` aVR§S�\�f`{%d�q
S�UXmpS�R¡qhf`{%]Ov ¢ aof�W w Y�deYk_�def`]OyHf`R#dnqhY
f`dnqhY�]zq
S�Rh��yraoizS�s�f`]nd^S�\%UoYjy
S�{%def`[;S�deYk���%Y�deYk_�def`]z_OS�s
S�\%UoYpf�m��%Y�deYk_�dnaVR%b({%s"def�Y�aVbjq�d�S�b�Y�R�dei�_kf`R�W
_�{%]n]eY�RrdnUV��v ¢ aof�W w Y�deYk_�def`]p]eY�UVaoYki~f`R �h{hf`]eYkie_kY�RrdnUV�KUlS�\�Y�UVUoYk��S�R�dnaV\�f
��aoYkipS�Rh�gS�UVaVbjqrdÊW�S`�%��]eYki^i^S�\%UoY
s�f`deY�Rrdnaof`[PY�dn]nao_�ieY�Rhi^f`]Oy���q%ao_^q�|hR
S�UVUV�;[PYOS`in{%]eYki�dnqhYp_eq
S�R%b�Y}aVR�s X aVRh��ao_OS�dnaVR%bEdnqhYps%]eYkieY�Rh_kY}f�m
\%aof`Uof`bjao_OS�U���S�]Êm�S�]eY�s
S�dnqhf`b�Y�RhixaVRcdnqhY�i*S�[Es%UoYjv
� Y�\hinaVdeY ! ������	 
 ���!����� � � � $(�����!&���� ���(� $���� �������%�\W Q�_k_kYkieieYk����� h Sk��y �j�j�ovV` v

�c-�� � G � =?0PA 6 794 ��0 ��7�0":�0 �"794}8P:�6 0�=?7OAB0 ��7�=����

w qhY�]eY�S�]eY}dnq%]eYkY}\
S`inao_���aoi*S`��u`S�R�d^S�b�Ykixdef�dn]^S`��aVdnaof`R
S�U�[Eao_�]ef`\%aof`Uof`bjao_OS�U�[Pf`R%aVdef`]naVR%bhv w qhYkieY�S�]eY !
� `_W UoY�R%bjdnqr� ` dn]^S�Rhins�f`]nd^S�dnaof`Rcf�m�dnqhY�i*S�[Es%UoY~m$]ef`[ÁdnqhYpdeYkindxinaVdeYpdefES(UlS�\�f`]^S�def`]n��y �V` s%]ef
_kYkieinaVR%b
f�m'dnqhY�i^S�[Es%UoY�{hin{
S�UVUV��d^S���Yki�\�Y�dZ�zYkY�R#� l S�Rh� ��¨ qhf`{%]ei5��{hY}defERhYk_kYkiei^S�]n��aVRh_�{%\
S�dnaof`R�y�S�Rh�c� `
]eYkin{%UVdeipS�]eY�f`\%d^S�aVRhYk�cu
aoin{
S�UVUV��S`i5S�in{%\ Y Yk_�dnaVu�Y�aVRrdeY�]ns%]eY�d^S�dnaof`RTf�m3S�q�{%[;S�R�\�Y�aVR%b } � �1� v w qhY�ief
_OS�UVUoYk����m�S`ied �x[Eao_�]ef`\%aof`Uof`bjao_OS�U�deYkindeiOy�UVaV��Yxm�f`]�Y g S�[Es%UoY $ ]naof`R w alS�bjRhfjiednao_OS r i X �
bjao_�{%UVd 	

©
y
[PfjindnUV�

S�aV[ def�]eY�[PYk���PdnqhY~|h]eind�aoiein{hYx\��;f���Y�]naVR%b�S�R�f`R�WZinaVdeYjy�s�f`]nd^S�\%UoY5s%UlS�dÊm$f`]n[cv X f���Y�u�Y�]Oy�dnq%aoiz�%f�Yki
Rhf`d�[;S���YPdnqhY;�%Y�deYk_�dnaof`R¾f�mx[Eao_�]ef`\�Yki�]^S�s%ao��v u fOu�Y�Uz[PY�dnqhf��%i�S�Rh�Cie�
indeY�[Pi���aVdnqC]^S�s%ao�#s�Y�]ÊW
m�f`]n[;S�Rh_kY�{hin{
S�UVUV�cS`�%��]eYkiei5dnqhY�ieYk_kf`Rh��S�Rh��dnq%aV]e�caoieie{hYjvHQ»]eYOS�U�dnaV[PYjy
_kf`R�dnaVRr{hf`{hip[Pf`R%aVdef`]naVR%b
in��indeY�[Á��f`{%Uo��q
Sku�Y�defPd^S`_e�
UoY�S�UVU�dnq%]eYkY } � �{� v

http://www.smithsdetection.com/


��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� ���

�c-*, � ���E8;=C45@�� �C7�0"2B@�=�2379= �D2��g2'AB@�6 2��Â7OAHG G ���"7�@�=?@�6 0�= �

7OAB0 �z79=�� N§0PAB@�=cAB798P:

�}«�ª�«^¬ � ´t²�´3º�²�·e¯x¸ ¯x¹ ��·e¯xµx´'³�¯x±
¯~­e± ��±
·e¸ � ±�´B¶Ç·eºt¯x¸(° ��º�²�¯x³ ��� ­e· � �5²
±�¯ �(³�ºt´3±

w qhY5aVRrdn]naVRhinao_��h{hf`]eYkie_kY�Rh_kYpf�m�\
S`_�deY�]nalS���S`i�aVR�dn]ef���{h_kYk��S`i�S�u
alS�\%UoY~�%Y�deYk_�dnaof`R�[PY�dnqhf��"aVR ^ {%\�W
ieYk_�dnaof`R ¨ v � v � v w q%aoi'in{%\hieYk_�dnaof`R�y`aVR�dn{%]nR�y`��aVUVU���aVb}�%YkY�s�Y�]taVR�defpdnqhYzS�{%def �h{hf`]eYkie_kY�Rh_kY�f�m�S�aV]n\�f`]nRhY
[Eao_�]ef`\�Yki�S�Rh�EdnqhY~S�s%s%UVao_OS�dnaof`R�f�m [~�Í£� cw i�S`iBdnqhYxY g _�aVd^S�dnaof`R�ief`{%]e_kYjv w qhY�]eY�aoiBRhf`dnq%aVR%b�RhfOu�Y�U
S�\�f`{%d [a� UlS`ieY�]ÊW�aVRh��{h_kYk� �h{hf`]eYki^_kY�Rh_kY W$£ � %c` S`i�S"\%aof�S`Y�]efjief`U3�%Y�deYk_�dnaof`R?[PY�dnqhf���v�Q�Rr{%[�\�Y�]
f�m [a��£ � % \%aof�S`Y�]efjief`U3ieY�Rhief`]ei5q
Sku�Y�\�YkY�Rg�%Y�u�Y�Uof`s�Yk��y�S�[Pf`R%bKf`dnqhY�]eipdnqhY�S�UV]eYOS`����[PY�Rrdnaof`RhYk�
%'£ Q j ^ \r�KdnqhY � S�R
S`��alS�R h aVR%aoindn]n��f�m w Y�m�Y�Rh_kY } � � yl�
� � y�dnqhY [ UVdn]^Sku
aof`UoY�d�Q�Y�]ef����
R
S�[Eao_ j S�]ÊW
dnao_�UoY ^ aV¼OY�] 	

©
W5[~� WZQ j ^&` \�� w~^ �*y���Rh_jv W�������	�

���!������������$ ������� Q�_k_kYkieieYk� �j��h SO��y �j�j�ovV`F}��j�1� y

dnqhY ¢ aof`Uof`bjao_OS�U'Q~b�Y�R�d � S�]nR%aVR%b ^ Y�Rhief`] W$¢ Q � ^&` \r� h � w�£ aVRh_kf`UVR £ S�\�f`]^S�def`]n� } � � � � S�Rh�cdnqhY
^ aVR%bjUoY j S�]ndnao_�UoY % UV{hf`]eYki^_kY�Rh_kYzQ5R
S�UV�
¼OY�] W7^ j-% Q ` \r��dnqhY u SkujS�U � YkieYOS�]e_eq £ S�\�f`]^S�def`]n� } tj�{� v w qhY
[a� WZQ j ^ aoixYki^ieY�RrdnalS�UVUV�cS�Rc{%s%bj]^S`�%Yk��u�Y�]einaof`R�f�m'dnqhY %'£ Q j ^ y
S�Rh�KaVdxaoi�dnqhY�f`R%UV��f`RhY�f�m'dnqhYkieY
_kf`[E[PY�]e_�alS�UVUV��SkujS�aVUlS�\%UoYjv
w ]^S`��aVdnaof`R
S�UVUV��y�dnqhY [~� UVaVbjq�dPief`{%]e_kY�Y�[Es%UofO��Yk�¾aVR¾dnqhYkieY�in�
iedeY�[Pi�q
S`iE_kf`RhinaoiedeYk�#f�mpS�s%{%UoieYk�
ief`UVao�
WZind^S�deY(UlS`ieY�]Oy�in{h_eqTS`i5S u � ! � £N% � f`] u � ! � Q �


 UlS`ieY�]Ov X fO�zY�u�Y�]Oy
dnqhYki^Y�UlS`ieY�]ei}S�]eY�Y g s�Y�R�W
inaVu�YpS�Rh�;\%{%UV�
��v � Y�UVaoY�m�def�dnq%aoi�s%UVaVbjqrd�_kf`[PYki�aVR;dnqhY~m$f`]n[ f�m�{%UVdn]^SOu�aof`UoY�d���aof
�%YxUlS`ieY�]ei W5[a�]w}£ i `
S�Rh� [~��£� cw iOv [~�_w}£ i3S�Rh� [a��£� cw i'aVR�dnqhY�[Eao�
WZ�%YkY�s [a� ]eY�bjaof`R�q
Sku�YzRhf`dt\�YkY�R�s%]eY�u
aof`{hinUV�
_kf`[E[PY�]e_�alS�UVUV��SkujS�aVUlS�\%UoY�S�Rh��S�]eY�f`R%UV��RhfO�»Y�[PY�]nbjaVR%b;f`RKdnqhY}[;S�]n��Y�deiOv � Y�]n[;S�R��rW�\
S`i^Yk� j ao_kf�W
� {
S�Rrd � [�\ X W�������	�

����������� 	 $������ � #���� �������%� Q�_k_kYkieieYk� �j�Qh Sk��y �j�j�ovV` y�m�f`]�Y g S�[Es%UoYjy�RhfO�
f���Y�]ei5S [a��£� cw ��aVdnqTS �olj� R%[ _kY�R�deY�]~��Sku�Y�UoY�R%bjdnq�S�Rh��S�s%{%Uoi^Y���ao��dnq�aVRcdnqhY(in{%\%R
S�RhfjieYk_�W
f`Rh�%iOv w qhY�_kf`[Es
S�R���aoi�S�Uoief�Y g s�Yk_�deYk�gdef�]eY�UoYOS`ieYES �ovot R%[Çu�Y�]einaof`RTu�Y�]n��ief
f`R�v}Q���u`S�R�d^S�b�Yki
f�mBdnqhYkieY(ieY�[Eao_kf`Rh��{h_�def`]}UVaVbjqrd}ief`{%]e_kYkipS�]eY�dnqhY�aV]p_kf`[Es
S`_�dnRhYki^iOy
aVRhY g s�Y�RhinaVu�Y�RhYkiei}S�Rh��YOS`in�cS`_�W
_kf`[Pf
�hS�dnaof`RcaVRrdefPS([�{%UVdnaVs%UoY�W���Sku�Y�UoY�R%bjdnq?ief`{%]e_kYjy%Y�R
S�\%UVaVR%b;_kf`Rh_�{%]n]eY�R�d~Y g _�aVd^S�dnaof`Rcf�mt��aX��Y�]eY�Rrd
\%aof �h{hf`]ef`s%qhf`]eYki } � tol1� v
w qhY�s%]naVRh_�aVs
S�Uh\%aof �h{hf`]ef`s%qhf`]eYki�aV[Es�f`]nd^S�RrdHdef [a�®£ � % �%Y�deYk_�dnaof`R W$w S�\%UoY t vV� ` S�]eY�dnqhYxS�]ef`[;S�dnao_
S�[EaVRhfcS`_�ao�%i�S�Rh�Tief`[PY�\%aof`b�Y�R%ao_E[Pf`UoYk_�{%UoYki�aVR�u�f`UVu�Yk�TaVR?dnqhY�[PY�d^S�\�f`UVaoin[ f�m�_kY�UVUoi } �O�4� � v w qhY
dnq%]eYkY�S�]ef`[;S�dnao_(S�[EaVRhf"S`_�ao�%i5dZ�
]efjinaVRhYjy�dn]n��s%def`s%q
S�RTS�Rh�cs%qhY�R���UlS�UlS�R%aVRhYES�]eY�s%]eYkieY�R�d5aVR�RhYOS�]nUV�
S�UVUrs%]ef`deY�aVRhi�y�S�Rh��_OS�R�dnqhY�]eY�m�f`]eY�\�YB_kf`Rhieao�%Y�]eYk��S`i�{%R%aVu�Y�]ei^S�U�[;S�]n��Y�]ei�m�f`]�[;S�dndeY�]t��aVdnq�\%aof`Uof`bjao_OS�U
f`]naVbjaVR�v w qhYkieY5inqhfO��_kf`Rhieao�%Y�]^S�\%UoYpS�\hief`]ns%dnaof`R�f`R%UV��\�Y�Uof��®� �j� R%[cyr��aVdnq;f`s%dnaV[;S�U�Y g _�aVd^S�dnaof`R;aVR
dnqhY��%YkY�s [~� \
S�Rh�

∼
�ovj��*
�onj� R%[ } lj�{� v w qhY��(Y�[EaVd �h{hf`]eYkie_kY�R�d3UVaVbjqrd3aVR�dnqhY�� �j��*r¨r�j� R%[Ì\
S�Rh��y

qhfO�zY�u�Y�]OyBdn]n�
s%def`s%q
S�R¾aoi�Sc[�{h_eq�iedn]ef`R%b�Y�] �h{hf`]ef`s%qhf`]eY�dnq
S�R¡dnqhY"f`dnqhY�]�dZ�zf } �O�4� � v u Q w_X �
� �  /�1( * � � 04�a&)(1���  /( *r+;+ & � 04� ,C��+<>4� 04� *]04��& � (� � 
 ) � Z ^ ) � 
 �
	�� � ( � � � U
 �  /�1( * � � 04�a&)(1���  /( *r+;+ & � 04� $ , 04� �  � 04� M $�&� � + � 
�[ �a^ 
 � [ , � J � 
 Z6U 
�[ � ��� $ ��*  +<>  +<� 5D5 & *:� &

+ $ ,-,C�  � $��$ +  ,& � $ , U
� "�� ,  Q560 , $ &|"X��&<� 0 , $a�8" � [ �B? Y � 
 � ? 
 ��� , J � � � 
 U

http://www.tsi.com
http://www.picoquant.com/


��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� ���

S�Rh�c]naV\�f ��Sku
aVR � S�]eY�dnqhY�d���f"[;S�aVR�\%aof �h{hf`]ef`s%qhf`]eYkipaVRru�f`UVu�Yk��aVR�_kY�UVU�[PY�d^S�\�f`UVaoin[cv  yg _�aVd^S�dnaof`R
f�m�dnqhYkieY�aoi}s�Y�]Êm�f`]n[PYk��S�d��zSOu�Y�UoY�R%bjdnqhiES�]ef`{%Rh��� tj� R%[cy�m�f`UVUofO��Yk��\r�TY�[Eaoieinaof`R?s�YOS��
i�S�d ¨;tj�
R%[Âm$f`] u Q w_X S�Rh� totj� R%[ m�f`](]naV\�f ��Sku
aVR�v?��R#dnqhY�UVaVdeY�]^S�dn{%]eYjyBdnq%aoi�Y�[Eaoieieaof`R#aoiES�dndn]naV\%{%deYk�
def u Q w_X S�Rh��]naV\�f ��SOu�aVR�Y�u�Y�RTaVRgdnqhY�_OS`i^Y�f�m�\
S`_�deY�]nalS�U'ies�f`]eYkiOy�Y�u�Y�RTdnqhf`{%bjq?dnqhYkieY�S�]eY�aVR?S
�%f`]n[;S�Rrd�ind^S�deY���aVdnq�]eYk��{h_kYk�C[PY�d^S�\�f`UVaoie[cv w qr{hi�y�dnqhY�]eY;S�]eYPf`R%UV�Tdn]^S`_kY;S�[Pf`{%R�dei�f�m u Q w_X
S�Rh�K]naV\�f ��Sku
aVR�aVRKdnqhY�ies�f`]eYkiOyhS�Rh��in{h_eq�_�UoYOS�]5Y�[Eaoieinaof`Rhi~S�dxdnqhYki^Y}�zSku�Y�UoY�R%bjdnqhi}inqhf`{%Uo�cRhf`dx\�Y
f`\hieY�]nu�Yk��v��Zd�aoixiednaVUVU�{%Rh_�UoYOS�]x��q
S�d~_OS�{hieYki~dnq%aoixY�[Eaoieinaof`R } �O�4� � v
������� 
 �g���
� F 04����$ & * �8" +�>  ��& �  95 � � $ , � � ��*]04��&<��� > ��&  � "X��& A�� ) H.� (
 +  /5 +<� �7 $8 9( +�>  � &  
 5 �-+ $ +�� �� 
�
λex

Z�$8 9(  /� ���<�;� �� = $ d  ,  _ 4M +�>9� �
λem

Z6U
	a��

��	�
9��

����
]��


λex ������� λem ������� � 
��~
r��
 ��� 
��V & * � + ��� > $� #8��S � #�P�S f S�S � q7S7S � %�S ^ N f �Q�
� [ �B? f q7S �:f ��S qrS�S � T�T�S � �1N��
I�� �]� * $ d:�  f q7S �:f ��S T7T8S � �  ,$ �1Z � N f �/�
V � ��� & � � [ 56�7�a�
��09 9( #7��T � �  �$ �4Z T8q f � �  ,$ �1Z � �7%��

$ mHS�UVU�UVaVu
aVR%b;f`]nbrS�R%aoin[Pipf`R   S�]ndnq�y
\
S`_�deY�]nalS�Utins�f`]eYki~S�]eY�dnqhY�{%R%a f {hY�s�fji^ieYkieief`]ei�f�mB��aVs%ao_kf`UVaVR%ao_
S`_�ao� W5w_j Q � � y v W�sr�
]nao��aVRhYk��ao_OS�]n\�f g ��UVao_KS`_�ao� � � � X 
 u $ � `i} vol1� v u f`d�Y�u�Y�RCu�Y�b�Y�d^S�dnaVu�Y"\
S`_�deY�]nalS_kf`Rrd^S�aVR�dnqhY}S`_�ao��yhS`i�aVd�aoi�f`RhY}f�m�dnqhYp��Y���i�def(dnqhY}in{%]nu
aVujS�U�f�m�dnqhYpies�f`]eYki�aVR�aVR%qhfjins%aVd^S�\%UoY�Y�R�u�aXW
]ef`R%[PY�Rrdei�v w_j QMaoi�s%]eYkieY�R�dxaVRcq%aVbjqc_kf`Rh_kY�R�dn]^S�dnaof`Rhi W {%sKdefK� h�` aVRK\
S`_�deY�]nalS�U�ins�f`]eYki~S�Rh�K_OS�R
_kf`RhindnaVdn{%deY t�* � t ¿Áf�mBdnqhY�ies�f`]eY�[;S`ieiOyh_kf`]n]eYkins�f`Rh��aVR%b�def;S�s%s%]ef g aV[;S�deY�UV�

1015
[Pf`UoYk_�{%UoYki } n � � v

w_j Q \%aVRh�%i���aVdnq?bj]eYOS�d(S �PR%aVdZ�?def�dnqhYEUlS�R�dnq
S�R%ao�%YP[PY�d^S�Uoi�S�Rh�?Y g q%aV\%aVdei(indn]ef`R%b �h{hf`]eYkie_kY�Rh_kY
��aVdnqcief`[PY}f�m�dnqhY�[cy%Yjv bhv'deY�]n\%aV{%[cy%Y�{%]ef`s%aV{%[ S�Rh�K����ins%]efjinaV{%[cv w qhYpUlS�Rrdnq
S�R%ao�%Y�[PY�d^S�Uoi�inqhfO�
f`R%UV����YOS�� �h{hf`]eYkie_kY�Rh_kY�f`RKdnqhY�aV]xf���R�y
S�Rh� w_j QMRhf`RhY�S�d~S�UVU�v X fO��Y�u�Y�]Oy
{%s�f`Rc_kf`[Es%UoY g S�dnaof`R�y
dnqhY �h{hf`]eYkie_kY�R�d(inaVbjR
S�UBf�mzdnqhY�\�f`{%Rh�TUlS�R�dnq
S�R%ao�%YP[PY�d^S�U3aoi�Y�R%q
S�Rh_kYk��f�u�Y�](ST�jy �j�j� W�m$f`Uo��v w qhY
indn]ef`R%b�YkindEY�R%q
S�Rh_kY�[PY�R�d W fOu�Y�] �j� y �j�j�

×
` aoi�f`\hieY�]nu�Yk�#m�]ef`[ w \ � � aof`Rhi(\�f`{%Rh�¡def w_j Q } vol1� v

w qhY �h{hf`]eYkie_kY�Rh_kY�UVaXm$Y�dnaV[PY(f�mBdeY�]n\%aV{%[Çaoi5UVaV��Y���aoieY�aVRh_�]eYOS`ieYk��def;dnqhY�f`]e�%Y�]pf�m~�([Pi } n � � v w qhY
w \ � � W w_j QÇ_kf`[Es�f`{%Rh�%iP_OS�R§\�YKY g _�aVdeYk�¾��aVdnq§UVaVbjq�dPaVR§dnqhYK�%YkY�s§{%UVdn]^Sku
aof`UoY�d W�� � t R%[ s�YOS��
�zSOu�Y�UoY�R%bjdnq ` S�Rh�cdnqhY��h{hf`]eYkie_kY�R�dpY�[Eaoi^inaof`R�_OS�Rc\�Y�f`\hieY�]nu�Yk�gS�dx�zSOu�Y�UoY�R%bjdnqhipf�m3bj]eYkY�R�u�aoinaV\%UoY
UVaVbjqrd WBt�¨ ��R%[ s�YOS��C�zSku�Y�UoY�R%bjdnq ` v j f`Rh_kY *>4<6o8 ytm�f`](aVRhied^S�Rh_kYjy3q
Sku�Y��%Y�u�Y�Uof`s�Yk�¾S�\%aof`Uof`bjao_OS�U
�zS�]Êm�S�]eYES�b�Y�Rrd}YOS�]nUV�K�zS�]nR%aVR%bKin��indeY�[���q%ao_^qg]eY�UVaoYkipf`R�dnqhY(Y g dn]^S`_�dnaof`R?f�m w_j Q�m�]ef`[ÇS�aV]n\�f`]nRhY
\
S`_�deY�]nalS�U�ins�f`]eYkizaVRrdef;S w \ � U � bjUV��_kY�]ef`U�ief`UV{%dnaof`R�y
m$f`UVUof���Yk�K\�� [a� UVaVbjqrdÊW�aVRh��{h_kYk� �h{hf`]eYkie_kY�Rh_kY} nov y n � � v3Q»s%{%UoieYk���}Y�Rhf`RKUlS�[Esc��S`ix{hieYk�Kdef�aV]n]^S`��alS�deY�dnqhY�i^S�[Es%UoY���aVdnq [a� UVaVbjqrdOv
[a� £ � % \%aof�S`Y�]efjief`U
�%Y�deYk_�dnaof`RPaoiBq
S�[Es�Y�]eYk�E\��(\�f`dnqERhf`R�W�\%aof`Uof`bjao_OS�U�S�Rh��aVRh��aVb�Y�Rhf`{hiB\%aof`Uof`bjao_OS�U
S`Y�]efjief`Uoi�_kf`Rhind^S�R�dnUV��s%]eYkieY�R�d�aVR�y�S�d5UoYOS`indOy�dnqhY�f`{%de�%f
f`]�S�aV]Ov���Rh��{hindn]nalS�U'_eqhY�[Eao_OS�Uoi�S�Rh�TY�R%bjaVRhY
Y g q
S�{hindei�_kf`[Es�f`{%Rh�%Yk�<f�mPS�]ef`[;S�dnao_�qr����]ef
_OS�]n\�f`RhigS�]eY�Y g S�[Es%UoYki�f�m�dnqhYgm�f`]n[PY�]Oy}��qhY�]eYOS`i
s�f`UVUoY�R�y�m�{%R%bja�S�Rh���hS�Rh�%Y�]5S�]eY�f�m�dnqhY�UlS�dndeY�] } �O�4� � v h S�Rr��f�mtdnqhYkieY}aVR�deY�]Êm$Y�]eY�R�deipS�]eY�Y g _�aVdeYk��\��
�zSOu�Y�UoY�R%bjdnqhi�aVRCdnqhY"�%YkY�s [a� y���q%ao_^q#d^S�]nb�Y�d(dn]n��s%def`s%q
S�R�v £ f`R%b�Y�]��zSOu�Y�UoY�R%bjdnqhi�d^S�]nb�Y�deYk�#S�d
u Q w_X S�Rh�?]naV\�f ��SOu�aVR#�%fKRhf`d�Y�Rh_kf`{%RrdeY�](dnq%aoi���aVUoY�[E[;S�aVRCdnqhYPi^S�[PYEY g deY�RrdOv w qhYPdn]^S`�%Y�WZf��
_kf`[PYkixaVR�dnqhYpm$f`]n[ f�m'��YOS���Y�]��h{hf`]eYkie_kY�Rh_kY�_kf`[Es
S�]eYk��defEdn]n��s%def`s%q
S�R } � ton1� v

� ���-+ $�� �  �
2

U "�� ,  Q560 , $ &|"X� &���0 , $ Y � � , ? 
 ��� � J 
 U



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� ���

[a� £ � % i^Y�Rhief`]ei�\
S`ieYk�#f`R [a�]w}£ i�S�Rh� [a� £� cw i�S�]eY;\�Y�aVR%bg�%Y�u�Y�Uof`s�Yk�CaVRC[;S�Rr�?]eYki^YOS�]e_eq
UlS�\�f`]^S�def`]naoYkiOyB[;S�aVR%UV��aVR¡dnqhY [ v ^ v w qhY�ieY�Rhief`]ei�S�]eY�aVRrdeY�Rh�%Yk�#m$f`]�{hieY�S`i�YOS�]nUV���zS�]nR%aVR%bCS�Rh�
dn]naVbjb�Y�]3�%Y�u�ao_kYki�y�_kf`R�dnaVRr{hf`{hinUV��ie_�]eYkY�R%aVR%bpdnqhYzS�aV]�m$f`]tY�UoY�u`S�deYk�(\
S`_�deY�]nalS�U%ins�f`]eY�_kf`{%RrdeitaVRh��ao_OS�dnaVR%b
S�Rcf`R%b�f`aVR%bE\%aof`Uof`bjao_OS�U��zS�]Êm�S�]eY�S�dnd^S`_^��v w aoie_�]naV[EaVR
S�dnaof`Rc\�Y�dZ�zYkY�R���aX��Y�]eY�Rrdxins�Yk_�aoYki�f�m�\
S`_�deY�]nalS
aoi�Rhf`d�dnqhYHf`\ Y Yk_�dnaVu�Yjy9aVRh�%YkYk��aVd�aoi�dnqhf`{%bjq�d�{%R%UVaV��Y�UV�}dnq
S�d�dnqhY �h{hf`]eYki^_kY�Rh_kYHins�Yk_�dn]^S�_kf`{%Uo��s%]ef�u�ao�%Y
dnq%aoi5��aVRh��f�mBao�%Y�RrdnaX|
_OS�dnaof`R } �4� � yh\%{%dp]^S�dnqhY�]p]^S�s%ao� f {
S�RrdnaVd^S�dnaof`R?f�mB\%aof�S`Y�]efjief`UoiOv ^ s�Yk_�aoYkiÊW�UoY�u�Y�U
ao�%Y�RrdnaX|
_OS�dnaof`R�aoi�UoY�m$d�defxf`dnqhY�]Oy�Y�u�Y�R�[Pf`]eYHS`��ujS�Rh_kYk��y9[PY�dnqhf��%itS�Rh��aVRhindn]n{%[PY�Rrdeitf`Rh_kYHS�s�fjieinaV\%UoY
\%aofO��S�]Êm�S�]eY�S�b�Y�Rrd5q
S`i�\�YkY�Rc�%Y�deYk_�deYk��v
��RCUlS�deY �j�j��¨�� aVUoief`R *>4b698 ]eY�s�f`]ndeYk�#f`R#dnqhY ¢ aof £ Y�]nd � # �

×
� v4�xt ��� £ � % \%aof�W�s
S�]ndnao_�UoY�ieY�Rhief`]

\�Y�aVR%b¡�%Y�u�Y�Uof`s�Yk��\�� X S`_^q X f`[PY�UlS�Rh� ^ Yk_�{%]naVd�� w Yk_^q%Rhf`Uof`bjaoYki�aVR�dnqhY [ v ^ } � tol y~� ton{� v w qhY
aVRhindn]n{%[PY�R�dp{hi^YkixdZ�zf [a�]w}£ ipS�dp�4� t S�Rh� ¨r�ot R%[ �zSku�Y�UoY�R%bjdnqhi}def"Y g _�aVdeY�s
S�]ndnao_�UoYkiOv w qhY�{hieY
f�m�ieY�u�Y�]^S�U�Y g _�aVd^S�dnaof`R���Sku�Y�UoY�R%bjdnqhi��
aoY�Uo�%i�[Pf`]eY5aVR�m�f`]n[;S�dnaof`RcS�\�f`{%dzdnqhY5aVRrdeY�]n]ef`brS�deYk��s
S�]ndnao_�UoYki
S�Rh�#aVRh_�]eYOS`ieYki(ies�Yk_�aX|
_�aVd���v ¢ Y�m�f`]eYPdnqhY;s
S�]ndnao_�UoYki�Y�RrdeY�]�dnqhY �h{hf`]eYkie_kY�Rh_kY��%Y�deYk_�dnaof`R¾S`i^ieY�[�\%UV��y
UlS�]nb�Y W�� � �

µ
[���alS�[PY�deY�] ` S�Rh�Ein[;S�UVU W��~� v t

µ
[���alS�[PY�deY�] ` s
S�]ndnao_�UoYkiHS�]eY�]eY�[PfOu�Yk�Pm�]ef`[ÌdnqhYxS�aV]

�
fO��yhdnqr{hi�UoYOSOu�aVR%bEs
S�]ndnao_�UoYki�aVR�dnqhY}inaV¼OYp]^S�R%b�Y�f�m�\
S`_�deY�]nalSES�Rh��\
S`_�deY�]nalS�U�ies�f`]eYkiz]eYkins%aV]^S�\%UoY}\��
qr{%[;S�Rhi�v3Q~R�aVRrdeY�bj]^S�deYk�"S�aV]Bi^S�[Es%UVaVR%b�_kf`[Es�f`RhY�R�dB��aVdnq;S�R�aVR%UoY�d3]^S�deY�f�m

∼
� t UVaVdn]eYki's�Y�]t[EaVR�{%deY

_kf`RrdnaVR�{hf`{hinUV�?i^S�[Es%UoYki}dnqhYEin{%]n]ef`{%Rh��aVR%b�S�aV]Ov w qhY �h{hf`]eYki^_kY�Rh_kYEinaVbjR
S�Uoipm�]ef`[Çs
S�]ndnao_�UoYki�S�]eY�ief
in[;S�UVU�y�dnq
S�d�aVdpaoi�_kf`[E[Pf`R?s%]^S`_�dnao_kY�def;{hi^Y(s%qhf`def`[({%UVdnaVs%UVaoY�]�dn{%\�Yki W5jch�w i ` aVR £ � % �%Y�deYk_�dnaof`R
in��indeY�[PiOv w qhY ¢ aof £ Y�]nd � # aoi}Rhf�Y g _kY�s%dnaof`R�vE��d�{hieYki�ST� v s%a g Y�U jchgw ��aVdnq�� t R%[À\
S�Rh�%i�aVR
dnqhY�� vj��* vj�j� R%[Á]^S�R%b�Y�defP�%Y�deYk_�dxdnqhY��h{hf`]eYki^_kY�Rrd5Y�[Eaoi^inaof`Rcf�mt\%aof�S`Y�]efji^f`UoiOv
h f`]eYE]eYk_kY�RrdnUV��y w Sku
aVdnd *>4_698 q
Sku�Y;]eY�s�f`]ndeYk��f`RCdnqhY;�%Y�u�Y�Uof`s%[PY�Rrd�f�mxSKieY�Rhief`]�aVRh_kf`]ns�f`]^S�dnaVR%b
S"UVaVRhYOS�]�S�]n]^Sk�gf�m [a� £� cw i } ¨ �%y ¨j¨9� v w qhYES�]n]^Sk�T_kf`[Es%]naoieYki�� � aVRh��aVu
ao��{
S�U [~� £� cw i}��q%ao_eq
S�]eY �j�j�

µ
[ ��ao�%Y�S�Rh� tj�

µ
[ q%aVbjq�v w qhYpY�UoY�[PY�R�dei~S�]eY}ieY�s
S�]^S�deYk��\r� tj�

µ
[ m$]ef`[ YOS`_^qcf`dnqhY�]Oy

]eYkin{%UVdnaVR%bKaVR?SPdef`d^S�U'qhY�aVbjq�d�f�m
∼
��v � [E[ m�f`]5dnqhY�Y�R�dnaV]eYPS�]n]^Sk��v w qhY���aV[PY�Rhinaof`Rhi�f�mHdnqhYES�]n]^Sk�

S�]eY��%YkieaVbjRhYk��defE\�Y�_kf`[Es
S�dnaV\%UoY(��aVdnq�dnqhY�s%]ef`s�Y�]ndnaoYkipf�m3dnqhY Y Y�d~indn]eYOS�[ _OS�]n]n�
aVR%b�dnqhY�S`Y�]efjief`Uoi
��q%ao_eqCS�]eY(def"\�Y(�%Y�deYk_�deYk��v�Q5i5��aVdnqTS�UVUt\%aof�S`Y�]efjief`U3�%Y�deYk_�dnaof`R?�%Y�u�ao_kYki�y�S`Y�]efji^f`Uoi}S�]eY(brS�dnqhY�]eYk�
m$]ef`[ dnqhY�ie{%]n]ef`{%Rh��aVR%b¾S�aV]�S�Rh��aVR Y Yk_�deYk��dnq%]ef`{%bjqÍS?Rhf`¼k¼kUoY�aVRrdef#S�R f`s%dnao_OS�Up_kY�UVU5��qhY�]eYcdnqhY
�h{hf`]eYkie_kY�Rh_kY��%Y�deYk_�dnaof`R#d^S���Yki(s%UlS`_kYjv w qhYPRhf`¼k¼kUoY;{hieYk��\�� w SOu�aVdnd *>4_698 s%]ef���{h_kYki�S �j�j�

µ
[

��ao�%Y�indn]eYOS�[ f�m3S�aV]Oy%��q%ao_^qc]eY�[;S�aVRhixRhf`R�W�dn{%]n\%{%UoY�R�d~m�f`]���_�[cy�a�v Yjv3�zY�UVU�s
S`indxdnqhY}UoY�R%bjdnq�f�mtdnqhY
S�]n]^Sk��v w qhY £� cw Y�UoY�[PY�Rrdei�f�m�dnqhYES�]n]^Sk�gq
Sku�YPS�_kf`[E[Pf`R?R�WZY�UoYk_�dn]ef
�%Yjy�\%{%d�YOS`_eq�f`RhYE_OS�RT\�Y
_kf`Rrdn]ef`UVUoYk�"aVRh��aVu
ao��{
S�UVUV��v w qhY~Q5U � S u S�Rh�;Q~U � S`��R u £� cw i3m�S�\%]nao_OS�deYk�E\r��dnqhY�bj]ef`{%s�f�m w SOu�aVdnd
q
Sku�Yxs�YOS�����Sku�Y�UoY�R%bjdnqhi�S�d3Y�aVdnqhY�] �onj� R%[�f`]B� ¨r� R%[cv � f`RrdnaVR�{hf`{hiH��Sku�Y W.�B� ` f`{%dns%{%d3s�f���Y�]ei
f�m��E[ � s�Y�]�S�]n]^SO�?Y�UoY�[PY�Rrd�q
SOu�YE\�YkY�R�]eYOS`_eqhYk�?��aVdnqCdnqhY;� ¨r� R%[ £� cw iOy���qhY�]eYOS`i�dnqhY �onj�
R%[ £� -w S�]n]^Sk��i"S�]eYK_OS�s
S�\%UoY�f�mE� �j�

µ
� s�Y�]PY�UoY�[PY�RrdOv [ R�m�f`]ndn{%R
S�deY�UV��yz\�f`dnq £� cw S�]n]^Sk��i

q
Sku�Y}_kf`Rhinao�%Y�]^S�\%UoYpd^S�aVUoi�S�dHUof`R%b�Y�]���Sku�Y�UoY�R%bjdnqhiOy%Ykins�Yk_�alS�UVUV�PdnqhY �onj� R%[ S�]n]^Sk��v w q%aV]nd��;s�Y�]e_kY�Rrd
f�m�aVdei�f`{%dns%{%d�s�fO�zY�]"aoi�S�d��zSku�Y�UoY�R%bjdnqhi�Uof`R%b�Y�]�dnq
S�RÍ��� � R%[cy���q%ao_^q®RhYk_kYki^inaVd^S�deYki�dnqhY�{hieY
f�mxY g _�aVd^S�dnaof`R�|hUVdeY�]eiOy�ieaVRh_kY�dnqhYEUof`R%b�Y�]���Sku�Y�UoY�R%bjdnqhi�_OS�R?aVRrdeY�]Êm�Y�]eYPdnqhYE��aVdnqCdnqhY �h{hf`]eYkie_kY�Rh_kY
Y�[Eaoieinaof`R�v w qhY �onj� R%[ Y g _�aVd^S�dnaof`R���Sku�Y�UoY�R%bjdnq¾aoi�d^S�]nb�Y�deYk�#S�d�dn]n�
s%def`s%q
S�R�y'_kf`Rrdn]^S�]n�?def�dnqhY
� ¨r� R%[���Sku�Y�UoY�R%bjdnqg��q%ao_eq�aoi�d^S�]nb�Y�deYk��S�d u Q w_X v



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� � 	

��Rh_kf`[EaVR%b�s
S�]ndnao_�UoYki�S�]eYP�%Y�deYk_�deYk�#\r�?Y�UlS`indnao_OS�UVUV��ie_OS�dndeY�]eYk�CUVaVbjqrd�m$]ef`[ÂS v � t R%[F��aof
�%YEUlS`ieY�]
d^S�]nb�Y�deYk�KS�d�dnqhY}S�aV]�indn]eYOS�[ Y {hind�S9m�deY�]�dnqhY~Rhf`¼k¼kUoYjv w q%aoizieY�]nu�Yki�S`i�dnqhY~ao�%Y�R�dnaX|
Y�]�f�m�s
S�]ndnao_�UoYkizaVR
dnqhYpin�
iedeY�[cy
S�Rh�"dn]naVbjb�Y�]eizdnqhY [a� £� cw S�]n]^Sk��v w qhY}S�]n]^Sk�Paoiz_kfOu�Y�]eYk����aVdnqKS�q���s�Y�]nqhY�[Eaoins%qhY�]ÊW
ao_OS�U�i*S�s%s%q%aV]eYEUoY�Rhi�aVRCf`]e�%Y�]�defKdn]naVs%UoYPdnqhYEdn]^S�Rhinm$Y�]�Y��;_�aoY�Rh_���f�m�UVaVbjqrd�m�]ef`[ dnqhY;S�]n]^Sk�TdefKdnqhY
s
S�]ndnao_�UoY�dn]^S Y Yk_�def`]n��v w qhY�� �;£� cw Y�UoY�[PY�R�dei�f�mBdnqhY�S�]n]^SO��S�]eY�|h]eYk�gaVR�]^S�s%ao�gie{h_k_kYkieinaof`R�y�dnqr{hi
dn]^S`_�aVR%b�dnqhYxs
S�]ndnao_�UoY r iHs
S�dnq�f�m �haVbjq�dBm�f`] � v t [PiOv $ RhY jchgw _OS�s%dn{%]eYki�dnqhYxie_OS�dndeY�]eYk�"Y g _�aVd^S�dnaof`R
UVaVbjqrdHm�]ef`[�dnqhYxs
S�]ndnao_�UoYki�S�Rh�PS�� � W�S�Rhf
�%Y jchgw _OS�s%dn{%]eYkiBdnqhY �h{hf`]eYkie_kY�Rh_kY5Y�[Eaoieinaof`R W5% aVbhv t vV� ` v
Q5R £� cw ie_OS�dndeY�]�|hUVdeY�]�\%Uof
_e��i�ie_OS�dndeY�]eYk�CY g _�aVd^S�dnaof`R�UVaVbjq�d�S�Rh��S �h{hf`]eYkie_kY�Rh_kY"Y�[Eaoieinaof`RT|hUVdeY�]
\%Uof
_e��iHdnqhY v � t R%[ ��aof
�%YxUlS`ieY�]HUVaVbjqrdOvB��R"S`�%��aVdnaof`R�y�dnqhY �h{hf`]eYkie_kY�R�dzY�[Eaoieieaof`R;aoiH��aoies�Y�]eieYk�"f`Rrdef
dnqhYP� � W�S�Rhf
�%Y j-h�w \r�TS [~� dn]^S�Rhie[Eaoieinaof`RTbj]^S�dnaVR%bhv w q%aoi}s%]ef
��{h_kYki�� � W�s�f`aVR�d�ins�Yk_�dn]^S�U3�hS�d^S
f�m3YOS`_eq�s
S�]ndnao_�UoYjv

�����
	���
 �g���
��[ � 5 >  _��$ +<� 5 ( � $�M�& $8� �8" +�>  $8�9��$ & $ + 0 � "X��& A � ) � � & �  9(4095  Q( *904� &� � 5! _ 95! (
 +  /5 +�� �� 
�8" $ � & �]� &� � e� � 5!&�� �  � � * � $ d:�-+;+ o_}|k8xzU�[�(�$�� +  Q(D" &<��� � q7q'�LU

w qhY [~�À£� cw S�]n]^Sk���%Y�u
ao_kYcq
S`i"\�YkY�R®deYkindeYk����aVdnqÍS`Y�]efjief`UVaoieYk�®�zS�deY�]���]ef`s%UoY�dei"_kf`R�d^S�aVR%aVR%b
dn]n�
s%def`s%q
S�R�S�Rh� u Q w_X y���aVdnqcY g _�aVd^S�dnaof`R�S�d �onj� R%[ S�Rh�c� ¨r� R%[cy�]eYkies�Yk_�dnaVu�Y�UV��v w qhY�ie�
indeY�[
�%Ykie_�]naV\�Yk�;S�\�fOu�Yjyj��aVdnq"S`Y�]efji^f`UoiHS�]n]naVu�aVR%b�S�d3]^S�Rh�%f`[ aVRrdeY�]nujS�UoiOy���S`iHS�\%UoY�def��%Y�deYk_�d u Q w_X S�dHS
_kf`Rh_kY�Rrdn]^S�dnaof`Rcf�m�� tj�

µ
h v w Y�deYk_�dnaof`R�UoY�u�Y�Uoi�f�m�dn]n��s%def`s%q
S�R�{hinaVR%b(dnqhY �onj� R%[ £� cw S�]n]^Sk�P��S`i

Rhf`dEins�Yk_�aX|
Yk�#aVR } ¨j¨o� yBS�UVdnqhf`{%bjq�Y g s�Y�]naV[PY�R�dei�q
S`�¡\�YkY�R¡s�Y�]Êm�f`]n[PYk�¡��aVdnq � v t ¿ dn]n�
s%def`s%q
S�R�W
�%f`s�Yk�Í�zS�deY�]���]ef`s%UoY�deiOv w Sku
aVdnd *>4s698 q
S`�ÍS�Uoi^f#s�Y�]Êm�f`]n[PYk� ief`[PYTaVR%aVdnalS�U�deYkindei���aVdnq ��]n� v
µ
[ s
S�]ndnao_�UoYki}f�mBdn]n�
s%def`s%q
S�R�y���aoY�Uo��aVR%b�s%]ef`[EaoinaVR%b�]eYkin{%UVdeiOy�\%{%d5indnaVUVU�aVR�RhYkYk�gf�m'm�{%]ndnqhY�]}indn{h����v
  [Es%Uof���aVR%bcSPieaV[Es%UoY�]p�%Y�deYk_�dnaof`R?ie_^qhY�[PY���qhY�]eY�s
S�]ndnao_�UoYkip��ao��Rhf`dpS�]n]naVu�Y(]^S�Rh�%f`[EUV��S�Rh����Y�]eY
Rhf`d��%Y�deYk_�deYk�T\r�gS;dn]naVbjb�Y�]naVR%bc��aof
�%Y�UlS`ieY�]Oy��
aoY�Uo�%Yk��dn]n�
s%def`s%q
S�RCS�Rh� u Q w_X �%Y�deYk_�dnaof`R?UoY�u�Y�Uoi
\�Y�UofO� � �ot

µ
h S�Rh�?� ¨r�

µ
h y�]eYkins�Yk_�dnaVu�Y�UV��vB��R�dnq%aoi�s%{%]eY�UV�KY g s�Y�]naV[PY�Rrd^S�U�i^Y�dn{%s�y�dnqhY [~�M£� cw

S�]n]^Sk�cS�Rh� �h{hf`]eYkie_kY�Rh_kY jchgw ��Y�]eY�dn]naVbjb�Y�]eYk�K\��"dnqhY�S`Y�]efji^f`UXW�b�Y�RhY�]^S�dnaVR%b�S�s%s
S�]^S�dn{hiOv w q%aoiOy%f�m
_kf`{%]eieYjy��%f
YkipRhf`d}_kf`]n]eYkies�f`Rh�gdef�dnqhY�]eYOS�U'UVaXm�Y�inaVdn{
S�dnaof`R�v X Y�Rh_kYjy�dnqhY���aof
�%Y�UlS`i^Y�]�S�Rh�gdn]naVbjb�Y�]
jchgw q
SOu�Y�defE\�Y�{hieYk�Kdef;�%Y�deYk_�d~aVRh_kf`[EaVR%b;s
S�]ndnao_�UoYki}S�Rh�Kdn]naVbjb�Y�]5dnqhY £� cw S�]n]^SO��y�S`ipS�UV]eYOS`���



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� �3�

�%Ykie_�]naV\�Yk��S�\�fOu�Yjv
��R �j�j��¨ew S`inbj{%s%d^S *>4]698 ]eY�s�f`]ndeYk�#f`RCS�Rhf`dnqhY�](�%YkY�s [a� £� cw m$f`]�\%aof`Uof`bjao_OS�UzieY�RhinaVR%bhy�\�Y�aVR%b
�%Y�u�Y�Uof`s�Yk�¡S�d(dnqhY ^ S�Rh��alS u S�dnaof`R
S�U £ S�\�f`]^S�def`]n�CaVR�dnqhY [ v ^ v } ¨r�{� v w qhY"Q~U � S u £� -w q
S`�#S
s�YOS����zSOu�Y�UoY�R%bjdnq#S�d �on ��R%[ÇS�Rh�?S�R?f`{%dns%{%d�s�f���Y�]�f�m � v t [ � ��qhY�R�f`s�Y�]^S�deYk�?S�dE� �j� [PQ(v
� f`RrdnaVR�{hf`{hi�f`s�Y�]^S�dnaof`R�_eq
S�]^S`_�deY�]naoindnao_kiz�zY�]eY5��aoie_kf`{%]^S�bjaVR%b�\�Yk_OS�{hieYxf�m�UVaXm$YxdnaV[PYxaoiein{hYki�y�\%{%dBdnqhY
£� cw ��S`i3u�Y�]n�(ied^S�\%UoY�aVREs%{%UoieYk��[Pf��%Yjv'Q�brS�deYk� �h{hf`]eYkie_kY�Rh_kYx�%Y�deYk_�dnaof`R;in��indeY�[Ì��aVdnqEdnqhY £� cw
S`i�UVaVbjq�d~ief`{%]e_kY���S`i�\%{%aVUVdxdef�[PYOS`in{%]eY}dnqhY��h{hf`]eYki^_kY�Rh_kY�f�mtdeY�]n\%aV{%[ \�f`{%Rh� w_j Q(v w qhY�ie�
indeY�[
�zS`i3S�\%UoY�def5�%Y�deYk_�d � v ¨ R h w_j Q�y9Y f {
S�UVUVaVR%b�S�s%s%]ef g aV[;S�deY�UV� tj�j� \
S`_�deY�]nalS�U%ins�f`]eYki W \
S`ieYk�(f`R(dnqhY
S�[Pf`{%RrdBf�m w_j Q�aVR � 6;A>2J8 8 R;0 � Rg�>452J8 2J0 ins�f`]eYkiOy � v�� vot m$[Pf`U } vol1� yjS~_�UofjieY�]eY�UlS�dnaVu�Y�f�m �5¥ 69I34 );?E6;A>2=0{` v
w q%aoi���aVRh�#f�m�UoY�u�Y�Uzf�m~�%Y�deYk_�dnaof`R W$£ $ w<` aoi�S�UV]eYOS`����]eY�UoY�ujS�Rrd�aVRCs%]^S`_�dnao_kYjy3inaVRh_kY"YkindnaV[;S�deYki�f�m
£Nw

50

W UoY�dnq
S�Ut�%fjieY�ie{ �;_�aoY�RrdpdefP�
aVUVU tj� ¿Áf�m3s�Y�]eief`Rhi~Y g s�fji^Yk�KdefPaVd ` m$f`]xaVR%q
S�UlS�dnaof`R
S�U3S�Rrdnq%]^S g
ujS�]n��\�Y�dZ��YkY�R � y tj�j� S�Rh� tot y �j�j� ies�f`]eYki } ¨;t y4�1� � vt��m
dnqhYxSOu�Y�]^S�b�Y�\%]eYOS�dnq%aVR%b�u�f`UV{%[PY�f�m�S5Rhf`]n[;S�U
s�Y�]eief`R�aoi$�
v t U +9[EaVR�y
dnqhY�R�dnqhY}Y f {%aVujS�UoY�RrdxS�aV]�_kf`Rh_kY�Rrdn]^S�dnaof`Rcaoi

∼
�j� ��* �
y��j� � ins�f`]eYki,+9U�fOu�Y�]�f`RhY

[EaVRr{%deYjv � aVdnq�S £ $ w f�m tj�j� ins�f`]eYki~S�Rh��S�R�Y��;_�aoY�R�d}S�aV]5i^S�[Es%UoY�]Oyhdnq%aoi5in�
iedeY�[ _kf`{%Uo���%Y�deYk_�d
dnqhY�S�aV]n\�f`]nRhY�ins�f`]eYki�\�Y�m$f`]eY}dnqhY £�w

50

aoixaVR%q
S�UoYk�c\r��s�Ykf`s%UoYjv
w qhY�in��indeY�[Pix�%Yki^_�]naV\�Yk�cS�\�fOu�Y�q
Sku�Y�S�UVU�[Pf`]eY�f`]~UoYkiei�\�YkY�RKaVRh_�UVaVRhYk�cdefO��S�]e�%i~dnqhY��%Y�deYk_�dnaof`Rgf�m
\%aofO��S�]Êm�S�]eY�S�b�Y�Rrdei�y�a�v Yjv � 6VAm4�*G?@2B698 ins�f`]eYkiOv X fO��Y�u�Y�]Oy�dnqhYEinaVdn{
S�dnaof`R�aoi�ief`[PY���q
S�d���aX��Y�]eY�Rrd�aVR
S�qhfjins%aVd^S�UHY�R�u�aV]ef`R%[PY�R�dOv w qhY�]eYEdnqhY�dnq%]eYOS�d�m�]ef`[ S�aV]n\�f`]nRhY�s
S�dnqhf`b�Y�Rhi�_kf`[PYki�[;S�aVR%UV��aVR?dnqhY
m�f`]n[Ff�m�m�{%R%brS�Uzins�f`]eYki�_OS�]n]naoYk��aVRhieao�%YPdnqhYEm�S`_�aVUVaVdZ�?\��TdnqhYPu�Y�RrdnaVUlS�dnaof`R§in��indeY�[cy�f`]�u�Y�b�Y�d^S�dnaVu�Y
\
S`_�deY�]nalS�S`Y�]efji^f`UVaoieYk�E\r��yrm�f`]3aVRhind^S�Rh_kYjy�S�_kf`{%bjq%aVR%b(s%RhY�{%[Pf`R%alS�dn{%\�Y�]e_�{%UofjinaoiBs
S�dnaoY�R�dOv3Q5i3m�S�]HS`i
f {%ao_e�cieYOS�]e_^qhYki~f`RcdnqhY���RrdeY�]nRhY�d}_OS�RcdeY�UVU�y%Rhf £ � % ie�
indeY�[�m$f`]�dnqhY�ies�Yk_�aX|
_��%Y�deYk_�dnaof`RTf�mtm�{%R%brS�U
ins�f`]eYki�Y g aoindeiOvE��RhindeYOS`��y �
f�� _���def`[PY�dn]n��S�Rh� je�z� y�m�f`]�aVRhind^S�Rh_kYjy�q
SOu�YE\�YkY�R�{hieYk�Tdefc�%Y�deYk_�d
S�aV]n\�f`]nRhYPm${%R%bja } � �j� y�� t � � v � Y�b�Y�d^S�dnaVu�Y"\
S`_�deY�]nalSgf`RCdnqhY;f`dnqhY�]�q
S�Rh�#q
Sku�Y"\�YkY�R#aVRh_�UV{h�%Yk�CaVR
[;S�Rr�Pf�m�dnqhY~s
S�s�Y�]ei�_�aVdeYk�PaVR;dnq%aoi�in{%\hieYk_�dnaof`R }��j� y lj� yh�O�4��y
� tol{� y
S�Rh�PieqhfO�®_kf`[Es
S�]^S�dnaVu�Y5UoY�u�Y�Uoi
f�m~aVR�dn]naVRhinao_ �h{hf`]eYkie_kY�Rh_kY�def�\
S`_�deY�]nalS�U�ins�f`]eYkiOyBS�UV\�Y�aVd(dnqhY�deYkindeYk�¡ins�Yk_�aoYki�q
Sku�Y�\�YkY�R¾��aoindnaVRh_�d
m$]ef`[ dnqhfjieYgY�Rh_kf`{%RrdeY�]eYk� aVR�qhfjies%aVd^S�U5Y�Rru
aV]ef`R%[PY�Rrdei W i^YkY ^ {%\hieYk_�dnaof`R � v � vV� ` v w qhYcaVR�dn]naVRhinao_
�h{hf`]eYkie_kY�Rh_kY�f�m'f`RhY�m�{%R%bj{hi W � �+.9?G2J0>.9?G2JR T ' ?GRL*GI�45R Tz` �zS`i~[PY�Rrdnaof`RhYk��aVR } �O�4� � y%\%{%d5UVaoindeYk��S`i
S�RPaVR�deY�]Êm$Y�]eY�R�dOv u f`d���aVdnqhind^S�Rh��aVR%b�dnqhY�m�S`_�dHdnq
S�d3m�{%R%brS�U�ins�f`]eYkiH�%f�Rhf`dB_kf`Rrd^S�aVR w_j Q�yjdnqhYxf`dnqhY�]
\%aof �h{hf`]ef`s%qhf`]eYkiBs%]eYki^Y�Rrd3aVR�dnqhY�[�inqhf`{%Uo��[;S���Y�aVd's�fjieieaV\%UoYHdef��%Y�deYk_�d'dnqhY�[�{hinaVR%b [a��£ � % v w qhY
S�{%def �h{hf`]eYkie_kY�Rh_kY"s%]ef`s�Y�]ndnaoYki(f�m�_kf`[E[Pf`R#qhfjins%aVd^S�UXW�S`_ f {%aV]eYk��\
S`_�deY�]nalS�S�Rh�?m�{%R%brS�UBins�f`]eYki�UVaV��Y
¤�¥ D@R Ti2X¦;6o45R;0 inqhf`{%Uo��\�Y(aVRru�YkindnaVbrS�deYk�gdnqhf`]ef`{%bjq%UV��y�\%{%d [~��£ � % ie�
indeY�[Pi~[EaVbjqrd}aVRh�%YkYk�Tf���Y�]
S�[PYOS�Rhi~def�[Pf`R%aVdef`]~]eY�UoY�ujS�Rrdx\%aof�S`Y�]efjief`Uoi~aVRcqhfjins%aVd^S�Uoi�aVR�]eYOS�U�dnaV[PYjy
S�d�UoYOS`ind f {
S�RrdnaVd^S�dnaVu�Y�UV��v

�}«�ª�«½Ä � ·e¯�ºtµ ��·Ê²
Ë ­eµx±�´'³

Q RhfOu�Y�UHf`s%dnao_OS�UB\%aofji^Y�RhinaVR%bcin��indeY�[Çq
S`i}m$f`]�i^f`[PY�dnaV[PY�\�YkY�R?{%Rh�%Y�]��%Y�u�Y�Uof`s%[PY�R�d�S�d ^ S�Rh��alS
u S�dnaof`R
S�U £ S�\�f`]^S�def`]naoYkicaVR dnqhY [ v ^ v } ton y vj� y v �ry vj� y v � � v w qhYTs�f`]nd^S�\%UoY?�%Y�u�ao_kYjy}_OS�UVUoYk��S
\%aof`Uof`bjao_OS�U�[Eao_�]ef�_OSOu�aVd���UlS`ieY�]Oy`f`] Y {hind r \%aof�_OSOu�aVd���UlS`ieY�] r y�aoi�S~�
aVRh��f�m �
fO�¾_��
def`[PY�deY�]Oy`��qhY�]eY�_kY�UVUoi
�
fO�¾aVR�inaVR%bjUoYB|hUoYHaVR�S~_eq
S�R%RhY�U�q
Sku
aVR%b}��aV[PY�Rhinaof`Rhi'inUVaVbjqrdnUV��UlS�]nb�Y�]tdnq
S�R�dnqhY�_kY�UVUoi r W [Eao_�]ef`[PY�deY�]ei



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� ��+

f`]�deY�Rhi�f�m�[Eao_�]ef`[PY�deY�]ei ` v w qhY�UlS`ieY�]�f�mzdnqhY�aVRhindn]n{%[PY�Rrd�aoi}\
S`ieYk�?f`RTu�Y�]ndnao_OS�UXWZ_OSOu�aVd��Tie{%]Êm�S`_kY�W
Y�[EaVdndnaVR%b�UlS`i^Y�] W ��� ^
 B£S` deYk_eq%Rhf`Uof`bj��y�[PYOS�R%aVR%b�dnq
S�dBdnqhY�UlS`i^Y�]3\�YOS�[�aoiHY�[EaVdndeYk�Es�Y�]ns�Y�Rh��ao_�{%UlS�]
def�dnqhY~brS�aVR�[PYk��aV{%[ r i�in{%]Êm�S`_kYjv w qhYpUlS`ieY�]�_kf`Rhinaoindei�f�m�dnqhY~m$f`UVUof���aVR%bEs
S�]ndei W5% aVbhv t v �V` v3Q Uof���Y�]
¢ ]^S�bjbK]eY��
Yk_�def`] W S�ieY�[Eao_kf`Rh��{h_�def`]�[EaV]n]ef`] ` aoi�inaVdn{
S�deYk�Tf`RCS�RTR�W�dZ�
s�Y�in{%\hiedn]^S�deYjy�m$f`UVUof���Yk�T\��
dnqhY�UlS`ieY�] r i�brS�aVR§[PYk��aV{%[cyBdnqhY � S`Qpi,+�Q5U � S`Qpi f {
S�Rrdn{%[ �zY�UVU�v ¢ Y�dZ�zYkY�R§dnqhY f {
S�R�dn{%[ ��Y�UVU
]eY�bjaof`R�S�Rh��dnqhY}{%s%s�Y�] ¢ ]^S�bjb�]eY��
Yk_�def`] W S���aoY�UoYk_�dn]nao_�[EaV]n]ef`] ` dnqhY�]eYpaoixS�brS�s * S�[Eao_�]ef�_OSOu�aVd�� *
��q%ao_eq�aoi�aVRKm�S`_�d~S�ieYk_�dnaof`R�f�m'dnqhY��
fO�»_eq
S�R%RhY�U�v

�����
	��'
��g� �g�e[ � 5 >  _��$ +�� 5e( � $�M�& $8� �8" +�>  �;+ &<095 + 0�&  ��8" +�>  � � �15!$ d:�-+.*E, $ �  ,&/Ul[�(�$�� +  Q(�" &<��� � �4N6�LU

X Y�Rh_kYjy�dnqhY�[Eao_�]ef�_OSOu�aVd��Taoi�S�RgaVR�dn]naVRhinao_Es
S�]nd�f�mzdnqhY(UlS`i^Y�]Oy�S`i}aoi�Y�u�Y�]n��dnq%aVR%b �
fO��aVR%bKdnq%]ef`{%bjq
aVdOv w qhY�i*S�[Es%UoY�_OS�RK\�Y}\%Uof
f
��yh_kY�UVUoi�m$]ef`[ _�{%UVdn{%]eYjyhf`]xdnaoieie{hYjv
w qhYEdnq%ao_^��RhYkiei�f�mzdnqhY f {
S�Rrdn{%[ �zY�UVUoi�aVR?dnqhY � S`Qpi,+�Q5U � S`Qpi�ieY�[Eao_kf`Rh��{h_�def`](S�Rh�?dnqhYE_OSOu�aVd��
[Pf
�%Yki�q
Sku�Yp\�YkY�R�dn{%RhYk��ief(dnqhY5Y�[EaVdndeYk��UVaVbjq�d r i��zSku�Y�UoY�R%bjdnq�aoiHRhYOS�] lotj� R%[cv w qhY~s�f`s%{%UlS�dnaof`R
aVRru�Y�]eieaof`R�aoitS`_eq%aoY�u�Yk��Y�aVdnqhY�]t\r��s%qhf`def`R�s%{%[Es%aVR%bpf`]�\r��_OS�]n]naoY�]taVR Y Yk_�dnaof`R�v w {hYBdef~dnqhYB]eY��
Yk_�dnaVu�Y
[EaV]n]ef`]eiBdnqhY�Y�[EaVdndeYk��UVaVbjq�dBaoi'\�f`{%Rh_kYk�E\
S`_e�ES�Rh��m$f`]ndnqEaVRhieao�%Y�dnqhY�indn]n{h_�dn{%]eY�qr{%Rh��]eYk�%i�f�m�dnaV[PYkiOy
S�[Es%UVaXm$��aVR%bpdnqhYBUVaVbjq�dOv $ R%UV��S~in[;S�UVU�m�]^S`_�dnaof`R(aoitS�UVUof���Yk��defxUoYOS���dnq%]ef`{%bjq�dnqhYBdef`s%[Pfjind'��aoY�UoYk_�dn]nao_
[EaV]n]ef`]Ov ^ aVRh_kYzdnqhYH[Eao_�]ef
_OSku
aVdZ��UVaoYkit\�Y�d���YkY�REdnqhY�dZ�zf}]eY��
Yk_�dnaVu�Y�[EaV]n]ef`]eiOy`dnqhY�f`s%dnao_OS�U
s%]ef`s�Y�]ndnaoYki
f�mtS�R���dnq%aVR%bE��aVdnq%aVR�aVdz��aVUVU�S9��Yk_�dzdnqhY5b�Y�RhYkieaoizf�mtindnaV[�{%UlS�deYk��Y�[Eaoieinaof`R�v � qhY�R�dnqhY~[Eao_�]ef
_OSku
aVdZ�
_kf`Rrd^S�aVRhi �h{%ao�#f`R%UV��y�f`RhY;UlS`ieY�]�[Pf
�%YEaoi�f`\hi^Y�]nu�Yk��v X fO�zY�u�Y�]Oy'��qhY�RCdnqhY �h{%ao�C_kf`Rrd^S�aVRhi�_kY�UVUoiOy
dnqhYPins�Yk_�dn]n{%[ f�m�dnqhY�]eYkief`R
S�deYk�?UVaVbjqrd�q
S`i�ieY�u�Y�]^S�UHins�Yk_�dn]^S�U3s�YOS���i�S�Rh�TaVd�aoi�S�Uoief�]eYk�
WZieq%aXm�deYk��v
w q%aoixaoi���{hY�def�dnqhY}m�S`_�d�dnq
S�dx_kY�UVUoixq
Sku�Y�q%aVbjqhY�]~]eY�m�]^S`_�dnaVu�Y�aVRh��ao_kYkixdnq
S�RcdnqhY��h{%ao��S�Rh�K��aVUVU�S`_�d
S`i�dnaVR���UoY�Rhi^Yki~S`i�dnqhY�UVaVbjq�d~s
S`ieieYki�dnq%]ef`{%bjq�dnqhY�[cv w q%aoi�bjaVu�Yki~]naoieY}def;S�_kf`qhY�]eY�Rrdpind^S�deYjv
w qhY}_eqhf`ao_kY}f�m�UlS`ieY�]z�zSOu�Y�UoY�R%bjdnq�y%RhYOS�] lotj� R%[cy
aoiH\�Yk_OS�{hieY5\�Y�d���YkY�R vj�j� S�Rh��� �j�j� R%[ qr{%[;S�R
_kY�UVUoi"S�]eYcq%aVbjq%UV�¡dn]^S�Rhie[EaoieinaVu�Y�S�Rh��Y g q%aV\%aVdPUof�� S�\hief`]ns%dnaof`R�v���R�f`dnqhY�]P�zf`]e�%iOyzdnqhYc_kY�UVUoi;S�]eY
S�UV[Pfjind�dn]^S�Rhins
S�]eY�R�dOv � f`[Es%UoY g [Pf`UoYk_�{%UoYki�UVaV��Y�s%]ef`deY�aVRhiOy �au Q S�Rh� w_u Q(y�aVRT��q%ao_eq#_OS�]n\�f`R�W
_OS�]n\�f`RKS�Rh��_OS�]n\�f`R�W�R%aVdn]ef`b�Y�R��%f`{%\%UoYp\�f`Rh�%i�S�]eY�S�\%{%Rh�hS�RrdOy�S�]eY5dnqhY5[;S�aVRK_kf`Rrdn]naV\%{%def`]ei~def�dnqhY
]eY�m$]^S`_�dnaVu�YxaVRh�%Y g f�m�[;S�[E[;S�UValS�R�_kY�UVUoi�S�d3dnqhYkieY���Sku�Y�UoY�R%bjdnqhiOv ^ aV[Es%UoY�[Pf`UoYk_�{%UoYkiHUVaV��Yx�zS�deY�]�S�Rh�



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� � �

in{%brS�]ei}s%UlSO�TS;UoYkiei�inaVbjR%aX|
_OS�R�d�]ef`UoYjv � f`RhieY f {hY�RrdnUV��y�dnqhY�UVaVbjq�d�Y�[Eaoieinaof`R?_kf`Rrd^S�aVRhi�aVR�m�f`]n[;S�dnaof`R
S�\�f`{%d�dnqhY�_kY�UVUoi�aVR�dnqhY}[Eao_�]ef�_OSOu�aVd���y
ins�Yk_�aX|
_OS�UVUV�;aVR�m�f`]n[;S�dnaof`Rc]eY�UlS�deYk��def�dnqhY�_kf`Rh_kY�Rrdn]^S�dnaof`Rgf�m
dnqhYkieY�_kf`[Es%UoY g \%aof`[Pf`UoYk_�{%UoYkiOy
S`i'��Y�UVU�S`i3_kY�UVUhinaV¼OYxS�Rh�Eieq
S�s�Yjv w qhY�UlS`ieY�]3\�YOS�[�_OS�RE\�Y��%Y�deYk_�deYk�
S�Rh�;_OS�s%dn{%]eYk�"��aVdnq�S�q%aVbjq�W�]eYkief`UV{%dnaof`R�ins�Yk_�dn]ef`[PY�deY�]Ov w qhY5ins�Yk_�dn]n{%[ S�Rh�;ies
S�dnalS�U
aV[;S�b�Y~f�m�dnqhY
dn]^S�Rhinu�Y�]eieY~[Pf��%Yki�_OS�R;dnqhY�RP\�Y~S�R
S�UV��ieYk�Pdef�ao�%Y�RrdnaXm$�EdnqhYxi^S�[Es%UoYjy
inaVRh_kY�ujS�]nalS�dnaof`RhiHaVRPaVR�deY�RhinaVdZ�
S�Rh�cins
S`_�aVR%b"f�mtdnqhY�ies�Yk_�dn]^S�U�s�YOS��
i5S�]eY�ins�Yk_�aX|
_}defPYOS`_eq�i*S�[Es%UoYjv
� f`{%]nUoY�� *>4-698 ��qhf�q
Sku�Yp\�YkY�R"�zf`]n��aVR%bEf`R�dnqhY5\%aof�_OSOu�aVd��;UlS`ieY�]xS�d ^ S�Rh��alS�y�q
SOu�Ypm$f`{%Rh��ieY�u�Y�]^S�U
S�s%s%UVao_OS�dnaof`Rhi�m�f`]pdnqhY��%Y�u
ao_kYjv�Q5[Pf`R%b�dnqhY�|h]eied}_�UVaVR%ao_OS�UHS�s%s%UVao_OS�dnaof`Rhi�]eY�s�f`]ndeYk�g�zS`i}aVdei}{hi^Y�def
[PYOS`in{%]eY"aVRrdn]^S`_kY�UVUV{%UlS�]Eq
S`Y�[Pf`bjUof`\%aVR¾aVR¡]eYk��\%Uof
f��¡_kY�UVUoi } vj� y v � � v w q%aoi�aoi�[Pf`dnaVujS�deYk�¡\r�?dnqhY
m�S`_�d�dnq
S�d �j� ¿ f�m�dnqhYP�zf`]nUo� r i(s�f`s%{%UlS�dnaof`R¡aoi�YkindnaV[;S�deYk�Cdef�in{���Y�]�m$]ef`[ÂS�R
S`Y�[EalS�vK��]ef`R#�%Y�|%W
_�aoY�Rh_���S�R
S`Y�[EalS;aoixdnqhY�[Pfjied5_kf`[E[Pf`R�d���s�Yjy�S�Rh��]eYkin{%UVdei5aVR��%Yk_�]eYOS`ieYk��UoY�u�Y�Uoi5f�m3q
S`Y�[Pf`bjUof`\%aVR
aVR¡]eYk��\%Uof
f���_kY�UVUoi } � v1� v [ inaVR%b�dnqhY;\%aof�_OSOu�aVd���UlS`ieY�]Oy � f`{%]nUoY�� *>4_698 �zY�]eY�S�\%UoY;def��%Y�deY�]n[EaVRhY
dnqhY�q
S`Y�[Pf`bjUof`\%aVR���aoindn]naV\%{%dnaof`R�f�m~Rhf`]n[;S�UxS�Rh�§S�R
S`Y�[Eao_�]eYk�¡\%Uof�f
�¡_kY�UVUoi�m�]ef`[ Y {hind�� � s%U�f�m
��qhf`UoY�\%Uof�f
��v w qhY��%Y�u�ao_kY;�zS`i�_�UoYOS�]nUV�#S�\%UoY"def���aoindnaVR%bj{%aoieq#\�Y�dZ�zYkY�R¡dnqhY�S�R
S`Y�[Eao_�S�Rh�CRhf`]ÊW
[;S�U3\%Uof
f���v w qhY�q
S`Y�[Pf`bjUof`\%aVRC_kf`Rh_kY�R�dn]^S�dnaof`R#_OS�RT\�Y��%Y�deY�]n[EaVRhYk�Tm$]ef`[ÇdnqhY�ies�Yk_�dn]n{%[ÇaXmHdnqhY
Y���Yk_�dnaVu�Y(_OSOu�aVd��KUoY�R%bjdnq�aoi~��Rhf���R�y�S�Rh��\r�K{hinaVR%b"]eY�m�]^S`_�dnaVu�Y�aVRh��ao_kYki5f�mBq
S`Y�[Pf`bjUof`\%aVRTief`UV{%dnaof`Rhi
m$]ef`[ dnqhY�UVaVdeY�]^S�dn{%]eYjv w q�{hiOy�ieq%aXm�dei�aVR�dnqhY�]eYkief`R
S�R�d5s�YOS��
i~f�m'dnqhY(ins�Yk_�dn]n{%[ _OS�R�\�Y�_OS�UVaV\%]^S�deYk�
defcY f {
S�UH_eq
S�R%b�Yki(aVR�dnqhYE]eY�m$]^S`_�dnaVu�YEaVRh�%Y g f�m�dnqhYPief`UV{%dnaof`R�aVRCdnqhYE\%aof�_OSOu�aVd���v [ R%�
RhfO��RC_kf`R�W
_kY�Rrdn]^S�dnaof`Rhip_OS�Rc\�Y��%Y�deY�]n[EaVRhYk�cu
alS�dnqhY�]eY�UlS�dnaof`Rhinq%aVs

n = n0 + αC
y���qhY�]eY

n
aoi�dnqhY�f`\hieY�]nu�Yk�

]eY�m$]^S`_�dnaVu�Y�aVRh�%Y g y
n0

aoixdnqhY�aVRh�%Y g f�m3dnqhY(in{%]n]ef`{%Rh��aVR%b �h{%ao��y
α
aoi~dnqhY�aVRh_�]eY�[PY�RrdpdefEdnqhY�aVRh�%Y g

aVRrdn]ef
��{h_kYk�T\r�KdnqhY�Y�RrdnaVd���aVRgdnqhY �h{%ao�TS�Rh�
C
aoi5dnqhY(_kf`Rh_kY�R�dn]^S�dnaof`R W b +
� �j� [EU ` v X aoindef`bj]^S�[Pi

f�m�dnqhYPq
S`Y�[Pf`bjUof`\%aVR¾_kf`Rh_kY�Rrdn]^S�dnaof`R¾f�m�Rhf`]n[;S�UzS�Rh�#S�R
S`Y�[Eao_;\%Uof�f
�?]eY�u�YOS�UoYk�¡S�q%aVbjqhY�]�[PYOS�R
_kf`Rh_kY�Rrdn]^S�dnaof`R?S�Rh��S�Uof���Y�]pind^S�Rh�hS�]e�c�%Y�u
alS�dnaof`RKm$f`]�Rhf`]n[;S�U�\%Uof�f
��dnq
S�R�S�R
S`Y�[Eao_�\%Uof
f
��v
% {%]ndnqhY�]n[Pf`]eYjyHdnqhY;\%aof
_OSku
aVdZ��UlS`i^Y�]�_kf`{%Uo�#\�Y"{hieYk�CdefgS�R
S�UV��ieY;_kY�UVUoi�def�|hRh�C]^S�]eY�Y�u�Y�Rrdei } v � � v
% f`]}aVRhind^S�Rh_kYjy�s%qr��inao_�alS�Rhip{hieY�_kf`{%Rrdei}f�m � wp¨

+
_kY�UVUoipdef�S`ieieYkiei5qhfO��ieY�u�Y�]eY(dnqhY(ieaVdn{
S�dnaof`Rgf�mzS

X � � s
S�dnaoY�Rrd�aoiOyrieaVRh_kY�dnqhY�aV]HR�{%[�\�Y�]eiz��aV[EaVR%aoieq�S`iHQp� wb^ s%]ef`bj]eYki^ieYkiOv w qhYxdeYk_^q%R%a f {hYkizf�m�def��hSO�
]eY f {%aV]eY}S�u�Y�R%aVs%{%Rh_�dn{%]eYjy%\%{%dzdnqhY~\%aof
_OSku
aVdZ�"UlS`ieY�]�_kf`{%Uo���%f(��aVdnq�dnqhY5i*S�[Es%UoY~u�f`UV{%[PY}f`\%d^S�aVRhYk�
m$]ef`[FS;|hR%b�Y�]�s%{%Rh_�dn{%]eYjv $ dnqhY�]�]^S�]eYEY�u�Y�R�dei�aVRh_�UV{h�%Y�|hRh��aVR%b�iedeY�[ _kY�UVUoi�aVR?dnqhY�\%Uof�f
�%indn]eYOS�[
S�Rh�K[;S�UVaVbjR
S�R�dp_OS�Rh_kY�]~_kY�UVUoixaVR�S�i^S�[Es%UoYjv
� Yk_kY�R�d}]eY�s�f`]ndeipq
Sku�Y([;S�aVR%UV��_kf`Rh_kY�R�dn]^S�deYk�?f`R�dnq%aoi5UlS�dndeY�]�S�s%s%UVao_OS�dnaof`R�y�a�v Yjv5�%Y�deYk_�dnaVR%bK_OS�Rh_kY�]
aVRC_kY�UVUoi���aVdnqCdnqhYE\%aof
_OSku
aVdZ�TUlS`ieY�] } vj� y v ��y v � � v � S�Rh_kY�]Oy�\�Y�aVR%b�f`RhYPf�m�dnqhYPUoYOS`��aVR%b�_OS�{hieYki(f�m
�%YOS�dnqcaVRKdnqhY��%Y�u�Y�Uof`s�Yk�K��f`]nUo��y�indnaVUVU�q
S`i�RhfP�%Y�|hR%aVdeY�_�{%]eYjyhS�UVdnqhf`{%bjq�[PYOS�Rhix\r����q%ao_eq�defEinUofO�
�%fO��R�dnqhY5��aoieYOS`ieYpY g aoindOv'Q ��Y��P_kf`RhindnaVdn{hY�R�dzaVR�dnqhY�|hbjq�d�S�brS�aVRhiedz_OS�Rh_kY�]zaoiHaVdeizYOS�]nUV�P�%Y�deYk_�dnaof`R�v
w qhY�\%aof
_OSku
aVdZ�KUlS`ieY�]�q
S`ix\�YkY�R�S`i^ieYkieieYk�"m�f`]�dnq%aoixd^S`in��v
� f`{%]nUoY�� *C4_6o8 ��aoie_kfOu�Y�]eYk�¡dnq
S�d�_eq
S�R%b�Yki�aVR#dnqhY;\%aof`[Pf`UoYk_�{%UlS�]E[;S`iei�f�m5Sc_kY�UVU��
fO��aVR%bTaVRCdnqhY
\%aof
_OSku
aVdZ�gS9��Yk_�deYk��dnqhY(Y�[Eaoieieaof`Rgins�Yk_�dn]n{%[cv w q%aoi}_OS�Rg\�Y�{hieYk��def"�%Y�deY�]n[EaVRhY�aXm�SEs�f`s%{%UlS�dnaof`R
f�m�_kY�UVUoizq
Sku�Y}dnqhY5]^S�s%ao��UV�;bj]ef���aVR%bE_eq
S�]^S`_�deY�]naoindnao_�f�m�_OS�Rh_kY�]�_kY�UVUoiOv w qhY}_kY�UVU�_��
_�UoYjy
��q%ao_^qKaoiHdnqhY
ieY f {hY�Rh_kY�f�m~Y�u�Y�RrdeiE��{%]naVR%bT��q%ao_eq�S�_kY�UVUz��{%s%UVao_OS�deYkiPS�Rh�¡��aVu�ao�%Yki�aVR�def�d���f%y�_kf`Rhinaoindei�f�mxm$f`{%]



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� � 	

[;S�aVR�s%q
S`ieYki�v w {%]naVR%b�dnqhY�Uof`R%b �
1

W brS�s ` s%q
S`ieYjy�dnqhYE_kY�UVUBs%]eY�s
S�]eYki�m�f`] w_u Q in��R�dnqhYkinaoi�S�Rh�
��{%s%UVao_OS�deYkiz[�{h_^q�f�m�aVdei�\%aof`[Pf`UoYk_�{%UlS�]�[;S`iei�v $ Rh_kY5_kY�]nd^S�aVR�_^qhYk_e�
s�f`aVR�deizq
Sku�Yx\�YkY�R;s
S`i^ieYk��y�dnqhY
_kY�UVU�Y�RrdeY�]ei ^ s%q
S`ieYjy%��{%]naVR%bE��q%ao_eqcdnqhY w_u Q<indn]^S�Rh�%i~S�]eYp]eY�s%UVao_OS�deYk��v w q%aoi�aoizm$f`UVUof���Yk�K\��;dnqhY
ieYk_kf`Rh�"brS�s"s%q
S`i^Yjy �

2

* S�u�Y�]n�Pinqhf`]ndH]eYkiednaVR%b�ind^S�b�Y5��qhY�R�dnqhY~_kY�UVU�s%]eY�s
S�]eYkiHm�f`]���aVu
aoinaof`R�v w qhY
|hR
S�U�s%]ef`deY�aVRhiBS�Rh��f`dnqhY�]�\%aof`[Pf`UoYk_�{%UoYki3RhYk_kYki^i^S�]n��m�f`]t��aVu
aoinaof`RES�]eY�S�Uoi^f~s%]ef
��{h_kYk��aVR(dnq%aoits%q
S`ieYjv
� f`RhieY f {hY�RrdnUV��yjdnqhY�[;S`ieitf�m�Sx_kY�UVU�aVR �

2

aoi�UlS�]nb�Y�]tdnq
S�R�S~_kY�UVU�aVR �
1

v �
2

aoitin{h_k_kYkYk�%Yk��\���[EaVdefjinaoi
*zh s%q
S`ieY * ��{%]naVR%b;��q%ao_^qcdnqhY�_kY�UVU���{%s%UVao_OS�deYki5aVRrdefEd���f"�hS�{%bjqrdeY�]5_kY�UVUoi�v u f`]n[;S�U�_kY�UVUoix��f`{%Uo�
ins�Y�Rh�¾u�Y�]n�CUVaVdndnUoYKdnaV[PY�aVR �

2

s%q
S`ieYjyH��q%ao_eq�[PYOS�RhiPdnq
S�dPf`R%UV�¾S�m�Y���_kY�UVUoi�aVR�S�s�f`s%{%UlS�dnaof`R
��f`{%Uo�¾\�Y;f`\hi^Y�]nu�Yk�#aVR¡dnq%aoi�s%q
S`ieYjv � S�s%ao��UV��bj]ef���aVR%b?_OS�Rh_kY�]�_kY�UVUoi�y3f`R#dnqhY�_kf`Rrdn]^S�]n��yB��f`{%Uo�
inqhf��»SE��aX��Y�]eY�Rrd~��aoindn]naV\%{%dnaof`Rgf�m'_kY�UVUoixaVRcdnqhY �

1

S�Rh� �
2

s%q
S`ieYki�v
w qhY5bj]ef`{%s�S�d ^ S�Rh��alS�q
S`iHf`\hi^Y�]nu�Yk�;dnq%aoi���aVdnq;dnqhY~\%aof�_OSOu�aVd��PUlS`ieY�]B{hinaVR%b�_OS�Rh_kY�]ef`{hiz\%]^S�aVR�_kY�UVUoi
} vj� y v � � v ^ aVRh_kY�dnqhY�\%aof`[;S`i^i5f�mH_kY�UVUoi5aVR �

2

aoi5UlS�]nb�Y�]~dnq
S�RT_kY�UVUoi5aVR �
1

yhdnqhY��Ks�fjieieYki^i~SEq%aVbjqhY�]
]eY�m$]^S`_�dnaVu�YKaVRh�%Y g v w q�{hiOyHdnqhY���Sku�Y�UoY�R%bjdnqÍf�m5UVaVbjq�dP��q%ao_eq�q
S`iPaVRrdeY�]^S`_�deYk����aVdnq�ie{h_eq�_kY�UVUoiEaoi
inq%aXm$deYk�Kdef;S�Uof`R%b�Y�]5�zSOu�Y�UoY�R%bjdnqT_kf`[Es
S�]eYk��defEdnq
S�d~s%]ef
��{h_kYk�Km$]ef`[ _kY�UVUoi~aVR �

1

vHQMq%aoindef`bj]^S�[
f�m�ins�Yk_�dn]^S�U�inq%aXm$deiHm$f`]�Rhf`]n[;S�U�S�Rh�"_OS�Rh_kY�]ef`{hiz_kY�UVUoizinqhf���Yk��dnq
S�dOyraVR"dnqhY5_OS`i^Y~f�m�Rhf`]n[;S�U�_kY�UVUoiOy
S
[;S�aVR�s�YOS�� * ind^S�Rh��aVR%b�m�f`] nol ¿ f�m�dnqhYp_kY�UVUoizaVR"dnqhYpdeYkindeYk�"s�f`s%{%UlS�dnaof`R * _kf`]n]eYkins�f`Rh�%Yk�"def�_kY�UVUoi
aVR �

1

y���qhY�]eYOS`i�S}dnaVR���s�YOS��PS�dHS}Uof`R%b�Y�]H��Sku�Y�UoY�R%bjdnq�inq%aXm$d * ind^S�Rh��aVR%b�m�f`]BdnqhY�]eY�[;S�aVR%aVR%b � ¿Ìf�m
dnqhYx_kY�UVUoi * _kf`]n]eYkins�f`Rh�%Yk�Edef�_kY�UVUoi3aVR �

2

v � qhY�R;Sps�f`s%{%UlS�dnaof`R;f�m�dn{%[Pf`{%]H_kY�UVUoi3�zY�]eY�deYkindeYk��yjdnqhY
��aoindn]naV\%{%dnaof`RT�zS`i5[�{h_^qT\%]ef�S`�%Y�]Oy�S�Rh��[Pf`]eY�_kY�UVUoip_kf`[Es%]naoieYk��dnqhY�ieYk_kf`Rh��s�YOS��K_kf`]n]eYkins�f`Rh��aVR%b
def �

2

v w q%aoi�aVRh��ao_OS�deYk��dnq
S�dxdnqhY�s%q
S`ieYki5f�mtdnqhY(_kY�UVUoix��Y�]eY�[Pf`]eY�aVRrdeY�]eies�Y�]eieYk��dnq%]ef`{%bjqhf`{%d~dnqhY
_kY�UVU�_���_�UoYjyh_eq
S�]^S`_�deY�]naoieaVR%b;]^S�s%ao��UV��bj]efO��aVR%b"dn{%[Pf`{%]5_kY�UVUoiOv
Q�ieaVbjR%aX|
_OS�Rrd�S`��ujS�Rrd^S�b�Yxf�m�dnqhY�\%aof�_OSOu�aVd��(UlS`i^Y�]BfOu�Y�]3dn]^S`��aVdnaof`R
S�Uh[PY�dnqhf
�%iOyj\�Ykinao�%Yki'dnqhY�in[;S�UVUoY�]
]eY f {%aV]eYk�Pi^S�[Es%UoY�u�f`UV{%[PYjy�aoi'aVdeiHins�YkYk��v ^ S�[Es%UoYki�S�]eY~S�R
S�UV��ieYk�PS�UV[PfjindBaVRhied^S�RrdnUV� * aVRP[Eao_�]efjieYk_�W
f`Rh�%i * S�Rh�TaVR?dnqhYPS�\�fOu�YP_OS`i^Yjy�f`R%UV�TS"m�Y���qr{%Rh��]eYk��_kY�UVUoi���Y�]eY�RhYk_kYkiei^S�]n�gdefK�%Y�deYk_�d�_OS�Rh_kY�]Ov
w q%aoi�_kf`]n]eYkins�f`Rh�%i�defgS�R¡{%Rhin{%\hind^S�R�dnalS�Uzdnaoi^in{hY"i*S�[Es%UoY"f�m��"R%U�v h f`]eYkfOu�Y�]Oy�_OS�Rh_kY�]�_kY�UVUoi�_OS�R
\�Y"�%Y�deYk_�deYk�#��aVdnqhf`{%d�aVRrujS`inaVu�Y"_^qhY�[Eao_OS�U�UlS�\�Y�UVUVaVR%bhy'aVR¡f`dnqhY�]���f`]e�%iOy'aVR#dnqhY"i^S�[PY�ind^S�deY"dnqhY��
S�s%s�YOS�]xaVRcdnqhY}\�f�����v
Q�dndeY�[Es%deiPq
SOu�YcS�Uoiefg\�YkY�R§[;S`�%Y�def?�%Y�deYk_�dP_OS�Rh_kY�]EaVR�ieaVR%bjUoY�_kY�UVUoiP��aVdnq§dnqhY"\%aof
_OSku
aVdZ�¡UlS`ieY�]
} vj� y v � � v w q%aoi��zS`i�S`_k_kf`[Es%UVaoinqhYk� \r�§aVRh_�]eYOS`inaVR%b¾dnqhY�i^Y�RhinaVdnaVu�aVd���f�m�dnqhY�UlS`ieaVR%b#ins�Yk_�dn]^S?\��
aV[;S�bjaVR%b¾dnqhYKm�S�];|
Y�Uo��s%]ef�|hUoYTf�m}dnqhY�UlS`inaVR%b¡[Pf��%YgS�Rh��dnqhY�ins�Yk_�dn]^SC_kf`Rh_�{%]n]eY�R�dnUV��v»QÇd���f�W
��aV[PY�Rhinaof`R
S�U�S�]n]^Sk���%Y�deYk_�def`]�aoi�{hieYk�Cdefcf`\%d^S�aVR¾ins�Yk_�dn]^S�UHaVR�m$f`]n[;S�dnaof`R¡aVR#f`RhY"��aV[PY�Rhinaof`R¡S�Rh�
ins
S�dnalS�U�aVR�m�f`]n[;S�dnaof`R§aVR#dnqhY�f`dnqhY�]E��aV[PY�Rhinaof`R�v w q%aoi�aV[;S�bjaVR%bTaoi�s�Y�]Êm�f`]n[PYk�¡aVR#dnqhY"m�S�]�|
Y�Uo��y
[PYOS�R%aVR%bcdnq
S�d}dnqhY�aV[;S�b�Y�s%UlS�RhY�aoi�inaVdn{
S�deYk��S�d�S���aoind^S�Rh_kY

z > 2D2/λ
m�]ef`[ÇdnqhYEief`{%]e_kY W dnqhY

_kY�UVU ` y���qhY�]eY
λ
aoiPdnqhYc�zSku�Y�UoY�R%bjdnq f�m�UVaVbjqrd�S�Rh�

D
aoiEdnqhY�UlS�]nb�Ykind"��aV[PY�Rhinaof`R f�m�dnqhYcief`{%]e_kY

S�s�Y�]ndn{%]eYjv w q%aoi([PY�dnqhf��#�zS`i(deYkindeYk����aVdnq¡Rhf`]n[;S�U�S�Rh�C_OS�Rh_kY�]ef`{hi�UVaVu�Y�]�_kY�UVUoi } v � � vKQ dnq%]eYkY�W
��aV[PY�Rhinaof`R
S�Uz_�UV{hindeY�]�s%Uof`d�f�m�dnqhYEUlS`inaVR%bc��Sku�Y�UoY�R%bjdnq¾inq%aXm$dOy�UlS`inaVR%bKUVaVRhY���ao��dnq¾S�Rh�?s�YOS��gUlS`inaVR%b
aVRrdeY�RhieaVdZ�E]eY�u�YOS�UoYk�P��aoindnaVRh_�d�_�UV{hindeY�]eiHf�m�Rhf`]n[;S�U�S�Rh�E��aoieYOS`ieYk�;_kY�UVUoiOy�_kf`R�|h]n[EaVR%b�dnq
S�dHaVdHS`_�dn{
S�UVUV�
aoi�s�fjieinaV\%UoY}defP�%Y�deYk_�d5_OS�Rh_kY�]xaVR�inaVR%bjUoY�_kY�UVUoix{hinaVR%bE\%aof�_OSOu�aVd��KUlS`ieY�]xins�Yk_�dn]efjie_kf`sr��v



��� ��� � �
����	�� � ���������9���������c���
�*�����������l�� � 
���
�������;�������l��� �*�����")��������%���$�
� � �

% {%]ndnqhY�]n[Pf`]eYjy
dnqhY}\%aof�_OSOu�aVd��"UlS`ieY�]�q
S`i�\�YkY�R�{hieYk��def�iedn{h���;[EaVdef
_eqhf`Rh��]nalS } v � � v h aVdef
_eqhf`Rh��]nalS
S�]eYps%]eYkieY�Rrd�aVR�qr{%b�Y f {
S�RrdnaVdnaoYki W {%s�def �ot ¿ f�mtS(_kY�UVU r iz_��
def`s%UlS`in[ ` aVR���Y�UVUXW�R%aVbjqcS�UVU�Y�{%�`S�]n��f`dnao_
_kY�UVUoi } � v{� v w qhY�� S�]eY�dnqhYT_kY�UVU r i r s�fO�zY�]Ks%UlS�Rrdei r y5_kf`Rru�Y�]ndnaVR%b�f`]nbrS�R%ao_g[;S�dndeY�]�aVRrdef¾Q w j v��ZR
]eYk_kY�Rrd~��YOS�]eiOy
dnqhY5qhYOS�UVdnqcied^S�dn{hi�f�m�[EaVdef�_^qhf`Rh��]nalS�q
S`i�\�YkY�R"m�f`{%Rh��def�s%UlSk��S(]ef`UoYpaVRcS(Rr{%[�\�Y�]
f�mB��aoieYOS`ieYkiOyhm$f`]~aVRhind^S�Rh_kYjy�Q5UV¼kqhY�aV[PY�] r i}S�Rh� j S�]n�
aVRhief`R r i}��aoieYOS`ieY } von y�� ¨;n1� y
S�Rh� X {%R�dnaVR%bjdef`R r i
��aoieYOS`ieY } �j� t1� v h aVdef�_^qhf`Rh��]nalS}q
Sku�Y�in{%\%[Eao_�]ef`[PY�deY�]B��alS�[PY�deY�]ei * Rhf`]n[;S�U%q�{%[;S�RE[EaVdef�_^qhf`Rh��]nalS�y
m�f`]�Y g S�[Es%UoYjyHS�]eY"{hin{
S�UVUV� � �j��* lj�j� R%[FaVR¾��alS�[PY�deY�]Oy3a�v YjvT_�UofjieYPdef�dnqhY"�zSku�Y�UoY�R%bjdnq®f�mxUVaVbjqrdOv
X Y�Rh_kYjyjdnqhY���S�]eY�q
S�]e��def5iedn{h������aVdnqEind^S�Rh�hS�]e��UVaVbjqrd3[Eao_�]efjie_kf`s�YkiOv w qhYz\%aof�_OSOu�aVd���UlS`ieY�]Oyjf`R�dnqhY
f`dnqhY�]Hq
S�Rh��y���aVdnq�S�_OSku
aVdZ�PinaV¼OYxf�m�Spm�Y���[Eao_�]ef`[PY�deY�]eiOy
��S`i�S�\%UoYxdef���aoindnaVR%bj{%aoinq;dnqhY5in��Y�UVUVaVR%b�f�m
[EaVdef
_eqhf`Rh��]nalS}aVRh��{h_kYk��\���_OS�Uo_�aV{%[cv w q%aoi'in��Y�UVUVaVR%b�aoi'f`\hieY�]nu�Yk��aVR�dnqhY�S9m$f`]eY�[PY�R�dnaof`RhYk�P��aoieYOS`ieYki
S�Rh�?aoi�S�R?aVRh��ao_OS�dnaof`RCf�m�S���aoieYOS`ieYk�T[EaVdef
_eqhf`Rh��]naof`R�v ^ S�[Es%UoYki�f�mz\�f`dnq?Rhf`]n[;S�UHS�Rh�?��aoieYOS`ieYk�
[EaVdef
_eqhf`Rh��]nalS;��Y�]eY�S�R
S�UV��ieYk��S`i��zY�UVU�y%s%]ef
��{h_�aVR%b"��aoindnaVR%bj{%aoinq
S�\%UoY�UlS`inaVR%bPins�Yk_�dn]^S } v � � v
¢ Ykinao�%Yki(dnqhYP[;S�Rr�C[PYk��ao_OS�UzS�s%s%UVao_OS�dnaof`RhiOy'dnqhY;\%aof�_OSOu�aVd���UlS`ieY�](_kf`{%Uo�C\�Y;{hieYk��def��%Y�deYk_�d�S�Rh�
ao�%Y�RrdnaXm$�(�hS�R%b�Y�]ef`{hit\%aof`Uof`bjao_OS�U��zS�]Êm�S�]eY�S�b�Y�RrdeiBS�[Pf`R%bpRhf`R�W�s
S�dnqhf`b�Y�R%ao_xS�b�Y�RrdeitaVR�f`R%UV��[EaVR�{%deYkiOv
^ f`[PYTdnaV[PY?S�b�f%y~dnqhYT�%Y�u
ao_kYg�zS`iKinqhf���R def#\�YTS�\%UoYTdef¡��aoiednaVR%bj{%aoinq � 6VAC2J8 8 R 0e0GR �C452J8 R;0 S�Rh�
� 6VA>2 8J8 R;0B�3R Ti2J8 R;0 ins�f`]eYkiOy���q%ao_eqcS�]eY~aVRhi^Y�s
S�]^S�\%UoY5{%Rh�%Y�]�dnqhY5[Eao_�]efjie_kf`s�Y}S�Rh��S�]eY}inaV[�{%UlS�R�dei�f�m
dnqhY��%YOS`��UV� �5¥ 69I�4 ) ?E6VAC2=0 ins�f`]eYki } ton1� v X fO��Y�u�Y�]Oyhdnq%aoi~S�s%s%UVao_OS�dnaof`Rcq
S`ixS�s%s
S�]eY�RrdnUV��]eYk_kY�aVu�Yk��Rhf
m${%]ndnqhY�]5S�dndeY�Rrdnaof`RgaVRKdnqhY�UVaVdeY�]^S�dn{%]eYjy
i^f�m�S�]Ov
u Y�u�Y�]ndnqhY�UoYkieiOy'\
S`ieYk�#f`RCdnq%aoiOytdnqhY�]eY"aoi�]eYOS`ief`R#defc\�Y�UVaoY�u�Y;dnq
S�d�dnqhYP\%aof
_OSku
aVdZ�CUlS`ieY�](_kf`{%Uo�#\�Y
{hieYk� Rhf`dKf`R%UV��def¡aVRrdeY�]n]ef`brS�deY?Y�{%�jS�]n��f`dnao_?_kY�UVUoiOyx\%{%dKS�Uoief¡s%]ef`�jS�]n��f`dnao_?_kY�UVUoiOy�a�v YjvÌ\
S`_�deY�]nalS�v
^ aVRh_kY5dnqhY5�%Y�u
ao_kYxRhYkYk�%i�S�i*S�[Es%UoYxaVR�UVa f {%ao�Pm$f`]n[cy�dnqhY f {
S�UVaVdZ�Pf�m�d^S�s��zS�deY�]�_kf`{%Uo�"s%]ef`\
S�\%UV�P\�Y
S`ieieYki^ieYk�P��aVdnqhf`{%d�_kf`[Es%UVao_OS�dnaof`RhiOy
]^S�s%ao��UV�;�%Y�deY�]n[EaVR%aVR%b�aVdeiH\
S`_�deY�]nalS�U�\%{%]e�%Y�R�v j fjieinaV\%UV��y
��aVdnq�S
UlS`inaVR%b�ins�Yk_�dn]^SPieY�RhinaVdnaVu�Y�Y�Rhf`{%bjq�y���aoie_�]naV[EaVR
S�dnaof`R�f�m3s
S�dnqhf`b�Y�Rhip_kf`{%Uo�c\�Y�S�]eYOS�UVaVd���vzQMi^S�[Es%UoY
d^S���Y�R�m�]ef`[ÇSPin{%]Êm�S`_kY�aVRrdef�SEUVa f {%ao��_kf`{%Uo��UVaV��Y���aoieY(\�Y�S�R
S�UV��ieYk��y�dnqr{hi5s%]efOu
ao��aVR%b��hS�d^S;f`R�dnqhY
_�UoYOS�R%UVaVRhYkiei�f�m�in{%]Êm�S`_kYkiOv w qhYkieYpie_kY�R
S�]naofji�i^YkY�[�m�YOS`inaV\%UoYpS�d�S�bjUlS�Rh_kY}S�Rh�"ieqhf`{%Uo�P\�Yx\�Y~indn{h��aoYk�
m${%]ndnqhY�]xaVR��%Y�d^S�aVU�v
^ S�Rh��alSCaoi;Rhf`d"dnqhY�f`R%UV�§s%UlS`_kY���qhY�]eY�[Eao_�]ef
_OSku
aVdZ��UlS`i^Y�]"ins�Yk_�dn]efjie_kf`sr�§aoi�indn{h��aoYk��v £ YOS�] *>4
698 S�d�dnqhY � f`Uof`]^S`�%f ^ d^S�deY [ R%aVu�Y�]einaVd��?aVRCdnqhY [ v ^ v�q
SOu�YPd^S���Y�R¡Y g S�[Es%UoYPm�]ef`[ � f`{%]nUoY�� *>4b698
S�Rh�T_�]eYOS�deYk�?SP[Eao_�]ef �h{%ao��ao_E_OSOu�aVd���in{%]Êm�S`_kY(Y�[EaVdndnaVR%b�UlS`ieY�]}f�mHdnqhY�aV]}fO��R } lol1� vpQ�[Pf`]eY(]eYk_kY�Rrd
Y�Rh�%YOSku�f`{%]H\r��dnqhY � f`Uof`]^S`�%f}bj]ef`{%sEY g s%Uof`]eYki3S5inaV[Es%UVaX|
Yk��ieY�dn{%s(��q%ao_^qP�%f�Yki�Rhf`d'{%dnaVUVaoieY ��� ^
 B£
deYk_eq%Rhf`Uof`bj��y�\%{%d�]^S�dnqhY�]�S % S�\%]n��W j Y�]ef`d([Eao_�]ef�_OSOu�aVd��g\%{%aVUVd�f`R?bjUlS`i^i�in{%\hindn]^S�deYki } �O� ¨o� v [ R%UVaV��Y
dnqhY�\%aof
_OSku
aVdZ��UlS`ieY�]Oy`dnqhYzUVaVbjqrdBief`{%]e_kY�f�m
dnq%aoi'aVRhiedn]n{%[PY�RrdBaoi3S�R £� cw v w qhY�aVRhindn]n{%[PY�R�d3�zS`i3{hieYk�
defcS�R
S�UV��ieY�\%Uof�f
��S�Rh�T�zS`i�S�\%UoY�defK��aoindnaVR%bj{%aoinq�]eYk�T\%Uof
f
�g_kY�UVUoi(S�Rh��f`dnqhY�]�\%Uof�f
�?_kY�UVUoiOv � Yk�
\%Uof
f��g_kY�UVUoiOy�qhfO�zY�u�Y�]Oy�_kf`{%Uo�gRhf`d5\�Y���aX��Y�]eY�R�dnalS�deYk�Tm�]ef`[ ��YOS`ind}_kY�UVUoi}\r�cdnqhY�s%]eYkieY�R�d}[PY�dnqhf���v
w qhY}[PY�dnqhf
��aoiziednaVUVU�S(s%]ef`[EaoinaVR%b;S�UVdeY�]nR
S�dnaVu�Y�def(dnqhY}\%aof
_OSku
aVdZ��UlS`ieY�]xS�Rh�"m$f`UVUof��xi�[;S�Rr��f�m�dnqhY
i^S�[PY�s%]naVRh_�aVs%UoYki�v



��� 	��E�����;�*��� ���9��	������g��� �#���� ������ �
� �����
)�)���������������� � �

�c- � � @�=?@ 23@�� �?@�=C457�=�� 8;= � 0PAHG�@��D0 ��@���:�8PN�N�7�=�� 	#@�: ��2

Q5UVdnqhf`{%bjqEdnqhYHm�f
_�{hi�aVR�dnq%aoi'dnqhYkinaoitq
S`i'\�YkY�REf`R�q���bjaoY�RhY�[Pf`R%aVdef`]naVR%b�aVR�qhfjins%aVd^S�U%Y�R�u�aV]ef`R%[PY�R�deiOy
dnqhY�[PY�dnqhf
�%ixf`{%dnUVaVRhYk�KaVRKdnqhY�s%]eY�u
aof`{hixieYk_�dnaof`R�S�Rh� � q
S�s%deY�] ¨ S�]eY�S�s%s%UVao_OS�\%UoY�aVR�S�ujS�]naoY�dZ��f�m
|
Y�Uo�%iOv � qhY�RKaVd�_kf`[PYki�def�qr�
bjaoY�RhY}[Pf`R%aVdef`]naVR%bhyhqhfjies%aVd^S�UoixS�]eY}Rhf`d�dnqhY�f`R%UV�;s%UlS`_kYki���qhY�]eY}aVd�aoi
aV[Es�f`]nd^S�Rrdpdnq
S�d~[Eao_�]ef`\�Yki5S�]eY���Y�s%d5aVRcUVaVRhYjv w qhY�s%q
S�]n[;S`_kY�{%dnao_OS�UtaVRh��{hindn]n��yhm�f`]~Y g S�[Es%UoYjyhq
S`i
Y g dn]eY�[PY�UV�Cq%aVbjq¡]eY f {%aV]eY�[PY�R�deiEf`R¡_�UoYOS�R%UVaVRhYkiei�y'Rhf`d(def�d^S�UV�#S�\�f`{%d(dnqhY;m$f
f
�?aVRh��{hindn]n��y3��qhY�]eY
_kf`RrdnaVR�{hf`{hi�[Pf`R%aVdef`]naVR%bEf�m�dnqhYxm�f
f��Es%]ef
_kYkieinaVR%b�Y�Rru
aV]ef`R%[PY�Rrd�aoiz_�]n{h_�alS�U�def(Y�Rhin{%]eY~m�f�f
�Pi^S9m�Y�dZ��v
w qhY�]eY�S�]eYzS�Uoi^f~f`dnqhY�]t|
Y�Uo�%i * ief`[PYzf�mh��q%ao_eq�q
Sku�Y�S�UV]eYOS`����\�YkY�R�[PY�R�dnaof`RhYk��aVR�_kf`R%RhYk_�dnaof`R���aVdnq
dnqhY��%Y�deYk_�dnaof`RT[PY�dnqhf��%i * dnq
S�d5{%dnaVUVaoi^Y�f`]p\�Y�RhY�|hd~m$]ef`[ÇdnqhY(i^S�[PY(�
aVRh��f�m��%Y�deYk_�dnaof`R?in��indeY�[PiOv
w qhYkieYxS�]eYjy�m$f`]'aVRhind^S�Rh_kYjyrdnqhY��%Y�deYk_�dnaof`R;f�m�\%aof`Uof`bjao_OS�Uh��S�]Êm�S�]eY5S�b�Y�RrdeiOy�_kY�UVUhief`]ndnaVR%bhy�_kY�UVU%aV[;S�bjaVR%b
S�Rh�c[PYk��ao_OS�U'��alS�bjRhfjindnao_kiOv $ s%def
Y�UoYk_�dn]ef`R%ao_(�%Y�u
ao_kYki5{%dnaVUVaoinaVR%b [a�M£� cw ipS�Rh����aof��%Y�UlS`i^Y�]eipS�Uoief
q
Sku�Y�S�s%s%UVao_OS�dnaof`Rhi~aVRKdnqhY���aoinaVR�m$Yk_�dnaof`R�f�mt��S�deY�]pS�Rh�Kin{%]Êm�S`_kYki } �j� � v
Q5Rhf`dnqhY�]�|
Y�Uo�(��qhY�]eYzS`��ujS�Rh_kYk�(\%aofjieY�RhinaVR%bp[PY�dnqhf��%i3S�]eYB[;S��
aVR%bpdnqhY�aV]���Sk��aoi�b�Y�RhY�i^Y f {hY�Rh_�aVR%bhv
w f
�hSk�?b�Y�RhYEi^Y f {hY�Rh_�aVR%bhy���q%ao_eq�aoi�dnqhY�s%]ef�_kYkiei�\r�T��q%ao_eq�dnqhYPRr{h_�UoYkf`dnao�%Yki�f�m�S w_u Q indn]^S�Rh�
S�]eYP�%Y�deY�]n[EaVRhYk��y�aoi�{hin{
S�UVUV�gs�Y�]Êm�f`]n[PYk�?\��TS�[PY�dnqhf
�?_OS�UVUoYk� �Z_^q
S�aVRCdeY�]n[EaVR
S�def`](i^Y f {hY�Rh_�aVR%b �^y
f`] � ^ S�R%b�Y�]~ieY f {hY�Rh_�aVR%b �}R
S�[PYk��S9m�deY�]�aVdei��%Y�u�Y�Uof`s�Y�] % ]eYk�%Y�]nao_^� ^ S�R%b�Y�] } � v1� v $ RhY���]^Sk��\
S`_^�cf�m
dnq%aoi([PY�dnqhf��Caoi�dnqhYPRhYk_kYki^inaVdZ�?def�{hieYE]^S`��aof�S`_�dnaVu�Y�f`]��h{hf`]eYkie_kY�R�d�UlS�\�Y�UoiOv w q%aoi�[;SO��_kf`[PYPdef
_eq
S�R%b�Y5aVREdnqhY�m${%dn{%]eY�\r��dnqhYx�%Y�u�Y�Uof`s%[PY�R�dzf�m�ief`s%q%aoindnao_OS�deYk��y�]^S�s%ao�E\%aofjieY�RhieaVR%b�in��indeY�[PiBinaV[EaVUlS�]
defEdnqhfjieY��%Ykie_�]naV\�Yk��aVR�dnq%aoi�dnqhYkinaoiOy�\%{%d5S�aV[PYk��S�dxb�Y�RhY�ieY f {hY�Rh_�aVR%bhv
^ {h_eqc�%Y�u
ao_kYkixS�]eY}Y�Rru
aoi^S�b�Yk��def�{hieYjy�m$f`]zaVRhind^S�Rh_kYjy�[PYk_^q
S�R%aoin[Pixf�m�in{%]Êm�S`_kYps%UlS`in[Pf`RK]eYkief`R
S�Rh_kY
f`]�[PY�d^S�UXWZY�R%q
S�Rh_kYk� �h{hf`]eYkie_kY�Rh_kY W5hg c%c`]} n � � v $ RhY�in{h_eq�_kf`Rh_kY�s%dxaoixS �
fO��_��
def`[PY�deY�]Oy%��qhY�]eY
SpinaVR%bjUoY w_u Q®indn]^S�Rh��aoi�aVR%aVdnalS�UVUV��\�f`{%Rh�(def�S5\�YOS`��v w qhYzR�{h_�UoYkf`dnao�%YkiHS�]eY�s%]ef`bj]eYkieinaVu�Y�UV��_�UoYOSku�Yk�
m$]ef`[ dnqhY;f`dnqhY�]�Y�Rh�#f�mzdnqhY;indn]^S�Rh�?\r�CS�R#Y g f`R�{h_�UoYOS`ieY 
 S�Rh�Cie{%\hieY f {hY�R�dnUV�Tdn]^S�Rhins�f`]ndeYk�CaVRrdef
S �
fO�Á_eq
S�[(\�Y�]Ov w qhY;��S�UVUoiEf�m~dnqhY �
fO�Á_eq
S�[(\�Y�];S�]eY�_kf�S�deYk�¡��aVdnq¡[PY�d^S�U�s
S�]ndnao_�UoYkiOyB��q%ao_eq
Y�R%q
S�Rh_kY"dnqhYPaVRrdn]naVRhieao_ �h{hf`]eYkie_kY�Rh_kY�f�m�dnqhYPR�{h_�UoYkf`dnao�%YkiOv [ s�f`R¡Y g _�aVd^S�dnaof`R¡��aVdnqCUVaVbjq�d�f�m�d���f
��aX��Y�]eY�Rrd'�zSOu�Y�UoY�R%bjdnqhiOy`dnqhY�Y�[Eaoi^inaof`R(ins�Yk_�dn]^S�f�m
��aX��Y�]eY�RrdtRr{h_�UoYkf`dnao�%Yki'_kf`{%Uo�(\�YB��aoiednaVRh_�dtY�Rhf`{%bjq
defcY�R
S�\%UoY;ao�%Y�RrdnaX|
_OS�dnaof`R¾f�mzdnqhYER�{h_�UoYkf`dnao�%Y;aVRCdnqhYP_eq
S�[(\�Y�] W5% aVb t v�� `i} tov y n � � v w q�{hiOy w_u Q
ieY f {hY�Rh_�aVR%b;_kf`{%Uo�c\�Y}s�Y�]Êm$f`]n[PYk����aVdnqhf`{%d}S�Rr�K_eqhY�[Eao_OS�U�UlS�\�Y�UVUVaVR%b"S�d~S�UVU�v

�����
	���
��g�C��� "  + $ , &  / > $8 ]5  /( *904� &� � 5! _ 95! � � [ �  ��r0� / 95 �  4M]U [�(�$8� +  /(\" &��7� � P f �~U

� �u .- * �  �|=�>4� 5 > &� ,  �$ d  K :095 ,  /� +�� (
 � " &<��� +<>  +  !&<� �  �$ ,  / 9( � �8"� r0]5 ,  _� +<� (� B5 > $ �  � �� � $ + $ +<� �# 7U



� �������	��
 �

	�� 
 
 ��
"� � ��� � ����	�
���
�������


� fjief�_kf`[EalS�U�aVR�m�Yk_�dnaof`RhiPS�]eY�S�]eYOS�Uzs%]ef`\%UoY�[ aVR#qhYOS�UVdnq§_OS�]eY"m�S`_�aVUVaVdnaoYkiOv � f`{%bjq%UV�CY�u�Y�]n�CdeY�Rrdnq
s
S�dnaoY�Rrd�aoi�S��Pao_�deYk�g\r��in{h_eq�S�RgaVR�m$Yk_�dnaof`R�S�d�S�Rr��f`RhY�dnaV[PYjv��'S�dnaoY�Rrdei���aVdnq�S�RgaVRh_�]eYOS`ieYk�g]naoin�
f�m~\
S`_�deY�]nalS�Ux_kf`Uof`R%aoi^S�dnaof`R§f`]PS�R¡aV[Es
S�aV]eYk�¾aV[E[�{%RhYK�%Y�m�Y�Rh_kY�S�]eY�s%]eYk��aoins�fjieYk�¡def�Rhfji^f�_kf`[EalS�U
aVR�m�Yk_�dnaof`RhiOyB��q%ao_^q§S�Uoi^f�aVRh_�]eYOS`i^Y"dnqhY�]naoin�#f�m5�%YOS�dnq�v w qhY�aV]�|hR
S�Rh_�alS�U�aV[Es%UVao_OS�dnaof`Rhi;S�]eY"qr{%b�Y �
dnqhYTS`�%��aVdnaof`R
S�U�_kfjindei;ujS�]n�¾m$]ef`[ dnqhf`{hi^S�Rh�%i�def#deY�Rhi"f�m(dnqhf`{hi^S�Rh�%i�f�m��%f`UVUlS�]ei�f`]�Y�{%]efji�s�Y�]
Y�s%aoief
�%YjyB�%Y�s�Y�Rh��aVR%b�f`R#dnqhY�ieY�u�Y�]naVd��¡S�Rh�¾inaVdeY�f�m~dnqhY�aVR�m$Yk_�dnaof`R�v w qhY�[;S��nf`]naVdZ�¾f�m~qhfjins%aVd^S�UXW
S`_���{%aV]eYk�TaVR�m$Yk_�dnaof`Rhi�S�]eY�_OS�{hieYk�g\r�c\
S`_�deY�]nalS�y�qhfO��Y�u�Y�]Oy�m�{%R%bja3S�]eY�s%UlSk�
aVR%bKS�R?Y�u�Y�]}aVRh_�]eYOS`inaVR%b
]ef`UoYjv w qhY�[Pfjind�_kf`[E[Pf`RT\
S`_�deY�]nalS�UBins�Yk_�aoYki5def�\%UlS�[PYES�]eY�\
S`_�deY�]nalS�aVR�dnqhYPÃ������ �"! �$#&% ��� � ' #&% � #
m�S�[EaVUV��y�Ã(�)��� �$! % ! %*%�+-, ins%s�y��.� ¦ '/!0�1� 232 # ins%s�y�©x¥ # � � +`¦ '3��! ,4# S�Rh� ��� #/��5 � 26! % ! %*%4+7, ies%s�yHaVR§Rhf
s
S�]ndnao_�{%UlS�]�f`]e�%Y�]Ov(¤ ,.� �4� ¦ '8282 +7, ins%s�S�Rh� ' # ��90':9 # ins%s?S�]eY�dnqhY�_OS�]e��aVR
S�U'm${%R%brS�U3_�{%UVs%]naVdeiOv w qhY
]ef`UoY}f�m�u
aV]n{hieYkiHaoizUoYkiei�inaVbjR%aX|
_OS�R�dOv w qhY��"S�]eYpdnqhf`{%bjqrd�def�ind^S�Rh�;m$f`]�f`R%UV�"S�in[;S�UVU�S�[Pf`{%Rrdxf�m�S�UVU
Rhfjief
_kf`[EalS�U�aVR�m�Yk_�dnaof`RhiOv
w qhY�UlS�]nb�Ykind�qhfjins%aVd^S�U�aVR¾dnqhY<;5Y�UoinaVR%�
a>=~R%aVu�Y�]eieaVdZ� � Y�R�dn]^S�U?;5fjies%aVd^S�U�W�]eY�bjaof`R§aoi�dnqhY<@gY�aVUlS�qrdna
;pfjins%aVd^S�U�v<@gS�R��Ti^Y�u�Y�]eY�UV�?aVUVUBs
S�dnaoY�RrdeiOy3S�[Pf`R%bgf`dnqhY�]ei�dn]^S�Rhins%UlS�R�d^S�dnaof`R¾s
S�dnaoY�Rrdei(��aVdnq¡S�R�aVR�W
_�]eYOS`ieYk�¡]naoin�Tm�f`]�Rhfjief
_kf`[EalS�UzaVR�m$Yk_�dnaof`RhiOyBS�]eY"dn]eYOS�deYk�§S�d(dnqhY"qhfjins%aVd^S�U�v w qhY;]^S�deYki�f�m5_kY�]nd^S�aVR
dZ�
s�Yki�f�mHRhfjief
_kf`[EalS�UtaVR�m�Yk_�dnaof`Rhi�S�]eY�_�UofjieY�UV�c[Pf`R%aVdef`]eYk��S�d}dnqhY�qhfjins%aVd^S�U�y�m$f`]paVRhind^S�Rh_kYjy�\%Uof
f��
W
indn]eYOS�[ÁaVR�m�Yk_�dnaof`RhiOv w qhY�f�u�Y�]^S�UVU�]^S�deYpaoi�Rhf`d�dnqhf`{%bjqrdxdef���aVu�Y�]nb�Y}m$]ef`[Áf`dnqhY�]�R
S�dnaof`R
S�U�f`]�aVRrdeY�]ÊW
R
S�dnaof`R
S�UHqhfjies%aVd^S�UoiOvBA
f�m�S�]Oy�S�R�dnaV[Eao_�]ef`\%alS�U�]eYkinaoied^S�Rh_kYEq
S`i�\�YkY�R?m�S�aV]nUV�gUofO� S�Rh��ieY�s%dnao_OS`Y�[EalS9W
S`ieief
_�alS�deYk�§[Pf`]nd^S�UVaVd��¡]^S�deYkiPq
Sku�YK\�YkY�R§UofO�zY�];dnq
S�R�aVR�f`dnqhY�]Pqhfjies%aVd^S�UoiEs
S�]ndnao_�aVs
S�dnaVR%bCaVR§dnqhY
A
� �>C W�s%]ef`bj]^S�[E[PYjvÍQ5[Pf`R%b�dnqhYc_�{%]n]eY�R�d"Rhfjief
_kf`[EalS�UxaVR�m�Yk_�dnaof`R�s%]eY�u�Y�R�dnaof`R®s%]^S`_�dnao_kYkiOyzb�f
f��
q
S�Rh�Tqr�
bjaoY�RhY�aoipdnqhY�[Pfjind}aV[Es�f`]nd^S�R�d�f`RhYjv C dnqhY�]}s%]^S`_�dnao_kYki�aVRh_�UV{h�%Y�dnqhY�s%]eYkiein{%]naoi^S�dnaof`R�S�Rh�
|hUVdn]^S�dnaof`R§f�m~S�aV]Oy�UVaV[EaVdeYk�#{hieY"f�mxd^S�sC�zS�deY�]Oy'deY�[Es�Y�]^S�dn{%]eY���aoinaVR�m$Yk_�dnaof`R¾f�m~inqhf���Y�]�qhYOS`�%i�S�Rh�
�zS�deY�]p_kf`Rh��{%aVdeiOy
S�Rh�K��YkY�s%aVR%b�S�b�f�f
��UoY�u�Y�U�f�m3fOu�Y�]^S�UVUt_�UoYOS�R%UVaVRhYkieixdefEs%]eY�u�Y�R�d~[Eao_�]ef`\�YkixaVRKdnqhY
Y�Rru
aV]ef`R%[PY�Rrd5m$]ef`[�dnq%]naVu�aVR%bhv
�3]ef
��{h_�dei�dnq
S�d�[Pf`R%aVdef`]�f`]�deYkied�dnqhYBq���bjaoY�RhYHUoY�u�Y�U
S�]eY3Rhf`d�aVR�]ef`{%dnaVRhYB{hieYjy9\%{%d�dnq%]eYkY�S�]eYOS`i���qhY�]eY
in{h_^qK[Pf`R%aVdef`]naVR%b;_kf`{%Uo��\�Y}f�m�\�Y�RhY�|hd���Y�]eY}ao�%Y�R�dnaX|
Yk��v w qhYkieY�S�]eYpdnqhYpu�Y�RrdnaVUlS�dnaof`R�ie�
indeY�[cy
dnqhY

� �



��� �������
� ���	� � ��
���
�� ������
���� � �

�zS�deY�]���aoindn]naV\%{%dnaof`R�in��indeY�[ S�Rh�"_�UoYOS�R%aVR%bhv � S�s%ao�;\%aofjieY�RhinaVR%b(ie�
indeY�[Pi�_kf`{%Uo�P\�Yx{hieYk�;def��%Y�deYk_�d
[Eao_�]ef`\�Yki5aVR�dnqhYkieY(S�]eYOS`i�vxQM\%aofjieY�RhinaVR%b�in�
iedeY�[ _kf`{%Uo��u�Y�]naXm$�KdnqhY�_kf`R�dnaVRr{hf`{hi�Y���Yk_�dnaVu�Y�RhYkieipf�m
dnqhY~S�aV]'|hUVdeY�]ei3aVREdnqhY�u�Y�R�dnaVUlS�dnaof`R"in��indeY�[cy`[;S���Yxie{%]eY�dnq
S�d3d^S�sE�zS�deY�]H�%f
Yki'Rhf`dH_kf`Rrd^S�aVR;q
S�]n[�m�{%U
s
S�dnqhf`b�Y�RhiOy�S�Rh�Ku`S�UVao�hS�deY�dnqhY�_�UoYOS�R%UVaVRhYkiei~f�m3in{%]Êm�S`_kYki~S9m�deY�]~dnqhY�_�UoYOS�R%aVR%b;Y���f`]ndOv
w qhY�deY�]n[�� \%aofjieY�RhinaVR%b¾in��indeY�[Pi��B_kf`[Es%]naoi^Yki�S�u`S`ied"S�[Pf`{%RrdKf�m���aX��Y�]eY�R�dcS�s%s%]ef�S`_eqhYki�defC�%Y�W
deYk_�dP\%aof`Uof`bjao_OS�Upin{%\hind^S�Rh_kYkiOv w qhYki^Yc_OS�R�\�Y�]ef`{%bjq%UV�¾��aVu
ao�%Yk�§aVR�defCY�UoYk_�dn]ef
_eqhY�[Eao_OS�U�y�f`s%dnao_OS�U�y
[Eao_�]ef�m�S�\%]nao_OS�deYk��y�R�{h_�UoY�ao_pS`_�ao�
W3S�Rh�P_kY�UVUXW�\
S`ieYk�"in�
iedeY�[PiOv w qhYki^Yx_kf`Rrd^S�aVR�[PY�dnqhf��%iBm�]ef`[ s�f`deY�R�W
dnaof`[PY�dn]nao_�\%aofjieY�Rhief`]ei}def<��{
S�Rrdn{%[À�%f`d}UlS�\�Y�UVUVaVR%bhy�S�Rh�Tin{%]Êm�S`_kY�s%UlS`in[Pf`RT]eYkief`R
S�Rh_kY�def�Rr{h_�UoY�ao_
S`_�ao�¾ieY���{hY�Rh_kY�W�\
S`ieYk�§S�[Es%UVaX|
_OS�dnaof`R�v w qhY�f`s%dnao_OS�U�in��indeY�[Pi�S�]eY;s�Y�]nq
S�shi�dnqhY;[Pfjind�u�Y�]ei^S�dnaVUoYjy
S�Rh�(dnqr{hitaVd�aoi�Rhf~ie{%]ns%]naoieYHdnq
S�dtdZ�zfps%]ef`[EaoinaVR%b5[PY�dnqhf
�%i'in{%aVd^S�\%UoYHm$f`]�dnqhYHdnq%]eYkY�S9m$f`]eY�[PY�R�dnaof`RhYk�
S�]eYOS`ix�zY�]eY}m�f`{%Rh��m�]ef`[Ádnq%aoi5_OS�deY�b�f`]n��v
C RhYEaoi�\
S`ieYk�?f`R�UlS`ieY�]ÊWpS�Rh��UVaVbjqrdÊWZY�[EaVdndnaVR%bT��aof��%Y�W�aVRh��{h_kYk� �h{hf`]eYkie_kY�Rh_kYjy3S�Rh�TdnqhYPf`dnqhY�]�aoi�S
\%aof
_OSku
aVdZ�gUlS`ieY�]Ov w qhY�m�f`]n[PY�]�q
S`i}dnqhY�s�f`deY�R�dnalS�UBdef��%Y�deYk_�d�[Eao_�]ef`\�Yki}aVR?dnqhYES�aV]Oy���qhY�]eYOS`i�dnqhY
UlS�dndeY�]3_kf`{%Uo�ES�R
S�UV�
ieYzi^S�[Es%UoYki'f�m
��S�deY�]'f`]3i^S�[Es%UoYkitd^S���Y�R�m$]ef`[Min{%]Êm�S`_kYkiOv ¢ f`dnq(q
SOu�Y�dnqhY�S�\%aVUVaVd��
defps�Y�]Êm�f`]n[�S�R
S�UV�
i^Yki�aVR���Y�UVUXW�R%aVbjq;]eYOS�U
dnaV[PY * Sx]eY���{%aV]eY�[PY�RrdBm$f`]3S�REf`R%UVaVRhY�[Pf`R%aVdef`]naVR%b�ie�
indeY�[cv
w qhYkieY�in��indeY�[Pi�inqhf`{%Uo�¡indnaVUVU�\�Y"Y��
deY�RhinaVu�Y�UV�#indn{h��aoYk��yt\%{%d(aVd(aoi�dnqhY�_kf`Rh_�UV{hinaof`R¾f�mxdnq%aoi��zf`]n��y
dnq
S�dxdnqhY���s�fjieieYkiei�dnqhY}bj]eYOS�deYkind~s�f`deY�R�dnalS�U�def�m${%UX|hUVU�dnqhY�]eY���{%aV]eY�[PY�Rrdeipf�mtdnqhYkieY�S�s%s%UVao_OS�dnaof`Rhi�v
w qhY(\%aofjieY�RhinaVR%bKin��indeY�[Pi~�%Ykie_�]naV\�Yk��aVR�dnq%aoi5dnqhYkinaoi�S�]eY(S�s%s%UVao_OS�\%UoY�def;[;S�Rr�K|
Y�Uo�%ip\�Y���f`Rh��dnqhY
f`RhYE{%Rh�%Y�]}m�f�_�{hi�qhY�]eY�aVR�y�R
S�[PY�UV�gqr�
bjaoY�RhYE[Pf`R%aVdef`]naVR%bhv w qhYE�%Y�deYk_�dnaof`R#f�mz\%aof`Uof`bjao_OS�UH��S�]Êm�S�]eY
S�b�Y�Rrdei�yh[PYk��ao_OS�U���alS�bjRhfjindnao_kipS�Rh�Kb�Y�RhY�ieY���{hY�Rh_�aVR%b"S�]eY�\%{%dxi^f`[PY�f�mtdnqhY�f`dnqhY�]eiOv



� ��� 
���� �������	��


��
�������������������� �"!$#%�"& � &���#(')����� �"!*��+ �,��!.-/!0#(')����� �"!213�"!4��&��"+5��!7698;:<� 6<'�=>� �"+ �"?A@CBD-E!7�AFHG%� � -I1KJ�F
LNM4MNO3PRQNQ"SNS4S3TRUAO*V4WXTRYAZ4[0Q G%�K�)�)')����')6 �A\^] '�_`B �AaAaAb J�F

� � �c13'�!N��'�&��d#(�"&ce�� ��'f�"��'g13�"!4��&��"+���!76 � &�'�hC'�!N��� �"!iGj13e,1KJ�F L4MNM4OkPRQ4Q�S4SNS3TlWnm*WXT/[0Y"o<Q G%�K��p
�)')����')6 ��qc] '�_`B �AaAaAb J�F

� \ ��8;r<&��":s'f��! �t!4����=>� ��&��"_<����+ ut')��� ���l��!7�)' A r<&�hC'���+�+���!7�)' A @0����'�= G%8D�vu A A J�B 8 = F
LNM4MNO3PRQNQ"SNS4S3TjZwVxoCy5Tjz<{NQ4|NU"Z*}N}CQ G%�K�)�)')����')6 �j��] '�_`B �AaAaAb J�F

� q ��8;r<&��":s'f��! A �4��� '��E@~��#�1k+���!<� �f��+ @ � ��&��"_<� �"+ �"?A@���!76�-E!0#%')����� �"r7�2e�� ��'f�"��')��G%8 A 1 @ -Ee,J�F
LNM4MNO3PRQNQ"SNS4S3TR|0}4Wfy�VnmkTRYAZ4[�Q G%�K�)�)')����')6 �C��] '�_`B �AaAaAb J�F

���n� ] - ��� 8;���
©

p��H��+���� �"!��l�A�"6<�A����� '����":*��!<�4���jF L4MNMNO3PRQ4Q�SNS4S3TE�7Vxz<{N|A�kT/�*V"Q G%�K�)�)')���l')6 �A��] '�_`B
�AaAaAb J�F

� b � ; �A��:<���l��+���!�8;r<&��":s' � ��!<�c#%�"&�-E!0#%')����� �"!g13�"!4��&��"+����<&��"r<?A� A r<&�hC'���+�+���!7�)'cG ; 8 � -I1 A J�B78 = F
LNM4MNO3PRQNQAL0|4{0VNWN}�T/�Nz*Vnow�4{A�0YAz��`TE�CZ<Q"L0|4{0V4WC}nL<Yny*|;TjL4MAy G%�K�)�)')�l��')6 � 
 ] '�_`B �AaAaAb J�F

� � ��-E!0#%')����� �"r7��e�� ��'f�"��')� A ����� '��/@���#D�v=�'�&�� �f��G%-Re A ��J�F LNM4MNO3PRQNQ"SNS4S3T�V�m<}CY0WNVA|"M4�kTRYAZ4[0Q G%�K��p
�)')����')6 ��qc] '�_`B �AaAaAb J�F

� � � � ����� �"!*��+ � �A�l�4�)�"=>����+�-E!0#%')����� �"!7� A r<&�hC'���+�+���!7�)'�G � � - A Jd��@�����'�=�B�13'�!N��'�&�� #%�"&�e�� ��'f�"��'
13�"!N��&��"+���!76 � &�'�hC'�!4��� �"!`F LNM4MNO3PRQNQ"SNS4S3T�W�m7W�T/[�YAo0QAz*WNV�m�YCm�QAmNL4¡NO0Q"z4z*VN}�TjL4MAy*{ G%�K�)�)')����')6
� 
 ] '�_`B �AaAaAb J�F

��¢n�c£vr*��!N��r<=�e��"��13�"&�:��"&l����� �"!`F LNM4MNOkPIQNQ"SNSNS5T/¡4m�Y"M*}�TlW"Yny*Q G%�K�)�)')����')6 � 
 @ ��&fB �AaAaAb J�F
��
 a � A ����&l�A��+�����!0#('��4��� ��p/�"� � '�+�=d�2G A -Eu C J�B�¤,��!7�¥��!N��'�&�hC'�@0��+��������A�fF L4MNMNO3PRQ4Q�SNS4S3T/¦NM0{DT/�*V"Q�}�VxZ<YNQG%�K�)�)')����')6 � 
 ] '�_`B �AaAaAb J�F
��
A
�� A �Nr � � � ���A��=§r<&l� � ��!7�H���7' �AaAaAb @ ��+�+ '�!<!<��r<=�¨�')���<!7�"+ �"?A@ � &���©f'AF � &�')���H&�'�+ 'f�"��'t�)hA����+���_<+ '

�"!<+���!7'$���dª�«�«I¬N­ ®�®E¯�¯�¯N°�±n²E³�³I´Rµ�µ)²(¶E±¥¬�·�²j¸¥´A°º¹�²R®R¹�²E³�´l»I®�¼I½�¾�¿I«�²/´IÀ�ÁR«I¶�»E«�²E³�Â�²R»E¶�¶�»I¿�´Rµ�Ãl³�ÂRµ�«)²x°Ä¬�À�¹�G%�K�)�)')����')6
¢^�vr<?7B �AaAaAb J�F

��
 � � A r7�"=�'�! A ����&l�A��+����4@4?A� '�!<���f@4�760� ���/@0�Å&�@ÆG A A ;tÇ J�F L4MNMNO3PRQ4Q�SNS4S3T�}N}nL4�kTE�7V"Q G%�K�)�)')����')6 ��q
] '�_`B �AaAaAb J�F

��
 \ ��¨5�7' ; �A��:<���l��+;ev� ����&�� ���,��# ; '�+ ����!<�4�D��!76 = r7����=d�A�$G ; = A J�F L4MNMNO3PRQ4Q�SNS4S3T/LN�7}�T/�*V"Q G%�K��p
�)')����')6 �A��] '�_`B �AaAaAb J�F

��
 q ��¨5�7' ; �A��:<���l��+�-E!0#%')����� �"! A ����� '��/@ÈG ; - A J�F LNMNM4OkPIQNQ�S4SNS5TjL*VN}�TIY"Z4[kTj�4¦0Q G%�K�)�)')���l')6 �A\>] '�_`B
�AaAaAb J�F

��
f�n��¨5�7' A �4��� '��E@ #(�"& ; 'f��+����7�f��&�' 8;:<� 6<'�=>� �"+ �"?A@ ��# �v=�'�&�� �f� G A ; 8H��J�F
LNM4MNO3PRQNQ"SNS4S3T�}�L0|4U<�4YAz0{0Vnz0|DTRY"Z�[�Q G%�K�)�)')����')6 �A\^] '�_`B �AaAaAb J�F

É�Ê

http://www.apic.org/
http://www.cdc.gov/
http://www.rivm.nl/earss/
http://www.escmid.org/
http://www.finlex.fi/
http://helics.univ-lyon1.fr/helicshome.htm
http://www.idsociety.org/
http://www.cdc.gov/ncidod/dhqp/nnis.html
http://www.qdots.com/
http://www.ktl.fi/siro/
http://www.millenniumprize.fi/files/845_tiedotustilaisuus_englanti.pdf
http://www.sshy.fi/
http://www.hus.fi/
http://www.his.org.uk/
http://www.shea-online.org/


�����������
	
�
������� ���

��
 b �������4��:s')60���0B�¨5�7' ] &�')'>8;!7��@0��+ �":�')60���0F LNMNM4OkPIQNQ�S4SNS5T(SwVn¦*VnO0|Am*V"UDTRY"Z�[ G%�K�)�)')����')6 A :<&���!<?
�AaAaAb J�F

��
 � �
�K�"6��kr<?C�xB � � e�&�r<?C��p��v���v!N����_<� �"��� �>e�� ���)�fhC'�&�@ A �l��?A!*����')��F)F)F�� � r<_<+�� � ; 'f��+����91k&��ºp
��� ���3&�' � �fB��Ar<+ �AaAa�q F>-E!0#%')����� �"r7�Åev� �l'f�"��')� A �4��� '��E@$��#5�v=�'�&�� �f�ÈG%-Re A ��J�F��Xh"����+���_<+ '>�"!0p
+���!7't��� LNMNM4OkPIQNQ�S4SNS5T�Vnm7}AY<WNV"|AMN�3TRY"Z�[�QAO0UNQ��! �"$#�%'&�UAO0|"Z)()%C�7Vxz<UN{*%�S<|,+kT/O4mN� G%�K�)�)')����')6 �A\
�N��!`B �AaAaAb J�F

��
 � �.-0/
1323465'798)5:4<;=7?>�1A@�@CBEDFD3G6HI7J1:;,F � ����� �"!*��+ � �A�����)�"=>����+v-E!0#(')����� �"!7� A r<&�hC'���+ºp
+���!7�)'ÆG � � - A J A @0����'�= uv'�:��"&��fBte����l� A r<=>=d��&�@ # &��"=0�N��!Nr*��&�@ 
f¢A¢ a!K @ �f@ 
f¢A¢A¢0Bv-E�Ip
��r7')6L�Ar<!7'g
f¢A¢A¢0F.MON.PRQ�P�S �IT � % � P�U !0�)�/�$!02�VXW G%e�')� 
f¢A¢A¢CJ�B�� �Aa!K � \j� F���hA����+���_<+ '��"!<+���!7'
��� LNMNM4OkPIQNQ�S4SNS5T�Wnm*WXTE[�Y"o<Q"zwWNVnm0YAm0QAmCL�¡CO<Q"O4m4��QAzNz*VN}AQ0}AU"Z�YZYAz0|"M3T[&Z *\ G%�K�)�)')����')6 ��] '�_`B
�AaAaAb J�F

��
f¢n�.-^]X_�;�H`D6acb�a � '�?A� �"!7'�+�+���d �9!7' � =>��+�+ '�!<!<��r<= _<r<?7FeU 2 '8� Pgf #Zh P�i % ' P
j V B�� GI
f¢A¢A¢CJ�B
\Aa ¢ K�\ 
f�0F

� �Aa �.-�k<5l_nmo4lpnHrqnsutvaxwy/
szHI7J4lpnHrqnsF{|axwy}
_n5Xk<5J1�_'p613H�~�axw9���,_J�?qo_6�Z���Cac��a�_6mo]
~�4n5l_'�vH!q�_�bga�uv'f��+ºpj����=�'�=�'f�"��r<&�'�=�'�!N�v��#X_*�"����'�&�����+��"'�&��A���"+ � � ����� ���7' = ��� � A d�:�'�&Ip
#(�"&�=d��!7�)','�h"��+�r*����� �"!`FOQ)PJM � �"! , !02 i % ' � � % ���I� B \ G �AaAaA\ J�B \Aa 
 K�\ 
 � F

� � 
��.-^>o4�bga�D6axw�Dls�;�46m�BIaxw���4n�o5���ac�^axw�~�4n5l_6�Z13H��E��s�mo1XHI7J1�bgaxw��O4�7J>osz135��
a^_6mo]
�^46�lG646m��oa��^a�8;:<� 6<'�=>� �"+ �"?A@2��#Kh4��&l��+3!7�A�����)�"=>����+k��!0#(')����� �"!7����!9:s')60������&�� �)�fF�� # � 5 !02 P
�?'/!02 P|�z� # � ' ,[� �3  B`
 a G%e�')� �AaAaAa J�B �A� � K�� ¢ � F

� �j� �.-^s¡7Jq613m£¢^ao_nmo]��X138�8)5Jsz13H¥¤¦a��oa¨§��A�����)�"=>����+6©4:<&�'f�"6���#;�v��&l��+`e�� ��'f�"�l'AF
U6ª¬«z­lPo®�«�¯±°³²$´
h «�²$ª�PJµg¶¸·¹Pºj � B \ Gx�Ar<+ �AaAa 
xJ�B�� �A�!K � qNb F

� �A\ �.-^�Z»l135'7JH��^axwR�346>omoHr4nm�-vaxwºbº1)��s�H���azwR/�_n8�8¼~�axwº/�46»:135Z7JH�½�a6_nm�]�¾�_n�¸7?1X5`�Ca
®�²$ª�¶³¯±¿)ªÁÀ$° � «x²,ª�²�Â,Ãv² T�ÄzÅ ¶¥Uº¶±ª�ªºF �AaAaj� F q ����')6�F:Æ���&�+���!76�©���� '�!7�)'AF*-³©)�|§ a p � 
f� \ p qNaC�`� pE¢*F

� ��q �.-^�Zs¡pns�HI_)7J46HO�Ca4¨5�7'Dr7��'D��#<!*��!7����&�@����l��+ ����!Å_<� �"+ �"?A� �f��+46<'���')����� �"!`F�Ç�À Ä ¿)°³¶ � «�² Ä ¶³¯ Å ­:²$ªÁ²�Â$Ã
V'V B�
�Gx�N��! �AaAa�q J�B q4�IK � � F

� � �n�.-^mo]�135JHrH!46m�}¥a*_nmo]Èp'_6mÈ]n13m���135:kL-¦a�É�� ��&��¹Ê7r<� 60� �56<'�h�� �)')��#(�"&X�)'�+�+ �"=>� �)�!dX�t&�'�h4� ' � F
i?¶¸­3Ë�PJMg¯ Ä ¿�À Ä ²,°�Ë �ÍÌ'V G �AaAaA\ J�B \ 
f� K�\j� �0F

� �Ab �.-^mJ7?7?sz�,_ÎtC����a -/!0#('������ �"+��A���"��&��jFnÏv'�+ ����!<?A��! Ç +�� �":<� �����"+�+���!7'�!.¤�')����r7���l����&l�A��+��0B6É '���+����N���jF
Ð '�&����"!*��+X�)�"&�&�')��:s�"!76<'�!7�)'AFl©4:<&���!<? �AaAaAb F

� �C� �¥�O_n13�n;Omo1X5�-¦a��oaxw�bº1346m?_n5J]y�^axw�~��?Ñ��³�v131Ò��aÓ_nmo]9~�4nmJ7'_?k<m?_y/.ac-¦aÆ� &l��:<� 6
_<� �A��'�!7���"&�#(�"&�h4����_<+ ' � P|À$­ ÄzÅ °³À'¯±«�Ëd��:s�"&�')�fF�MO­lÀ$ªÁP � «x²IÀ,­:À$ª�P�U Å ¶¸N.P �Z *Ô BD
�GÕ©�'�: �AaAa�q J�B

f� K
�A\ F

� �A� �¥�O_nH!>�s�5Ö/¥a��3� �,É 8ºÉ�©ld����l����'�p/��# pj���7'�pE��&��Å��!�6<'���')����� �"!`B;�":<:��"&���r<!<����� ')�>��!76È:<&��A��:�')�����fF
Mg×,·¹PoØ�°E¿,Â�ØC¶¸ªc«z·¹Poµg¶¸·$P�ÙZÚ"B`
A
�GÕ©�'�:�Û aAa�q J�B`
f� b � K 
f� �Ab F

�ÜÛA¢n�¥���Z�n;Ýbga��oa�_nmo]Þ¢�46�o�*1�7F�
a�/¥a � «�²$´Õß¥¯ Å ¶¸N^«�´[ß
À,­:×à¶¸ª�¶³¯ Ä °³²I¯ Å ¶¸N^«zª¬¿)N^«�­?¶EË±¯�¶±­:¯�¶ T ²$°
á h ¶±°E´â²Eã Ä «�¯ h «�²¹ËI¶¸­�Ë±²,°�ËIP*-E! ���7't_s�4�"� � «x²¹ËI¶¸­�Ë�²$°�Ë�FnÛ aAa�q B0:<:`F<¢ �IK 
 aA� F�ä�å4#(�"&�6¥æv!<��hC'�&������E@
Ð &�')���xB3æ�©���ç3©�')�)�"!76�8D60����� �"!`Fw-â©)�è§ a pl
f¢npE¢ bA\A��q �np q F

� \Aa �¥��5X4:��m`/¥a�D6a6_nmo]�}C��H!H�_6s�m�~�a�¨5�7'��9��+��C'�&����"! ��&l��?C')60@ K � ����r7')��#(�"&Oé5����'�&�êNr*��+����E@
=��"!<�����"&���!<?7F|MO­lÀ$ª¬Ã¹Ë Ä j VZ  B q G%�t:<&�Û aAaA\ J�B \ Û a!K�\ Û,Û0F

� \ 
��¥��5X�o�?>o1Xëì~�axw¨~�465X46momo1`~�azwÓ�^szmÖ�
axwR¾u13s�HrHÈD6aR_nmo]Ö-^�Zs¡pnszH�_�7J4nH�-¦av©�'�=>� �)�"!0p
60r7�����"&K!*��!7����&�@����l��+ �K�"�¨Ê7r7�"&�')���)'�!4��_<� �"+ �"?A� �f��+�+���_�'�+ �xF�il¯±«Õ¶¸­:¯E¶ VZ  jÈGI
f¢A¢ � J�B3Û a 
 \!K Û a 
 b F

http://www.wikipedia.org
http://www.idsociety.org/pa/IDSA_Paper4_final_web.pdf
http://www.cdc.gov/ncidod/dhqp/pdf/nnis/sar99net.PDF


�����������
	
�
������� ���

� \ Ûn�v¢O_<;O23»l13�*�¥¢^a��.al©4r<&I#(�"�)' Ð +��"��=��"!dut')���"!*��!7�)',GÕ© Ð u�J6�3� �A��'�!7���"&De�'�hC'�+ �":<=�'�!N�fFs�Xh"����+ºp
��_<+ ' �"!<+���!7'�����ª�«�«I¬N­ ®�®E¯�¯�¯N°��/¬lÂ���°Ä¯lÂl»/ª)²(µ�Ã�«¥ÁEµN° ´IÀI¶¥®����RÂ/±¥¬�	l´¥³�³�®E¬l·lÁ�
�´��E«¥»�®E¬¥³IÂ¥»%±)ÁIµN°Ä¬�À�¹cG%�K�)�)')����')6 Û0

É���&fBXÛ aAaAb J�F

� \A\ �v¢O_<;O23sz46m -¦an_nm�]£½^_�;�»l>?_<;O2!_)7Jsè�
a�©4r<&I#(�"�)'�p/'�!<�*��!7�)')6 uv��=d��! ���f������'�&���!<?7F�U Å ¶¸N.P
il²I¯rPoµg¶¸·¹P VXW GI
f¢A¢ � J�BlÛ q 
 K ÛA� a F

� \�q �v¢�>?_6m ¾ a�¢^a¬¾�a?_nm�]à@Csz1 D6a�~`ak£vr*��!N��r<=�6<�"�K_<� �4�)�"!
�Ir<?N����')�K#(�"&5r<+���&l�"��'�!7��������hC'�!7�"!0p
� ���"���":<� �,6<'���')����� �"!`Fgil¯±«Õ¶¸­:¯�¶ V*  j9GI
f¢A¢ � J�BlÛ a 
 b!K Û a 
 � F

� \ �n�v¢�>?_623�Zszm ~�a�_nmo] ���o�?q61 ¢^a 8;!<©)@�=�'�¨X')���<!7�"+ �"?A@CF ��hA����+���_<+ '��"!<+���!7'����
LNM4MNO3PRQNQ"SNS4S3TR{0}r+4�kTRU<WXT/�N¦0Q,+*VAYN{NYC[C�<QN|"z��CM<|0WxL<Q0Vnz4m�|A�kT/LNMAy*{ G%�K�)�)')����')6ÈÛ0
�É ��&fBXÛ aAaAb J�F

� \Ab �v¢�>?_Zpn135JH
bga�D6axwo~�46H!135àD6ac-¦axwo��13m���_�;�szm ¾�a�}¥axw��O_nm�qnH¥D6a�ÑCazw6D:7?1Xs�mo>J_?�o1X5à�oa�/.axw
DJ;Os¡7J> -¦a�~�axwg�346>omoHr4nmF¢^a�@¦axw��è�omoq6>o4n��H!135�ÑCazw�¢�>?_'p6135JHLbga��
axwOD:7,_�;�;�-¦a�~�a
_nmo]Î¾�_ns�7J13H�½�a��^a��H��!7�)�"=Å@�����!0pj&�')��� ���l��!N�d'�!4��'�&��4�)���)���Õd�
f��@C'f��&��>��!76��)�"r<!4����!<?7F Q�P
� ²$ËÕãJPJSE­ T ¶³¯ Ä PºÙ � B \ GxÉ���&OÛ aAaA\ J�B`
f�A¢ K 
 � 
AF

� \C� �v¢�>o1Xmok���a�D6axwg�O_n5J5 Ñ
a��^azw��:_nm �^ac��azwÓ}
_n5:k6szH��35�aè�
a��oaxwÓ/�_6]�135 ¤¦a��oaxw�����}�135Jm
�.a��oaxw��
465X�?ë¹G<moH!q6s
�oa�/¥azw��
szH!46mo1���aÁ¢�azwO��5J132X23135Jm?_J���^acb�azw��
4n�om�k D6ac-¦a|_6mo]
/�_6]��Z468�8 /¥a��oa e�'���')����� �"! ��#Å_<� �C�"'�&��A���"+ � r7����!<?.=§r<+����Áé3�fhC'�+ '�!<?A��� æv��Ê7r7�"&�')���)'�!7�)'
��:s')����&��A���)�":N@sF¨MO¶¸°â²$Ë±²$ª�il¯±«Õ¶¸­:¯�¶�À$­:×��l¶³¯ Å ­l²$ª�²�Â$Ã �)Ô GI
f¢A¢A¢CJ�BX
 �Ab!K Û a 
AF

� \A� �v¢�s�;O4n�?>o4:��H!q6s��va�Ñ
axwO}�_n5:4nH!7J4n�?qy~�ac¤vaxw���5:4:�vm�/¥azw���135Jm?_n5J]ns
~�axw�-^�Z46moë'4
@¦a3_nm�] ¢�4:G6�Z1È½�a�-E!N��&l��!*�"�l��+w=§r<:<��&�������!c&�')60r7�)')�3����'�&�!*��+:ék�"r<!76c��!0#%')����� �"! �n# ��'�&k�":�'�!
�7'f��&��v��r<&�?C'�&�@ ��!g60����_�'���� �)����!76 !7�"!760����_s'���� �)�fFèMO­X­lP�� Å ²$°³À'¯!P<iX¿*°�ÂZP W j"B*��GxÉ��)@�Û aAa 
xJ�B

f� � Û K 
f� � ¢0F

� \ ¢n�v¢�465J5J1�_ bgaº_nmo]Ö�Os¡7?7J1�7�¤va Ð &��"_<+ '�=�����!76$���"+�r<��� �"!7����!$�7�A��:<���l��+ºpE�"��ê4r<��&�')6È_*�"����'�&Ip
�"'�=>���0FgQ�P � ²¹Ë[ãJPJSE­ T ¶³¯ Ä P � ÚABXÛ GÕä����OÛ aAaAa J�B � ¢ K ¢A�0F

� qNa �v¢�4��È/¥ac-¦axw3¢�46m �n��13HI7È¢^axw)~ì_n�Z�'_?k<>?_nmL¢^a'_nmo]�~ì_n5J2X�Z13H�/.a�/.aN��=d�!�I�"&��"r<��_<&�'f���
��#<=�'����<� ����+�+���!0pj&�')��� ���l��!4��©4�l��:<�4@4+ ���)�4�)��r7����r<&�'�r7���f��r7�l')6,_N@,�3!7'±é�:<�*��?C'�pj�/@�:�'�G%8ºÉgu�©���p

 b J�FgQ�P � ²¹Ë[ãJPJSE­ T ¶³¯ Ä P VZÌ B3Û G ] '�_�
f¢A¢A�CJ�B �C�IK 
 aAb F

� q 
��v¢��os"��axw<¾u13s�#vaxwº�n_n5JqÖ}¦a6_nmo]ÒbRs�13»l135Ö¢^a�~�a�§���!7�IéK��&�'�§���!7�A��'�!7���"&��v#%�"&�Ïv��?A�<+�@
©�'�!7��������hC'^��!76�©�'�+ ')������hC'^e�'���')����� �"!$��#R�3� �"+ �"?A� �f��+���!76$1k�7'�=>� �f��+R©4:�')��� ')�fF�il¯±«Õ¶¸­:¯�¶ VZÌ'� B
�A� \A\ G%�vr<?.Û aAa 
xJ�B�
IÛ � ¢ K 
IÛA¢,Û0F

� q Ûn�¥¤�_nHrk<�o2�7,_Ö�
a�½�axwnbºs$#�azw%�
1:;Oq6s�m�}¥axwº¢�5l_,��8'4n5J]`~�a�}¥axw&�|szH!�?>o1X5 -¦a��oaxwn-��*�Z135:�
;g_nmÎ-¦ac-vaxwO��46k�_65'7Í½�a�}¥ac-va|_nmo]ubº1X1ÒD6a�/¥aÈ�v:<:<+�� �f����� �"!7����#�6<')'�: æv� � 8De��^���
���7'�=>� �f��+���!76 _<� �"+ �"?A� �f��+X�l'�!7����!<?7FR�|°³²I¯!Pº² T i��ºS�' Ù'Ù �*Ô GÕä����OÛ aAa�q J�B`
 �nq¹K 
 � 
AF

� qN\ �¥¤�_'p6s¡7?7 ½�axwnDl46mok(����½�axwo@C��5�;�szq6qJ4�-va¬tvaxwo�31X4nm�D3��/.axwn��>o135l_nHrsx;O4lp'_£~�axwo}
_nm
�oaxwR�n_nm)����bga<_nmo]Î¢�>?_nmok /.a�½�aCæv� � 8De ��&�&l�)@0��#(�"&���:�')����&��A���)�":<� �+*7!<?C'�&�:<&���!4����!<?
��#D����&�_��"&�!7'�_<� �"+ �"?A� �f��+X:*��&���� ��+ ')�fF¨� Å ÃrËIP�i Ä À Ä P�il²,ªÁPèU V B � G�Û aAa �CJ�BXÛ �C�"�!K Û �A� 
AF

� qAq �¥¤�_'p6s¡7?7È½�azwlDl4nmok��C��½�axw3�n_�7?7?1X5JH!46mLB¸B±BR¾�ac/¥axw3@C��5�;�szq6qJ4 -va t�axwX�^>o135l_6H!s�;�4lpZ_
~�axw|}
_nm �oaxw|�n_nm,�C��bgaR_nmo]�¢�>?_6mok�/.a�½�avÛA¢ a ��!76 \�qNa !<= æv� � 8De ��&�&l�f@��§#%�"&
Ê7r7�"&�')���)'�!7�)'56<'���')����� �"!Å# &��"= ����!<?A+ 'k����&�_s�"&�!7'k:*��&���� ��+ ')�fF�-nã Ä P�'/.Eãl°³¶EËEËgj � B,Û \ Gx§��fhCÛ aAa �CJ�F

� q �n�¥¤^138�13moHr1�B�mJ7J13�Z�*s�k<13mo�?1�-�k<13mo�XGHF<©��fh�� '��Ó�k� �"+ �"?A� �f��+?�9��&I#j��&�'v¨5�<&�'f���fF��9�"���<��!<?A���"!`B
e,1�d3æ�F ©�F<e�'�:<�fF*��#�e�'�#('�!7��',ç�
f¢ �Ab F Ð r<_<+�� �f����� �"!�e�©�¨3pl
 b 
!ä ] p a � � p �Ab F

http://www.cpac.washington.edu/~campbell/projects/plasmon.pdf
http://www.lsbu.ac.uk/biology/enztech/index.html


�����������
	
�
������� ���

� qNb �¥¤^13s�;Ó_6m��^axw6p'_nmà-C_n5J�*1ì�Cao_nm�]ÒDlsz�Z�*13q613moHv�
a�1k�*��&l�"����'�&�� ����� �)����!76g�v:<:<+�� �f����� �"!7�
��#�§tr7��+ '�� � �K��� 6£©�'�ê4r7'�!7�)'�p[�K�"��')6 �v=>:<+�� **�f����� �"! Gx§���©)�5��J�F£®�²$ª�P � «�² Ä ¶³¯ Å ­l²$ªÁP V�Ô B|Û
G ] '�_ÈÛ aAa ÛCJ�B�
 bA\!K 
 � ¢0F

� q4� �¥¤^sx��s�4lpnszmo1£��axwÓ¢�>o13m�4:�v1�7J>Î¢�azwR¾�_)7?7JH�¢�a�_nmo] }Cszk<k<s�moH�~�ad¨5�7'd������&���_<r<�l��_<+ '
=��"&��l��+����/@9��!769�)�A�����,��#5:<&���=d��&�@$!7�A���4�)�"=>����+H_<+ �4��6<����&�'f��=���!0#(')����� �"!7�,��!$���7'>��!4��'�!7����hC'
�f��&�'�r<!<���fF¨MON.PnQ)P�µg¶EËÕãl«�°IPèU6°E« Ä P|U�À$°�¶�®L¶³×ZPºj'Ú Ô B \ GÕ©�'�:9
f¢A¢A¢CJ�Bw¢ �"b!K ¢ � 
AF

� qN� �¥¤^s�m�qn13�¦/.a�}¦a�_nm�]ìbº1X»:46q��¥a`����r<&�hC'�@^��#s!7�A�����)�"=>����+*��!0#(')����� �"!7�3��!76����7'���&H��!�Ê7r7'�!7�)'
�"!��7�A��:<���l��+�=��"&��l��+����/@ &l����')�fFgQ�P � ²¹Ë[ãJPJSE­ T ¶³¯ Ä P VZ  B q G%e�')�>
f¢A¢ q J�BXÛA¢ �IK�\Aa�q F

� q ¢n�¥Ñ�5J»X_*GÎ}¥axw/�g_n�Z�?szmÒ-¦a�@¦axw|Dl135JszmÖD6azw"�
�o5:k<�J7`}¦axw �C4<;g_�7?sz5�Ñ
axw|¢�1�7Js�mÒ�^a�_6mo]
{613mo�?sz5u~�a�§��A���4�)�"=>����+t��!0#%')����� �"!7�c��! ��!N��'�!7����hC'g�f��&�'�r<!<������!��$¨�r<&��4� ��� r<!<��hC'�&������E@
�7�A��:<���l��+ÕdH�.Ûnpj@C'f��&t��r<&�hC'�@sFRSE­ Ä ¶¸­�Ë¸«�·¹¶¦U�À$°�¶�®�¶³×ZP V*Ì G%�vr<?.Û aAaA\ J�B�
 qN� Û K 
 qN�A� F

��� a �¥ÑÓp6135JH!46�Z1ì�oa�¤¦axw�¢O_n5,G`�35�an¾�ac½�azw<Dl�?4�7?7J4A¢^a�D6axwo��sz135JH!46m�/¥axw<Dl231Xmo�?1¼~�ao_6mo]
¢O_<;O23sz�Z�*4�-¦a��oa013�"!N����!4r7�"r7��_<� �C�"'�&��A���"+0=��"!<�����"&���!<?vr7����!<?�æv�Æ'¸å0�����l����� �"!CÊ7r7�"&�')���)'�!7�)',d
�"r<��6<���"&���')���K&�')��r<+����fF��º«Õ¶¸ªÁ×�MO­lÀ$ª¬Ã Ä P|U Å ¶¸N.P��l¶³¯ Å ­l²$ªÁPRj,ÙAB q G�Û aAa 
xJ�BXÛ a � K Û0
IÛ0F

���0
�� �ès�1X�Z]�Hv�^a�D6axw6��13m�H!46m£/¥a���an_nmo]���13HrH!135`/.a�Ñ
a�f�¶ÕÂ$«x²,­l¶¸ªzª�Àg��!76 � '�?A� �"!<!*����&�')����e�� �Ip
'f�"��',dRÛA� Ç 'f��&��v��#�-E!NhC')������?N����� �"!`FCU6ªc«�­lPo®�«�¯±°³² h «�²$ª�PJµg¶¸·¹Pºj'ÙAB \ Gx�Ar<+nÛ aAa ÛCJ�Bw� aAb!K �,Û b F

���,Ûn� �è5J13mo�?>9�va�bgaÆ1k+���!<� �f��+K��=>:*�"���d��!76.&�'�+ '�hA��!7�)' ��#���!4����_<� �"��� � &�')��� ���l��!7�)'AF�Mg×$·¹PèØ�°E¿,Â
Ø�¶¸ª¬«z·¹Poµ�¶¸·¹P�Ù W B�
 a Gx�Ar<+nÛ aAa �CJ�B`
f�0
 q¹K 
f�,Û � F

��� \ � �è5Js�]nqnszmuD6a�½�aè_nmo]���_n5¹pnszH�¾ a�/¥aÈ8;:<� 6<'�=>� �"+ �"?A@2��#v!7�A�l�4�)�"=>����+3#%r<!<?N��+3��!0#(')����� �"!7�fF
U6ªc«�­lPo®�«�¯±°³² h «�²$ª�Poµg¶¸·¹P Ì B q GÕä����§
f¢A¢ b J�B q ¢A¢ K �0
A
AF

��� q �v�C_n5J5J137l7�bga � Å ¶ U�²$N^«�­*Â��èª�ÀIÂ,¿�¶	��Ç
¶�
ÓªcÃ '|N.¶¸°xÂ,«�­*Â�Ø�«�Ë�¶�À¹Ë�¶EËv«z­�À
��²,°EªÁ× -è¿ Ä ² T
� À$ª�À,­:¯�¶�Fv
f¢A¢A�0F Ð '�!<?Ar<��!`Fw-â©)�è§ a 
 qNa ÛA� a ¢0
 \ F

���A�n�v�C_nH!7�;�1Xs�1359�
axw�½^_<;O238Ö�vaxw�¾uszH!�?>omo1��vH!q6s�@¦azw�Dl�l>��n;g_?�?>o1359~�azw
¤�_nH!�?>om�135
��aO_nmo]y/��o]�13m ��a -E=>:��"&��l��!7�)' ��#����7'���r<&�hC'���+�+���!7�)'�=�'����7�46Jd !*����� �"!*��+t:<&�'�hA��+ '�!7�)'
����r760� ')�3�"!d!7�A�����)�"=>����+*��!0#(')����� �"!7�K��!76����7't+���=>�����k��#`�)�"=>:*��&�� ���"!`FnSE­ T ¶³¯ Ä PºU�²$­ Ä °³²$ª � ²¹Ë[ãJP
'�ã:«�×Z¶¸N^«�²$ª�P�j Ì B*¢ GÕ©�'�:9
f¢A¢ � J�B bAb 
 K�bAbC� F

��� b �v�^13]n]�13H¼¢�ac¤va¨_nmo]Íb<_6qJ4:�vsz�lë��oa�/¥a�É '��l��+ºp/8;!<�*��!7�)')6 ] +�r7�"&�')���)'�!7�)'AF¼Q�P��Rª¬¿�²$°�¶EË±¯!P
j V B:Û Gx�Ar<!ÈÛ aAa ÛCJ�B`
IÛ0
 K 
IÛA¢0F

��� � �v�^135Jsz46m�¤vaxwn�Os�m?_J�o] ��axwo¾�sz�Z�*s�_�;�H¦D6aÁ¢�azwn�n_n5l_nq�¾ a��oaxw<{�_nmo�?>o1�7à¤vaxwo¾u13szH!H¦D6a
_nmo]Î-^�Zs¡pnszH�_�7?46H�-¦a��Ca�©4@�!N���7')��� �^��!76 Ð &��":�'�&���� ')����#��3� �4�)�"=>:*������_<+ '¥�9����'�&Ip ©��"+�r<_<+ '
©4��+�� �f�npR13�C����')6 136X©�'����w!:© ©�'�=>� �)�"!760r7�����"&�£vr*��!4��r<= e��"���fF Q)P�� Å Ã¹Ë�P¥U Å ¶¸N.P � j Ô Ù
G�Û aAa 
xJ�B �A�Ab 
 K��A�C� 
AF

��� � �v�^s¡pn13moH�¢^a�¤va�_nmo]Ö¾u13moë'13� /.a��Cad15�����7'���'�&IpE�"��������������')6Èr<&���!*��&�@���&l�"���,��!0#(')����� �"!7����!
��r<&�?A� �f��+7:*����� '�!4���Id;���)�"!N��&��"+�+ ')6c����r760@Å�"!����7'K'¸å<�)')����=��"&�_<� 60���E@d��!76>�)�A�����fFoQ�P���°³²$ª�PJj V!� B
� Gx§��fh$
f¢ �Aa J�B b�qNb!K�b�qN� F

���A¢n�v�^46�o5J�Z1�G �
axw�~ �?¤^46m?_n�Z]�-¦axw^}C1Xmo]�5Jsz�?qnHà��azw�¢�462313�'_nmo] �va�_nmo]��O_n5J5J1�7?7
½�ac�v!N���<&l�rå9e�'���')����� �"!9��!��v�3� ���f�)h����/@ � �"�l'�&fF¥� Å Ã¹ËE«�¯�À$ª|À$­:× U Å ¶¸N^«x¯�À$ª�il¯±«Õ¶¸­:¯E¶�Uº¶¸­3´
Ä ¶¸°Eß^µg¶EËI¶³À$°³¯ Å � °¸«�¶ T Ë V�Ô'Ô$� ß�ilÀ,­:×$«�À Ç�À Ä «�²$­:À$ªÓfoÀ h ²$°âÀ Ä ²$°E«Õ¶EË�B�� �!K �A¢0F5�Xh"����+���_<+ '��"!<+���!7'
����������������� ������!#"	$�%'&)(	$*!,+�-�.'�)/�/10�0��	2�3'45356�2�758'9	:�2<;=3�>�4�9�7�35?�@�3�2A�5B�050�C	:�DE( F�G'" 2'950E/�B�050�HI!J�'&�G
G%�K�)�)')����')6ÈÛ a �Ar<+jBXÛ aAaAb J�F

� bAa �v�^46�o5J�Z1�G£�
a�bga��k� ���f�)h����/@c+��"��'�&k#%�"&k�<��?A�0p/��:�')')6 �)'�+�+���!76d��r<=��"r<&5_<� �"+ �"?A@sFRQ�P:� Å ÃrËIPXØK�
M¨ãZã:ªÁPJ� Å Ã¹Ë�P � Ú.G�Û aAaA\ J�B7u�Û,Û �!K uOÛ \ ¢0F

http://www.sandia.gov/1100/RESEARCH_BRIEFS_CENTER/2003BriefsR_012005.pdf


�����������
	
�
������� ���

� b 
��v�^46�o5J�Z1�G �
a�bgaO_nmo]��^46�o5J�Z1�G ~`a ��a �3� �4�f�fh4���E@ +��"��'�&��d#%�"&c_<� �"=�')60� ����!7'AF �3°³¶±­:×¹Ë
� «x² Ä ¶�¯ Å ­:²$ª�PRj   B�
A
dGx§��fh�Û aAaAa J�B qAqN\!KNqAqN� F

� b Ûn�v�^46�o5J�Z1�G£�
a�bgal_nmo]�@
_'pns¡_?� ��/.a�½�a<äv:<��� �f��+ Ð �7'�!7�"�/@�:<��!<?���#nÏvr<=d��!vÉg���������7�"!760&����
��! �L�3� ���f�)h����/@ � �"��'�&fF£S�' ' ' Q)P�ËI¶¸ª�P Ä ²¸ãJP��±¿�À,­ Ä ¿*N0¶¸ªÁ¶�¯ Ä °â²,­lP
j'jAB q Gx�Ar<+ºp/�vr<? Û aAa �CJ�B
� 
 �!K�� Û b F

� bA\ �v�^46�o5J�Z1�G �Cacb�azw�}�13mo]n5Js��?q6H��oa�½�axw�~��?¤^4nmJ_n�Z] -vacÑCaxw�¢�4n231X�,_nmo]y/¥aÁ��azw��O_n5:�
5J1�7?7¼½�a�ÑCazwJ�^46�o5J�Z1�G�¢^a�/.aX_nmo]�@�_Zpns�_J� � /.a�½�a�æt+���&l�n#j�"���|§���!7�"+��"��'�& ] + �Ié e�'�h4� �)'
#(�"&�e�'���')������!<?Å15��!7�)'�&���!.©4��!<?A+ 'K13'�+�+ �xF � «�²$N.¶³×ZPX®�«�¯±°³²I×Z¶¸·I«�¯�¶EË W B q G%e�')�ÓÛ aAa �CJ�B \A\ 
 K�\A\ ¢0F

� b�q �v�^5J131Xm���a ¾�aZ_nmo]È¾u13moë'1X��/.a��
a Ð �A�����":s'�&l������hC'¨é3�"r<!76���!0#%')����� �"!od����)�"!4��&��"+�+ ')6>����r760@
��#5���7'>��!7��&�'f�"��')6960r<&l����� �"!.��#3�7�A��:<���l��+k���l�f@���!76È60��&�')�����)�A���§��#5�7�A��:<���l��+���©x����� �"!`F�MO­3­lP
iX¿)°xÂ*Pºj   ÙAB \ GxÉ ��&,
f¢ �A� J�BlÛ b�q¹K Û bA� F

� b �n�¥}
_n5J»3_65'7J>�D6axw?DX_ �ì}¦a�_nmo]��C_nH!7o;O13sz135L�Cas¨5�7'K:<&�'�hC'�!N�l��_<+ 'v:<&��":s�"&���� �"!d��#�!7�A���4�)��p
=>����+���!0#%')����� �"!7�Id;��! �fhC'�&�h�� '±é���#`:<r<_<+�� ���7')6c&�'�:s�"&����fF�Q)P � ²¹Ë[ãJPXSE­ T ¶³¯ Ä P�Ù � B q G%�vr<?�Û aAaA\ J�B
ÛA� �!K Û bAb F

� bAb �¥}
_?�J7'_n�,_ �.a �|Ë�¶¸¿�×'²$N
²$­:À$Ë��±ÀFËI¶¸­��¹À$ª Ä À$«�Ë�¶ Ä Ã$NOã��$°¸«¡Ë Ä
	 h À�� Ä ¶�¶¸°E« Ä P�-/!����7' _����"�
SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À.Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAFgÛ aAa �0Bw:<:`Fw� a � K � aC� Ft�0F*r<r760� ����'�����rg:*����!7�A�xFl©4r7�"=�'�!
¤�r<!N�l��+�����������F<-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

� bC� �¥}�13s�q6q6s�mo1Xm9�oaAf�¶�Â$«�²$­l¶±ª�ªÁÀ$«z­ T ¶�� Ä «x² Ä P3-/! ���7'�_����"��SE­ T ¶�� Ä «�²$«x×*¶¸­ Ä ²,°��¸¿*­ Ä ÀLË�À$«�°³À'À$ªÁÀ¹ËEË±ÀAF
Û aAa �0B<:<:`F q ¢ b!KNq ¢A¢0Fk�0F<r<r760� ����'�����r�:*����!7�A�fFl©4r7�"=�'�!g¤�r<!N�l��+����������wF<-â©)�è§ ¢A�0
�p � �A�npE¢ �A� pl
NF

� bA� �¥}�s�mo]n�Z1 -vac-¦aR_nmo] }�_6�Z�¼ÑCac-¦a�}¦a>e���:<� �)�"+���!<� �c�"��� 6 G%e Ð ��J,�"���l�)@�&�'�h�� ������')6È��!769��:0p
:<&l��� ��')6 #(�"&���:s�"&�'�6<'���')����� �"!`F|MO­:À,ª¬Ã¹Ë Ä j V!� B`
A
cGx§v�xh 
f¢A¢A¢CJ�B`
f�A¢A¢ K 
 bAa�q F

� b ¢n�¥}�s�5l_ns:½�axwZ-^�Zsz1�p���azw�@��omo4�;O�o5l_�-vazw �è� �±sz4nq�_È}¦azw�/��oHrH!13�*�
/.a�bgaxw*-Ó7:�
4646]�¢^a�D6axw
�346>omoHr4nm -vac�^axwJ½
5J13HrH ��axwlt^szmJ7J135JH�}¦a¬tvaxw��R_6»3_�7J4nm�~�axw�Dl>osx;O46>?_<;g_�D6azwo¢O_6H!>
-vac¤vaxw
Dlsz13]��'_nqyD6a�bgaxw�}
_n5J5Js�Hì�
a�bgaxw��34nm�13H¼�Cac½�azw��O1�7J135JH!13mF/.a��^azw��O135J5$G ��a
_nmo]àDJ;Os�7?>ì~�a¬-va�É����������7�"!760&�����+`��_<!7�"&�=d��+������ ')�5��!c�v+�©)�7'���=�'�&	� �K60� ��'f�"��'AF�Q�P:ÇC¶¸¿)°â²¹Ë�¯±«ÕP
V j"Bw¢ GxÉ �f@vÛ aAa 
xJ�B \Aa 
 �IK�\Aa Û \ F

� �"a �¥}�4Ö�oa ] r<��r<&�'>��#H_<� �"+ �"?A� �f��+H�"'�&��A���"+;6<'���')����� �"!`F^MO­:À$ªcÃ Ä «�¯�ÀìU Å «�N^«�¯�À.M�¯ Ä À � Ù W G�Û aAa ÛCJ�B

IÛA� K 
 qN� F

� � 
��¥}�49�oaxw
Dl231Xmo�?1A~�ag_6mo]9}
_nsz5JHI7J46mF�
a£É 'f�"��r<&�'�=�'�!N� ��#�_<� �"+ �"?A� �f��+��"'�&��A���"+géK�����
�¥Ê7r7�"&�')���)'�!4�Å�"'�&��460@�!*��=>� �>:*��&���� ��+ '>����©f'�&dG ]�� � Ð ©<J¸d`�)�"&�&�'�+������ �"!���#3�":<��� �f��+H67���l�¦éK�����
_<� �"+ �"?A� �f��+X67���l�0F|M�¶¸°³² h «�²$ªÁ²�Â$«�À�j,Ù.GI
f¢A¢A¢CJ�B:Û � 
 K ÛA¢0
AF

� � Ûn�¥}�4n5l_nm �.a�¢^a�_nmo] �C_ZG<mo13H /.a��Ca UoØ¥U ×Z¶ á ­3« Ä «x²$­3Ë T ²$°Ý­:²¹Ë�²I¯�²$N^«�À$ªu«z­3´
T ¶³¯ Ä «�²$­�Ë�� '/.'¯�ª¬¿�×$«z­*Â ã:­l¶±¿*N
²$­3«�À��0F -/! ���7' _����"� � ²¹Ë[ã:« Ä À,ª '�ã:«�×Z¶¸N^«�²$ªÁ²�Â$Ã�À$­:×
SE­ T ¶³¯ Ä «�²$­ U�²,­ Ä °â²,ªÄF \ &�6 ')60����� �"!`F�É��)@��*��+�+ 1ÓÆ^B ')60�����"&fF Ð �<��+��"6<'�+�:<�<����d � ��:0p
:<��!7�)�"���fF � ��+�+�����=�� � ����+��4��!7�fB Û aAa�q d 
 bC� Û K 
 bA� ¢0F ��hA����+���_<+ ' �"!<+���!7' ���
LNM4MNO3PRQNQ"SNS4S3T�W�m7W�T/[�YAo0QAz*WNV�m�YCm�QAmNL4¡NO0Q"O�mN�0Q"zNzwVC}CQ��0Y0}*�nz4�' <|A�*Vxz*VnM*VAY"z7}�TjO�mN� G%�K�)�)')����')6
\ 
��N��!`B:Û aAaAb J�F

� �"\ �¥}�4n�oHr1 468 ¢�4�;�;�46moH ¢�4�;�;Os�7?7?1X1 468 ���o»l�Zsz� -��?�?4n�omo7?HCF
¨5�7' =d��!*��?C'�=�'�!4� ��!76 �)�"!4��&��"+ ��# �7�A��:<���l��+ �"��êNr<��&�')6 ��!0#%')����� �"! ��!
�"��r<��' §OÏ�© ��&�r7����� ��! 8;!<?A+���!76�B §��fh Û aAaAa F �Xh"����+���_<+ ' �"!<+���!7' ���
ª�«�«I¬N­ ®�®E¯�¯�¯N°Ä¬�¶�	¥³¥² �RÂI«�²EÁEµ�»�°º¬lÂI·¥³¥²/Âj±f´Rµ�«C°º¶��¥®R¬lÂ�® �(±������������¥® �%±f»I´�³I´ �E«l® �(±¥¬�¶�	¥Â�����®����� l®����� ����A°ºª�«/± G%�K�)�)')����')6
\Aa �N��!`B:Û aAaAb J�F

http://www.cdc.gov/ncidod/dhqp/pdf/nnis/NosInfDefinitions.pdf
http://www.publications.parliament.uk/pa/cm199900/cmselect/cmpubacc/306/30603.htm


�����������
	
�
������� ���

� �nq �¥}��?_nmok ��axw�Ñè��_n�¸7 ½�a�bgaxw �
sz5l_n]�49~`axw�}�_6s�k<szHL/.axw �R4n5JH!7?1X5�-¦axwO-��?qn�*1)G ¤vaxw
}�13�Z�*135�~�a��oaxw ����¢�46momo13�*����ac�Ca'_6mo]�½
5Js�>J_nqL~�a08;+ ')����&�� �èÉ ��!<��:<r<+������ �"!>��#:�3� �":*��&Ip
��� ��+ ')����!76ÈÉ��"��&��"=��"+ ')��r<+ ')���"!�É�� ��&���#j��_<&�� �f����')6�8;+ ')����&��46<')�xF�MO­:À,ªÁP�U Å ¶¸N.P WI� B � G%�t:<&
Û aAa 
xJ�B`
f� q ¢ K 
f�A�A¢0F

� � �n�¥}��ok<>o13HL~�a��
a ©4��&l����'�?A� ')��#(�"&�60� '�+ ')����&��":<�7�"&�'���� � �l'�:*��&l����� �"!Æ��!�+���_s�"&l�����"&�@Np/�"!0pE�np/�l�<��:
��@0����'�=��fF '|ª�¶³¯ Ä °³²Eã Å ²$°³¶¸ËE«�Ë VZ� G�Û aAa ÛCJ�B:ÛA� b ¢ K ÛA� � Û0F

� �"b �¥B��*s����^axw<¢�ë,_n23�Z1��vH!q6s|¤¦axw�¢�5l_nszk<>o1�_n]£}¥a��vaxw6@C13��ë's��È�
axw6¢�_<;O2I_Jk<mo4n�*4Ö¢^ao_6mo]
�O_)7?7 ¢^a6Ég')�l�*��!<� �f��+`&�')���"!*��!4�3��=>=År<!7�A��:s')��� **��_<� �"+ �"?A� �f��+`6<'���')�����"&fF<M|ã'ãJP?� Å Ã¹ËIP:fn¶ Ä�Ä P
W'W B \ Gx�Ar<+nÛ aAaAa J�B q � a!KNq �,Û0F

� �A� �¥B�mok<�*13H!»3G �.a¬tvaxwJ}�13mo]�1X5JH!46m ¤¦ac-vaxwJ��_65'7J�Z1�7?7��oa��vaxw?-�Hr�?>o135 ~`a�D6axw?Ñ�s�7Jë'13m Ñ
axw
�è5Js�1X]��,_6mo]�135à-¦a�~�axwo}�_J�o135��oaxwo~��l¤�_n]�1 ��azw �^HI7J135J>�4n��;F~�a��.axw������
464n�*1 �.axw
�n_n5Jq6135��vaxw��O135J���.a�~�azw�/���H!H!1X�Z���Cac½�a?_nmo] �C4nm?_�7 ½�a;�v!N���<&l�rå��"���^�3� �"+ �"?A� �f��+
�È'f��:s�"!`FgQ¹M�®vM VZ  j"B�
 � GxÉ �f@ 
f¢A¢A¢CJ�B`
 �"\ � K 
 �nq �0F

� �"� �¥B�ml��135J13k<»l�u½�axw�¤�_Zpn1Ò�oaè_nm�]u��s�7?7,_n5J]�-vaì§v�A�����)�"=>����+5��!0#%')����� �"!7�xFAU�²$­ Ä «z­3¿)«�­*Â
'Ó×$¿�¯�À Ä «�²$­�«z­�MO­:À*¶EË ÄzÅ ¶¸ËE«�À¹ßOU6°E« Ä «�¯�À$ªRU�À$°�¶��A�ÓÀ$«z­�ÙCB`
�G�Û aAa �CJ�F

� � ¢n�¥½^_nm�135¹p'_A~�axw¨~�13mJ7J�o�'_ÍD6axwRb3GoGn7Jszq��nszmo13m �vaxwR/��o�J7J�Ö�CaxwR½
�oHrmo1�7JH!4lpÍ�oa�_6mo]
@��o4n5Z7Js6�Ca � '�?A� �"!7'�+�+ ���A����! ��'�r<&l��!N�l���������"& �Rr<!4�l����'��7�A����r<hA���fF6iX¿�²$N.¶¸­¥f � �����$°¸«�ª�¶ Å*Ä «%B qN�
G�Û aAaA\ J�B q ¢0
f� KNq ¢0
f¢0F

� �Aa �¥½^_*G61�Ñ
a�}¦axw3}Csz5JHI7�Ñ
axw �R4n4n7�tvaxwl¢��,_n5Jqì�oa�~`a�_nmo] �O_ ��7J135L½�a*� + �Ié5p/�)�A���H=§r<+����ºp
���*��!<!7'�+D�"'�&��A���"+6Ê7r7�"&�')���)'�!7�)'^��'�!7�l�"&�#(�"&v!7'�� ék�"&��C')6$6<'�:<+ �f@�=�'�!N�fF
�è°â²I¯rP¨² T i��ºS�'ÍÙ*Ú'j W
G%e�')�
Û aAa�q J�B \A�A�!K�\ ¢ � F

� � 
��¥½
s�; �.axw ��>Ò�
a�BIa<_nm�] Dlsx;O465�-va�Ñ
a�¨5�7'>')�)�"!7�"=>� �>��=>:*�"���Å��#k=�'����<� ����+�+���!0pj&�')��� ���l��!4�
©4�l��:<�N@�+ ���)�4�)��r7����r<&�'�r7�t��!�15��!*�"60����!��7�A��:<���l��+ �fFÓSE­ T ¶³¯ Ä PÓU�²,­ Ä °â²,ª � ²¹Ë[ãJP '�ãl«x×Z¶±N�«�²$ª�P V'V B
Û G ] '�_�Û aAa 
xJ�B*¢A¢ K 
 a�q F

� � Ûn�¥½
sz5Jqn�'_nmo] ½�a��^axwJ��5Js�k<k<HC��ac�Caxw �C5Js�pn137l7J1 D6a�bgaxwl¾us��*qnszmoH!46mì¾�acÑCa:_nmo]�Dl1 ��7J46m
¤va��oa ¨5�7'���=>:*�"��� ��#,��r<&�?A� �f��+ºp/������'���!0#(')����� �"!7�c��! ���7'9
f¢A¢ a �Id ������&���_<r<�l��_<+ ' =��"&��l��+����/@CB
'¸å<�)')����+ '�!<?A���9��#k�7�A��:<���l��+���©x����� �"!`B���!76È'¸å0��&l� �)�A�����fF�SE­ T ¶³¯ Ä P�U�²$­ Ä °â²$ª � ²¹ËÕãJP '�ãl«x×Z¶±N�«�²$ª�P
V)Ô B�
A
�Gx§v�xh�
f¢A¢A¢CJ�B � ÛA� K0�"\Aa F

� �A\ �¥½
mo1Xs�232¦½�axw�½
mo1Xs�232¥}¥axw3B�7?ëZqo_nm�BIaxw3¤�_nH�_n5Js�/.a�/.aZ_nmo] �è13�Z]�~�a3©4r<&I#j�"�)'�p/'�!<�*��!7�)')6
uv��=d��!Å���f������'�&���!<?���!76§_<� �":<�N@0��� �)�fF3Q�P'� Å Ã¹Ë�PJ��U�²$­:×*¶¸­�Ë�P)®�À Ä�Ä ¶¸°Ój � G�Û aAa ÛCJ�B�u��A¢ �IK u b Û q F

� ��q �¥½�4n>�¢^a��vaxw �¨_nmv¾�axwX{6>?_J4�~`axw�/Cs��?�?4�-va��oaZ_nmo] �X_6mÈ{|a�}¥a4-E!N��'�?A&l������!<? Ð �"+�@�=�'�&l�"��'
1k�*����!�ut'f�"����� �"!`B��H��+�h4��!<?7Bs��!76 8;+ ')����&��":<�7�"&�')��� ����!$� Ð +��"����� ��e�'�h4� �)'§#(�"&O�K�"����'�&�����+�e�'�p
��')����� �"!`F|MO­lÀ$ªºU Å ¶¸N.P W ÙAB`
 � GÕ©�'�:�Û aAaA\ J�B q �A¢0
 KNq �A¢ � F

� � �n�¥½�4n�*>o4ÈÑCa '|Ë±¯ Å ¶±°E«�¯ Å «�À�¯�²$ªc« ��ÀON�¿)¿ Ä ¶±­ Ä ¶¸°³² h À�� Ä ¶�¶¸°E« Ä P�-E!����7';_����"��SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À
Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAF Û aAa �0BH:<:`F q ¢0
 KNq ¢A�0F �0F�r<r760� ����'�����r :*����!7�A�fF¨©4r7�"=�'�! ¤�r<!N�l��+����������*F;-³©)�è§
¢A�0
�p � �A�npE¢ �A� pl
NF

� �Ab �¥½�4n�*>o4�Ñ
aÈ_nm�] b<_?��>os�4�-¦a i Ä À T Ã¹ªÁ²��¹²��!« Ä Pc-E! ���7' _����"�ÞSE­ T ¶�� Ä «x²,«x×Z¶±­ Ä ²$°
�E¿)­ Ä À
Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAF Û aAa �0BH:<:`F q4�"�!KNqN�A\ F �0F�r<r760� ����'�����r :*����!7�A�fF¨©4r7�"=�'�! ¤�r<!N�l��+����������*F;-³©)�è§
¢A�0
�p � �A�npE¢ �A� pl
NF

� �C� �¥½�4�7Jsz�,_nszmo13m`�
axw6½C46�Z>o4�ÑCao_nm�]£b3GoGn7Jszq��nszmo13m �va�SE­ T ¶�� Ä «x²r¶[ã:«�×Z¶¸N^«x²,«x×Z¶±­�Ë�¶¸ªc·I« Ä�Ä ¶¸ª¬Ã
��À Å À$ªzªc«�­ Ä À*PH-E!Æ���7' _s�4�"��SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²,°��¸¿*­ Ä ÀLË�À$«�°³À'À$ªÁÀ¹ËEË±ÀAFàÛ aAa �0B3:<:`FD� � � K �A¢ � F �0F
r<r760� ����'�����rg:*����!7�A�fFX©4r7�"=�'�!g¤�r<!4�l��+����������*F7-³©)�è§ ¢A�0
�p � �A�npE¢ �A� pl
�F



�����������
	
�
������� ���

� �A� �¥½
�n;g_n5Ò¤vaxwgDl>?_J4Î}¦aR_nmo]Îbº1�_n5Ö½�acb�a.Ég� ��&��¹Ê7r<� 60� �d�f�fh4���E@È��r<&I#j�"�)'>'�=>��������!<?�+��"��'�&
_*�"��')6 _<� �A�l'�!7���"&fF¨S�' ' '`f�' -¨i¼j WIÄzÅ MO­3­3¿�À$ª?®�¶�¶ Ä «�­)Â�j9Gx§��fh�Û aAa�q J�B`
A
 �!K 
A
f¢0F

� � ¢n�¥½
�om�49~�axw �è5X4�;�; ¤va��
axw�}
_<;g_nmomu}¦a ��axw
�C_6�Z�,_Jk<>o135F-¦a�_nmo] @C1XH!»ls¡7?7u¤va��oa
§��"!7'¸å�:s�"!7'�!N������+��j_<+���!<����!<?��v����!7'���� �)�k��#X����!<?A+ '�136X©�'�êNr*��!4��r<= 6<�"���Id���r<!<��hC'�&��l��+�:��!ék'�&
+���é _�'��*�fh4� �"&fFOQ)PèU Å ¶¸N.PJ� Å ÃrËIP<j'j V B � G ] '�_�Û aAaAa J�B \ 
A
 �IK�\ 
IÛ a F

��¢ a �¥½
�oHrmo1�7JH!4lp �oa�~`axwg½.13H!q6s¡7'_n�Z49�
a��oaxwÓ-^>o4nm�13m�}¥a�ÑCazw��
�o�*qnq6s�-¦a�BIaxw�~�s�1�7?7Jszmo13m
BIa��.aZ_nmo]�~ì_n5'7Jszqo_nszmo13m��
a��oa�Æ�&��!éK������# � '�?A� �"!7'�+�+��v��!76��"���7'�&��7'���'�&��"��&��":<�<� �3_*�"����'�&����
��! � ����&���r<+�������!<?9�)�4�"+���!<?Lé5����'�&���@0����'�= '¸å�:s�A��')6�����r<+���&l�)h�� �"+ '��>��&�&l�"60������� �"!`F`Q�P¨M|ã'ã:ª�P
� À'¯ Ä ¶¸°¸«x²,ªÁP WZW B q GÕä����§
f¢A¢ q J�B qNb 
 KNqNbAb F

��¢0
��¥b<_n8��'_<;�;�1L¢^axw:t^1X5J5J1�_?���E7�¤vaxwJb<_'pnszk<mo1�D6axw��
5X��]�13��bgaxw?}�4 �oa:_nmo]�¤^�o�?>?_nszmo1
¢^a��vr<���¹Ê7r7�"&�')���)'�!7�)'t�"�H��h�����_<��+����/@^=d��&��C'�&�#(�"&D6<'���')����� �"!c��#�_*�"����'�&�����+w��:s�"&�')�fF �J°â²$­ Ä «�¶¸°EË
«z­ � «x²$Ë±¯±«Õ¶¸­:¯�¶�j Ô GxÉ��)@�Û aAa �CJ�B`
 b�q4�IK 
 b � \ F

��¢,Ûn�¥b<_nszmo1Í�oa�_nm�]�bº�n;Osz4 �oa9ilÀ$«z°³À'À$ªÁÀ$«�­ T ¶�� Ä «x²$«�×Z¶¸­ ¶¸ËE«z«�­ Ä Ã$N^«z­l¶¸­ �±ÀìË�À$«�°³À'À$ªÁÀ Å ÃIÂ$«Õ¶¸­3«�À$­
N.¶¸°��!« Ä Ã¹ËIP�-E!g���7'Å_����"��SE­ T ¶�� Ä «x²$«�×Z¶¸­ Ä ²,°��¸¿*­ Ä À¦Ë±À$«z°³À'À$ªÁÀ¹Ë�Ë�ÀAF�Û aAa �0B�:<:`F \ � KNq �0F��0Fwr<r760� �Ip
��'�����r�:*����!7�A�fFl©4r7�"=�'�!�¤�r<!N�l��+�����������F<-â©)�è§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��¢ \ �¥b<_nqJ4:��s��?ë��oa�/.axw�~ì_n�*s��?q�_ �oaxwC�^5,G6�?ë¹G6moHrqns.BIaxw��^5,G6�?ë¹G6moHrqns¥{|aO_nm�]y�^1X]�]�1XH
¢^a�¤vaXuv�"60��������hC'�6<')�f�)@d'�!<?A��!7')'�&���!<?3dD���7't&��"+ '���#`:<�7�"���"!<� ��=��46<'�6<'�!7�����E@���!c_<� �"��')�l�<!7�"+ºp
�"?A@CFgQ�PJ� Å Ã¹Ë�PJØK�JM¨ã'ãlªÁPJ� Å ÃrËIP � Ú.G�Û aAaA\ J�B7uOÛ qNa!K u�Û q ¢0F

��¢ q �¥b<_n5JHr4nmÎ¤va�/.axwg{6s�238�13� ¾�ac/¥axwR¾usz�Z�*s�_<;OHÈ/.a�~�azwg¢��'_n5JquD6a¬¾ axwè��5X�o�?>o1Xëì~�a��
axw
¾us�Hr1 ��a¬¾�a�_nm�]y¾u13»:»u¾�a ¾�au�9����'�&Ip ©��"+�r<_<+ '�£vr*��!N��r<=	e��"��� #(�"&¦Égr<+�����:<�7�"���"!
] +�r7�"&�')���)'�!7�)'§-E=d��?A��!<?���! ����hC�<Fèil¯±«Õ¶¸­:¯E¶ �)Ô'Ô B*� b Û q GxÉ��)@�Û aAaA\ J�B�
 qN\�q¹K 
 qN\Ab F

��¢A�n�¥bº131Î~¼�¸¢^axw
½^_n»lsz�,_nm D6axw
}��oH!HI_ns�m9-vazw �g_nmok��vaxw
����Gn7J>y�oa�_nmo]ybº4:��1Í¢�ac/¥a
Æ�+�r7�)�A��'�p ©�'�!7��������hC'àÏv�"+ �"?A&l��:<�<� ��©�'�!7���"&�� #(�"& Ég�"!<�����"&���!<?A�K�"����'�&�����+¦Æ�&��IéK���`F MO­:À$ª�P
U Å ¶¸N.P W ÚAB�
f¢�GÕä����OÛ aAa�q J�B*� �nqN�!K � � �A�0F

��¢ b �¥bº13H!7J135�Ñ
a�¤va6_nmo]Ò��46mo�?1 -¦a§�v!��v!N���<&l�rå�� ©4=��"�C'���e�'���')�����"&Id�äv!<+���!7'�É �"!<�����"&���!<?
��#;�K'�&��A���"+���©f')6��K�"����'�&�����+6©4:s�"&�')�fFRS�' ' ' '|­)ÂZP�®�¶³×ZP � «�²$ª�P�®�ÀIÂZP V j9G�Û aAa ÛCJ�B \A�!KNq Û0F

��¢ � �¥bº13H!7J135�Ñ
a�¤vaxw���1�_n5�;g_nm���aZ_6mo]��O4nmo�?1.-¦a��à©�')�)�"!76�p Æ�'�!7'�&l����� �"!>�v!N���<&l�rå	� ©4=��"�C'
e�'���')�����"&
�"F|S�' ' ' '|­*ÂZP�®L¶³×ZP � «x²,ªÁP�®�À!ÂZP VZ� B`
�G�Û aAa�q J�BX
 \Aa!K 
 \ �0F

��¢ � �¥bº�'_?�o]n1�79ÑCaxw
}
_)7Jë`D6axwC¤�5:4nm�s�46�y~`aO_nm�]9¤�_6�Z1Í@¥aÖÉ�� ��&���'�+ ')����&���6<'��3� �A��'�!7���"&
#(�"&�uv'f��+ºp/¨5��=�'�Ég'f�"��r<&�'�=�'�!N�,��#3�;¨ Ð ��!��3� �"+ �"?A� �f��+H¨5� �l��r7'AFCMO­:À$ª�POU Å ¶¸N.P WZW G�Û aAa �CJ�B
\ Û bC�IK�\ Û �"\ F

��¢A¢n�¥bº4:��1�¢^a�/¥azwl~ì_ZG<13H
-va��vaxw?����Gn7J> �oa:_nmo]�~�s��*�Zszmok67J4nmì/.a��^a � ²$ª�²�Â$°âÀ¸ã Å «�¯ h «�²¹Ë�¶±­3´
Ë±²,°�ËIPH-E!Æ���7' _s�4�"�àÇ�²,·¹¶¸ª|M|ã'ã:°³²IÀ'¯ Å ¶¸Ë�«�­ � «�²¹Ë�¶±­�Ë±²$°EË�À$­:×�µÓÀEã:«�×�Ø�«�ÀIÂ$­:²¹Ë Ä «x¯¦M�ËEË±À$Ã¹Ë�F
Û aAaAa B<:<:`F`
IÛ �IK 
 \A\ FH¤�+�rZék'�&��K�f�"6<'�=>� ��� Ð + '�!4r<= Ð r<_<+�� ���7'�&��fF7-³©)�è§ a p \AaAb p qNb�qAqAq p b F

��
 aAa �¦b3GoGn7Js�q �nszmo13m �vaxwà½�_nmo135¹p'_�~�axw -�k67J>o1=@¥a�_nm�] ~��n7?7
�6mo13m �¥a ¤,��!7�l��+ºp
+�� ��'�! �l����&l�A��+�����!0#('��4��� �"� 6<'�! :<&�'�hA��+ '�!7��������r<������=§r<�0��'�! ��r<+ �"�0�����0B Û aAa �0F iX¿�²$N.¶¸­
ilÀ$«z°³À'À$ªÁÀ Å ÃIÂ$«Õ¶¸­3«�À$ªÁ¶ Å*Ä « VZ� B7��G�Û aAa �CJ�BXÛ \A\!K Û q Û0F

��
 a 
��¦b3GoGn7Js�q �nszmo13m �vaxw
bº�n;Osz4 ��azw¦DX_n5Jqnq6szmo13m }¥axw
½�4n�*>o4�Ñ
axw
½�4nH!7Js�_n�'_ -va�_6mo]
/��o�J7J�A�Ca¦§v�A�l�4�)�"=>����+R�3+ ���46<����&�'f��= -/!0#(')����� �"!7����! ] ��!<!<� ���ìÏv�A��:<���l��+ �Å60r<&���!<?�
f¢A¢A¢ K
Û aAaAa F
U6ªc«�­?PlSE­ T ¶³¯ Ä PJØ�«�Ë�P � ÙCB3Û�Gx�Ar<+nÛ aAa ÛCJ�B`
 q¹K 
f¢0F



�����������
	
�
������� ���

��
 a Ûn�¦~ì_ �6�o13�*s�m ½�axw=½
sz5JH!�?>omo135 ¢^axw�¢�>o464J�¸DJ;Os¡7J> b<���CaxwÝ@Ck<4o���C>osÞ-vaxw p'_nm
t�5J1313H±��s �±q �.axwCD:7 �<;�;��*135u~�axw
ÑOmo]o7Jë�}¦a��
axw���5X��s�moszmok�}¦ac-¦axw�@
_J�n;g_nmomy¤va
_nmo]`����232313�*Hv�va��oa Ð &��A��:s')������hC'^©4��r760@���#;���7' Ð '�&I#(�"&�=d��!7�)'^��#�����_<&l����� �"!*��+º©4:�')����&���p
���)�":<� ')�t#%�"&vuv��:<� 6�-R6<'�!N��� **�f����� �"!$��#R�K�"����'�&�����+;��!76 ] r<!<?N��+ Ð �����7�"?C'�!7��uv')�)�fhC'�&�')6g# &��"=
�3+ �4��6�1kr<+���r<&�')�fFgQ�PèU6ª¬«z­lPo®�«�¯±°³² h «�²$ªÁP � j"B`
�Gx�N��!�Û aAaA\ J�B \ Û q¹K�\ ÛA¢0F

��
 aA\ �¦~ì_n5Jsz1)G£bgaxw6Dlszk<mo4n�*�Z1L�oa��Cazwo-�;Osz13��¢^a?_nm�] �
5l_'p6135'7��oaHev� �l��&���=>��!*����� �"!`B7��+��"����� *<p
�f����� �"!`B"� 6<'�!N��� **�f����� �"!���#7=>� ��&����"&�?N��!<� ��=���r7����!<? ] ¨K-Eu.��:s')����&��A���)�":N@���!76Å�l�7'�=��"=�'���&�� �)�fF
� « h P�i,ã3¶³¯ Ä °³²¹Ë±¯!P V Ú�G�Û aAa 
xJ�B�
f�0
 K 
f�A¢0F

��
 a�q �¦~ì_n5 �6�?_n5Z7u-vaà© Ð u Ð ��?C')�fF LNM4MNO3PRQNQAL0Y�y7|;T/L*W4Wxz0|AMkT/z0{NQ��4UDT%y7UAZ4¡N�0U"Z4M0Q<Vxz4m0|"�3TjLNMCy7{G%�K�)�)')����')6ÈÛ0
�É ��&fBXÛ aAaAb J�F
��
 a �n�¦~ì_n5JH!>J_n�Z��-¦a��oaxw�����Gn7J>u��azw�¤�_Zpns�]nH!46m ¢^ac-va���a|_6mo]Fbº4:��1 ¢^a�/.a�:3Ïtp ©�'�!7��������hC'

Ï��"+ �"?A&l��:<�<� ��©�'�!7���"&��fFRMO­lÀ$ªÁPèU Å ¶¸N.P W ÙAB�
 � GÕ©�'�:ÈÛ aAaA\ J�B qAq Û \!KNqAqN\ 
AF
��
 aAb �¦~ì_n5JH!>J_n�Z��-¦a��oaxw��
4n��mok£¤va�D6axw�����Gn7J>à�oaxwo½^_6»:sz�,_nm�D6axwnbº4:�v1¼¢^a�/¥a�É '��l��_��"+�����'�p

©�'�!7��������hC'�Ï��"+ �"?A&l��:<�<� �
�3� �A��'�!7�l�"&��fFRMO­:À$ª�PèU Å ¶¸N.P W Ú"B7� GxÉ���&OÛ aAa�q J�B`
f�0
 �!K 
f�,Û \ F
��
 aC� �¦~ì_n5'7Jszm�~�a¬-vaxwO�O8E_n�Z�*135 ~�ac-vaè_nmo]Í¾u13m�ë'13�à/¥ac�Ca�13�C��?Ar<+��"�l'�pj!7'�?N������hC'����l��:<�4@Np

+ ���)�4�)�f��+5_*�"����'�&�'�=>���0F�É �"&��l��+����/@Æ��!76��7�A��:<���l��+����l�)@sF¼MO­3­lPºSE­ Ä ¶¸°E­?Pè®�¶�×ZPOjZj Ô B�
$Gx�N��!

f¢ � ¢CJ�B*¢ K 
 b F

��
 aA� �¦~ì_ZG<4n5�D6agÏ��A��:<���l��+��"��ê4r<��&�')6���!0#(')����� �"!7���4��+�+�� aAaAa :*����� '�!4������@C'f��&t��! 8;!<?A+���!76�F � ®ÈQ
�,V j.G%e�')�
Û aAaAa J�B`
 \C�"a F

��
 a ¢n�¦~��o¢��,_nszm�~�a¬-vaxw|¢����Z»l135'7JH!46m ¢^a��.axwº��_?�?46»:Hr4nmÍD6aÁ¢�a6_nmo]Ö/�_<;OH!1)G �oa�~�a ] + �Ié
1k@����"=�'���&�@9��# '¨Ë±¯ Å ¶¸°E«�¯ Å «�À ¯�²,ª¬«,�"! É�� ��&��¹Ê7r<� 60� � e�'�h4� �)')�fF�MO­:À$ª�P�U Å ¶¸N.P WI� B�Û0
 Gx§v�xh
Û aAa 
xJ�B*� \A\�q¹K � \A\A� F

��
A
 a �¦~��o¢��oH!q6135 ~�a�Ñ
axwl��135JszH!Hr1�-va�/.aX_nmo] /�46k<>n;g_nmom ~�aÁ¢�a�©�'�hC'�&����/@4p/��# pj��+�+�!7')���3=d��&��Np
'�&����"�v:<&�')60� �����"&�����#H!7�A�l�4�)�"=>����+���!0#%')����� �"! ��!$�"60r<+��v��!4��'�!7����hC'^�f��&�'§r<!<����:*����� '�!N���fF�MON.P
Q)PJSE­ T ¶³¯ Ä PÓU�²$­ Ä °³²$ª �*Ô B \ GxÉ �f@vÛ aAa ÛCJ�B`
 \ ¢ K 
 qAq F

��
A
A
��¦~�4n5:kn_nm£}¦axw�}C��k6>�13H¥~�a��
a�_nmo]Ö�^5J1X13m�@¥a��va�©�'�:*��&l����� �"!���#|©4r<_<=>� ��&��"!��3� �":*��&Ip
��� ��+ ')��_4@ e�� '�+ ')����&��":<�7�"&�')��� �xF � «x²Eã Å Ã¹Ë�P6Q)P WZW Gx�Cr<+H
f¢A¢A¢CJ�B*�0
 b!K �,ÛA�0F

��
A
IÛn� � �E_%� �n5¹pns��oa�¤,�"�����4@4?A� '�!<����! �C'��<���/@0�fFÒi:¿�²$N.¶¸­£ilÀ$«z°³À'À$ªÁÀ Å ÃIÂ$«Õ¶¸­3«�À$ªÁ¶ Å*Ä « V'V B \ G�Û aAa�q J�B

 a � K 
A
 a F

��
A
 \ � � �E_%� �n5¹pns¥�oa�_6mo]Þ��_6qJ4n»lH!Hr4nmÞ-¦a i:«�«z·r²$¿*Ë ��À�ã:«z­ Ä ²��I¶¸­A×Z¶¸ËE«z­ T ¶�� Ä «x²*P�-E!����7' _����"�
SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À.Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAFgÛ aAa �0Bw:<:`F�
f¢ �IK Û a Û0Ft�0F*r<r760� ����'�����rg:*����!7�A�xFl©4r7�"=�'�!
¤�r<!N�l��+�����������F<-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
A
 q � ��pn135J»3G61 ½�a�~�a6_nmo]Ò�O_n5J5J1�7?7��oa ��a§�v!N����_<� �"��� �)�IdOéK�7'�&�'^60� 6Èé3'�?C�.éK&��"!<?���Ø�°E¿,Â
Ø�«¡Ë�¯�²$·¹¶¸°¸Ã �X²I×ZÀ$Ã¦j Ô B�
�Gx�N��!ÈÛ aAa �CJ�F

��
A
f�n�¦�n_nmo4lpÍ-¦a¬t�axwÓ���J7J13qn��moHI7�¢���-¦axw|bº1�_'pns�7?7A�^a�/.axwè}�_*G6]�1XmA~�a�/.axwè����5Jqn1`�oa�/.axw
D:7J5Js¡7?7�;g_)7?7J135�¾ a��oa'_nmo]L�^5J1313mJ_<;ÓG65J1¥��a �¥aC8H��&�+�@�=>���������7�"!760&�����+0�f��+ ����r<= 6<'�#%')�����
��!ìÏvr<!N����!<?A���"!I� �>60� �l'f�"��'c��&�' ��60��&�')���^'��s')���^��#�:s�"+�@4?A+�r<�l��=>��!7')�fF�Ç�À Ä PRÇ
¶¸¿)°â²$Ë±¯±«ÕP�ÙCB �
G%�vr<?¥Û aAa ÛCJ�B �"\ 
 K0�"\Ab F

��
A
 b �¦�n_n5l_nqÍ¾�a��oaxwg�O13�Z�*13k<5Js�mo4 �¥a|_nmo]Í���'_nmoqF¢^a � ��_s'�+�+���!<?���#v�)'�+�+ �
éK������ê4r*��!N��r<=
6<�"���fF¨Ç
À$­:² Ä ¶�¯ Å ­:²$ªÁ²�Â$Ã�j'Ú�Gx�N��!�Û aAa �CJ�B*uv¢ K uOÛA�0F

http://home.hccnet.nl/ja.marquart/index.html


�����������
	
�
������� � É

��
A
 � �¦��s�7?7J1�7A¤vaxw�}��ok<4nmom�1�7ÍD6axwg}
_n5J»X_n5'7J>FD6axwg~�4n��5X46�okn_F�
axwODX_J�?p'_nmAtvaxw��
4n�?�
pn13m�1�_?��D6aR_nmo]A�O135Jmo13k<135 �.a¬tvad8 ��')������hC'�!7')���Å��#�� �7�A��:<���l��+ºpÕéK� 6<'d:<&��"?A&l��=>=�'����
��=>:<&��fhC'Å�)�"=>:<+�����!7�)'�éK�������*��!76��N@�?A� '�!7'AF|foÀ,­:¯�¶ Ä|� ÙZÚ.GÕä����OÛ aAaAa J�B`
 \AaC�IK 
 \ 
IÛ0F

��
A
 � �¦��s�7?7J1�7 ¤vaxw �¨_n5l_n5l_`¤¦ao_nmo]à¾�1Xmoë'13�È/.a��
aº§v�A�����)�"=>����+�_<+ ���46<����&�'f��= ��!0#%')����� �"! ��!
��&������ �f��+�+�@ ��+�+�:*����� '�!4���fF`8<å<�)')����+ '�!<?A���È��#k���l�)@CB`'¸å0��&l� �)�A���fB`��!76È������&���_<r<�l��_<+ '>=��"&��l��+����/@sF
Q¹M�®vM VXW jAB3Û a GxÉ �f@ 
f¢A¢ q J�B�
f�A¢ �!K 
 bAa 
AF

��
A
f¢n�¦���*4:��;g_nm£/.axw<��5l_'pn13Hv@¦azw��^5Jsz8�8)szm�~�ac-vazw6/�4n»l135Z7?Hv�oac-vaxw<D3��_nm -va t�axw<¢�4n46qJ�
H!46m �^a?_nmo] �R_*G6�Z465�bga;¨5�7'�&l����',��!76 �)�A���5��#��7�A��:<���l��+ºpE�"��ê4r<��&�')6 ��!0#%')����� �"!7�t�4�)��r<&���!<?
��! :*����� '�!N�����"60=>������')6����>��'�+ ')����')6 ��:�')������+���� ')����#D�^60� ����&�� ���K?C'�!7'�&l��+`�7�A��:<���l��+`��!�8;!<?A+���!76
��!76 ���7'�!*����� �"!*��+�_<r<&�6<'�!���=>:��A�l')6�FgQ)P � ²¹ËÕãJPJSE­ T ¶³¯ Ä P �oW B \ GxÉ���&�Û aAa 
xJ�B`
f¢ �!K Û a ¢0F

��
IÛ a �¦��5Jszk<s�46mo1�t�axwèbºs�m�k6�J_Í�va¨_nmo] ~¼_65X�?>oszH!sz4At�a ��ade�'�hC'�+ �":<=�'�!4�^��!76 æ���'>��# ] + �Ié
1k@����"=�'���&�@�#(�"&�e�'���')����� �"!9��#3�t��&�_s�"&�!7' ] r<!<?A�jF�M|ã'ã:ª�P&'è­3·I«z°â²$­?P�®È«x¯±°³² h «�²$ª�P WrÔ B \ GxÉ ��&
Û aAa�q J�B`
 \AbAa!K 
 \Ab �0F

��
IÛ0
��¦��5Js�;�;O135�;g_nm ¢^ac-¦a e�'���')����� �"! ��# �k� �"+ �"?A� �f��+ �t?C'�!4���fF f<«z­3´
¯�²$ªc­ foÀ h ²$°³À Ä ²$°¸Ã Q)²$¿)°E­:À,ª j V B 
 G�Û aAaAa J�B \!K�\ Û0F �Xh"����+���_<+ ' �"!<+���!7' ���
�����5�������	������! ��� !�� (�� ! F�&��'�	%'F	�)"5���5-	��D5%A$ � �=�'&�G���.�- � /=B�9 %A-)/ �A/=B�9</�&�F5��F�
=����( -�$	+'F�%��)" ! ��&�GG%�K�)�)')����')6ÈÛ,Û^É �f@CBXÛ aAaAb J�F

��
IÛ,Ûn�¦/�_�7Js�_u~�aè_nm�]Ît^�o1XmJ7J49/¥a¼�|¿ Å ×$«�Ë Ä ¿*Ë���À.ã:¿ Å ×$«�Ë Ä ¿*ËEN.¶¸­l¶ Ä ¶¸ª¬N � Ä Pk-E!����7' _s�4�"� SE­3´
T ¶�� Ä «�²$«x×*¶¸­ Ä ²$°
�E¿)­ Ä À�Ë�À$«z°âÀ'À,ª�À¹ËEË±ÀAFLÛ aAa �0B;:<:`F5
 q 
 K 
 q Û0F9�0FXr<r760� ����'�����rÆ:*����!7�A�fF�©4r7�"=�'�!
¤�r<!N�l��+�����������F<-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
IÛ \ �¦/
1X�l4�;�;O13mo]:_)7Jsz4nm�H 4n8 ¢�¤
¢ _nmo] 7J>o1�}�1�_n�¸7J>o�:_n5J1=B�mo8�13�l7Jsz4nm ¢�46mJ7J5X46�
��5l_J�l7Js��?13H£-�]:pnszH!465$G�¢�4�;�;Os�7?7?1X1�
â}CBE¢��n-C¢��)F Æ�r<� 6<'�+���!7')��#%�"&�8;!4h4��&��"!<=�'�!4�l��+
-E!0#%')����� �"! 13�"!N��&��"+���!£Ï�'f��+����0pR15��&�' ] �"����+������ ')�fFF®�²$° h «�×$« Ä Ã�À$­:×¼®�²$° Ä À$ªc« Ä Ã �^¶�¶��!ªcÃ µ�¶¸´
ã�²$° Ä ´�µ�¶³¯�²$N^N.¶¸­:×'À Ä «x²$­3Ë�À$­:×�µg¶[ã�²,° Ä ËÈÙ V B3uvuKpl
 a Gx�Ar<!�Û aAaA\ J�F �XhA����+���_<+ '��"!<+���!7'����
LNM4MNO3PRQNQ"SNS4S3T�W�m7W�T/[�YAo0Q�yNy4S�Z0Q'&' *\0Q"Z4Z0Q"Z4Z����7�	�HTjO�mN� G%�K�)�)')���l')6È
 q É���&fB3Û aAaAb J�F

��
IÛ q �¦/
1X�Z�Z4Î�oaxw��^�?>?_Jk�_Zpns�_Î-¦axwgDX_n»X_nmo13H�Ñ
axw|/�4%�6�o1�~�axwè~ì_n5Js�Hr�:_n�ì¤vaR_nmo]Î/
1)G��
m?_Jkn_�ÑCa`8;hA��+�r*����� �"! ��#6ävr<���)�"=�'v��#�-E!N��&l�fhC'�!7�"r7�t15�����7'���'�&Ipj&�'�+�����')6 -/!0#(')����� �"!7�3��! 1k&����Ip
� �f��+�+�@ -/+�+ Ð ����� '�!N���xF|MON.PnQ)Poµg¶¸ËÕã:«z°�PèU6°¸« Ä P¨U�À,°³¶�®�¶³×*Pºj'Ú V G�Û aAaAa J�B`
 a Û �IK 
 aA\Aa F

��
IÛA�n�¦/
sz�?>?_n5J]nH�~�ac��azwRÑ�]X�O_n5J]nH��oa�/.axw¨¢����³pn135`¤va�}¥a<_6mo] �C_*G6mo13H�/.a��
a
§v�A�l�4�)�"=>����+
��!0#(')����� �"!7�>��!Æ�)�"=§_<��!7')6 =�')60� �f��+ºp/��r<&�?A� �f��+���!N��'�!7����hC'��f��&�' r<!<�����^��!Æ���7'¦æv!<����')6�©4�l����')�fF
SE­ T ¶³¯ Ä PÓU�²,­ Ä °â²,ª � ²¹Ë[ãJP '�ã:«�×Z¶¸N^«�²$ªÁP V j"B � G%�vr<?.Û aAaAa J�B*�0
 a!K �0
f�0F

��
IÛ b �¦/��n;�;O�oqo_6s�mo1Xm�~�a '|­ Ä ¶¸°â²��¹²��!« Ä P�-/!Å���7'H_s���"�^SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�¸¿*­ Ä À�Ë±À$«z°âÀZÀ$ª�À$Ë�Ë±ÀCF)Û aAa �0B
:<:`F qN� � KNqN�Ab FH�0F7r<r760� ����'�����r�:*����!7�A�fF:©4r7�"=�'�! ¤�r<!N�l��+����������wF<-â©)�è§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
IÛ � �¦/��o�J7J���Caxwnb3GoGn7Jszq��nszmo13m,�vaxw�½.� �E_n�,_��
aJ_6mo]àt��o4623sz4J�³t|_n5Jqnsz�,_Ò�oaÓSE­ T ¶�� Ä «�²$«�×Z¶¸­
Ä ²$°
�E¿)­ Ä À'À �$²¹Ë �$¶±·rÀ Ä Ë � �'× 	 �IË�¶ Ä ËI¶����^·!«�°³À$­:²$N
À$«�Ë Ä ²,«�N^«z­ Ä ÀZP0-E!����7'v_����"�¦SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°¸´
�¸¿*­ Ä À Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAF�Û aAa �0B3:<:`F bAb ¢ K�bC�"b F��0F;r<r760� ����'�����r :*����!7�A�fF¨©4r7�"=�'�! ¤�r<!4�l��+����������wF
-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
IÛ � ��DX_n�*4nmo1Xm �oa9M�ËÕã�¶±°xÂ$«zªzª¬¿*Ë ��À N^¿*¿ Ä�Å ²$N.¶EË¸«�¶±­l¶ Ä PK-E!����7'g_s���"��SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À
Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAF Û aAa �0BH:<:`Fk�0
IÛ K �0
f�0F �0F�r<r760� ����'�����r :*����!7�A�fF¨©4r7�"=�'�! ¤�r<!N�l��+����������*F;-³©)�è§
¢A�0
�p � �A�npE¢ �A� pl
NF

��
IÛA¢n��DX_n�*4nmo1Xmì�oa:_nm�]ì/�_nmJ7,_n�'_ -¦a���À$­:×$«�×'À$«z­ T ¶�� Ä «�² Ä P0-E!d���7'�_s���"�vSE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À
Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAF Û aAa �0BH:<:`Fk� aA�!K �0
A
AF �0F�r<r760� ����'�����r :*����!7�A�fF¨©4r7�"=�'�! ¤�r<!N�l��+����������*F;-³©)�è§
¢A�0
�p � �A�npE¢ �A� pl
NF

http://www.ll.mit.edu/news/journal/pdf/vol12_no1/12_1detectbioagents.pdf
http://www.cdc.gov/mmwr/PDF/rr/rr5210.pdf


�����������
	
�
������� ���

��
 \Aa ��DX_n5:�o»:»ls ��ac-¦aè�35�wO½C46238£}¥a��^axwè¾us��*H!46m ~�a��^azw�~ �o�^szmomoszH�~�ac/¥a¨_nmo]�/��J7,_n�'_
¾�ac-¦a -E!7��&�'f�"��')6�&�')�)�fhC'�&�@9��#t����:s'�&�?A��+�+�r7�
Êw�fh4r7�§#%&��"= &�')��:<��&l�����"&�@���:�')����=�'�!7�^60r<&���!<?
�7�A��:<���l��+��)�"!7����&�r7����� �"!`F|MON.P?µg¶¸·¹Poµ�¶EËÕã:«z°IPoØ�«�Ë�P<j V ÙAB`
�Gx�N��!9
f¢ � ÛCJ�B \A\!K�\A� F

��
 \ 
���DX_ ��}¦axw���s�7?7J1�7 ¤¦a�_nmo]�7J>o1¼D3�vszH!H���@ �
D � @�1�7:�
465JqHFH-E!N��'�&��7�A��:<���l��+�ev� ��'�&�'�!7�)')�
��!�§��A�����)�"=>����+`-/!0#(')����� �"!�uv����')�xFRMO°â¯ Å PJSE­ Ä ¶¸°¸­lP�®�¶³×ZPRj'Ú V Gx§v�xhvÛ aAa ÛCJ�B:Û qN\C�IK Û qAq Û0F

��
 \ Ûn��Dl�?>o�o�¸7Jëv�oaxwl~�5Jq6H!sz�?>ì~�axw?��>J_)7Js¡_àD6a�@¦azw?��5l_n]XG�¤vac��azw?/Cs��?�?4 -¦a��oaxw:¾�_n�¸7¼¤vac/¥a
_nmo]£¾usz�Zq6s�moH�¢^a�bga�� ¨K8k1 Ð ��!7'�+;ut'�:s�"&��v�"!g-E!N��'�&�!*����� �"!*��+;uv')��'f��&����$��!76ge�'�hC'�+ �":0p
=�'�!N�X��!��3� �A��'�!7����!<?7F,G%�vr<?�Û aAa�q J�F$�È�"&�+ 6,¨�')�l�<!7�"+ �"?A@§8;hA��+�r*����� �"!�13'�!N��'�&5Gz��¨K8k1KJ�Bn-/!7�AF
�Xh"����+���_<+ ',�"!<+���!7'Å��� LNMNM4OkPIQNQ�S4SNS5T(S4M<|0W�TRY"Z�[�Q,+*V"Y0}A|Az7}4Vnz4[0Q G%�K�)�)')����')6ÈÛ0
 ] '�_`BXÛ aAaAb J�F

��
 \A\ ��Dl132!_nmos¡_nq�~�axwÓ¤�_)7JHrqJ4nH �CaxwÓb<_'pn5JszqÍ@¥a¨_nmo] �
sz2323�*1£¢^a�É�� ��&����f��!N����+ '�hC'�&���&l��!7�Ip
60r7�)'�&��Id��d!7'±é ��:<:<&��C�"�l�$��!g��'�!7���"&v��')���<!7�"+ �"?A@CF�MO­:À$ª�PgU Å ¶¸N.P W�� B?Û0
 Gx§��fh�Û aAa ÛCJ�B�� bA�
� K � � �>�ÅF

��
 \�q ��Dl>?_J4¼}¦axwX½
�n;g_n5È¤va�_nmo]LbR1�_n5�½�a�bgal©4��!<?A+ 'K�)'�+�+76<'���')����� �"!��f��:*��_<��+����/@>��#s��!>�":<���¹Ê7r0p
� 60� �,��:s')����&��A���)�":<� ��_<� �A�l'�!7���"&fFèi?¶¸­3Ë±²$°EË�ß V)Ô'Ô Ù^S�' ' '>B`
 �A\!K 
 �Ab F

��
 \ �n��Dl>om?_*G6135JHr4nm�~�a|_nm�]Î�O�Z4n7Jqnszm ~�a��oa � Å ¶ �
«zª�ª�¶¸°EË �v« ÄzÅ «�­ �.ØC¶³ÀZ×�ª¬Ã�µ�«¡ËI¶¦² T Ø�°E¿,Â
µg¶EË¸«¡Ë Ä À$­ Ä � À'¯ Ä ¶¸°E«�ÀAF|Û aAa Û0F � ������+ '��3&��IéK!���!76�13�"=>:*��!N@CF�-â©)�è§ aA\ 
 bC� 
 \A\ 
 � F

��
 \Ab ��DlsÕszqo_�; �6qns�}¦azwO½^_nmo1X5¹p'_Í~�a|_nm�]Îb3GoGn7Jszq��6s�mo1Xm �va � ¶¸°�¶¸­3·I¿�² Ä ²��r¿*¿)N.¶�¶ Ä P5-E!9���7'
_s�4�"��SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°��¸¿)­ Ä ÀLË�À$«z°âÀ'À,ª�À¹ËEË±ÀAF£Û aAa �0Bk:<:`F3�,Û \!K �,Û � F �0F;r<r760� ����'�����r :*����!7�A�fF
©4r7�"=�'�!g¤�r<!4�l��+����������*F<-³©)�è§ ¢A�0
�p � �A�npE¢ �A� pl
4F

��
 \C� ��Dls¡p'_n235l_nq�_nHI_<; tvaxw�}C��HI7J4nmu-¦a�bgaxw�Dl�l4n7?7J4y¢^aÓ_nmo]FÑgpn135JHr4n�*1Ö�oa�¤va É�r<+�����:<+ '
æv�Aé3�fhC'�+ '�!<?A����'¸å<�����l����� �"!g��!76¥Ê7r7�"&�')���)'�!7�)',��#�_<� �C�"'�&��A���"+ �xF -�ã Ä P�' .Eã:°�¶EË�ËCj V B�
f¢ GÕ©�'�:
Û aAa�q J�B qAq � �IKNqAqNbAb F

��
 \A� ��Dl2313m��l1X5ì/¥aÁ¢�a Ð &�')6<�"=>��!*��!4�K:*�����7�"?C'�!7�3#%�"r<!76d��!c���7'�8;r<&��":s'f��! Ð &�'�h"��+ '�!7�)'���#�-E!0#%')��p
��� �"! ��! -/!4��'�!7����hC',15��&�'�©4��r760@sF/'|¿*°IP�Q)P|U6ª¬«z­lP?®�«x¯�°â² h «x²$ª�P?SE­ T ¶³¯ Ä P?Ø�«�Ë�P6j,ÙAB q G%�t:<&�
f¢A¢ b J�B
Û � 
 K Û � �0F

��
 \ ¢n��D:7J4nm�1u�
a¬¾�axw�b�_n5JH!46m�Ñ
a�_nmo]Þ½�_,�O_n5 bga�@¦a�����@0����'�=d����� �È��r760��� ��#�')�)�"!7�"=>� �
'�h�� 6<'�!7�)'�+���!<����!<?�!7�A�l�4�)�"=>����+v��!0#%')����� �"!7� ��!76 ��!0#%')����� �"! �)�"!N��&��"+���!N��'�&�hC'�!4��� �"!7�Id 
f¢A¢ a!K
Û aAaAa F¨MON.PnQ)PoSE­ T ¶³¯ Ä PèU�²$­ Ä °³²$ª �*Ô B \ GxÉ��)@�Û aAa ÛCJ�B`
 q � K 
f�,Û0F

��
 qNa ��D:7J5l_n]�sz4n7l7J4 @¦a�/.axw �g_<;g_nm?_6qo_ }¦aZ_6mo] {�_nmo46mosJ~�a t�a��^a�8;+ ')����&��4�l�7'�=>� �f��+:©�'�!7���"&��Id
� Ð �Iék'�&I#%r<+7¨����"+N��!^�v!*��+�@4��� �f��+71k�7'�=>� ����&�@sFXQ)P � °âÀ � P6U Å ¶¸N.P)il²!¯!P:j � B,Û§G�Û aAaA\ J�B<
f�A¢ K 
 �"\ F

��
 q 
���D3G65 � �n� �Í}¦a¨_nmo]Î½
� �E_n�,_��
a��oNOã��$°¸«�Ë Ä
	 ­ N.¶¸° �r« Ä Ã¹Ë
«z­ T ¶�� Ä «x²,«¡ËEË±ÀZP�-E!9���7'd_����"�ìSE­3´
T ¶�� Ä «�²$«x×*¶¸­ Ä ²$°
�E¿)­ Ä À�Ë�À$«z°âÀ'À,ª�À¹ËEË±ÀAFLÛ aAa �0B;:<:`F5
 aA�!K 
A
 � F9�0FXr<r760� ����'�����rÆ:*����!7�A�fF�©4r7�"=�'�!
¤�r<!N�l��+�����������F<-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
 q Ûn��D3G65 � �n� � }¦azw��
1Xs�5Jsz� �ìB!azw?½
����_6�,_ �Ca3_6mo](� ��_&� �65¹pnsn��a � �¹Ë¸« Å ÃIÂ$«Õ¶¸­3«�ÀZP0-E!d���7'�_����"�
SE­ T ¶�� Ä «�²$«�×Z¶¸­ Ä ²$°
�E¿)­ Ä À.Ë±À,«�°³À'À$ªÁÀ¹Ë�Ë�ÀAFgÛ aAa �0Bw:<:`F b 
A
 K�b ÛA¢0Ft�0F*r<r760� ����'�����rg:*����!7�A�xFl©4r7�"=�'�!
¤�r<!N�l��+�����������F<-³©)�|§ ¢A�0
�p � �A�npE¢ �A� pl
NF

��
 qN\ � �¨_n»3_65J]?�¸¢�46H!H�_Ít�axw��^4n]ns�mÍ~�axwÓ��1�_?���Zsz13�Íbga ��a¨_nmo]u�^5 �J7?7J135Í�
a�� 60� �s'�&�'�!0p
������+H=>� ��&����f��!N����+ '�hC'�&Ipj_*�"�l')6.��@�����'�=�#%�"&,=�'f�"��r<&���!<?g��r<&I#j�"�)'�����&�')���Å���*��!<?C')�Å��!760r7�)')6È_4@
'�+ ')����&������7'�=>� �f��+�&�'f�"����� �"!7�fFèi?¶¸­3Ë�PJMg¯ Ä ¿�À Ä ²,°�Ë � j Ô�W G�Û aAa �CJ�BXÛ \A\!K Û q 
AF

��
 qAq � �
>o1�}�4nHr23s�7,_n��}�G6k<sz13mo1¼¢�4�;�;�s�7?7J131�_)7 7J>o1L~�13sz�,_n>J7Js¨}C46H!23s�7,_n�7F;�t!<!4r*��+�ut'�p
:s�"&���Û aAa �0Fº�N��!ÈÛ aAaAb F

http://www.wtec.org/biosensing/


�����������
	
�
������� � Ê

��
 q �n� �
>osz4�¢^a�bgaxwoDJ;Os¡7J> ¤¦axwJ~�135Jë.¾�aÁ��azw6D:7?5J1Xs�8�13�¦-vac��azwJ��4lp'_£�vaxw��C_*G�bgaxwJ~�s��*�Z135
¢^a��^a*_nmo]���135J� �.a�~�a0ut' *7!7'�=�'�!4���;��#*'�!Nh���&��"!<=�'�!N�l��+w�"�l��')����=�'�!4��60r<&���!<?,��!^�"r<��_<&�'f���
��!NhC')������?N����� �"!���#7��!NhA�"����hC'3�"��:�'�&�?A��+�+ �A��� �X��!>�K+ '�r<�C'�=>������!76§_s�"!7'k=d��&�&��Ié2��&l��!7��:<+���!N��r<!<���fF
SE­ T ¶³¯ Ä PÓU�²,­ Ä °â²,ª � ²¹Ë[ãJP '�ã:«�×Z¶¸N^«�²$ªÁP V j"B�
dGx�N��!ÈÛ aAaAa J�B�
 �!K Û \ F

��
 qNb � �
sz»:»X_n�*�ZH��oa�¨�'f�"���<��!<?��7�A��:<���l��+3=�')60� �f��+5���l� � �����*��!76�é5�"���`F�®�¶³×*PÓQ)P¨MO¿ZË Ä Pgj'Ú � B �
G%�v:<&§
f¢A¢ b J�B \ ¢A� K�\ ¢ � F

��
 q4� � �
4:��moH!13m�] �.a�/¥a�_nmo]¼¾u13moë'1X�¥/¥ac�Ca?§��A���4�)�"=>����+w_<+ �4��6<����&�'f��=i��!0#(')����� �"!7�k��! ��!7'±é5p
_s�"&�!���!N��'�!7����hC'Å�f��&�'År<!<���IdK�>�f�"��'�pj=d�������7')6��)�"!4��&��"+�����r760@ ��#D=��"&�_<� 60���E@CB�=��"&��l��+����/@g��!76
&�� ���sFRMON.P�Q�P '�ã:«�×Z¶¸N^«�²$ª�P�j'j � B�
dGx�Cr<+H
f¢ � 
xJ�B �"\!K��Aa F

��
 qN� � �
5Jsz�?q�¾�a�Ñ
axw&�è5Js�]nqnszm�D6a�½�axw6Ñ�]X�O_65J]�H¦�oa�/.axwn}
_%� �±13>`/.ac-¦axw��C_*G6mo13H�/¥ac�Cao_6mo]
7J>o1A@
_�7?sz46m?_n��@C46H!46�?4<;Os¡_n��B�mo8�13�l7Js�46moHàDl�o5¹pn1Xs��*�,_nmo�?1�D3G6HI7J1:;e}�46H!23s�7,_n�*HAF
©�')��r<+���&;¨`&�'�!76>��#:Ï��A��:<���l��+ºp/�K��ê4r<��&�')6d15��!760� 6<'�=>������=��"!<?�-/!4��'�!7����hC'�15��&�'|æv!<��� Ð ����� '�!4���
��!d���7'Oæt!<����')6�©4�l����')�360r<&���!<? 
f¢ � ¢ K 
f¢A¢A¢0F�U6ªc«z­lP3SE­ T ¶³¯ Ä P:Ø�«�Ë�P � ÙAB4�cGÕ©�'�:vÛ aAa ÛCJ�B b Û �IK�bA\Aa F

��
 q ¢n� �
5Js�;�;�1X5F�
ac-vaxw^D3��135J]��*4:� /.a�}¦azw^�n_n5Jq6H �oa�½�axwC½.1313mo1)G �Caxw���13m�mo1�7?7 ��ac�Ca
�35�axwJ~�s��*�Z135�D6a¬¾ axw?¤�_'p6s�H^/.a�ÑCaX_6mo]���_65Jqn135¼¾�a�¤¦aJ�X5�a��t_<!7�"&�=d��+�=>�����4�l�7�"!760&�����+
=��"&�:<�7�"+ �"?A@���! ��:��"&l�"60� � Ð ��&�����!7���"!I� ����!76��v+�©)�7'���=�'�&	� ��60� ��'f�"��',��@�_<&�� 6 �)'�+�+�+���!7')�fF�'/.EãoP
Ç
¶±¿*°³²$ª�PRj'Ú V B�
�GxÉ ��&OÛ aAaAa J�B \C�IK � a F

��
f� a �.t�s�mo�?13mo7 �)��bgao§��A�����)�"=>����+7��!0#(')����� �"!7�H��! �"60r<+��H��!N��'�!7����hC'�p/�f��&�'vr<!<�����xFJf�À$­:¯�¶ Ä�� Ú'j�Gx�Ar<!
Û aAaA\ J�BXÛ aAbA�!K Û aC�A� F

��
f�0
��.t��o�?qJ4lpns�� ��azw bº46mo�:_n5 ~�axw �n_nszmJ7J135 �vaxw Dl�?>o135J135 -vaxw ��4nml�
7Js �±4 B!azw ��465X46]�s�7?HrqJG ~�a _nmo] �g_6»:�*4nmo4lp6s¡7J�?> ÑCa ©4r<&I#(�"�)' Ð +��"�Ip
=��"! �K��!76 ©4��&�r7����r<&�'AB 
f¢A¢A¢0F Ð �Ié3'�&�:��"��!4� :<&�')�l'�!N�l����� �"! �)hA����+���_<+ ' �"!<+���!7' ���
LNM4MNO3PRQNQ"SNS4S3TR|4|;T/�*W"{4U;TI|AmC�<Q���OZ+Ay0�NZwV"Q7�¹YZY*Y<�AZ<|"o*VA|�S7Q"oN�wWx¦<Y"o*V4W"Q<Vxz4m0|"�3TjLNMCy G%�K�)�)')����')6
Û0
�É���&fB3Û aAaAb J�F

��
f�,Ûn�.t��o13mJ7J4Î/.a �XÀ,° Ä ¿)­3­:À$­ À$« Å ¶¸¿ Ä�Ä À��±À Ä �±À Ä À$° Ä ¿)­ Ä À Ä À,·rÀ Ä PX-/!����7'�_s�4�"� SE­ T ¶�� Ä «�²$«x×*¶¸­ Ä ²$°¸´
�¸¿*­ Ä À�Ë±À$«z°³À'À$ªÁÀ¹Ë�Ë�ÀAF6Û aAa �0B�:<:`F qNb!K�b Û0F��0F�r<r760� ����'�����r :*����!7�A�fF3©4r7�"=�'�!�¤�r<!N�l��+�����������F4-³©)�è§
¢A�0
�p � �A�npE¢ �A� pl
NF

��
f� \ �.¾u13szk61X�Öbga�~�azw.¢��Z1)��13�Z�Ö¤va��^axw.�^s��*�AD6a�/.axw.¢��,_65JqÞ@¦aÁ¢�azw^~��?¤^4n�okn_n� bga�½�axw
�è�,_nm�m?_?kn_nmÍD6a�Ñ
axwR½�4n�*4nmJ_ZG��oa ��axwèDl>o1�7?7:GÎ�oaxw¨½.s��*�Zk<4n5J1���acÑCa�_nm�] �
13m�4lpn135
��a�¢^a�Æ�'�!7'���� �c�t!*��+�@0��� �,��#t��Ïv��?A�0p � '�hC'�+3�H��!7�)�"=§@0����!0p/ut')��� ���l��!N�^-E���"+�����'c��#�i Ä ÀEã Å Ã$ªÁ²$´
¯�²I¯�¯±¿ZË�À$¿)°³¶¸¿*ËCFgi?¯±«�¶±­:¯�¶ �*Ô¹V Gx§��fh�Û aAaA\ J�B`
f� b ¢ K 
f� � 
AF

��
f� q �.¾u13szmoHI7J13szm /¥ac-¦a�§v�A�����)�"=>����+k-E!0#(')����� �"! æv:�67����'AF '|N.¶¸°�ÂZP¨SE­ T ¶�¯ Ä PRØ�«¡ËIP � B \ GI
f¢A¢ � J�B
q 
 b!KNq Û a F

��
f�A�n�.¾u13moë'1X� /.a��
aÅ¨5�7' � �!éK_<r<&�@ � ')����r<&�'AF�¨5�7'>')�)�"!7�"=>� �)�,��#k!7�A�l�4�)�"=>����+;��!0#(')����� �"!7�fF.Q�P
� ²$ËÕãJPJSE­ T ¶³¯ Ä P � j"B3Û GÕä����§
f¢A¢A�CJ�B � ¢ K��C� F

��
f� b �.¾u1)GÝD6a��^axw�~�4n5JsÈ~�azwÈ��8E_n�*�Z135�~�ac-¦axw�¾ 4n46�ZHr4nme/.a ��a^_nm�] ¾u13moëZ13�F/¥ac�Ca
Ï��A��:<���l��+ºpE�"��êNr<��&�')6 �f��!760� 6<'�=>���0F�¨5�7'v������&���_<r<�l��_<+ 'v=��"&��l��+����/@c��!76c'¸å0�)')���H+ '�!<?A���c��#`���l�f@�F
MO°³¯ Å PoSE­ Ä ¶±°E­lPo®�¶�×ZPºj �3  B`
IÛ G%e�')��
f¢ �A� J�BXÛ b�q Û K Û b�q �0F

��
f� � �.¾us��*�Zs¡_<;OH�/.a�}¦axwº¾�_n5J]ÖÑCa�_nm�]A~��o¢O_n5'7Jmo1�GÍ}¦a¬-va�É '����7��6<��#%�"&,-E!N��'�?A&l����')6��t��&
©0��=>:<+���!<? ��!76ge�§v� �t!*��+�@0��� �5#(�"&�e�'���')����� �"!g��#D�v��&�_��"&�!7' ] r<!<?N��+<©4:s�"&�')�fF|M|ã'ã:ª�P '|­3·I«z´
°³²$­lP�®�«�¯±°³² h «�²$ªÁPRÚ W B b Gx�Ar<!�Û aAa 
xJ�BXÛ q � \!K Û q �A¢0F

http://www.ee.ucla.edu/~pbmuri/1999-review/vuckovic/index.htm


�����������
	
�
������� Ê �

��
f� � �.¾us��*H!46m9�vac-vag_nm�]9¤^1 �è5J1313ë£/.a�½�a -/=>:<&��xh4��!<?.60� �46<' +��"��'�&d��!760r7�)')6�Ê7r7�"&�')���)'�!7�)'
6<'���')����� �"! ��#�����&�_s�"&�!7'v_<� �"+ �"?A� �f��+s:*��&���� ��+ ')�5_4@d'¸å0��������!<?�=§r<+�����:<+ '�_<� �¹Ê7r7�"&��":<�7�"&�')�xF��è°â²I¯rP
² T i��RS�'AÙ � j'Ú.G%�tr<?¥Û aAa�q J�B�
f� �IK 
 bC� F

��
f�A¢n�.¾us��*H!46m��vac-¦aJ_nmo]à¤^1 �è5J1313ë�/¥a�½�a6É�r<+���� ��:�')����&l��+`60� ��6<'�+��"��'�&5��!760r7�)')6¦Ê7r7�"&�')���)'�!7�)'
_<� �"+ �"?A� �f��+�:*��&���� ��+ '§��'�!7���"&fF¨�|°³²I¯!Pº² T i��ºS�' ÙZÚ'j W G%e�')�
Û aAa�q J�B qNb!K �,Û0F

��
 bAa �.¾us�Hr23�Zszmok<>o468�8�}¦azwO��s�Hr�l>�4n8�8 �¥azw��R_n�*�Z13mo7ÍD6a�~�azw�Dl1Xs�8�135Z7 }¦azwÓ¾�1Xmoë'13� /¥ac�Ca
_nmo] ÑO]6;O46mo]à~�a���a6§��A�����)�"=>����+J�k+ ����6<����&�'f��= -/!0#(')����� �"!7�5��!�æ�©¥Ï��A��:<���l��+ �Id��t!*��+�@0��� �
��#?Û q B�
 � ¢,15�"�l')��# &��"=i� Ð &��A��:s')������hC'g§������ �"!ZéK� 6<'O©4r<&�hC'���+�+���!7�)'O©4��r760@sFºU6ªc«�­lP�SE­ T ¶³¯ Ä P�Ø�«�Ë�P
�'Ì B \ G%�tr<?.Û aAa�q J�B \Aa ¢ K�\ 
 � F

��
 b 
���{�_J�l>�13�oH �va�~�ag_nm�]9~ì_n5Z7?szq�_ns�m�13m9�Ca��oa�ä��)��r<&�'�!7�)'���#�+ '�?A� �"!7'�+�+��"'���! �7�"�.é3����'�&
60� ����&���_<r<��� �"! ��@0����'�=��H��# ] ��!<!<� ��� ��:*��&���=�'�!4�5_<r<��+ 60��!<?C�fF�U�À$­lPlQ�Pl®�«�¯±°³² h «�²$ª�P �:Ô B*
IÛdG%e�')�

f¢A¢ q J�B*¢A¢ \!K ¢A¢A¢0F


	Introduction
	Background
	Nosocomial infections
	Prevalence
	Predisposing factors
	Mortality
	Financial aspects

	The usual suspects of nosocomial infections 
	Bacteria
	Viruses
	Fungi

	The nosocomial infection community
	Surveillance programmes
	Organisations, conferences and journals
	Regulations of the public authorities

	What are biosensing systems?

	Helsinki University Central Hospital
	Nosocomial infections at the Meilahti Hospital
	Bloodstream infections
	Septicaemia-associated mortality

	Current nosocomial infection prevention practices
	Hand Hygiene
	Pressurisation and filtration of air
	Control of waterborne microbes
	Cleaning
	Other prevention practices

	Possible uses of biosensing systems

	Overview of Biosensing Systems
	Electrochemical systems
	Potentiometric biosensors
	Amperometric biosensors
	Conductometric biosensors

	Optical systems
	Quantum dot fluorescent labelling
	Autofluorescence
	Chemi- and bioluminescence
	Fourier transform infrared spectroscopy
	Holographic sensors
	Surface plasmon resonance
	Surface-enhanced Raman scattering

	Microsystems for biosensing applications
	Mass sensing
	Microfluidic systems

	Nucleic acid-based systems
	Polymerase chain reaction
	Nucleic acid sequence-based amplification

	Cell-based sensors

	Biosensing in Hospital Environments
	Existing hospital hygiene products
	Why not microbiological monitoring?
	Advanced biosensing systems with hygiene monitoring potential
	Detection of bioaerosols using semiconductor UV light sources
	Biocavity laser

	Gene sequencing and other overlapping fields

	Summary and Conclusions

