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<\_^_gb_

����� <����o�]h^Zo�\�IBYN�ij_^eh`_g�b�j_Zebah\Zg��f_lh^�b�kha^ZgZ�g_h[oh^b-
fZy�ZiiZjZlmjZ�^ey�bkke_^h\Zgby�j_^dbo�jZkiZ^h\�fxhgZ��F_lh^�hkgh\Zg�gZ
j_]bkljZpbb�\ukhdhwg_j]bqguo�we_dljhgh\�hl�jZkiZ^Z�fxhgZ�rbjhdhZi_j-
lmjguf�fZ]gblguf��b �ki_dljhf_ljhf��:iiZjZlmjZ�IBYN�bkihevah\ZeZkv�\
wdki_jbf_gl_�IBYN�HBYB��\uiheg_gghf��gZ��� bgl_gkb\ghf�imqd_�ih\_jogh-
klguo�fxhgh\�nZahljhgZ�EYI�HBYB�ih�bkke_^h\Zgbx�dhg\_jkbb�fxhgby�\
Zglbfxhgbc��Ihemq_gu�gh\u_�hp_gdb�\_jogbo�wdki_jbf_glZevguo�ij_^_eh\
gZ�\_jhylghklv�ijhp_kkZ�dhg\_jkbb�W232 �b��� gZ��� dhgklZglm��� keZ[h]h��� \aZb-
fh^_ckl\by���� G 454 ����� \��� wlhf���� ijhp_kk_��W636 £���o�� 7 8 . G 959  £0.14G :   (90%
CL).  Ihemq_gh�h]jZgbq_gb_�kgbam�gZ�fZkkm�^\Z`^u�aZjy`_ggh]h�ob]]kh\kdh-
]h�[hahgZ�+ ;<; ��hl\_lkl\_ggh]h�aZ�ijhp_kk�dhg\_jkbb�0®�F��M =>= ³������ =w<�k ?
>�@��Wdki_jbf_gl�\uihegyeky�\�jZfdZo�=hkm^Zjkl\_gghc�gZmqgh�l_ogbq_kdhc
ijh]jZffu�Jhkkbckdhc�N_^_jZpbb�©Nmg^Zf_glZevgZy�y^_jgZy�nbabdZª�� ijh-
_dl����������� b�ijb�nbgZgkh\hc�ih^^_j`d_�Jhkkbckdh]h�nhg^Z�nmg^Zf_glZev-
guo�bkke_^h\Zgbc�� ]jZglu������������� Z�������������� [��
������������� <������ ]��\�IBYN��HBYB�b�BLWN�ijbgylZ�ijh]jZffZ�^Zevg_crbo�bk-
ke_^h\Zgbc�j_^dbo�b�wdahlbq_kdbo�jZkiZ^h\�fxhgh\�b�ibhgh\�k�bkihevah\Z-
gb_f�jZajZ[hlZggh]h�jZg__�wdki_jbf_glZevgh]h�f_lh^Z��<�dZq_kl\_�i_j\hhq_-
j_^ghc�aZ^Zqb�[ueh�j_r_gh�]hlh\blv�ZiiZjZlmjm�^ey�ihbkdZ�\hafh`gh]h�jZk-
iZ^Z�fxhgZ�k�\ue_lhf�kdZeyjghc�qZklbpu�
���������� >ey�h[tykg_gby�kms_kl\h\Zgby�\�KlZg^Zjlghc�Fh^_eb�ihdhe_gbc�n_j-
fbhgh\�kms_kl\mxl�l_hjbb�k�� ]hjbahglZevghc�� kbff_ljb_c��KJ��� gZjmr_gb_�
g_khojZg_gb_�q_lghklb��baf_gyxsb_�ZjhfZl�g_cljZevgu_�lhdb�e_]dh�\dex-
qZxlky�\�wlb�fh^_eb�b�fh]ml�[ulv�ih^Z\e_gu�ebrv�[hevrhc�fZkkhc�khhl\_l-
kl\mxsbo�dZeb[jh\hqguo�[hahgh\��<�kemqZ_��_keb�� ]hjbahglZevgZy�� kbff_l-
jby�_klv�]eh[ZevgZy�kbff_ljby��kihglZggh_�gZjmr_gb_�kbff_ljbb�\_^_l�d
kms_kl\h\Zgbx�]he^klhmgh\kdbo�[hahgh\�>�������@�� Ihbkdb�lZdbo�jZkiZ^h\�b
mqZkl\mxsbo�\�gbo�kdZeyjguo�qZklbp�y\eyxlky�h^gbf�ba�\Z`g_crbo�gZijZ\-
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e_gbc�kh\j_f_gghc�nbabdb��>ey�wlbo�qZklbp�bf__lky�l_hj_lbq_kdZy�ijbqbgZ�
ih�dhlhjhc�hgb�eb[h�y\eyxlky�kljh]h�[_afZkkh\ufb�� ]he^klhmgh\kdb_�[hah-
gu���eb[h�bf_xl�fZemx�fZkkm��ik_\^h]he^klhmgh\kdb_�[hahgu���Hq_\b^gh�
qlh��ihfbfh��l_hj_lbq_kdhc�\u^_e_gghklb��wlb�qZklbpu�bgl_j_kgu�b�k�wdki_-
jbf_glZevghc�lhqdb�aj_gby��hgb�fh]eb�[u�gZ[ex^Zlvky�ijb�g_\ukhdbo�wg_j-
]byo��<������ ]h^m�:�:�:gk_evf��G�=�MjZevp_\��IBYN�� b�F�X�Oehih\��BIF�
Fhkd\Z�� hp_gbeb�rdZem�gZjmr_gby�kbff_ljbb�ihdhe_gbc��bkoh^y�ba�fh^_e_c
h[jZah\Zgby�kljmdlmju�<k_e_gghc�g_klZ[bevgufb�g_cljbgh��b�ij_^kdZaZeb
kdhjhklv�jZkiZ^Z�fxhgZ�gZ�we_dljhg�b�]he^klhmgh\kdbc�[hahg��� nZfbehg�gZ
mjh\g_�R @ =G(m Æ e a )/G( m Æ e uu)=10 A B �>�@��<�lhf�`_�]h^m�\�IBYN�[ue
ij_^eh`_g�wdki_jbf_glZevguc�f_lh^�bkke_^h\Zgby�lZdh]h�ijhp_kkZ�>�@��F_-
lh^�bkke_^h\Zgbc�hkgh\Zg�gZ�baf_j_gbb�wg_j]_lbq_kdhc�aZ\bkbfhklb�dhwn-
nbpb_glZ�Zkbff_ljbb�ihabljhgh\�hl�jZkiZ^Z�fxhgh\�\�\ukhdhwg_j]bqghc
qZklb�ki_dljZ�Fbr_ey�
������� <�ihke_^gb_�]h^u�g_khojZg_gb_�ihdhe_gbc�e_ilhgh\�\�g_cljbgghf�k_dlh-
j_�rbjhdh�h[km`^Z_lky�\�k\yab�k�ml\_j`^_gbyfb�h�kms_kl\h\Zgbb�g_cljbg-
guo�hkpbeeypbc�\�ih^a_fguo�wdki_jbf_glZo�k�Zlfhkn_jgufb�g_cljbgh��L_h-
j_lbq_kdb_�fh^_eb�k\yau\Zxl�wnn_dlu�kf_rb\Zgby�fZkkb\guo�g_cljbgh�k
\hafh`guf�kms_kl\h\Zgb_f�[_ag_cljbgguo�jZkiZ^h\�aZjy`_gguo�e_ilhgh\�
lZdbo�dZd�jZkiZ^u�m Æ e g,  m Æ 3e��beb�m Æ e��dhg\_jkby�\�y^jZo��gZ�dhlhju_
bf_xlky�`_kldb_�wdki_jbf_glZevgu_�h]jZgbq_gby��%U� m Æ e g) < 4.9×10 C D�D ,
Br(m Æ 3e) <1.0×10 E F�G    Br(m Æ e��dhg\_jkbb������ ×10 H I�J �>�@��L_hj_lbq_kdb_�h]jZ-
gbq_gby�gZ�\_jhylghklv�jZkiZ^h\�k�g_khojZg_gb_f�e_ilhgguo�ihdhe_gbc��m Æ
e a�b�� t Æ m a�agZqbl_evgh�keZ[__��b��ihbkd�wlbo�j_^dbo�ijhp_kkh\�bf__l
[hevrb_�ij_bfms_kl\Z�k�lhqdb�aj_gby��fh^_e_c��bamqZxsbo�\hafh`gmx�ijb-
jh^m�kbff_ljbb�ihdhe_gbc�b�f_oZgbafu�__�gZjmr_gby�
����� P_evx��wdki_jbf_glZ�y\ey_lky��ihbkd�[_ag_cljbgguo�jZkiZ^h\�fxhgZ�gZ
ihabljhg�b�nZfbehg��mK  Æ e L a���Wdki_jbf_gl�[m^_l�ijh\h^blvky�gZ�imqd_
©ih\_joghklguoª� fxhgh\��nZahljhgZ�EYI�HBYB�gZ��mklZgh\d_�N:FBEHG�
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IhklZgh\dZ�wdki_jbf_glZ

��Dhgp_ipby�wdki_jbf_glZ�jZajZ[hlZgZ��\�IBYN�>�@��Ihbkd�^\moqZklbqguo
jZkiZ^h\�fxhgZ�gZ�ihabljhg�b�[_afZkkh\mx�qZklbpm��nZfbehg��� k\h^blky�d
ZgZebam�\ukhdhwg_j]bqghc�qZklb�ki_dljZ�ihabljhgh\�hl�jZkiZ^h\��fxhgZ�ih
hkgh\ghfm�dZgZem�m Æ e uu��Ijyfh_�gZ[ex^_gb_��fhghojhfZlbq_kdhc�ebgbb
hl�j_^dh]h��jZkiZ^Z�m Æ e a��� gZ�nhg_��jZkiZ^Z�m Æ e uu��ihfbfh�lh]h��qlh
lj_[m_l�ijbf_g_gby�fZ]gblgh]h�ki_dljhf_ljZ�k�\ukhdbf�jZaj_r_gb_f�ih
wg_j]bb��k\yaZgh�b�k�ljm^ghklyfb�Z[khexlguo�baf_j_gbc��nhgh\u_�kh[ulby�
jZkk_ygb_�b�^j��� b�ij_^klZ\ey_lky�djZcg_�ijh[e_fZlbqguf��H^gZdh�fgh]bo
ljm^ghkl_c�fh`gh�ba[_`Zlv��_keb�bkke_^h\Zlv�jZkiZ^u�iheyjbah\Zgguo�fxh-
gh\�b��ZgZebabjh\Zlv�wg_j]_lbq_kdb_�b�m]eh\u_�jZkij_^_e_gby�ihabljhgh\��GZ
jbk����ihdZaZgh�jZkij_^_e_gb_�ihabljhgh\�ih�m]em�f_`^m�gZijZ\e_gb_f�^\b-
`_gby�ihabljhgZ�b�kibghf�fxhgZ�^ey��bkke_^m_fh]h�b�hkgh\gh]h�jZkiZ^h\�
?keb�\�i_j\hf�kemqZ_�bf__l�f_klh�bahljhigh_��jZkij_^_e_gb_�ihabljhgh\���lh
\h�\lhjhf����� j_adh�\ujZ`_ggZy�Zkbff_ljby�\ue_lZ�ihabljhgh\�hlghkbl_evgh
gZijZ\e_gby�kibgZ�fxhgZ��k\yaZggZy�k�g_khojZg_gb_f�q_lghklb��Hlkx^Z�ke_-
^m_l��qlh�nhg�hl�hkgh\gh]h�jZkiZ^Z�agZqbl_evgh�f_gvr_�^ey�ihabljhgh\��\u-
e_lZxsbo�\�klhjhgm��ijhlb\hiheh`gmx�gZijZ\e_gbx�kibgZ�fxhgZ��q_f�^ey
ex[uo�^jm]bo�gZijZ\e_gbc�
����� Wdki_jbf_glZevgh�b^_y�h^gh\j_f_ggh]h�ZgZebaZ�wg_j]_lbq_kdh]h�b�m]eh-
\h]h�jZkij_^_e_gbc�j_Zebam_lky�ke_^mxsbf�h[jZahf��Bfimevk�ihabljhgZ�ba-
f_jy_lky�ij_pbabhgguf�fZ]gblguf�ki_dljhf_ljhf��k�jZaj_r_gb_f�ih�wg_j-
]bb�ihjy^dZ��� M

N ��Z�^ey�ZgZebaZ�dhjj_eypbb��f_`^m�gZijZ\e_gb_f�kibgZ�m-
f_ahgZ�b�ihabljhgZ�bkihevam_lky�klZg^ZjlgZy�m65�±� l_ogbdZ�>�@��Ki_dlju
ij_p_kkbb��kibgZ�iheyjbah\Zggh]h�fxhgZ��hklZgh\b\r_]hky�\�fbr_gb�ba�\_-
s_kl\Z�k�\ukhdhc�iehlghklvx�we_dljhgh\�ijh\h^bfhklb��k�p_evx�ij_^hl\jZ-
s_gby�^_iheyjbaZpbb�aZ�kq_l�h[jZah\Zgby�fxhgby���ZgZebabjmxlky�dZd�nmgd-
pby�wg_j]bb�ihabljhgZ��?keb�jZkiZ^u�m Æ ea��kms_kl\mxl��lh�wlh�ijb\h^bl�d
j_adhfm�mf_gvr_gbx�dhwnnbpb_glZ�Zkbff_ljbb�\[ebab�\_jog_c�]jZgbpu
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ki_dljZ�Fbr_ey���Ke_^m_l�aZf_lblv���qlh�\�lZdhc�ihklZgh\d_�wdki_jbf_glZ
kbkl_fZlbq_kdb_�g_hij_^_e_gghklb��k\h^ylky�d�fbgbfmfm��lZd�dZd�\k_�mSR-
ki_dlju��gZ[bjZxlky�h^gh\j_f_ggh�
���� Ko_fZ�wdki_jbf_glZ�ij_^klZ\e_gZ�gZ�jbk�� ��Hkgh\gu_�we_f_glu�mklZgh\-
db��N:FBEHG�hibkZgu�\�jZ[hl_�>�@�
����� MklZgh\dZ�jZkiheh`_gZ�gZ�imqd_��© ih\_joghklguoª�� fxhgh\�k�dbg_lbq_-
kdhc�wg_j]b_c��� Fw<��ihemqZ_fuo�hl�jZkiZ^Z�pO �f_ahgh\��hklZgh\b\rboky�\
ih\_joghklghf�keh_�f_ahghh[jZamxs_c�fbr_gb�
����� <�\_jog_c�qZklb�jbkmgdZ�ij_^klZ\e_gZ��kbkl_fZ�fZ]gblguo�we_f_glh\�^ey
m65²ZgZebaZ�ijhp_kkZ�m Æ�H��� jZkiZ^Z���khklhysZy��ba�^\mo�iZj�dhe_p
=_evf]hevpZ�^ey�kha^Zgby�kdj_s_gguo�fZ]gblguo�ihe_c�% P =0¸���� =k�b
B Q Q =0¸����� =k�b�lj_o�iZj�d\Z^jZlguo�dZlmr_d�^ey�dhfi_gkZpbb�jZkk_ygguo
fZ]gblguo�ihe_c�\�f_kl_�jZkiheh`_gby�fbr_gb�
���� Ki_dljhf_ljbq_kdbc�fZ]gbl�bf__l�^bZf_lj�ihexkh\���� kf�b�\_ebqbgm�aZ-
ahjZ�f_`^m�ihexkZfb���� kf��Ihe_�\�p_glj_�fZ]gblZ�±��� d=k�
    .hhj^bgZlgh�^_l_dlbjmxsmx�qZklv��fZ]gblgh]h�ki_dljhf_ljZ�khklZ\eyxl
kpbglbeeypbhggu_�kq_lqbdb�K��K�� b�ijhihjpbhgZevgu_�dZf_ju�ID��ID��
Kq_lqbdb�\dexq_gu�\�kbkl_fm�[ukljh]h��gZghk_dmg^gh]h�� hl[hjZ�kh[ulby
lj_[m_fhc�dhgnb]mjZpbb��dhlhjZy�h[_ki_qb\Z_l�nhjfbjh\Zgb_�ljb]]_jgh]h
kb]gZeZ��Kbkl_fZ�dhhj^bgZl�\u[bjZ_lky�lZdbf�h[jZahf��qlh�hkv�X  gZijZ\e_gZ
ih�kj_^g_fm�gZijZ\e_gbx�ihabljhgh\��Z�gZijZ\e_gZ�\\_jo��Z�Y lZd��qlh[u�kbk-
l_fZ�dhhj^bgZl�[ueZ�ijZ\hc�
    Y-Z��iehkdhklb�ijhihjpbhgZevguo�dZf_j�bf_xl�rZ]��� ff�ijb�aZahj_��� ff�b
jZagh_�qbkeh�dZgZeh\�\�aZ\bkbfhklb�hl�jZaf_jZ���DZf_ju�ID�� b�ID�� jZaf_jhf
200´���� ff�bf_xl�ih����� dZgZeZ��dZf_ju�ID�� b�ID�� jZaf_jhf����´���� ff
bf_xl�ih������ dZgZeZ�dZ`^Zy��>ey�jZ[hlu�dZf_j�bkihevam_lky�fZ]bq_kdZy
kf_kv�:r(75%)+C R H SUT ��������oeZ^hg��<���������dhlhjZy�]hlh\blky�\�ki_pb-
Zevghc�]Zahkf_kbl_evghc�mklZgh\d_��h[_ki_qb\Zxs_c�ih^]hlh\dm�^h����
kf V �fbg�kf_kb�



6

������� DZd�ihdZau\Zxl�ijb\_^_ggu_�gb`_�j_amevlZlu�fh^_ebjh\Zgby�wdki_jb-
f_glZ��kms_kl\mxsZy�k_]h^gy�ZiiZjZlmjZ�mklZgh\db�N:FBEHG�\�ijbgpbi_
iha\hey_l�hij_^_eylv�wg_j]bx�ihabljhgZ�hl�jZkiZ^Z�fxhgZ�k�hlghkbl_evghc
lhqghklvx������� W

X ����H^gZdh��lhqghklv�hij_^_e_gby�wg_j]bb�ihabljhgZ�\�hib-
kZgghc�\ur_�ihklZgh\d_�wdki_jbf_glZ��hij_^_ey_lky�g_�lhevdh�wg_j]_lbq_-
kdbf�jZaj_r_gb_f�fZ]gblgh]h�ki_dljhf_ljZ��gh�b�g_hij_^_e_gghklvx�ihl_jv
wg_j]bb�ihabljhgZ�\�jZ[hq_c�fbr_gb��]^_�ijhbkoh^yl�hklZgh\db�fxhgZ��<�dZ-
q_kl\_�jZ[hq_c�fbr_gb�\�wdki_jbf_gl_�ij_^iheZ]Z_lky��bkihevah\Zebkv��Al
lhesbghc�hl����� f]�kf Y �^h����� f]�kf Y ���� kj_^gyy�lhesbgZ�fbr_gb����� f]�kf Y ).
?keb��fbr_gv�ij_^klZ\ey_l�kh[hc�h^gm�ieZklbgm�Al��lh�^ey�dZ`^h]h�kh[ulby
fu�g_�bf_xl�\hafh`ghklb�hij_^_eblv�lhqdm�hklZgh\db�fxhgZ�\�fbr_gb��Z
ke_^h\Zl_evgh�ihl_jx�wg_j]bb�ihabljhgZ�hl�jZkiZ^Z�fxhgZ�\�fbr_gb��]^_�hg
h[jZah\Zeky��Kj_^gyy�ihl_jy�wg_j]bb�j_eylb\bklkdh]h�ihabljhgZ��\�\_s_kl\_
jZ\gZ��� Fw<�ijb�ijhoh`^_gbb��� ]�kf Y �\_s_kl\Z��Ke_^h\Zl_evgh��\�wlhf�kemqZ_
g_hij_^_e_gghklv��wg_j]bb�ihabljhgZ������� Fw<�b��hlghkbl_evgZy�lhqghklv
hij_^_e_gby�wg_j]bb�ihabljhgZ�gZ�\ukhdhwg_j]bqghf�dhgp_�ki_dljZ�Fbr_ey
g_�emqr_��q_f����� Z

[ .
������� Hq_\b^guc�imlv��mkljZg_gby�mdZaZgghc�\ur_�g_hij_^_e_gghklb�y\ey_lky
bkihevah\Zgb_�Zdlb\ghc�fbr_gb�gZ�hkgh\_�gZ[hjZ�lhgdbo�f_lZeebq_kdbo
nhev]�jZ[hlZxsbo�\�j_`bf_�iehkdhiZjZee_evgh]h�eZ\bggh]h�kq_lqbdZ�>��@�
Ijhlhlbi�Zdlb\ghc�fbr_gb�^ey�wdki_jbf_glZ�N:FBEHG��jZajZ[hlZg�b�ba-
]hlh\e_g�\�IBYN�>��@���Bkke_^h\Zgby�ijh\_^_ggu_�gZ�imqd_�©ih\_joghkl-
guoª� fxhgh\�nZahljhgZ�EYI�HBYB�ihdZau\Zxl�[hevrmx�wnn_dlb\ghklv
j_]bkljZpbb�nZdlZ�ijhoh`^_gby�fxhgZ�q_j_a�]Zah\uc�ijhf_`mlhd�eZ\bggh]h
^_l_dlhjZ������ ^ey�]Zah\h]h�ijhf_`mldZ��� ff�b�]Zah\hc�kj_^u�CO�� ijb�Zlfh-
kn_jghf�^Z\e_gbb��� b�\ukhdmx�k_e_dlb\ghklv�hl[hjZ�fxhgh\�hl�we_dljhgh\
ih�Zfieblm^_�kb]gZeZ�k�^_l_dlhjZ�
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��� We_dljhgbdZ�mklZgh\db�N:FBEHG�� \^]`_ acb �� \uiheg_gZ�\�klZg^Zjl_�D:F:D
b�bf__l�ijh]jZffgh_�mijZ\e_gb_�q_j_a�i_jkhgZevguc�dhfivxl_j�lbiZ
Pentium-II��Bkihevam_fu_�bgl_jn_ckgu_�kj_^kl\Z��� dhgljhee_ju�lbiZ�:2,
ijb\h^u�\_l\b�b�ijyfh_�khijy`_gb_�bgl_jn_ckZ��dhfivxl_jZ�k�dhgljhee_jhf
.����� h[_ki_qb\Zxl�\hafh`ghklv�jZ[hlu�k�m^Ze_ggufb�^h����� f�dj_clZfb�
Ijb�wlhf�\j_fy�\uiheg_gby�h^ghc�hi_jZpbb�khklZ\ey_l���� fdk��qlh�\�mkeh\b-
yo�gZr_]h�wdki_jbf_glZ�g_�h]jZgbqb\Z_l�kdhjhklb�gZ[hjZ�klZlbklbdb��l�d�
fZdkbfZevgZy�bgl_gkb\ghklv��ihe_aguo�kh[ulbc�khklZ\ey_l����� k d e .
����� We_dljhgbdZ�kqblu\Zgby�ijhihjpbhgZevguo�dZf_j�\uiheg_gZ�\�\b^_�fh-
^me_c��dZ`^uc�ba�dhlhjuo�kh^_j`bl����� dZgZeZ�ql_gby�khklhygbc�dZf_ju�
Hkh[_gghklvx�kbkl_fu�ijb_fZ�b�aZihfbgZgby�bgnhjfZpbb�y\ey_lky�lh��qlh
hgZ�ihke_�dZ`^h]h�pbdeZ�j_]bkljZpbb�jZ[hlZ_l�g_ij_ju\gh�^h�ijboh^Z�ljb]-
]_jgh]h��kb]gZeZ��Kb]gZe�k�dZ`^hc�ijh\hehqdb�ihklmiZ_l�\�HAM�_fdhklvx���
jZajy^h\��:^j_k�yq_cdb�HAM�baf_gy_lky�k�qZklhlhc���� F=p��LZdbf�h[jZahf��\
dZ`^uc�fhf_gl�\j_f_gb�\�kbkl_f_�aZihfbgZgby�kh^_j`blky�bgnhjfZpby�h
���lb�khklhygbyo�dZ`^hc�ijh\hehqdb��hl^_e_gguo�^jm]�hl�^jm]Z�bgl_j\Zehf�\
40 gk��lZd�qlh�\j_fy�iZfylb�HAM�khklZ\ey_l����� gk��Ljb]]_jguc�kb]gZe�hklZ-
gZ\eb\Z_l�pbdebq_kdmx�aZibkv��we_dljhgbdZ�h[_ki_qb\Z_l�kqblu\Zgb_�bg-
nhjfZpbb�k�ijh\hehq_d�ijhihjpbhgZevguo�dZf_j�\�W<F��ihke_�q_]h�pbdeb-
q_kdZy�aZibkv�\�yq_cdb�HAM�\hah[gh\ey_lky�^h�ijboh^Z�ke_^mxs_]h�ljb]]_jZ�
���� Ijh]jZffgh_�h[_ki_q_gb_�ON-LINE�j_Zebah\Zgh�\�kbkl_f_�WINDOWS c
kh[ex^_gb_f�l_ogheh]bb�h[t_dlgh�hjb_glbjh\Zggh]h�ijh]jZffbjh\Zgby�
Hgh��\uihegy_l�ke_^mxsb_�nmgdpbb�
��� l_klbjh\Zgb_�ih^kbkl_f�mklZgh\db�b�kbkl_fu�\�p_ehf�
��� mijZ\e_gb_�gZdhie_gb_f�bgnhjfZpbb�\�wdki_jbf_glZo�
��� mijZ\e_gb_�on-line�h[jZ[hldhc�\�wdki_jbf_glZo�
��� hl[hj�ih�iZjZf_ljZf�b�hlh[jZ`_gb_�wdki_jbf_glZevghc�bgnhjfZpbb
��� b�j_amevlZlh\�on-line�±� h[jZ[hldb�
��� hl[hj�ih�iZjZf_ljZf�b��ijhkfhlj�baf_jy_fhc�bgnhjfZpbb�off-line;
��� hlh[jZ`_gb_�lj_dh\�b�j_amevlZlh\��h[jZ[hldb�on-line�b�off-line.
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��� J_amevlbjmxs__�[ukljh^_ckl\b_�ZiiZjZlmju�b�ijh]jZffgh]h�h[_ki_q_gby
khklZ\ey_l���������� kh[ulbc�\�k_dmg^m�b�aZ\bkbl�hl�qbkeZ�kjZ[hlZ\rbo�ijh-
\hehq_d�
��� Hkgh\gufb�aZ^ZqZfb�OFF-LINE�ijh]jZff�y\ey_lky�\hkklZgh\e_gb_�wg_j]bb
ihabljhgZ�ih�^Zgguf�ijhihjpbhgZevguo�dZf_j�b�nhjfbjh\Zgb_�\uoh^gh]h
fZkkb\Z�^Zgguo�\�nhjfZl_�NTUPLE�^ey�ijh\_^_gby�klZlbklbq_kdhc�b�nbab-
q_kdhc�h[jZ[hldb�
������ Dhfivxl_jgh_�h[_ki_q_gb_�wdki_jbf_glZ�N:FBEHG�ij_^klZ\ey_l��kh-
[hc��jZkij_^_e_ggmx�ih�bgklblmlZf�mqZklgbdZf�wdki_jbf_glZ�kh\hdmighklv
W<F��k\yaZgguo�k_lvx�BGL?JG?L��k�dhgp_gljZpb_c�bgnhjfZpbb�\�IBYN�
Hl^_evgu_�dhfivxl_ju�\�bgklblmlZo�^he`gu�bf_lv�h^bgZdh\u_�gZ[hju�ki_-
pbZebabjh\Zgguo�ijh]jZff�h[jZ[hldb�wdki_jbf_glZevghc�bgnhjfZpbb�
����� :iiZjZlmjZ�\�p_ehf�kfhglbjh\ZgZ�gZ�imqd_�fxhgh\��ijh\_jdZ�__�jZ[hlh-
kihkh[ghklb�ijhba\h^beZkv�\�hleZ^hqghf�k_Zgk_�gZ�mkdhjbl_e_��Ih�j_amevlZ-
lZf�k_ZgkZ>��@� b�dhfivxl_jgh]h�fh^_ebjh\Zgby�\�jZfdZo�iZd_lZ�*($17�����
knhjfmebjh\Zgh�l_ogbq_kdh_�aZ^Zgb_�gZ�^hmdhfie_dlh\Zgb_�mklZgh\db�^h-
ihegbl_evgufb�mkljhckl\Zfb��dhlhju_�h[_ki_qZl�[he__�\ukhdmx�lhqghklv
baf_j_gby�wg_j]bc�ihabljhgh\�

 Fh^_ebjh\Zgb_�mklZgh\db�N:FBEHG

���� DZd��[ueh�hlf_q_gh�\ur_��f_lh^bq_kdb�aZ^ZqZ�ihbkdZ�[_ag_cljbgguo�jZk-
iZ^h\�fxhgh\�k\h^blky�d�baf_j_gbx�wg_j]_lbq_kdhc�aZ\bkbfhklb��Zkbff_l-
jbb�m]eh\h]h�jZkij_^_e_gby�ihabljhgh\�hl�jZkiZ^Z��fxhgZ�\[ebab�\_jog_c
]jZgbpu�ki_dljZ�Fbr_ey��? f  ������Fw<���Ki_pbnbdZ�wdki_jbf_glZ�aZdex-
qZ_lky�\�lhf��qlh�lj_[m_lky��baf_jblv�bfimevku�fy]dbo�ihabljhgh\�k�ihfh-
svx�fZ]gblgh]h�ki_dljhf_ljZ��qlh�gZdeZ^u\Z_l�hij_^_e_ggu_�h]jZgbq_gby
gZ�dhgnb]mjZpbx�mklZgh\db�
���� P_evx�fh^_ebjh\Zgby�y\ey_lky�hp_gdZ�\ebygby��\_s_kl\Z�gZ�imlb�ihabljh-
gh\��\ha^moZ��ijh\hehq_d��kpbglbeeylhjh\�b�ij��� gZ�lhqghklv��baf_j_gby�bo
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bfimevkh\��b��� hilbfbaZpby�jZkiheh`_gby�^_l_dlhjh\�\�mklZgh\d_�^ey�^hklb-
`_gby�fZdkbfZevghc�wg_j]_lbq_kdhc�lhqghklb�b��wnn_dlb\ghklb�j_]bkljZpbb
ihabljhgh\���<�dZq_kl\_�[Zah\uo�bkoh^guo�^Zgguo�\�ijh]jZffm�\\h^bebkv
jZaf_ju�fZ]gblZ��dZjlZ�fZ]gblgh]h�ihey��dhgkljmdpby�[ehdh\�ijhihjpbh-
gZevguo�dZf_j��hlghkbl_evgh_�jZkiheh`_gb_�fZ]gblZ�b�fbr_gb�
����� Ih]j_rghklv��baf_j_gby�bfimevkZ�j�ihabljhgZ�hij_^_ey_lky��\�hkgh\ghf�
ih]j_rghklvx�\�baf_j_gbb�_]h�gZijZ\e_gby�^h�fZ]gblZ�b�aZ�gbf��ih�dhhj^b-
gZlZf�kjZ[hlZ\rbo�ijh\hehq_d�ijhihjpbhgZevguo�dZf_j�b�aZ\bkbl�hl�\_eb-
qbgu�rZ]Z�h��k�dhlhjuf�jZkiheh`_gu�kb]gZevgu_�ijh\hehqdb�\�dhhj^bgZl-
guo�iehkdhklyo��b�hl�jZkklhygby�X g �f_`^m�iehkdhklyfb�dZf_j��<�dZq_kl\_�hl-
ghkbl_evghc�ih]j_rghklb��ijbf_f�\_ebqbgm�s h /j��]^_�s h �±� kj_^g__�d\Z^jZlbq-
gh_�hldehg_gb_��AZ\bkbfhklv��ih]j_rghklb�\�baf_j_gbb�gZijZ\e_gby�ihab-
ljhgh\�k�bfimevkhf������ Fw<�\�\Zdmmf_�hl�jZkklhygby�X i ��� ijb��h ��� ff�ihdZ-
aZgZ�m[u\Zxs_c�imgdlbjghc�djb\hc�gZ� j^k`l mon ��<�j_Zevguo�mkeh\byo�wdki_jb-
f_glZ�hkgh\guf�nZdlhjhf��ijb\h^ysbf�d�m\_ebq_gbx�ih]j_rghklb��y\ey_lky
fgh]hdjZlgh_�jZkk_ygb_�ihabljhgh\�\�\_s_kl\_�mklZgh\db��AZ\bkbfhklv�kj_^-
g_]h�m]eZ�fgh]hdjZlgh]h�jZkk_ygby�ihabljhgZ�hl�_]h�ijh[_]Z�\�\ha^mo_�ihdZ-
aZgZ�gZ�jbkmgd_�a\_a^hqdZfb��kh_^bg_ggufb�\hajZklZxs_c�djb\hc���KmffZj-
gZy�ih]j_rghklv�dZd�kj_^g__�]_hf_ljbq_kdh_�wlbo�^\mo�khklZ\eyxsbo�ij_^-
klZ\e_gZ�kiehrghc�djb\hc��dhlhjZy�bf__l�rbjhdbc�fbgbfmf�\�jZchg_������
kf��Ih�\b^bfhfm��^ey�^hklb`_gby�fZdkbfZevghc�lhqghklb�\�baf_j_gbb�bf-
imevkZ�ihabljhgh\�jZkklhygby�f_`^m�[ehdZfb�ijhihjpbhgZevguo�dZf_j�^h
fZ]gblZ�b�aZ�gbf�^he`gu�[ulv�ihjy^dZ���� kf�\�kemqZ_��_keb�f_`^m�dZf_jZfb
\ha^mo�
������ >ey�hp_gdb�ij_^_evghc�lhqghklb�\�baf_j_gbb�bfimevkZ�ihabljhgZ�[ueh
\uiheg_gh�fh^_ebjh\Zgb_�j_]bkljZpbb�\�dZf_jZo�fhghojhfZlbq_kdbo�ihab-
ljhgh\�k�bfimevkZfb������ Fw<��fZdkbfmf�\�ki_dlj_�Fbr_ey��b�������� gZ��
Fw<�f_gvr_��ijb�mkeh\bb��qlh�gZ�imlb�ihabljhgh\�g_l�\_s_kl\Z��JZaghklv
dhhj^bgZl�Y lhq_d�i_j_k_q_gby�ihabljhgZfb�mdZaZgguo�bfimevkh\�iehkdhklb
dZf_ju�ID�� khklZ\beZ���� ff��Hlkx^Z�ihemqbf�dhwnnbpb_gl�i_j_kq_lZ�hl
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lhqghklb�baf_j_gby�dhhj^bgZlu�d�lhqghklb�baf_j_gby�bfimevkZ��hg��khklZ\-
ey_l������� Fw<�ff�
���� Qlh[u�hp_gblv�\ebygb_�\_s_kl\Z�\�mklZgh\d_�gZ�lhqghklv�baf_j_gby�bf-
imevkZ��fh^_ebjh\ZeZkv�j_]bkljZpby�fhghojhfZlbq_kdbo�ihabljhgh\�k�fZd-
kbfZevghc�wg_j]b_c�\�ki_dlj_�Fbr_ey�^ey�jZaebqguo��\ZjbZglh\�dhgnb]mjZ-
pbb�mklZgh\db���GZ� p^q`r sct �ihdZaZgu�jZkij_^_e_gby�ihabljhgh\�ih�dhhj^bgZl_�Y
\�iehkdhklb��ID�� ^ey�lj_o�kemqZ_\�� Z�� mqblu\Zxlky�lhevdh�dhgkljmdpbhggu_
fZl_jbZeu��ba�dhlhjuo�ba]hlh\e_gu�ijhihjpbhgZevgu_�dZf_ju��Z�\ky�mklZ-
gh\dZ�gZoh^blky�\�\Zdmmf_��kiehrgZy�ebgby���[��� \Zdmmf�lhevdh�\gmljb�fZ]-
gblZ��lhqdb����\�� \ky�mklZgh\dZ�jZ[hlZ_l�\�\ha^mo_��imgdlbj���<b^gh��qlh�hk-
gh\ghc�\deZ^�\�jZa[jhk�dhhj^bgZl�\ghkbl�\ha^mo�
��� :gZeh]bqgu_�jZkq_lu�[ueb��\uiheg_gu�_s_�^ey�^\mo�kemqZ_\�� _keb�\k_
ijhf_`mldb�f_`^m�dZf_jZfb�aZiheg_gu�]_eb_f�b�_keb�\gmljb�fZ]gblZ�jZkih-
eh`_g�\Zdmmfguc�dh`mo��Z�hklZevgh_�ijhkljZgkl\h�mklZgh\db�aZiheg_gh�]_-
eb_f�
����� :gZebabjmy�j_amevlZlu�fh^_ebjh\Zgby��fh`gh�ihemqblv�hp_gdb�lhqghklb
baf_j_gby�bfimevkh\�ihabljhgh\�\�jZaebqguo�dhgnb]mjZpbyo�mklZgh\db��Ijb
wlhf�aZ�f_jm�lhqghklb�\�baf_j_gbb�bfimevkZ�ijbgbfZebkv�kj_^g_d\Z^jZlbq-
gu_�hldehg_gby�\�jZkij_^_e_gbyo�ih�dhhj^bgZlZf�m�lhqdb�i_j_k_q_gby�ihab-
ljhghf�iehkdhklb�dZf_ju�ID��� u^v`wxscy ���baf_jyxs_c�]hjbahglZevgmx�dhhj^b-
gZlm��Ijb\_^_f�gZb[he__�\Z`gu_�j_amevlZlu�
���� Ij_^_evgZy�lhqghklv��dhlhjZy�fh`_l�[ulv�^hklb]gmlZ�ijb�baf_j_gbb�dhhj-
^bgZl��k�^bkdj_lghklvx�h �� ff�\�]bihl_lbq_kdhf�b^_Zevghf�kemqZ_��dh]^Z�gZ
imlb�ihabljhgh\�g_l�\_s_kl\Z���s z � ������� Fw<�beb�^ey�fZdkbfmfZ�ki_dljZ
Fbr_ey��� s z /p » 5×10 { | .
���FZdkbfZevgh�^hklb`bfZy�lhqghklv�k�ijhihjpbhgZevgufb�dZf_jZfb�^Zgghc
dhgkljmdpbb��k�hij_^_e_gguf�dhebq_kl\hf�\_s_kl\Z�gZ�imlb�ihabljhgh\�� ijb
mkeh\bb��qlh�\ky�mklZgh\dZ��� ihf_s_gZ�\�\Zdmmf��khklZ\ey_l��s } /p » 2.5×10 { ~ .
��� ?keb�\ha^mo�hldZqZlv�lhevdh�\gmljb�fZ]gblZ��lh�ih]j_rghklv�\�baf_j_gbb
bfimevkZ�\hajZkl_l�^h�s } /p »5×10 { ~ .
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��� ?keb�\kx�baf_jbl_evgmx�qZklv�mklZgh\db�aZihegblv�]_eb_f��lh�lhqghklv
memqrblky�^h�s � /p»3×10 � � .
����� <�kemqZ_��dh]^Z�\ky��mklZgh\dZ�gZoh^blky�\�\ha^mo_��s � /p » 9× 10 � � .
���� Ih�\b^bfhfm��hilbfZevguf�y\ey_lky�\ZjbZgl��dh]^Z�ba�\Zdmmfgh]h�dh`moZ
hldZqb\Z_lky�\ha^mo��Z�hklZevgh_�ijhkljZgkl\h�aZihegy_lky�]_eb_f��<�wlhf
kemqZ_�s � /p »2.6× 10 � � ��GZ  jbk����ihdZaZgu�ljZ_dlhjbb���� ihabljhgh\�k�wg_j-
]b_c������ Fw<�^ey�lZdhc�dhgnb]mjZpbb�
���� Hlf_lbf��qlh�j_ZevgZy�lhqghklv�baf_j_gby�bfimevkh\��[m^_l�g_kdhevdh
\ur_��l�d��ijb\_^_ggu_�hp_gdb�k^_eZgu�ih�dhhj^bgZlZf�lhevdh�h^ghc�dZf_-
ju��Z�ijb�\hkklZgh\e_gbb�bfimevkh\�mqblu\Zxlky�dhhj^bgZlu��ih�djZcg_c
f_j_��\�^\mo�dZf_jZo�
���� >Zevg_cr__�m\_ebq_gb_�lhqghklb�baf_j_gby�bfimevkh\�\hafh`gh�ebrv
ijb�lZdhf�mkh\_jr_gkl\h\Zgbb�dhgkljmdpbb�dhhj^bgZlguo�^_l_dlhjh\��dhlh-
jh_�ijb\_^_l�d�mf_gvr_gbx�dhebq_kl\Z�\_s_kl\Z�gZ�imlb�ihabljhgh\�
��� <Z`guf�iZjZf_ljhf�wdki_jbf_glZ�y\ey_lky�wnn_dlb\ghklv�j_]bkljZpbb�ih-
abljhgh\�\�aZ\bkbfhklb�hl�bo��wg_j]bc�b�m]eh\�\ue_lZ��HgZ�lZd`_�\uqbkey-
eZkv�f_lh^hf�Fhgl_�DZjeh�^ey�hilbfZevghc�dhgnb]mjZpbb�mklZgh\db��Ij_^-
iheZ]Zehkv��qlh�ihabljhgu�\ue_lZxl�ba�fbr_gb�bahljhigh�\�m]e_�^h�� � ���Z
ki_dlj�ihabljhgh\�hibku\Z_lky�nmgdpb_c�Fbr_ey���JZkkfZljb\ZeZkv�qZklv
ki_dljZ�\��bgl_j\Ze_��������� Fw<���Wnn_dlb\ghklv�dZd�nmgdpby�^\mo�i_j_-
f_gguo��� bfimevkZ�ihabljhgZ�b�m]eZ�\ue_lZ�ba�fbr_gb��� hij_^_eyeZkv�dZd�hl-
ghr_gb_�^\mf_jguo�� ]bklh]jZff�±� h^gZ�ihkljh_gZ�^ey�ihabljhgh\��aZj_]bkl-
jbjh\Zgguo�\�dZf_jZo�ID���� ID���^jm]Zy��� ^ey�ihabljhgh\���\ue_lZxsbo�ba
fbr_gb��GZ� �^�`� ��� �ihdZaZgu�aZ\bkbfhklb�wnn_dlb\ghklb�hl�bfimevkZ�ihab-
ljhgZ�^ey�jZaebqguo�m]eh\�\ue_lZ�� � �kiehrgZy�ebgby���� � ��imgdlbj���� � �lhq-
db���� � �rljbo�imgdlbj�� b�� � ��kiehrgZy�ebgby����Ba�jbkmgdZ�\b^gh��qlh�wnn_d-
lb\ghklv�j_]bkljZpbb�ihabljhgh\��k�bfimevkZfb�hl���� Fw<��^h�fZdkbfZevgh-
]h�agZq_gby�g_�himkdZ_lky�gb`_����� \iehlv�^h�� � .
��� <Z`guf�iZjZf_ljhf�wdki_jbf_glZ�y\ey_lky�wnn_dlb\ghklv�j_]bkljZpbb�ih-
abljhgh\�\�aZ\bkbfhklb�hl�bo��wg_j]bc�b�m]eh\�\ue_lZ��HgZ�lZd`_�\uqbkey-
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eZkv�f_lh^hf�Fhgl_�DZjeh�^ey�hilbfZevghc�dhgnb]mjZpbb�mklZgh\db��Ij_^-
iheZ]Zehkv��qlh�ihabljhgu�\ue_lZxl�ba�fbr_gb�bahljhigh�\�m]e_�^h�� � ���Z
ki_dlj�ihabljhgh\�hibku\Z_lky�nmgdpb_c�Fbr_ey���JZkkfZljb\ZeZkv�qZklv
ki_dljZ�\��bgl_j\Ze_��������� Fw<���Wnn_dlb\ghklv�dZd�nmgdpby�^\mo�i_j_-
f_gguo��� bfimevkZ�ihabljhgZ�b�m]eZ�\ue_lZ�ba�fbr_gb��� hij_^_eyeZkv�dZd�hl-
ghr_gb_�^\mf_jguo�� ]bklh]jZff�±� h^gZ�ihkljh_gZ�^ey�ihabljhgh\��aZj_]bkl-
jbjh\Zgguo�\�dZf_jZo�ID���� ID���^jm]Zy��� ^ey�ihabljhgh\���\ue_lZxsbo�ba
fbr_gb��GZ� �^�`�x��� �ihdZaZgu�aZ\bkbfhklb�wnn_dlb\ghklb�hl�bfimevkZ�ihab-
ljhgZ�^ey�jZaebqguo�m]eh\�\ue_lZ�� � �kiehrgZy�ebgby���� � ��imgdlbj���� � �lhq-
db���� � �rljbo�imgdlbj�� b�� � ��kiehrgZy�ebgby����Ba�jbkmgdZ�\b^gh��qlh�wnn_d-
lb\ghklv�j_]bkljZpbb�ihabljhgh\��k�bfimevkZfb�hl���� Fw<��^h�fZdkbfZevgh-
]h�agZq_gby�g_�himkdZ_lky�gb`_����� \iehlv�^h�� � .

AZdexq_gb_

���� ;eb`ZcrZy�aZ^ZqZ�nbabq_kdbo�bkke_^h\Zgbc�gZ�mklZgh\d_�N:FBEHG
����������� ]]������� gZ�kms_kl\mxs_c��ZiiZjZlmj_��ihemqblv�i_j\mx�ijyfmx
wdki_jbf_glZevgmx�hp_gdm�gZ�\_jhylghklv�[_ag_cljbggh]h�jZkiZ^Z�fxhgZ�gZ
mjh\g_��R � =G(m Æ e a )/G( m Æ e uu)  <  10 � �  ( »���� qZkh\�gZ[hjZ�klZlbklbdb�gZ
imqd_�©ih\_joghklguoª� fxhgh\��nZahljhgZ�EYI�HBYB��
������� >Zevg_cr__�jZa\blb_�wdki_jbf_glZ�k\yaZgh�k�kha^Zgb_f�fZ]gblgh]h
ki_dljhf_ljZ�k�wg_j]_lbq_kdbf�jZaj_r_gb_f�»10 � � �b�\j_f_gguf�jZaj_r_gb_f
����� gk�� <hafh`guc� ijh_dl� lZdh]h� ki_dljhf_ljZ� jZkkfhlj_g� \� jZ[hl_�>��@�
Hkgh\gufb� ^_l_dlbjmxsbfb� we_f_glZfb� ij_^eZ]Z_fhc� mklZgh\db� y\ey_lky
Zdlb\gZy� fbr_gv� gZ� hkgh\_� iehkdhiZjZee_eveuo� eZ\bgguo� ^_l_dlhjh\� ^ey
j_]bkljZpbb�lhqdb�hklZgh\db�fxhgZ�b�\j_fyijh_dpbhggZy�dZf_jZ�\�fZ]gbl-
ghf�ihe_�^ey�baf_j_gby�djb\bagu�lj_dZ�ihabljhgZ�� <�ijbgpbi_�� lZdZy�ZiiZ-
jZlmjZ�iha\hebeZ�[u�bkke_^h\Zlv�ijhp_kk��m Æ e a�gZ�mjh\g_�R � <3 10 � � .
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�Wdki_jbf_gl�N:FBEHG�\uihegy_lky�\�jZfdZo�� p_e_\hc�gZmqgh�l_ogbq_kdhc
ijh]jZffu�Jhkkbb��� Bkke_^h\Zgby�b�jZajZ[hldb�ih�ijbhjbl_lguf�gZijZ\e_gbyf
jZa\blby�gZmdb�b�l_ogbdb�]jZ`^Zgkdh]h�gZagZq_gby���ih^ijh]jZffZ��� Nmg^Zf_g
lZevgZy�Y^_jgZy�NbabdZ��� ijh_dl��NbabdZ�j_^dbo�ijhp_kkh\���� ijh]jZffu�J:G
�G_cljbggZy�nbabdZ��� ijh_dlZ�JNNB��]jZgl�������������� Z�� b�� ijh]jZffu�ih^-
^_j`db�\_^msbo�gZmqguo�rdhe�Jhkkbb��ijh_dl������������Z��
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