
:\lhfZlbabjh\Zggh_ Dhgkljmbjh\Zgb_�;ebadbo�D HilbfZevguf�Ijhp_^mj�B^_glbnbdZpbb�B H[gZjm`_gby�H[t_dlh\�GZ� Bah[jZ`_gbb�K Bkihevah\Zgb_f�=_g_lbq_kdbo�:e]hjblfh\�;mjyd >�X���F=M�bf��F�<��Ehfhghkh\Z��Jhkkby��<babevl_j�X�<���=hkGBB:K��Jhkkby�
���:GGHL:PBY>ZggZy�klZlvy�ihk\ys_gZ�ijh[e_f_�Z\lhfZlbabjh\Zggh]h�dhgkljmbjh\Zgby� ijhp_^mj� ZgZebaZ� bah[jZ`_gbc�� < jZ[hl_�ijb\_^_gh� hibkZgb_� kha^Zggh]h� f_lh^Z� ^ey�Z\lhfZlbabjh\Zggh]h� ihkljh_gby� [ebadbo� d hilbfZevguf�ijhp_^mj� b^_glbnbdZpbb� b h[gZjm`_gby� h[t_dlZ� gZ�bah[jZ`_gbb� ih� _]h� wlZehgghfm� bah[jZ`_gbx� kbkihevah\Zgb_f� bah[jZ`_gbc� h[mqZxs_c� \u[hjdb�� F_lh^�ihkljh_gby� bkdhfhc� ijhp_^mju� aZdexqZ_lky� \ __� ihbkd_�kj_^b� g_dhlhjh]h� ih^fgh`_kl\Z� ijhp_^mj� h[gZjm`_gby�aZ^Zggh]h� h[t_dlZ�� dhlhjh_� nhjfbjm_lky� ih� wlZehgghfm�bah[jZ`_gbx� b k bkihevah\Zgb_f� Ze]hjblfh\� aZ^Zgguo�lbih\�� < dZq_kl\_� [Zah\h]h� Ze]hjblfZ� [ueZ� \u[jZgZ�ijhp_^mjZ� kh]eZkh\Zgghc� nbevljZpbb�� >ey� j_ZebaZpbb�mdZaZggh]h� ihbkdZ� ijbf_gyebkv� ]_g_lbq_kdb_� Ze]hjblfu��QZklguc� kemqZc� ^Zggh]h� f_lh^Z� [ue� j_Zebah\Zg� \ \b^_�ijh]jZffghc� kbkl_fu� b ijhl_klbjh\Zg�� J_amevlZlu�wdki_jbf_glh\�h[km`^Zxlky�\ aZdexqbl_evghc�qZklb�klZlvb�

Dexq_\u_ keh\Z� :gZeba� bah[jZ`_gbc��Z\lhfZlbabjh\Zggh_� dhgkljmbjh\Zgb_� ijhp_^mj��]_g_lbq_kdbc� Ze]hjblf�� hilbfZevgZy� ijhp_^mjZ��b^_glbnbdZpby� h[t_dlZ� gZ� bah[jZ`_gbb�� h[gZjm`_gb_�h[t_dlZ�gZ�bah[jZ`_gbb��kh]eZkh\ZggZy�nbevljZpby�
���<<?>?GB?< gZklhys__� \j_fy� gZdhie_g� [hevrhc� hiul� \ j_r_gbb�aZ^Zq� jZkihagZ\Zgby� bah[jZ`_gbc��Ij_^\Zjbl_evguc� ZgZeba�^Zggh]h� hiulZ� iha\hey_l� \u^_eblv� jy^� ijbgpbibZevguo�iheh`_gbc��Z bf_ggh��x JZajZ[hlZgh� [hevrh_� qbkeh� Ze]hjblfh\� b ih^oh^h\� dj_r_gbx� jZaebqguo� aZ^Zq�� H^gZdh� ^ey� ih^Z\eyxs_]h�qbkeZ� wlbo� Ze]hjblfh\� g_evay� aZjZg__� ij_^kdZaZlv��gZkdhevdh� hijZ\^Zgh �\ kfuke_� [ukljh^_ckl\by��lhqghklb� h[gZjm`_gby� b l�i��� bo� ijbf_g_gb_� ddhgdj_lghc aZ^Zq_�x IjZdlbq_kdb�^ey�dZ`^hc�aZ^Zqb�\k_]^Z�fh`gh�ih^h[jZlv�g_kdhevdh� Ze]hjblfh\�� j_rZxsbo� __�� gh� \u[hj� ba� gbo�gZb[he__�ih^oh^ys_]h�ih�aZ^Zgghfm�gZ[hjm�djbl_jb_\�\[hevrbgkl\_� kemqZ_\� hkgh\u\Z_lky� gZ� w\jbklbq_kdbo�ijbgpbiZo�b j_amevlZlZo�l_klbjh\Zgby�x < [hevrbgkl\_� kemqZ_\� ^ey� j_r_gby� dhgdj_lguo� aZ^Zq�ijbf_gyxlky� jZaebqgu_� dhf[bgZpbb� m`_� ba\_klguo�Ze]hjblfh\�� ihkdhevdm� jZajZ[hldZ� kh\_jr_ggh� gh\h]h�Ze]hjblfZ�j_r_gby�lj_[m_l�dhehkkZevgh]h�hiulZ�jZ[hlu�\ h[eZklb�dhfivxl_jgh]h�aj_gby�LZdbf� h[jZahf�� kj_^kl\Z�� iha\heyxsb_�Z\lhfZlbabjh\Zlv� ijhp_kku� \u[hjZ� b gZkljhcdb�Ze]hjblfbq_kdh]h� h[_ki_q_gby� ^ey� ihemq_gby� hilbfZevghc�j_rZxs_c� ijhp_^mju�� ^he`gu� kms_kl\_ggh� h[e_]qblv�ijZdlbq_kdh_�bkihevah\Zgb_�f_lh^h\�ZgZebaZ�bah[jZ`_gbc�

Bkoh^y� ba� \ur_kdZaZggh]h�� ijh[e_fZ� jZajZ[hldb�ih^oh^h\� d Z\lhfZlbabjh\Zgghfm� ihkljh_gbx� hilbfZevguo�ijhp_^mj� j_r_gby� dhgdj_lghc� aZ^Zqb� jZkihagZ\Zgby�bah[jZ`_gbc�y\ey_lky�ZdlmZevghc�
���:G:EBA�KHKLHYGBY�<HIJHK:< gZklhys__� \j_fy� kms_kl\m_l� g_kdhevdh� hkgh\guo�ih^oh^h\�d jZajZ[hld_�kbkl_f�ihkljh_gby�b \u[hjZ�ijhp_^mj�^ey�j_r_gby�aZ^Zq�fZrbggh]h�aj_gby��H^bg� ba� ih^oh^h\� hkgh\u\Z_lky� gZ� bkihevah\Zgbb�[b[ebhl_d� ijhp_^mj�� j_Zebamxsbo� jZaebqgu_� Ze]hjblfu�h[jZ[hldb�b h[gZjm`_gby�h[t_dlh\�gZ�bah[jZ`_gbb��H[uqgh�lZdb_� [b[ebhl_db� kh^_j`Zl� g_kdhevdh� khl_g ijhp_^mj��dhlhju_� jZa^_eyxlky� gZ� ]jmiiu�� ]_hf_ljbq_kdb_�ij_h[jZah\Zgby�� nbevljZpby�� h[gZjm`_gb_� we_f_glZjguo�h[t_dlh\� �ijyfuo��hdjm`ghkl_c�b l�i���b l�^��QZklh�\f_kl_�k[b[ebhl_dZfb� ihevah\Zl_ex� ij_^hklZ\ey_lky� ]jZnbq_kdZy�h[hehqdZ�� h[_ki_qb\ZxsZy� \hafh`ghklv� hijh[h\Zlv�ij_^eZ]Z_fu_� ijhp_^mju� gZ� dhgdj_lguo� bah[jZ`_gbyo�� Dijh]jZffguf� kbkl_fZf�� j_Zebamxsbf� ^Zgguc� ih^oh^��hlghkylky�kbkl_fZ�$SKHOLRQ dhfiZgbb�$'&,6��]jmiiZ�kj_^kl\�H9LVLRQ dhfiZgbb� (XUHV\V�� kbkl_fZ� .%9LVLRQ dhfiZgbb�$PHULQH[� $SSOLHG� ,PDJLQJ�� [b[ebhl_db� 7LQD�� dhlhju_�jZajZ[Zlu\Zxlky� dhfiZgbyfb� $UWLILFLDO� ,QWHOOHJHQFH� 9LVLRQ�5HVHDUFK� 8QLW� b (OHFWURQLF� 6\VWHPV� *URXS kh\f_klgh� kmgb\_jkbl_lhf�FZgq_kl_jZ b 1HXUR�,PDJLQJ�$QDOLV\V�&HQWUH�< hkgh\_� ^jm]h]h� ih^oh^Z� e_`bl� b^_y� \bamZevgh]h�ijh]jZffbjh\Zgby�� Kbkl_fu�� ihkljh_ggu_� ih� wlhfm�ijbgpbim�� lZd`_� kh^_j`Zl� [b[ebhl_db� ijhp_^mj� h[jZ[hldb�bah[jZ`_gbc�� gh� djhf_� wlh]h� hgb� iha\heyxl� ihevah\Zl_ex�kijh_dlbjh\Zlv� lj_[m_fmx� kbkl_fm�� ijbf_gyy� ijb_fu�\bamZevgh]h� ijh]jZffbjh\Zgby�� Ih^h[gu_� ijh]jZffgu_�kbkl_fu� g_� lj_[mxl� ]em[hdh]h� agZgby� yaudh\�ijh]jZffbjh\Zgby�� D kbkl_fZf�� j_Zebamxsbf� ^Zgguc�ih^oh^��hlghkylky��k_f_ckl\h�kbkl_f�.KRURV dhfiZgbb�.KRUDO�5HVHDUFK��kbkl_fZ�1HDW9LVLRQ dhfiZgbb�1HDW9LVLRQ�D g_^hklZldZf� kbkl_f�� ihkljh_gguo� gZ� hkgh\_�jZkkfhlj_gguo� ih^oh^h\�� ke_^m_l� hlg_klb� l_ogbq_kdmx�keh`ghklv� Z\lhfZlbq_kdh]h� ihkljh_gby� ijhp_^mj�h[gZjm`_gby� aZ^Zggh]h� h[t_dlZ�� ihwlhfm� ^ey� gZoh`^_gby�hilbfZevgh]h� j_r_gby� ihevah\Zl_ev� \ugm`^_g�kZfhklhyl_evgh� kha^Z\Zlv� b l_klbjh\Zlv� jZaebqgu_�dhf[bgZpbb� kms_kl\mxsbo� \ kbkl_f_� Ze]hjblfh\��j_rZxsbo�ihklZ\e_ggmx�aZ^Zqm�h[gZjm`_gby�Kms_kl\m_l� ih^oh^�� k\yaZgguc� k kbkl_fZfb�Z\lhfZlbabjh\Zggh]h� ihkljh_gby� ijhp_^mj� ZgZebaZ�bah[jZ`_gbc�� Ih^h[gu_� kbkl_fu� Z\lhfZlbq_kdb�dhgkljmbjmxl�gm`guc� Ze]hjblf� \ khhl\_lkl\bb� k aZ^Zgguf�nhjfZevguf� hibkZgb_f� aZ^Zqb� �gZijbf_j��ih� kljmdlmjghfm�hibkZgbx� h[t_dlZ�� dhlhjuc� ^he`_g� [ulv� gZc^_g� gZ�bah[jZ`_gbb�� b lj_[h\Zgbyf� d ijhp_^mj_� j_r_gby�� Dkbkl_fZf�^Zggh]h�lbiZ�fh`gh�hlg_klb�
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x kbkl_fm�3,3 �3URORJ�,PDJH�3URFHVVLQJ���jZajZ[hlZggmx�\8QLYHUVLW\� RI� :DOHV� &DUGLII�� j_rZxsZy� ijhp_^mjZ�dhgkljmbjm_lky� q_j_a� ijbf_g_gb_� ijhp_^mju�eh]bq_kdh]h�\u\h^Z��hkgh\Zgghc�gZ�Ijheh]_��d \oh^ghfm�kljmdlmjghfm�hibkZgbx�bkdhfh]h�h[t_dlZ��x ]_jfZgh�[jZabevkdbc� ijh_dl� &\FORSV�� hkgh\gZy� b^_y�aZdexqZ_lky� \ bkihevah\Zgbb� [Za� agZgbc� ih� f_lh^Zf�h[jZ[hldb� bah[jZ`_gbc� b h[t_dlZf� bkke_^m_fhc�ij_^f_lghc� h[eZklb�� Z lZd`_� ijbf_g_gbb� ijhp_^mj�eh]bq_kdh]h�\u\h^Z�x kbkl_fm� 2EYLXV �2EMHFW %DVHG 9LVLRQ DQG ,PDJH8QGHUVWDQGLQJ 6\VWHP��� ijbf_g_gb_� /,63 ih^h[gh]h�yaudZ��hjb_glbjh\Zggh]h�gZ�h[jZ[hldm�bah[jZ`_gbc�G_^hklZldhf� ih^h[guo� kbkl_f� y\ey_lky� keh`ghklv�khklZ\e_gby� nhjfZevgh]h� hibkZgby� aZ^Zqb�� h[uqgh�ij_^klZ\ey_fh]h�\ \b^_�gZ[hjZ�ki_pbnbdZpbc��hkh[_ggh�ijb�jZ[hl_�k j_Zevgufb�bah[jZ`_gbyfb�JZajZ[hlZgguc�f_lh^�fh`_l�[ulv�hlg_k_g�d lj_lv_fm�ba�mdZaZgguo� ih^oh^h\�� Hg� hkms_kl\ey_l� Z\lhfZlbabjh\Zggh_�dhgkljmbjh\Zgb_� [ebadhc� d hilbfZevghc� ijhp_^mju�jZkihagZ\Zgby� h[t_dlZ� gZ� bah[jZ`_gbb� ^ey� dhgdj_lghc�aZ^Zqb�� b ^ey� _]h� ijbf_g_gby� g_� lj_[m_lky� khklZ\e_gby�ki_pbnbdZpbc�^ey�nhjfZevgh]h�hibkZgby�aZ^Zqb�
���IHKL:GH<D:�A:>:QBF_lh^�hi_jbjm_l�[bgZjgufb�bah[jZ`_gbyfb�k\yaZgguo�h[t_dlh\��Bkoh^gufb�^Zggufb�^ey�g_]h�y\eyxlky�x wlZehggh_�bah[jZ`_gb_�h[t_dlZ�ihbkdZ��,P�x h[mqZxsZy� \u[hjdZ� bah[jZ`_gbc�� ^ey� dZ`^h]h� ba�dhlhjuo� hlf_q_gh�� kh^_j`bl� eb� hgh� aZ^Zgguc�h[t_dl�� fgh`_kl\h� iZj� ^�6L�FL�`�� L ����«�Q�� ]^_� 6L �[bgZjgh_�bah[jZ`_gb_��FL ���_keb�6L kh^_j`bl�,P�x ihjh]h\h_�agZq_gb_�ih�lhqghklb�h[gZjm`_gby��Z�AZ^Zq_c�^Zggh]h�f_lh^Z� y\ey_lky�ihkljh_gb_�[ebadhc� dhilbfZevghc� ijhp_^mju� h[gZjm`_gby� aZ^Zggh]h� h[t_dlZ��dhlhjZy� aZljZqb\Z_l fbgbfZevgh_� \j_fy� b m^h\e_l\hjy_l�aZ^Zgghc� lhqghklb�� Ihkljh_ggZy� ijhp_^mjZ� j_Zebam_l�Ze]hjblfu�aZ^Zgguo�lbih\�F_lh^�ihkljh_gby�bkdhfhc�ijhp_^mju�aZdexqZ_lky�\ __ihbkd_� kj_^b� g_dhlhjh]h� ih^fgh`_kl\Z� ijhp_^mj�h[gZjm`_gby� aZ^Zggh]h� h[t_dlZ�� dhlhjh_� nhjfbjm_lky� ih�wlZehgghfm� bah[jZ`_gbx� b k bkihevah\Zgb_f� Ze]hjblfh\�aZ^Zgguo�lbih\�JZkkfhljbf� kihkh[� dhgkljmbjh\Zgby� lZdh]h�ih^fgh`_kl\Z�ijhp_^mj�GZ� wlZehgghf� bah[jZ`_gbb� ,P kemqZcguf� h[jZahf�\u[_j_f�P�ijyfhm]hevguo�njZ]f_glh\�,PM�[M�\M�ZM�KM���]^_�[M�\M� dhhj^bgZlu�p_gljZ�njZ]f_glZ��ZM�KM � _]h�rbjbgZ�b \ukhlZ��khhl\_lkl\_ggh�� ijb� wlhf� [M�\M�ZM�KM � y\eyxlky� agZq_gbyfb�jZghf_jghjZkij_^_e_gguo�kemqZcguo�\_ebqbg��jbk�����

Jbk�����Hij_^_e_gb_�njZ]f_glh\�kemqZcguf�h[jZahf�
KhihklZ\bf dZ`^hfm� ihemq_gghfm� lZdbf� h[jZahf�njZ]f_glm� ,PM we_f_glZjgmx�ijhp_^mjm� _]h�h[gZjm`_gby�SM��>ZggZy� ijhp_^mjZ� j_Zebam_l� h^bg� ba� aZ^Zgguo� Ze]hjblfh\��ojZgysboky� \ [Za_� agZgbc� kbkl_fu�� <u[hj� [Zah\h]h�Ze]hjblfZ�hkms_kl\ey_lky�kemqZcguf�h[jZahf�Ke_^h\Zl_evgh� ijhp_^mjZ� S �S��S��«�SP��� dhlhjZy�aZdexqZ_lky� \ ihke_^h\Zl_evghf� ijbf_g_gbb� ihkljh_gguo�we_f_glZjguo�ijhp_^mj��\uihegy_l�h[gZjm`_gb_�fgh`_kl\Z�h[t_dlh\�6
��ijbq_f�,P�6
�Imklv�fgh`_kl\h�3 kh^_j`bl�\k_�\hafh`gu_�ijhp_^mju�NS ��kdhgkljmbjh\Zggu_�mdZaZgguf�h[jZahf��l�_���`�������_^ �� NPNNNN NSSSSS3   �]^_� NMS � y\ey_lky�ijhp_^mjhc�h[gZjm`_gby�g_dhlhjh]h�njZ]f_glZ� wlZehggh]h� bah[jZ`_gby� b j_Zebam_l� h^bg� ba�aZ^Zgguo�[Zah\uo�Ze]hjblfh\��M ����«�PN��N �����«��Kl_i_gv� hilbfZevghklb� �\ mdZaZgghf� \ur_� kfuke_��dZ`^hc� ijhp_^mju� h[gZjm`_gby� ba� fgh`_kl\Z� 3 [m^_f�hij_^_eylv�ih�j_amevlZlZf�__�ijbf_g_gby�d bah[jZ`_gbyf�ba�h[mqZxs_c�\u[hjdb��HilbfZevgmx�ijhp_^mjm�ba�fgh`_kl\Z�3 hij_^_ebf� dZd� [ebadmx� d hilbfZevghc� ijhp_^mjm�h[gZjm`_gby�aZ^Zggh]h�h[t_dlZ�Ke_^h\Zl_evgh�� bkoh^gZy� aZ^ZqZ� ihkljh_gby� [ebadhc� dhilbfZevghc�ijhp_^mju�h[gZjm`_gby�k\h^blky�d ke_^mxs_c�aZ^Zq_�mkeh\ghc�hilbfbaZpbb� ���DUJ�PLQ

������� ��� NS7S
3NS QL DL6NSSUHFRSW

�� 
! �

]^_�� �� NS7 � \j_fy� jZ[hlu� ijhp_^mju� NS gZ�bah[jZ`_gbyo�ba�h[mqZxs_c�\u[hjdb����� LN 6SSUHF � nmgdpby� \uqbke_gby� lhqghklb�h[gZjm`_gby� ijhp_^mju� NS gZ� bah[jZ`_gbb� L6 ba�h[mqZxs_c�\u[hjdb�IhklZ\e_ggZy� aZ^ZqZ� mkeh\ghc� hilbfbaZpbb�� \hh[s_�]h\hjy��hij_^_e_gZ�gZ�g_h]jZgbq_gghf�fgh`_kl\_��Ih^� ^ebghc� ijhp_^mju� h[gZjm`_gby� [m^_f� ihgbfZlv�dhebq_kl\h� we_f_glZjguo� ijhp_^mj�� \oh^ysbo� \ __ khklZ\��Ij_^iheh`bf�� qlh� bkdhfZy� hilbfZevgZy� ijhp_^mjZ�gZoh^blky�kj_^b�ijhp_^mj�^ebgu�g_�[hevr_�aZ^Zgghc��l�_��
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ORSW 3S � �O3 � fgh`_kl\h�ijhp_^mj�^ebgu�g_�[hevr_�O� `���������_^ �� OPSSSSS3 NNPNNNNO N d  Lh]^Z� ihemqbf� ke_^mxsmx� aZ^Zqm� mkeh\ghc�hilbfbaZpbb�gZ�h]jZgbq_gghf�fgh`_kl\_�����DUJ�PLQ
������� ��� NS7S

ON LN
3S QL D6SSUHFRSW

�� 
! 

<u^_ebf� g_kdhevdh� hkh[_gghkl_c� ihklZ\e_gghc� aZ^Zqb�mkeh\ghc�hilbfbaZpbb�x IjhkljZgkl\h�ihbkdZ�y\ey_lky�^hklZlhqgh�[hevrbf�^Z`_�ijb�g_[hevrhc�^ebg_�O ijhp_^mj�h[gZjm`_gby�x Bkke_^h\Zgb_� k\hckl\� nmgdpbb� �� NS7 �� \ h[s_f�kemqZ_��y\ey_lky�ljm^gh\uihegbfuf�x HibjZykv�gZ�hiul bkke_^h\Zl_e_c�\ j_r_gbb� aZ^Zq�ZgZebaZ� bah[jZ`_gbc�� fh`gh� ij_^iheh`blv�� qlh�nmgdpby� �� NS7 ijb� mdZaZgguo� h]jZgbq_gbyo� \h[s_f� kemqZ_� g_� y\ey_lky� g_ij_ju\ghc�� ]eZ^dhc� bmgbfh^Zevghc�LZdbf� h[jZahf�� ^ey� j_r_gby� ^Zgghc� aZ^Zqb� mkeh\ghc�hilbfbaZpbb� p_e_khh[jZagh� bkihevah\Zlv� ]_g_lbq_kdb_�Ze]hjblfu�Ij_^eZ]Z_lky� ke_^mxsZy� ko_fZ� ijbf_g_gby�]_g_lbq_kdh]h�Ze]hjblfZ��� DZ`^hfm� ]_gm� khhl\_lkl\m_l�h^gZ�ba� we_f_glZjguo�ijhp_^mj��� OjhfhkhfZ� � ihke_^h\Zl_evghklv� ]_gh\�h]jZgbq_gghc� ^ebgu�� DZ`^Zy� ojhfhkhfZ�khhl\_lkl\m_l� h^ghc� ba� ijhp_^mj� h[gZjm`_gby��ijbgZ^e_`Zsbo�fgh`_kl\m� O3 ��� Nmgdpbx�dZq_kl\Z�^ey�ojhfhkhfu�[m^_f�\uqbkeylv�ih� agZq_gbyf� \j_f_gb� jZ[hlu� b lhqghklb�h[gZjm`_gby� khhl\_lkl\mxs_c� ijhp_^mju� gZ�h[mqZxs_c� \u[hjd_�� JZkkfhljbf� h[sbc� \b^�nmgdpbb�dZq_kl\Z� ¦  Q
L L6SIS) � ����� �

���
������ LLL 6SSHQ$6SW6SI � �]^_�j � ijhp_^mjZ�h[gZjm`_gby�aZ^Zggh]h�h[t_dlZ�6L � bah[jZ`_gb_�ba�h[mqZxs_c�\u[hjdb���� L6SW � \j_fy� jZ[hlu� ijhp_^mju� j gZ�bah[jZ`_gbb�6L�: � dhgklZglZ���� L6SSHQ � rljZngZy� nmgdpby�� ijbgbfZxsZy�agZq_gb_ ��� _keb� ijhp_^mjZ� j m^h\e_l\hjy_l�aZ^Zgghc� lhqghklb� h[gZjm`_gby� Z gZ� bah[jZ`_gbb�6L��b jZ\gZy� ������� D6S6SW LL D� \ ijhlb\ghf�kemqZ_�<Zjvbjmy� agZq_gb_f� dhgklZglu� :�� ihevah\Zl_ev�bf__l� \hafh`ghklv� hkeZ[eylv� beb� mkbeb\Zlv�\ebygb_� h]jZgbq_gbc� ih� lhqghklb� gZ�j_amevlbjmxsmx�ijhp_^mjm�h[gZjm`_gby��� Hi_jZpby� kdj_sb\Zgby� iha\hey_l� dhgkljmbjh\Zlv�gh\u_� ijhp_^mju� h[gZjm`_gby� gZ� [Za_� m`_�ihkljh_gguo��Gh\Zy� ijhp_^mjZ�nhjfbjm_lky� iml_f�i_j_]jmiibjh\db� khklZ\guo� qZkl_c� �]jmii�

we_f_glZjguo� ijhp_^mj�� kms_kl\mxsbo� j_r_gbc��ijhp_^mj�h[gZjm`_gby����� Hi_jZpby� fmlZpbb� iha\hey_l� baf_gblv� iZjZf_lju��[M�\M�ZM�KM��^ey�\u[jZgghc�we_f_glZjghc�ijhp_^mju��>Zggu_� iZjZf_lju� hij_^_eyxl� njZ]f_gl�wlZehggh]h�bah[jZ`_gby��^ey�h[gZjm`_gby dhlhjh]h�bkihevam_lky� \u[jZggZy� we_f_glZjgZy� ijhp_^mjZ��LZdbf� h[jZahf�� baf_gyy� njZ]f_gl� wlZehggh]h�bah[jZ`_gby�� hi_jZpby� fmlZpbb� iha\hey_l�gZkljhblv� gh\mx� we_f_glZjgmx� ijhp_^mjm�h[gZjm`_gby���� ;m^_f� bkdZlv� j_r_gb_� k gZbf_gvrbf� agZq_gb_f�nmgdpbb�dZq_kl\Z��
���BGL?JIJ?L:PBY�J?AMEVL:L:J_amevlZlhf� ijbf_g_gby� hibkZggh]h� f_lh^Z� y\ey_lky�ihke_^h\Zl_evghklv� we_f_glZjguo� ijhp_^mj� h[gZjm`_gby�njZ]f_glh\� wlZehggh]h� bah[jZ`_gby�� dhlhjZy� nhjfbjm_l�bkdhfmx� ijhp_^mjm� h[gZjm`_gby�� Ijb� wlhf� ^ZggZy�ihke_^h\Zl_evghklv� m^h\e_l\hjy_l� aZ^Zgghc� lhqghklb� baZljZqb\Z_l�fbgbfZevgh_�\j_fy�ijb�h[jZ[hld_�bah[jZ`_gbc�ba� h[mqZxs_c� \u[hjdb�� Hlkx^Z� ke_^m_l� ^\Z� kihkh[Z�bgl_jij_lZpbb�ihemqZ_fh]h�j_amevlZlZ��Ijhp_^mjgZy� bgl_jij_lZpby�� Ihkdhevdm� l_hjby�]_g_lbq_kdbo� Ze]hjblfh\� g_� ]ZjZglbjm_l� gZoh`^_gby�hilbfZevgh]h� j_r_gby� aZ^Zqb� hilbfbaZpbb�� lh� ihemq_gguc�j_amevlZl�ihgbfZ_lky�dZd�[ebadZy�d hilbfZevghc�ijhp_^mjZ�h[gZjm`_gby�aZ^Zggh]h�h[t_dlZ��H[t_dlgZy� bgl_jij_lZpby�� DZ`^Zy� we_f_glZjgZy�ijhp_^mjZ�� \oh^ysZy� \ khklZ\� ihemq_ggh]h� j_r_gby��h^ghagZqgh�khhl\_lkl\m_l�g_dhlhjhfm�njZ]f_glm�wlZehggh]h�bah[jZ`_gby��MdZaZggu_�njZ]f_glu�y\eyxlky�oZjZdl_jgufb�we_f_glZfb� wlZehggh]h� h[t_dlZ� ^ey� bah[jZ`_gbc� ba�h[mqZxs_c� \u[hjdb�� Djhf_� wlh]h�� jZaf_ju� dZ`^h]h�oZjZdl_jgh]h� we_f_glZ� y\eyxlky� fbgbfZevgh� \hafh`gufb�^ey�_]h�bkihevah\Zgby�ijb�h[gZjm`_gbb�h[t_dlZ�ihbkdZ��l�d��ihke_^h\Zl_evghklv� gZc^_gguo� ijhp_^mj� m^h\e_l\hjy_l�mkeh\bx� hilbfZevghklb�� Hlkx^Z� knhjfmebjm_f� h[t_dlgmx�bgl_jij_lZpbx�� ihemq_ggh_� j_r_gb_� hij_^_ey_l� gZ[hj�we_f_glh\� fbgbfZevgh]h� jZaf_jZ�� k [hevrhc \_jhylghklvx�b^_glbnbpbjmxsbo� bkdhfuc� h[t_dl� gZ� bah[jZ`_gbyo� ba�h[mqZxs_c�\u[hjdb��
���FH>?EB�<UIHEG?GBYJ?R:XSBO�IJHP?>MJJ_rZxsZy� ijhp_^mjZ�� hij_^_e_ggZy� \ur_� dZd�ihke_^h\Zl_evghklv� we_f_glZjguo� ijhp_^mj�� ^himkdZ_l� ^\_�fh^_eb�k\h_]h�\uiheg_gby���� �G_aZ\bkbfZy�� fh^_ev� \uiheg_gby� j_rZxs_c�ijhp_^mju��Imklv� S �S��S��«�SP� � j_rZxsZy� ijhp_^mjZ�� ,P
 �ijhba\hevgh_�bah[jZ`_gb_��Knhjfmebjm_f�h[h[s_gguc�Ze]hjblf�nmgdpbhgbjh\Zgby��g_aZ\bkbfhc��fh^_eb�D� >ey�\k_o� we_f_glZjguo�ijhp_^mj�SL��\oh^ysbo�\ khklZ\� j_rZxs_c� ijhp_^mju�� \uqbkeblv���,P
LL SY  �j_amevlZl� ijbf_g_gby� SL d ,P
���L ����«�P�E� H[t_^bgblv� \k_� ihemq_ggu_� j_amevlZlu��k\b^_l_evkl\Z��� �������� �� PYYY8QLWH9  �
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F� ?keb�9!D��lh�ijbgylv�j_r_gb_�h[�h[gZjm`_gbb��bgZq_� ijbgylv� j_r_gb_� h g_h[gZjm`_gbb�aZ^Zggh]h� h[t_dlZ� �Z � ihjh]h\h_� agZq_gb_�lhqghklb���� �Ihke_^h\Zl_evgZy��fh^_ev� \uiheg_gby� j_rZxs_c�ijhp_^mju��Imklv� S �S��S��«�SP� � j_rZxsZy� ijhp_^mjZ�� ,P
 �ijhba\hevgh_�bah[jZ`_gb_��Knhjfmebjm_f�h[h[s_gguc�Ze]hjblf� nmgdpbhgbjh\Zgby� �ihke_^h\Zl_evghc��fh^_eb�D� >ey�\k_o� we_f_glZjguo�ijhp_^mj�SL��\oh^ysbo�\ khklZ\�j_rZxs_c�ijhp_^mju��L ����«�P���E� <uqbkeblv� ��,P
LL SY  �j_amevlZl�ijbf_g_gby�SL d ,P
���F� ?keb� DYL ! �� i_j_clb� gZ� E ^ey� ke_^mxs_c�we_f_glZjghc� ijhp_^mju�� bgZq_� ijbgylv�j_r_gb_� h g_h[gZjm`_gbb� �Z � ihjh]h\h_�agZq_gb_�lhqghklb��G� Ijbgylv�j_r_gb_�h[�h[gZjm`_gbb�Hlf_lbf� hkgh\gu_� hkh[_gghklb� bkihevah\Zgby�\\_^_gguo� fh^_e_c� ijb� Z\lhfZlbabjh\Zgghf�dhgkljmbjh\Zgbb�j_rZxsbo�ijhp_^mj��G_aZ\bkbfZy��fh^_ev�\uiheg_gby��� DZ`^Zy� ba� we_f_glZjguo� ijhp_^mj� ijbf_gy_lky�g_aZ\bkbfh�^jm]�hl�^jm]Z�dh�\k_fm�bah[jZ`_gbx��� Bkihevah\Zgb_� ^Zgghc� fh^_eb� km`Z_l� ijhkljZgkl\h�ihbkdZ�� ihkdhevdm� j_rZxsZy� ijhp_^mjZ� bg\ZjbZglgZ� di_j_klZgh\d_�khklZ\eyxsbo�__ we_f_glh\��� Bkihevah\Zgb_� ^Zgghc� fh^_eb� khhl\_lkl\m_l� ihbkdm�oZjZdl_jguo�ijbagZdh\�aZ^Zggh]h�h[t_dlZ��Ihke_^h\Zl_evgZy��fh^_ev�\uiheg_gby���� J_amevlZl� ijbf_g_gby� dZ`^hc� ihke_^mxs_c�we_f_glZjghc� ijhp_^mju� aZ\bkbl� hl� j_amevlZlZ�\uiheg_gby�ij_^u^ms_c�we_f_glZjghc�ijhp_^mju��� Bkihevah\Zgb_� ^Zgghc� fh^_eb� khhl\_lkl\m_l ihbkdm�ijhp_^mj��aZljZqb\Zxsbo�fbgbfZevgh_�\j_fy�
���<:JB:GL�J?:EBA:PBB F?LH>:
�����Hkh[_gghklb�ih�kjZ\g_gbx�kh[sbf�kemqZ_f>ey� j_ZebaZpbb� [ue� jZajZ[hlZg� \ZjbZgl� hibkZggh]h�f_lh^Z�� JZkkfhljbf� hkgh\gu_� hkh[_gghklb� b h]jZgbq_gby��ijbgylu_�\ ^Zgghf�\ZjbZgl_��ih�kjZ\g_gbx�k h[sbf�kemqZ_f�

Jbk�����Nbdkbjh\ZggZy�k_ldZ�^ey�hij_^_e_gby�njZ]f_glh\�
�� >ey� hij_^_e_gby� njZ]f_glh\� bkdhfh]h� h[t_dlZ��bkihevam_fuo� ijb� ihkljh_gbb� we_f_glZjguo�ijhp_^mj�� gZ� wlZehgghf� bah[jZ`_gbb� \\_^_gZ�jZ\ghf_jgZy� k_ldZ� �jbk� ����� bgl_j\Zeu� dhlhjhc�hij_^_eyxlky� ihevah\Zl_e_f�� <k_�� ihemq_ggu_�lZdbf�h[jZahf��njZ]f_glu�gmf_jmxlky��� < dZq_kl\_�[Zah\h]h�Ze]hjblfZ�[ue�ijbgyl�Ze]hjblf�kh]eZkh\Zgghc�nbevljZpbb��< wlhf�kemqZ_�lhqghklv�h[gZjm`_gby�we_f_glZjghc�ijhp_^mju�\uqbkey_lkydZd� fZdkbfZevgh_� qbkeh� kh\iZ^Zxsbo� lhq_d��^_e_ggh_�gZ�jZaf_j�hdgZ�nbevljZpbb��<j_fy�jZ[hlu�we_f_glZjghc� ijhp_^mju� ijhihjpbhgZevgh�dhebq_kl\m� lhq_d� kjZ\gb\Z_fuo� khhl\_lkl\mxsbf�nbevljhf��� Bkihevah\ZgZ� dZghgbq_kdZy� fh^_ev� ]_g_lbq_kdh]h�Ze]hjblfZ�� Dh^bjh\Zgb_ hkh[b� hkms_kl\ey_lky�q_j_a� aZ^Zgb_� ghf_jZ� njZ]f_glZ� wlZehggh]h�bah[jZ`_gby�� bkihevam_fh]h� ^ey� hij_^_e_gby�khhl\_lkl\mxs_c� we_f_glZjghc� ijhp_^mju�h[gZjm`_gby�� >ebgZ� j_rZxsbo� ijhp_^mj�� \khhl\_lkl\bb� k dZghgbq_kdhc� fh^_evx�� [ueZ�aZnbdkbjh\ZgZ�� HgZ� [ueZ� mklZgh\e_gZ� jZ\ghc� ���Ijb� hp_gd_� dZq_kl\Z� ihemqZ_fuo� j_r_gbc�ih\lhjyxsb_ky� ]_gu� g_� mqblu\Zxlky�� Djbl_jb_f�hdhgqZgby� jZ[hlu� ]_g_lbq_kdh]h� Ze]hjblfZ�y\ey_lky�dhebq_kl\h�kh\_jr_gguo�bl_jZpbc�

�����:ljb[mlu�nbevljh\< hkgh\_� fh^_eb� Ze]hjblfZ� kh]eZkh\Zgghc�nbevljZpbb�e_`bl� ihgylb_� nbevljZ�� DZ`^hfm� nbevljm� khhl\_lkl\m_l�njZ]f_gl� wlZehggh]h� bah[jZ`_gby�� JZkkfhljbf� hkgh\gu_�Zljb[mlu�nbevljZ���� Iheh`_gb_� nbevljZ� gZ� bah[jZ`_gbb�� Iheh`_gb_�nbevljZ� [m^_f� hij_^_eylv� ih� dhhj^bgZlZf� _]h�]_hf_ljbq_kdh]h�p_gljZ��� BgnhjfZlb\ghklv nbevljZ�� JZkkfhljbf� kihkh[�\uqbke_gby�bgnhjfZlb\ghklb�nbevljZ�
LLL 6TS4S, �,P������ � �

]^_� SL � we_f_glZjgZy� ijhp_^mjZ�� ihkljh_ggZy� ih�nbevljm�k ghf_jhf�L�
International Conference Graphicon 2002, Nizhny Novgorod, Russia, http://www.graphicon.ru/



4�SL�,P�� � dhebq_kl\h� lhq_d� gZ� wlZehgghf�bah[jZ`_gbb� ,P�� ]^_� k \_jhylghklvx �����h[gZjm`_g�njZ]f_gl��khhl\_lkl\mxsbc�nbevljm�SL�6TL � iehsZ^v� njZ]f_glZ�� khhl\_lkl\mxs_]h�nbevljm�SL���� =_hf_ljbq_kdZy� k\yav� nbevljh\�� Ih^� Zljb[mlhf�]_hf_ljbq_kdhc� k\yab� nbevljh\� [m^_f� ihgbfZlv�\_dlhj� ��� LMLMLM \[G  & �� dhhj^bgZlu� dhlhjh]h�\uqbkeyxlky�ke_^mxsbf�h[jZahf��LMLM [[[ � �� LMLM \\\ � �]^_� lhqdZ� �[L�\L�� hij_^_ey_l� iheh`_gb_� nbevljZ� kghf_jhf�L�lhqdZ� �[M�\M�� hij_^_ey_l� iheh`_gb_� nbevljZ� kghf_jhf�M�
���J?R:?FU?�A:>:QBIjbf_gbf� hibkZgguc� qZklguc� kemqZc� ij_^eh`_ggh]h�f_lh^Z�^ey�j_r_gby�ke_^mxsbo�aZ^Zq�ZgZebaZ�bah[jZ`_gbc��� AZ^ZqZ�b^_glbnbdZpbb�h[t_dlZ��Bkoh^gufb� ^Zggufb� y\eyxlky� wlZehggh_�bah[jZ`_gb_� h[t_dlZ� ,P b g_dhlhjh_� ijhba\hevgh_�bah[jZ`_gb_�,P
�;m^_f�kqblZlv��qlh�gZ�\k_o�bah[jZ`_gbyo�h[t_dl�jZkiheh`_g�\ p_glj_�b ^jm]bo�h[t_dlh\ g_l��G_h[oh^bfh� hij_^_eblv� bah[jZ`_g� eb� gZ�bah[jZ`_gbb�,P
 lhl�`_�h[t_dl��qlh�gZ�bah[jZ`_gbb�,P�AZ^Zq_c� f_lh^Z� y\ey_lky� ihkljhblv� [ebadmx� dhilbfZevghc� ijhp_^mjm�� b^_glbnbpbjmxsmx� aZ^Zgguc�h[t_dl�� >ZggZy� ijhp_^mjZ� g_� y\ey_lky� bg\ZjbZglghc� dhi_jZpbyf�k^\b]Z��fZkrlZ[Z�b ih\hjhlZ��� AZ^ZqZ�h[gZjm`_gby�h[t_dlZ��Bkoh^gufb� ^Zggufb� y\eyxlky� wlZehggh_�bah[jZ`_gb_� h[t_dlZ� ,P b g_dhlhjh_� ijhba\hevgh_�bah[jZ`_gb_�,P
�G_h[oh^bfh� hij_^_eblv� bah[jZ`_g� eb� gZ�bah[jZ`_gbb�,P
 lhl�`_�h[t_dl��qlh�gZ�bah[jZ`_gbb�,P bhij_^_eblv�_]h�dhhj^bgZlu�AZ^Zq_c� f_lh^Z� y\ey_lky� ihkljhblv� [ebadmx� dhilbfZevghc�ijhp_^mjm�h[gZjm`_gby�aZ^Zggh]h�h[t_dlZ��>ZggZy� ijhp_^mjZ� g_� y\ey_lky� bg\ZjbZglghc� dhi_jZpbyf�fZkrlZ[Z�b ih\hjhlZ�GZeh`_ggu_� gZ� j_rZxsb_� ijhp_^mju� h]jZgbq_gby� hg_bg\ZjbZglghklb� d hi_jZpbyf� fZkrlZ[Z� b ih\hjhlZ�y\eyxlky�ke_^kl\b_f�bkihevah\Zgby�\ dZq_kl\_�we_f_glZjguo�ijhp_^mj�Ze]hjblfZ�kh]eZkh\Zgghc�nbevljZpbb��
���IJHP?>MJ:�B>?GLBNBD:PBB>ey� ijbf_g_gby� ij_^eh`_ggh]h� f_lh^Z� d aZ^Zq_�b^_glbnbdZpbb� h[t_dlZ� gZ� bah[jZ`_gbb� [ueb� jZajZ[hlZgu�^\Z� lbiZ� Ze]hjblfh\� \uiheg_gby� kdhgkljmbjh\Zgguo�ijhp_^mj�b^_glbnbdZpbb�< jZfdZo�i_j\h]h�lbiZ�Ze]hjblf�\uiheg_gby�j_rZxs_c�ijhp_^mju�hkgh\u\Z_lky�gZ��g_aZ\bkbfhc��fh^_eb��ijb�wlhf�^ey� h[t_^bg_gby� k\b^_l_evkl\� hl� jZaebqguo�nbevljh\�[ueZ�bkihevah\ZgZ�nmgdpby�ijhba\_^_gby� PP YYYYYY8QLWH 
���

�������� ����  �< hkgh\_� Ze]hjblfh\� \lhjh]h� lbiZ� e_`bl��ihke_^h\Zl_evgZy�� fh^_ev� \uiheg_gby� j_rZxs_c�

ijhp_^mju�� ijb� wlhf� \hafh`gu� ^\Z� j_`bfZ� __nmgdpbhgbjh\Zgby��� ;_a� mq_lZ� \aZbfgh]h� jZkiheh`_gby� nbevljh\� gZ�bah[jZ`_gbb�� < ^Zgghf� kemqZ_� dZ`^uc�ihke_^mxsbc� nbevlj� j_rZxs_c� ijhp_^mju�ijbf_gy_lky�dh�\k_fm�\oh^ghfm�bah[jZ`_gbx��� K bkihevah\Zgb_f� Zljb[mlZ� ]_hf_ljbq_kdhc� k\yab�njZ]f_glh\�� < ^Zgghf� j_`bf_� dZ`^uc�ihke_^mxsbc� nbevlj� j_rZxs_c� ijhp_^mju�ijbf_gy_lky� \ g_dhlhjhc� h[eZklb� \oh^gh]h�bah[jZ`_gby��dhhj^bgZlu�dhlhjhc�hij_^_eyxlky�ih�j_amevlZlZf�jZ[hlu�ij_^u^ms_]h�nbevljZ�
����IJHP?>MJ:�H;G:JM@?GBY>ey� ijbf_g_gby� ij_^eh`_ggh]h� f_lh^Z� d aZ^Zq_�h[gZjm`_gby� h[t_dlZ� gZ� bah[jZ`_gbb� [ue� jZajZ[hlZg�Ze]hjblf� \uiheg_gby� kdhgkljmbjh\Zgguo� ijhp_^mj�h[gZjm`_gby�>Zgguc�Ze]hjblf�hkgh\u\Z_lky�gZ�x �ihke_^h\Zl_evghc��fh^_eb�\uiheg_gby�j_rZxsbo�ijhp_^mj� k bkihevah\Zgb_f� Zljb[mlZ�]_hf_ljbq_kdhc�k\yab�njZ]f_glh\�x �f_oZgbaf_� \ha\jZlh\��� \ kemqZ_� _keb� j_amevlZl�l_dms_]h� nbevljZ� j_rZxs_c� ijhp_^mju� g_�m^h\e_l\hjy_l� aZ^Zgghc� lhqghklb�� lh�hkms_kl\ey_lky� \ha\jZl� d ij_^u^ms_fm� nbevljm��dhlhjuc� _s_� jZa� \uihegy_lky� \ aZ^Zgghc� ^ey� g_]h�h[eZklb�\oh^gh]h�bah[jZ`_gby�Dhhj^bgZlu�h[gZjm`_ggh]h�h[t_dlZ�jZkkqblu\Zxlky�ih�dhhj^bgZlZf� iheh`_gby� nbevljZ� k gZb[hevrbf� agZq_gb_f�Zljb[mlZ�bgnhjfZlb\ghklb�
����IJH=J:FFG:Y�J?:EBA:PBY< \b^_�ijh]jZffghc�kbkl_fu�[ue�j_Zebah\Zg�hibkZgguc�\ZjbZgl�ij_^eh`_ggh]h�f_lh^Z�<oh^gufb�^Zggufb�kbkl_fu�y\eyxlky�x wlZehggh_�bah[jZ`_gb_�h[t_dlZ�ihbkdZ�x l_dklh\uc� nZce�� kh^_j`Zsbc� kibkhd� bah[jZ`_gbc�h[mqZxs_c� \u[hjdb�� ^ey� dZ`^h]h� bah[jZ`_gby� ba�dhlhjhc�mdZaZgh��kh^_j`bl�eb�hgh�aZ^Zgguc�h[t_dl�x iZjZf_lju�� aZ^Zxsb_� ihjh]h\u_� agZq_gby� ih�lhqghklb� h[gZjm`_gby�� k_ldm� ^ey� hij_^_e_gby�njZ]f_glh\� wlZehggh]h� bah[jZ`_gby�� dhgklZglm��bkihevam_fmx� \ nmgdpbb hp_gdb� dZq_kl\Z�j_rZxs_c�ijhp_^mju�x iZjZf_lju� ]_g_lbq_kdh]h� Ze]hjblfZ�� \dexqZxsb_�\_jhylghklb�kdj_sb\Zgby�b fmlZpbb��Z lZd`_�jZaf_j�ihimeypbb�b dhebq_kl\h�bl_jZpbc�x iZjZf_lju��aZ^Zxsb_�\_ebqbgm�hdj_klghklb�ihbkdZ�^ey� ijhp_^mj�� bkihevamxsbo� Zljb[ml�]_hf_ljbq_kdhc�k\yab�njZ]f_glh\�Kbkl_fZ�hi_jbjm_l�nZceZfb�\ nhjfZl_�%03�<uoh^gufb�^Zggufb�kbkl_fu�y\eyxlky�x njZ]f_glu� wlZehggh]h� bah[jZ`_gby�� ih� dhlhjuf�ihkljh_gh�gZc^_ggh_�hilbfZevgh_�j_r_gb_�x agZq_gb_�dZq_kl\Z�ihemqZ_fuo�j_r_gbc�
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����:G:EBABJM?FU?�BAH;J:@?GBY>ZggZy� ijh]jZffgZy� kbkl_fZ� [ueZ� ijhl_klbjh\ZgZ� gZ�aZ^Zq_� b^_glbnbdZpbb� ^hjh`guo� agZdh\�� bf_xsbo�^hklZlhqgh�keh`gmx�kljmdlmjm�b [hevrh_�jZaghh[jZab_�>ey� wdki_jbf_glh\� [ueb� \u[jZgu� ��� jZaebqguo�^hjh`guo� agZdh\�� <u[jZggu_� p\_lgu_� bah[jZ`_gby� [ueb�ij_^\Zjbl_evgh� h[jZ[hlZgu� ^ey� gZeh`_gby� gZ� gbo�]Zmkkh\kdh]h� rmfZ� b ihemq_gby� [bgZjgh]h� dhglmjgh]h�ij_iZjZlZ�� H[mqZxsmx� \u[hjdm� khklZ\beb� ��� �qbkluo��bah[jZ`_gbc� b ��� aZrmfe_gguo�� <k_� bah[jZ`_gby�h^bgZdh\h]h� jZaf_jZ�� b h[t_dlu� jZkiheZ]Zxlky� \ p_glj_�bah[jZ`_gbc��Wdki_jbf_glu� ijh\h^bebkv� gZ� aZ^Zq_� ihkljh_gby�[ebadhc� d hilbfZevghc� ijhp_^mju� b^_glbnbdZpbb� agZdZ��ih\hjhl� gZe_\h� aZij_s_g��� < dZq_kl\_� wlZehggh]h� [ueh�\u[jZgh�g_aZrmfe_ggh_�bah[jZ`_gb_��<k_� wdki_jbf_glu� ijh\h^bebkv� ijb� jZa[b_gbb�wlZehggh]h�bah[jZ`_gby�j_r_ldhc �
��GZ� jbk�� �� ij_^klZ\e_g� ijbf_j� aZrmfe_ggh]h� bwlZehggh]h�bah[jZ`_gby� agZdZ� �ih\hjhl�gZe_\h� aZij_s_g�� kgZeh`_gghc�k_ldhc�

Jbk�����WlZehggh_�b aZrmfe_ggh_�bah[jZ`_gby�
>ey� l_klbjh\Zgby� ihkljh_gguo� j_rZxsbo� ijhp_^mj�[ueb� bkihevah\Zgu� �qbklu_�� bah[jZ`_gby� k gZeh`_gguf�rmfhf�lbiZ��khev�i_j_p���H[t_f�l_klh\hc�\u[hjdb�khklZ\be����bah[jZ`_gbc�

����J?AMEVL:LUJZkkfhljbf� j_amevlZlu�� ihemq_ggu_� ijb� l_klbjh\Zgbb�kbkl_fu�gZ�aZ^Zq_�b^_glbnbdZpbb�^hjh`guo�agZdh\�>ey� ijh\_^_gby� dhjj_dlgh]h� kjZ\g_gby� lhqghklgh�\j_f_gguo� oZjZdl_jbklbd� ihemqZ_fuo� j_r_gbc�ij_^\Zjbl_evgh�� i_j_^� l_klbjh\Zgb_f� kbkl_fu�� \ aZ^ZgghfdeZkk_�fh^mevguo�Ze]hjblfh\��bkihevamxsbo�kh]eZkh\Zggmx�nbevljZpbx�� iml_f� ihegh]h� i_j_[hjZ� [ueb� gZc^_gu�hilbfZevgu_ j_rZxsb_�ijhp_^mju��I_j_[hj�hkms_kl\eyeky�kj_^b�\k_o�\hafh`guo�fh^mevguo�ijhp_^mj�aZ^Zgghc�^ebgu�ijb� aZ^Zgghf� jZa[b_gbb� wlZehggh]h�bah[jZ`_gby��Hlf_lbf��qlh� ijb� ^ebg_� j_rZxs_c� ijhp_^mju� jZ\ghc� �� b jZa[b_gbb�wlZehgZ� k_ldhc� �
��� kms_kl\m_l� ��� ������� ijhp_^mj�b^_glbnbdZpbb��>ey� dZ`^h]h� ba� \\_^_gguo� \ur_� lbih\� Ze]hjblfh\�b^_glbnbdZpbb�[ueh�ijhba\_^_gh����aZimkdh\�]_g_lbq_kdh]h�Ze]hjblfZ�� k bkihevah\Zgb_f� jZaebqguo� agZq_gbc�iZjZf_ljh\��< qZklghklb��\ dZq_kl\_�jZaf_jZ�ihimeypbb�[ueh�bkihevah\Zgh����b ����\ dZq_kl\_�dhebq_kl\Z�bl_jZpbc�� ����b����� Ba� dZ`^hc� ]jmiiu� j_r_gbc� [ueh� \u[jZgZ� j_rZxsZy�ijhp_^mjZ�� agZq_gb_� nmgdpbb� dZq_kl\Z� ^ey� dhlhjhc� jZ\gh�kj_^g_fm� dZq_kl\m� \k_o� ijhp_^mj� ^Zgghc� ]jmiiu��

<u^_e_ggu_�ijhp_^mju��Z lZd`_�j_r_gby��gZc^_ggu_�iml_f�ihegh]h�i_j_[hjZ��[ueb�ijhl_klbjh\Zgu�gZ�l_klh\hc�\u[hjd_�bah[jZ`_gbc�� GZ� jbk�� ��� �� b �� ij_^klZ\e_gu� j_amevlZlu�ijh\_^_gguo� wdki_jbf_glh\� ^ey� ijhp_^mj� b^_glbnbdZpbb��hkgh\Zgguo� gZ� �g_aZ\bkbfhc�� fh^_eb�� �ihke_^h\Zl_evghc��fh^_eb�[_a�mq_lZ�b k mq_lhf�Zljb[mlZ�]_hf_ljbq_kdhc�k\yab��khhl\_lkl\_ggh�

Jbk�����J_amevlZlu�l_klbjh\Zgby�ijhp_^mj��hkgh\Zgguo�gZ �g_aZ\bkbfhc��fh^_eb���W � \j_fy�jZ[hlu�gZ�h^ghf�bah[jZ`_gbb��SHU � ^hey�hrb[hd��

Jbk����J_amevlZlu�l_klbjh\Zgby�ijhp_^mj��hkgh\Zgguo�gZ��ihke_^h\Zl_evghc��fh^_eb�[_a�mq_lZ�]_hf_ljbq_kdhc�k\yab�njZ]f_glh\���W�� � \j_fy�h[jZ[hldb�h^gh]h�bah[jZ`_gby��g_�kh^_j`Zs_]h�aZ^Zgguc�h[t_dl��W� � \j_fy�h[jZ[hldb�h^gh]h�bah[jZ`_gby��kh^_j`Zs_]h�aZ^Zgguc�h[t_dl��SHU � ^hey�hrb[hd��

Jbk����J_amevlZlu�l_klbjh\Zgby�ijhp_^mj��hkgh\Zgguo�gZ��ihke_^h\Zl_evghc��fh^_eb�k bkihevah\Zgb_f�]_hf_ljbq_kdhc�k\yab�njZ]f_glh\���W�� � \j_fy�h[jZ[hldb�h^gh]h�bah[jZ`_gby��g_�kh^_j`Zs_]h�aZ^Zgguc�h[t_dl��W� �\j_fy�h[jZ[hldb�h^gh]h�bah[jZ`_gby��kh^_j`Zs_]h�aZ^Zgguc�h[t_dl��SHU � ^hey�hrb[hd��
Ba�ZgZebaZ�ijb\_^_gguo�j_amevlZlh\�ke_^m_l��qlh�x ij_^eh`_gguc�f_lh^��iha\hey_l�gZoh^blv�[ebadb_�dhilbfZevguf�ijhp_^mju�b^_glbnbdZpbb� aZ^Zggh]h�h[t_dlZ�� ijb� wlhf� dhebq_kl\h� kh\_jrZ_fuo�hi_jZpbc� \ ijhp_kk_� ihbkdZ� j_r_gby� kms_kl\_ggh�f_gvr_��q_f��gZijbf_j��ijb�iheghf�i_j_[hj_�x j_rZxsb_� ijhp_^mju�� ihkljh_ggu_� gZ� [Za_��ihke_^h\Zl_evghc�� fh^_eb� k bkihevah\Zgb_f�Zljb[mlZ� ]_hf_ljbq_kdhc� k\yab�� gZb[he__� ihegh� ba�lj_o� jZkkfhlj_gguo� lbih\� Ze]hjblfh\�m^h\e_l\hjyxl� lj_[h\Zgbyf� ih� lhqghklgh�\j_f_gguf�ihdZaZl_eyf�x wdki_jbf_glu� ih^l\_j^beb�� qlh� ijbf_g_gb_��g_aZ\bkbfhc�� fh^_eb� khhl\_lkl\m_l� ihbkdm�oZjZdl_jguo� ijbagZdh\� h[t_dlZ�� lh]^Z� dZd�
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ijbf_g_gb_� �ihke_^h\Zl_evghc�� fh^_eb� � ihbkdm�ijhp_^mj��aZljZqb\Zxsbo�fbgbfZevgh_�\j_fy�
����A:DEXQ?GB?< aZdexq_gb_� knhjfmebjm_f� hkgh\gu_� j_amevlZlu��ihemq_ggu_�ijb�\uiheg_gbb�^Zgghc�jZ[hlu�x JZajZ[hlZg� f_lh^� Z\lhfZlbabjh\Zggh]h�dhgkljmbjh\Zgby�[ebadbo�d hilbfZevguf�ijhp_^mj�b^_glbnbdZpbb� b h[gZjm`_gby� h[t_dlZ� gZ�bah[jZ`_gbb� ih� _]h� wlZehgghfm� bah[jZ`_gbx� bh[mqZxs_c�\u[hjd_�x < jZfdZo� bkihevah\Zgby� ^Zggh]h� f_lh^Z�ij_^eh`_gu� �� ko_fu� \uiheg_gby� ijhp_^mj�b^_glbnbdZpbb� b ko_fZ� \uiheg_gby� ijhp_^mj�h[gZjm`_gby�� hkgh\Zggu_� gZ� �g_aZ\bkbfhc�� b�ihke_^h\Zl_evghc�� fh^_eyo� \uiheg_gby�j_rZxsbo�ijhp_^mj�x Hkms_kl\e_gZ� ijh]jZffgZy� j_ZebaZpby� \ZjbZglZ�ij_^eh`_ggh]h�f_lh^Z�x Ih� j_amevlZlZf� ijh\_^_gguo� wdki_jbf_glh\�j_r_gby� aZ^Zqb� b^_glbnbdZpbb� ^hjh`guo� agZdh\�[ueh�mklZgh\e_gh��qlh�x ^Zgguc� f_lh^� ^_ckl\bl_evgh� iha\hey_l�dhgkljmbjh\Zlv� [ebadb_� d hilbfZevguf�ijhp_^mju� b^_glbnbdZpbb� \ aZ^Zgghf� deZkk_�Ze]hjblfh\�x ijbf_g_gb_� �g_aZ\bkbfhc��fh^_eb� ijb� ihbkd_�hilbfZevghc� ijhp_^mju� khhl\_lkl\m_l�\u^_e_gbx� oZjZdl_jguo� ijbagZdh\� h[t_dlZ��ijbf_g_gb_� �ihke_^h\Zl_evghc�� fh^_eb� �ihbkdm�ijhp_^mj��aZljZqb\Zxsbo�fbgbfZevgh_�\j_fy�JZ[hlZ�\uihegyeZkv�gZ�dZn_^j_�:K<D�nZdmevl_lZ�<FbD�F=M� bf��F�<�� Ehfhghkh\Z� \ jZfdZo� ijh_dlZ� klm^_gq_kdhc�eZ[hjZlhjbb� Bgl_e�F=M�� Z lZd`_� ijb� ih^^_j`d_� ]jZglZ�JNNB�������������
����KIBKHD�BKIHEVAM?FHC�EBL?J:LMJU�� >m^Z� J��� OZjl� I�� JZkihagZ\Zgb_� h[jZah\� b ZgZeba�kp_g���F���Fbj��������� Dmj_cqbd� <�F�� =_g_lbq_kdb_� Ze]hjblfu�� H[ahj� bkhklhygb_�� K[hjgbd� �Gh\hklb� bkdmkkl\_ggh]h�bgl_ee_dlZ������� ������� Lm� >`��� =hgkZe_k� J�� Ijbgpbiu� jZkihagZ\Zgby�h[jZah\���F���Fbj��������� %DQ]KDI� :��� 1RUGLQ� 3��� .HOOHU� 5�(��� )UDQFRQH� )�'��*HQHWLF� 3URJUDPPLQJ� � DQ� ,QWURGXFWLRQ�� 2Q� WKH�$XWRPDWLF� (YROXWLRQ� RI� &RPSXWHU� 3URJUDPV� DQG� ,WV�$SSOLFDWLRQV�� 'SXQNW�YHUODJ� DQG� 0RUJDQ� .DXIPDQQ�3XEOLVKHUV��,QF��86$�������;mjyd�>�X��F=M�bf��F�<��Ehfhghkh\Z��Jhkkby����������Fhkd\Z��<hjh[v_\u� ]hju��EXU\DNGP#PWX�QHW�UX<babevl_j� X�<�� =hkGBB:K�� Jhkkby�� ��������me��<bdlhj_gdh���� YL]#JRVQLLDV�PVN�UX
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