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Ijb jZajZ[hld_ mkdhjbl_evghc l_ogbdb \ ihke_^gb_ ]h^u hkgh\ghc Zdp_gl ^_eZ_lky gZ __ ijbdeZ^ghf gZ�
agZq_gbb� Ih\ur_ggh_ \gbfZgb_ m^_ey_lky wnn_dlb\ghklb bkihevah\Zgby kbkl_f iblZgby� gZ^_`ghklb b

ijhklhl_ dhgkljmdpbc� jZ^bZpbhgghc qbklhl_� ]Z[ZjblZf� AgZqbl_evgh_ mijhs_gb_ ebg_cguo j_ahgZgkguo

mkdhjbl_e_c ^hklb]Z_lky aZ kq_l bkihevah\Zgby \ukhdhqZklhlghc nhdmkbjh\db �kljmdlmju 5)4� $3)� 5)'��

Ki_pbnbq_kdb_ hkh[_gghklb wlbo fZeh]Z[Zjblguo kljmdlmj� kms_kl\_ggh f_gvrb_ wg_j]bb bg`_dpbb b [h�

e__ `_kldb_ lj_[h\Zgby d iZjZf_ljZf imqdZ �nZah\Zy iehlghklv g_ f_g__ � :�kfÂfjZ^� hij_^_e_ggZy dhgnb�

]mjZpby nZah\h]h h[t_fZ��
>ey ljZgkihjlbjh\db imqdZ hl bklhqgbdZ b ijb\_^_gby _]h oZjZdl_jbklbd \ khhl\_lkl\b_ lj_[m_fuf� f_�

`^m bklhqgbdhf b mkdhjbl_e_f jZaf_sZxlky jZaebqgu_ hilbq_kdb_ kbkl_fu� Ijbf_g_gb_ hk_kbff_ljbqghc

we_dljhklZlbq_kdhc hilbdb iha\hey_l kh\f_klblv ihi_j_qgh_ kh]eZkh\Zgb_ k ^hmkdhj_gb_f b ljZgkihjlb�

jh\dhc� Ebgau wlh]h lbiZ gZb[he__ wdhghfbqgu� ijhklu \ ba]hlh\e_gbb� Hgb klZ[bevgu \ jZ[hl_ b g_ bf_�

xl h]jZgbq_gbc gZ ^ebl_evghklv bfimevkZ� ihkdhevdm \ gbo g_ ijhbkoh^bl ]Zah\Zy g_cljZebaZpby aZjy^Z

imqdZ� H^gZdh ihke_^g__ h[klhyl_evkl\h \ugm`^Z_l bkihevah\Zlv [he__ kbevgu_ nhdmkbjmxsb_ ihey� qlh
\k_]^Z khijy`_gh k [he__ \ukhdbf mjh\g_f Z[_jjZpbc b ijh[e_fZfb we_dljbq_kdhc ijhqghklb� < kemqZ_

imqdh\ '
�
� g_h[oh^bfuo ^ey \ukhdhwnn_dlb\gh]h ijhba\h^kl\Z g_cljhgh\� kblmZpby mkm]m[ey_lky [hevr_c

iehlghklvx ijhkljZgkl\_ggh]h aZjy^Z �ijhlhgguc wd\b\Ze_gl lhdZ
'3
,=$,  �� \ k\yab k q_f hkh[mx agZ�

qbfhklv ijbh[j_lZ_l ijh[e_fZ fbgbfbaZpbb nZah\uo bkdZ`_gbc�

J_dhf_g^Zpbb ih kgb`_gbx kn_jbq_kdhc hkgh\ghc Z[_jjZpbb qZs_ \k_]h k\h^ylky lhevdh d lj_[h\Zgbx

fZehklb jZaf_jh\ imqdZ hlghkbl_evgh Zi_jlmju dZgZeZ
�
>�@� HilbfbaZpby nhjfu we_dljh^h\ [_a mq_lZ ihe_c

ijhkljZgkl\_ggh]h aZjy^Z iha\hey_l kgb`Zlv Z[_jjZpbhggu_ bkdZ`_gby g_ [he__ q_f gZ ��� >�@� <hafh`�

ghklv ijZdlbq_kdhc dhfi_gkZpbb Z[_jjZpbc ihe_f imqdZ ^he]h_ \j_fy g_ jZkkfZljb\ZeZkv ba�aZ hlkmlkl\by
wnn_dlb\guo f_lh^h\ __ jZkq_lZ� GZijhlb\� keh`behkv mklhcqb\h_ aZ[em`^_gb_ h km]m[h hljbpZl_evghc

jheb dmehgh\kdbo kbe >�@� IjbgpbibZevgh \Z`gu_ j_amevlZlu [ueb ihemq_gu kgZqZeZ \ >�@� Z aZl_f \ >�@� <

qZklghklb� mklZgh\e_gh� qlh ijb hij_^_e_gguo mkeh\byo ijhp_kku� k\yaZggu_ k i_j_jZkij_^_e_gb_f lhdZ

imqdZ� ghkyl dhe_[Zl_evguc oZjZdl_j� :fieblm^Z dhe_[Zgbc hij_^_ey_lky ba[ulhqghc wg_j]b_c jZkij_^_e_�

gby qZklbp hlghkbl_evgh jZ\gh\_kgh]h� qZklhlZ � `_kldhklvx nhdmkbjh\db b iehlghklvx imqdZ >�@� GZ^e_�
`Zsbc \u[hj iZjZf_ljh\ kbkl_fu iha\hey_l mijZ\eylv qZklhlhc b Zfieblm^hc lZdbf h[jZahf� qlh[u bkdZ�

`_gby imqdZ hklZ\Zebkv h[jZlbfufb
�
b bf_eb gZ \uoh^_ gm`gmx nZam� gZijbf_j [ebadmx d gZqZevghc� dh�

]^Z bkdZ`_gby fZeu >�@� Kbgl_a kbkl_f� j_Zebamxsbo wlhl ijbgpbi� fh`_l [ulv ijh\_^_g \ jZfdZo Z[_jjZ�
pbhgghc fh^_eb bgl_gkb\gh]h imqdZ >�@�

Fh^bnbdZpby fh^_eb b iZjZdkbZevgh_ ijb[eb`_gb_ ^ey jZkq_lZ ihey� nhjfbjm_fh]h we_dljh^Zfb� klZeb

hkgh\hc dhfivxl_jghc ijh]jZffu� hkms_kl\eyxs_c iZjZf_ljbq_kdbc kbgl_a k mq_lhf l_ogheh]bq_kdbo

h]jZgbq_gbc gZ nhjfm we_dljh^h\� we_dljbq_kdmx ijhqghklv b l�i� >�@� K ihfhsvx wlhc ijh]jZffu [ueb

bkke_^h\Zgu ihl_gpbZevgu_ \hafh`ghklb hk_kbff_ljbqghc we_dljhklZlbq_kdhc hilbdb ih nhjfbjh\Zgbx
yjdh]h imqdZ'

�
� g_h[oh^bfh]h ^ey j_ZebaZpbb ijh_dlZ >�@�

� A^_kv hq_\b^gh ij_^iheZ]Z_lky bkihevah\Zgb_ we_dljh^h\ ijhklhc nhjfu� pbebg^jh\� lhgdbo ^bZnjZ]f� Ohjhrh ba�

\_klgh� qlh h^gh b lh `_ ihe_ fh`gh knhjfbjh\Zlv jZagufb kbkl_fZfb we_dljh^h\� _keb bo nhjfZ b ihl_gpbZeu khhl�

\_lkl\mxl jZaguf _]h wd\bihl_gpbZeyf� K m\_ebq_gb_f Zi_jlmju dZgZeZ kgb`Z_lky qm\kl\bl_evghklv ijbhk_\h]h ihey

d nhjf_ ihe_h[jZamxsbo ih\_joghkl_c� gh h^gh\j_f_ggh jZklml ]Z[Zjblu kbkl_fu� gZijy`_gb_ iblZgby� \_jhylghklv

ijh[h_\�
� ?keb bkdexqblv h[jZah\Zgb_ fgh]hihlhdh\hc kljmdlmju imqdZ �kdeZ^hd�� h[jZlbfhklv dhe_[Zgbc iehlghklb [m^_l

ebfblbjh\ZgZ ebrv l_ieh\hc �[_kklhedgh\bl_evghc� j_eZdkZpb_c >�@� dhlhjZy ih kmlb fh`_l jZkkfZljb\Zlvky dZd

ijhy\e_gb_ ojhfZlbq_kdhc Z[_jjZpbb�



��

����������	����������������������

< oh^_ bkke_^h\Zgbc lj_[h\Zehkv hij_^_eblv ihl_gpbZeu� nhjfm b jZkiheh`_gb_ we_dljh^h\ dZgZeZ bg�

`_dpbb ^ey mkdhjyxs_c k_dpbb k IHDN gZ qZklhl_ ��� F=p �jbk���� NhjfZ we_dljh^h\ b kbkl_fZ bo iblZ�

gby ih \hafh`ghklb gZb[he__ ijhklu_� Ij_^iheZ]Z_fu_ nZah\u_ oZjZdl_jbklbdb imqdZ gZ \uoh^_ ba bklhq�
gbdZ� wfbllZgk� jZaf_j ihi_j_qgh]h k_q_gby b j_]meyjgZy jZkoh^bfhklv [ebadb d ihemq_gguf \ >�@� lhd

�� f:� wg_j]by ����� dw<� Ihi_j_qgh_ nZah\h_ jZkij_^_e_gb_ gZ \uoh^_ bg`_dlhjZ ^he`gh h[_ki_qb\Zlv

fZdkbfZevgh_ ihiZ^Zgb_ qZklbp \ jZkq_lguc weebik�
�
khhl\_lkl\mxsbc hilbfZevghfm aZo\Zlm \ j_`bf mk�

dhj_gby ijb wg_j]bb bg`_dpbb �� dw<�

Hilbq_kdb_ kbkl_fu ih^h[gh]h gZagZq_gby \ k\h_f [hevrbgkl\_ khklhyl ba h^ghc beb g_kdhevdbo h^b�

ghqguo ebga� GZb[he__ ijhklh_ iblZgb_ lZdhc kbkl_fu ij_^iheZ]Z_l bkihevah\Zgb_ lhevdh ^\mo agZq_gbc
ihl_gpbZeZ� dhlhju_ khhl\_lkl\mxl wg_j]bb ba\e_q_gby imqdZ ba bklhqgbdZ b wg_j]bb bg`_dpbb \ mkdhjb�

l_ev� K p_evx m\_ebq_gby hilbq_kdhc kbeu ebga b kgb`_gby \_jhylghklb ijh[h_\ bkihevah\Zebkv ³ULQJ´

we_dljh^u� Bo ebp_\u_ ih\_joghklb [ebadb d _kl_kl\_gghc nhjf_ wd\bihl_gpbZe_c \ hdj_klghklb k_^eh\uo

lhq_d ihey� ihwlhfm we_dljh^u fh]ml jZkiheZ]Zlvky \ g_ihkj_^kl\_gghc [ebahklb hl imqdZ� g_ m\_ebqb\Zy

_]h \hafms_gby >�@�
HilbfZevgZy dhgkljmdpby hij_^_eyeZkv f_lh^hf kdZgbjh\Zgby ijhkljZgkl\Z we_dljbq_kdbo b ]_hf_ljb�

q_kdbo iZjZf_ljh\ kbkl_fu� >ey dZ`^h]h gZ[hjZ iZjZf_ljh\ gZoh^beZkv khhl\_lkl\mxsZy ]_hf_ljby we_d�

ljh^h\ b ih f_lh^bd_� baeh`_gghc \ >�@� jZkkqblu\Zehkv jZkij_^_e_gb_ we_dljbq_kdh]h ihl_gpbZeZ gZ hilb�

q_kdhc hkb� >Ze__ j_rZeZkv fh^bnbpbjh\ZggZy kbkl_fZ mjZ\g_gbc� fh^_ebjmxsZy bgl_gkb\guc imqhd \

Z[_jjZpbhgghf ijb[eb`_gbb� Ih bgl_]jZeZf Z[_jjZpbhgguo mjZ\g_gbc hp_gb\Zehkv dZq_kl\h kbkl_fu� <

j_amevlZl_ i_j_[hjZ iZjZf_ljh\ hl[bjZebkv lZdb_ bo dhf[bgZpbb� ijb dhlhjuo iehsZ^v \ i_j_k_q_gbb
wfbllZgkZ imqdZ k Zdk_ilZgkhf mkdhjbl_ey fZdkbfZevgZ� Ihbkd ij_djZsZeky ihke_ ijhkfhljZ \k_o dhf[b�

gZpbc \Zjvbjm_fuo iZjZf_ljh\�� ^himkdZ_fuo aZ^Zggufb h]jZgbq_gbyfb� < qZklghklb� h]jZgbq_gby gZdeZ�

^u\Zebkv gZ gZijy`_gghklv we_dljbq_kdh]h ihey N9�FP���d' G8 � ]^_ 8' � gZijy`_gb_ f_`^m we_dljh�

^Zfb� G � f_`we_dljh^gh_ jZkklhygb_� GZbemqrb_ \ZjbZglu hilbdb l_klbjh\Zebkv h[uqghc ijh]jZffhc

ZgZebaZ ^bgZfbdb k jZkq_lhf kZfhkh]eZkh\Zggh]h ihey imqdZ f_lh^hf djmiguo qZklbp
�
� G_dhlhju_ ba wlbo

\ZjbZglh\ ij_^klZ\e_gu gZ jbk� ��

�

� � � � � �

�

/

Jbk� �� Bgl_]jbjh\Zgb_ hilbq_kdhc kbkl_fu \ khklZ\ bg`_dlhjZ�

� � ]ZahjZajy^gZy dZf_jZ bklhqgbdZ� � � ba\e_dZxsbc we_dljh^ bklhqgbdZ� hg `_ i_j\uc we_dljh^ hilbq_kdhc

kbkl_fu� � � we_dljh^u hilbq_kdhc kbkl_fu� � � neZg_p �kl_gdZ� bg`_dlhjZ� hg `_ ihke_^gbc we_dljh^ hilbq_�

kdhc kbkl_fu� � � mkljhckl\h f_oZgbq_kdh]h khqe_g_gby bg`_dlhjZ b mkdhjyxs_c kljmdlmju� � � neZg_p �kl_g�

dZ� j_ahgZlhjZ k IHDN� � � we_dljh^u mkdhjyxs_c kljmdlmju� � � ahgZ g_mijZ\ey_fh]h ^\b`_gby imqdZ gZ mqZ�

kld_ kludh\db bg`_dlhjZ k mkdhjyxs_c kljmdlmjhc�

� Wlhl weebik gZ jbk���� mdZaZg rljboh\hc ebgb_c�
� <Zjvbjh\Zebkv iheh`_gb_ gZ hkb� ihl_gpbZe� Zi_jlmjZ b lhesbgZ \gmlj_ggbo we_dljh^h\� ]_hf_ljby b ihl_gpbZeu

djZcgbo we_dljh^h\ �i_j\h]h b ihke_^g_]h� g_ f_gyebkv�
� Wnn_dlb\ghklv f_lh^bdb iha\heyeZ [_a hkh[uo mkbebc ZgZebabjh\Zlv ^h ������ \ZjbZglh\ h^ghc dhgkljmdpbc�
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Jbk� �� J_amevlZlu hilbfbaZpbb kh]eZkmxs_c hilbdb ^ey mkdhjbl_ey k IHDN�

Ke_\Z ± ]_hf_ljby kbkl_fu� ihl_gpbZeu gZ we_dljh^Zo b h]b[ZxsZy imqdZ� kijZ\Z ± Zdk_ilZgk mkdhjyxs_c kljmdlmju

�rljbo� b wfbllZgk imqdZ� ij_^kdZaZgguc Z[_jjZpbhgghc fh^_evx �kiehrgZy ebgby� ijh_dpby UU�� �
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:gZeba ihemq_gguo j_amevlZlh\ ihdZau\Z_l� qlh \ jZkkfZljb\Z_fhf ^bZiZahg_ iZjZf_ljh\ ^ey dZq_kl\_g�

gh]h kh]eZkh\Zgby b ^hmkdhj_gby imqdZ g_h[oh^bfZ� dZd fbgbfmf� ��we_dljh^gZy kbkl_fZ k aZibldhc gbadh�

\hevlguo we_dljh^h\ ihl_gpbZeZfb gb`_
�
��d< �jbk� �(�� < ijhlb\ghf kemqZ_ fZdkbfZevguc dhwnnbpb_gl

aZiheg_gby Zi_jlmju [ebahd d _^bgbp_� qlh g_ ]ZjZglbjm_l �����h_ lhdhijhoh`^_gb_ \ j_Zevguo mkeh\byo�

jbk� �&� '� Dhebq_kl\h we_dljh^h\ fh`_l \Zjvbjh\Zlvky� jbk� �:�)� b ^he`gh hij_^_eylvky� bkoh^y ba ]Zah�

\hc wnn_dlb\ghklb bklhqgbdZ� lj_[h\Zgbc d \Zdmmfm gZ \oh^_ \ mkdhjbl_ev� ]Z[Zjblh\ hldZqguo kj_^kl\�

:[_jjZpbb hilbq_kdhc kbkl_fu \ agZqbl_evghc f_j_ fh]ml [ulv kdhfi_gkbjh\Zgu ihe_f imqdZ� GZ
jbk� �% ij_^klZ\e_g nZah\uc ihjlj_l fh^_evguo qZklbp� ihemq_gguc \ j_amevlZl_ l_klbjh\Zgby hilbdb�

ijb\_^_gghc gZ jbk� �(� Jy^hf �jbk� �:� djb\Zy �� ihdZaZgZ w\hexpby bo kj_^g_d\Z^jZlbqgh]h wfbllZgkZ

�hlghkbl_evgu_ _^bgbpu�� Ihke_ i_j_jZkij_^_e_gby lhdZ ih k_q_gbx� ijhbkoh^ys_]h \ j_amevlZl_ kZfhkh�

]eZkh\Zgby imqdZ k hilbq_kdbf dZgZehf� \_ebqbgZ wfbllZgkZ \ha\jZsZ_lky ijZdlbq_kdb d i_j\hgZqZevghfm

agZq_gbx� >ey kjZ\g_gby �djb\Zy �� ^ZgZ lZ `_ oZjZdl_jbklbdZ ihke_ aZf_gu g_ebg_cgh]h ihey imqdZ eb�
g_cguf

�
� < dhjhldbo kbkl_fZo �jbk� �$� %� iehlghklv imqdZ hdZau\Z_lky g_^hklZlhqghc ^ey iheghc dhfi_g�

kZpbb Z[_jjZpbhgguo wnn_dlh\� dhlhju_ a^_kv [he__ agZqbl_evgu ba�aZ [hevr_c m^_evghc kbeu ebga
�
�

AhgZ g_mijZ\ey_fh]h ^\b`_gby qZklbp gZ mqZkld_ kludh\db bg`_dlhjZ k mkdhjyxs_c kljmdlmjhc �kf�

jbk��� ^he`gZ [ulv fbgbfbabjh\ZgZ� M\_ebq_gb_ wlhc ahgu lj_[m_l nhjfbjh\Zgby imqdZ [hevr_]h jZ^bmkZ

b m]eZ koh^bfhklb \ iehkdhklb ihke_^g_]h we_dljh^Z� DZd ke_^kl\b_ ± m\_ebq_gb_ Zi_jlmju dZgZeZ b ^hihe�

gbl_evgZy gZl_qdZ ]ZaZ \ mkdhjyxsmx k_dpbx� \ur_ mjh\_gv Z[_jjZpbc ba�aZ g_h[oh^bfhklb [he__ kbevghc
nhdmkbjh\db rbjhdh]h imqdZ� ijh^he`bl_evg__ g_dhfi_gkbjm_fh_ \ha^_ckl\b_ ihey imqdZ� dhlhjh_ g_eb�

g_cgh \ kemqZ_ g_h^ghjh^ghc iehlghklb aZjy^Z ih k_q_gbx� >ebgZ mqZkldZ kludh\db \ jZkq_lZo khklZ\eyeZ

����� ff b [ebadZ d hilbfZevghc�
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>�@ &� $OOHQ HW DO� ³'HVLJQ 6WXGLHV RI /RZ (QHUJ\ �

+ %HDP 7UDQVSRUW ZLWK (OHFWURVWDWLF /HQVHV ³� /LQDF¶��� $OEX�

TXHUTXH� ����� S� ���� 0� 5HLVHU� ³7UDQVSRUW RI +LJK�LQWHQVLW\ %HDPV´� 16������� ���� b ^j�
>�@ <X� =XHY� ³)LHOG )RUP 2SWLPL]DWLRQ LQ /RZ (QHUJ\ %HDP 7UDQVSRUW 6\VWHP´� %'2¶��� 6�3HWHUVEXUJ� ����� S� ����

>�@ 0� 5HLVHU� ³7KHRU\ DQG 'HVLJQ RI &KDUJHG 3DUWLFOH %HDPV´� 1<�� :LOH\� �����
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