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d_jm\Zggy�ijhn_k�cgbfb�jbabdZfb�m�\b]ey^��fZl_fZlbqgbo�fh^_e_c��<�jZfdZo�^hke�^`_ggy�aZagZq_gh��

sh�^h�kdeZ^m�fZl_fZlbqgbo�fh^_e_c�^hp�evgh�\dexqZlb�ihdZagbdb��sh�ih\¶yaZg��a�\bljZlZfb�lZ�j_kmj�

kZfb�gZ� hohjhgm� ijZp��� Z� lZdh`�ghf_gdeZlmjhx�rd�^eb\bo� \bjh[gbqbo�nZdlhj�\� lZ� hkh[eb\hklyfb� �o�

\ieb\m�gZ�ijZp�\gbdZ���
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fh`mlv�[mlb�\bj�r_g��yd�aZ�^hihfh]hx�qbk_evgbo�f_lh^�\��lZd���a�\bdhjbklZggyf�klZg^Zjlgh]h�ijh]jZfgh�

]h�aZ[_ai_q_ggy���iZd_lm�([FHO�����
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7KH�DQDO\VLV�RI�UHJXODWLRQV�LQ�WKH�ILHOG�RI�ODERXU�VDIHW\�DQG�ULVNV�PDQDJHPHQW�ZDV�FRQGXFWHG��6HYHUDO�V\V�

WHPLF�PHWKRGRORJLFDO�SUREOHPV�UHOHYDQW�WR�ODERXU�VDIHW\�PDQDJHPHQW�V\VWHP�ZHUH�LGHQWLILHG��7KH�PDLQ�SUREOHPV��

FRPSOLFDWLQJ�WKH�UHDOL]DWLRQ�RI�RFFXSDWLRQDO�ULVNV�PDQDJHPHQW�SURFHVV�DUH��XQFHUWDLQW\�RI�SXUSRVHV��FRPSOLFDWLRQ�

RI�UHDOL]DWLRQ�SURFHGXUH�DQG�DEVHQFH�RI�WRROV�IRU�LWV�RSWLPL]DWLRQ��

7R�HOLPLQDWH�WKHVH�SUREOHPV�RSWLPDO�PHWKRG�RI�RFFXSDWLRQDO�ULVNV�PDQDJHPHQW��EDVHG�RQ�PDWKHPDWLFDO�

PRGHOV��ZDV�GHYHORSHG�DQG�SURSRVHG��5HVXOWV�RI�WKLV�VWXG\�SURYH�WKDW�WKH�PRGHOV�VKRXOG�LQFOXGH�LQGH[HV�UHODWHG�

WR�H[SHQGLWXUHV�RQ�RFFXSDWLRQDO�VDIHW\�DQG�DOVR�WR�KDUPIXO�IDFWRUV�DQG�WKHLU�LQIOXHQFH�RQ�DQ�HPSOR\HH��

7KH�SURSRVHG�PRGHOV�FDQ�EH�FRQFLGHUHG�DV�WZR�RSWLPL]DWLRQ�WDVNV��DLPLQJ�DW�PD[LPL]DWLRQ�RI�HPSOR\HH
V�

VDIHW\�WRJHWKHU�ZLWK�WKH�PLQLPL]DWLRQ�RI�H[SHQGLWXUHV�RQ�RFFXSDWLRQDO�VDIHW\��7KHVH�WDVNV�DUH�UHODWHG�WR�WKH�FRQ�

YH[�SURJUDPPLQJ�DQG�FDQ�EH�VROYHG�ERWK�ZLWK�QXPHULFDO�PHWKRGV�DQG�ZLWK�WKH�XVLQJ�RI�WKH�VWDQGDUG��06�([FHO�
SURJUDPPH�SDFN��

.H\ZRUGV��ODERXU�VDIHW\��RSWLPL]DWLRQ��RFFXSDWLRQDO�ULVNV�PDQDJHPHQW��UHVRXUFHV��H[SHQGLWXUHV��LQGXVWULDO�

GLVHDVH��FRQYH[�SURJUDPPLQJ��

�

IhklZgh\dZ�ijh[e_fb��Dexqh\hx�\bfh]hx�f�`gZjh^gbo�^hdmf_gl�\�a�f_g_^`f_glm�
ijhn_k�cgh��[_ai_db�lZ� a^hjh\¶y� }� aZ[_ai_q_ggy�klZgm�[_ai_db�lZ� ]�]�}gb�ijZp��ijZp�\gbd�\�

i�^�qZk�\bdhgZggy�gbfb�ijhn_k�cgh��^�yevghkl���P_�ijyfbc�h[h\¶yahd�dh`gh]h�jh[hlh^Z\py�

g_aZe_`gh�\�^�kn_jb�ch]h�^�yevghkl���<�dhgl_dkl��\bdhgZggy�k\h�o�h[h\¶yad�\�jh[hlh^Z\_pv�

ih\bg_g�kl\hjblb�lZ�aZ[_ai_qblb�nmgdp�hgm\Zggy�kbkl_fb�mijZ\e�ggy�hohjhghx�ijZp����

Kbkl_fZ�mijZ\e�ggy�hohjhghx�ijZp��±�p_�g_\�^¶}fgZ�qZklbgZ�kbkl_fb�mijZ\e�ggy�i�̂ �

ijb}fkl\hf��sh� kijyfh\ZgZ� gZ� aZih[�]Zggy� \bgbdg_ggx� g_sZkgbo� \biZ^d�\�� ijhn_k�cgbo�
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aZo\hjx\Zgv� lZ� \bjh[gbqh]h� ljZ\fZlbafm�� AZagZq_g�� y\bsZ� ijyfh� ih\¶yaZg�� a� \ieb\hf� gZ�

ex^bgm� g_[_ai_qgbo� lZ�rd�^eb\bo� \bjh[gbqbo� nZdlhj�\�� qZk� \bgbdg_ggy� ydbo�� �gl_gkb\�

g�klv��ljb\Ze�klv�^���lhsh�^hklZlgvh�\Z`dh�i_j_^[Zqblb���

P_�ihykgx}lvky�yd�klhoZklbqghx�ijbjh^hx�i_\gbo�nZdlhj�\��lZd� ��klhoZklbqghx�^b�

gZf�dhx�af�g� �o�oZjZdl_jbklbd�lZ�klZg�\�m�qZk���Fh`gZ�ebr_�dZaZlb�ijh�cfh\�jg�klv��lZdh]h�

\ieb\m�lZ�i_\gm�\Z`d�klv�ch]h�gZke�^d�\�^ey�ex^bgb��lh[lh�ijh�jbabd�\bgbdg_ggy�g_[_ai_d�

>�@��Hl`_��\�jZfdZo�nmgdp�hgm\Zggy�kbkl_fb�mijZ\e�ggy�hohjhghx�ijZp��ih\bg_g�a^�ckgx\Z�

lbky�ijhp_k�d_jm\Zggy�jbabdZfb���

KmqZkgZ�k\�lh\Z�kljZl_]�y�d_jm\Zggy�jbabdZfb�ih[m^h\ZgZ�gZ�ijbgpbiZo�aZih[�]Zggy�

\bgbdg_ggx�g_[_ai_d��J_Ze�aZp�y�aZagZq_gbo�ijbgpbi�\� �ihey]Z}�m�ihke�^h\ghfm�\bdhgZgg��

gbadb�_lZi�\��hkgh\gbfb�a�ydbo�}���

±� �^_glbn�dZp�y�ihl_gp�cgbo�g_[_ai_d��

±� hp�gdZ�jbabd�\�\bgbdg_ggy�g_[_ai_d��

±� jhajh[dZ�lZ�\ijh\Z^`_ggy�aZoh^�\�[_ai_db��

±� fhg�lhjbg]�lZ�Zm^bl�jbabd�\��

Kmdmig�klv� aZagZq_gbo�_lZi�\�lZ�pbde�qg�klv� �o�\bdhgZggy�fh`gZ�\\Z`Zlb�ijhp_khf�

d_jm\Zggy�jbabdZfb�\bgbdg_ggy�g_[_ai_d��Dh`_g�a�_lZi�\�ijhp_km�d_jm\Zggy�}�^hkblv�kdeZ�

^gbf�lZ�ihlj_[m}�i_\gh��d�evdhkl��j_kmjk�\�^ey�\l�e_ggy��n�gZgkh\bo��ex^kvdbo��f_lh^heh]��

qgbo�lhsh���/�hq_\b^gbf��sh�aZ�mfh\b�gZe_`gh]h�\bdhgZggy�k\h�o�h[h\¶yad�\�mqZkgbdZfb��

_n_dlb\g�klv�ijhp_km�d_jm\Zggy�jbabdZfb�[m^_�aZe_`Zlb�\�^�d�evdhkl��j_kmjk�\��sh�\b^�ey�

xlvky�i�^ijb}fkl\hf�gZ�ch]h�j_Ze�aZp�x���

;Z`Zghx�f_lhx��ydh��ijZ]g_�^hky]lb�dh`g_�i�^ijb}fkl\h��j_Ze�ah\mxqb�p_c�ijhp_k��}�

^hky]g_ggy�gmevh\h]h�j�\gy�jbabdm��:e_�\�aZe_`ghkl��\�^�ijbjh^b��d�evdhkl��lZ�oZjZdl_jbk�

lbd�g_[_ai_qgbo�lZ�rd�^eb\bo�nZdlhj�\�d�evd�klv�j_kmjk�\��sh�ihlj�[gZ�^ey�^hky]g_ggy�aZ�

agZq_gh��f_lb��fh`_�i_j_\bsblb�_dhghf�qg��fh`eb\hkl��g_�l�evdb�i_\gh]h�i�^ijb}fkl\Z��Ze_�

c�k\�lh\h��_dhghf�db�\�p�ehfm���

Lhfm�f_lhx�nmgdp�hgm\Zggy�kbkl_fb�mijZ\e�ggy�hohjhghx�ijZp��}�^hky]g_ggy�lZ�i�^�

ljbfZggy�ijbcgylgh]h�j�\gy�jbabdm��ydbc�[b�[m\�ki�\\�^ghkgbf�a�_dhghf�qgbfb�fh`eb\hk�

lyfb�i�^ijb}fkl\Z��Lh[lh��hkgh\gbf� aZ\^Zggyf�ijhp_km� d_jm\Zggy� }� agZoh^`_ggy�i_\gh]h�

hilbfZevgh]h�[ZeZgkm�f�`�ijbcgylgbf�j�\g_f�ijhn_k�cgh]h�jbabdm�lZ�gZy\gbfb�j_kmjkZfb��

sh�g_h[o�^g��^ey�ch]h�^hky]g_ggy�lZ�i�^ljbfdb�ijhly]hf�aZ^Zgh]h�qZkm���

:gZe�a�hklZgg�o�^hke�^`_gv�lZ�im[e�dZp�c��Ijh[e_fZlbp��d_jm\Zggy�jbabdZfb�[meh�
ijbk\yq_gh�jy^�jh[�l�>�����@��Ihablb\ghx�klhjhghx�^hke�^`_gv�>����@�fh`gZ�\\Z`Zlb�\jZom�

\Zggy�\�jhajh[e_gbo�fh^_eyo�hilbfZevgh]h�mijZ\e�ggy�j_kmjkgbo�fh`eb\hkl_c�i�^ijb}fkl�

\Z��:e_�p��jh[hlb�klhkmxlvky�\bdexqgh�ijhp_km�d_jm\Zggy�_dheh]�qgbfb�jbabdZfb��sh�g_�}�

ijyfhx�kn_jhx�nmgdp�hgm\Zggy�kbkl_f�mijZ\e�ggy�hohjhghx�ijZp���>hke�^`_ggy�>�����@�oh�

qZ� �� klhkmxlvky�ijh[e_fZlbdb� d_jm\Zggy�jbabdZfb� \� ]Zema�� hohjhgb�ijZp��� Ze_�ijbk\yq_g��

ebr_�m^hkdhgZe_ggx�i_\gbo�_lZi�\�pvh]h�ijhp_km��Z�kZf_�±�f_lh^�\�hp�gx\Zggy��Hdj�f�lh]h��

\� aZagZq_gbo� jh[hlZo� g_� \jZoh\m}lvky� j_kmjkgbc� Zki_dl� d_jm\Zggy��sh� gZ� ijZdlbp�� fh`_�

mg_fh`eb\ex\Zlb�aZklhkm\Zggy�i_\gbo�f_lh^�\�a�h]ey^m�_dhghf�qgh��g_^hp�evghkl����

F_lhx�p�}��jh[hlb�}�jhajh[dZ�f_lh^m�hilbfZevgh]h�d_jm\Zggy�ijhn_k�cgbfb�jbab�
dZfb�ijb�\biZ^dh\hfm�oZjZdl_j��\ieb\m�rd�^eb\bo�nZdlhj�\�gZ�ijZp�\gbdZ�m�qZk���

>hky]g_ggy�ihklZ\e_gh��f_lb�m�jh[hl��i_j_^[ZqZ}lvky�m�ijhp_k��\bj�r_ggy�lZdbo�aZ^Zq��
±� ijh\_klb�ZgZe�a�f�`gZjh^gbo�ghjfZlb\gh�ijZ\h\bo�^hdmf_gl�\�a�hohjhgb�ijZp��

\�]Zema��d_jm\Zggy�jbabdZfb��

±� �gl_jij_lm\Zlb�kdeZ^h\��f_lh^m�hilbfZevgh]h�d_jm\Zggy�ijhn_k�cgbfb�jbabdZfb��

±� nhjfZe�am\Zlb�f_lh^�hilbfZevgh]h�d_jm\Zggy�m�\b]ey^��fZl_fZlbqgbo�fh^_e_c��

±� Nmg^Zf_glZevghx�[Zahx�^ey�ijh\_^_ggy�ijhp_^mjb�d_jm\Zggy�jbabdZfb�}�\�̂ �

ih\�^g��f�`gZjh^g��ghjfZlb\gh�ijZ\h\��^hdmf_glb��KmqZkgZ�f_lh^heh]�y� d_jm�
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\Zggy�jbabdZfb�\�]Zema��hohjhgb�ijZp��j_]eZf_glm}lvky�lZdbfb�qbggbfb�f�`gZ�

jh^gbfb�klZg^ZjlZfb��

±� 2+6$6�������������Kbkl_fb�mijZ\e�ggy�]�]�}ghx�lZ�[_ai_dhx�ijZp���

±� 2+6$6� ������������Kbkl_fb� mijZ\e�ggy� ]�]�}ghx� lZ� [_ai_dhx� ijZp���Hkgh\g��

ijbgpbib�\bdhgZggy�\bfh]�2+6$6�������������

±� ,/2�26+�������Kbkl_fb�mijZ\e�ggy�hohjhghx�ijZp���AZ]Zevg��\bfh]b���

±� ,(&�,62�������������D_jm\Zggy�jbabdhf��F_lh^b�aZ]Zevgh]h�hp�gx\Zggy�jbabdm��

±� ,62�*XLGH���������D_jm\Zggy�jbabdhf��Keh\gbd�l_jf�g�\��

Hkgh\gbf�gZklZgh\qbf�^hdmf_glhf��ydbc�f�klblv�f_lh^heh]�qg��hkgh\b�lZ��gkljmf_g�

lZj�c� d_jm\Zggy�jbabdZfb�� }�f�`gZjh^gbc� klZg^Zjl� ,(&�,62� ������������ ©D_jm\Zggy�jbab�

dhf��F_lh^b�aZ]Zevgh]h�hp�gx\Zggy�jbabdmª��<�aZagZq_ghfm�klZg^Zjl��ijhp_^mjm�d_jm\Zggy�

jbabdZfb�ijhihgm}lvky�ijh\h^blb�aZ�^hihfh]hx����f_lh^bd��\bdhjbklh\mxqb��o�hdj_fh�lZ�\�

dhf[�gZp�yo��<b[�j�f_lh^bd�ijhihgm}lvky�a^�ckgx\Zlb�\�^ih\�^gh�^h�p�e_c��j_kmjkgbo�fh`�

eb\hkl_c�km[¶}dlZ�]hkih^Zjx\Zggy�lZ�_lZi�\�ijhp_km�d_jm\Zggy��H^gZd��^ey�fh`eb\hkl��ijh�

\_^_ggy�ijhp_km�d_jm\Zggy�jbabdZfb��\�^ih\�^gh�^h�\bfh]�klZg^Zjlm��km[¶}dlh\��]hkih^Zjx�

\Zggy�g_h[o�^gh�\bj�rblb�ljb�hkgh\g��ijh[e_fb��

I_jrZ� a� gbo� ±� g_\bagZq_g�klv� p�e_c� d_jm\Zggy� jbabdZfb��Py� ijh[e_fZ�� gZkZfi_j_^�

ih\¶yaZgZ� a�\�^kmlg�klx� m� \�^ih\�^gbo�ghjfZlb\gh�ijZ\h\bo�^hdmf_glZo� }^bgh�� l_jf�gheh]���

sh^h�ihgylly�©jbabdª��M�j�agbo�klZg^ZjlZo�jbabd�ih\¶yamxlv�yd�a�cfh\�jghx�rdh^hx�`bllx�

lZ�a^hjh\¶x�ex^bgb��lZd����a�fZl_j�Zevghx����gZ\�lv�_dheh]�qghx�rdh^hx��LZdZ�kblmZp�y�agZqgh�

mkdeZ^gx}�ijh[e_fm�p�evh\h]h�ijbagZq_ggy�j_kmjk�\��sh�\b^�eyxlvky�gZ�ijh\_^_ggy�ijhp_km�

d_jm\Zggy�jbabdZfb�lZ��yd�gZke�^hd��ijba\h^blv�^h�g_hilbfZevgh]h��o�\bdhjbklZggy���

P�ev�d_jm\Zggy�jbabdZfb�\�]Zema��hohjhgb�ijZp��fh`gZ�\bagZqblb�\boh^yqb�a�\bagZ�

q_ggy�\�^ih\�^gh]h�l_jf�gm��A]�^gh��a�klZll_x���AZdhgm�MdjZ�gb�©Ijh�hohjhgm�ijZp�ª��hohjh�

gZ�ijZp��±�p_�kbkl_fZ�ijZ\h\bo��khp�Zevgh�_dhghf�qgbo��hj]Zg�aZp�cgh�l_og�qgbo��kZg�lZjgh�

]�]�}g�qgbo���e�dm\Zevgh�ijhn�eZdlbqgbo�aZoh^�\�lZ�aZkh[�\��kijyfh\Zgbo�gZ�a[_j_`_ggy�`bl�

ly��a^hjh\
y���ijZp_a^Zlghkl��ex^bgb�m�ijhp_k��ljm^h\h��^�yevghkl�����

Hl`_��hkgh\ghx�p�eex�d_jm\Zggy�jbabdZfb�\�jZfdZo�nmgdp�hgm\Zggy�kbkl_f�mijZ\�

e�ggy�hohjhghx�ijZp��}�a[_j_`_ggy�`blly��a^hjh\
y� ��ijZp_a^Zlghkl��ex^bgb�m�ijhp_k��ljm�

^h\h��^�yevghkl���<boh^yqb�a�\bfh]�>KLM������������©HohjhgZ�ijZp���L_jf�gb�lZ�\bagZq_ggy�

hkgh\gbo�ihgylvª��\�dhgl_dkl��aZ\^Zggy�fh`eb\h��rdh^b�ex^bg���ke�^�jha]ey^Zlb�^\Z�\b^b�

jbabd�\��sh�ih\
yaZg��a�\bdhgZggyf�ljm^h\h��^�yevghkl���

±� jbabd�\bgbdg_ggy�ijhn_k�cgbo�g_[_ai_d��

±� ijhn_k�cgbc�jbabd��

<�i_jrhfm� \biZ^dm� ke�^�jha]ey^Zlb�cfh\�jg�klv� aZ\^Zggy�rdh^b� a^hjh\¶x� ex^bgb��

hljbfZggy�g_x�ljZ\f�lZ�kf_jl_evg��\biZ^db��sh�ih\¶yaZg��a�\bjh[gbpl\hf��

<�^jm]hfm�\biZ^dm�jha]ey^Z}lvky�kmlh�jbabd�rdh^b�a^hjh\¶x�ex^bgb��lh[lh�cfh\�j�

g�klv�hljbfZggy�ijhn_k�cgbo�aZo\hjx\Zgv��<�jZfdZo�pvh]h�^hke�^`_ggy�[m^mlv�jha]ey^Zlbky�

kZf_�ijhn_k�cg��jbabdb��

>jm]Z�ijh[e_fZ�±�p_�kdeZ^g�klv�\bdhgZggy�ijhp_^mjb�d_jm\Zggy�jbabdZfb�\�jZfdZo�

klZg^Zjl�\� >�@��LZd��^ey�fh`eb\hkl��\bdhgZggy�dh`gh]h�a�_lZi�\�ijhp_^mjb�d_jm\Zggy�jbab�

dZfb�g_h[o�^gh�ZgZe�am\Zlb�lZ�h[bjZlb�aZ�g_ajhamf�ebfb�djbl_j�yfb�h^gm�a�������f_lh^bd��
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GZ\_^_g��\�jZfdZo�f_lh^m�aZ^Zq��hilbf�aZp���fh`mlv�[mlb�\bj�r_g��yd�aZ�^hihfh]hx�
qbk_evgbo�f_lh^�\��lZd� ��a�\bdhjbklZggyf�klZg^Zjlgh]h�ijh]jZfgh]h�aZ[_ai_q_ggy� ��iZd_lm�
([FHO��P_� }�^m`_� \Z`eb\bf��hkd�evdb� agZqgh� kijhsm}�ijhp_^mjm� d_jm\Zggy�ijhn_k�cgbfb�
jbabdZfb��hkh[eb\h�^ey�fZebo�i�^ijb}fkl\�a�h[f_`_gbfb�j_kmjkgbfb�fh`eb\hklyfb��
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���Ijh\_^_gbc� ZgZe�a� ghjfZlb\gh�ijZ\h\bo� ^hdmf_gl�\� \� ]Zema�� d_jm\Zggy� jbabdZfb�

\by\b\�gbadm�g_^he�d�\�f_lh^heh]�qgh]h�oZjZdl_jm��Hkgh\gbfb�a�gbo�}�g_\bagZq_g�klv�p�e_c�
d_jm\Zggy�� kdeZ^g�klv� ijhp_^mjb� ijh\_^_ggy� lZ� \�^kmlg�klv� gZy\gbo� �gkljmf_gl�\� sh^h�
fh`eb\hkl��hilbf�aZp���ijhp_km�\�^ih\�^gh�^h�gZy\gbo�j_kmjkgbo�fh`eb\hkl_c�i�^ijb}fkl\Z���
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���Jhajh[e_g��fZl_fZlbqg��fh^_e��\�^ghkylvky�^h�h[eZkl��himdeh]h�ijh]jZfm\Zggy�lZ�
^Zxlv�afh]m�\bj�rblb�aZ^Zqm�fZdkbf�aZp���j�\gy�[_ai_db�ijZp�\gbdZ�ijb�f�g�fZevgbo�\bljZ�
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md��ijZpv�HGFM���í�������í�<bi������í�K�����í�����
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���%RFKNRYVN\L��$��3��/HJDO�DQG�RUJDQL]DWLRQDO�LVVXHV�RI�LPSURYLQJ�WKH�ODERU�SURWHFWLRQ�DQG�
LQGXVWULDO�VDIHW\�OHYHO�DW�WKH�8NUDLQLDQ�HQWHUSULVHV�>7H[W@�?�$�3��%RFKNRYVN\L��1�<X��6DSR]KQLNRYD��
9��'�*RJXQVNLL�??�6FLHQWLILF�%XOOHWLQ�RI�1DWLRQDO�0LQLQJ�8QLYHUVLW\�������������������±�J���������
GRL����������5*������������������6FRSXV��

���%RFKNRYVN\L��$��3��/DERXU�SURWHFWLRQ�DQG�LQGXVWULDO�VDIHW\�LQ�8NUDLQH��SUREOHPV�RI�WUDQ�
VLWLRQ� SHULRG� DQG� SHUVSHFWLYH� ZD\V� RI� GHYHORSPHQW� >7H[W@� ?� $�3�� %RFKNRYVN\L�� 1�<X��
6DSR]KQLNRYD��9��'�*RJXQVNLL�??�*UDLQ�3URGXFWV�DQG�0L[HG�)RGGHU¶V��������±�9RO���������±�J�������
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���;hqdh\kvdbc��:��I��I�^\bs_ggy�_n_dlb\ghkl��nmgdp�hgm\Zggy�kbkl_fb�mijZ\e�ggy�
hohjhghx�ijZp��f_lh^Zfb�klZlbklbqgh]h�ZgZe�am�>L_dkl@���:��I��;hqdh\kvdbc��G�X��KZih`g��
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���%RFKNRYVN\L�� $�� 3�� �������� �/LXGVN\L� IDNWRU�� WD� U\]\N� Y\Q\NQHQQLD� QHEH]SHN��
Y\SDGNRYLVW� FK\� ]DNRQRPLUQLVW� >�+XPDQ� IDFWRU�� DQG� WKH� ULVN� RI� GDQJHU�� DFFLGHQW� RU� UHJXODULW\@��
<XU\G\FKQD�OLWHUDWXUD�������

���&KLNDQRYVNL\��9�$����������=DVFKLWD�DWPRVIHUQRJR�YR]GXKD�RW�S\LOL�SUL�REUDERWNH�VXGRY�V�
QDYDORFKQLPL�L�QDV\LSQ\LPL�JUX]DPL�>3URWHFWLRQ�RI�DWPRVSKHULF�DLU�IURP�GXVW�GXULQJ�WKH�SURFHVVLQJ�
RI�VKLSV�ZLWK�EXON�DQG�EXON�FDUJRHV@��$VWURSULQW�������

���5XGHQNR�� 6�9��� 3RVWDQ�� 0�<D�� �������� 0HWRG� RSWLPL]DWVLL� ]DWUDW� QD� SULURGRRKUDQQ\LH�
PHURSUL\DWL\D� SUL� VOXFKD\QR\� LQWHQVLYQRVWL� ]DJU\D]QHQL\D� SUHGSUL\DWLHP� RNUX]KD\XVFKH\� VUHG\L�
>7KH� PHWKRG� RI� RSWLPL]DWLRQ� RI� FRVWV� IRU� HQYLURQPHQWDO� SURWHFWLRQ� PHDVXUHV� ZLWK� D� UDQGRP�
LQWHQVLW\�RI�SROOXWLRQ�E\�WKH�HQWHUSULVH�HQYLURQPHQW@��7KH�PHWKRG�RI�PDQDJLQJ�WKH�GHYHORSPHQW�RI�
WUDQVSRUW�V\VWHPV���������������

���%RFKNRYVN\L�� $�� 3�� �������� 7HRUHW\FKQL� DVSHNW\� XQLYHUVDOL]DWVLL� RWVLQN\� SURIHVLLQRKR�
U\]\NX� Y� V\VWHPDNK�XSUDYOLQQLD� RNKRURQRLX� SUDWVL� >7KHRUHWLFDO� DVSHFWV� RI� WKH� XQLYHUVDOL]DWLRQ� RI�
SURIHVVLRQDO�ULVN�DVVHVVPHQW�LQ�RFFXSDWLRQDO�VDIHW\�PDQDJHPHQW�V\VWHPV@��9LVQ\N�RI�/YLY�6WDWH�8QL�
YHUVLW\�RI�/LIH�6DIHW\���������������'2,�����������5*�����������������

���%RFKNRYVN\L�� $�� 3�� �������� ©/\XGVNL\� IDNWRUª� WD� SURIHVL\QL\� UL]LN�� YLSDGNRYLVW� FKL� ]D�
NRQRPLUQLVW� >�+XPDQ� IDFWRU�� DQG� SURIHVVLRQDO� ULVN�� DFFLGHQW� RU� UHJXODULW\@��*UDLQ� 3URGXFWV� DQG�
0L[HG�)RGGHU¶V����������������'2,�������������������[���������������

���.UX]K\ONR�� 2�,H��� 6WRUR]K�� <D�%��� /LXWDN�� =�,��� 3UDNKRYQLN�� 1�$�� �������� 0HWRG\FKQL�
]DVDG\�RWVLQN\�Y\UREQ\FK\NK�U\]\NLY�SU\�SODQXYDQQL�SURILODNW\FKQ\NK�]DNKRGLY�>0HWKRGLFDO�SULQ�
FLSOHV�RI�HVWLPDWLRQ�RI� LQGXVWULDO�ULVNV�LQ�WKH�SODQQLQJ�RI�SUHYHQWLYH�PHDVXUHV@��3UREOHPV�RI�/DERU�
3URWHFWLRQ�LQ�8NUDLQH��D�FROOHFWLRQ�RI�VFLHQWLILF�ZRUNV�������������

���%RFKNRYVN\L�� $�� 3��� 6DSR]KQLNRYD�� 1�<X��� *RJXQVNLL�� 9�� '�� �������� /HJDO� DQG�
RUJDQL]DWLRQDO� LVVXHV�RI� LPSURYLQJ�WKH�ODERU�SURWHFWLRQ�DQG�LQGXVWULDO�VDIHW\�OHYHO�DW�WKH�8NUDLQLDQ�
HQWHUSULVHV�� 6FLHQWLILF� %XOOHWLQ� RI� 1DWLRQDO� 0LQLQJ� 8QLYHUVLW\�� �� ������� ���������
'2,����������5*������������������6FRSXV��
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���%RFKNRYVN\L��$��3��� 6DSR]KQLNRYD��1�<X���*RJXQVNLL��9��'�� ��������/DERXU� SURWHFWLRQ�
DQG� LQGXVWULDO� VDIHW\� LQ�8NUDLQH�� SUREOHPV�RI� WUDQVLWLRQ� SHULRG� DQG� SHUVSHFWLYH�ZD\V� RI� GHYHORS�
PHQW��*UDLQ�3URGXFWV�DQG�0L[HG�)RGGHU¶V�������������±�����'2,����������5*�����������������

���%RFKNRYVN\L�� $�� 3��� 6DSR]KQLNRYD�� 1�<X�� �������� 3LGY\VKFKHQQLD� HIHNW\YQRVWL�
IXQNWVLRQXYDQQLD� V\VWHP\� XSUDYOLQQLD� RNKRURQRLX� SUDWVL� PHWRGDP\� VWDW\VW\FKQRKR� DQDOL]X� >,P�
SURYHPHQW�RI�WKH�HIIHFWLYHQHVV�RI�WKH�V\VWHP�RI�PDQDJHPHQW�RI�RFFXSDWLRQDO�VDIHW\�E\�PHWKRGV�RI�
VWDWLVWLFDO� DQDO\VLV@�� 9LVQ\N� RI� /YLY� 6WDWH� 8QLYHUVLW\� RI� /LIH� 6DIHW\�� ���� ������� '2,��
���������5*�����������������
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