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;ZdZeZ\jkvdZ� d\Ze�n�dZp�cgZ� jh[hlZ� kdeZ^Z}lvky� a�� ���� klhj�ghd��f�klblv�

���jbkmgd�\����^h^Zldb��ihkbeZ}lvky�gZ����^`_j_e�lZ�fZ}���lZ[ebpx��

F_lhx�^hke�^`_ggy�}�kl\hj_ggy�_n_dlb\gh��fh^_e��ijh]gham\Zggy�\�^lhdm�

de�}gl�\� �a� ih^Zevrbf� nhjfm\Zggyf� j_dhf_g^Zp�c� ^ey� i�^\bs_ggy� j�\gy� �o�

mljbfZggy�� H[¶}dlhf� ^hke�^`_ggy� \bklmiZ}� [ZaZ� ^Zgbo� de�}gl�\� [Zgdm�� sh�

\dexqZ}� yd� Zdlb\gbo�� lZd� �� \ljZq_gbo� dhjbklm\Zq�\�� Ij_^f_lhf� }� ijhp_k�

jhajh[db�� gZ\qZggy� lZ� \Ze�^Zp��� fh^_e�� gZ� hkgh\�� Ze]hjblf�\� fZrbggh]h�

gZ\qZggy��

M� jh[hl�� ihke�^h\gh� j_Ze�ah\Zgh� i�^]hlh\dm� ^Zgbo�� ZgZe�a�lZ�ihj�\gyggy�

fh^_e_c�deZkbn�dZp����\b[�j�gZc[�evr�_n_dlb\gh������lj_gm\Zggy�lZ�hp�gdm�ydhkl��

aZ� ^hihfh]hx� f_ljbd� lhqghkl��� LZdh`� ijh\_^_gh� ZgZe�a� \Z`eb\hkl�� hagZd� a�

f_lhx� \by\e_ggy� dexqh\bo� nZdlhj�\� \�^lhdm� de�}gl�\��F_lh^heh]�qgm� hkgh\m�

^hke�^`_ggy� klZgh\eylv� klZlbklbqgbc� ZgZe�a�� Ze]hjblfb�fZrbggh]h�gZ\qZggy��

djhk�\Ze�^Zp�y�lZ�l_klm\Zggy��

M� j_amevlZl�� kl\hj_gh� ijh]jZfg_� aZ[_ai_q_ggy��sh� ^ha\hey}� a� \bkhdhx�

lhqg�klx� i_j_^[ZqZlb� cfh\�jg�klv� \�^lhdm� de�}gl�\� [Zgdm�� H^_j`Zgh� �gkZclb�

sh^h� ih\_^�gdh\bo� qbggbd�\�� yd�� kijbqbgyxlv� \ljZlm� de�}gl�\�� lZ� jhajh[e_gh�

ijZdlbqg�� j_dhf_g^Zp��� ^ey� ihdjZs_ggy� de�}glkvdh]h� mljbfZggy�� Gh\bagZ�

jh[hlb� ihey]Z}� m� \bdhjbklZgg�� kmqZkgbo� 0/�i�^oh^�\� ^ey� \bj�r_ggy� aZ^Zq��

ijh]gham\Zggy�\�dhgl_dkl��[Zgd�\kvdh��kn_jb��

Dexqh\�� keh\Z�� ijh]jZfg_� j�r_ggy�� fZrbgg_� gZ\qZggy�� ijh]gham\Zggy��

ZgZe�a�^Zgbo��\�^l�d�de�}gl�\��
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;ZdZeZ\jkvdZ� d\Ze�n�dZp�cgZ� jh[hlZ� fZ}� h[ky]� ���� klhj�ghd�� f�klblv� ���

jbkmghd����^h^Zldb��ihkbeZ}lvky�gZ����^`_j_e�lZ�\dexqZ}���lZ[ebpx��

F_lZ� jh[hlb� ihey]Z}� \� jhajh[p�� ijh]jZfgh]h� j�r_ggy� a� \bdhjbklZggyf�

rlmqgh]h� �gl_e_dlm� ^ey� ijh]gham\Zggy� \�^lhdm� de�}gl�\� [Zgdm� a� ih^Zevrbf�

ZgZe�ahf� lZ� ihrmdhf� klbfmexxqbo� ijhihabp�c� ^ey� �o� ^h\]hljb\Zeh]h�

mljbfZggy�� H[
}dlhf� ^hke�^`_ggy� \bklmiZ}� [ZaZ� ^Zgbo� de�}gl�\� [Zgdm�� sh�

f�klblv� �gnhjfZp�x�yd�ijh�ihlhqgbo�de�}gl�\��lZd���ijh�lbo��yd��\`_�ijbibgbeb�

dhjbklm\Zggy�[Zgd�\kvdbfb�ihkem]Zfb���

Ij_^f_lhf� ^hke�^`_ggy� }� jhajh[dZ�� gZ\qZggy� lZ� \Ze�^Zp�y� fh^_e��

ijh]gham\Zggy� \�^lhdm� de�}gl�\� [Zgdm� gZ� hkgh\��f_lh^�\�fZrbggh]h� gZ\qZggy��

P_c� ijhp_k� \dexqZ}� lZd�� dexqh\�� _lZib�� yd� i�^]hlh\dZ� ^Zgbo�� sh� hohiex}�

hqbs_ggy� lZ� ghjfZe�aZp�x� \o�^gh�� �gnhjfZp���� >Ze�� \�^[m\Z}lvky� ih[m^h\Z�

fh^_e�� q_j_a� ZgZe�a� Ze]hjblf�\� fZrbggh]h� gZ\qZggy�� \b[�j� hilbfZevgh]h� lZ�

ch]h� j_Ze�aZp�x�� G_h[o�^ghx� kdeZ^h\hx� }� hp�gdZ� fh^_e�� a� \bdhjbklZggyf�

f_ljbd� ^ey� hp�gdb� ydhkl�� ijh]gham\Zggy�� AZ\_jrm}lvky� ij_^f_l� ^hke�^`_ggy�

ZgZe�ahf�\Z`eb\hkl��hagZd�^ey�\by\e_ggy�dexqh\bo�nZdlhj�\��sh�\ieb\Zxlv�gZ�

\�^l�d�de�}gl�\���

>ey� ijh\_^_ggy� ^hke�^`_ggy� aZklhkh\m\Zebkv� gZklmig�� f_lh^b��

klZlbklbqgbc� ZgZe�a� ^ey� ^hke�^`_ggy� jhaih^�em� ^Zgbo�� \by\e_ggy� dhj_eyp�c� ��

ZghfZe�c�� <bdhjbklh\m\Zehkv� fZrbgg_� gZ\qZggy�� ahdj_fZ� aZklhkm\Zggy�

Ze]hjblf�\�deZkbn�dZp���^ey�ih[m^h\b�ijh]ghagh��fh^_e���F_lh^b�hp�gdb�fh^_e��

\dexqZeb� djhk�\Ze�^Zp�x� lZ� l_klh\�� \b[�jdb� ^ey� hp�gdb� a^Zlghkl�� fh^_e�� ^h�

maZ]Zevg_ggy���

J_amevlZlZfb�jh[hlb�}�jhajh[e_g_�ijh]jZfg_�j�r_ggy�^ey�ijh]gham\Zggy�

\�^lhdm� de�}gl�\� [Zgdm�� Knhjfh\Zgh� lZ� gZ\q_gh� fh^_ev� a� \bkhdhx� lhqg�klx�

ijh]gham\Zggy��<bagZq_gh� dexqh\��qbggbdb��sh�\ieb\Zxlv�gZ�\ljZlm�de�}gl�\��

Jhajh[e_gh� j_dhf_g^Zp��� ^ey� [Zgdm�sh^h� mljbfZggy� de�}gl�\��Gh\bagZ�jh[hlb�



ihey]Z}�m�aZklhkm\Zgg��kmqZkgbo�Ze]hjblf�\�fZrbggh]h�gZ\qZggy�^ey�\bj�r_ggy�

aZ^Zq��ijh]gham\Zggy�lZ�ih^Zevrh��hilbf�aZp���[�ag_k�ijhp_k�\���

Dexqh\�� keh\Z�� ijh]jZfg_� j�r_ggy�� fZrbgg_� gZ\qZggy�� ijh]gham\Zggy��

ZgZe�a�^Zgbo� �
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7KH�%DFKHORU
V�TXDOLILFDWLRQ�ZRUN�FRQVLVWV�RI�����SDJHV�� LQFOXGHV���ILJXUHV����

DSSHQGL[��UHIHUV�WR���VRXUFHV��DQG�FRQWDLQV���WDEOH���

7KH� REMHFWLYH� RI� WKH� ZRUN� LV� WR� GHYHORS� D� VRIWZDUH� VROXWLRQ� XVLQJ� DUWLILFLDO�

LQWHOOLJHQFH� IRU� SUHGLFWLQJ� EDQN� FXVWRPHU� FKXUQ�� ZLWK� VXEVHTXHQW� DQDO\VLV� DQG� WKH�

VHDUFK�IRU�VWLPXODWLQJ�RIIHUV�IRU�WKHLU�ORQJ�WHUP�UHWHQWLRQ���

7KH� REMHFW� RI� UHVHDUFK� LV� WKH� EDQN
V� FXVWRPHU� GDWDEDVH�� ZKLFK� FRQWDLQV�

LQIRUPDWLRQ� DERXW� ERWK� FXUUHQW� FOLHQWV� DQG� WKRVH� ZKR� KDYH� DOUHDG\� VWRSSHG� XVLQJ�

EDQNLQJ�VHUYLFHV��7KH�VXEMHFW�RI�UHVHDUFK�LV�WKH�GHYHORSPHQW��WUDLQLQJ��DQG�YDOLGDWLRQ�

RI�D�EDQN�FXVWRPHU�FKXUQ�SUHGLFWLRQ�PRGHO�EDVHG�RQ�PDFKLQH�OHDUQLQJ�PHWKRGV��7KLV�

SURFHVV� LQFOXGHV� NH\� VWDJHV� VXFK� DV� GDWD� SUHSDUDWLRQ�� FRYHULQJ� WKH� FOHDQLQJ� DQG�

QRUPDOL]DWLRQ� RI� LQSXW� LQIRUPDWLRQ��0RGHO� EXLOGLQJ� IROORZV� WKURXJK� WKH�DQDO\VLV�RI�

PDFKLQH� OHDUQLQJ� DOJRULWKPV�� VHOHFWLQJ� WKH�RSWLPDO�RQH��DQG� LWV� LPSOHPHQWDWLRQ��$Q�

HVVHQWLDO� FRPSRQHQW� LV� PRGHO� HYDOXDWLRQ� XVLQJ� PHWULFV� WR� DVVHVV� WKH� TXDOLW\� RI�

SUHGLFWLRQ��7KH�VXEMHFW�RI�UHVHDUFK�FRQFOXGHV�ZLWK�WKH�DQDO\VLV�RI�IHDWXUH�LPSRUWDQFH�

WR�LGHQWLI\�NH\�IDFWRUV�LQIOXHQFLQJ�FXVWRPHU�FKXUQ���

7KH� IROORZLQJ�PHWKRGV�ZHUH�XVHG�IRU�WKH�UHVHDUFK��VWDWLVWLFDO�DQDO\VLV�WR�VWXG\�

GDWD� GLVWULEXWLRQ� DQG� LGHQWLI\� FRUUHODWLRQV� DQG� DQRPDOLHV�� 0DFKLQH� OHDUQLQJ� ZDV�

XWLOL]HG�� VSHFLILFDOO\� WKH�DSSOLFDWLRQ�RI�FODVVLILFDWLRQ�DOJRULWKPV� WR�EXLOG�D�SUHGLFWLYH�

PRGHO��0RGHO�HYDOXDWLRQ�PHWKRGV�LQFOXGHG�FURVV�YDOLGDWLRQ�DQG�WHVW�VDPSOHV�WR�DVVHVV�

WKH�PRGHO
V�JHQHUDOL]DWLRQ�FDSDELOLW\���

7KH� UHVXOWV� RI� WKH� ZRUN� LQFOXGH� D� GHYHORSHG� VRIWZDUH�VROXWLRQ� IRU�SUHGLFWLQJ�

EDQN� FXVWRPHU� FKXUQ�� $�PRGHO�ZLWK�KLJK�SUHGLFWLRQ�DFFXUDF\�KDV�EHHQ� IRUPHG�DQG�

WUDLQHG�� .H\� IDFWRUV� LQIOXHQFLQJ� FXVWRPHU� ORVV� KDYH� EHHQ� LGHQWLILHG��

5HFRPPHQGDWLRQV� IRU� WKH� EDQN� UHJDUGLQJ� FXVWRPHU� UHWHQWLRQ� KDYH� EHHQ�GHYHORSHG��

7KH�QRYHOW\�RI�WKH�ZRUN�OLHV�LQ�WKH�DSSOLFDWLRQ�RI�PRGHUQ�PDFKLQH�OHDUQLQJ�DOJRULWKPV�

WR�VROYH�WKH�SUHGLFWLRQ�SUREOHP�DQG�IXUWKHU�RSWLPL]H�EXVLQHVV�SURFHVVHV���

.H\ZRUGV��VRIWZDUH�VROXWLRQ��PDFKLQH�OHDUQLQJ��SUHGLFWLRQ��GDWD�DQDO\VLV�
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<KLMI�

MljbfZggy�de�}gl�\�\\Z`Z}lvky�`bll}\h�\Z`eb\bf�^ey�[m^v�ydh]h�[�ag_km��

Ijh]gham\Zggy� \�^lhdm� ^Z}� afh]m� dhfiZg�yf� \`b\Zlb� aZoh^�\� ^ey� mljbfZggy�

de�}gl�\��sh�� k\h}x� q_j]hx�� ijba\h^blv� ^h� a[�evr_ggy� ijb[mldm�lZ�af�pg_ggy�

jbgdh\bo� ihabp�c�� M� p�c� jh[hl�� ahk_j_^`_gh� m\Z]m� gZ� aZklhkm\Zgg�� kmqZkgbo�

f_lh^�\�fZrbggh]h�gZ\qZggy�^ey�ijh]gham\Zggy�\�^lhdm�de�}gl�\�[Zgdm��

>ey� \bj�r_ggy� pvh]h� aZ\^Zggy� ijh\h^blvky� ZgZe�a� _n_dlb\ghkl�� j�agbo�

Ze]hjblf�\� deZkbn�dZp���� \dexqgh� a� eh]�klbqghx� j_]j_k�}x�� ^_j_\Zfb� j�r_gv��

\biZ^dh\bf� e�khf�� ]jZ^�}glgbf� [mklbg]hf� lZ� 690�� F_lhx� ^hke�^`_ggy� }�

\bagZq_ggy� hilbfZevgh]h� Ze]hjblfm� deZkbn�dZp���� a^Zlgh]h� a� fZdkbfZevghx�

lhqg�klx� ijh]gham\Zlb� \�^l�d� de�}gl�\� gZ� hkgh\�� gZy\gbo� ^Zgbo� ijh� �ogx�

ih\_^�gdm�lZ�\aZ}fh^�x�a�[Zgdhf��Hq�dm}lvky��sh�j_amevlZlb�^hke�^`_ggy�^Z^mlv�

afh]m� jhajh[blb� kbkl_fm� jZggvh]h� ihi_j_^`_ggy�� ydZ�^ha\heblv�[Zgdm�\qZkgh�

\`b\Zlb�aZoh^�\�^ey�mljbfZggy�de�}gl�\��

Ij_^f_lhf� ^hke�^`_ggy� }� jhajh[dZ� _n_dlb\gh�� fh^_e��� ydZ� ^ha\heblv�

\by\eylb� de�}gl�\� a� \bkhdhx� cfh\�jg�klx� \�^lhdm�� ?lZib� ^hke�^`_ggy�

\dexqZxlv� a[�j� ^Zgbo� a� j�agbo� ^`_j_e�� hqbs_ggy� ^Zgbo� \�^� ihfbehd� ��

ijhimkd�\�� nhjfm\Zggy� gZ\qZevgbo� �� l_klh\bo� \b[�jhd�� Z� lZdh`� \�^[�j� lZ�

kl\hj_ggy� j_e_\Zglgbo� hagZd�� >Ze�� \�^[m\Z}lvky� \b[�j� lZ� gZeZrlm\Zggy�

Ze]hjblf�\�� sh� i_j_^[ZqZ}� ihj�\gyggy� _n_dlb\ghkl�� j�agbo� Ze]hjblf�\�

fZrbggh]h� gZ\qZggy� lZ� gZeZrlm\Zggy� ]�i_jiZjZf_lj�\�fh^_e�� ^ey� ^hky]g_ggy�

hilbfZevgh�� lhqghkl��� Yd�klv� fh^_e_c� hp�gx}lvky� aZ� ^hihfh]hx� f_ljbd�

lhqghkl�� lZ� reyohf� ZgZe�am� \Z`eb\hkl�� hagZd� ^ey� jhamf�ggy� nZdlhj�\�� sh�

\ieb\Zxlv� gZ� \�^l�d� de�}gl�\�� GZj_rl��� jhajh[ey}lvky� kbkl_fZ� jZggvh]h�

ihi_j_^`_ggy��ydZ�Z\lhfZlbqgh��^_glbn�dm}�de�}gl�\�a�\bkhdbf�jbabdhf�\�^lhdm��

IjZdlbqgZ� agZqms�klv� hljbfZgbo� j_amevlZl�\� ihey]Z}� \� lhfm�� sh�

jhajh[e_gZ� fh^_ev� fh`_� [mlb� \bdhjbklZgZ� ^ey� p�evh\h�� fZjd_lbg]h\h��

ijhihabp��� de�}glZf�� yd�� fZxlv� \bkhdm� cfh\�jg�klv� \�^lhdm�� lbf� kZfbf�



af_grmxqb� fZjd_lbg]h\�� \bljZlb� lZ� a[�evrmxqb� _n_dlb\g�klv� dZfiZg�c��

L_hj_lbqgZ�agZqms�klv�ihey]Z}�\�aZklhkm\Zgg��f_lh^�\�fZrbggh]h�gZ\qZggy�^ey�

\bj�r_ggy� [�ag_k�aZ\^Zgv� lZ� \b\q_gg�� \ieb\m� j�agbo� lbi�\� ^Zgbo� gZ� lhqg�klv�

ijh]gham\Zggy�� J_amevlZlb� fh`mlv� [mlb� Zijh[h\Zg�� reyohf� im[e�dZp��� \�

gZmdh\hfm�`mjgZe����g^_dkh\Zghfm�\�f�`gZjh^gbo�gZmdhf_ljbqgbo�[ZaZo�^Zgbo��
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