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M m̀i_��ti�ijcl[hcd�]�&	D��_ib]ifwx�]cw]cmc�i\fcrrw�okihm[fuhîi�]ĉfw_n�]�_y[j[bihy�
h[pcfy]�i\fcrrw�]y_�q̀hmk[fuhiz�]yly�lcg̀mkyz�]�g̀a[p�]y_�;��_i����̂k[_nly]�h[�jy]mihi]ign�
bi\k[àhhy��P̀k̀][̂iv�g̀mi_n�]�jiky]hwhhy�b�g̀mi_ig�ayifc�;Faihl[�&
D�x�g̀hs[�
rnmfc]ylmu�_i�bgyh�il]ymf̀hhw��h̀_ifyeig�;\yfus[�i\rclfv][fuh[�lef[_hylmu��Pkc�i\ki\qy�
eifuiki]cp�bi\k[àhu�bg̀hscmc�i\rclfv][fuhn�lef[_hylmu�jkc�b\̀k̀àhhy�j̀k̀][̂�g̀mi_n�
giah[�sfwpig�]ceikclm[hhw�eifuikn�seykc�n�weilmy�ibh[ec�_fw�]cw]f̀hhw�
ò ĝ̀hm[qyw�bi\k[àhhw�h[�jyel̀fy�Vseykc:�m[�Vh̀�seykc:�jim̀hqydhi�_[x�giafc]ylmu�

jkcs]c_scmc�jkiq̀l�]cw]f̀hhw��m[e�we�_ib]ifwx�s]c_ei�]y_echnmc�i\f[lmy��]�wecp�eyfueylmu�
jyel̀fy]�Vseykc:�g̀hs[�jikî[��y�ji_[fus̀�]cw]f̀hhw�i\fcr�jki]i_cmc�]�i\f[lmwp��]�wecp�
eyfueylmu�jyel̀fy]�Vseykc:�\yfus[�jikî[�
T�\[̂[muip�g̀mi_[p�]cw]f̀hhw�jyel̀fy]�Vseykc:�&�D�_ilfy_hcec�h[g[̂[vmulw�_nà�mirhi�

ji\n_n][mc�gi_̀fu�eifuikn�seykc�_fw�_ilŵh̀hhw�]clieîi�ky]hw�]ykîy_hilmy�]cw]f̀hhw�
jyel̀fy]�seykc�jkc�hcbueign�ky]hy�pc\hîi�]cw]f̀hhw��S[�jkc�kybhcp�ngi][p�il]ymf̀hhw�
bh[r̀hhw�jyel̀fy]�gianmu�]cpi_cmc�b[�_y[j[bihc��j̀k̀_\[r̀hy�gi_̀ffv��ti�jkcb]i_cmu�_i�
bg̀hs̀hhw�mirhilmy�]cw]f̀hhw�jyel̀fy]�seykc�y��]�l]iv�r̀k̂n��_i�bhcàhhw�]ykîy_hilmy�
]cw]f̀hhw�i\fcr�m[�b\yfus̀hhw�eyfueilmy�pc\hcp�]cw]f̀hu�i\fcr�
Ffw�]ckys̀hhw�jki\f̀gc�]cpi_n�bh[r̀hu�jyel̀fy]�b[�_y[j[bihc��j̀k̀_\[r̀hy�gi_̀ffv�

eifuikn�seykc��jkc�l̀ ĝ̀hm[qyz�eifuiki]cp�bi\k[àhu�_iqyfuhi�]ceikclm[mc�gi_̀fu�eifuikn�
seykc��we[�b[gylmu�]cbh[r̀hhw�b�]clieiv�mirhylmv�jyel̀fy]��ti�h[f̀a[mu�eifuikn�seykc��b�
]clieiv�mirhylmv�\n_̀�]cefvr[mc�jyel̀fy��wey�h̀�gianmu�h[f̀a[mc�eifuikn�seykc�&�D�
!0=+�/9<6F/108C�;jy_]ct̀hhw�s]c_eilmy�]cw]f̀hhw�i\fcr�h[�eifuiki]cp�bi\k[àhhwp��

wey�p[k[em̀kcbnvmulw�sckiecg�_y[j[bihig�bgyh�il]ymf̀hhw�m[�ikyxhm[qyd�i\fcrrw��b[�ngi]c�
bg̀hs̀hhw�eyfueilmy�pc\hcp�]cw]f̀hu�m[�jy_]ct̀hhw�]ykîy_hilmy�zp�]cw]f̀hu��
Ffw�_ilŵh̀hhw�jilm[]f̀hiz�g̀mc�h̀i\py_hi�kib]<wb[mc�m[ey�2+/+AF:
1.ljcl[mc�gi_̀fu�eifuikn�seykc�_fw�b_ydlh̀hhw�l̀ ĝ̀hm[qyz�eifuiki]îi�bi\k[àhhw��h[�

jyel̀fy�Vseykc:�m[�Vh̀�seykc:.
2. ljcl[mc�jkiq̀l�]cw]f̀hhw�i\fcrrw�b�_ijigîiv�ki\[lmhîi�_i�bgyh�il]ymf̀hhw�

boosting-g̀mi_n�&	D�

%0.708=+@FE�596C9;9-9.9�29,;+1088E

Ǹp[d�skin m[�skin ;jy_jkilmikc�eifuiki]îi�jkilmikn�"83��jkcrign� skinskinRGB ��
m[ ���skinskin ��mi_y�jyel̀fu�n�jibcqyz�(i,j) eifuiki]îi�_]i]cgykhîi�bi\k[àhhw��

]cbh[r̀hcd�]̀emikig� ijijij BGR ,, ��wecd�h[f̀acmu�jkilmikn�skin x�jyel̀f̀g�Vseykc:��[�

jyel̀fu���wecd�h[f̀acmu�jkilmikn�skin x�jyel̀f̀g�Vh̀�seykc:�Pyel̀fu� ijijij BGR ,, h[f̀acmu�

_i�skin��weti�]yh�b[_i]ifuhwx�i_hign�rc�eyfueig�b�m[ecp�jk[]cf/
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RG

maxV ;̂k[hcrhy�bh[r̀hhw�]y_his̀hhw�eigjih̀hmc�R_i�eigjih̀hmc�G,
RB

minV m[�
RB

maxV

;̂k[hcrhy�bh[r̀hhw�]y_his̀hhw�eigjih̀hmc�R _i�eigjih̀hmc�B, RV ,
GV m[� BV ;jikîi]y�

bh[r̀hhw�_fw�eigjih̀hm�"��8�m[�3�
ljcl[hy�n�oikgnf[p��	�;� �jk[]cf[�]cbh[r[vmu�gi_̀fu�eifuikn�seykc��jylfw�b[lmiln][hhw�

weiz�_i�eifuiki]îi�bi\k[àhhw��eiahign�jyel̀fv� skinBGR ijijij 	,, jkcl]ivxmulw�

bh[r̀hhw�i_chcqy��[�eiahign�jyel̀fv� skinBGR ijijij 	,, bh[r̀hhw�hnfw��nm]ikvvrc�m[ecg�
rchig�\yh[kh̀�bi\k[àhhw��\yh[khn�g[len) . 

Boosting-70=9/�-3E-6088E�9,63A

omknemnkh[�lp̀g[�ki\imc�boosting-g̀mi_n[1] jkc�]cbh[r̀hhy�jkclnmhilmy�]�i\f[lmy�
jy]mihi]îi�bi\k[àhhw�i\fcrrw�jk̀_lm[]f̀h[�h[�kcl��	.

ncl��	���omknemnkh[�lp̀g[�ki\imc�boosting-g̀mi_n�]cw]f̀hhwi\fcr

Kiàh�b�s̀lmc�e[le[_y]�lcfuhcp�ef[lcoye[miky]��#%#��;#%#� ��bi\k[àhcp�h[�kcl��	��
mk̀hnxmulw�h[�iek̀gcp�h[\ik[p�h[]r[fuhcp�bi\k[àhu��wey�gylmwmu�bi\k[àhhw�i\fcr�n�
]y_ji]y_hign�_y[j[bihy�h[pcfy]��h[jkcef[_�h[\yk�_fw�#%#�gylmcmu�bi\k[àhhw�i\fcr�
okihm[fuhîi�]ĉfw_n�b�h[pcf[gc�]y_�q̀hmk[fuhiz�ily�lcg̀mkyz�]�_y[j[bihy�]y_�;12[�_i��	
[��
Kiahcd�e[le[_�lcfuhcp�ef[lcoye[miky]�oikgnxmulw�b�]ceikclm[hhwg�[f̂ikcmgn�h[]r[hhw�
ef[lcoye[qyz�2+(F1134��T�weilmy�ibh[e�_fw�jkilmcp�ef[lcoye[miky]�n�lcfuhcp�ef[lcoye[mik[p�
]ceikclm[hy�gi_coyei][hy�fie[fuhy�\yh[khy�s[\fihc��RECT-LBP ��aceikclm[hhw�qcp�ibh[e�
b[\̀bj̀rnx�]clien�ki\[lmhylmu�g̀mi_n�_i�bgyh�ngi]�il]ymf̀hhw�n�jiky]hwhhy�b�g̀mi_[gc��]�
wecp�]ceikclmi]nvmulw�rnmfc]y�_i�bgyh�il]ymf̀hhw�p[[kiji_y\hy�ibh[ec��
Hh[r̀hhw�RECT-LBP ibh[ec��jylfw�b[lmiln][hhw�RECT-LBP _i�i\f[lmy�bi\k[àhhw�

]cbh[r[xmulw�m[ecg�rchig/�

�
�
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7

0

2)(
m

m
cm kksLBPRECT , (4)

_̀�kc ;q̀�lng[�bh[r̀hu�yhm̀hlc]hilm̀d�jyel̀fy]�q̀hmk[fuhîi�jkwgienmhce[��km (�� ����) 
lng[�bh[r̀hu�yhm̀hlc]hilm̀d�jyel̀fy]�lnly_hyp�q̀hmk[fuhign�jkwgienmhcey]�s(x): 
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xA0?4

xA0?4
xs ��P[k[g̀mkc�dx m[�dy eiahiz�RECT-LBP ibh[ec�]cbh[r[vmu�

kibgykc�q̀hmk[fuhîi�m[�lnly_hyp�q̀hmk[fuhign�jkwgienmhcey]�
Py_�r[l�oikgn][hhw�eiahîi�e[le[_n�lcfuhcp�ef[lcoye[miky]�b�_ijigîiv�[f̂ikcmgn�

2+(F1134�_fw�eiahiz�i\f[lmy�bi\k[àhhw�p nlyp�jibcmc]hcp�h[]r[fuhcp�jkcef[_y]�
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i\rclfvxmulw�RECT-LBP ibh[e[�y�oikgnxmulw�g[lc]�
4(1/==A
pL ��]ceikclmi]nvrc�h[\yk�

h̀ [̂mc]hcp�jkcef[_y]�oikgnxmulw�g[lc]�
4(1/==A3,

pL _
��M[lc]c�

4(1/==A
pL m[�

4(1/==A3,
pL _

lef[_[vmulw�b�
n_LBP f̀̀g̀hmy]��jkcrign�eiahcd�̀f̀g̀hm�]y_ji]y_[x�j̀]hyd�RECT-LBPibh[qy��a�̀f̀g̀hm[p�

g[lc]n�
4(1/==A
pL _i_[vmulw�][̂c�jibcmc]hcp�jkcef[_y]��]�̀f̀g̀hm[p�g[lc]n�

4(1/==A3,
pL _

_i_[vmulw�][̂c�h̀ [̂mc]hcp�jkcef[_y]��a[̂[�jkcef[_n�_i_[xmulw�_i�̀f̀g̀hmn�]y_ji]y_hîi�
g[lc]n��weti�RECT-LBPibh[e[�i\rclf̀h[�]�i\f[lmy�p]y_ji]y_[x�RECT-LBPibh[qy�̀f̀g̀hmn��
Pigcfe[�ef[lcoye[qyz�i\f[lmy�p]cbh[r[xmulw�b[�oikgnfiv/
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pp jLjL

_
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Uikgnxmulw�jkilmcd�ef[lcoye[mik�ht(x), ]ceikclmi]nvrc�g[lc]c
4(1/==A
pL m[�

4(1/==A3,
pL _

i\f[lmy�pb�gyhyg[fuhiv�jigcfeiv�ef[lcoye[qyz��tb[�oikgnfiv/
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_̀� t�;eìoyqyxhm��bh[r̀hhw�weîi�]cbh[r[xmulw�jy_�r[l�h[]r[hhw���;jikŷ��bh[r̀hhw�weîi�
]cbh[r[xmulw�jkc�]ceikclm[hhy�]̀kcoye[qydhîi�h[\ikn�jkcef[_y]��
H[�_ijigîiv�ijmcrhîi�jkclmkiv��h[jkcef[_�]y_̀ie[g̀kc��bi\k[àhhw��h[�weign�

jkclnmhx�i_h̀�rc�\yfus̀�fv_luecp�i\fcr��]]i_wmu�_i�eigj<vm̀k[��t̀�bi\k[àhhw�
j̀k̀m]ikvvmu�h[�yhm̀ k̂[fuh̀�bi\k[àhhw��Myhyg[fuh̀�]yehi�jisnen��kibgyk�weîi�
b\yfusnxmulw�h[�eìoyqyxhm�Ms��jkc�bgyhy�g[lsm[\n��j̀k̀ln][xmulw�bi\k[àhhwg�nb_i]a�dîi�
kw_ey]�b�ekieig�Kr jyel̀fy]��m[�]c_yfwx�i\f[lmu�bi\k[àhhw��T�]cj[_en��weti�h[ji]h̀hylmu�
i_chcqwgc�qyxz�i\f[lmy�n�\yh[khyd�g[lqy�h̀�j̀k̀]ctnx�jikî[�NN���i\f[lmu�ji_[xmulw�h[�
]py_�#%#���a�yhsign�]cj[_en�b_ydlhvxmulw�j̀k̀py_�_i�i\ki\ech[lmnjhiz�i\f[lmy�
bi\k[àhhw��Zeti�]ly�lcfuhy�ef[lcoye[mikc�#%#�b̂y_hi�oikgnfc��� �jkcdg[vmu�bh[r̀hhw�

1)( �xh ��mi�i\f[lmu�bi\k[àhhw�j̀k̀_[xmulw�h[�]py_�#%#���Zeti�a�pir[�\�i_ch�lcfuhcd�

ef[lcoye[mik�b�#%#�jkcdg̀�bh[r̀hhw� 0)( �xh ��mi�_̀m̀emik�i\fcr�j̀k̀d_̀�_i�ijk[qv][hhw�
h[lmnjhiz�i\f[lmy�]py_hîi�bi\k[àhhw��Zeti�pir[�\�i_ch�lcfuhcd�ef[lcoye[mik�b�

#%#���#%#�jkcdg[x�bh[r̀hhw� 0)( �xh ��mi�i\f[lmu�bi\k[àhhw�j̀k̀d_̀�h[�]py_�h[lmnjhîi�
#%#[\i�_̀m̀emik�j̀k̀d_̀�_i�ijk[qv][hhw�h[lmnjhiz�i\f[lmy�bi\k[àhhw��weti�jimirhcg�
#%#\n]�#%#���Zeti�a�]ly�lcfuhy�ef[lcoye[mikc�i_hîi�b�#%#���#%#�jkcdhwfc�bh[r̀hhw�

1)( �xh ��mi�i\f[lmu�bi\k[àhhw�jkcdg[xmulw�b[�]cw]f̀hn�i\f[lmu-e[h_c_[m�]�_y[j[bihy�enmy]�
h[pcfnjimirhîi�#%#.
Pylfw�jkipi_àhhw�]yeh[�jisnen�ji�]luign�bi\k[àhhv�n�]lyp�g[lsm[\[p�_̀m̀emik�

i\fcrrw�_fw�eiahîi�_y[j[bihn�enmy]�h[pcfn�]c_yfwx�h[�bi\k[àhhy�_̀eyfue[�i\f[lm̀d-
e[h_c_[my]��Pkijihnxmulw�b[lmiln][mc�h[lmnjhcd�̀m[j�]̀kcoye[qyz�i\f[lm̀d-e[h_c_[my]��T�
g̀a[p�eiahîi�_y[j[bihn�enmy]�h[pcfn�b[lmili]nxmulw�jk[]cfi�ef[lm̀kcb[qyz��]�weign�nlw�
ghiach[�i\f[lm̀d-e[h_c_[my]�kib\c][xmulw�h[�ghiachc��ti�h̀�j̀k̀mch[vmulw��Pkc�
ef[lm̀kcb[qyz�_]y�i\f[lmy-e[h_c_[mc�]y_hilwmulw�_i�i_hîi�ef[lm̀k[��weti�]ihc�
j̀k̀mch[vmulw�\yfus̀�hya�h[�]y_limie�=��Kf[lm̀k�x�e[h_c_[mig�_fw�lm]ik̀hhw�i\<x_h[hiz�
i\f[lmy��weti�ghiach[�i\f[lm̀d-e[h_c_[my]�n�huign�\yfus[�jikî[�!��l\<x_h[h[�i\f[lmu�
oikgnxmulw�sfwpig�bh[pi_àhhw�l̀k̀_huîi�[kcog̀mcrhîi�eiik_ch[m�i\f[lm̀d-
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e[h_c_[my]��ti�]pi_wmu�_i�ef[lm̀k[��Ffw�oikgn][hhw�i\f[lm̀d�i\fcr�gya�nlyg[�_y[j[bih[gc�
enmy]�h[pcfn�]ceikclmi]nxmulw�jie[bhce�weilmy�w��wecd�]cbh[r[xmulw�eyfueylmv�i\f[lm̀d-
e[h_c_[my]��wey�n]ydsfc�_i�i\<x_h[hiz�i\f[lmy��Zeti�i\<x_h[hy�i\f[lmy�kybhcp�_y[j[bihy]�
enmy]�h[pcfn�j̀k̀mch[vmulw�\yfus�hya�h[�"]y_limey]�i\f[lmv�i\fcrrw�]cbh[xmulw�i\<x_h[h[�
i\f[lmu�b�\yfuscg�jie[bhceig�weilmy��Zeti�i\<x_h[hy�i\f[lmy�kybhcp�_y[j[bihy]�enmy]�h[pcfn�
j̀k̀mch[vmulw�g̀hs̀�hya�h[�"]y_limey]��mi�eiah[�b�i\<x_h[hcp�i\f[lm̀d�]cbh[xmulw�we�
i\f[lmu�i\fcrrw�

�5<:0;3708=+6C8F�/9<6F/1088E�70=9/>

M m̀i_��ti�jkijihnxmulw��lef[_[xmulw�b�_]ip�̀m[jy]��N[�j̀ksign�b_ydlhvxmulw�l̀ ĝ̀hm[qyw�
eifuiki]îi�bi\k[àhhw�h[�jyel̀fy�Vseykc:�m[�Vh̀�seykc:�jkc�]ceikclm[hhy�gi_̀fy�eifuikn�
seykc��]cbh[r̀hiz�jk[]cf[gc��	�;� ��lm]ikvxmulw�\yh[kh[�g[le[��eifuiki]̀�bi\k[àhhw�
j̀k̀m]ikvxmulw�h[�jy]mihi]̀��N[�_kn̂ign� m̀[jy�i\f[lmy�jy]mihi]îi�bi\k[àhhw�
i\ki\fwvmulw�b[�lp̀giv��jk̀_lm[]f̀hiv�h[�kcl��	��i\f[lmu�\n_̀�ji_[][mclw�h[�]py_�#%#�n�
]cj[_en��weti�h[ji]h̀hylmu�i_chcqwgc�qyxz�i\f[lmy�n�\yh[khyd�g[lqy�h̀�j̀k̀]ctnx�NN%.
Ffw�_ilfy_àhhw�g̀mi_n�\nfc�]ceikclm[hy�lm[h_[km�m[�\[b[�bi\k[àhu�i\fcr�7553�&�D��

Hi\k[àhhw�n�qyd�\[by�p[k[em̀kcbnvmulw�sckiecg�_y[j[bihig�bgyh/�n�ikyxhm[qyz�i\fcr��oihy��
il]ymf̀hhy�m[�bi]hyshuign�]ĉfw_y��om[h_[km�gylmcmu�[him[qyz�eiahîi�i\fcrrw�n�]ĉfw_y�
f̀yjmcrhcp�i\f[lm̀d��[�m[eia�h[\yk�jkîk[g�_fw�iqyhec�̀òemc]hilmy�]cw]f̀hhw�
Py_�r[l�_ilfy_àhhw�l̀ ĝ̀hm[qyz�b[�eifuikig�seykc�h[�m̀lmi]ign�h[\iky�b�
%%�eifuiki]cp�

bi\k[àhu�\nfc�]cbh[r̀hy�m[ey�j[k[g̀mkc�gi_̀fy�eifuikn�seykc/� 1,1min �RGV , 1,3max �
RGV , 

04,1min �
RBV , 5V RB

max � , 55V R � , 35V G � m[� 25V B � ��Pkcef[_�l̀ ĝ̀hm[qyz�eifuiki]cp�
bi\k[àhu�b�\[bc�7553�h[�jyel̀fy�Vseykc:�m[�Vh̀�seykc:�jk̀_lm[]f̀hcd�h[�kcl��2.

[ �����������������������������������������������������\ ������������ ] 

 ̂�����������������������������������������������������_ �����������������������������������������������������������̀ 
ncl��
���Pkcef[_�l̀ ĝ̀hm[qyz�eifuiki]cp�bi\k[àhu�b�\[bc�FDDBh[�jyel̀fy�Vseykc:�m[Vh̀�seykc:/�[�;] �
ikĉyh[fuhy�eifuiki]y�bi\k[àhhw0�̂�;̀ �\yh[khy�g[lec��imkcg[hy�jkc�b[lmiln][hhy�gi_̀fy�eifuikn�seykc

Filfy_àhhw�g̀mi_n�b_ydlhv][filw�jkc�m[ecp�j[k[g̀mk[p/�eyfueylmu�]yeih� 2�� , 
eìoyqyxhm�g[lsm[\n� 2.1�Ms ��kibgyk�gyhyg[fuhîi�]yeh[�jisnen��������jyel̀fy] ��kibgyk�
w_k[�RECT-LBP �3���jyel̀fy]��n_LBP 1�
���bln]�]yeh[�jisnen�Kr 1�	�jyel̀fu��]y_limie�
j̀k̀mchn�]yeih�=1��%����jikŷ�!�= 2, jie[bhce�weilmyw = 2,]y_limie�j̀k̀mchn�]yeih"���60%, 
h[ji]h̀hylmu�i_chcqwgc�]yeh[�jisnen�n�\yh[khyd�g[lqy�NN = 60%.
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Ffw�iqyhec�̀òemc]hilmy�]cw]f̀hhw�\n]�]ceikclm[hcd�m̀lmi]cd�h[\yk�by�	
%�eifuiki]cp�
bi\k[àhu�jkc�]ceikclm[hhy�eigj<vm̀k[�2�5��%%%��b�r[lmimiv�jkiq̀lik[�	��	�bbq��
ǹbnfum[mc�_ilfy_àhhw�kibki\f̀hîi�g̀mi_n�y�F1134KM--g̀mi_n�&	D�jk̀_lm[]f̀hy�]�m[\fcqy�	��

S[\fcqw�	�

$02>6C=+=3�/9<6F/1088E�70=9/F-�-3E-6088E�9,63A

Kkcm̀kyz�iqyhec
ò̀emc]hilmy]cw]f̀hhw

Boosting-g̀mi_�\̀b�l̀ ĝ̀hm[qyz�b[�
eifuikig�seykc�[1]

nibki\f̀hcd�g̀mi_�

aykîy_hylmu�]cw]f̀hhw��� 76,4 75,9
Kyfueylmu�pc\hcp�]cw]f̀hu��sm� 38 31
u]c_eylmu�]cw]f̀hhw��e[_ky]�l̀e� 2 ;4 3 ;6

�3<89-53

nibki\f̀hcd�g̀mi_�_ib]ifwx�jy_]ctcmc�s]c_eylmu�i\ki\ec�bi\k[àhu�n�jiky]hwhhy�b�
boosting-g̀mi_ig�&	D��Filŵ[vrc�jkc�quign�bg̀hs̀hhw�h[�	���eyfueilmy�pc\hcp�]cw]f̀hu�
jkc�h̀bh[rhign�bg̀hs̀hhy�]ykîy_hilmy�]cw]f̀hhw�h[�m̀lmi]ign�h[\iky�b�\[bc�7553�

oPIolK�i]SdnBSTnI
	��P[m̀hm�{���	
�Tek[zh[��MPK��
%%� �8%�;�.��
��ojily\�bh[pi_àhhw�fv_luecp�i\fcr�h[�bi\k[àhhy���
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