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degˆw[fAdMq$ioj%nE•Cd�}{lCÛªrtr=r7Ü+i

‡

dejYr~·³r=kE¶afJh[n*fAn*h9i[r=n*kJw

r=k¹ï^º>`³†Òw[pEŒEw9i[r=i[pJi[d�i

‡

dYw[r=kE¶ypE}7g-h�v*g-}=pEd�wm‹Ä¾

‡

d‰q$h9pUq$r7g-}

•Cr~Þ+d�h[d�kAq$d¹ŒAd�i{°od�d�k�ï^º�`C† g-kU•×º>`C†�l

‡

n-°˜d�v*d�hml�rtwYi

‡

d

n*ŒuosdMq$i[r=vyd�|•pEkUqsi[r=n*k•pEi9rt}=r=Æ�dM• i[n¹•Cd�i9d�h[jYr=kEd�i

‡

d;n*fEi9r=j‰g-}

•CdMqsn*j%fAn*w9r=i[r=n*k}/yg-fEfJh[nm·Er=j%g-i[r=n-k>‹A…{k%º�`C†Fl-i

‡

r=w^r=w^i

‡

dZS
U

²

n*h2rEh9n*ŒAd�kEr=pEw�kEn*h9jÄl+°

‡

rÅq

‡

q$n*h9h[d�w9fUnykU•Cw�i9n£gˆk�r=j%fE}=r7q$r=i

g*•J•Cr=i[r=v*d.s	gˆpEw[w9rÅgˆk�kEn*r=w[dog-w[w9pEj%fJi[r=n*kun*k�Û•fAn*w9w[r=ŒE}=z�i[h´gˆkEw{²

|•nyh[j%dm•EÜaq$n*pJkOi9wM‹�…{kÄqsn*kCi[h$g-w[iml>ï^º�`C†çh[d�}=r=d�w�n*k„i

‡

d�}tr=‚yd$²

}=r

‡

nCn³•‰|•pEkUq$i9r=n*k;n-|aj�pE}=i[r=kEn*j�r=g-}+w$g-j%fJ}tr=kE¶%gˆkU•;g-r=j%wegˆi

g-kÀd$·EfE}=rÅqsrtiYj‰gÕ·³r=jYrIÆMgˆi[r=n*k�nˆ|Fi

‡

d�fJh[dM•Cr7q$i9r=v*d;fUn-°od�h�n-|

i

‡

d‰jYnE•Cd�}{‹�†ew�r=w�°od�}=}a‚CkEn-°ak>l�i

‡

rtw%qsn*h[h9d�w[fAn*kA•Cw�i[n�g

j%r=kEr=j�r=ÆMgˆi[r=n-kFnˆ|^i

‡

d	q$h9n*w[wud�kCi[h9n*fCz�n*h��upE}=}=ŒUg*q9‚y²Öºìd�r=ŒE}=d�h

•Cr=v*d�h[¶*d�kUq$d�ŒUd�i{°˜d�d�k„i

‡

d�d�jYfEr=h[r7q�gˆ}U•Cr=w[i9h[r=ŒEpEi9rtnyk%g-kU•!i

‡

d

j%nE•Cd�} l�°

‡

r7q

‡

r=w>v*d�h[zF•Cr~Þ+d�h[d�kOi�|•h9n*j»g-kCz�i{zCfUdon-|Ew´­ypUgˆh[dM•

•Cd�vCr7g-i9r=n*k>‹^Éuk�i

‡

d"j%nE•Cd�}=r=kE¶	w9rÅ•³d¼i

‡

r=wenˆÞ§d�h9wer=j%fAn*h9i´gˆkOi

g*•³v*g-kCi´gˆ¶*d�wml�|•n*h�d$·Ug-jYfE}=d*l>i

‡

d�j%r~·Ei[pEh9d%g-fEfJh[nm·Er=j‰g-i9r=n*k

� n-|ai

‡

d‰q$nˆ² nEq�q$pJh[h[d�kUq$d�i´gˆŒE}=d�rtw�g�°˜d�}t}~²[•Cd

µ

kJdM•;fEh[nyŒUgm²

ŒEr=}=r=i{ze•Cr=w[i[h9r=ŒEpEi[r=nykågˆkU•u| gyq$i[nyh[w

‡

gmv*d^geqs}tdmg-h>fJh[n*ŒAg-ŒEr=}=r=w[i[r7q

j%dmg-kEr=kE¶A‹+…{k„q$n*kCi[h$g-w9iMlUº�`C†�•CnCd�wukEn*ie•Cd

µ

kEdFg�fEh9n*fAd�h[}=z

kEnyh[j‰gˆ}=rtÆ�dM•„fJh[n*ŒAg-ŒEr=}=r=i{zÄ•Cr=w[i9h[r=ŒEpEi9rtnyk¹g-kU• Q! j�gmz�d�v*d�k

q$nykOi$g-r=k�kEd�¶Cg-i9rtvyded�kCi9h[r=d�wM‹•…{k‰gy•E•Cr=i[r=n*k�l-i

‡

d�h[d	r=w^kEn�n*ŒCvCr~²

n*pJwer=kCi[d�h9fEh[d�i$g-i9rtnykÄnˆ|^i

‡

d�•Cr=h[dMqsi[r=n*kEw�r=k�i

‡

d�º>`³†�}7g-i9d�kCi

w[fAg*q$d*lì°

‡

r=}td"i

‡

d�•Cr=h[dMqsi[r=n*kEwur=k„i

‡

d�ï^º�`C†çw[fUgyq$d©gˆh[d�r=kC²

i[d�h[fEh9d�i´gˆŒE}=d¹g-w�j�pE}=i[r=kEnyj�rtg-}o°on*h´•×•Cr=w[i9h[r=ŒEpEi9r=n*kEwm‹ç¾

‡

d

fEh9n*ŒUgˆŒEr=}tr=w9i[r7q�g-fEfEh9nOgyq

‡

q�g-kÄgˆ}=w[n%i$g-‚ydFg*•Cv*gˆkCi´g-¶yd�n-|^i

‡

d

°od�}=}I²{d�w9i´g-ŒJ}tr=w

‡

dM•;w[i$g-i9rtw9i[r7q�gˆ}˜i

‡

d�n*h9z;|•n*h"j%nE•Cd�}�w[d�}tdmq$i[r=n*k

g-kA•Ãqsn*j%fJ}tds·³r=i{z¹q$nykCi[h[ny}{lad*‹ ¶U‹=l^i9nÃ•Cd�i[d�h9j%r=kEd�i

‡

d;n*fJi[r~²

j‰gˆ}EkCpEj�ŒAd�h˜nˆ|�}7g-i9d�kCiaw[fUgyq$dF•Cr=jYd�kEw[r=nykEwM‹>_

‡

nOnyw[r=kE¶�i

‡

d

kCpEj�ŒAd�h�n-|F•Cr=j%d�kEw[r=n*kJwFr=kÂº�`C†Òn*k¯i

‡

d„nyi

‡

d�h

‡

gˆkU•®r=w

i{zCfEr7q�g-}=}=z�ŒUgˆw[dM•Yn*k„gy•

‡

nEq

‡

d�pEh[r=w[i9r7q$wM‹

†�q$nyj%fUgˆh[r=w[nyk%n-|�i

‡

d�q$n*jYfEpEi´gˆi[r=n*kAg-}+q$n*jYfE}=d$·Erti{z�j%r=¶

‡

i

w[pJ¶*¶*d�w[i�w[n*jYd%g*•Cv*gˆkCi´g-¶yd�w�|•nyhFº>`³†FÚ�rt¶ykEn*h9r=kE¶�fUnyi[d�kCi[r7gˆ}

fEh9n*ŒE}=d�jYwan-|^kCpEj%d�h9r7q�g-}+w9i´g-ŒJrt}=r=i{z�i

‡

d©`C½�b�q�gˆk„ŒAdFq$n*j!²

fEpEi9dM•cd$·Ug*q$i9}tzClE°

‡

rt}=d�i

‡

d©]^È g-}=¶*nyh[r=i

‡

jÁrtwegˆk„r=i[d�h$g-i9rtvyd

j%d�i

‡

nE•�°

‡

rÅq

‡

r=wan*kE}=z�¶ypUg-h$g-kCi[d�dm•�i[n

µ

kA•‰g�}=nEq�gˆ}+j‰gm·C²

r=j�pEj n-|ai

‡

d�}=r=‚*d�}=r

‡

nCnE•Y|•pEkAq$i[r=n*k�‹ �àn-°˜d�v*d�hml�rtk�g-}=}�n*pJh

d$·EfAd�h[r=j%d�kOi9w�i

‡

d�q$n*jYfEpEi9rtkJ¶Fi9rtjYd�n-|4]^È

‡

gˆw¼kJn*ieŒAd�d�k

w[r=¶ykEr

µ

q�g-kCi9}tz�°on*h9w[dei

‡

g-k�fAd�h{|•nyh[jYrtkJ¶¼g-k�`C½�b¯nykFi

‡

deq$n-²

nEq�q$pEh9h[d�kAq$d%j�g-i[h9r~·ì‹•¾

‡

d�h9dFr=w¼gˆ}=w[n‰g�}7gˆh[¶*d"fUnyi[d�kCi[r7gˆ}+|•nyh

r=j%fEh9n-vCrtkJ¶eh[pJkC² i9r=j%dofUd�hÖ|•n*h9j‰gˆkUq$dan-|�]•È ŒOz�nykC²{}tr=kEdopEfC²

•Egˆi[d�w´q

‡

d�jYd�wMlJ°

‡

r7q

‡‰‡

g-wakEnyiaŒUd�d�k„d$·EfE}=n*h9dM•Yw[n�| gˆhM‹

cìø �

Q^S*e'7 �Yý �	�ˆSUT e^S+W;7•ü
7•SA\;VE\^þ!�uS 
:9>W �CTN9

º+d�i‰pJw‰ŒJh[r=d��UzÂ•³rtw$q$pEw9w„w[nyj%d„d�}=pUqsrÅ•Jg-i[r=kE¶®d$·Ug-jYfE}=d�w‰gˆi

i

‡

rtw•fUnyrtkCi�°

‡

r7q

‡

°ar=}t}Egˆ}tw9n�h[d�vydMg-}+gu|•pEh9i

‡

d�h4gy•Cv*g-kCi´gˆ¶*don-|

ï^º�`C†¹n-vyd�h>º>`C†®r=kei

‡

d˜q$n*kCi9d$·Ei>n-|EfAn*}=w[d�j%n*pJw+°˜nyh´•Cwm‹x`�d

‡

gmvyd	¶*d�kJd�h´gˆi[dM•;g%•Egˆi´gˆw[d�i"Û _aº>xu`C¾e]
"uÜa°ar=i

‡

gˆŒEw[i9h´gyq$i[w

n-|^ãMé�•*êu•CnEq$pEj%d�kOi9w^n*k„¡�•IÔyž$ŸÖ¤�—�œ7¥CÓ˜gˆkU•�i[h$g-r=kEdM•�g-k%gˆw[fAdMq$i

j%nE•Cd�}O°ar=i

‡

ãMäyêe}7gˆi[d�kCi^q$}7g-w9w[d�wm‹.rEnypEh�fUg-r=h[w�nˆ|E| g*qsi[n*h9w˜g-h9d

vCr=w[pUgˆ}tr=Æ�dm•�r=kTr�r=¶*pEh9d	áE‹�¾

‡

d�w9d�fUg-r=h[w

‡

gmv*deŒAd�d�kcw[d�}=dMq$i9dM•

g-woi

‡

dei{°on�| g*qsi[n*h9w˜i

‡

g-i

‡

gmvydei

‡

d

‡

r=¶

‡

d�w[iofEh[nyŒUg-ŒJrt}=r=i{z	i9n

¶*d�kEd�h´gˆi[dYi

‡

d�°on*h$•Cw„Ø[w9d�¶*jYd�kCi[ÙAlaØ[j�g-i[h9r~·³ÙAl^Ø9}tr=kEd�ÙUl>gˆkU•

Ø[fAn-°od�h[ÙAl*h9d�w[fAdMq$i9rtvyd�}=zO‹�¾

‡

dew[‚yd�i´q

‡

z%q

‡

g-h$g*q$i9d�h[r=ÆMgˆi[r=n*kYn-|

i

‡

d^| gyq$i[nyh[w�ŒCz�i

‡

d�r=haã$#àj%nyw[i+fEh9n*ŒUgˆŒE}=d˜°on*h$•Cw�gˆ}th9dMg*•³z¼h9d$²

v*dmg-}=wer=kCi[d�h9d�w[i9r=kE¶%i9n*fEr7q$wm‹a…{k�fUg-h9i[r7q$pE}7g-hmlAkEn*i9rÅqsd	i

‡

gˆiai

‡

d

i[d�h[j pEw[dM• i[n�w[d�}tdmq$i„g;fUg-h9i[r7q$pE}7g-h�fUgˆrth

‡

g-w%g�•Cr~Þ+d�h[d�kCi

j%dmg-kEr=kE¶�r=k‰d�rti

‡

d�hui[n*fJrÅq¼| g*q$i9n*hmÚeÛªr7Ü,1 `³d�¶*jYd�kCi�3Ch[ds|•d�h[w�i9n

g-k�r=j�g-¶*doh[d�¶*r=n*k�r=k�i

‡

d

µ

h9w[iag-kU•!i[nFg�f

‡

n*kEd�i[r7qaw9d�¶*jYd�kCi

r=k%i

‡

d	w[dmq$n*kU•‰| g*q$i9n*hm‹oÛ•r=r7Üp1IÈ„gˆi[h[r~·<3E•Cd�kJn*i[d�w¼g"h[dMq$i$g-kE¶ypC²

}7g-hoi´gˆŒE}=den-|>kCpEj�ŒAd�h9w4gˆkU•�i9n©g"j‰gˆi[d�h9rÅgˆ}Er=k%°

‡

r7q

‡

w9n*jYd$²

i

‡

rtkJ¶	r=w˜d�j�ŒAdM•E•³dM•�nyh˜d�kAq$}=n*w[dm•+‹aÛªrtr=r7Ü�1Iº+r=kEd�3Oq�gˆk%h9d$|•d�hai9n

g�}=r=kEd�rtk¹gˆk�r=j‰g-¶yd*lAŒEpEi�g-}=w[n�i9nÄg�}=r=kEdFr=k¹g�w9fUdmq$i[h9pEjÄ‹



Ø9w[d�¶yj%d�kCi�ã�Ù Ø[w9d�¶*jYd�kCieä-Ù Ø9j‰gˆi[h[r~·„ã�Ù Ø[j�g-i[h9r~·!äˆÙ Ø9}tr=kEd�ã�Ù Ø[}=r=kEd�ä-Ù Ø[fAn-°˜d�h	ã�Ù fAn-°od�heä-Ù

r=j‰gˆ¶ w[fAdMg-‚yd�h h[nyŒEpEw[i j‰gˆkOp³| g*q$i9pEh q$nykEw[i9h´gˆrtkCi gˆ}=f

‡

g ï^É `Â]
" }tnCg*•

`E] s	È„].-à¾ w9fUd�dmq

‡

È�†^¾�"a…�� qsd�}=} ºì…J-e] h9dM•Cw

‡

r~|•i w[fAdMq$i9h[pEj j%d�jYn*h[r

i[d$·Ei[pJh[d h[dMqsn*¶*kJr d�r=¶*d�kCv*gˆ}tp fUgˆh[i j‰gˆi´q

‡

º+…J-u] nyj%d�¶Cg vC}=w[r

q$ny}tnyh w[r=¶ykUg-} pJkUq$d�h9i´g-r=kCi[r È�†^¾�"à…�� }tnEq�gˆi ¶Ogˆ}ÅgÕ·Er j%f+q ï^Ép`×]
"

i9rtw9w[pEd i9h´g-r=k fJ}ÅgˆkEd q$d�}=}=pE}7g-h rtj�g-¶ ­ypUgˆw´gˆh

‡

w9pEf w9zCw[i[ny}=rÅq

ŒEh´gˆr=k

‡

j%j }tr=kEdmg-h | g-jYrt}=r ¶yd�n*jYd�i[h g-ŒJw[n*h9f }7gˆh[¶ rtkJfEpEi

w9}=rÅqsd w[nypEh´qsd qsn*kU•Cr=i9rtnyk •Cd�w[r=¶yk r=j%fAn*w

‡

rt¶

‡

h[dM•³w

‡

r~|•i q$nyj%fE}=d$·

q$}=pEw[i9d�h w[fAdMg-‚yd�h[r=kU•+‹ fAd�h9i[pEh9Œ j�g*q

‡

r=kEd�fUgˆh[i w[d�¶*j%d�kOi w9w[pEf ¶Ogˆ}ÅgÕ·Er g-h[h$g-r

jYh[r `J].s	È„].-à¾ h[nCn*i |•nyh[j‰gˆi |ªpEkU•Egˆj%d�kCi •Cd�kJw[r=i[r w9i´gˆkU•Eg-h$• fEh[d�w[d�kCi

v*ny}=pEj%d w[n*pJkU• w9p��‰q$r ¶*h[nypEf h[dMq$ny¶*k v*d�}tnEq jYnE•Cd�} r=j%fE}=d�jYd�kCi

r�r=¶*pEh9d%áEÚ	]�r=¶

‡

i�w[d�}tdmq$i[dM•¿| g*qsi[n*h9w�|•h9n*j g¸ãMä*ê©| g*qsi[n*h�•CdMq$nyj%fAn*w[r=i9rtnyk>‹�¾

‡

d%•Cr=w[fJ}ÅgmzydM•c°˜nyh´•cw[i[d�j%wFgˆh[d�i

‡

d„ã$#Yj%nyw[i

fEh9n*ŒUgˆŒE}=d¼°on*h$•Cwar=k%i

‡

dFq$}7g-w9w{²[q$n*kA•Cr=i[r=n*kUgˆ}>•Cr=w[i9h[r=ŒEpEi9rtnykTt�Û$�"w i*Ü�ly|•h[nyjÑi[nyf%i9n�ŒUnyi[i[nyjír=k�•Cd�w´qsd�kU•Cr=kE¶Yn*h´•³d�hM‹
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K0V�R�\]J IZ\]J N�R+L�Q/V�U J N�J Rw\]G0m�d�GSR�K�\]V�d�U K$\_T�GSK0J gxT�U V�W�Q GSFy>9?A@MBC?"DZE4\]J N�R+L�QzU GSQ L	^$>�?A@MB<?"D
E&\]V�d�U K2L�I�IbU GS\]\`J \_\]dn{fJ I�G2L�T�T�Q J K�X+GSQ IZU]G0T+V�U]^AI�GS\]KPU J W

U GS\]V�Q d,FHGP^ O�VbInGPU N�VbI,O�J I�I�GSRwFML	U |�V	aZFHVbI�GSQhO�FHF}O�FHF~\_^PL	^ G$KSV�U]U]G0\_T�V�R+I,\_J N�R+L�Qx\_V�d�U KH\]J N�R+L	Qx\]V�d�U]K$\]G	m�d�GSR�KHI�GP^ GSU]FHJ RwI�G0KSVbIwT�U V�K0G0I�d�U�abJ ^ GPU W�J

L�Q N�V	U J ^ O�F•g V	U]{kL	U I;L�Q N�V	U J ^ O�FpV�W�\]GPU an\]G0mbd�GSR�K2W+L�d�F�{lGSQ KPOn^_UPL�J R;GS\_^ J F•O�FHF~T+L0UPL�FHGP^`^]U L�J R;FML	^]GSU]JxL	T�T�Q J KHF$d�Q ^]J T�Q/\_J N�R+L�Qx\_V�d�U KHJ I�GSRb^]J glT�U V�W�Q GSF

GSi�T�GPU J�T�GPU]g V�U]F}d�R�|bR�V0{kR�\]T+G	L	|�GPUfJ I�GSR�^ J gko q q q r
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dÄjYn³•³d�}eq$n*jYfE}=d$·Er=i{zOlo]^È�i[h$g-r=kEr=kE¶�fAd�h{|ªn*h[jYw%°on*h9w[d*l

w[r=kUqsd„r=iFj�g-‚*d�w©g;vyd�h[z®rtkJd9�‰q$r=d�kCi�pEw[dcn-|	i

‡

d„gmv*gˆrt}7gˆŒE}=d

•Cd�¶yh[d�d�w�n-|o|•h[d�dm•Cn*j;‹T-àn*i[r7q$dyl�i

‡

gˆi	°ar=i

‡

ŒAn*i

‡

jYd�i

‡

n³•³w

r=iar=wefAn*w[w9r=ŒE}=d	i[nYi[h´gˆr=k

‡

rt¶

‡

²[•Cr=j%d�kEw9r=n*kUgˆ}UjYn³•³d�}=wa°arti

‡

g

q$nykOi9r=kOpJn*pEw�r=j%fJh[n-v*d�j%d�kCi	r=k¹fAd�hÖ|•n*h9j‰g-kAq$d*‹¯¾

‡

d„kCpEj�²

ŒAd�h�n-|	}7g-i9d�kCiFw9fUg*q$d;•Cr=j%d�kEw9r=n*kEw	j�gmzÄd�v*d�k•d$·Uq$d�dm••i

‡

d

h´gˆkE‚%nˆ|^i

‡

dFqsn-²{n³q�q$pEh[h9d�kUq$dYj‰gˆi[h[r~·)!�g-kU•Yi

‡

d©q

‡

nyrÅqsd	n-|

i

‡

d	kCpEj�ŒUd�h˜nˆ|••³rtjYd�kEw9rtnykEw^ŒAdMq$nyj%d�wuj%d�h9d�}=z%g-k�r=w[w[pJd	n-|

fAn*w[w9r=ŒE}=d¼}=r=j%r=i$g-i[r=nykEw�n-|Ýqsn*j%fJpEi´gˆi[r=n*kUgˆ}Uh9d�w[nypEh´qsd�wM‹

��øt÷
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ÉukEd;n-|Fi

‡

dÄ‚yd�z•fEh[nyŒE}=d�j%wYr=kÃr=kC|ªn*h[j�g-i9rtnyk¹h9d�i[h9rtd�v*g-}�r=w

›-ÔyŸ[™-¨�›mŸ{œ•¡�œ1¥}h*¤ �Õœ1¥CÓ	°

‡

r7q

‡Ä‡

gˆw�rti9wej�g-r=k„g-fEfE}=r7q�gˆi[r=n*k�r=k

­ypEd�h9z*²{ŒUgˆw[dM•�h9d�i[h9r=d�v*g-}{‹^¾

‡

d¼jYn*w9i˜fAn*fEpJ}Ågˆho| g-jYr=}tz"n-|^r=kC²

|•nyh[j‰gˆi[r=n*k�h9d�i[h9rtd�v*g-}^i9dMq

‡

kEr7­ypEd�w	r=w�ŒUg-w9dM•;n*k;i

‡

d	�U¤$¡$Ÿ[™-—

¦*æE›*¡$¤ �Ä™�hy¤�•CÛª½¼`EÈcÜ�|•n*h^•CnEq$pJj%d�kCi[waß=ãMä�â[‹��ad�h9d*lC°od

‡

gmvyd

pEi9rt}=r=Æ�dM•�g�h$g-i

‡

d�h�w[i[h$g-r=¶

‡

iÖ|•n*h9°4gˆh´•�h9d�fEh9d�w[d�kCi$g-i[r=nykÄŒUgˆw[dM•

n*k•i

‡

d�Û•pJkOi9h´gˆkEw{|•nyh[jYdM•EÜ�i[d�h[j |•h[dM­ypEd�kUq$r=d�wD#�Û��*
��eÜ"i[n-²

¶*d�i

‡

d�hc°arti

‡

i

‡

d�w[i$g-kU•Jg-h´•»qsn*w[r=kEd�j�g-i$q

‡

rtkJ¶�|•pEkAq$i[r=n*k�l

g;j%nyh[d„•Cd�i$g-r=}=dM••d$·EfAd�h[r=jYd�kCi´g-}egˆkUg-}=zCw[r=w%q�gˆk¯ŒAd�|•n*pJkU•

r=k¯ß(•�âÖ‹Y¾

‡

d�w$g-j%d�h[d�fEh[d�w9d�kCi´gˆi[r=n*k¯g-fJfE}=rtd�w	i[n„­ypEd�h9rtd�w�
Cl

w[n�i

‡

g-i�i

‡

d„j�g-i´q

‡

r=kE¶£|•pEkUq$i9r=n*k®|•n*h�i

‡

d�ŒUg-w9d�}=r=kEd„i[d�h[j

j‰gˆi´q

‡

r=kE¶	jYd�i

‡

n³•Yq�g-k�ŒAd	°ah[r=i9i[d�k„g-w
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 Û$ã$#yÜ

…{kÃº�g-i9d�kCiF`Cd�j�g-kCi[r7q�…{kU•Cds·³r=kE¶¸Û º>`³…[Ü�l�i

‡

d%n*h9r=¶*r=kUg-}•v*dMq9²

i[nyh^w[fAg*q$d�h[d�fEh[d�w9d�kCi´gˆi[r=n*kYn-|�•CnEq$pEjYd�kCi[w^r=w^h9d�fE}7g*qsdM•�ŒCz�g

h[d�fEh[d�w9d�kCi´gˆi[r=n*kYrtk"i

‡

da}=n-°o²[•Cr=j%d�kEw9r=n*kUgˆ}-}Ågˆi[d�kCi�w[fAg*q$degˆkU•

i

‡

d%w[r=jYrt}7gˆh[r=i{z%r=wFq$nyj%fEpJi[dM•cŒUg-w9dM•�nyk�i

‡

gˆi	h[d�fEh[d�w9d�kCi´gÕ²

i[r=nyk>‹��upEd�h[r=d�won*h^•CnEq$pEjYd�kCi[w^°

‡

r7q

‡

°˜d�h9dekEnyi^fUgˆh[i�n-|+i

‡

d

n*h9r=¶*r=kUg-}+q$ny}t}=dMqsi[r=n*k�q�g-kYŒUd �M™ˆ• h*¤�h!œ7¥	ŒCz‰g"w[r=jYfE}=daj‰g-i9h[r~·

j�pE}=i[r=fE}=r7q�gˆi[r=n-k%Û{q9|´‹AßèámâA|•n*ha•Cd�i$g-r=}=w´Ü�‹�…{kYn*pEhod$·EfAd�h[r=j%d�kOi9wMl

°od

‡

gmv*dag*q$i9pUg-}=}=zFq$nykEw[r7•Cd�h[dM•!}tr=kEdmg-h^q$n*j�ŒJrtkAg-i[r=nykEw+n-|+i

‡

d

n*h9r=¶*r=kUg-}•w[r=j%r=}7g-h9rti{z�w$q$n*h9dÄÛ$ã$#yÜ�Ûª°˜d�r=¶

‡

i

�

Ü�g-kU•¸i

‡

d�nykEd

•Cd�h9r=v*dM•¸|•h9n*j�i

‡

d�}7g-i9d�kCiFw9fUg*qsd‰h9d�fEh9d�w[d�kCi$g-i[r=nykÂÛª°˜d�rt¶

‡

i

ã �

�

Ü�‹

¾

‡

duw´g-jYdar7•CdMg-w

‡

gmvydaŒUd�d�k£gˆfEfE}=r=dM•�r=k‰ï�h9n*ŒUgˆŒEr=}=rtw9i[r7qoº>gm²

i[d�kOi;`Cd�j‰gˆkCi[r7q„…{kA•Cd$·Er=kE¶×Û ï^º�`C…[Ü�r=k�q$n*k
o$pEkUq$i9r=n*k×°arti

‡

i

‡

dåï•º>`C†×j%nE•Cd�}{‹>È£n*h[d�fEh9dMq$r=w[d�}tzClCi

‡

de}=n-°o²Ö•³rtjYd�kEw9rtnykUg-}

h[d�fEh[d�w9d�kCi´gˆi[r=n*k•r=k�i

‡

d �M›*¡sŸ[™-—�ž{æE›*¡$¤2t�Û�i*w �OÜ�gˆkU• t�Û$i}w 
-Ü



0 50 100
0

10

20

30

40

50

60

70

80

90

MED

recall [%]

pr
ec

is
io

n 
[%

]

0 50 100
0

10

20

30

40

50

60

70

CRAN

recall [%]
0 50 100

0

10

20

30

40

50

60

CACM

recall [%]
0 50 100

0

5

10

15

20

25

30

35

40

45

50

CISI

recall [%]

cos
LSI
PLSI*

cos
LSI
PLSI*

cos
LSI
PLSI*

cos
LSI
PLSI*

r�r=¶*pJh[d�•EÚ^ï�h9dMq$r=w[r=nykC² h9dMq�gˆ}t}�q$pEh9v*d�wu|•nyh˜i9d�h[j j‰gˆi´q

‡

r=kE¶UlCº>`³…�lEg-kU•�ï^º�`C…

�

n*k�i

‡

dE„�i[d�w9i¼q$ny}t}=dMqsi[r=n*kEwm‹

‡

gmvyd¼ŒAd�d�kcpEi[r=}=r=Æ�dM•Yi[n�d�v*gˆ}=pUg-i9d¼w9r=j%r=}7g-h[r=i9rtd�wM‹+¾�n%g*q

‡

r=d�vyd

i

‡

rtwmlE­ypEd�h[r=d�w

‡

gmv*dei9n	ŒAde|ªn*}7•CdM•!rtk�l*°

‡

r7q

‡

r=wa•Cn*kJder=k�i

‡

d

ï^º�`C†•ŒOz

µ

·Er=kE¶ui

‡

dpt�Û��2w i*ÜAfUgˆh´g-jYd�i[d�h[w^g-kU•"q�g-}7q$pE}7gˆi[r=kE¶

°od�r=¶

‡

i[wZt�Û$i}w 
-Ü•ŒOzY¾e]^È�‹

ÉukEdÃgy•Cv*g-kCi$g-¶*d;n-|�pEw9rtkJ¶¯w[i$g-i[r=w9i[r7q�g-}�j%nE•Cd�}twYvCwM‹�`C½¼b

i[dmq

‡

kEr7­*pJd�w	r=wei

‡

g-i�r=i¼gˆ}t}=n-°awapEw�i9n%w[zCw9i[d�j�g-i[r7q�gˆ}=}tz�q$n*j!²

ŒEr=kEd�•Cr~Þ§d�h[d�kCi;j%nE•Cd�}=wM‹B`

‡

r=}=dÄi

‡

r=w�w

‡

nypE}7•¯nyfEi[r=j‰gˆ}=}tz

ŒAd‰•CnykEd‰gyq�q$n*h$•Cr=kE¶;i[n�g„€˜gmzyd�w[r7gˆk¹j%nE•Cd�}˜q$n*j�ŒJrtkAg-i[r=nyk

w´q

‡

d�j%d*l+°od

‡

gmvyd	pEi9rt}=r=Æ�dM•;g�j�pAq

‡

w9rtjYfE}=d�heg-fJfEh[nCg*q

‡

r=k

n*pJh	d$·EfUd�h[r=j%d�kCi9w	°

‡

r7q

‡Ä‡

gˆw	kEd�vyd�h[i

‡

d�}=d�w9w�w

‡

n-°ak;d$·Uq$d�}~²

}=d�kCi%fAd�h{|ªn*h[j�g-kUqsdÄg-kU• h[n*ŒJpEw[i9kEd�w[wm‹ -ug-j%d�}tzCl^°od

‡

gmvyd

w[r=jYfE}=zåqsn*j�ŒEr=kEdM•"i

‡

deq$n*w9rtkJdaw´q$nyh[d�wanˆ|ìgˆ}t}Jj%nE•Cd�}=w�°ar=i

‡

g

pEkEr~|•nyh[j»°od�r=¶

‡

iM‹�¾

‡

dah9d�w[pE}=i9rtkJ¶¼jYd�i

‡

n³•årtw•h[d$|•d�h[h[dm•�i[n	gˆw

ï^º�`C…

�

‹^]Ýj%fEr=h[r7q�gˆ}=}tz�°od

‡

gmv*dà|•n*pJkU•�i

‡

dufUd�h{|•nyh[j‰gˆkUq$dai9n

ŒAd%v*d�h[z;h[n*ŒJpEw[i�°	‹ hM‹ iM‹�•Cr~Þ§d�h[d�kCiYÛ•kEnykC² pJkEr~|•n*h9j‰Üa°od�r=¶

‡

i9w

g-kA•‰gˆ}=w[n�°	‹ hm‹ iM‹yi

‡

d

�

²{°˜d�r=¶

‡

iopEw9dM•�r=k‰q$nyj�ŒEr=kUg-i9r=n*k�°arti

‡

i

‡

dFnyh[r=¶*r=kUgˆ}�q$nyw[r=kEd�w´q$nyh[d*‹�¾

‡

r=wer=w	•CpEd�i[nYi

‡

d�kJn*r=w[d	h9d$²

•CpUqsrtkJ¶¼ŒAd�kEd

µ

i[won-|>Ûªj%nE•Cd�}7Ü�gmv*d�h$g-¶*r=kE¶A‹<-anyi[r7q$dai

‡

g-i^º>`³†

h[d�fEh[d�w9d�kCi´gˆi[r=n*kEwÝ|•n*h�•Cr~Þ§d�h9d�kCi OÇ|•nyh[j�gàkEd�w[i9dM•�w[dm­*pJd�kUq$d*l

°

‡

r7q

‡

r=w�kEn*iui[h[pJd	|•nyh�i

‡

d�w[i$g-i[r=w9i[r7q�g-}�jYn³•³d�}=wa°

‡

r7q

‡

g-h9d

d$·EfAdMq$i[dm•;i[n%q�gˆfEi[pEh9d©g�}7gˆh[¶*d�hev*g-h9r=d�i{z%nˆ|Ýh9dMg-w9n*kUgˆŒE}=dF•Cd$²

q$nyj%fAn*w[r=i9rtnykEwM‹

`�d

‡

gmvyd^pEi9rt}=r=Æ�dM•åi

‡

d•|•n*}=}=n-°ar=kE¶•|•n*pEh�j%dM•³rtpJj�²{w[r=Æ�dM•uw[i$g-kC²

•Egˆh´•¹•³n³qspEj%d�kCi�q$n*}=}=dMq$i9r=n*k¹°ar=i

‡

h[d�}td�v*g-kUq$d„gˆw[w[d�w[w[jYd�kCiMÚ

Û•r7ÜoÈ„]^b Û´ã$#yá*á	•³n³qspEj%d�kCiegˆŒEw[i9h´g*qsi[wo|•h9n*jÑi

‡

d�-eg-i9r=n*kUgˆ}

º+r=ŒEh$g-h9z%n-|aÈ�dM•Cr7q$r=kEdMÜ�l�Û•r=r7Üa_ "a† -ÇÛ$ãf„ # #�•CnEq$pEjYd�kCieg-ŒC²

w[i9h´gyq$i[w	nykÄg-d�h[n*kAg-pEi9rÅqswe|ªh[n*jÒi

‡

d�_oh´g-k

µ

d�}7•�…{kEw9i[r=i[pEi9d�n-|

¾�dMq

‡

kEny}tny¶*zEÜ�lYÛªrtr=r7Ü„_o†e_aÈ Û á*ä #�„»g-ŒEw9i[h$g*q$i9w�|•h9n*j�i

‡

d

_o†e_aÈ��*n*pJh[kUgˆ}ÅÜ�l�gˆkU•¸Û•r=vEÜ¼_o…[`³…FÛ$ãf„ • #%gˆŒEw[i9h´gyq$i[w�r=kÄ}=r~²

ŒEh$g-h[z�w´qsrtd�kUq$du|•h[nyjçi

‡

da…{kEw9i[r=i[pJi[du|•n*h^`Eqsrtd�kOi9r

µ

qa…{kC|ªn*h[j�gm²
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r�r=¶*pEh9d 
JÚeï�d�h[fE}=d$·Er=i{z„g-kU•;gmv*d�h´g-¶yd	fEh9dMq$r=w[r=n*k�g-w	g©|•pEkUq9²

i[r=nyk%n-|�i

‡

d"rtkCvyd�h[w9d¼i9d�j%fAd�h$g-i[pJh[d
�;|•n*hag-k�g-w9fUdMqsiej%nE•Cd�}

°ar=i

‡

OK�[„Cê�Ûª}tds|•i´ÜagˆkU•GO ��ãmä*ê!Û•h[r=¶

‡

i$Ü�‹

i[r=nykUÜ�‹a¾

‡

dFq$n*kA•Cd�kEw9dM•„h9d�w[pJ}ti9w�rtkci[d�h9j%wan-|agmv*d�h$g-¶*d�fEh9d$²

q$r=w[r=nykFh9dMq�g-}=}+Û{g-i�i

‡

d+�ah[dmq�g-}=}E}=d�vyd�}=weã$#����2� #���Ü+gˆh[dow[pEj!²

j‰gˆh[r=Æ�dM•!r=k‰¾^gˆŒE}=d©ãylE°

‡

r=}=dei

‡

dFq$nyh[h9d�w[fAn*kU•³rtkJ¶‰fJh[dMq$r=w9rtnyk

h[dmq�g-}=}�qspEh[vyd�w¼q�gˆk�ŒUd�|ªn*pEkU•!r=kdr�r=¶*pJh[d�•E‹��ad�h9d©gˆh[d�w[nyj%d

g*•J•Cr=i[r=n*kUgˆ}e•Cd�i$g-r=}=w‰nˆ|	i

‡

d;d$·EfUd�h[r=j%d�kCi$g-}�w[d�i9pEf>Ú•ï^º>`³†

j%nE•Cd�}twog-ipO �×á*ä	
J„Cê 
�•�„}
$ê #	
�ãMäyê

‡

gmv*duŒUd�d�k�i[h´gˆr=kEdM•�ŒCz

¾e]^È |•nyh�dMg*q

‡

•Egˆi´gYw[d�i�°ar=i

‡

ã$#��

‡

d�}7•y²{n*pEiF•Jg-i´gJ‹6rEnyh

ï^º�`C…+°˜d•h[d�fAn*h9i�i

‡

d^ŒAd�w[i�h9d�w[pE}=i�n*ŒJi´g-r=kEdm•eŒCz	g-kCzun-|Ui

‡

d�w[d

j%nE•Cd�}twml-|ªn*heº>`³…^°˜d�h9d�fUnyh[iui

‡

d�ŒAd�w[iuh[d�w9pE}=ien*ŒJi´g-r=kEdm•�|•nyh

i

‡

d‰nyfEi[r=j�g-}^•Cr=j%d�kJw[r=n*k®Û•d$·EfE}=nyh[r=kE¶�á*äm±EéEãmä‰•³rtjYd�kEw9rtnykEw

g-i�guw[i[d�fFw9rtÆ�dan-|Uê*Ü�‹>¾

‡

daq$nyj�ŒEr=kUg-i9rtnyke°od�r=¶

‡

i

�

°ar=i

‡

i

‡

d



q$nyw[r=kEd%ŒAg-w[d�}tr=kEdYw´q$nyh[d

‡

gˆw	ŒUd�d�k¯q$nOgˆh[w[d�}tz�nyfEi[r=jYrtÆ�dM•„ŒCz

‡

gˆkU•+lEÈ„]^b�lA_ "a† -"Ú

�

�»ã �*äJlE_o†e_aÈ�lE_o…[`C…�Ú

�

�×ä��yáE‹

¾

‡

d	ds·³fAd�h9rtjYd�kCi[w	q$nykEw[r=w[i9d�kCi[}=z�v*g-}=r7•Eg-i9d�i

‡

dFgy•Cv*g-kCi$g-¶*d�w

n-|^ï^º>`³…˜n-vyd�heº>`C…�‹E`³pEŒEw[i$g-kCi[r7gˆ}+fUd�hÖ|•n*h9j‰gˆkUq$d�¶OgˆrtkJw
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