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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.022).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.028).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.029).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.025).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.031).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.035).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.054).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.022).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.029).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.029).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.008).
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TREC 3: combining 200 random sets of systems (max err:0.003).
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TREC 3: combining 200 random sets of systems (max err:0.018).
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TREC 5: combining 200 random sets of systems (max err:0.007).
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TREC 5: combining 200 random sets of systems (max err:0.003).
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TREC 5: combining 200 random sets of systems (max err:0.043).
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Vogt: combining 1-200 random sets of systems (max err:0.012).

0.14

0.16

0.18

0.2

0.22

0.24

0.26

2 4 6 8 10 12

S
td

 d
ev

 o
f m

ea
n 

av
g 

pr
ec

is
io

n

Number of randomly chosen input systems

Vogt: combining 1-200 random sets of systems (max err:0.009).
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Vogt: combining 1-200 random sets of systems (max err:0.023).
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TREC 9: combining 200 random sets of systems (max err:0.008).
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TREC 9: combining 200 random sets of systems (max err:0.006).
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TREC 9: combining 200 random sets of systems (max err:0.052).
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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.

-0.2

-0.1

0

0.1

0.2

0.3

2 4 6 8 10 12

Im
pr

ov
em

en
t o

ve
r 

be
st

 in
pu

t (
m

ea
n 

av
g 

pr
ec

is
io

n)

Number of randomly chosen input systems

TREC 5: combining 200 random sets of systems (max err:0.022).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.025).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.025).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.018).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.022).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.028).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.029).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.018).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.018).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.028).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.028).

-0.2

-0.1

0

0.1

0.2

0.3

1 2 3 4 5 6 7 8 9 10

Im
pr

ov
em

en
t o

ve
r 

be
st

 in
pu

t (
m

ea
n 

av
g 

pr
ec

is
io

n)

Input retrieval systems sorted best to worst

Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.018).

-0.2

-0.1

0

0.1

0.2

0.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Im

pr
ov

em
en

t o
ve

r 
be

st
 in

pu
t (

m
ea

n 
av

g 
pr

ec
is

io
n)

Input retrieval systems sorted best to worst

TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.023).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.028).
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Vogt: Combining the top i systems in order.

d Hal<;�48B / � V
�wL^=�B HI7:A�489�{QB	7:B	J,5�9�{QBD4 58=�B `UB	_C5 HIJ�A#;�5 _Ce(_C5CB	7 l<Ha{QB	J `,e�48~ -@2	eQB	_CXZf�;�_8B!2QJ�b
_C~ -@2�eQB	_ XZf�;#_CB � RF2QJ�r�XZ`o2Q_CB	b -@2	eQB	_ XZf1;�_CB�9<;�5CAUBD48f�9Q467*_T_8GK9Q46BKXZ`#2Q_CB	b �

/ "



' ����� ' �  � � � � � � ��� 	�" ����� � " ���
yn� AUBD46HI7:B	J,582QP%48B	_6;�Pa58_T2�48B�_8=�9�~FJ�HIJ�d Hal<;�48B / � V*HOJ�5CBD467*_^9Qf HO7:A�489�{QB	7:B	J�5F9�{QBD4u58=�B�`UB	_C5FHIJ�A#;�5
_Ce(_C5CB	7 � R^2QJ�r,XZ`#2Q_CB	b -@2	eQB	_ XZf1;�_CB�9<;�5CAUBD48f�9Q467*_T_6GK9Q48BKXZ`#2Q_CB	b%|�2�5FPaB	2Q_85^;�J,58HIPS2 _6; � GDHaB	J,5TJ,;#7M`UBD4
9QfN_8e
_C5CB	7 _p2�46B3`UB	HIJ�l�GK9<7�`#HIJ�B	b � L^=�B3HOJ�f BD4�Ha9Q46Ha5"e�9QfN58=�Bi_8GK9Q48BKXZ`#2Q_8B	b${QBD46_8Ha9<J$HI_hAUBD46=�2�A#_pb�;�B35C9
58=�BMb#H54�BD46B	J�5@B	_C58HI7 2�58Ha9<J�5CB	G6=#J�HIj
;�B	_kB	2QG6=�{QBD46_8HI9<J�;�_CB	_ �

� ��� � � ��� � ��� � ���
LT=�HO_3G�=�2�A�5CBD4�A#48B	_CB	J,58_�2�J�BD~w7:9(b�B	P�f�9Q4M7:BD582Q_CB	2�46G�=�`#2Q_8B	b 9<J -@2	eQB	_8HI2QJ 2QJ�2QPae(_8HI_*/�9Q4	|N2�J�BD~
f�9Q467�;#PI2�58Ha9<J�9Qf 2QJ�9<PIb�7:9(b�B	P � ;�J�b�BD4kb�H54UBD48B	J,5^GDHa46GD;#7*_C582QJ�GKB	_D|�vF;#PIP%BD5F2QP � � ) / � HOJ�b�BDAUB	J�b�B	J,58Pae
b�BD46HI{QB	b 2 b#H54�BD46B	J�5cf 9Q4�7�;�PO2 5C9 B	_858HI7*2�5CB 58=�B _82Q7:B Pa9Ql 9(b�b�_c9Qf�48B	PaBD{�2QJ�GKB f 9Q4�58=�B goPa5CBD46HIJ�l
A�489Q`oPaB	7 HIJ "+*�* 1<\ � -p2�eQB	_ XZf1;�_CB�=#2Q_T2:f�BD~ {
HI4858;�B	_D�

" �  5^HI_@`o2Q_CB	b�9<J�2*GDPIB	2�4	|#_8HI7*A#PaBQ|(2QJ�b�46HalQ9Q469<;�_T7*2�58=�B	7 2�58HIGD2QPS7:9(b�B	P �
V �  5TJ�2�58;�4�2QPIPae 2Qb�b�48B	_8_CB	_@58=�Bi46B	PaBD{[2QJ#GKB�_8GK9Q48B�J�9Q467 2QPIHa�	2�58Ha9<JcA�489Q`oPaB	7 2QJ�b$58=�B�;�J�46BD5C46HaBD{QB	b
b�9
GD;�7*B	J�5T_8GK9Q46B�B	_C58HI7*2�58HI9<J�A�489Q`#PIB	7 _8HI7�;�Pa582QJ�BD9<;�_6Pae �

] 5T58=�HO_T_C582�lQBMHIJ�HI58_k48B	_CB	2�46G�=%|o=�9�~pBD{QBD4	|oHa5k2QPI_89 =�2Q_T_C9<7*BM_8=�9Q4858GK9<7 HIJ�l<_D�

" �  5�48B	j
;�Ha48B	_c5C462QHOJ�HIJ�l b�2�582 � $ =�B	J _8;�G6= b�2�582 HI_$J�9Q5�2	{�2QHIPI2�`oPaB 5C9 B	_C58HI7*2�5CB�58=�B `#2Q_8HIG
A#489Q`#2�`#HIPOHa58HaB	_h48B	j,;#Ha48B	b%| -@2	eQB	_ XZf1;�_CB�GD2QJ�J�9Q5T`UB�;�_8B	b �

V �  J HI58_�GD;�4846B	J�5�HO7:A#PaB	7:B	J,582�58Ha9<J%|�58=�B^2	{�2QHIPI2�`oHIPIHa5"e�9QfU48B	PaBD{�2QJ�GKB3_8GK9Q48B	_pb�9,B	_hJ�9Q5�HI7*A�489�{QB3Ha58_
AUBD48f�9Q467*2QJ#GKB �

03B	_CA#HI5CB�58=�B	_CBhb�HI_82Qb�{�2QJ,582�lQB	_D|�58=�B%-@2	eQB	_CXZf�;�_8Bp2QPalQ9Q4�Ha58=�7 HI_�~h9Q4658=MGK9<J�_8HOb�BD462�58Ha9<J%�%58=�BhHI7:AU9Q4CX
582QJ�GKB*9Qf@=�2�{
HIJ�l$2�GDPIB	2�4	|�7*2�58=�B	7 2�58HIGD2QP 7:9(b�B	P 9Qf@2$A�489Q`#PaB	7 _8=�9<;�PIb J�9Q5i`UB:;�J�b�BD48B	_858HI7*2�5CB	b �
LT=�HO_+Ao2�4858HIGD;�PI2�4$7:9(b�B	P � 58=�B J#2QHa{QB -p2�eQB	_�7:9(b�B	P � 48B	PI2�5CB	_$9<;�4�A�469Q`#PaB	7�|^7*BD582Q_CB	2�46G6=S|�7:9Q48B
GDPa9<_CB	PIe 5C9'2'=�9<_C5*9Qf39Q58=�BD4 A#489Q`#PaB	7*_:HOJ 58=�B�g�B	PIb 9Qf  J�f 9Q4�7*2�58Ha9<J R^BD5C46HaBD{�2QPk58=�2�5 =�2�{QB�`UBDB	J
_C58;�b#HaB	b f�489<7 2 -p2�eQB	_8HI2QJ AUBD46_CAUB	GK58Ha{QB�/12�l<2QHOJ%| ~hB+48B	GK9<7*7:B	J�b x BD~FHI_ � Y / � \ � L^=�HI_�GK9<J�J�B	GK58Ha9<J
7*2�e$PIB	2Qb�5C9*f1;�4858=�BD4T2QJ�2QPI9Ql<HaB	_T2QJ�b�HOJ�_8Hal<=,58_kHIJ,5C9:58=�BMb�BDBDAUBD4^_C5C4�;�GK58;�48Bi9Qf�`U9Q58=�A�489Q`#PIB	7*_ �

LN9�HI7:A�469�{QB 58=�B:AUBD48f�9Q467*2QJ�GKB�9Qf(-@2�eQB	_ XZf�;#_CBQ|�~pB:g�46_C5iJ�BDB	b `UBD5C5CBD4iA�469Q`#2�`#HIPIHI5 e�B	_C58HI7 2�58Ha9<J
5CB	G6=#J�HIj
;�B	_ � LT=�Bc`#2Q_8HIG+GK9<J�b�Ha58HI9<J�2QP�A#489Q`#2�`#HIPOHa58HaB	_�GD2QJ `UB+B	_858HI7*2�5CB	b HIJ 7*2QJ�e ~p2�e
_	|�2QJ�b 2�48B
f1;�J�b�2Q7:B	J,582QPS5C9c58=�B 7:9(b�B	P �� 5^~p9<;�PIb�`UB�B	_CAUB	GDHI2QPIPae$HIJ,5CBD48B	_C58HIJ�l+5C9c2�A#A#Pae�2+_6GK9Q48BKX b�HI_C5C4�Ha`#;�58Ha9<J
7:9(b�B	P%PIHarQBi58=�9<_CB�f�9<;�J�b�HIJ � Y 3
|'" � 2QJ�b�;�_CB -@2�eQB	_ XZf�;#_CB�~FHa58=�9<;�5@5C462QHIJ#HIJ�l �

] J�9Q58=�BD43AU9Q5CB	J�58HI2QPS489<;�5CBM5C9cHI7:A�469�{QB	7:B	J,5FPIHIB	_THIJ�2Qb�b�48B	_8_8HIJ�l:58=�B�J�2QHI{QB -@2	eQB	_u2Q_8_8;�7*A�58Ha9<J
58=�2�5T58=�B�HIJ�A#;�5@_Ce(_C5CB	7*_T2�46B�HIJ�b�BDAUB	J�b�B	J,5 � $ B�r(J�9�~ 58=#2�5k58=�HI_k2Q_8_8;#7:A�58Ha9<J�HI_@9<J#Pae+2QJ�2�A#A�489 � X
HI7*2�58HI9<J%|�`#;�5�~pB�2QPI_89 r
J�9�~ 58=�2�5*HIJ 9Q58=�BD4  R A�489Q`#PIB	7*_ 58=�B�HIJ�b�BDA�B	J#b�B	J�GKB$2Q_8_8;�7:A#58Ha9<J =�2Q_
A�489�{QB	b b�H � GD;�Pa5 5C9M_8;#GDGKB	_8_Cf1;�PIPae�48B	PI2 � � E(BDB x BD~^HO_ � Y / � f�9Q4h7*2QJ,e B � 2Q7*A#PaB	_ HIJ  R 9QfU7*9
b�B	PO_ 58=�2�5
2QGDGK9<;�J,5nf 9Q4 b�BDA�B	J#b�B	J�GKB�`o;�5�b�9uJ�9Q5�e(HaB	PIb�AUBD48f�9Q467*2QJ�GKB@HI7:A�469�{QB	7:B	J,58_nPI2�48lQB@B	J�9<;�l<=�5C9i`UB@;�_CB	b
HIJ�A�462QGK58HIGKB � s J�B�A#489Q`#PaB	7 HI_358=�2�5i7:9
b�B	PI_^58=#2�532QGDGK9<;�J,5if�9Q4358=�B�AU9<_8_6Ha`#HIPIHI5 e 9Qfpb�BDAUB	J�b�B	J�GKB�HIJ
58=�B	Ha4FHIJ�A#;�58_k7�;�_C5k`UBM7�;�G�=�7:9Q48BMGK9<7*A#PaB � |#7:9Q48B�B � A�48B	_6_8Ha{QBM7:9(b�B	PI_	|�2QJ�b�58=�HI_^HIJ$58;�46J�7*B	2QJ�_
58=�2�5^HOJ$9Q46b�BD4T5C9*~p9Q48r�|�58=�BDec48B	j
;�Ha48Bi7�;�G6=�7:9Q48Bi5C462QHIJ#HIJ�l:b�2�582 � 2:A#48B	GDHa9<;�_TGK9<7 7:9
b#Ha5 e �

-@;�5D|U48B	PI2 � HIJ�l+58=�B:HIJ�b�BDAUB	J�b�B	J�GKB�2Q_8_8;�7*A�58Ha9<J?HI_FJ�9Q5F58=�B 9<J�PIe�2�A�A�489<2QG�= �i] _ x BD~FHI_^AU9<HIJ,58_
9<;�5D|�5C9*_C9<PI{QB358=#HI_@b�BDAUB	J�b�B	J�GKB3A�489Q`#PIB	7�|,9<J�BuGD2QJ�B	Ha58=�BD4�/#"�\h5C48e 5C9*7 2�rQB�2:7:9Q48Bi_C9QA#=�HO_C58HIGD2�5CB	b

/QV



7:9(b�B	PU58=�2�5^2QGDGK9<;#J�58_^f 9Q4T58=�BMb�BDAUB	J�b�B	J�GKBib�HI48B	GK58PaeQ|(9Q4�/ V<\p5C46e+5C9*B	POHI7*HIJ�2�5CBu58=�B�b�BDA�B	J#b�B	J�GKBiHIJ
58=�BMHOJ�A#;�58_p58=�B	7*_8B	Pa{QB	_ �

 f 9QA�58Ha9<J /#"�\F=�2Q_uPI2�48lQB	PIe�f�2QHOPaB	b%|#9QA#58Ha9<J / V<\^_8BDB	7*_i7:9Q48B�A�489<7*HO_8HIJ�l �  f ~pB:GD2QJ b�BD5CB	GK5i58=�B
b�BDAUB	J�b�B	J#GKBuHOJ$9<;�4^HIJ�Ao;�58_D|(AUBD46=�2�A#_@~pB�GD2QJ�B	PIHO7*HIJ�2�5CBiHa5D|�2QJ�b�58=�BD48BD`
ecHI7*A�489�{QBMA�BD46f 9Q467 2QJ�GKB �

d HIJ�2QPOPaeQ|�J�9Q5CB�58=�2�5T58=�B�A�489Q`#PIB	7 9Qf b�BDA�B	J#b�B	J�5kHIJ�A#;�5@_Ce
_85CB	7*_^HI_kJ�9Q5^;�J�HIj
;�Bu5C9�-@2	eQB	_CXZf�;�_8B �
q BD582Q_CB	2�46G6=$HI_ 58=�B^2�485 9Qf�g#J�b�HOJ�l32�lQ46BDB	7:B	J�5p~^Ha58=#HIJ b�Ha{QBD46_8HI5 e � b�Ha{QBD46_6Ha5 eMHO_ 2iA�48B	GK9<J#b�Ha58Ha9<J � $ B
B	J�GK9<;�J,5CBD4n58=�HI_NA�489Q`oPaB	7�2�l<2QHOJ:HIJ >k=�2�A�5CBD4 3,|�2QJ�b�B � AUBD46HO7:B	J�5N~^Ha58=�23A�489�{(HI_8HI9<J�2QP�_C9<PO;�58Ha9<J � s J�B
9Qf�58=�B�_C5C48B	J�lQ58=#_k9Qf�2 GDPaB	2�4^7*2�58=�B	7 2�58HIGD2QPS7:9(b�B	P%HI_@58=�2�5THI5T7*2�rQB	_T9<J�B + _^2Q_8_8;�7:A#58Ha9<J�_pB � AoPIHIGDHa5 �
-@2	eQB	_ XZf1;�_CB�=�2Q_�`�489<;�l<=,5 58=�B$A�489Q`#PaB	7 9QfFHOJ�A#;�5Mb�BDA�B	J#b�B	J�GKB$HIJ 7:BD582Q_CB	2�46G�= 5C9 58=�B$f 9Q48BQ|p2QJ�b
AUBD46=�2�A#_@58=#HI_@~^HIPIP�`UBiHa58_k`#HIlQlQB	_C5^GK9<J,5C46Ha`#;�58HI9<J �

/ )



� � ��� � ���

� � � � � �

/[Y



� � ��� ��� � �

� � 	 � � � � � 	 �

] _�~hB�J�9Q5CB	b HIJ >@=�2�A#5CBD4 "�|u{Q9Q58HIJ�l!2QPalQ9Q4�Ha58=�7*_$2�48B�B � 2Q7:A#PIB	_$9Qf b#2�582 f�;�_6Ha9<J%� 58=�BDe 7*2�rQB
b�B	GDHI_6Ha9<J�_@`
e$GK9<7�`#HIJ#HIJ�l:58=�B�9QAoHIJ�Ha9<J�_@9Qfn_CBD{QBD4�2QP � B � A�BD4658_ � �% J�58=#HI_TG6=#2�A�5CBD4F2QJ�b�58=�BMJ�B � 5D|�~pB
2�A�A#PIe:5 ~p9:9Qf�58=�Bi7:9<_C5pA�489<7 HIJ�B	J,5h{Q9Q58HIJ�l 2QPIlQ9Q46Ha58=�7*_hf�489<7 E
9
GDHO2QP%>k=�9<HIGKBuLT=�BD9Q48eQ|�J�2Q7:B	PIe*58=�B
-p9Q46b�2*>p9<;�J,5@2QJ�bc58=�Bi>@9<J�b�9Q46GKBD5k2QPalQ9Q46HI58=�7�|
5C9�58=�Bu7*BD582Q_CB	2�46G6=�A�489Q`#PaB	7 � 03B	_CAoHa5CBF58=�Bu_85C489<J�l
GK9<J�J�B	GK58HI9<J*`UBD5 ~pBDB	J 7:BD582Q_8B	2�46G6=$2QJ�b+E(9
GDHI2QP�>@=�9<HIGKBQ|�J�9<J�BT9QfU58=�BTA�46BD{
Ha9<;#_ ~h9Q48r:HIJ:7*BD582Q_CB	2�46G6=
=�2Q_T7 2Qb�B�;�_CBu9Qf�58=�B�7*2QJ,ecHI7*A�9Q46582QJ�5k48B	_6;�Pa58_pf 469<7 58=�B�7�;�G6=�9<POb�BD4TLT=�BD9Q48e+9QfnE(9
GDHI2QP�>k=�9<HIGKB �
LT=
;�_@~pB�`UBDl<HIJ$~^Ha58=�2*_6=�9Q485THIJ,5C489(b�;�GK58Ha9<Jc5C9$E(9
GDHI2QP�>k=�9<HIGKB �

� �
� � � � � 	 � � ���� ���
LT=�B@g�B	POb 9Qf � � ���*� ��� � � � � � � � � � ���^HI_nGK9<J#GKBD46J�B	b:~^HI58=�b�BD{QB	Pa9QA#HIJ�lu5CB	G�=�J�HIj
;�B	_n58=�2�5 2QPOPa9�~ lQ469<;�A#_
9Qf�AUBD9QA#PIB^5C9:7*2�rQBiGK9Q48AU9Q462�5CBib�B	GDHI_8HI9<J�_��
B	_8_CB	J,58HI2QPIPaeQ|
{Q9Q58HIJ�l:2QPalQ9Q46HI58=�7*_ �  J+58=�B3PI2�5CBuB	Hal<=,5CBDB	J,58=
GKB	J,58;�48eQ|U{Q9Q58HIJ�lc~p2Q_3`UB	GK9<7*HIJ�l+7:9Q48B�AU9QA#;�PI2�4FHIJ $ B	_C5CBD4�J y ;�489QAUBM2Q_u2+48B	_8;�PI5^9Qfn58=�B�AU9<PIHa58HIGD2QP
A#=�HOPa9<_C9QA#=,e+9Qfn58=�B y J#PIHal<=,5CB	J�7:B	J,5 � LT=�B�_6=�9Q4858GK9<7*HIJ�l<_^9Qf _8HO7:A#PaB�7*22&C9Q46Ha5"e�{Q9Q58HIJ�lc~^=�B	J�58=�BD48B
2�48B 7:9Q48B 58=�2QJ 5"~h9 GD2QJ#b�HIb�2�5CB	_$PaB	b -p9Q46b�2 2QJ�b >p9<J�b�9Q46GKBD5$5C9 A�489QAU9<_CB 7:9Q48B _C9QA#=�HO_C58HIGD2�5CB	b
2QPalQ9Q46HI58=�7*_ �  J�" 3 3[W(|��QB	2QJ(X >k=�2�46PaB	_3b�B�-h9Q4�b�2+_6;�lQlQB	_C5CB	b 58=�B�-p9Q46b�2�>p9<;�J,5F2QPalQ9Q46HI58=�7 f�9Q4u58=�B
d�48B	J#G6= ] GD2Qb�B	7Me�9QfSE(GDHaB	J�GKB	_ HIJ m 2�46HI_ �5" $ �Z�n] 489<;�J�b�58=�Bk_82Q7:B@58HI7*BQ|Q58=�B q 2�46j
;�HI_ b�B^>p9<J#b�9Q46GKBD5
A�489QAU9<_CB	b�=�HI_N2QPalQ9Q46Ha58=#7 �5"+* � |<2QJ#bM58=�Bp5 ~p9�2QPalQ9Q46HI58=�7*_�=#2	{QB@`UBDB	J�2�5�58=�B@GKB	J�5CBD4n9Qfo23PO2�48lQBpGK9Q46A#;�_
9Qfn48B	_CB	2�4�G6= HIJ?E(9
GDHI2QP >@=�9<HIGKB�HIJ�58=�B�A#2Q_85FGKB	J,58;�48e � E(BDB � 1 "Q| /QV(|�) 3 � f�9Q4FlQ9
9(b�HIJ,5C489(b�;�GK58Ha9<J#_k5C9
58=�B�g#B	PIb �

] J � � ��� � � � � HI_k2QJ�HIJ#_C582QJ�GKBi9Qf 2:{Q9Q58HIJ�l:A�469Q`#PaB	7 � LT=�B�HOJ�A#;�5@HI_kGD2QPIPaB	b�2 % � � � � � � � � ) � � � d�9Q4
B � 2Q7:A#PaBQ|�GK9<J�_6HIb�BD4T58=�Bif�9<PIPa9�~^HIJ�l A�469Qg#PaBu9Qfn2 /:GD2QJ�b�HIb#2�5CBQ|+"DW*{Q9Q5CBD4^B	PIB	GK58Ha9<J%�

)
��� ��" � � � � � �
)
� " � � � � � � � �
V
� � � � � � � � ��"
V
��� ��" � � � � � �

] _8PIHal<=,5h{�2�46HI2�58HI9<J$9<J�58=�Bi~@2	ec~hB�b�HO_CA#PI2�e*{Q9Q58HIJ�l:A�469Qg#PaB	_kHIJ�>@=�2�A#5CBD4^V
|�HIJ$58=�HI_@GD2Q_CB�B	2QG�=�489�~
HI_kA#48BDf�2QGKB	b�`
ec58=�B�J
;�7M`UBD4T9Qfn{Q9Q5CBD4�_^58=�2�53_8;�`#7 Ha5C5CB	b�58=�B�l<Ha{QB	J�462QJ�r
HIJ�l � LT=#HI_k7:B	2QJ�_F58=�2�5^9Qf
58=�B "	V�W�AU9<_8_8HI`#PaBM~@2	e(_i9Qfh462QJ�r(HIJ�lc58=�B g�{QB*GD2QJ�b�HIb#2�5CB	_�� ��" � � � ��|�2QJ�b �Q|%58=�46BDB:{Q9Q5CBD46_�G6=�9<_CB:5C9

/ /



462QJ�r �$g#46_C5D|#f�9<PIPa9�~hB	b�`,e "�|�58=�B	J ��|o58=�B	J ��|U2QJ�b ��PI2Q_85 � x HarQBD~FHI_CBQ|�58=�46BDBM{Q9Q5CBD46_iG�=�9<_CB�5C9 462QJ�r
"32�`U9�{QB ��2�`U9�{QB �i2�`U9�{QB �$2�`�9�{QB ��|o2QJ�b�_C9*9<J �

] � � � � � � ��� � � � � � � � ��� � ��� HO_p2 f1;�J�GK58HI9<J$58=�2�5T7*2�A#_@{Q9Q58HIJ�l:A�489Qg#PaB	_p5C9*2:_CBD5k9Qf�GD2QJ�b�HIb#2�5CB	_��
58=�B�~FHIJ�J�BD46_ � d�9Q4F58=�B�2�`U9�{QBMA�489QgoPaBQ|�_8HI7:AoPaBi7*22& 9Q4�Ha5 ec46;�PaB /�9Q4 � � � ��� � � � �M{Q9Q58HIJ�l,\@~p9<;�PIb�b#HIGK582�5CB
58=�2�5MGD2QJ#b�HIb�2�5CB	_��?2QJ�b "�58HaBQ|�_8HOJ�GKB:B	2QG6='48B	GKB	Ha{QB	b 58=�46BDB:g�46_C5uA#PI2QGKB:4�2QJ�r
HOJ�l<_D|S7:9Q48B:58=#2QJ�2QJ�e
9Q58=�BD43GD2QJ�b�HIb�2�5CB �

] ;�_CBDf1;�PQb�HO_C58HIJ�GK58Ha9<JuHI_�7*2Qb�B `
eiR^HarQBD4 � 1 " �Z� vFB�b�HI_858HIJ�l<;�HI_6=�B	_� � � � � � ����� �*� � {Q9Q58HIJ�lF7:BD58=�9(b�_D|
58=�9<_CB�`#2Q_CB	b 9<J 2�_CBD46HaB	_*9QfFA#2QHI48~^HI_CB�GK9<7:Ao2�46HI_C9<J�_ 9QfiGD2QJ�b#HIb�2�5CB	_D|pf 469<7 � � � � � � ��� � � 7:BD58=�9(b�_D|
`#2Q_CB	b�9<J �UX 2�48e�GK9<7:A#2�4�HI_C9<J�_ � � q 22&C9Q46Ha582�4�HI2QJ�7*BD58=�9
b#_�;�_CB � � � � � � ��� � � � � ��� � � ��� ���nf 9Q4�B � 2Q7*A#PaBQ|
HIJ�58=�B:2�`U9�{QB:A�489QgoPaBQ|�GD2QJ#b�HIb�2�5CB�"MHO_F4�2QJ�rQB	b 2Q=�B	2Qb 9Qf ��HIJ?B	Hal<=�5u9Qf 58=�B�5CB	J A#489Qg#PaB	_ � LT=
;�_3HIJ
2 _8HO7:A#PaB 7*22&C9Q46Ha5 e 46;�J�XZ9�4�B	PaB	GK58HI9<J `UBD5 ~pBDB	J 58=�B	_CB'5 ~p9!GD2QJ�b�HIb#2�5CB	_D| "�~p9<;�PIb 46B	GKB	Ha{QB'B	Hal<=,5
9Qfi58=�B?5CB	J!{Q9Q5CB	_�GD2Q_85 � q 22& 9Q46HI582�46HI2QJ 2QPalQ9Q46Ha58=�7 _*~p9Q48r `,e 7 2�r
HIJ�l'2 _8BD46HaB	_*9Qf�_8;�G6= `#HIJ#2�48e
GK9<7:A#2�4�HI_C9<J�_���58=�BF>p9<J�b�9Q4�GKBD5 2QPalQ9Q46Ha58=�7�|Qf 9Q4�HOJ�_C582QJ�GKBQ|�_8A�B	GDHIg�B	_�58=�2�5n58=�Bk~^HIJ#J�BD4 9Qfo58=�BkB	PIB	GK58Ha9<J
HI_@58=�B�GD2QJ�b�HIb�2�5CB�/1_�\p58=�2�5T`UB	2�58_k9Q4T58HIB	_T~^Ha58=$BD{QBD46ec9Q58=�BD4^GD2QJ�b�HIb#2�5CBMHIJ�2 `#HIJ#2�48e+GK9<7:Ao2�46HI_C9<J �

m�9<_8Ha58HI9<J�2QPT2QPalQ9Q46HI58=�7*_D|p9<J 58=�B�9Q58=�BD4c=#2QJ�b%|@GK9<7:A#;�5CB�2 _8GK9Q48B�f�9Q4 B	2QG�= GD2QJ#b�HIb�2�5CB�`o2Q_CB	b
9<J 58=�B�AU9<_8Ha58Ha9<J�_	|h9Q4+462QJ�r(_D|hl<HI{QB	J 5C9'B	2QG�= GD2QJ�b�HIb�2�5CB�`,e 58=�B�{Q9Q5CBD4�_ � m�PI;�4�2QPIHa5 e {Q9Q58HIJ�l�|@f�9Q4
B � 2Q7:A#PaBQ|ol<Ha{QB	_39<J�BMAU9<HIJ,5Tf�9Q4^B	2QG6= 58HO7:BM2cGD2QJ�b�HIb�2�5CB�HI_T462QJ�rQB	b�g�4�_C5D|o2QJ�b��DBD489cA�9<HOJ�58_^f 9Q4u2QJ�e
9Q58=�BD4TAU9<_8HI58Ha9<J � LT=�B -p9Q46b�2 GK9<;�J,5D|�f 9Q4T2QJ�� GD2QJ�b#HIb�2�5CBuB	PaB	GK58Ha9<J%|�l<HI{QB	_�� ��"uAU9<HIJ,58_hf�9Q4k`UB	HIJ�l
462QJ�rQB	b?g�4�_C5D|���� V AU9<HIJ,58_Ff 9Q4u`UB	HIJ�l+462QJ�rQB	b _CB	GK9<J�b%|S2QJ#b�_C9$9<J%|%b�9�~^J?5C9�W+AU9<HIJ,58_Ff 9Q4u`UB	HIJ�l
462QJ�rQB	b PI2Q_C5 �0 J'AU9<_8Ha58Ha9<J�2QPn2QPIlQ9Q46Ha58=�7*_	|�58=�B GD2QJ#b�HIb�2�5CB�/1_�\i58=�2�5�2QGDGD;#7�;�PO2�5CB	_M58=�B+7:9<_C5MAU9<HIJ,58_
~^HIJ#_ �

LN9�2�A�AoPae�{Q9Q58HOJ�lM2QPalQ9Q46HI58=�7*_n5C9�7:BD582Q_CB	2�46G�=%|(~hB^GK9<J#_8HIb�BD4�b�9
GD;�7*B	J�58_h2Q_hGD2QJ�b#HIb�2�5CB	_ 2QJ�b+HIJ(X
A#;�5 _Ce(_C5CB	7*_n2Q_n{Q9Q5CBD4�_ � $ B^=�2	{QBk5C9�7*9
b�HIf ei58=�Bk2QPalQ9Q4�Ha58=�7*_ _C9<7:BD~F=�2�5D|�=�9�~hBD{QBD4	|
_8HIJ�GKBp58=�BDe 2�48B
9<J�Pae GK9<J�GKBD46J�B	b ~^HI58=*Pa9(GD2�58HIJ�li58=�BF5C9QA+GD2QJ�b�HOb�2�5CBQ|�~^=#HIPaB@~hB3J�BDB	b*5C9�A�489(b�;�GKBT2QJ B	J�58Ha46BT462QJ�r(HIJ�l
9Qf%58=�B3GD2QJ�b�HIb�2�5CB	_ � -pB	GD2Q;�_8BF9Qf%58=�HO_ b�H54UBD48B	J�GKB32QJ�b*`UB	GD2Q;�_CB^~hBu2�48BFHOJ*2M7*2QJ,e,X GD2QJ�b�HIb�2�5CB	_	|,f�BD~kX
{Q9Q5CBD46_u_8Ha58;#2�58Ha9<J%|o_89<7:BM{Q9Q58HIJ�l+2QPalQ9Q46HI58=�7*_^2�46B�J�9Q532�A�A#PIHOGD2�`#PaB � m�PI;�4�2QPIHa5 ec{Q9Q58HIJ�l�|�f�9Q43HIJ#_C582QJ�GKBQ|
HI_uJ�9Q5�2�A�AoPIHIGD2�`#PaBQ�FHaf�~pB*2�48B:GK9<7M`oHIJ�HIJ�lc5 ~p9�HIJ�A#;�5F_8e
_C5CB	7 _D|�Ha5iHI_uPIHarQB	PIe�58=�2�5iA#PI;�462QPIHa5"e�{Q9Q58HIJ�l
~p9<;�PIb�l<HI{QBM5 ~p9�GD2QJ�b�HIb#2�5CB	_^2c_8GK9Q48B�9Qfn9<J�BQ|o~F=�HIPaBi58=�B�9Q58=�BD4358=�9<;�_82QJ�b�9Q4u_C9 ~p9<;�PIb�58HaBM~^HI58=�2
_8GK9Q48BM9Qf��DBD469 �

 J�58=�B�g�B	PIbi9QfoE
9(GDHI2QP,>k=�9<HIGKBQ|�2QPalQ9Q46Ha58=�7 _S2�48Bh;#_8;�2QPIPae &C;#_C58Hag�B	bu`
e�GK9<J�_8HIb�BD46HIJ�l@58=�BhA�489QAUBD4858HaB	_
58=�BDe�_82�58HO_Cf e � d�9Q4 HIJ�_C582QJ#GKBQ| q 2	e + _�58=�BD9Q48B	7�_8=�9�~^_�58=#2�5D|�HOJ�58=�BpGD2Q_CBh9Qf�2^5 ~p9�X GD2QJ�b�HIb#2�5CBpB	PIB	GK58Ha9<J%|
�C7*22&C9Q46Ha5"e {Q9Q58HIJ�l'HI_*58=�B�9<J�Pae 7:BD58=�9(b 58=�2�5cHI_*2QJ�9<J,e(7:9<;�_�/�B	j
;�2QP^5C48B	2�587:B	J,5 9Qfi2QPIPk{Q9Q5CBD46_�\�|
J�B	;�5C4�2QP /�B	j,;�2QP�5C48B	2�587:B	J,5T9Qf 58=�B�GD2QJ�b�HOb�2�5CB	_�\�|#2QJ�b�7:9<J�9Q5C9<J�HIG*/17*9Q48BM_8;�A#A�9Q465hf�9Q4^2*GD2QJ�b#HIb�2�5CB
b�9
B	_ J�9Q5 & BD9QAo2�46b�Ha�DB?Ha58_*B	PaB	GK58HI9<Jo\ � � /QV �Z� LT=�HI_*PIB	J�b�_*_8;�A�AU9Q485:5C9 58=�B >p9<J�b�9Q46GKBD5+2QPalQ9Q4�Ha58=�7�|
_8HIJ#GKB�58=�B*>p9<J�b�9Q46GKBD5u~^HIJ�J�BD4F~^HIJ�_ /�9Q4u58HaB	_uHIJo\TBD{QBD48e�AU9<_8_6Ha`#PaB�Ao2QHa48~^HI_8BM7*22&C9Q46Ha5 e�GK9<J�5CB	_C5 � s J
58=�B�9Q58=�BD4c=�2QJ�b%|@E(2Q2�46HT=�2Q_ 46B	GKB	J�58Pae _8=�9�~^J 58=�2�5 9<J�Pae'58=�B -p9Q46b�2'>p9<;�J,5*_82�58HI_8g�B	_:2QPIP@9Qfu58=�B
_Ce(7*7:BD5C48e+A�489QAUBD4858HaB	_p58=�2�5k9<J�Bi~h9<;�POb+B � AUB	GK5k9QfN2QJ,e+46B	2Q_C9<J�2�`#PaBuB	PaB	GK58HI9<J�_C5C462�5CBDlQe � 1QV�| 1 ) �Z�  J
58=�HI_3~p9Q48r�|%~hB 582�rQB*2$GK9<7:A#PaB	7*B	J�582�48e?2�A�A�489<2QG�=%�3~hB:;�_CB 9<;�4uB � AUBD46HI7:B	J,582QPN_8BD58;�A 5C9$5CB	_C5i58=�B
B�4UB	GK58Ha{QB	J�B	_8_i9Qfp58=�B:2QPalQ9Q46HI58=�7*_ub�Ha48B	GK58PIe � $ B:`UBDl<HIJ?~^Ha58=?58=�B -p9Q46b�2�>p9<;�J,5D|S2QJ�b 7:9�{QB:9<J 5C9
58=�BM7*9Q48B�HIJ,5CBD48B	_C58HIJ�l+>@9<J�b�9Q46GKBD5T2QPalQ9Q4�Ha58=�7 HIJ$58=�B�J�B � 5FG6=�2�A�5CBD4 �

�#,!�����>����5>� "%�����[,  ���.� � ��(���@5��7� �e+�)��9, )�.��7�K+�)�� �(� %&'� �  �7�.%� 5����������-M ? Q ?AMP3#7 ?D3#E�B+����?�.�?��� �����#��; �����[d "��#��� ���%�
�����#�<;������[d ��"%��� ���%���h+�� )�"	0 � %�7� ; �=��) ��)��!��� " �-, %�>� �3B

/ 1



� ��� � � � � � ��� 	�� � ��� � � � � ���
� � � ��� � ��� ��� ��� ���
RTB	GD2QPOPU58=�2�5k58=�B -p9Q46b�2:GK9<;�J,5k~p9Q48r
_^2Q_@f 9<PIPI9�~^_D�nB	2QG�=�{Q9Q5CBD4^4�2QJ�r
_k_89<7:Bi9Q4T2QPIPU9Qf�58=�B � GD2QJ�b�H X
b�2�5CB	_pHIJ 9Q46b�BD4h9QfUA�48BDf�BD48B	J�GKB � d�9Q4pB	2QG6=+{Q9Q5CBD4	|
58=�B^5C9QA�XZ4�2QJ�rQB	b GD2QJ�b#HIb�2�5CB^HI_ l<Ha{QB	J � � "kAU9<HIJ,58_D|
58=�Bi_CB	GK9<J�b�XZ462QJ�rQB	b�GD2QJ�b�HOb�2�5CB3HO_hl<HI{QB	J�� �?V�AU9<HIJ,58_D|(2QJ�b$_C9 9<J �! f�58=�BD48Bi2�48Bi_C9<7:BiGD2QJ�b�HOb�2�5CB	_
PaBDf�5T;�J�462QJ�rQB	b+`
ec58=�Bi{Q9Q5CBD4	|#58=�BDec2�48B�2Q_6_8;�7:B	b�5C9:58HIBif 9Q4^PO2Q_C5kA#PI2QGKB�2QJ�b$58=�Bi48B	7*2QHIJ�HOJ�l�AU9<HIJ,58_
2�48B b�Ha{(HIb�B	b$BD{QB	J�PIe�`�BD5"~hBDB	J?58=�B�;�J�462QJ�rQB	b�GD2QJ�b�HOb�2�5CB	_ � LT=�BMGD2QJ�b�HIb#2�5CBM~^Ha58=�58=�B 7:9<_C5^AU9<HIJ,58_
~^HIJ#_ �

LT=#HI_ 2QPalQ9Q4�Ha58=�7 GD2QJ!`UB�B	2Q_6HIPae 2Qb�2�A�5CB	b 5C9 7:BD582Q_CB	2�46G�= Haf�b�9(GD;�7:B	J,58_+2�46B?GK9<J�_6HIb�BD48B	b 2Q_
GD2QJ�b�HOb�2�5CB	_�2QJ�b HIJ�Ao;�5 48BD5C4�HaBD{[2QPi_8e
_C5CB	7 _�2Q_�{Q9Q5CBD46_ � LT=�B b�9(GD;�7:B	J,5�AU9,9<PuHI_c58=�B�_CBD5�9Qf�2QPIP
b�9(GD;�7:B	J,58_T48BD58;�46J�B	b�`
e�2QJ�e�HIJ�A#;�5k_Ce(_C5CB	7 � 039
GD;�7*B	J�58_32�48BM4�2QJ�rQB	b�`
e$58=�B�J
;�7�`�BD4^9Qf�AU9<HIJ,58_
58=�BDe$9Q`�582QHIJ �

LT=�B -h9Q4�b�2MGK9<;�J,5�=�2Q_�`UBDB	J*2�A�A#PIHIB	b�5C9�9Q58=�BD4�A#489Q`#PaB	7*_n_89<7:BD~^=�2�5�_6HI7*HIPI2�4 5C9�9<;�4 9�~FJ � � 2QJ
y 46A 2QJ�b+E(G�=�9<7*2�rQBD4 � 3�) � ;�_8Bk58=�B -p9Q46b�2�GK9<;#J�5F/12QPI9<J�lM~^HI58= 5 ~p9M{�2�46HI2QJ,58_�\�5C9M_C9<PI{QB^58=�BTA#489Q`#PaB	7
9QfuGK9<7M`#HOJ�HIJ�l GDPI2Q_8_8HIg�BD46_�f 9Q4*7�;�Pa58HaX GDPI2Q_8_ A�489Q`oPaB	7*_ PIHarQB�=�2QJ�b�~T46Ha58HIJ�l�48B	GK9Ql<J�Ha58HI9<J ~^=�BD48B$B	2QG�=
l<Pae
A#=?7�;�_85F`UB�GDPO2Q_8_8Hag�B	b?2Q_39<J�B:_Ce(7M`U9<P�HIJ�58=�B�2QPaAo=�2�`UBD5 � LT=�B�GDPI2Q_6_8Hag�BD46_F2�48B:HIb�B	J,58Hag�B	b�~^Ha58=
58=�B {Q9Q5CBD46_D|S2QJ#b�58=�B�GDPI2Q_6_CB	_3~^Ha58=�58=�B:GD2QJ�b�HIb�2�5CB	_ �  J?58=�HI_FA�489Q`#PIB	7�|�2Q_uHIJ�{Q9Q58HIJ�l�|%58=�B�b�B	_6Ha48B	b
9<;�5CA#;�5pHI_p;�_8;#2QPIPae:2�_6HIJ�l<PaB3GDPI2Q_8_i/�B � l � | � 2 PaBD5C5CBD4kHIJ+58=�Bu2QPaA#=�2�`UBD5�\�|(J�9Q5k2M462QJ�r
HIJ�lM9QfS58=�BiGDPI2Q_6_CB	_ �
 J�9<;�4TA�469Q`#PaB	7�|(~pB�_CBDBDr$58=�B�B	J,58Ha48Bi462QJ�r(HIJ�l 9Qf 58=�B�GD2QJ�b#HIb�2�5CB	_ �

� � � � � ��� "�	 � � � � "�� � � � ��� � �

}F9Q5CB�58=�2�5k58=�B -p9Q46b�2[XZf1;�_CB�2QPIlQ9Q46Ha58=�7 HI_k_6HI7*HIPI2�4p5C9*46;�>p9<7M`UE(;�7 � J$58=�B�GD2Q_CB�58=�2�5kB � 2QGK58Pae$58=�B
_82Q7:Bk_CBD5 9Qf�b�9
GD;#7:B	J�58_ HI_�48BD58;�46J�B	b�`,eMB	2QG6=:48BD5C4�HaBD{[2QP(_Ce(_C5CB	7�|Q4�;o>p9<7�`�E(;�7�2QJ�b�-p9Q46b�2[XZf1;�_CBk2�48B
B	j
;�Ha{�2QPaB	J�5 � L^=�B�b�H54UBD48B	J�GKB�PIHIB	_kHIJ�=�9�~�b�9
GD;#7:B	J�58_T58=�2�5^2�48BMJ�9Q5T48BD5C46HaBD{QB	b�2�4�B	GK5F58=�BM_8GK9Q46HOJ�l �

 J 46;o>@9<7M`�E�;�7�|Sb�9(GD;�7:B	J,5 ��J�9Q5�48BD58;�46J�B	b `,e _Ce(_C5CB	7 � �pGK9<J,5C46Ha`#;�5CB	_�58=�B*_82Q7*B 2Q7:9<;�J,5
5C9 � � � ��� � ��� �	� /��
\@2Q_k58=�B�"DWQWQW�58=�b�9(GD;�7:B	J,5k48BD58;�46J�B	bc`
e � � � �DBD489 �  J -p9Q46b�2[XZf1;�_CBi9<J$58=�Bi9Q58=�BD4
=�2QJ�bS|<b�9
GD;#7:B	J�58_nJ�9Q5n48BD58;�46J�B	b�`
e � ��GK9<J�5C4�Ha`#;�5CBT_8HIl<J�Hag#GD2QJ,58Pae�PaB	_8_ 58=#2QJ 58=�B "DWQWQW�58= b�9(GD;�7:B	J,5 �
vF9�~ 7�;�G�='PaB	_6_Mb�BDAUB	J�b�_u9<J =�9�~ 7�;�G6='9�{QBD46PI2�A 58=�BD48B+HI_�`UBD5 ~pBDB	J 58=�B _Ce(_C5CB	7*_D� Hafp58=�BD48B HO_M2
Pa9Q5F9Qf 9�{QBD46PO2�AS|U58=�B	J�58=�B�b�H 4�BD48B	J#GKBMHI_3PaB	_8_3_8Hal<J�HagoGD2QJ�5���Hafn58=�BD48B�HI_FPOHa5C58PaB�9�{QBD46PI2�AS|U58=�B�b�H54UBD48B	J�GKB
HI_FlQ48B	2�5CBD4 �i] _F~pB J�9Q5CB:HIJ?E
B	GK58HI9<J�" � V � V
|�58=�B�2�{QBD462�lQB:9�{QBD4�PI2�A `�BD5"~hBDB	J 46BD5C46HaBD{�2QPN_Ce(_C5CB	7*_:/�f�9Q4
LTR y >�_Ce(_C5CB	7*_�2�5�PIB	2Q_C5�\�|NHI_i_6;�48A�46HO_8HIJ�l<Pae$_87*2QPOP��S58=
;�_i58=�B:5"~h9�2QPIlQ9Q46Ha58=�7*_i7 2	e?`�B	=#2	{QB j
;�Ha5CB
b�H54UBD48B	J,58Pae �

� � � ��� ��� "��! �	 ���(� ��� � �����
$ =�B	J:48B	PaBD{�2QJ�GKBT_8GK9Q46B	_ 2�48B^2�{[2QHIPO2�`#PaBQ|Q~pBT~h9<;#PIb:PIHarQB@5C9�582�rQB^2Qb�{[2QJ,582�lQB^9Qf�58=�B	7 � LT=
;�_ ~pBT7*2	e
2Qb�2�A�5k58=�B -h9Q4�b�2[XZf�;#_CB�2QPalQ9Q46Ha58=#7 `,ec2QPIPa9Q5C58HIJ�l B	2QG�=�HIJ�Ao;�5p_8e
_C5CB	7 2QJ�2�48`#Ha5C462�46eQ|�g � B	b�j
;�2QJ,58Ha5 e
9Qf AU9<HIJ�58_ �?5C9*`UB�b�HI_C5C4�Ha`#;�5CB	b$2QGDGK9Q46b�HOJ�l*5C9*58=�BM48B	PaBD{�2QJ�GKBM_8GK9Q48B	_^9Qf 58=�BMb�9(GD;�7:B	J,58_ � LT=�Big#J�2QP
_8GK9Q48B�9Qf 2 b�9
GD;�7*B	J�53GD2QJ�_C58HOPIP%`UB�58=�B�58=�B�_6;�7 9Qfn58=�B�AU9<HIJ�58_^58=�2�5FHI5F2QGDGK46;�B	_Ff�489<7 B	2QG�= HIJ�A#;�5
_Ce(_C5CB	7 � -@;�5F=�9�~ _8=�9<;�PIb�58=�BM46B	PaBD{[2QJ#GKB�_8GK9Q46B	_3GD2Q;#_CB 58=�BMAU9<HIJ,58_F2QPOPa9Q5C5CB	b�5C9�2QJ?HIJ�A#;�5^_Ce(_C5CB	7
5C9*`UB�b�HI_85C46Ha`#;�5CB	b��

LT=�BD48B�2�48B?9QfMGK9<;�4�_CB?7 2QJ�e b�H 4�BD48B	J,5 ~@2	e(_$9QfMb�9<HOJ�l�58=�HI_ � m�BD46=�2�A#_c58=�B?_8HI7:A#PIB	_C5 HI_+58=�B
_C9<PI;�58Ha9<J ~hB+2Qb�9QA�5D� $ Bc2Q_8_8Hal<J��DBD489�AU9<HIJ,58_i5C9�;�J�46BD5C46HaBD{QB	b�b�9(GD;�7:B	J,58_D|�2QJ�b ~pB ;�_CB:58=�B+_8;�7

/ 3



J�9Q467 2QPIHa�	2�58Ha9<J+_8G6=�B	7*B358=#2�5h~pB3b�BDg#J�B	bcHIJc>@=#2�A�5CBD4hY � LT=�2�5hHO_D|,~pBu_8=�Haf�5 58=�Bu_8GK9Q48B	_@_C9�58=�2�5@58=�B
b�9(GD;�7:B	J,5T~^Ha58=�58=�BMPa9�~hB	_C53_8GK9Q48B�=�2Q_T_8GK9Q48B��DBD489�|o2QJ#b�58=�B	J�_8GD2QPaB�58=�B�_8GK9Q48B	_3_C9*58=�2�5F58=�BDe�_8;�7
5C9 9<J�B �� f ~pB�_CBD5 �2��"�|o~pB�GD2QJ?b�Ha46B	GK58PaecHOJ�5CBD48A#48BD5T58=�B�J�9Q467*2QPIHI�DB	b�_8GK9Q48B	_32Q_^58=�B�b�HI_85C46Ha`#;�58HI9<J
9Qfu58=�B�AU9<HIJ,58_:2QPIPa9Q5C5CB	b 5C9'58=�B�HIJ�A#;�5 _8e
_C5CB	7 �  J#b�BDB	b%|h_6; -p9Q46b�2[XZf1;�_CB�HI_:_8HO7:A#Pae'_6;o>p9<7�`�E(;�7
;�_8HOJ�l�58=�Bu_8;�7 J�9Q467*2QPOHa�	2�58Ha9<J � J+f12QGK5D|�2QPa58=�9<;�l<=+~hBu=�2�{QB3A#48B	_CB	J,5CB	b+58=�B	7 HIJ+48BD{QBD46_8BF9Q46b�BD4hf�9Q4
GDPI2�46HI5 eQ|�Ha5u~@2Q_i9<;�4�_CB	2�4�G6= f�9Q4�2QJ 2�A�A�489QA#46HI2�5CB:b�BDg#J�HI58Ha9<J�9Qfp_8; -p9Q46b�2[XZf1;�_CB 58=�2�5�PIB	b HIJ?A#2�485u5C9
9<;�4^b#HI_8GK9�{QBD46ec9Qf�58=�BM_6;�7 J�9Q467*2QPOHa�	2�58Ha9<J �

� � � � � � � � � ��� � ��
 � �%� 	
�

� �&� �
 J?7 2�r
HIJ�l+_C9(GDHI2QP G6=�9<HOGKB	_D|SHa5uHI_^9Qf�5CB	J b�B	_8HI462�`#PaB�58=#2�5358=�B�{Q9Q5CBD4�_i=�2	{QB:B	j
;�2QP�_C~p2�e � E
9<7:BD58HO7:B	_
Ha5kHI_@J�9Q5D|�f�9Q4@B � 2Q7:AoPaBiHIJc58=�BiGD2Q_CBi9QfN2:_8=#2�48BKX =�9<PIb�BD4kb�B	GDHO_8Ha9<J+~^=�BD48Bu58=�Bi_8=�2�46BKX =�9<PIb�BD46_@7*2�e+`UB
~pB	Hal<=�5CB	b�2QGDGK9Q46b�HIJ�l 5C9:58=�Bi2Q7:9<;#J�5k9Qf�_C5C9
G6r+58=�BDe 9�~FJ �  Jc7*BD582Q_CB	2�46G6=S|�~^=�B	J$5C462QHOJ�HIJ�l�b�2�582:HI_
2	{�2QHIPI2�`oPaBQ|(58=�Bi`UB	_C5@A�BD46f 9Q467 2QJ�GKBu~^HIPIPoPIHarQB	Pae*`UBi2QG6=#HaBD{QB	b�`
ec;�J�B	j,;�2QPOPae:~hB	HIl<=�58HIJ�l�58=�B�_Ce
_85CB	7*_ �
vFBD48Bu~hB�7*2�e+2Qb�2�A#5p58=�B3AUBD48f�9Q467*2QJ#GKBF~pB	Hal<=,58HIJ�l 58=�2�5@~hBi;�_8B	bcHOJ�>k=�2�A�5CBD4 )
�n~hB�7�;�Pa58HIA#Pae 58=�B
AU9<HIJ,58_^l<Ha{QB	J?5C9$B	2QG6= GD2QJ#b�HIb�2�5CB�`,e�_Ce
_85CB	7���+ _uA�BD46f 9Q467 2QJ�GKBM~pB	Hal<=,5D| � � � $ B*GD2QPIP�58=#HI_^{�2�46HI2QJ,5
~pB	Hal<=�5CB	b -p9Q46b�2[XZf1;�_CBQ|�9Q4T~ -h9Q4�b�2[XZf�;#_CB �

� ��� ����� � ����� � � � 	 � � � � �������
d Hal<;�48B 1 � ":GK9<7:Ao2�48B	_�2QPIP�9Qfp58=�B -h9Q4�b�2[XZf�;#_CB:{[2�4�HI2QJ�58_iHOJ�5CBD4�7*_u9QfpHO7:A�489�{QB	7:B	J�5u9�{QBD4M58=�B `UB	_C5
HIJ�Ao;�5k_Ce
_85CB	7 � LT=�BM_8GK9Q46BKXZ`#2Q_CB	b�{[2�46HO2QJ�58_^9Qf -h9Q4�b�2[XZf�;#_CBM2�48B�PI2�`UB	PaB	b�2Q_3>@9<7M`�E�;�7 2QPalQ9Q46HI58=�7*_
;�_8HOJ�l 58=�B�_8;#7 J�9Q467*2QPOHa�	2�58Ha9<J 5C9�B	7*A#=�2Q_8Ha�DB�58=�B�f12QGK5 58=�2�5+~hB�A#48B	_CB	J,5CB	b 58=�B	_CB�lQ462�A#=�_*B	2�4CX
PIHaBD4�;#J�b�BD4i2�b�H54UBD48B	J,5iJ�2Q7:B � vFBD48BQ|N2Q_�~^Ha58= 58=�B:f�9<;�4�>p9<7�` q }�� {[2�46HO2QJ�58_iA#48B	_CB	J,5CB	b�HIJ d Hal�X
;�48B�) � Y�|�;�_8HIJ�l$_6GK9Q48B	_�lQB	J�BD4�2QPIPae�=�B	PaA#_:/1_CBDB B	_8A�B	GDHO2QPIPae�58=�B:`UB	_C5 XZ5C9�XZ~p9Q46_C5�B � AUBD46HO7:B	J�5ulQ462�Ao=�_�\ �
t _8HIJ�l ~hB	HIl<=�58_$J�BD{QBD4�=
;�4858_+AUBD48f 9Q4�7*2QJ�GKBQ|F2QJ#b!~pB	Hal<=,58_�=�B	PaA ~^=�B	J�� 2Q_cHIJ 58=�B 462QJ�b�9<7:X _CBD58_
B � A�BD4�HI7:B	J,5�� 58=�B�HIJ�Ao;�5p_8e
_C5CB	7 _T7*2	e$`UBi9Qfnb�H54UBD48B	J,5Tj,;�2QPOHa5 e �

� ��� � � ��� � ��� � ���
LT=�HO_�G�=�2�A�5CBD4 HIJ,5C489(b�;�GKB	_�58=�B�;�_8Bc9QfF48B	_8;�PI58_�f�489<7 E
9(GDHI2QPT>@=�9<HOGKB$L^=�BD9Q48e'5C9 58=�B$7*BD582Q_CB	2�46G6=
A�489Q`oPaB	7 � $ =�HIPaBu58=�B�g#46_C5k2QPalQ9Q46Ha58=#7 `#2Q_CB	b�9<J�58=�B	_CB�46B	_8;�Pa58_D| -p9Q46b�2[XZf1;�_CBQ|o=�2Q_k9<J�Paec48B	2Q_C9<J#2�`#PaB
AUBD48f�9Q467*2QJ�GKBQ|�Ha5�=�2Q_�J�BD{QBD4858=�B	PaB	_8_S`UBDB	JMf 46;#Ha5Cf�;#P �%HIJi9<;�4N48B	_CB	2�46G�=�Ha5�=�2Q_�PIB	b�5C9F=#Hal<=�BD4CXZAUBD48f�9Q467*HIJ�l
2QPalQ9Q46HI58=�7*_ �

 5$g�46_C5$PaB	b 5C9 58=�B _8;�7 _8GK9Q48B J�9Q467 2QPIHa�	2�58Ha9<J A�48B	_8B	J�5CB	b HIJ >@=�2�A#5CBD4cY�|F~^=�HIG�=%|T5C9QlQBD58=�BD4
~^Ha58=+_C~3>p9<7�` q }�� |
=�2Q_he(HaB	PIb�B	b 9<J�BF9Qf�58=�B3=#Hal<=�B	_C5hA�BD46f 9Q467 HIJ�l�2QPalQ9Q46HI58=�7*_ � y {QB	Jc58=�B-� q�t �
J�9Q467 2QPIHa�	2�58Ha9<J�HO_^HIJ�b#Ha48B	GK58PaecHIJ�b�BD`�5CB	b�5C90-p9Q46b�2[XZf1;�_CB�f 9Q43HIJ�_CAoHa46HIJ�l�58=�B�_C58;�b�ec9Qf J�9Q467*2QPOHa�	2�58Ha9<J
Ha58_CB	PIf �

E
B	GK9<J#b�PaeQ|39<;�4�_C58;�b�e 9Qf -p9Q46b#2[XZf�;�_8B�PaB	b 5C9 58=�B�HIJ,{QB	J�58HI9<J 9Qf:>@9<J�b�9Q46GKBD5 XZf1;�_CBQ|u2 `UBD5C5CBD4CX
AUBD48f�9Q467*HIJ�l 2QPalQ9Q46HI58=�7 58=�2�5T~pBiA�48B	_8B	J�5^HOJ$58=�B�J�B � 5^G6=�2�A#5CBD4 �

/ $



-0.2

-0.1

0

0.1

0.2

0.3

2 4 6 8 10 12

Im
pr

ov
em

en
t o

ve
r 

be
st

 in
pu

t (
m

ea
n 

av
g 

pr
ec

is
io

n)

Number of randomly chosen input systems

TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.019).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.029).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.028).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.

-0.2

-0.1

0

0.1

0.2

0.3

2 4 6 8 10 12

Im
pr

ov
em

en
t o

ve
r 

be
st

 in
pu

t (
m

ea
n 

av
g 

pr
ec

is
io

n)

Number of randomly chosen input systems

TREC 5: combining 200 random sets of systems (max err:0.019).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.028).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.029).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.019).
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TREC 3: Combining the top i systems in order.
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TREC 5: combining 200 random sets of systems (max err:0.019).
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TREC 5: Combining the top i systems in order.
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TREC 9: combining 200 random sets of systems (max err:0.028).
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TREC 9: Combining the top i systems in order.
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Vogt: combining 1-200 random sets of systems (max err:0.029).
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Vogt: Combining the top i systems in order.
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TREC 3: combining 200 random sets of systems (max err:0.009).
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Vogt: combining 1-200 random sets of systems (max err:0.012).
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