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!"#$%&'$!"#$%&'($)*)+,-$.+$(%/01$%&+$,+2*%'3#(&')$4+%.++#$*$
#35+2$ )+,(3#*2$ +#%,3)1$6+*(/,+$ 73,$ 3#2'#+$ ('8#*%/,+($ *#0$ %&+$
)+,73,6*#9+$37$(+5+,*2$(%*%+:37:%&+:*,%$92*(('7'+,(;$$<&+$+#%,3)1$
6+*(/,+$ '($ 4*(+0$ 3#$ 239*2$ 0+#('%1$ +(%'6*%'3#$ 41$ *$ ='00+#$
>*,?35$ >30+2;$ @+$ (&3.$ %&*%$ %&+,+$ '($ *$ 92+*,$ ,+2*%'3#(&')$
4+%.++#$(/9&$+#%,3)1$6+*(/,+$37$*$)+,(3#A($ ('8#*%/,+$*#0$ %&+$
4+&*5'3,$37$%&+$92*(('7'+,;$@+$9*,,1$3/%$%&'($(%/01$3#$*$B1#*6'9$
<'6+$ @*,)'#8$ 92*(('7'+,-$ *$ C*/(('*#$ >'D%/,+$ >30+2$ *#0$ *$
='00+#$ >*,?35$ >30+2$ *($ .+22;$ "%$ '($ .3,%&$ #3%'9'#8$ %&*%$ %&+$
=>>$ 92*(('7'+,$ 0'77+,($ 7,36$ %&+$ =>>$ /(+0$ 73,$ +#%,3)1$
936)/%*%'3#;$ E'8#*%/,+($ .+,+$ ()2'%$ '#%3$ %&,++$ 9*%+83,'+($
*993,0'#8$%3$%&+',$+#%,3)1$5*2/+;$<&+(+$9*%+83,'+($*,+$93&+,+#%$
*9,3(($ 73/,$ 0'77+,+#%$ 0*%*4*(+($ 37$ *,3/#0$ FGG$ )+,(3#($ +*9&H$
I"J>K<-$>LM<:FGG-$ I'3E+9/,+$ 0*%*$ (/4(+%($ BEN$ *#0$ BEO;$
@+$ (%/0'+0$ %&+$ '6)*9%$ 37$ (/9&$ 9*%+83,'+($ 3#$ 92*(('7'+,A($
)+,73,6*#9+$.'%&$*$2*,8+,$('8#*%/,+$0*%*$(/4(+%$37$BEO-$37$POG$
)+,(3#(;$

"# "$%&'()*%"'$ 
 $ +,-,./01 / 2345,6.37 8986,5:8 ;,.<4.5/-7, 38 5,/8=.,> 
+042/009 4- /00 6?, /@/30/20, >/6/ 4< / >/6/2/8,1 3- 6,.58 4< 
6?, 6A4 69;,8 4< ,..4.8 6?/6 / 2345,6.37 8986,5 7/- 5/B,1 

-/5,09 C/08, &,D,7634-8 /-> C/08, E77,;6/-7,8# "-86,/> 4< 
74-83>,.3-+ +042/0 ;,.<4.5/-7, 4- / >/6/2/8,1 / <3.86 ;488320, 
A/9 64 2,66,. 6/7B0, ;,.<4.5/-7, /88,885,-6 38 64 74-83>,. 6?, 
</76 6?/6 6?, >,+.,, 4< .,74+-3634- >3<<37=069 38 -46 6?, 8/5, 
<.45 4-, 3->3@3>=/0 64 /-46?,.# %?,.,<4.,1 64 ?/@, / 2,66,. 
3-83+?6 4- 6?, 2,?/@34. 4< / 70/883<3,.1 36 38 A38, 64 8;036 6?, 
>/6/2/8, 3- 8=28,681 /774.>3-+ 64 / 7.36,.34- .,0/6,> 64 6?, 
>3<<37=069 4< .,74+-3F3-+ /- 3->3@3>=/0#  
   G.,@34=8 A4.B8 <4. 6?, 8;,,7? </7, /-> <3-+,.;.3-6 
54>/0363,8 ?/@, ;.4;48,> 7/6,+4.3F/634-8 4< =8,.8 3- 6,.58 4< 
6?,3. 2,?/@34. A36? .,8;,76 64 /- /=645/637 .,74+-3634- 8986,5 
HI1 J1 K1 L1 MN# O=7? 7/6,+4.3F/634-8 /., A,00-B-4A- /8 6?, 
Q345,6.37 R,-/+,.3,1 83-7, /-35/0 -/5,8 A,., =8,> <4. 
>3<<,.,-6 69;,8 4< =8,.8# E <3.86 70/883<37/634- 4< 8;,/B,.8 
>3@3>,> 6?, ;4;=0/634- 3- <4=. -4- ,S70=83@, 7/6,+4.3,8 HIN: 
O?,,;8 U,/89 64 .,74+-3F, 8;,/B,.8V1 W4/68 U>3<<37=06 64 
.,74+-3F, 8;,/B,.8V1 X/528 U,/89 64 3536/6, 8;,/B,.8V /-> 
Y40@,8 U8=77,88<=0 /6 3536/63-+ 46?,. 8;,/B,.8V# O=7? 
70/883<37/634- A/8 /;;03,> 4- 6?, </7, 54>/0369 0/6,. HJN /-> 
745;0,6,> 29 />>3-+ Y4.581 *?/5,0,4-81 G?/-6458 /-> 
(4@,81 /774.>3-+ 64 / =8,.:8 .,0/634-8?3; 2,6A,,- +,-=3-, /-> 
35;4864. 5/67? 874.,8 HKN# %?38 0/86 7/6,+4.3F/634- A/8 
/;;03,> 4- 6?, <3-+,.;.3-6 54>/0369#  %4 4=. B-4A0,>+,1 -4 
 

 

86=>9 3- 6?38 >3.,7634- 74-7,.-,> 6?, 4-03-, 83+-/6=., 
54>/0369#  
    $,@,.6?,0,881 8=7? 7/6,+4.3F/634-8 ?/@, 6?, A,/B-,88 4< 
86.4-+09 >,;,->3-+ 4- 6?, 70/883<3,. 6?/6 38 =8,>#  "- 6?, 8/5, 
>3.,7634-1 HZN 5,/8=.,8 6?, [=/0369 4< / 2345,6.37 83+-/0 U8=7? 
/8 4-03-, 83+-/6=.,V 3- <=-7634- 4< 6?, 874.,8 4< / 8;,73<37 
70/883<3,.# "- 6?38 ;/;,.1 A, ;.4;48, /-46?,. A/9 64 6/7B0, 6?38 
;.420,5 <4. 6?, 4-03-, 83+-/6=., 54>/0369 6?.4=+? / -4@,0 
;,.84-/0 5,/8=., 4< 6?, ,-6.4;9 4< 6?, A.36,. U703,-6-,-6.4;9V1 
2/8,> 4- / 8,6 4< +,-=3-, 83+-/6=.,8 H\N# %?38 5,/8=., /004A8 
64 7/6,+4.3F, =8,.8 /774.>3-+ 64 6?, 3-<4.5/634- 74-6,-6 4. 
/06,.-/63@,09 64 6?, ]>,+.,, 4< >384.>,.^ 4. ]=-7,.6/3-69^ 4< 
6?,3. 83+-/6=.,8# Y, 8?4A 6?/6 6?,., 38 / 86.4-+ .,0/634-8?3; 
2,6A,,- 8=7? 5,/8=., /-> 6?, 2,?/@34. 4< 6?, =8,. A36? 
.,8;,76 64 >3<<,.,-6 /=645/637 .,74+-3634- 8986,58# %?,.,<4.,1 
36 ?/8 2,745, ;488320, 64 [=/-63<9 6?, >3<<37=069 4< .,74+-3F3-+ 
/ ;,.84- /774.>3-+ 64 6?, @/0=, 4< 368 ,-6.4;9 5,/8=.,#  
    %4 6?/6 ,->1 6?, 83+-/6=., 38 8,,- /8 / >387.,6, ./->45 
@/.3/20, >,87.32,> 29 368 ./A */.6,83/- 744.>3-/6,8 (x#y)# /8 
6?,8, /., 6?, 4-09 /@/30/20, <,/6=.,8 3- /00 69;,8 4< >/6/2/8,81 
A?,6?,. /7[=3.,> 4- <3S,> ;0/6<4.58 U/8 >3+363F3-+ 6/20,68V 4. 
4- 54230, ;0/6<4.58 U/8 G,.84-/0 (3+36/0 E88386/-68V# E8 6?, 
4-03-, 83+-/6=., 38 ;3,7,A38, 86/634-/.91 36 38 -/6=./0 64 
,8635/6, 6?, ;.42/230369 >,-8369 047/0091 -/5,09 4- ;4.634-8 4< 
6?, 83+-/6=.,# %4 6?/6 ,->1 A, ;.4;48, 64 =8, / _3>>,- R/.B4@ 
R4>,0 H`N U_RRV /8 / 047/0 ,8635/64. 4< 6?, ;.42/230369 
>,-8369# %4 4=. B-4A0,>+,1 36 38 -4@,0 64 5,/8=., 6?, ,-6.4;9 
4< / 83-+0, ;,.84-:8 83+-/6=., 2/8,> 4- 8,@,./0 3-86/-7,8 4< 
8=7? 83+-/6=.,#   
    "->,,>1 6?, 74-7,;6 4< ,-6.4;9 A/8 ;.,@34=809 =8,> 3- 6?, 
>47=5,-6 /-/09838 036,./6=., 64 5,/8=., 6?, 745;0,S369 4< / 
7?/./76,. 35/+, >/6/2/8, HaN1 29 >,<3-3-+ 6?, ,-6.4;9 .,0/6,> 
64 ,/7? ;3S,0 3- 6?, 35/+,# "- / 54., 8,7=.369 4.3,-6,> .,7,-6 
A4.B HIbN1 6?, 74-7,;6 4< ,-6.4;9 38 =8,> 64 5,/8=., ?4A 
03B,09 36 38 6?/6 6A4 ;,.84-8 ?/@, /773>,-6/009 6?, 8/5, 
83+-/6=.,1 2/8,> 4- / ;/.637=0/. 70/883<3,.# O45, /=6?4.8 ?/@, 
6.3,> 64 /-/09F, 3- 6,.58 4< 46?,. 5,/8=.,8 6?/- ,-6.4;91 6?, 
@/.3/230369 /-> 745;0,S369 3- 83+-/6=.,8# "- HIIN1 246? 
745;0,S369 /-> @/.3/230369 7.36,.3/ A,., ;.4;48,> <4. 4<<-03-, 
83+-/6=., @,.3<37/634- 29 / ?=5/- ,S;,.6# "->,,>1 / ?=5/- 
4;,./64. 0/2,08 83+-/6=.,8 /774.>3-+ 64 246? 7.36,.3/ /-> 6?,3. 
35;/76 4- ;,.<4.5/-7, 38 86=>3,>#  
        C4=. >/6/2/8,8 /., =8,> 3- 4=. 86=>9 4< ;,.<4.5/-7, 
/88,885,-6 /7.488 ;,.84-/0 ,-6.4;9-2/8,> 7/6,+4.3,8 : 6?, 
5486 6A4 A3>,09 =8,> 3- 6?, '-03-, O3+-/6=., c,.3<37/634- 

Q$R35+2$S+,(3#*2$K#%,3)1$>+*(/,+$93#7,3#%+0$.'%&$J#2'#+$
E'8#*%/,+$T+,'7'9*%'3#$E1(%+6(A$S+,73,6*#9+$

$,85/ _4=5/-31 O4-3/ W/.73/-O/037,6631 /-> Q,.-/>,66, (4.3FF3# 
 Institut T./.C123 T./.C12 4 2ana6ement SudParis3=ept .PH # .@ry# France 

.-mailE d$,85/#_4=5/-31 O4-3/#O/037,6631 Q,.-/>,66,#(4.3FF3ef36-8=>;/.38#,= 
 

"



 
 

 

036,./6=.,1 Q"'Rg% O3+-/6=., 8=28,6 HIJN /-> 6?, <.,,09 
/@/30/20, 8=28,6 4< Ibb =8,.8 R*h%-Ibb 4< R*h% >/6/2/8, 
HIKN1 /-> 6A4 >/6/ 8,68 74-6/3-3-+ 6?, 8/5, IbL =8,.8 2=6 
>3<<,.3-+ 29 6?, 69;, 4< /7[=383634- ;0/6<4.5 U>3+363F3-+ 6/20,6 
@8# 54230, ;0/6<4.5V1 6?, (OJ /-> (OK 8=28,68 /7[=3.,> 3- 6?, 
<./5,A4.B 4< Q34O,7=., $,6A4.B 4< gS7,00,-7, HILN# 

%?38 ;/;,. 38 4.+/-3F,> /8 <4004A8: 3- O,7634- J1 A, ;.,8,-6 
4=. -4@,0 703,-6-,-6.4;9 5,/8=., /-> 6?, .,8=063-+ 7/6,+4.3,8 
/7.488 6?, <4=. >/6/2/8,8: Q"'Rg%1 R*h%-Ibb1 (OJ /-> 
(OK# "- O,7634- K1 A, <3.86 ;.,8,-6 6?, 6?.,, 70/883<3,.8 =8,> 
<4. ;,.<4.5/-7, /88,885,-6 /7.488 6?, 703,-6-,-6.4;9-2/8,> 
7/6,+4.3,81 -/5,09 / (9-/537 %35, Y/.;3-+ 70/883<3,. H`N1 / 
_3>>,- R/.B4@ R4>,0 H`N1 /-> / W/=883/- R3S6=., R4>,0 
HIMN# %?,-1 A, /-/09F, .,8=068 4- / 0/.+,. 83+-/6=., >/6/ 8=28,6 
4< (OK 74-6/3-3-+ LKb ;,.84-8# C3-/0091 74-70=834-8 /., 86/6,> 
3- O,7634- L#   

""# Wg$g&E%"$W O"W$E%)&g *E%gW'&"gO QEOg( 
'$ *X"g$%-g$%&'Gh 

F. 2easurin6 HClient-.ntropyJ KitL a Hidden 2arMo@ 
2odel 
E8 5,-634-,> /24@,1 83+-/6=.,8 /., >,87.32,> 29 6?,3. ./A 

744.>3-/6,8 (x#y). Y, 74-83>,. ,/7? 83+-/6=., /8 / 8=77,8834- 
4< ;4.634-81 +,-,./6,> 29 368 8,+5,-6/634- @3/ 6?, 
703,-6-_3>>,- R/.B4@ R4>,0 U_RRV H`N# %?,.,<4.,1 A, 
426/3- /8 5/-9 ;4.634-8 3- ,/7? 83+-/6=., /8 6?,., /., 86/6,8 3- 
6?, 703,-6-_RR# %?,- A, 74-83>,. ,/7? ;43-6 (x#y) 3- / +3@,- 
;4.634- /8 6?, 4=6745, 4< 4-, ./->45 @/.3/20, 6?/6 <4004A8 / 
+3@,- ;.42/230369 5/88 <=-7634-#  

%?,.,<4.,1 6?, ,-6.4;9 /88473/6,> 64 / +3@,- ;4.634- 4< / 
83+-/6=., 38 .,;.,8,-6,> 29 6?, ,-6.4;9 4< /- ,-8,520, 4< 
4=6745,8 4< / ./->45 @/.3/20, i# O=7? ./->45 @/.3/20, 38 
>387.,6, 83-7, 368 /0;?/2,6 E ?/8 / <3-36, -=52,. 4< @/0=,81 /8 
5/-9 /8 <4=-> 3- 6?, */.6,83/- ;.4>=76 jSh 4< /00 ;488320, 
@/0=,8 4< 4.>,.,> ;/3.8 (x#y). %?, 7/.>3-/0 4< E 38 4< 74=.8, 
.,0/6,> 64 6?, .,840=634- 4< 6?, /7[=383634- 8=.</7, 6?/6 5/9 2, 
/ >3+363F3-+ 6/20,6 4. / %4=7? O7.,,- 3- 6?, 7/8, 4< / 54230, 
/7[=383634- ;0/6<4.5#  

g/7? 4=6745, 4< N=(x#y) ?/8 / ;.42/230369 @/0=, /66/7?,> 64 
36k 3< i ?/8 /8  ;.42/230369 5/88 <=-7634-  p(z) = Pr(N = z) 
A?,., F 2,04-+8 64 E1 368 ,-6.4;9 38 >,<3-,> /8:  
 

VIUVVU04+UV#UVU !
∈

−=
Fz

zpzpNP         

A?,., 04+ >,-46,8 6?, 04+/.36?5 64 6?, 2/8, J# 
    E06?4=+? 6?, ./->45 @/.3/20, N=(x#y) 38 >387.,6,1 A, 6/B, 
/>@/-6/+, 4< 6?, 74-63-=4=8 ,538834- ;.42/230369 0/A 
,8635/6,> 4- ,/7? ;4.634- 29 6?, 703,-6-_RR# O=7? >,-8369 38 
/ 53S6=., 4< W/=883/- 745;4-,-68# %?38 7?437, 38 5463@/6,> 
29 6?, </76 6?/6 6?, >387.,6, @,.834- 4< ,-6.4;9 /-> 6?, 
74-63-=4=8 4-, U7/00,> (3<<,.,-63/0 g-6.4;9V /., >3.,7609 
.,0/6,> A?,- 6?, >,-8369 38 &3,5/-- 3-6,+./20, H\N1 A?37? 38 
6?, 7/8, /8 A, ?/@, / 03-,/. 74523-/634- 4< W/=883/- 
>,-8363,8# E0841 / 54., 4.6?4>4S @,.834- 4< H(N) 74=0> ?/@, 
2,,- 745;=6,> 29 [=/-63F3-+ 6?, >45/3- 4< N 3- 23-8 /-> 

=83-+ /8 ;.42/230369 5/88 <=-7634-1 6?, >,-8369 @/0=, 426/3-,> 
29 6?, R,/- c/0=, %?,4.,5 3- ,/7? 23>35,-834-/0 23-# Q=6 /8 
6?, [=/-63F/634- 38 /76=/009 @,.9 <3-, 2,7/=8, 4< 6?, <3-, 
.,840=634- 4< /7[=383634- >,@37,8 U3- +,-,./0 I 530034- ;3S,08 
<4. 6?, /7[=383634- 8=.</7,V1 A, 7/- /88=5, 6?/6 6?, 74-63-=4=8 
>,-8369 @/0=, 38 7048, 64 6?, [=/-63F,> 4-, U6?, >,-8369 @/0=, 
426/3-,> 29 6?, R,/- c/0=, %?,4.,5V# %4 745;=6, 
703,-6-,-6.4;91 A, 74-83>,. 8,@,./0 +,-=3-, 83+-/6=.,8 4< / 
+3@,- =8,. 4. 703,-61 -/5,09 Ib1 /-> / ;,.84-/03F,> -=52,. 4< 
86/6,81 745;=6,> /8: 

                               Kbl2
T

Q Total=                    UJV 

A?,., Ttotal  38 6?, 646/0 -=52,. 4< 8/5;0,> ;43-68 /@/30/20, 3- 
6?, 6./3-3-+ 83+-/6=.,81 /-> 2=R 38 6?, -=52,. 4< W/=883/- 
745;4-,-68 ;,. 86/6,# 

Y, ,-8=., 6?38 A/9 6?/6 6?, -=52,. 4< 8/5;0, ;43-68 ;,. 
86/6, 38 /6 0,/86 IJb 3- 4.>,. 64 426/3- / +44> ,8635/634- 4< 6?, 
W/=883/- R3S6=., 3- ,/7? 86/6, U<4=. W/=883/- 745;4-,-68V#  
%?,- A, 745;=6,1 <4004A3-+ UIV1 6?, ,-6.4;9 ;,. ;4.634- <3.86 
U/<6,. 8,+5,-6/634- A?37? 38 ;,.<4.5,> 29 6?, 703,-6-_RRV1 
29 =83-+ /00 6?, 8/5;0, ;43-68 2,04-+3-+ 64 ,/7? ;4.634- /7.488 
6?, Ib 3-86/-7,8 4< 6?, ;,.84-:8 83+-/6=.,8# Y, 6?,- /@,./+, 
6?, ,-6.4;9 4@,. /00 6?, ;4.634-8 4< / 83+-/6=., /-> -4.5/03F, 
6?, .,8=06 29 6?, /@,./+, 0,-+6? 4< 6?, 6,- 83+-/6=.,8 
74-83>,.,> 3- 4.>,. 64 +,-,./6, 6?, 703,-6-,-6.4;9 5,/8=.,#  
 

S. =atabases description 
     Y, =8,> <3@, >/6/2/8,8 3- 6?38 A4.B: 6?, <.,,09 /@/30/20, 
R*h% 8=28,6 4< Ibb ;,.84-8 HIKN1 6?, Q"'Rg% 83+-/6=., 
8=2-74.;=8 4< `L ;,.84-8 HIJN1 /-> 8=28,68 4< 6?, 4-03-, 
83+-/6=., >/6/2/8,8 /7[=3.,> 3- 6?, <./5,A4.B 4< 6?, 
Q34O,7=., $,6A4.B 4< gS7,00,-7, HILN: (OJ U<4. O,74-> (/6/ 
O,6 4< 6?, A?40, >/6/ 7400,7634-V1 /7[=3.,> 4- / >3+363F,.1 /-> 
(OK U<4. %?3.> (/6/ O,6 4< 6?, A?40, >/6/ 7400,7634-V1 
/7[=3.,> 4- / 54230, ;0/6<4.51 / G,.84-/0 (3+36/0 E88386/-6 
UG(EV HIZN# %A4 8=28,68 4< (OK /-> (OJ 6?/6 A, =8, 3- 6?38 
A4.B 246? 74-6/3- >/6/ <.45 6?, 8/5, IbL ;,.84-8# E0841 / 
0/.+,. 8=28,6 4< (OK 4< LKb ;,.84-8 38 =8,> 3- 4=. 86=>9 4< 
70/883<3,.8: ;,.<4.5/-7, /88,885,-6 ;,. 703,-6-,-6.4;9 
7/6,+4.9# "->,,>1 6?, A?40, Q34O,7=., O3+-/6=., O=274.;=8 
(OK /-> (OJ /., -46 9,6 ;=203709 /@/30/20, 2=61 /7[=3.,> 4- 
8,@,./0 836,8 3- g=.4;,1 6?,9 /., 6?, <3.86 4-03-, 83+-/6=., 
5=063-8,8834- >/6/2/8,8 /7[=3.,> 3- / 54230, 87,-/.34 U4- / 
G(EV <4. (OK /-> 4- / >3+363F,. <4. (OJ# (OK 74-6/3-8 6?, 
83+-/6=.,8 4< \IK ;,.84-81 /7[=3.,> 4- 6?, G(E _G 3GEm 
?SJ\ab1 /6 6?, <.,[=,-79 4< Ibb_F /-> / 64=7? 87.,,- 
.,840=634- 4< IJ`blaZb ;3S,08# %?.,, 635, <=-7634-8 /., 
7/;6=.,> <.45 6?, G(E: x /-> y 744.>3-/6,8 /-> 6?, 635, 
,0/;8,> 2,6A,,- 6?, /7[=383634- 4< 6A4 8=77,883@, ;43-68# %?, 
=8,. 83+-8 A?30, 86/->3-+ /-> ?/8 64 B,,; 6?, G(E 3- ?38 4. ?,. 
?/-># %A4 8,8834-8 A,., /7[=3.,> 8;/7,> 4< /.4=-> M 54-6?81 
,/7? 74-6/3-3-+ IM +,-=3-, 83+-/6=.,8# %?, >4-4. A/8 /8B,> 
64 ;,.<4.51 /06,.-/63@,091 6?.,, 635,8 <3@, +,-=3-, 83+-/6=.,8 
/-> 6A37, <3@, <4.+,.3,8# "->,,>1 <4. 8B300,> <4.+,.3,81 /6 ,/7? 



 
 

 

8,8834-1 / >4-4. 38 /8B,> 64 3536/6, <3@, 635,8 6?, 83+-/6=., 4< 
6A4 46?,. ;,.84-8# "- 4.>,. 64 3536/6, 6?, >9-/5378 4< 6?, 
83+-/6=.,1 6?, <4.+,. @38=/03F,> 4- 6?, G(E 87.,,- 6?, A.363-+ 
8,[=,-7, 4< 6?, 83+-/6=., ?,n8?, ?/> 64 <4.+, /-> 74=0> 83+- 
4- 6?, 35/+, 4< 8=7? 83+-/6=., 3- 4.>,. 64 426/3- / 2,66,. 
[=/0369 <4.+,.9 246? <.45 6?, ;43-6 4< @3,A 4< 6?, >9-/5378 
/-> 4< 6?, 8?/;, 4< 6?, 83+-/6=.,#  

  '- 6?, 46?,. ?/->1 (OJ 74-6/3-8 >/6/ <.45 ZZ\ ;,.84-8 
/7[=3.,> 3- / G*-2/8,> 4<<03-, 8=;,.@38,> 87,-/.34 /-> 6?, 
>3+363F3-+ 6/20,6 YE*'R "$%)'O K EZ# %?, ;,- 6/20,6 
.,840=634- 38 Mb`b 03-,8 ;,. 3-7? /-> 6?, ;.,73834- 38 b#JM 55# 
%?, 5/S35=5 >,6,7634- ?,3+?6 38 IK 55 /-> 6?, 7/;6=., /.,/ 
38 J\b55 UA3>6?V S JIZ55 U?,3+?6V# O3+-/6=.,8 /., 7/;6=.,> 
4- ;/;,. =83-+ /- 3-B3-+ ;,-# E6 ,/7? 8/5;0,> ;43-6 4< 6?, 
83+-/6=.,1 6?, >3+363F,. 7/;6=.,8 /6 Ibb _F 8/5;03-+ ./6, 6?, 
;,- 744.>3-/6,81 ;,- ;.,88=., UIbJL ;.,88=., 0,@,08V /-> ;,- 
3-703-/634- /-+0,8 U/F35=6? /-> /0636=>, /-+0,8 4< 6?, ;,- A36? 
.,8;,76 64 6?, 6/20,6V# %?38 >/6/2/8, 74-6/3-8 6A4 8,8834-81 
/7[=3.,> 6A4 A,,B8 /;/.6# %?, /7[=383634- ;.464740 38 6?, 
8/5, /8 6?, 4-, =8,> <4. (OK# 

 

C. Client cate6ories KitL .ntropy measure 
    Y, ;,.<4.5,> 4- 6?, <4=. >/6/2/8,8 74-6/3-3-+ /.4=-> Ibb 
;,.84-81 / U-R,/-8 4- 6?, 703,-6-,-6.4;9 @/0=,8 <4. >3<<,.,-6 
@/0=,8 4< U /-> .,/7?,> / +44> 8,;/./634- 4< 83+-/6=.,8 A36? 
U=3 4- /00 >/6/2/8,8 /8 8?4A- 3- C3+=.,8 I 64 L1 .,8;,763@,09 
4- R*h%-Ibb1 Q"'Rg%1 (OJ /-> (OK# 

Y, -4637, @38=/009 6?/6 4- 6?, <4=. >/6/2/8,81 6?, <3.86 
7/6,+4.9 4< 83+-/6=.,81 6?48, ?/@3-+ 6?, ?3+?,86 
703,-6-,-6.4;91 74-6/3-8 ;/./;?-03B, 83+-/6=.,81 6?, 8?4.6,86# 
E6 6?, 4;;4836,1 83+-/6=.,8 3- 6?, 6?3.> 7/6,+4.91 6?48, 4< 
04A,86 703,-6-,-6.4;91 /., 6?, 04-+,86 /-> 6?,3. /;;,/./-7, 38 
./6?,. 6?/6 4< ?/->A.363-+1 845, /., ,@,- .,/>/20,# "- 
2,6A,,-1 A, -4637, 6?/6 83+-/6=.,8 A36? 5,>3=5 
703,-6-,-6.4;9 U8,74-> 7/6,+4.9V ?/@, 845,635,8 54., 6?, 
/8;,76 4< 6?48, 4< ?3+?,86 703,-6-,-6.4;9 /-> 845,635,8 6?, 
/8;,76 4< 6?48, 4< 04A,86 703,-6-,-6.4;9#  

"""# *XEOO"C"g&O C'& "$%&E*XEOO Gg&C'&RE$*g 
EOOgOORg$% 

F. Score computation by tLe tLree Classifiers  
   %?.,, 70/883<3,.8 /., =8,> 3- 6?38 86=>9 74-83>,.3-+ 4-09 

6?, ./A 744.>3-/6,8 >,87.3;634- 4< 83+-/6=.,8 /8 3-;=6 >/6/: / 
(9-/537 %35, Y/.;3-+ 70/883<3,. H`N1 / _3>>,- R/.B4@ 
R4>,0 H`N1 /-> <3-/009 / W/=883/- R3S6=., R4>,0 HIMN#  Y, 
74-83>,. 3- 6?38 86=>9 4-09 6?, 0/.+,86 >/6/2/8, /6 4=. >38;48/01 
-/5,09 / 8=28,6 4< (OK 74-6/3-3-+ LKb ;,.84-81 >,-46,> /8 
(OK-LKb# 
  C4. ;,.<4.5/-7, /88,885,-61 A, 74-83>,.,> 4-09 ./->45 
<4.+,.3,8 3- 6?38 86=>91 3- 4.>,. 64 <36 64 6?, ,@/0=/634- 
74->3634-8 3- 46?,. 2345,6.37 54>/0363,8 A?,., 3- +,-,./0 -4 
8B300,> <4.+,.3,8 /., /@/30/20, HI1J1K1L1MN# C3@, ./->45 
8/5;03-+8 /., 7/..3,> 4=6 4- +,-=3-, /-> 35;4864. 83+-/6=.,8  

U/V                  
 

 U2V             
 

 U7V             

                             
 
C3+=., I: gS/5;0,8 4< 83+-/6=.,8 <.45 R*h%-Ibb 4< U/V ?3+?,861 U2V 
5,>3=5 /-> U7V 04A,86 703,-6-,-6.4;9 
 

U/V                          
 

U2V                         
 

U7V                        
 

C3+=., J: gS/5;0,8 4< 83+-/6=.,8 <.45 Q"'Rg% 4< U/V ?3+?,861 U2V 5,>3=5 
/-> U7V 04A,86 703,-6-,-6.4;9 

 

U/V                                 
 

U2V                        
 

U7V                            
 
C3+=., K: gS/5;0,8 4< 83+-/6=.,8 <.45 (OJ 4< U/V ?3+?,861 U2V 5,>3=5 /-> 
U7V 04A,86 703,-6-,-6.4;9 
 

U/V                                        

U2V                      

U7V                              
 
C3+=., L: gS/5;0,8 4< 83+-/6=.,8 <.45 (OK 4< U/V ?3+?,861 U2V 5,>3=5 /-> 
U7V 04A,86 703,-6-,-6.4;9 
 
3- 6?,  <4004A3-+  A/9: ,/7?  8/5;03-+  74-6/3-8  <3@, +,-=3-,  
83+-/6=.,8 =8,> /8 .,<,.,-7, 83+-/6=.,8 <4. (9-/537 %35,  
Y/.;3-+ /-> /8 6?, 6./3-3-+ 8,6 <4. 86/638637/0 /;;.4/7?,8#  C4. 
6,86 ;=.;48,81 6?, .,5/3-3-+ JM +,-=3-, 83+-/6=.,8 U2,04-+3-+ 
64 6A4 8,8834-8V /-> Kb 35;4864. 83+-/6=.,8 ./->4509 



 
 

 

8/5;0,> 3- ,[=/0 -=52,. 3- ,/7? 703,-6-,-6.4;9 7/6,+4.9 UIb 
./->45 <4.+,.3,8 ;,. 7/6,+4.9V /., =8,># %?, C/08, 
E77,;6/-7, /-> C/08, &,D,7634- &/6,8 /., 745;=6,> .,093-+ 
4- 6?, 646/0 -=52,. 4< C/08, &,D,7634-8 /-> C/08, E77,;6/-7,8 
426/3-,> 4- 6?, A?40, <3@, ./->45 8/5;03-+8# 

(9-/537 %35, Y/.;3-+ >,6,.53-,8 6?, >3883530/.369 
2,6A,,- 6A4 635, 8,[=,-7,8 A36? >3<<,.,-6 0,-+6?8 H`N# %?38 
5,6?4>1 A36? ;409-453/0 745;0,S3691 745;=6,8 / 5/67?3-+ 
>386/-7, 29 .,74@,.3-+ 4;635/0 /03+-5,-68 2,6A,,- 6?, 6A4 
635, 8,.3,8# %?, /03+-5,-6 38 4;635/0 3- 6?, 8,-8, 36 53-353F,8 
/ 7=5=0/63@, >386/-7, 5,/8=., 74-83863-+ 4< ]047/0^ >386/-7,8 
2,6A,,- /03+-,> 8/5;0,8# "- 6?38 8986,51 6?, (%Y->386/-7, 
2,6A,,- 6A4 635, 8,.3,8 2xx ###I /-> Qyy ###I 38 =(2#Q) 
745;=6,> /8: 

V1U
VI1IU

V1IU
VI1U

53-V1U Xid
KXi=

KXi=
KXi=

Xi=

p

p

p

+
"
#

"
$

%

"
&

"
'

(

+−−
+−
+−

=     UKV 

A?,., 6?, ]047/0^ >386/-7, <=-7634- d(i# X) 38 6?, g=703>3/- 
(386/-7, 2,6A,,- tLi  .,<,.,-7, ;43-6 /-> tLX   6,863-+ ;43-61 
A36? =!0!0" $ d!0!0" $ b1 /-> ,[=/0 A,3+?68 Kp /., +3@,- 64 
3-8,.634-81 >,0,634-8 /-> 8=28636=634-8# Y, =8, 6?, 
SaMoe-CLiba 2/-> 74-86./3-6 H`N 64 ,-8=., 6?/6 6?, A/.;3-+ 
;/6? 86/98 7048, 64 6?, >3/+4-/0 4< 6?, 5/6.3S A?37? 74-6/3-8 
6?, 047/0 >386/-7,8 =(i#X)# %?, (%Y-2/8,> 70/883<3,. /03+-8 29 
(9-/537 %35, Y/.;3-+ U(%YV / 6,86 83+-/6=., A36? ,/7? 
.,<,.,-7, 83+-/6=., /-> 6?, /@,./+, @/0=, 4< 6?, .,8=063-+ <3@, 
>386/-7,8 38 =8,> 64 70/883<9 6?, 6,86 83+-/6=., /8 2,3-+ +,-=3-, 
4. / <4.+,.9# %?, >3883530/.369 5/67?3-+ 874., <4. 6?, (%Y 
70/883<3,. 38: 

VLUnV1UI
I

/referencetest=
Q

Score
Q

reference
!

=
=      

A?,., Q 38 6?, -=52,. 4< .,<,.,-7, 83+-/6=.,8 /-> / 38 6?, 
0,-+6? 4< 6?, 6,86 83+-/6=.,#  

  "< 6?, <3-/0 >386/-7, 38 04A,. 6?/- 6?, @/0=, 4< 6?, >,73834- 
6?.,8?40> 6?, 70/35,> 3>,-6369 38 /77,;6,>1 46?,.A38, 36 38 
.,D,76,># 

 *4-7,.-3-+ 86/638637/0 54>,081 A, =8,> / WRR /-> / 
0,<6-64-.3+?6 _RR 4< 6?, 8/5, 745;0,S369 3- 6,.58 4< 
W/=883/- 745;4-,-68# "6 38 A4.6? -46373-+ 6?/6 6?, _RR 
70/883<3,. >3<<,.8 <.45 6?, _RR =8,> <4. 703,-6-,-6.4;9 
745;=6/634-# "->,,>1 6?, <4.5,. 38 >,@46,> 64 70/883<37/634-1 
A?30, 6?, 0/66,. 4-09 ;,.<4.58 047/0 >,-8369 ,8635/634-# Y, 
74-83>,.,> <4. 6?, _RR 70/883<3,. / 83S 86/6,8 /-> <4=. 
W/=883/- 745;4-,-68 ;,. 86/6,1 /8 / 6./>,4<< 3- 745;0,S369 
2,6A,,- 6?, 83+-/6=.,8 4< 6?, 6A4 ,S6.,5, 7/6,+4.3,8# C4. 6?, 
WRR1 /774.>3-+091 A, 74-83>,.,> JL W/=883/-8 64 54>,0 / 
;,.84-:8 83+-/6=.,8# %?, >3883530/.369 5/67?3-+ 874., <4. 246? 
86/638637/0 54>,08 38: 

 
VMUSF////Score −=          

A?,., // 38 6?, X4+-X3B,03?44> 4< 6?, 6,86 83+-/6=., 
U-4.5/03F,> 29 6?, 0,-+6? 4< 6?, 6,86 83+-/6=.,V /->  SF// 38  
6?, 74..,8;4->3-+ /@,./+, X4+-X3B,03?44> 4< 6?, 6./3-3-+ 
83+-/6=.,8#  

S. Results and analysis 
  C4. ,/7? 70/883<3,.1 A, 8?4A 3- C3+=., M 6?, 703,-6 /-> 

35;4864. 874.,8 >386.32=634-8 ;,. 703,-6-,-6.4;9 7/6,+4.9 
U?3+?1 5,>3=5 /-> 04A 703,-6-,-6.4;9V /->1 3- C3+=., Z1 6?, 
/88473/6,> (g%-*=.@,8 4- (OK-LKb >/6/2/8,# 
     

 
 

 
 

 
 
C3+=., M: *03,-6 /-> 35;4864. 874.,8 >386.32=634-8 74-83>,.3-+ ./->45 
<4.+,.3,8 4- 7/6,+4.3,8 4< ?3+?,861 5,>3=5 /-> 04A,86 703,-6-,-6.4;9 4- 
(OK-LKb >/6/2/8, A36? _RR1 WRR /-> (%Y 70/883<3,.8# 
 
 



 
 

 

Y, -4637, 3- C3+=., M 6?/6 <4. 6?, 86/638637/0 70/883<3,.8 6?, 
>386.32=634-8: 8?/;,8 2,?/@, 3- 6?, 8/5, A/9 <4. 703,-6 /-> 
35;4864. 874.,8 /8 A,00: 6?,9 /., 6?, 8?/.;,86 3- 6?, 04A,86 
,-6.4;9 7/6,+4.9 U04-+1 745;0,S1 86/20, /-> .,/>/20, 
83+-/6=.,8V /-> 2,745, 54., <0/6 A?,- A, 7?/-+, 64 / ?3+?,. 
,-6.4;9 7/6,+4.9# E8 / 74-8,[=,-7,1 A, 428,.@, 6?/6 3- 6?, 
?3+?,86 ,-6.4;9 7/6,+4.91 6?, 4@,.0/; 2,6A,,- 703,-6 /-> 
35;4864. 874.,8 >386.32=634-8 38 6?, 5486 35;4.6/-61 /-> 8=7? 
/.,/ 38 74-83>,./209 ?3+?,. 6?/- 6?, /.,/ 4< 4@,.0/; 426/3-,> 
3- 6?, 04A,86 ,-6.4;9 7/6,+4.9 U/.4=-> / </764. KV#  

C4. 6?, (%Y 70/883<3,.1 A, -46, 6?/6 6?38 ;?,-45,-4- 4< 
3-7.,/83-+ 8?/.;-,88 4< 6?, >386.32=634-8 A36? >,7.,/83-+ 
703,-6-,-6.4;9 38 4-09 428,.@,> <4. 703,-6 874.,8 >386.32=634-8# 
"->,,>1 <4. 6?, 6?.,, 703,-6-,-6.4;9 7/6,+4.3,81 6?, 35;4864. 
874.,8 >386.32=634-8 /., 83530/.09 <0/6# $,@,.6?,0,881 /8 6?, 
(%Y 703,-6 >386.32=634-8 8?/;,8 /., 86300 >3<<,.,-6 ;,. 
7/6,+4.91 6?, /.,/ 4< 4@,.0/; 4< 703,-6 /-> 35;4864. 874.,8 
>386.32=634-8 3- 6?, 04A,86 ,-6.4;9 7/6,+4.9 38 86300 04A,. 6?/- 
4- 6?, 46?,. 7/6,+4.3,8# %?38 .,8=06 0,/>8 64 >3<<,.,-6 2,?/@34.8 
3- 6,.58 4< ;,.<4.5/-7, /774.>3-+ 64 6?, 7/6,+4.9 4< 
703,-6-,-6.4;9 6?/6 A, 74-83>,. <4. /00 6?, 6?.,, 70/883<3,.8#  
 
 _3+? ,-6.4;9 R,>3=5 ,-6.4;9 X4A ,-6.4;9 
 gg& *"aMo gg& *"aMo gg& *"aMo 
_RR IK#aKo pb#\` `#Mo pb#\L L#\ao pb#`M 
WRR Ia#Lao pI#JK IK#Kao pI#bL \#Lao pb#`\ 
(%Y M#\Zo pb#Ma J#aMo pb#La J#bKo pb#Ia 
 
%/20,I: g[=/0 g..4. &/6, /-> *4-<3>,-7, "-6,.@/0 4- ,/7? 703,-6-,-6.4;9 
7/6,+4.9 4- (OK-LKb >/6/2/8, A36? _RR1 WRR /-> (%Y 70/883<3,.8# 
 
    E8 8?4A- 3- %/20, I1 <4. 6?, 6?.,, 70/883<3,.81 /6 6?, g[=/0 
g..4. &/6, <=-7634-3-+ ;43-61 ;,.<4.5/-7, 38 .4=+?09 
35;.4@,> 29 / </764. 6?.,, A?,- 8A367?3-+ <.45 6?, ?3+?,86 
,-6.4;9 7/6,+4.9 64 6?, 04A,86 4-,# *4-<3>,-7, "-6,.@/08 /6 
aMo /., +3@,- 64 8?4A 6?, 83+-3<37/-7, 4< .,8=068# E6 46?,. 
<=-7634-3-+ ;43-681 6?38 2,?/@34. 38 5/3-6/3-,> <4. 6?, 
86/638637/0 70/883<3,.8k -,@,.6?,0,881 <4. 6?, (%Y 70/883<3,.1 6?, 
>3<<,.,-7, 2,6A,,- 6?, ?3+? 703,-6-,-6.4;9 7/6,+4.9 /-> 6?, 
6A4 46?,.8 .,5/3-8 6?, 8/5, /6 46?,. <=-7634-3-+ ;43-681 2=6  
6?,., 38 -4 04-+,. / >3<<,.,-7, 2,6A,,- 6?, 6A4 7/6,+4.3,8 4<  
04A,86 703,-6-,-6.4;9#  
     Y, -4637, 6?/6 (%Y 4=6;,.<4.58 6?, 86/638637/0 
/;;.4/7?,8 3->,;,->,-609 4< 6?, 703,-6-,-6.4;9 7/6,+4.3,8# 
%?38 7/- 2, ,S;0/3-,> 29 6?, </76 6?/6 6?, >,87.3;634- 4< 
83+-/6=.,8 29 6?, ./A 744.>3-/6,8 38 -46 8=<<373,-6 64 /004A / 
+44> />/;6/634- 4< 6?, 86/638637/0 54>,08# R4.,4@,.1 6?, 
_RR 64;404+9 /-> WRR 745;0,S369 A,., -46 4;6353F,> 2=6 
./6?,. =8,> 3- / ]2/8,03-,^ 5/--,.# "->,,>1 4=. +4/0 3- 6?38 
;/;,. A/8 -46 64 745;/., 6?, 70/883<3,.8 2=6 64 8?4A 6?, 
.,0/634-8?3; 2,6A,,- 6?, 2,?/@34. 4< 70/883<3,.8 3- 6,.58 4< 
;,.<4.5/-7, /-> 6?, 703,-6-,-6.4;9 7/6,+4.3,8#    
   "- 4.>,. 64 86=>9 6?, 03-B 2,6A,,- 4=. 703,-6-,-6.4;9-2/8,> 
7/6,+4.3,8 /-> 6?, @,.834- 4< 6?, Q345,6.37 R,-/+,.3, 3- HKN1 
A, ;0466,> 3- C3+=., \ <4. ,/7? 70/883<3,.1 6?, E@,./+, 
"5;4864. O74., U/@,./+,> 4- /00 6?, /@/30/20, 35;4864. 
/77,88,8V @8# 6?, E@,./+, W,-=3-, O74.,# C3.861 <4. 86/638637/0 

54>,081 A, -4637, 6?/6 6?, ?3+?,86 703,-6-,-6.4;9 7/6,+4.9 
8?4A8 04A /@,./+, 703,-6 874.,81 /-> / ;.4-4=-7,> 87/66,.3-+ 
4< ;,.84-8 /04-+ 6?, /@,./+, 35;4864. 874., /S38# %?38 
836=/634-1 3- A?37? 3->3@3>=/08 ?/@, @/.3/20, 35;4864. 874.,8 
/-> 04A 703,-6 874.,81 74..,8;4->8 64 ]G?/-6458^ 4. ]W4/68^ 
HKN: G?/-6458 A?,- 246? 69;,8 4< 874.,8 /., 04A /6 6?, 8/5, 
635,1 W4/68 A?,- 6?, =8,. 38 ,/89 64 3536/6,#  
 

     
 

 
 
C3+=., Z: (g%-*=.@,8 74-83>,.3-+ ./->45 <4.+,.3,8 4- 7/6,+4.3,8 4< ?3+?,861 
5,>3=5 /-> 04A,86 703,-6-,-6.4;9 4- (OK-LKb >/6/2/8, A36? _RR1 WRR 
/-> (%Y 70/883<3,.8# 
 
   %?,-1 A, -4637, 6?/6 <4. 83+-/6=.,8 4< 04A,86 703,-6-,-6.4;91 
6?, /@,./+, 35;4864. 874., ;,. =8,. 38 24=->,> /-> 6?, 
/@,./+, 703,-6 874., ;,. =8,. 38 @/.3/20,# %?=81 8=7? 83+-/6=.,8 
.,8386 A,00 64 35;486=.,8 /-> 8;/- 6?.,, 70/88,8 4< 6?, 
Q345,6.37 R,-/+,.3,: G?/-64581 A?,- 703,-6 874.,8 /., 04A1 
O?,,; A?,- 703,-6 874.,8 /., 3-6,.5,>3/6,1 /-> (4@,8 A?,- 
703,-6 874.,8 /., ?3+?# *4-7,.-3-+ 6?, 5,>3=5 703,-6-,-6.4;9 
7/6,+4.91 36 87/66,.8 3- /00 6?, ;.,@34=809 5,-634-,> 70/88,8 /8 
36 38 / 6./-83634- 7/6,+4.9 3- 6,.58 4< 703,-6-,-6.4;9# 
$,@,.6?,0,881 3->3@3>=/08 3- 6?38 7/6,+4.9 /., 54., 
74-7,-6./6,> 3- 6?, O?,,; 70/88 A?,- 703,-6 874.,8 /., 
3-6,.5,>3/6, /-> 35;4864. 874.,8 /., 04A1 /-> 3- 6?, G?/-6458 
70/88# 

   C4. 6?, (%Y 70/883<3,.1 6?, ?3+?,86 703,-6-,-6.4;9 
7/6,+4.9 .,5/3-8 74-7,-6./6,> 3- 6?, G?/-6458 70/88 8?4A3-+ 
6?, 8/5, 2,?/@34. 4< 87/66,.3-+ /04-+ 6?, @,.637/0 /S38 
U35;4864. 874.,8V /-> 04A /@,./+, 703,-6 874., ;,. =8,.# Y36? 
6?38 70/883<3,.1 /6 6?, 4;;4836, 4< 86/638637/0 54>,081 35;4864. 
874.,8 /., @,.9 @/.3/20, <4. /00 6?, .,5/3-3-+ 703,-6-,-6.4;9 
7/6,+4.3,8 U5,>3=5 /-> 04A,86 ,-6.4;9Vk =8,.8 3- 8=7? 
7/6,+4.3,8 /., 74-7,-6./6,> 3- 6?, O?,,; 70/881 6?=8 ,S;0/3-3-+ 
6?/6 8986,5 ;,.<4.5/-7, 38 35;.4@,> A36? 6?, (%Y 70/883<3,. 
A36? .,+/.> 64 86/638637/0 /;;.4/7?,8# 



 
 

 

  
 

  
 
C3+=., \: E@,./+, 35;4864. 874., ;,. =8,. @8# /@,./+, 703,-6 874., ;,. =8,. 
A36? 6?, 6?.,, 70/883<3,.8 U_RR1 WRR /-> (%YV 4- (OK-LKb >/6/2/8,# 
&,76/-+=0/. /.,/ 4- 64; .3+?6 38 6?, F445 4< 6?, 73.70,> /.,/ 3- 246645 0,<6#  

"c# *'$*X)O"'$ 
     Y, ?/@, ;.4;48,> 3- 6?38 A4.B / -4@,0 5,/8=., 4< 
703,-6-,-6.4;91 2/8,> 4- / _3>>,- R/.B4@ R4>,0 6?/6 
;,.<4.58 047/0 >,-8369 ,8635/634-# O=7? 5,/8=., /004A8 
426/3-3-+ 6?.,, 7/6,+4.3,8 4< 83+-/6=.,81 74?,.,-6 /7.488 
8,@,./0 >/6/2/8,81 8;/--3-+ <.45 ?3+?09 @/.3/20,1 8?4.6 /-> 
04A 3-<4.5/634- 74-6,-6 83+-/6=.,8 U?3+? 703,-6-,-6.4;9V 64 
86/20,1 04-+,. /-> 745;0,S 83+-/6=.,8 A36? 6?, /8;,76 4< 
?/->A.363-+ U04A 703,-6-,-6.4;9V# %?,-1 A, /-/09F,> 6?, 
.,0/634-8?3; 2,6A,,- 6?38 ,-6.4;9 5,/8=., /-> 8986,5 
;,.<4.5/-7, 29 74-83>,.3-+ 6?.,, 70/883<3,.8: /- _RR1 / 
WRR /-> / (%Y# Y, 8?4A,> 6?/6 <4. /00 70/883<3,.81 6?, 
6?.,, ,-6.4;9 7/6,+4.3,8 ?/@, / >3<<,.,-6 2,?/@34. 3- 6,.58 4< 
;,.<4.5/-7,: 6?, 04A,86 ,-6.4;9 7/6,+4.9 ;,.<4.58 6?.,, 
635,8 2,66,. 6?/- 6?, ?3+?,86 ,-6.4;9 7/6,+4.9# %?38 .,8=06 A/8 
,S;0/3-,> 3- 6,.58 4< 6?, 4@,.0/; 4< 703,-6 /-> 35;4864. 874.,8 
>386.32=634-8 6?/6 @/.9 /7.488 703,-6-,-6.4;9 7/6,+4.3,8#  
C3-/0091 A, .,0/6,> 4=. ,-6.4;9 7/6,+4.3,8 64 6?, Q345,6.37 
R,-/+,.3, HI1J1K1L1MN# "- 8;36, 4< 6?, </76 6?/6 4=. 
,-6.4;9-2/8,> 7/6,+4.3,8 >4 -46 74..,8;4-> 64 3>,-63<3,> 

70/88,8 4< 6?, Q345,6.37 R,-/+,.3,1 A, ?/@, 428,.@,> 6?/6 6?, 
04A,86 ,-6.4;9 7/6,+4.9 38 54., 74-7,-6./6,> 3- 6?, 2,86 
74-<3+=./634-8 4< 6?, R,-/+,.3, U(4@,8 /-> O?,,;V# C=6=., 
A4.B A300 <47=8 4- 6?, 35;/76 4< 8B300,> <4.+,.3,8 4- 
;,.<4.5/-7, /88,885,-6 /-> 4- 6?, =8, 4< 6?38 7/6,+4.3F/634- 
4< >/6/2/8,8 <4. >,@,04;3-+ 2,66,. /-> 54., .42=86 
3>,-63<37/634- 86./6,+3,8# 

E*q$'YXg(WRg$% 
%?38 A4.B A/8 ;/.63/009 <=->,> 29 Q34O,7=., $,6A4.B 4< 

gS7,00,-7,# Y, 6?/-B r/@3,. '.6,+/-W/.73/ /-> ?38 7400,/+=,8 
<4. ;=663-+ /6 >38;48/0 6?, 8=28,6 4< 6?, <3.86 Ibb =8,.8 4< 
R*h% O3+-/6=., O=274.;=8# 

&gCg&g$*gO 
HIN W# (4>>3-+64-1 Y# X3++,661 E# R/.63-1 R# G.F9247B31 (# &,9-40>81 

]O?,,;81 W4/681 X/528 /-> Y40@,81 E O6/638637/0 E-/09838 4< O;,/B,. 
G,.<4.5/-7, 3- 6?, $"O% Iaa` O;,/B,. &,74+-3634- g@/0=/634-^1 3- 
G.47,,>3-+ "*OXG:a`1 Iaa`# 

HJN R# Y3665/-1 G# (/@381 G#r# C09--1 ]g5;3.37/0 O6=>3,8 4< 6?, gS386,-7, 
4< 6?, Q345,6.37 R,-/+,.3, 3- 6?, C&W* J#b *404. "5/+, *4.;=8^# 
G.47,,>3-+8 4< 6?, "ggg *4-<,.,-7, 4- *45;=6,. c3834- /-> G/66,.- 
&,74+-3634- Y4.B8?4; U*cG&Y:bZV1 JbbZ# 

HKN $# h/+,.1 %# (=-864-,1 ]Y4.581 *?/5,0,4-81 G?/-6458 /-> (4@,8: 
$,A E>>3634-8 64 6?, Q345,6.37 R,-/+,.3,^# "- "ggg Y4.B8?4; 4- 
E=645/637 ">,-63<37/634- E>@/-7,> %,7?-404+3,81 Jbb\# 

HLN &# Q400,1 O# G/-B/-631 /-> $# &/6?/# ]g@/0=/634- %,7?-3[=,8 <4. 
Q345,6.378-2/8,> E=6?,-637/634- O986,58 UC&&V^# "- G.47,,>3-+8 4< 
"*G&1 Jbbb#  

HMN &# Q400,1 r# *4--,001 O# G/-B/-631 $# &/6?/1 /-> E# O,-34.# ]W=3>, 64 
Q345,6.378^# O;.3-+,.-c,.0/+1 JbbK#  

HZN r# &37?3/.>31 ]G.42/23038637 54>,08 <4. 5=063-70/883<3,. 2345,6.37 
/=6?,-637/634- =83-+ [=/0369 5,/8=.,8^1 G?( %?,8381 gGCX1 Jbb\# 

H\N %?45/8 R# *4@,.1 r49 E# %?45/81 ]g0,5,-68 4< "-<4.5/634- %?,4.9^1 
O,74-> g>3634-1 r4?- Y30,9 s O4-81 JbbZ# Y#-q#  

H`N X# &/23-,.1 Q#_# r=/-+1 tC=->/5,-6/08 4< O;,,7? &,74+-3634-t1 
G.,-637, _/00 O3+-/0 G.47,883-+ O,.3,81 IaaK# 

HaN q35 r=-+-%/,1 Q/-+ O=-+-h/-+1 ]E R,/8=., 4< &,74+-3634- 
(3<<37=069 <4. / *?/./76,. "5/+, (/6/2/8,^1 G.47,,>3-+8 4< 
"-6,.-/634-/0 *4-<,.,-7, 4- (47=5,-6 E-/09838 /-> &,74+-3634- 
U"*(E&:a\V1 ;;# aaZ-Ibbb1 Iaa\# 

HIbN E# q?405/64@ /-> Q# h/-3B4+0=1 ]E- "->3@3>=/0369 R4>,0 <4. '-03-, 
O3+-/6=.,8^1 OG"g (,<,-8, s O,7=.369: Q345,6.37 %,7?-404+9 C4. 
_=5/- ">,-63<37/634- c1 IZ-Jb R/.7? Jbb`1 '.0/->4 CX1 )OE# _# 
G44.1 E- "-6.4>=7634- 64 O3+-/0 (,6,7634- /-> g8635/634-#   $,A h4.B: 
O;.3-+,.-c,.0/+1 Ia`M1 7?# L# 

HIIN C# E04-84-C,.-/->,F1 R# *# C/3.?=.861 r# C3,..,F /-> r#  '.6,+/-W/.73/1 
t"5;/76 4< O3+-/6=., X,+3230369 /-> O3+-/6=., %9;, 3- '<<-X3-, 
O3+-/6=., c,.3<37/634-t1 3- Q345,6.378 O95;483=51 QOhR1 "ggg1 ;;# 
I-Z1 Q/06354.,1 )OE1 O,;6,52,. Jbb\# 

HIJN O# W/.73/-O/037,6631 *# Q,=53,.1 W# *?400,61 Q# (4.3FF31 r# X,.4=S-X,8 
r/.>3-81 r# X/-6,.1 h# $31 (# G,6.4@8B/-(,0/7.,6/F1 tQ"'Rg%: / 
R=06354>/0 G,.84- E=6?,-637/634- (/6/2/8, "-70=>3-+ C/7,1 c437,1 
C3-+,.;.3-61 _/-> /-> O3+-/6=., R4>/0363,8t1 G.47# 4< L6? "-6,.-/634-/0 
*4-<,.,-7, 4- E=>34 /-> c3>,4-Q/8,> Q345,6.37 G,.84- 
/=6?,-637/634-1 ;;# `LM-`MK1W=30><4.>1 )q1 JbbK# 

HIKN r# '.6,+/-W/.73/1 r# C3,..,F-E+=30/.1 (# O354-1 r# W4-F/0,F1 R# 
C/=->,F-i/-=91 c# g8;3-48/1 E# O/6=,1 "# _,.-/,F1 r#-r# "+/.F/1 *# 
c3@/./7?41 (# g87=>,.4 /-> m#-"# R4.41 ]R*h% Q/8,03-, *4.;=8: E 
Q354>/0 Q345,6.37 (/6/2/8,^1 "gg G.47,,>3-+8 c3834-1 "5/+, /-> 
O3+-/0 G.47,883-+1 O;,73/0 "88=, 4- Q345,6.378 4- 6?, "-6,.-,61 c40# 
IMb1 -# Z1 ;;# KaM-LbI1 (,7,52,. JbbK# 

HILN ?66;:nnAAA#2348,7=.,#3-<4  
HIMN (# E# &,9-40>8 /-> &# *# &48,# &42=86 6,S6-3->,;,->,-6 8;,/B,. 

3>,-63<37/634- =83-+ W/=883/- 53S6=., 8;,/B,. 54>,08# "ggg 
%./-8/7634-8 4- O;,,7? /-> E=>34 G.47,883-+1 KUIV:\Ju`K1 r/- IaaM# 

HIZN ?66;:nnAAA#3-6-,@.9#<.n2345,6.378nQRg*Jbb\ 


