
� � ����������� 	 �
��� 
�� 	 ��
 ������� ������
 ���
�� 	 �������

������ ����� ��� !"#$%$ &'$� &$(�
)*+,-./ *0. 12 34*5.-65,4 ,07 81/+9.*- 30:60**-60: ; <1-.=*,>.*-0 ?06@*->6.A; B1>.10 ; CD EFGGH ?ID
JK��LMK� N O PQ R(S#$%$ &'$� &$(�
)*+,-./ *0. 12 34*5.-65,4 ,07 81/+9.*- 30:60**-60: ; <1-.=*,>.*-0 ?06@*->6.A; B1>.10 ; CD EFGGH ?ID

TUVWXYZW
[* 60.-1795* , 2-,/ *\1-] ; \=65= \* 5,44
) 6@67*^_A^F `)BFa ; 21- *b.*0760: >9++1-.
@*5.1- / ,5=60*> `IcC a .1 /94.6^54,>> +-1_^
4*/ > d )BF 1e*-> ,0 ,4.*-0,.6@* .1 .=* >.,0^
7,-7 10*^,:,60>.^10* ,07 10*^,:,60>.^-*>. ,4^
:1-6.=/ > d f1- ,0 g 54,>> +-1_4*/ ; )BF +-1^
795*> ,0 g h G 017* _60,-A 7*56>610 .-**
\=*-* 017*> -*+-*>*0. 7*56>610 _1907,-6*>
21-/*7 _A g h G IcC _60,-A 54,>>6i*-> d j=6>
.-** >.-95.9-* ,441\ > 9> .1 +-*>*0. , :*0*-^
,46k,.610 ,07 , .6/ * 51/+4*b 6.A ,0,4A>6> 12
)BF d l9- ,0,4A>6> ,07 -*4,.*7 *b+*-6/ *0.>
>=1\ .=,. ; )BF 6> 2,>.*- .=,0 10*^,:,60>.^
10* ,07 10*^,:,60>.^-*>. ,4:1-6.=/ > 60 .*-/ >
12 .*>.60: .6/ * ; >6:06i5,0.4A 2,>.*- .=,0 10*^
,:,60 >.^-*>. 60 .*-/ > 12 .-,6060: .6/ * ; ,07
.=,. .=* 5-1>>^@,467,.610 ,559-,5A 12 )BF 6>
51/+,-,_4* .1 .=*>* .\1 /*.=17> d

m n opWXqrsZWtqp
j=* I9++1-. c*5.1- C ,5=60* `IcC a 6> , 4*,-060: ,+^
+-1,5= .=,. 6/+4*/ *0.> .=* +-6056+4* 12 I.-95.9-,4
u 6>] C 606/ 6k,.610 `IuC ad B,>65,44A; IcC i07> ,
=A+*-^+4,0* .=,. / ,b6/ 6k*> .=* /,-:60 _ *.\**0 .\1
54,>>*> d
IcC \,> 1-6:60,44A 7*>6:0*7 _A c,+06] `GvvHa 21- _6^
0,-A 54,>>6i5,.610 w*. ; / ,0A ,++465,.610> =,@* /1-*
.=,0 .\1 5,.*:1-6*> d j=*-* ,-* .\1 \,A> 21- *b.*07^
60: IcC > .1 /94.6^54,>> +-1_4*/ > x `Ga 510>67*- ,44 .=*
7,., 60 10* 1+.6/ 6k,.610 +-1_ 4*/ d u*4,.*7 -*>*,-5=
5,0 _* 21907 60 `8-,//*- y I60:*- ; FEEE z [*>.10 y
[,.]60> ; Gvvv a ; 1- `Fa 510>.-95. >*@*-,4 _60,-A 54,>>6^
i*-> d l0* 5,0 21-/94,.* .=* /94.6^54,>> 7,., 60.1 10*
1+.6/ 6k,.610 +-1_4*/ ; _9. >605* .=* 71/ 60,.60: 2,5.1-
{||}~���� �� � ���������� �� �� � �� �� �� ����������� ���� ���
�� �� �� � ��� �� � �������� � �~�� � �~�~�~ �  ¡¡¢ £ �¤|¥���¦§
 ¡¡¢ ¨¥ §¦} ~©§¦¤�ª £

.=,. 510.-6_9.*> .1 .=* .6/ * 51/+4*b 6.A 21- .-,60 60: .=*
,4:1-6.=/ 6> .=* 09/_*- 12 7,., >,/+4*> .=,. *b6>. 60
.=* 1+.6/ 6k,.610 +-1_4*/ ; ,4:1-6.=/ > 60 5,.*:1-A `Ga
,-* >6:06i5,0.4A >41\*- .=,0 .=* 10*> .=,. 605497* >*@^
*-,4 _ 60,-A 54,>>6i*-> \=*-* *,5= 54,>>6i*- 54,>>6i*> ,
>/ ,44 + 1-.610 12 7,., d D 51/+,-6>10 12 .=* .-,6060:
.6/ * 21- .=* 76e*-*0. / *.=17> 6> :6@*0 60 `«>9 y ¬60 ;
a d
89--*0.4A; .=*-* *b 6>. .\1 +1+94,- ,4:1-6.=/ > .1 510^
>.-95. ,07 51/_60* >*@*-,4 IcC > 21- g ^54,>> +-1_^
4*/ > d j=* i->. 10* ; \=65= 6> ,4>1 ]01\0 ,> .=* >.,0^
7,-7 /*.=17 `c,+06] ; Gvv­a ; 605497*> g 76e*-*0. 54,>^
>6i*-> \=*-* g 6> .=* 09/_*- 12 54,>>*> d j=* ®¯° 54,>^
>6i*- 6> .-,60*7 \=64* 4,_ *460: ,44 .=* >,/+4*> 60 .=*
®¯° 54,>> ,> +1>6.6@* ,07 .=* -*>. ,> 0*:,.6@* d [* \ 644
-*2*- .1 .=6> ,4:1-6.=/ ,> 10*^,:,60>.^-*>. .=-19:=19.
.=6> +,+*- d j=* >*5107 ,4:1-6.=/ ; +-1+1>*7 _A ±0*--
*. ,4 d `GvvE a ; 510>.-95.> g ²`g h Ga³F 54,>>6i*-> ; 9 >60:
,44 .=* _60,-A +,6-\ 6>* 51/_60,.610> 12 .=* g 54,>>*> d
[* \ 644 -*2*- .1 .= 6> ,> 10*^,:,60>.^10* IcC > d j1 51/ ^
_60* .=*>* 54,>>6i*-> ; \=64* ±0*-- *. ,4 d `GvvEa ; >9:^
:*>.*7 9>60: ,0 D<) :,.* ; f-6*7/ ,0 `Gvv´a >9::*>.*7
C ,b [ 60> ,4:1-6.=/ .=,. i07> .=* -*>94.,0. 54,>> _A
i->. @1.60: .=* 54,>>*> ,551-760: .1 .=* -*>94.> 12 *,5=
54,>>6i*- ,07 .=*0 5=11>60: .=* 54,>> \=65= 6> @1.*7
/1>. d µ 4,.. *. ,4 d `FEEEa +-1+1>*7 ,01.=*- ,4:1-6.=/
60 \=65= ) 6-*5.*7 D5A5465 ¶-,+= 6> 9>*7 .1 51/_60*
.=* -*>94.> 12 10*^,:,60>.^10* 54,>>6i*-> `)D¶IcC ad
)9/,6> ,07 8=*0 `FEEEa \1-]*7 10 , =6*-,-5=65,4
>.-95.9-* 12 \*_ 510.*0. 60 \=65= 0,.9-,4 =6*-,-5=6*>
*b 6>. d j=*A 76@67*7 .=* +-1_4*/ 60.1 .\1 4*@*4> d ·0
.=* i->. 4*@*4 .=*A :-19+*7 >6/ 64,- 54,>>*> 907*- >1/ *
/ ,60 .1+65> ,07 5,44*7 .=*>* .1+^4*@*4 5,.*:1-6*> d j1
76>.60:9 6>= .=* 5,.*:1-6*> 2-1/ *,5= 1.=*- ; .=*A 9>*7
10*^,:,60>.^-*>. ,4:1-6.=/ d ·0 .=* >*5107 4*@*4 ; / 17^
*4> ,-* 4*,-0*7 .1 76>.60:96>= *,5= 5,.*:1-A 2-1/ 104A
.=1>* 5,.*:1-6*> \ 6.=60 .=* >,/* .1+^4*@*4 5,.*:1-A
,:,60 9>60: 10*^,:,60>.^-*>. / *.=17 d j=*A ,4>1 ,+^
+ 46*7 76e*-*0. 2*,.9-* >*.> 21- 76e*-*0. 4*@*4> d



·0 .=6> +,+*- ; \* 60.-1795* , 0*\ >.-,.*:A 21- *b.*07^
60: IcC > .1 /94.6^54,>> +-1_ 4*/ > x 76@67*^_A^F `)BFa d
l0* 12 .=* /1>. 6/+1-.,0. ,7@,0.,:*> 12 )BF 6> 6.>
�*b 6_ 646.Ad ·. 1e*-> @,-619> 1+.610> 60 6.> >.-95.9-* >1
.=,. 10* 5,0 /1762A ,07 ,7,+. .=* ,4:1-6.=/ ,551-7^
60: .1 .=* 0**7> 12 .=* +-1_4*/ ; \=65= / ,]*> 6. +-*2*-^
,_4* ,:,60>. .=* 1.=*- *b 6>.60: /*.=17> d D01.=*- ,7^
@,0.,:* 12 )BF 6> .=,. 6. 5-*,.*> 104A g hG _60,-A 54,>^
>6i*-> d j=6> +-1+ *-.A 12 )BF ; 51/_60*7 \ 6.= 6.> .-**
>.-95.9-* ; / ,]*> 6. @*-A 2,>. 60 .*-/ > 12 .*>.60: .6/ *
51/+,-*7 .1 .=* 1.=*- ,4:1-6.=/ > d C1-*1@*- ; .=* >.,0^
7,-7 10*^,:,60>.^10* ,07 10*^,:,60>.^-*>. ,4:1-6.=/ >
71 01. =,@* , 21-/94,.610 21- ,0 *--1- _1907 d l0 .=*
1.=*- =,07 ; .=* .-** >.-95.9-* 12 )BF 4*. 9> +-*>*0. ,0
*--1- _1907 >6/ 64,- .1 .=* 10* 7*-6@*7 21- )D¶IcC d
·0 >*5.610 F ; \* 7*>5-6_ * =1\ .1 .-,60 ,07 .*>. \ 6.=
)BF ,07 +-*>*0. >*@*-,4 1+.610> .=,. )BF 1e*-> d [*
,0,4Ak* .=* .6/ * 51/+4*b 6.A 12 19- ,4:1-6.=/ 60 >*5.610
� ,07 :*0*-,46k,.610 *--1- 60 >*5.610 � d ·0 >*5.610 H ;
\* +-*>*0. ,0 ,7,+.6@* \,A .=,. 5,0 _* ,++46*7 .1
*@*-A /94.6^54,>> ,4:1-6.=/ d ·0 >*5.610 ´ ; \* -*+1-.
.=* *b+*-6/ *0.,4 -*>94.> 51/+,-60: .=* ,559-,5A ,07
.6/ * +*-21-/ ,05*> 12 .=* ,4:1-6.=/ > d [* +-1@67* 19-
510549 >610> ,07 >9::*>. 76-*5.610> 21- 29.9-* -*>*,-5=
60 >*5.610 � d
� n � t� tr��U	�� 
 �W�qr
I.,-.60: 2-1/ .=* \=14* 7,., >*. ; )BF =6*-,-5=65,44A
76@67*> .=* 7,., 60.1 .\1 >9_>*.> 90.64 *@*-A >9_>*.
510>6>.> 12 104A 10* 54,>> d )BF 76@67*> .=* 7,., >95=
.=,. 60 >.,05*> _ *410:60: .1 .=* >,/ * 54,>> ,-* ,4\,A>
:-19+*7 .1:*.=*- 60 .=* >,/* >9_>*. d j=9> ; )BF -*^
�96-*> 10 4A g h G 54,>>6i*-> d ·0 >*5.610 F dG \* 7*>5-6_ *
60 7*.,64 =1\ .=*>* g h G 54,>>6i*-> ,-* _964. 79-60:
.-,60 60: d D07 ; 60 >*5.610 F dF \* 6449 >.-,.* =1\ )BF
54,>>6i*> 0*\ 7,., 60 .=* .*>.60: +=,>* d


 O� O ���L� L��
j=* _,>65 >.-,.*:A 6> .1 76@67* .=* 7,., 60.1 .\1 >9_^
>*.> ,. *@*-A =6*-,-5=65,4 4*@*4 d «1\ 71 \* :-19+ .=*
< 54,>>*> 60.1 .\1� )6e*-*0. 5-6.*-6, 5,0 _* 9>*7 21-
76@6>610 d j=* _*>. \,A 6> .1 :-19+ .=*/ >95= .=,.
.=* -*>94.60: >9_>*.> =,@* .=* 4,-:*>. / ,-:60 d j=6> -*^
�96-*> � �� 51/+,-6>10> ,07 IcC 54,>>6i5,.610> \=65=
7*2*,.> 19- +9-+1>* 12 _9 64760: ,> 2*\ 54,>>6i*-> ,>
+1>>6_4* d ·0>.*,7 ; \* 510>67*- .=* 76@6>610 >.*+ ,> ,
549 >.*-60: +-1_4*/ d l0* / *.=17 6> .1 9>* ]^/ *,0>
549 >.*-60: `f1-:A; Gv´Ha d D0 *@*0 >6/+4*- /*.=17 6>
.1 76@67* .=*/ _,>*7 10 .=*6- 54,>> / *,0 76>.,05*>
2-1/ .=* 1-6:60 `C *.=17 Fa d l0* / ,A ,4>1 \ 6>= .1
:-19+ .=* 54,>>*> ,551-760: .1 1.=*- 5-6.*-6, ; >95= ,>
>+ **7 12 6/+4*/ *0.,.610 `C *.=17 � a d l0* 5,0 ,4>1

��� ��� �� ��~�����

.=60] 12 1.=*- \,A> 12 >+46..60: .=* 7,., d

C *.=17 Gx ]^/ *,0> _,>*7 76@6>610
[* -*+-*>*0. *,5= 54,>> \ 6.= 6.> 51--*>+10760:
/*,0 `� � a 7*i0*7 _A;

� ! G
" 

#
$%&' (

� ) `Ga

\=*-* " 6> .=* 09/_*- 12 7,., +160.> 60 54,>> *
,07

(
� 6> , 7,., @*5.1- d [* ; .=*0 ; :-19+ .=* g

� + , 60.1 .\1 ; 9>60: .=* ]^/ *,0> ,4:1-6.=/ d
C*.=17F x I+=*-65,4 >=*44>

¬*. � _* .=* / *,0 12 .=* 7,., _*410:60: .1 54,>>
- ; ,07 .=* .1.,4 / *,0 ; . ; ,>

. ! G
"

/#
�01 (

� `Fa

\=*-* " 6> .=* .1.,4 09/_*- 12 7,., +160.> d ? >^
60: . ,> , .=-*>=147 ; \* :-19+ .=* 54,>>*> \ 6.=
� >/ ,44*- .=,0 . ,> .=* 0*:,.6@* 54,>> ; ,07 .=*
1.=*-> ,> .=* +1>6.6@* 54,>> d ·0 .=-** 76/ *0>610> ;
>*+,-,.610 5,0 _* @6>9,46k*7 ,> 7-,\ 60: , >+=*-*
>*+,-,.60: .=* >+,5* 60.1 .\1 +,-.> ; ,07 4,_*460:
.=* 54,>>*> \ 6.= � 60>67* .=* >+=*-* ,> 0*:,.6@*
,07 .=* 10*> 19.>67* ,> +1>6.6@* d



C*.=17 � x B,4,05*7 I9_>*.>
[* 76@67* .=* 7,., 60.1 .\1 >9_>*.> >95= .=,. .=*
76e*-*05* 60 .=* 09/_*- 12 .=* >,/+4*> 60 *,5=
>9_>*. 6> / 606/9/ d j=6> 5-6.*-6, 6> 9 >*294 62 .=*
>+ **7 12 .=* +-1 5*>> =,> , =6:= 6/+1-.,05* 1- .=*
7,., =,> , >]*\*7 54,>> 76>.-6_9.610 d

[* >9//,-6k* .=* .-,6060: +=,>* 12 )BF ,> 21 441\ > x

G d ? >60: 10* 12 .=* / *.=17> / *0.610*7 ,_1@* ; 76@67*
,44 .=* 7,., >,/+4*> 60.1 .\1 >9_>*.> ; D ,07 B d

F d D++4A IcC .1 D ,07 B ,07 i07 .=* +,-,/*.*->
12 .=* 7*56>610 _1907,-A >*+,-,.60: .=*/ d

� d u*+ *,. .=* >.*+> 21- _1.= D ,07 B 90.64 ,44 .=*
>9_ 54,>>*> 605497* 104A 10* 54,>> d

f 6:9-* G 6449>.-,.*> .=* ,4:1-6.=/ �1\ 12 .=* .-,6060:
+-1 5*>> 21- , i@* 54,>> 7,., >,/+4* d


 O
 O �K�� L��
)BF .-,6060: 4*,7> .1 , _60,-A 7*56>610 .-** >.-95.9-*
21- .*>.60: d f 6:9-* F 6449>.-,.*> .=* 7*56>610 .-** .=,.
\* _964. 21- .=* .*>.60: +=,>* 12 .=* i@* 54,>> +-1_4*/
7*+65.*7 60 f6:9-* Gd
D. .=* _ *:60060: ; ,44 .=* 54,>>*> ,-* ,>>9/ *7 .1 _*
01/ 60**> 12 .=* .-9* 54,>> d D. *@*-A 017* ; ,2.*- ,+^
+ 4A60: .=* 51--*>+10760: 7*56>610 2905.610 .1 .=* .*>.
60+9. ; .=* 01/ 60**> .=,. 71 01. *b6>. 60 .=* -*:610
`+1>6.6@* 1- 0*:,.6@* a 60 \=65= .=* .*>. 60+9. _*410:> ;
,-* *46/ 60,.*7 d f1441\ 60: .=* _-,05=*> .=,. 60765,.*
.=* >,/* 4,_*4> ,> .=* -*>94. 12 .=* 7*56>610> ; \* *07
9+ \ 6.= .=* +-*765.*7 54,>> d
j=* _*>. 5,>* 1 559-> 62 \* i07 .=* +-*765.*7 54,>> ,.
.=* i->. 017* ; ,07 .=* \1->. 5,>* 1 559-> 62 \* i07 .=*
+-*765.*7 54,>> ,2.*- ,++4A60: ,44 .=* g h G 7*56>610
2905.610> d ·0 10*^,:,60>.^10* ; , .*>. 7,., 6> ,++46*7
.1 ,44 g ² `g h Ga³F 54,>>6i*-> d f1- 10*^,:,60>.^-*>.
*b,5.4A g 54,>>6i*-> ,07 21- )D¶IcC *b,5.4A g h G
54,>>6i*-> ,-* ,++46*7 d j=,. 6> \=A \* *b+*5. )BF .1
_* 2,>.*- .=,0 ,44 1.=*- ,4:1-6.=/ > 60 .*-/ > 12 .*>.60:
.6/ * d

� n � t� � �q����� tW	
j=* �9,7-,.65 1+.6/ 6k,.610 +-1_ 4*/ 60 .=* .-,6060:
+=,>* 12 IcC ; >41\ > 71\0 .=* .-,6060: +-1 5*>> d µ 4,..
`Gvv­a 60.-1795*7 , 2,>. ,4:1-6.=/ ; \=65= 6> 5,44*7
ICl ; 21- .-,6060: >9++1-. @*5.1- / ,5=60*> d ? >60:
ICl ; .-,6060: , >60:4* IcC 6> 1_>*-@*7 .1 >5,4* 60
+14A01/ 6,4 .6/ * \ 6.= .=* .-,60 60: >*. >6k* " x

Positive Negative Positive

Negative Positive

Class 2Class 3

Class 5Class 4Class 1

d2

d1

d3

d4

Negative

Negative Positive

��� ��� 	 � �}ª§���


���
 �� ! �" � `� a
[ 6.= .=6> -*4,.610 ; \* 5,0 i07 .=* .-,60 60: .6/ * 21-
10*^,:,60>.^-*>. ,>


 1������¯ ! �g " � `� a
f-1/ *�9,.610 � ; .=* .-,6060: .6/ * 21- 10*^,:,60>.^10*
6> 21907 ,>


 1���1 ! 
���� � � ! F� �1�g ���" � `Ha

,>>9/ 60: .=,. .=* 54,>>*> =,@* .=* >,/ * 09/_*- 12
.-,60 60: 7,., >,/+4*> d [ 6.= .=* >,/ * ,>>9/+.610 ;
\* 5,0 1_.,60 , _,4,05*7 .-** 60 )BF 9>60: .=* i->.
/ *.=17 /*0.610*7 60 >*5.610 F dGd j=*-*21-* ,. ,0A
®¯° 4*@*4 12 .=* .-** `6!E ;G;F ;ddd ���� �g h G�  Ga; .=*
.-,60 60: .6/ * \1947 _*


 �!" ����� ! F �� #"
F � $� `´a

j=* .1.,4 .-,6060: .6/ * _*51/*>


�% � & '�(
)� �1*+ 1#
�0 , �" � - F

F� . �
`�a

\=65= 5,0 _* +-1@*7 .1 _ *


�% � & �" � F� �1
F� �1 h G

·0 `µ 4,.. *. ,4 d; FEEE a ; .=*A ,>>9/ *7 .=,. .=* .A+ 65,4
@,49* 21- / 6> F d ·0 .=6> 5,>* ; 10*^,:,60>.^10* / *.=17>
,07 )BF =,@* .=* >,/ * .6/ * 51/+4*b 6.A 21- .-,6060: d




���� � � ! 
 1���1 ! 
�% � ! F�" �
f1- _,4,05*7 7,., >*.> ; )BF ,07 10*^,:,60>.^10* ,4^
:1-6.=/ > ,-* 541>* .1 *,5= 1.=*- 60 .*-/ > 12 .6/ * 51/ ^
+4*b6.A; ,07 .=*A ,-* -*4,.6@*4A 2,>.*- .=,0 G^,:,60>.^
-*>. d l0 .=* 1.=*- =,07 ; 62 .=* .-,6060: 7,., 6> 90^
_,4,05*7 ; )BF _*51/*> 2,>.*- .=,0 10*^,:,60>.^10*
/ *.=17> d f1- 60 >.,05* ; 62 .=*-* 6> 10* 4,-:* 54,>> ,07
g h G 1.=*- >/ ,44 54,>>*> ; \* 5,0 >*+,-,.* .=* 4,-:*
54,>> ,. .=* i->. 4*@*4 12 .=* .-** ; ,07 .=* -*>. 12 .=*
54,>>6i*-> \ 644 _ * .-,60*7 9>60: .=* >/ ,44 54,>>*> 104Ad
·0 , 10*^,:,60>.^10* ,++-1,5= ; .=* 4,-:* 54,>> \ 644 510^
.-6_9.* .1 < 54,>>6i*-> ; \=65= \ 644 >41\ 71\0 .=* .-,60^
60: +-1 5*>> d u*4,.*7 *b+*-6/ *0.,4 -*>94.> ,-* +-1@67*7
60 >*5.610 ´ d

� n ��p�XY �t�YWtqp TpY �	 VtV
D 065* +-1+ *-.A 12 .=* )BF 2-,/*\1-] 6> .=,. ,0 *-^
-1- _1907 5,0 _* 1_.,60*7 ; 90 46]* .=* -*:9 4,- 10*^
,:,60>.^10* ,07 10*^,:,60>.^-*>. / *.=17> *b5*+. 21-
.=* )D¶IcC 6/+4*/ *0.,.610 12 10*^,:,60>.^10* d D >
*b+4,60*7 60 >*5.610 F ; )BF 21-/ > , 7*56>610 .-** .=,.
6> ,5A5465 ,07 76-*5.*7 21- .*>.60: d D c,+06] 8=*-^
@10*0]6> `c8a ,0,4A>6> 12 76-*5.*7 ,5A5465 :-,+=> 6>
+-*>*0.*7 ,07 ,0 *--1- _1907 6> +-1@67*7 60 j=*1-*/
F 60 `µ4,.. *. ,4 d; FEEEa ; 9>60: .=* -*>94.> 7*-6@*7 60
`B*00*.. *. ,4 d; FEEEa d
D 551-760: .1 .=* .=*1-*/ ; 62 \* ,-* ,_4* .1 51--*5.4A
76>.60:9 6>= 54,>> - 2-1/ .=* 1.=*- 54,>>*> 60 , -,071/
" ^>,/+4* \ 6.= , 76-*5.*7 7*56>610 :-,+= 12 , 7*56>610
.-** � 1@*- g 54,>>*> 510.,60 60: g h G 7*56>610 017*>
\ 6.= / ,-:60> / � ,. 017* ® ; .=*0 \ 6.= +-1_,_646.A G h � ;

� `� a & G�E� �
" `� + ��� `��" a��� `�" a  ��� F `F" a	

� a

\=*-* � `� a ! 
 �b xb 6> / 6>54,>>6i*7 ,> 54,>> - _A � � ;
� + ! 
 �� ��(��� 1� )% ; 
 & g h G ,07 � 6> .=* -,769>
12 , _,44 510.,60 60: .=* >9++1-. 12 .=* 76>.-6_9.610 d
l_>*-@* .=,. .=* *--1- _1907 5=,0:*> 7*+ *0760: 10/ � �> ,07 j �> 21- )D¶IcC ,07 )BF d ·0 )D¶IcC >
 ! g h G; \=65= 6> .=* \1->. 5,>* 21- )BF ; ,07 .=*
_ *>. 5,>* 21- )BF 6> 10 4A 
 ! Gd l0 .=* 1.=*- =,07 ;
.=* / ,-:60 ,. *,5= 017* 6> ,0 90+-*765.,_4* @,-6,_ 4*
7*+ *0760: 10 .=* ]*-0*4 2905.610 ; \=65= / ,]*> 9> 90^
,_4* .1 51/+,-* .=* *--1- _1907> 21- .=* .\1 /*.=17> d

� n TrY�Wt�� T��XqYZ�
C,b6/ 6k60: .=* /,-:60 _ *.\**0 .\1 54,>>*> ,07 .=*
9>,:* 12 ]*-0*4 2905.610> ,-* .\1 12 .=* / ,60 _964760:
_ 41 5]> 12 IcC > d ±*-0*4 2905.610> 1e*- ,0 ,4.*-0,.6@*
>149.610 _A /,++60: .=* 7,., 60.1 , =6:=*- 76/ *0^
>610,4 2*,.9-* >+,5* 60 \=65= \* 5,0 76>.60:9 6>= .=*
7,., /1-* *,>64Ad j=*-* ,-* 76e*-*0. 1+.610> 21- ]*-0*4
2905.610> 7*+ *0760: 10 .=* 76>.-6_9.610 12 .=* .-,6060:
7,., ; _9. ,/10: @,-619> ]*-0*4 2905.610> ; =1\ >=1947
10* 5=11>* .=* _ *>.� j=* :*0*-,46k,.610 ,_646.A 12 ,
/ ,5=60* 5,0 _* 9>*7 ,> , 5-6.*-610 d j1 510.-14 .=* :*0^
*-,46k,.610 ,_646.A 12 , / ,5=60* ; 10* =,> .1 / 60 6/ 6k*
.=* *b+*5.,.610 12 .=* .*>. *--1- ; \=65= 5,0 _* ,5= 6*@*7
_A / 606/ 6k60: .=* 21441\ 60: 5-6.*-610 `c,+06] ; Gvv­ a x

� `� )� a ! � � �� �� `­a
\=*-* ) 6> .=* -,769 > 12 .=* >/ ,44*>. >+=*-* .=,. 60^
5497*> .=* .-,6060: @*5.1-> ;\=65= 6> :6@*0 ,> x

� � !
�#

� � 0 1
� �� � `

(
� )

(
 a `va

,07 �� � 6> .=* 01-/ 12 .=* \*6:=.> 12 .=* =A+*-^+4,0*
60 2*,.9-* >+,5* ; \=65= 6> 1_.,60*7 ,> x

�� � !
�#

� �� �
�
�

 � �� � `
(

� )
(
 a `GEa

D > >.,.*7 60 `c,+06] ; Gvv­ a ; ,/10: 76e*-*0. ]*-0*4
2905.610> `� `

(
� )

(
 aa ; .=* ]*-0*4 .=,. / 606/ 6k*> ­ \ 644

A 6*47 .=* _ *>. IcC 21- .=* _60,-A 5,>* d
·0 .=* +-*@619> +,+*-> `« >9 y ¬60 ; z µ 4,.. *. ,4 d; FEEE a ;
, 510>.,0. ]*-0*4 2905.610 \,> 9>*7 60 .=*6- *b+*-6^
/ *0.> 21- .=* *0.6-* /94.6^54,>> +-1_4*/ d «1\*@*- ; 62
.=* 54,>>*> 71 01. =,@* >6/ 64,- >.-95.9-* ; 9 >60: 104A
10* ]*-0*4 2905.610 / ,A 01. _* .=* _ *>. 1- 6. / ,A 01.
\1-] 21- *@*-A _60,-A 54,>>6i5,.610 d j=9> ; 21- _*>. -*^
>94.> ; *,5= _60,-A 54,>>6i5,.610 =,> .1 _ * 510>67*-*7
,> ,0 6076@679,4 +-1_ 4*/ ; ,07 .=* _ *>. ]*-0*4 >=19 47
_ * 5=1>*0 21- *,5= 54,>>6i*- d ·0 .=6> +,+*- ; \* 9.646k*
,0 ,7,+.6@* ,++-1,5= ; \=65= >*4*5.> .=* _ *>. ]*-0*4 21-
*,5= IcC 54,>>6i*-> d

� n ��� �Xt� �pWY � � �Vs �WV
[* *@,49,.* .=* + *-21-/,05* 12 )BF _,>*7 10 ,5^
59-,5A; .-,6060: ,07 .*>.60: .6/ *> d [* .=*0 51/ ^
+,-* .=* -*>94.> \ 6.= 10*^,:,60>.^10* ; 10*^,:,60>.^-*>.
,07 )D¶IcC d [ =64* 60 j,_4* F \* ]**+ .=* ]*-0*4
2905.610 ,07 6.> +,-,/ *.*- `>a 510>.,0. ; 60 j,_4* � \*



����� 	 � { ��©�~� �}ª)BF )D¶IcC l0*^,:,60>.^l0* l0*^,:,60 >.^-*>.
u,.* `8 ; � a u,.* `8 ; � a u,.* `8 ; � a u,.* `8 ; � a

¶ 4,>> �� dH F 11 ;F 1 �� O� F1, ;F�	 �F dE F
 ;F�	 �Gdv F
 ;F�1
c1\*4 �� O
 F 1, ;F 1 �� O
 ·02 ;F 1 vv dE F1, ;F, vv dE F1, ;F,
«u8j ­� d­ F 11 ;F� ­F d� F1, ;F	 ­F d� F11 ;F	 �� O
 F11 ;F�
C176> �� O� F 1, ;F� ´v d� F1� ;F� ´´ dF F1, ;F� ´v d� F1, ;F�
I/ ,44C176> v´ dE F 1, ;F� �� O
 F1� ;F	 vH dG F1, ;F1 v´ dH F1, ;F�
I*:/ *0. v´ d� F
 ;F, �
 O
 F1 ;F	 �
 O
 F
 ;F 1 vH dF F1, ;F1

����� �� � ~§~
�I,/+4*> � f*,.9-*> � 84,>>*>

«u8j HEE GE­ H
C176> � GFvv G´v GH
I/ ,44C176> H´H­ G´v �
¶4,>> F G� G� ´
c1\*4 HF­ GE GG
I*:/*0. F� GE Gv �

+-*>*0. .=* -*>94.> 21- ,0 ,7,+.6@* ,++-1,5= d ·0 19-
*b+*-6/ *0.> ; \* .*>.*7 ,4:1-6.=/ > \ 6.= @,-A60: +,^
-,/ *.*-> ,. *,5= >.*+ ,07 1_>*-@*7 .=* 76e*-*05* 60
,559-,5Ad [* 7*.*-/ 60*7 .=* _ *>. ]*-0*4 2905.610 ,07
-*4,.*7 +,-,/ *.*-> _A -90060: *b+*-6/ *0.> 10 , @,4^
67,.610 >*. .=,. 6> 76e*-*0. 2-1/ .=* .*>. 7,., d [*
+-*>*0. .=* *b+*-6/ *0.,4 -*>94.> 60 >*5.610 ´ d
[* .*>. .=* ,4:1-6.=/ > 10 >6b 76e*-*0. 7,., >*.> \=1>*
+-1+*-.6*> ,-* +-1@67*7 60 j,_4* Gd ¶ 4,>> ; @1\*4 ,07
>*:/ *0. ,-* 7,., >*.> 2-1/ .=* ?8· -*+1>6.1-A `B 4,]*
y C*-k ; Gvv­ a d «u8j 7,., 510>6>.> 12 =6:= -*>149^
.610 51/+9.*7 .1/1:-,+=A 6/ ,:*> 12 .=* 490:> `)A
y B-174*A; FEEEa d j=* 54,>>*> -*+-*>*0. @,-619> 490:
76>*,>*> d
C 176> 7,., 6> +-*+,-*7 _A 9>60: .=* >,.*446.* 6/ ,:*>
12 .=* *,-.= >9-2,5* ,07 510>6>.> 12 i2.**0 76e*-*0.
54,>>*> -*+-*>*0.60: i2.**0 76e*-*0. -*:610> d 3,5= -*^
:610 510>6>.> 12 @,-619> >9_-*:610> d [ =64* >*4*5.60: .=*
.*>. >*. ; \* +65]*7 ,44 .=* >,/+4*> 2-1/ .=* >9_-*:610>
.=,. ,-* *b5497*7 2-1/ .=* .-,6060: >*. d j=* C176>
7,., =,> ,0 6/_,4,05*7 76>.-6_9.610 d j=* 09/_*- 12
>,/+4*> 60 *,5= 54,>> -,0:*> 2-1/ F´ G .1 ´�v� d
[* *b+*5. .=,. 62 .=* +-1_4*/ 510>6>.> 12 >1/ * >/ ,44
54,>>*> ,07 >1/* -*4,.6@*4A 4,-:* 54,>>*> ; .=*0 )BF
>=1947 _ * 2,>.*- 60 .=* .-,6060: +=,>* d j=,. 6> \=A;
60 1-7*- .1 6449>.-,.* .=6> \* ,4>1 +-*+,-*7 , >9_+-1_^
4*/ `I/ ,44C176>a ; 9>60: 219- 54,>>*> 2-1/ .=* C176>
7,., d I/,44C176> =,> , >]*\*7 54,>> 76>.-6_9.610 \ 6.=
, 4,-:* 54,>> 12 �HEF >,/+4*> ,07 .=-** >/,44*- 54,>>*>
\ 6.= F´ G; � GG ,07 �´´ >,/+4*> d


 O� O �������Q ������L���
·0 1-7*- .1 51/ * 9+ \ 6.= /1-* -*+-*>*0.,.6@* ,559-,5A
+*-21-/ ,05*> ; \* 76@67*7 .=* 4,-:* 7,., >*.> `C 176> ;
I/,44C176> ,07 I*:/*0.a 60.1 .=-** +,-.> x j=* i->.
+,-. 12 7,., 21- .-,6060: ; .=* >*5107 10* ,> , @,467,.610
>*. .1 i07 .=* ]*-0*4> ,07 51--*>+10760: +,-,/*.*- `>a
,07 .=* 4,>. +,-. 6> 9>*7 ,> .*>.60: 7,., d f1- .=* 7,.,
.=,. =,> 2*\ >,/+4*> ; \* 9>*7 .*0^21 47^5-1>> @,467,^
.610 d [* >*4*5.*7 .=* _ *>. ]*-0*4> ,/10: 460*,- ; +14A^
01/ 6,4 ,07 -,76,4 _,>6> 2905.610> d f1- +14A01/ 6,4 ]*-^
0*4 +,-,/ *.*-> `� a ; \* 46/ 6.*7 19- *b+*-6/ *0.> 2-1/
.\1 .=-19:= i@* ,07 21- uBf `� a 2-1/ F�	 .=-19:=
F� d D01.=*- @,-6,_4* ; \=65= =,> , -14* 60 .=* ,559^
-,5A 12 IcC > 6> .=* 51>. +,-,/ *.*- `� a d [* -*+ *,.*7
19- *b+*-6/ *0. 21- @,-619> � @,49*> -,0:60: 2-1/ F�
.=-19:= F 1� ,07 60i06.Ad
[* ,++46*7 .=* C ,b\ 60> ,4:1-6.=/ 21- 51/_60 60: .=*
54,>>6i*-> 60 10*^,:,60>.^10* d [* >*4*5. .=* 54,>> :6@^
60: .=* =6:=*>. 19.+9. @,49* ,> .=* \ 600*- 21- 10*^
,:,60>.^-*>. d ·0 5,>* 12 ,0 *@*0 @1.60: 1- /1-* .=,0
10* 54,>> :6@60: .=* =6:=*>. @,49* ; \* >6/+4A >*4*5. .=*
10* \ 6.= .=* 41\*- 607*b d
[* >=1\ .=* -*>94.> 21- )BF ,07 .=* .= 6-7 /*.=17
+-*>*0.*7 60 >*5.610 F dG; \=*-* \* 76@67*7 .=* 54,>>*>
60.1 .\1 >9_>*.> / 606/ 6k60: .=* 76e*-*05* 12 .=* 09/ ^
_*- 12 7,., >,/+4*> 21- *,5= >9_>*. d C *.=17> G 1- F
:,@* >6/ 64,- ,559-,5A +*-21-/,05*> d
j,_4* F +-*>*0.> .=* -*>9 4.> 12 .=* *b+*-6/ *0.> ; \=*0
.=* >.,07,-7 \,A 12 9>60: , >60:4* ]*-0*4 6> ,++46*7 d
j=* _*>. ,559-,5A +*-21-/ ,05*> ,/10: .=* @,-619>
/94.6^54,>> ,++-1,5=*> 21- *,5= 7,., ,-* =6:=46:=.*7 d
f1- .=* «u8j ,07 Cl)·I 7,., ; .=* +14A01/ 6,4 ]*-^
0*4 :,@* .=* _ *>. -*>94. 21- *@*-A ,4:1-6.=/ d j=* -,76,4
_,>6> 2905.610 \,> .=* _ *>. ]*-0*4 21- .=* -*>. 12 .=*
7,., >*.> d [* ,4>1 +-1@67* .=* 51--*>+10760: 51>. +,^
-,/ *.*- `� a ,07 � @,49*> 60 .=* .,_4* d
[* _*46*@* .=,. ,0 ,7,+.6@* ,++-1,5= >=1947 _ * 9.6^
46k*7 60 ,0A /94.6^54,>> ,++-1,5= ,> +160.*7 19. 60 >*5^
.610 H `6 d* d; .=* _*>. ]*-0*4 >=1947 _ * 9>*7 21- *,5= 54,>^
>6i*-a d j,_4* � +-*>*0.> .=* -*>9 4.> 21- ,7,+.6@* )BF ;



����� � � {��©�~� �}ª �¤� {�~|§��} � }��} �ª
)BF )D¶IcC l0*^,:,60>.^l0* l0*^,:,60>.^-*>.
u,.* u,.* u,.* u,.*

¶4,>> �� O
 �v d� �´ d´ �H dG
c1\*4 �� O
 �� O
 vv dE �� O

«u8j vF dF ­´ d� ­� d� �
 O�
C176> �E d� �� O� ´­ dF �E dG
I/ ,44C176> �� O� �� O� v­ dG v� dE
I*:/ *0. v´ d� �� O� �� O� v´ dF

,07 .=* ,7,+.6@* @*->610> 21- .=* 1.=*- /94.6^54,>>
/ *.=17> d D > *b+*5.*7 ; .=* ,7,+.6@* @*->610> :,@* _ *.^
.*- ,559-,56*> 21- ,44 .=* 7,., >*.> d [* 1_>*-@*7 .=,.
21- ¶ 4,>> ,07 «u8j 7,., >*.> ; .=* ,7,+.6@* ,++-1,5=
6/+-1@*7 .=* ,559-,56*> >6:06i 5,0.4Ad l0 .=* 1.=*-
=,07 ; 21- *,>64A >*+,-,_4* 7,., >*.> 1- .=* 10*> .=,.
510>6>.> 12 >6/ 64,- >.-95.9-*> ; .=* ,7,+.6@* @*->610 767
01. +-1@67* ,0A >6:06i5,0. 6/+-1@*/ *0. d
f-1/ j,_4* F ; \* 5,0 >,A .=,. .=* 219- 010^,7,+.6@*
/ *.=17> + *-21-/ >6/ 64,-4A 60 .*-/ > 12 ,559-,5Ad f1-
.=* «u8j 7,., ; 10*^,:,60>.^-*>. >**/ > .1 _ * +-*2*-^
,_4* d f1- .=* -*>. 12 .=* 7,., >*.> ; 010* 12 .=*
219- ,4:1-6.=/ > +*-21-/*7 >6:0 6i5,0.4A _ *..*- .=,0 .=*
1.=*- d f-1/ j,_4* � ; \* 1_>*-@* .=,. ,7,+.6@* )BF
=,> , 51/+,-,_4* + *-21-/,05* \ 6.= .=* _ *>. ,7,+.6@*
/ *.=17 21- *,5= 7,., 60 .=6> *b+ *-6/ *0. d ·0 .=* 0*b.
>9_>*5.610 ; \* +-*>*0. , 51/+,-6>10 12 .=* ,4:1-6.=/ >
60 .*-/ > 12 >+**7 d


 O
 O � L� K ������L���
[* -,0 .=* *b+*-6/ *0.> 10 ,0 ?4.-,I+,-5^··· 5+9 \ 6.=
�HE C«k 541 5] 2-*�9*05A ,07 F¶B uDC ,07 .=* ,4^
:1-6.=/ > \*-* 6/+4*/*0.*7 60 /,.4,_ d
[ =64* .*>.60: .=* ,559-,56*> 60 .=* +-*@619> *b+*-6^
/ *0.> ; \* ,4>1 /*,>9-*7 .=* 8µ? .6/* 510>9/*7 _A
*,5= 54,>>6i*- ,07 .=* -*>9 4.> 12 .=* / *,>9-*/*0.> ,-*
+-*>*0.*7 60 j,_4* � d f1- .=* >/ ,44 7,., >*.> \=*-* .*0
2147 5-1>> @,467,.610 6> ,++46*7 ; \* +-*>*0. .=* ,@*-,:*
12 .=* .1.,4 .6/ * >+ *0. 21- .=* *b+*-6/ *0. d
D > >**0 2-1/ .=* -*>94.> ; )BF 6> .=* 2,>.*>. ,4:1-6.=/
60 /1>. 12 .=* 5,>*> ; \ 6.= -*>+ *5. .1 .*>.60: .6/ * d <1.*
.=,. ; \* 9>*7 .=* .=6-7 5-6.*-610 :6@*0 60 >*5.610 F dG;
\=65= =,> ,0 6/+1-.,0. -14* 60 .=* >+ **7 12 )BF d [ 6.=
.=6> 5-6.*-610 ; .=* 4,-:*- 54,>>*> ,-* >*+,-,.*7 2-1/ .=*
1.=*-> 60 .=* *,-46*- 4*@*4> 12 .=* .-** 510>.-95.*7 _A
)BF d j=* >/ ,44*- 54,>>*> ,-* 4*2. 21- .=* 4,.*- 4*@*4> ;
\=65= / ,]*> 6. 2,>.*- .1 .-,60 d C1-*1@*- ; >605* /1>.
12 .=* 7,., .1 _* .*>.*7 51/*> 2-1/ .=* 4,-:*- 54,>>*> ;
.=*A ,-* +-*765.*7 60 .=* *,-46*- 4*@*4> 62 01 *--1- 1 5^
59-> d j=9> ; /1>. 12 .=* 7,., 6> 54,>>6i*7 9>60: 4*>>

09/_*- 12 7*56>610 017*> ; \=65= >+ **7> 9+ .=* .*>.60:
+-1 5*>> d f1- 60>.,05* ; 60 .=* .*>.60: +=,>* 12 )BF ; .=*
\1->. 5,>* =,++*0> \=*0 \* ,++4A g h G 017*> .1 .=*
.*>. 7,., ; ,07 .=* _ *>. 5,>* 1 559-> \=*0 .=* .*>.60:
7,., 5,0 _* +-*765.*7 ,. .=* @*-A i->. 4*@*4 d ·2 \* >*+^
,-,.* .=* 4,-:*>. 54,>> 2-1/ .=* 1.=*-> ,. .=* i->. 4*@*4 ;
/ 1>. 12 .=* .*>.60: 7,., 5,0 _* +-*765.*7 9>60: 104A
10* 7*56>610 2905.610 12 )BF d ·0 1.=*- \1-7> ; 104A 10*
_ 60,-A IcC 6> *019:= 21- /1>. 12 .=* .*>.60: 7,., d
·0 «u8j ,07 I/ ,44C176> 7,., ; .=*-* *b 6>. >/ ,44*-
54,>>*> ,07 , -*4,.6@*4A 4,-:*- 54,>> d D > / *0.610*7 60
>*5.610 � ; 60 >95= 5,>*> \=*-* 7,., 6> >]*\*7 1- 90^
_,4,05*7 ; )BF _*51/ *> +-*2*-,_4* \=*0 \* 510>67*-
.-,60 60: .6/ * d
l0 .=* 1.=*- =,07 ; 62 .=*-* ,-* 01 >]*\*7 54,>>*>
\ 6.= 60 .=* +-1_4*/ ; )BF /,A 41>* 6.> ,7@,0.,:* d ·0
5,>* ; \=*-* 7,., 6> *@*04A 76>.-6_9.*7 ,> 60 .=* >*:^
/ *0. 7,., >*. ; )D¶IcC 5,0 _* 2,>.*- 7*+ *0760: 10
.=* � @,49* 12 .=* +-1_4*/ d D> 7*>5-6_ *7 60 >*5.610
� ; 62 � ! F ; )D¶IcC ; 10*^,:,60>.^10* ,07 )BF =,@*
.=* >,/ * .6/* 51/+4*b6.A 60 .-,60 60: _9. 21- � � F ;
)D¶IcC ,07 10*^,:,60>.^10* _*51/* 2,>.*- 60 .-,60^
60: .=,0 1.=*- ,4:1-6.=/ > d
j1 907*->.,07 _*..*- .=* .6/ * 51/+4*b 6.A 12 .=* @,-6^
19> /94.6^54,>> / *.=17> \ 6.= -*>+*5. .1 .=* 09/_*- 12
60>.,05*> ; \* -,0 *b+*-6/ *0.> \ 6.= 605-*,>60: 09/_*->
12 >*:/ *0. 7,., >,/+4*> d ? >60: .=* >,/ * +,-,/*.*->
`� ! F ; 8 ! ·02 da ; \* /*,>9-*7 .=* 8µ? .6/* 21- .=*
.*>.60: ,07 .-,6060: +=,>*> d ·0 1-7*- .1 1_.,60 =1/1^
:*0*19> 7,., >*.> \ 6.= 76e*-*0. 09/_*-> 12 >,/+4*> ;
\* >.,-.*7 \ 6.= .=* i->. GEE >,/+4*> 12 .=* >*:/ *0.
7,., ,07 605-*/ *0.*7 6. _A GEE ,. *,5= / *,>9-*/*0. d
[* .11] vE� 12 .=* 7,., ,> .-,60 60: ,07 .=* -*>. ,>
.*>.60: d
f 6:9-* � ,07 � 76>+4,A .=* +41.> 21- .=* .-,6060: ,07
.*>.60: .6/ * -*>+ *5.6@*4Ad u*>94.> >=1\ .=,. 10*^
,:,60>.^10* ,07 )D¶IcC ,-* .=* 2,>.*>. / *.=17> 60
.-,60 60: ; 21441\*7 541>*4A _A )BF d l0*^,:,60>.^-*>. 6>
>6:06i5,0.4A >41\*- .=,0 .=* 1.=*- .=-** d [ =*0 \*
510>67*- .=* .*>.60: .6/ * ; \* 1_>*-@* .=,. )BF ,07



����� � � ��� � �� } ��� �}�¤��ª �
)BF )D¶IcC l0*^,:,60>.^l0* l0*^,:,60 >.^-*>.
j-,60 j*>. j-,60 j*>. j-,60 j*>. j-,60 j*>.

¶ 4,>> �­ d� 
 O� �F d� F d´ �� O� ´ d� G�F d´ ´ d­
c1\*4 �­� d´ �� O� ��� O� G­ dE FGF dv v� dv F­­ GdG ­F d�
«u8j ��� O
 �� O
 ��­ d´ �� d´ ��´ d� H� d� G��´ dG ­� dH
I/ ,44C176> �
�� O
 
�� O� �F�´ dH v­F d´ � G´H dF G­�´ dH F�FH´ dG FvH­ dH
C176> F�´�EE �
�� �HFG� vHvE ���
� GvE´E v��´�F GFEE­
I*:/ *0. Gv�� d´ �� GdE GH�v d� � �� O� ���
 O� GFF� dG v��E d´ FE�´ d�

)D¶IcC ,-* >9_>.,0.6,44A 2,>.*- .=,0 .=* 1.=*- .\1 d

0 500 1000 1500 2000 2500
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Number of Data Samples

C
pu

 ti
m

e

DB2
DAG
One−One
One−Rest

��� ��� � � ��~�� ��� � �� }

0 500 1000 1500 2000 2500
0

500

1000

1500

2000

2500

Number of Data Samples

C
pu

 ti
m

e

DB2
DAG
One−One
One−Rest

��� ��� � � �}ª§��� � �� }

� n �qpZ �sVtqpV Ypr 	sWsX� 
qX�
[* =,@* 60.-1795*7 , 0*\ /*.=17 ,> , >149.610 .1
/94.6^54,>> +-1_4*/ > d )BF =,> , �*b 6_4* .-** >.-95.9-*
,07 5,0 _* ,7�9>.*7 21- 76e*-*0. .A+ *> 12 /94.6^54,>>
+-1_4*/ > d B*0*i.60: 2-1/ .=* .-** >.-95.9-* ; \* \*-*
,_4* .1 +-*>*0. , :*0*-,46k,.610 ,07 .6/* 51/+4*b 6.A
,0,4A>6> d l9- *b+*-6/ *0.> >=1\ .=,. 21- .A+65,4 5,>*> ;
)BF 5,0 _* .-,60*7 ,> 2,>. ,> 10*^,:,60>.^10* ,4:1^
-6.=/ > d ¬11]60: ,. .=* -*>94.> ; \* 5,0 5105497* .=,.
)BF 6> ,4\,A> 2,>.*- .=,0 10*^,:,60>.^10* ,07 10*^
,:,60>.^-*>. ,4:1-6.=/ > 60 .*-/ > 12 .*>.60: .6/ * d f9-^
.=*-/1-* ; 6. 6> 2,>.*- .=,0 )D¶IcC > \=*0 .=* 7,., 6>
90_,4,05*7 d f1- 1.=*- 7,., >*.> ; )BF �> >+ **7 6> 541>*

.1 )D¶IcC �> d ·0 510549>610 ; \* 5,0 >,A .=,. )BF 6>
,0 ,4.*-0,.6@* .1 1.=*- /94.6^54,>> / *.=17> \ 6.= 51/ ^
+,-,_4* ,559-,5A +*-21-/ ,05* ,07 6> +-*2*-,_4* \ 6.=
-*>+ *5. .1 >+ **7 ; 7*+*0760: 10 .=* +-1_4*/ d
[* ,4>1 >9::*>. .=,. 7*.*-/ 6060: .=* _ *>. ]*-0*4 2905^
.610> ,07 +,-,/ *.*-> 21- *@*-A 54,>>6i*- \ 6.=60 .=*
/94.6^54,>> ,-5=6.*5.9-* 5,0 6/+-1@* .=* ,559-,5A >6:^
0 6i5,0.4A; 7*+ *0760: 10 .=* 76>.-6_9.610 12 .=* 7,., d
l9- *b+*-6/ *0.,4 -*>9 4.> 510i-/ *7 .=,. 607**7 ,0
,7,+.6@* ,++-1,5= >6:06i5,0.4A 6/+-1@*> .=* 54,>>6i^
5,.610 ,559-,5Ad
D > ,0 *b.*0>610 .1 )BF ; \* 5,0 51/_60* 1.=*- *b6>.^
60: /94.6^54,>> / *.=17> \ 6.= )BF ,. 76e*-*0. 4*@*4>
12 )BF ,07 +-1795* , =A_-67 >.-95.9-* d f1- 60>.,05* ;
9+ .1 >1/* 4*@*4 \* 5,0 >+ 46. .=* 7,., 60.1 .\1 ,07
.=*0 ,++4A )D¶IcC 21- .=* -*>. 12 .=* 54,>>*> d f9-^
.=*-/1-* ; 62 \* >+46. 10* 54,>> 19. ,. *@*-A >.,:* ; \*
51/ * 9+ \ 6.= ,0 ,4:1-6.=/ .=,. 6> @*-A >6/ 64,- .1 10*^
,:,60>.^-*>. _9. 2,>.*- .=,0 .=,. d j=* 67*, 6> .1 51/ ^
_ 60* .=* >.-*0:.= 12 *,5= /94.6^54,>> /*.=17 d
D01.=*- 76-*5.610 6> .1 *b+41-* .=* _*0*i.> 12 9 >60:
76e*-*0. >*. 12 2*,.9-*> ,. *,5= 4*@*4 12 .=* =6*-,-5=A;
>6/ 64,- .1 )9/,6> ,07 8=*0 `FEEEa d D. *,5= 017*
76e*-*0. 2*,.9-*> / ,A _* /1-* -*4*@,0. d ·0.96.6@*4A;
\* *b+*5. .=,. .=* 67*, 5,0 6/+-1@* .=* ,559-,5A 21-
+-1_4*/ > \ 6.= 0,.9-,4 =6*-,-5=6*> d C1-*1@*- ; \* *b^
+ *5. .=,. ,0 ,7,+.6@* ,++-1,5= \1947 :,60 /1-* 6/ ^
+1-.,05* \=*0 \* ,441\ .=* 2*,.9-* >+,5* .1 5=,0:* ,.
*,5= 017* d
j=* / *.=17> `G y Fa +-1@67*7 60 >*5.610 F dG >9/ ^
/ ,-6k* *,5= 54,>> 9 >60: i->.^1-7*- /1/*0. >.,.6>.65> d
[* 5,0 .,]* ,7@,0.,:* 12 >*5107^1-7*- /1/*0.> >9/ ^
/ ,-6*> ,07 )BF _A 1+.6/ 6k60: 76>5-6/ 60,0. ,0,4A>6>
2905.610> >95= ,> .- `
 �1

� 
� a \=*-* 
� 6> .=* \ 6.=60^
54,>>^>5,..*- ,07 
� 6> .=* _ *.\**0^54,>>^>5,..*- / ,^
.-65*> `f9]90,:, ; GvvEa d l0* / ,A ,4>1 >*,-5= 21- .=*
_ *>. :-19+60: _A 6051-+1-,.60: .=* ]*-0*4 2905.610> 60
.=* 5-6.*-610 2905.610 d )*.*-/ 6060: .=* _*>. /*.=17
21- :-19+60: .=* 54,>>*> \1947 _* ,0 60.*-*>.60: .1+65
21- 29.9-* \1-] d



TZ�pq� ��r�� �pWV
j=* ,9.=1-> \ 6>= .1 .=,0] C,-] f-6*74 2-1/ B1>.10
?06@*->6.A 21- .=* C176> 7,., d j=6> -*>*,-5= \,> +,-^
.6,44A >9++1-.*7 _A C*-59-A 81/+9.*- IA>.*/ > ; .=*
<If 2907*7 8*0II·I `8*0.*- 21- I9_>9-2,5* I*0>^
60: ,07 ·/,:60: IA>.*/ >a; ,07 <If ¶-,0. <1 d ··I^
E���H�F d
� ���X�pZ�V
B*00*.. ; ± d µd; 8-6>.6,0606 ; < d; I=,\*^j,A41- ; � d; y
[9 ; ) d `FEEEa d 304,-:60: .=* / ,-:60> 60 + *-5*+.-10
7*56>610 .-**> d � ��� �	 
 �
��	�	
 ; � � ; FvH�� G� d

B 4,]* ; 8 d; y C*-k ; 8 d `Gvv­a d ?8· -*+1>6.1-A 12 / ,^
5=60* 4*,-060: 7,.,_,>*> d

8-,//*- ; ± d; y I60:*- ; w d `FEEEa d l0 .=* 4*,-0,_646.A
,07 7*>6:0 12 19.+9. 517*> 21- /94.654,>> +-1_ 4*/ > d
���� ������	�� �
���	
 �� 
��� `++ d �H��´ad

)9/ ,6> ; I d j d; y 8=*0 ; « d `FEEEa d « 6*-,-5=65,4 54,>^
>6i5,.610 12 [ *_ 510.*0. d � ���

��	
 � �� ��  �! "##$
%&�� ' �� �	�
�	����	�� ��	� 
�
	 �
 �	 !
�
����
�	� ( 
)
���� 
	� �	 �	� ��� ����	 !
���
)�� `++ d FH´�
F´� a d D.=*0> ; ¶u x D8C µ-*>> ; <*\ w1-] ; ?I d

)A; � d ¶ d; y B-174*A; 8 d 3 d `FEEEa d c 6>9,46k,.610 ,07
60.*-,5.6@* 2*,.9-* >*4*5.610 21- 90>9+*-@6>*7 7,., d
*	�+ �
�
 
 ( ����)
�� �	� ( ��� � �	�	
 `++ d �´E�
�´� a d

f1-:A; 3 d `Gv´Ha d 849 >.*- ,0,4A>6> 12 /94.6@,-6,.* 7,., x
3, 56*05A @> 60.*-+-*.,_646.A 12 54,>>6i 5,.610> d - ��"
� 
����� ; %�; �´­� �­E d

f-6*7/,0 ; � d `Gvv´ a d '	��� 
� ��� ����� �� � ����� ���"
� ��� ������� �����	 `j*5=065,4 u*+1-.a d I.,021-7
?06@*->6.A; )*+,-./ *0. 12 I.,.6>.65> d

f9]90,:, ; ] d `GvvEa d �	 ���������	 �� ����������� � ���
�	
�
��
	����	 d B1>.10 ; CD x D5,7*/ 65 µ-*>> d F *76.610 d

« >9 ; 8 d; y ¬60 ; 8 d D 51/+,-6>10 12 / *.=17> 21- /94.6^
54,>> >9++1-. @*5.1- / ,5=60*> d j*5=065,4 -*+1-. ; )*^
+,-./*0. 12 81/+9.*- I56*05* ,07 ·021-/ ,.610 30^
:60**-60: ; <,.610,4 j,6\,0 ?06@*->6.A; j,6+*6 ; j,6^
\,0 ; FEE Gd Gv d

±0*-- ; I d; µ*->100,k ; ¬ d; y )-*A29> ; ¶ d `GvvEa d I60:4*^
4,A*- 4*,-0 60: -*@6>6.*7 x D >.*+\ 6>* +-1 5*79-* 21-
_964760: ,07 .-,60 60: , 0*9-,4 0*.\1-] d . 
������ "
� ���	
 / ' �
 �������$ ' ��� ��
����
� �	� '�� �������	�$
.' �0 '�� �
��
� d I+-60:*- d

µ 4,.. ; � d `Gvv­a d I*�9*0.6,4 / 606/ ,4 1+.6/ 6k,.610 x
D 2,>. ,4:1-6.=/ 21- .-,6060: >9++1-. @*5.1-

/ ,5=60*> d j*5=065,4 u*+1-. v­^ G� ; C 65-1>12.
u*>*,-5= ; u*7/107 ; [,>=60:.10 ; D+-64 Gvv­ d
=..+ x11\\\ d-*>*,-5= d/ 65-1>12. d51/ 1 �+4,..1>/ 1 d=./ 4 d

µ 4,.. ; � d; 8-6>.6,0606 ; < d; y I=,\*^j,A41- ; � d `FEEE a d
¬,-:* / ,-:60 7,:> 21- /94.654,>> 54,>>6i5,.610 d '�"
)�	�
� �	 . 
���� �	� ��� ����	 � ���
���	
 ����
� � �%
`++ d H��� HH� a d

c,+06] ; c d `GvvHa d �� 
 	����
 �� ����������� �
��	�	

�� 
��� d < *\ w1-] x I+-60:*- d

c,+06] ; c d `Gvv­a d � ����� ����� �
��	 �	
 �� 
��� d <*\
w1-] x [ 64*Ad

[*>.10 ; � d; y [,.]60 > ; 8 d `Gvvva d I9++1-. @*5.1- / ,^
5=60*> 21- /94.654,>> +,..*-0 -*51:06.610 d � ���

�"
�	
 � �� �� 
 �
)
	�� 2 ���� 
�	 ���� ����� 0	 '���3 "
���� . 
���� . 
�+��4� d


