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Ü
N
C
H
E
N

F
E
B
R
U
A
R
Y
9
,
2
0
1
1



� sFRO
M

G
L
O
B
A
L
P
D
F

F
IT
S

�THEG
O
O
D
:
L
O
T
S

O
F

IN
F
O
R
M
A
T
IO

N
C
O
M
B
IN

E
D

)SMAL
L

S
T
A
T
IS

T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

�THEB
A
D
:
D
E
P
E
N
D
E
N
C
E

O
N
P
D
F
S

)POTE
N
T
IA

L
L
Y

L
A
R
G
E

T
H
E
O
R
E
T
IC

A
L

B
IA

S

�S G(Q
2 )=R d
x x� FP 2(x;
Q2 )�F
n 2(x;Q2
)�

�

S G(0:00
4<x<
0:8;4

2 )=0:2
28�0:0
20

� S G(0:00
4<x<
0:8;4

2 )=0:2
28� 0:0
44(Abb
ate,S.F.
,2005)

�

x

)

x



� sFRO
M

G
L
O
B
A
L
P
D
F

F
IT
S

�THEG
O
O
D
:
L
O
T
S

O
F

IN
F
O
R
M
A
T
IO

N
C
O
M
B
IN

E
D

)SMAL
L

S
T
A
T
IS

T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

�THEB
A
D
:
D
E
P
E
N
D
E
N
C
E

O
N
P
D
F
S

)POTE
N
T
IA

L
L
Y

L
A
R
G
E

T
H
E
O
R
E
T
IC

A
L

B
IA

S

1
S
T

E
X
A
M
P
L
E

T
H
E

G
O
T
T
F
R
IE

D
S
U
M

R
U
L
E

�S G(Q
2 )=R d
x x� FP 2(x;
Q2 )�F
n 2(x;Q2
)�

� NMC
D
E
T
E
R
M
IN

E
S

S G(0:00
4<x<
0:8;4G

E
V

2 )=0:2
28� 0:0
20

�ANEU
R
A
L

N
E
T
W
O
R
K

F
IT

T
O
N
M
C
+
B
C
D
M
S

S
T
R
U
C
T
U
R
E

F
U
N
C
T
IO

N
D
A
T
A

G
E
T
S

S G(0:00
4<x<
0:8;4G

E
V

2 )=0:2
28� 0:0
44(Abb
ate,S.F.
,2005)

�DIFFE
R
E
N
C
E

IN
U
N
C
E
R
T
A
IN

T
Y

C
O
M
E
S

E
N
T
IR

E
L
Y

F
R
O
M

S
M
A
L
L
E
S
T

xBIN

)VERY
N
O
N
L
IN

E
A
R

S
H
A
P
E

O
F

S
T
R

F
C
T
N

A
T

S
M
A
L
L

xPOSSI
B
L
E



� sFRO
M

G
L
O
B
A
L
P
D
F

F
IT
S

�THEG
O
O
D
:
L
O
T
S

O
F

IN
F
O
R
M
A
T
IO

N
C
O
M
B
IN

E
D

)SMAL
L

S
T
A
T
IS

T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

�THEB
A
D
:
D
E
P
E
N
D
E
N
C
E

O
N
P
D
F
S

)POTE
N
T
IA

L
L
Y

L
A
R
G
E

T
H
E
O
R
E
T
IC

A
L

B
IA

S

2
N
D

E
X
A
M
P
L
E

� sFRO
M

B
C
D
M
S
&

N
M
C

D
A
T
A

�CAND
E
T
E
R
M
IN

E
N
L
O

� sFROM
S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S

O
F

N
O
N
S
IN

G
L
E
T

T
R
U
N
C
A
T
E
D

(M
E
A
S
U
R
E
D
)
M
O
M
E
N
T
S

)NOD
E
P
E
N
D
E
N
C
E

O
N
P
D
F
S

O
R

E
X
T
R
A
P
O
L
A
T
IO

N

�� s(M
Z)=0:1
24+0:00
5 �0:008(
s.f.,Lato
rre,Mag
nea,Pi
ione,20
02)

�BCD
M
S

F
IN

D

� s(M Z)
=0:113
�0:005
(Virhau
x,Milsz
tajn,19
92)

(N
M
C

F
IN

D

� s(M Z)
=0:117
+0:011 �0:016(A
rneodoe
tal.,199
3) )

�BCD
M
S
(&

N
M
C
)
R
E
S
U
L
T
S

B
A
S
E
D

O
N

S
IM

U
L
T
A
N
E
O
U
S

F
IT

O
F

� s&PD
F
S

)DIFF
E
R
E
N
C
E

L
IK

E
L
Y

D
U
E

T
O
P
D
F

D
E
P
E
N
D
E
N
C
E



U
N
B
IA

S
E
D

P
D
F
D
E
T
E
R
M
IN

A
T
IO

N
:
T
H
E
N
N
P
D
F

A
P
P
R
O
A
C
H

B
A
S
IC

ID
E
A
:
M
O
N
T
E

C
A
R
L
O

S
A
M
P
L
IN

G

O
F

T
H
E

P
R
O
B
A
B
IL
IT
Y

M
E
A
S
U
R
E

IN
T
H
E
(F

U
N
C
T
IO

N
)
S
P
A
C
E

O
F
P
D
F
S

�START
F
R
O
M

M
O
N
T
E

C
A
R
L
O

S
A
M
P
L
IN

G
O
F

D
A
T
A

S
P
A
C
E �EACH
P
D
F

$NEUR
A
L

N
E
T
W
O
R
K

P
A
R
A
M
E
T
R
IZ
E
D

B
Y

3
7

P
A
R
A
M
E
T
E
R
S

(N
N
P
D
F
:

37
7
=259

P
A
R
M
S
)

“I
N
F
IN

IT
E
”
N
U
M
B
E
R

O
F

P
A
R
A
M
E
T
E
R
S

)CANR
E
P


R
E
S
E
N
T

A
N
Y

F
U
N
C
T
IO

N

�FITS
T
O
P
S

W
H
E
N

Q
U
A
L
IT
Y

O
F

F
IT

T
O

R
A
N


D
O
M
L
Y

S
E
L
E
C
T
E
D

“V
A
L
ID

A
T
IO

N
”

D
A
T
A
(N

O
T

F
IT


T
E
D
)
S
T
O
P
S

IM
P
R
O
V
IN

G

E
x
p
e
ri
m
e
n
ta
l 
D
a
ta

M
C
 g
e
n
e
ra
ti
o
n

N
N
 p
a
ra
m
e
tr
iz
a
ti
o
n

F
i 
  
  
 i
=
1
,.
..
,N
d
a
ta

N
M
C
,B
C
D
M
S
,S
L
A
C
,H
E
R
A
,C
H
O
R
U
S
..
.

F
i(
1
)

F
i(
2
)

F
i(
N
)

F
i(
N
-1
)

q
0
n
e
t(
1
)

q
0
n
e
t(
2
)

q
0
n
e
t(
N
-1
)
q
0
n
e
t(
N
)

R
E
P
R
E
S
E
N
T
A
T
IO
N
 O
F

 P
R
O
B
A
B
IL
IT
Y
 D
E
N
S
IT
Y

E
V
O
L
U
T
IO
N

T
R
A
IN
IN
G
 



U
N
B
IA

S
E
D

P
D
F
D
E
T
E
R
M
IN

A
T
IO

N
:
T
H
E
N
N
P
D
F

A
P
P
R
O
A
C
H

B
A
S
IC

ID
E
A
:
M
O
N
T
E

C
A
R
L
O

S
A
M
P
L
IN

G

O
F

T
H
E

P
R
O
B
A
B
IL
IT
Y

M
E
A
S
U
R
E

IN
T
H
E
(F

U
N
C
T
IO

N
)
S
P
A
C
E

O
F
P
D
F
S

�START
F
R
O
M

M
O
N
T
E

C
A
R
L
O

S
A
M
P
L
IN

G
O
F

D
A
T
A

S
P
A
C
E �EACH
P
D
F

$NEUR
A
L

N
E
T
W
O
R
K

P
A
R
A
M
E
T
R
IZ
E
D

B
Y

3
7

P
A
R
A
M
E
T
E
R
S

(N
N
P
D
F
:

37
7
=259

P
A
R
M
S
)

“I
N
F
IN

IT
E
”
N
U
M
B
E
R

O
F

P
A
R
A
M
E
T
E
R
S

)CANR
E
P


R
E
S
E
N
T

A
N
Y

F
U
N
C
T
IO

N

�FITS
T
O
P
S

W
H
E
N

Q
U
A
L
IT
Y

O
F

F
IT

T
O

R
A
N


D
O
M
L
Y

S
E
L
E
C
T
E
D

“V
A
L
ID

A
T
IO

N
”

D
A
T
A
(N

O
T

F
IT


T
E
D
)
S
T
O
P
S

IM
P
R
O
V
IN

G

C
A
N

D
E
T
E
R
M
IN

E
B
O
T
H

6
8
C
.L
.&

1
�

x
-5

10
-4

10
-3

10
-2

10
-1

10

)0

2
xg (x, Q

-3-2-1012345
N

N
P

D
F

2.
0 

- 
68

%
 C

L

σ
N

N
P

D
F

2.
0 

- 
1-

In
di

vi
du

al
 R

ep
lic

as



T
H
E

N
N
P
D
F
2
.1

P
D
F
D
E
T
E
R
M
IN

A
T
IO

N

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
Z

E
U

S
F

2C
H

1F
2C

D
Y

E
60

5
D

Y
E

88
6

C
D

F
W

A
S

Y
C

D
F

Z
R

A
P

D
0Z

R
A

P
C

D
F

R
2K

T
D

0R
2C

O
N

N
N

P
D

F
2.

1 
da

ta
se

t

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

fi
xe

d
ta

rg
et

H
E

R
A

x 1,
2 

=
 (

M
/1

4 
T

eV
) 

ex
p(

± y
)

Q
 =

 M

L
H

C
 p

ar
to

n 
ki

ne
m

at
ic

s

M
 =

 1
0 

G
eV

M
 =

 1
00

 G
eV

M
 =

 1
 T

eV

M
 =

 1
0 

T
eV

6
6

y 
= 

4
0

2
2

4

Q
2
   (GeV

2
)

x

�GLOBA
L
P
D
F

F
IT
,
IN

C
L
U
D
E
S

{DIS:N
E
U
T
R
A
L

A
N
D

C
H
A
R
G
E
D

C
U
R
R
E
N
T
,
C
H
A
R
G
E
D

L
E
P
T
O
N

A
N
D

N
E
U
T
R
IN

O
B
E
A
M
S
,

IN
C
L
U
S
IV

E
A
N
D

C
H
A
R
M
T

A
G
G
E
D

{DRELL
Y

A
N
:
F
IX

E
D

T
A
R
G
E
T

A
N
D

C
O
L
L
ID

E
R
,
N
E
U
T
R
A
L

� ANDZ
A
N
D

C
H
A
R
G
E
D

C
U
R
R
E
N
T

WPROD
U
C
T
IO

N

{INCLU
S
IV

E
J
E
T
S

�NLOQ
C
D
,
H
Q

M
A
S
S
E
S

IN
C
L
U
D
E
D

T
O

O(� s)

�7PDF
S

P
A
R
A
M
E
T
R
IZ
E
D

IN
D
E
P
E
N
D
E
N
T
L
Y
,
H
Q

G
E
N
E
R
A
T
E
D

D
Y
N
A
M
IC

A
L
L
Y

�SETSW
IT
H

D
IF
F
E
R
E
N
T

V
A
L
U
E
S

O
F

� s,m ,
m bAVAIL

A
B
L
E



D
E
T
E
R
M
IN

IN
G

� sFRO
M

N
N
P
D
F
2
.1

A
D
V
A
N
T
A
G
E
S

�CANC
H
E
C
K

S
T
A
T
IS

T
IC

A
L

F
E
A
T
U
R
E
S

O
F

R
E
S
U
L
T
S
:

{INDEP
.
O
F

P
A
R
A
M
E
T
R
IZ
A
T
IO

N

)ABSEN
C
E

O
F

B
IA

S

{DEPEN
D
E
N
C
E

O
F

U
N
C
E
R
T
A
IN

T
IE

S
O
N

S
IZ
E

O
F
M
C

S
A
M
P
L
E

)ERRO
R

A
N
D

E
R
R
O
R

O
N

T
H
E

E
R
R
O
R {BAYES
IA

N
IM

P
A
C
T

O
F

N
E
W

D
A
T
A

O
N

F
IT

)CONS
IS
T
E
N
C
Y

W
IT
H

S
T
A
T

IN
F
E
R
E
N
C
E

�CANS
T
U
D
Y

IM
P
A
C
T

O
F

IN
D
IV

ID
U
A
L

D
A
T
A

O
N

R
E
S
U
L
T
S

C
A
V
E
A
T
S

��2 IS
A

R
A
N
D
O
M

V
A
R
IA

B
L
E

)FLUC
T
U
A
T
E
S

F
O
R

F
IN

IT
E

S
A
M
P
L
E

S
IZ
E

��2 �
p N dat N rep

)ADDI
T
IO

N
A
L

U
N
C
E
R
T
A
IN

T
Y

D
U
E

T
O

F
IN

IT
E
S

IZ
E

F
L
U
C
T
U
A
T
IO

N
S

��2 OF
A
V
E
R
A
G
E

A
L
W
A
Y
S

L
O
W
E
R

T
H
A
N

A
V
E
R
A
G
E

O
F

�2
(F

IT
L
E
A
R
N
S

U
N
D
E
R
L
Y
IN

G
L
A
W
)

)FLUCT
U
A
T
IO

N
S

O
F

�2 SUPE
R
P
O
S
E
D

T
O

D
E
C
R
E
A
S
E

O
F

A
V
E
R
A
G
E

�2 VSN
rep



T
H
E

P
R
O
C
E
D
U
R
E

�PROD
U
C
E

N repRE
P
L
IC

A
S

F
O
R

A
R
A
N
G
E

O
F

V
A
L


U
E
S

O
F

� s&DE
T
E
R
M
IN

E
D

T
H
E

�2

�DETE
R
M
IN

E
T
H
E

S
T
A
T
IS

T
IC

A
L

F
IN

IT
E
S

IZ
E

U
N


C
E
R
T
A
IN

T
Y

O
N

E
A
C
H

�2 VALU
E
(E
.G
.

B
Y

B
O
O
T


S
T
R
A
P
)

�PERFO
R
M

A
P
A
R
A
B
O
L
IC

F
IT

T
O

�2 PROF
IL
E
,
P
O
S


S
IB

L
Y

D
IS

C
A
R
D

O
U
T
E
R

N
O
N
P

A
R
A
B
O
L
IC

P
O
IN

T
S

B
A
S
E
D

O
N

F
IT

Q
U
A
L
IT
Y

�DETE
R
M
IN

E

� sAND
S
T
A
T
IS

T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

B
Y

S
T
A
N
D
A
R
D

��2 =
1ABOU

T
T
H
E

M
IN

IM
U
M

�DETE
R
M
IN

E
F
U
R
T
H
E
R

P
R
O
C
E
D
U
R
A
L

U
N
C
E
R


T
A
IN

T
Y

D
U
E

T
O

U
N
C
E
R
T
A
IN

T
Y

O
N

B
E
S
T
F

IT

P
A
R
M
S

)REPE
A
T

F
O
R

L
A
R
G
E
R

N repUN
T
IL

P
R
O


C
E
D
U
R
A
L

U
N
C
E
R
T
A
IN

T
Y

N
E
G
L
IG

IB
L
E

C
O
M
P
A
R
E
D

T
O

S
T
A
T
IS

T
IC

A
L

�2 FLUC
T
U
A
T
IO

N
S

V
S
.

N rep

�2 PROF
IL
E

V
S
.

� s

 3
86

0

 3
88

0

 3
90

0

 3
92

0

 3
94

0

 3
96

0

 3
98

0  0
.1

13
 0

.1
15

 0
.1

17
 0

.1
19

 0
.1

21
 0

.1
23

 0
.1

25
χ

2

α s
(M

Z
)

N
N

P
D

F
2.

1 
T

ot
al

 D
at

as
et D

at
a

P
ar

ab
ol

ic
 F

it



T
H
E

R
E
S
U
L
T
:
G
L
O
B
A
L

F
IT

N
L
O

N
N
P
D
F
2
.1

G
L
O
B
A
L
D
E
T
E
R
M
IN

A
T
IO

N
(O

N
L
Y

S
T
A
T
.
E
R
R
O
R

K
N
O
W
N
)

N rep=3
00PERV

A
L
U
E

O
F

� s

� s(M z)
=0:119
1�0:0
006(sta
t:)�0:
0001(p
ro:)=
0:1191
�0:000
6(stat:)

 3
86

0

 3
88

0

 3
90

0

 3
92

0

 3
94

0

 3
96

0

 3
98

0  0
.1

13
 0

.1
15

 0
.1

17
 0

.1
19

 0
.1

21
 0

.1
23

 0
.1

25

χ
2

α s
(M

Z
)

N
N

P
D

F
2.

1 
T

ot
al

 D
at

as
et D

at
a

P
ar

ab
ol

ic
 F

it

�2 =d:o:
f:=1:4
forthe
parabol
i�t



T
H
E

R
E
S
U
L
T
:
D
IS

O
N
L
Y

D
O
D
IS

D
A
T
A

P
R
E
F
E
R

A
S
M
A
L
L
E
R

V
A
L
U
E
?

N rep=5
00
� s

� s(M z)
=0:117
8�0:0
009(sta
t:)

� �



T
H
E

R
E
S
U
L
T
:
D
IS

O
N
L
Y

D
O
D
IS

D
A
T
A

P
R
E
F
E
R

A
S
M
A
L
L
E
R

V
A
L
U
E
?

N
L
O

N
N
P
D
F
2
.1

D
E
E
P
I
N
E
L
A
S
T
IC

D
A
T
A
(O

N
L
Y

S
T
A
T
.
E
R
R
O
R

K
N
O
W
N
)

N rep=5
00PERV

A
L
U
E

O
F

� s

� s(M z)
=0:117
8�0:0
009(sta
t:)

�YES �BUT
N
O
T

M
U
C
H

S
M
A
L
L
E
R
&

W
IT
H

L
A
R
G
E
R

U
N
C
E
R
T
A
IN

T
Y

(C
O
M
P
A
T
IB

L
E

W
IT
H
IN

U
N
C
E
R
T
A
IN

T
IE

S
,
A
S

IT
O
U
G
H
T

T
O
)



T
H
E

R
E
S
U
L
T
S
:

W
H
A
T

A
B
O
U
T

T
H
E
O
R
E
T
IC

A
L

U
N
C
E
R
T
A
IN

T
IE

S
?

O(m )
O(m b)
)

� s(M z)
=0:116
9�0:0
009(sta
t:)

� s(M z)
=0:114
7�0:0
011(sta
t:)

� noteold
BCDMS
&NMC
determin
ationsp
erformed
inthiss
heme

� { { �



T
H
E

R
E
S
U
L
T
S
:

W
H
A
T

A
B
O
U
T

T
H
E
O
R
E
T
IC

A
L

U
N
C
E
R
T
A
IN

T
IE

S
?

H
E
A
V
Y
Q
U
A
R
K
S

N
E
G
L
E
C
T

A
L
L

O(m )&

O(m b)C
O
R
R
E
C
T
IO

N
S

)ZERO
M

A
S
S

S
C
H
E
M
E
(N

N
P
D
F
2
.0
)

N
L
O

N
N
P
D
F
2
.0

G
L
O
B
A
L

� s(M z)
=0:116
9�0:0
009(sta
t:)

N
L
O

N
N
P
D
F
2
.0

D
E
E
P
I
N
E
L
A
S
T
IC

� s(M z)
=0:114
7�0:0
011(sta
t:)

�EFFEC
T

R
A
T
H
E
R

L
A
R
G
E
R

T
H
A
N

S
T
A
T
IS
T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

noteold
BCDMS
&NMC
determin
ationsp
erformed
inthiss
heme

�OTHER
T
H
.
U
N
C
E
R
T
A
IN

T
IE

S
:

{VALUE
S

O
F
H
Q

M
A
S
S
E
S

{HIGHE
R

O
R
D
E
R
S
(S

C
A
L
E

V
A
R
IA

T
IO

N
)

�TH.U
N
C
E
R
T
A
IN

T
Y

L
IK

E
L
Y

D
O
M
IN

A
N
T



IN
D
IV

ID
U
A
L

E
X
P
E
R
IM

E
N
T
S
:
W
H
A
T
’S

G
O
IN

G
O
N
?

�2 PROF
IL
E

F
O
R

IN
D
IV

ID
U
A
L

E
X
P
E
R
IM

E
N
T
S

IN
G
L
O
B
A
L
&

D
IS

F
IT
S

 1
10

 1
15

 1
20

 1
25

 1
30

 1
35

 1
40  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

χ
2

α s
(M

Z
)

N
M

C
pd

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 3
70

 3
75

 3
80

 3
85

 3
90

 3
95

 4
00

 4
05

 4
10  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

N
M

C

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 6
0

 7
0

 8
0

 9
0

 1
00

 1
10

 1
20

 1
30

 1
40  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

S
LA

C

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 6
90

 7
00

 7
10

 7
20

 7
30

 7
40

 7
50

 7
60  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

B
C

D
M

S

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 6
10

 6
15

 6
20

 6
25

 6
30

 6
35

 6
40

 6
45

 6
50  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

χ
2

α s
(M

Z
)

H
E

R
A

-I

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 9
00

 9
20

 9
40

 9
60

 9
80

 1
00

0

 1
02

0

 1
04

0

 1
06

0  0
.1

13
 0

.1
15

 0
.1

17
 0

.1
19

 0
.1

21
 0

.1
23

 0
.1

25

 

α s
(M

Z
)

C
H

O
R

U
S

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 3
0

 3
5

 4
0

 4
5

 5
0  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

N
uT

eV

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 1
60

 1
62

 1
64

 1
66

 1
68

 1
70

 1
72

 1
74  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

Z
E

U
S

-H
2

N
N

P
D

F
2.

1
N

N
P

D
F

2.
1-

D
IS

 9
8

 9
9

 1
00

 1
01

 1
02

 1
03

 1
04

 1
05  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

χ
2

α s
(M

Z
)

E
60

5

N
N

P
D

F
2.

1

 2
40

 2
45

 2
50

 2
55

 2
60

 2
65

 2
70  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

E
86

6

N
N

P
D

F
2.

1

 6
0

 6
5

 7
0

 7
5

 8
0

 8
5

 9
0

 9
5

 1
00  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

C
D

F
 je

ts

N
N

P
D

F
2.

1

 8
8

 9
0

 9
2

 9
4

 9
6

 9
8

 1
00

 1
02

 1
04  0

.1
13

 0
.1

15
 0

.1
17

 0
.1

19
 0

.1
21

 0
.1

23
 0

.1
25

 

α s
(M

Z
)

D
0 

je
ts

N
N

P
D

F
2.

1

�BCD
M
S

S
IM

IL
A
R

T
O
H
E
R
A
,
N
M
C

P
R
E
T
T
Y

F
L
A
T

�DISE
X
P
E
R
IM

E
N
T
S
(B

C
D
M
S
+
H
E
R
A
)
IN

D
IS

F
IT

H
A
V
E

A
“R

U
N
A
W
A
Y

D
IR

E
C
T
IO

N
”
A
T

S
M
A
L
L

� s,
A
B
S
E
N
T

IN
G
L
O
B
A
L

F
IT

�JETE
X
P
E
R
IM

E
N
T
S

E
X
C
L
U
D
E

S
M
A
L
L

� s



IS
T
H
E
R
E

A
P
R
O
B
L
E
M

W
IT
H
D
IS
?

C
O
N
J
E
C
T
U
R
E

�INDIS
,
G
L
U
O
N

D
E
T
E
R
M
IN

E
D

B
Y

S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S

)CANC
O
M


P
E
N
S
A
T
E

S
M
A
L
L
E
R

� sWITH
L
A
R
G
E
R

G
L
U
O
N
(O

R
C
O
N
V
E
R
S
E
L
Y
)

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
S

P
O
S
S
IB

L
E

IN
D
IS

F
IT

�JETD
A
T
A

A
R
E

A
T

M
U
C
H

L
A
R
G
E
R

S
C
A
L
E
,
IF

� sTOO
S
M
A
L
L

O
R

L
A
R
G
E

H
IG

H
S

C
A
L
E

G
L
U
O
N

W
IL
L
C
O
M
E

O
U
T

W
R
O
N
G

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
Q
U
E
N
C
H
E
D

IN
G
L
O
B
A
L
F
IT

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
Z

E
U

S
F

2C
H

1F
2C

D
Y

E
60

5
D

Y
E

88
6

C
D

F
W

A
S

Y
C

D
F

Z
R

A
P

D
0Z

R
A

P
C

D
F

R
2K

T
D

0R
2C

O
N

N
N

P
D

F
2.

1 
da

ta
se

t

�2 PDF
C
O
R
R
E
L
N
.

� s � s

T
H
E

E
V
ID

E
N
C
E

�COMP
U
T
E

T
H
E

C
O
R
R
E
L
A
T
IO

N
B
E
T
W
E
E
N

�2 &P
D
F
S

A
T

T
H
E

G
L
O
B
A
L

B
E
S
T

F
IT

L
A
R
G
E

(P
O
S
IT
IV

E
O
R

N
E
G
A
T
IV

E
)
C
O
R
R
N
.

,RUN
A
W
A
Y

D
IR

E
C
T
IO

N

�OPPO
S
IT
E

S
IG

N
C
O
R
R
E
L
A
T
IO

N
S

,DATA
P
U
L
L
IN

G
IN

O
P


P
O
S
IT
E

D
IR

E
C
T
IO

N
S

�
� s=0:
114

�
� s=0:
122
x

�

x



IS
T
H
E
R
E

A
P
R
O
B
L
E
M

W
IT
H
D
IS
?

C
O
N
J
E
C
T
U
R
E

�INDIS
,
G
L
U
O
N

D
E
T
E
R
M
IN

E
D

B
Y

S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S

)CANC
O
M


P
E
N
S
A
T
E

S
M
A
L
L
E
R

� sWITH
L
A
R
G
E
R

G
L
U
O
N
(O

R
C
O
N
V
E
R
S
E
L
Y
)

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
S

P
O
S
S
IB

L
E

IN
D
IS

F
IT

�JETD
A
T
A

A
R
E

A
T

M
U
C
H

L
A
R
G
E
R

S
C
A
L
E
,
IF

� sTOO
S
M
A
L
L

O
R

L
A
R
G
E

H
IG

H
S

C
A
L
E

G
L
U
O
N

W
IL
L
C
O
M
E

O
U
T

W
R
O
N
G

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
Q
U
E
N
C
H
E
D

IN
G
L
O
B
A
L
F
IT

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
Z

E
U

S
F

2C
H

1F
2C

D
Y

E
60

5
D

Y
E

88
6

C
D

F
W

A
S

Y
C

D
F

Z
R

A
P

D
0Z

R
A

P
C

D
F

R
2K

T
D

0R
2C

O
N

N
N

P
D

F
2.

1 
da

ta
se

t

�2 PDF
C
O
R
R
E
L
N
.

S
M
A
L
L

� s

-1

-0
.5 0

 0
.5 1

 1
.5  0

.0
1

 0
.1

Correlation coefficient

x

N
N

P
D

F
2.

1 
- 

Q
2  =

 2
 G

eV
2  -

 α
s=

0.
11

4 
- 

G
lu

on
 -

H
E

R
A

-I
B

C
D

M
S

C
D

F
je

ts
D

0j
et

s
E

86
6 L
A
R
G
E

� s
-1

-0
.5 0

 0
.5 1

 1
.5  0

.0
1

 0
.0

2
 0

.0
5

 0
.1

 0
.2

 0
.5

Correlation coefficient

x

N
N

P
D

F
2.

1 
- 

Q
2  =

 2
 G

eV
2  -

 α
s=

0.
12

2 
- 

G
lu

on

H
E

R
A

-I
B

C
D

M
S

C
D

F
je

ts
D

0j
et

s
E

86
6

T
H
E

E
V
ID

E
N
C
E

�COMP
U
T
E

T
H
E

C
O
R
R
E
L
A
T
IO

N
B
E
T
W
E
E
N

�2 &P
D
F
S

A
T

T
H
E

G
L
O
B
A
L

B
E
S
T

F
IT

L
A
R
G
E

(P
O
S
IT
IV

E
O
R

N
E
G
A
T
IV

E
)
C
O
R
R
N
.

,RUN
A
W
A
Y

D
IR

E
C
T
IO

N

�OPPO
S
IT
E

S
IG

N
C
O
R
R
E
L
A
T
IO

N
S

,DATA
P
U
L
L
IN

G
IN

O
P


P
O
S
IT
E

D
IR

E
C
T
IO

N
S

�ATLO
W

� s=0:
114DIS

F
IT

H
A
S

A
R
U
N
A
W
A
Y

D
IR

E
C
T
IO

N

S
T
A
B
IL
IZ
E
D

B
Y

G
L
U
O
N

�ATHI
G
H

� s=0:
122FIT

IS
G
E
N
E
R
A
L
L
Y

S
T
A
B
L
E
,
T
H
O
U
G
H

S
T
IL
L

S
O
M
E

P
U
L
L

IN
H
E
R
A

L
O
W

x

�

x



IS
T
H
E
R
E

A
P
R
O
B
L
E
M

W
IT
H
D
IS
?

C
O
N
J
E
C
T
U
R
E

�INDIS
,
G
L
U
O
N

D
E
T
E
R
M
IN

E
D

B
Y

S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S

)CANC
O
M


P
E
N
S
A
T
E

S
M
A
L
L
E
R

� sWITH
L
A
R
G
E
R

G
L
U
O
N
(O

R
C
O
N
V
E
R
S
E
L
Y
)

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
S

P
O
S
S
IB

L
E

IN
D
IS

F
IT

�JETD
A
T
A

A
R
E

A
T

M
U
C
H

L
A
R
G
E
R

S
C
A
L
E
,
IF

� sTOO
S
M
A
L
L

O
R

L
A
R
G
E

H
IG

H
S

C
A
L
E

G
L
U
O
N

W
IL
L
C
O
M
E

O
U
T

W
R
O
N
G

)RUNA
W
A
Y

D
IR

E
C
T
IO

N
Q
U
E
N
C
H
E
D

IN
G
L
O
B
A
L
F
IT

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
Z

E
U

S
F

2C
H

1F
2C

D
Y

E
60

5
D

Y
E

88
6

C
D

F
W

A
S

Y
C

D
F

Z
R

A
P

D
0Z

R
A

P
C

D
F

R
2K

T
D

0R
2C

O
N

N
N

P
D

F
2.

1 
da

ta
se

t

�2 PDF
C
O
R
R
E
L
N
.

S
M
A
L
L

� s

-1

-0
.5 0

 0
.5 1

 1
.5  0

.0
1

 0
.1

Correlation coefficient

x

N
N

P
D

F
2.

1 
- 

Q
2  =

 2
 G

eV
2  -

 α
s=

0.
11

4 
- 

G
lu

on
 -

H
E

R
A

-I
B

C
D

M
S

C
D

F
je

ts
D

0j
et

s
E

86
6 L
A
R
G
E

� s
-1

-0
.5 0

 0
.5 1

 1
.5  0

.0
1

 0
.0

2
 0

.0
5

 0
.1

 0
.2

 0
.5

Correlation coefficient

x

N
N

P
D

F
2.

1 
- 

Q
2  =

 2
 G

eV
2  -

 α
s=

0.
12

2 
- 

G
lu

on

H
E

R
A

-I
B

C
D

M
S

C
D

F
je

ts
D

0j
et

s
E

86
6

T
H
E

E
V
ID

E
N
C
E

�COMP
U
T
E

T
H
E

C
O
R
R
E
L
A
T
IO

N
B
E
T
W
E
E
N

�2 &P
D
F
S

A
T

T
H
E

G
L
O
B
A
L

B
E
S
T

F
IT

L
A
R
G
E

(P
O
S
IT
IV

E
O
R

N
E
G
A
T
IV

E
)
C
O
R
R
N
.

,RUN
A
W
A
Y

D
IR

E
C
T
IO

N

�OPPO
S
IT
E

S
IG

N
C
O
R
R
E
L
A
T
IO

N
S

,DATA
P
U
L
L
IN

G
IN

O
P


P
O
S
IT
E

D
IR

E
C
T
IO

N
S

�ATLO
W

� s=0:
114DIS

F
IT

H
A
S

A
R
U
N
A
W
A
Y

D
IR

E
C
T
IO

N

S
T
A
B
IL
IZ
E
D

B
Y

G
L
U
O
N

�ATHI
G
H

� s=0:
122FIT

IS
G
E
N
E
R
A
L
L
Y

S
T
A
B
L
E
,
T
H
O
U
G
H

S
T
IL
L

S
O
M
E

P
U
L
L

IN
H
E
R
A

L
O
W

x

� NOPR
O
B
L
E
M

W
IT
H
D
IS

D
A
T
A
,
P
E
R
H
A
P
S

S
O
M
E

P
R
O
B
L
E
M

W
IT
H
H
E
R
A

L
O
W

x



O
N
E

M
O
R
E

R
E
S
U
L
T
:
H
E
R
A

D
A
T
A

O
N
L
Y

N
L
O

N
N
P
D
F
2
.1

H
E
R
A

D
A
T
A

O
N
L
Y

N rep=5
00=1000

P
E
R

V
A
L
U
E

O
F

� s

� s(M z)
=0:110
3�0:0
033(sta
t:)�0:
0003(p
ro:)=
0:110�
0:003(s
tat:)

�2 =d:o:
f==1:1
forthe
parabol
i�t

�HERA
D
A
T
A

F
A
V
O
R

L
O
W
E
R

� sWITH
L
A
R
G
E
R

U
N
C
E
R
T
A
IN

T
Y

�LIKELY
C
O
N
S
IS
T
E
N
T

W
IT
H

G
L
O
B
A
L
W
IT
H
IN

T
O
T
A
L

U
N
C
E
R
T
A
IN

T
Y

�POSSIB
L
E

IS
S
U
E
S

W
IT
H

IN
A
D
E
Q
U
A
T
E
N
L
O

T
H
E
O
R
Y

F
O
R

S
M
A
L
L

xHERA
D
A
T
A
?

(Caola,s
.f.,

Rojo,20
10,HER
APDF)

W
O
U
L
D

B
E

W
O
R
S
E

A
T
N
N
L
O



C
O
N
C
L
U
S
IO

N
S

� sFROM
N
L
O

P
D
F

F
IT
S

 0
.1

15

 0
.1

16

 0
.1

17

 0
.1

18

 0
.1

19

 0
.1

2

 0
.1

21

 0
.1

22

 0
.1

23

 αs ( MZ )

N
LO

 d
et

er
m

in
at

io
ns

 o
f α

s 
( 

M
Z
 )

 fr
om

 P
D

F
 A

na
ly

se
s

N
N

P
D

F
 2

.1
M

S
T

W
08

C
T

E
Q

6.
6

A
B

K
M

09

O
nl

y 
st

at
is

tic
al

 e
rr

or
s

N
N
P
D
F

M
E
T
H
O
D
O
L
O
G
Y

L
E
A
D
S

T
O

D
E
T
E
R
M
IN

A
T
IO

N
O
F

� sWIT
H

�UNUS
U
A
L
L
Y

S
M
A
L
L
S
T
A
T
IS

T
IC

A
L

U
N
C
E
R
T
A
IN

T
Y

�SMAL
L
(“
N
O
”)

P
A
R
A
M
E
T
R
IZ
A
T
IO

N
B
IA

S

�POSS
IB

IL
IT
Y

T
O

S
T
U
D
Y

IM
P
A
C
T

O
F

IN
D
IV

ID
U
A
L

D
A
T
A
:

{DIS
A
N
D

H
A
D
R
O
N

C
O
L
L
ID

E
R

V
A
L
U
E
S

C
O
N
S
IS

T
E
N
T

{NOP
R
O
B
L
E
M

W
IT
H
B
C
D
M
S
&

N
M
C

{HER
A

D
A
T
A
(L
O
W

x?)PR
E
F
E
R

L
O
W
E
R

C
E
N
T
R
A
L

V
A
L
U
E



E
X
T
R
A
S



IM
P
A
C
T
O
F
N
M
C

D
A
T
A

O
N

N
N
P
D
F
2
.1

�REPEA
T
N
N
P
D
F
2
.1

W
IT
H

D
IF
F
E
R
E
N
T

T
R
E
A
T
M
E
N
T

O
F
N
M
C

D
A
T
A
(X

S
E
C
T

IN
S
T
E
A
D

O
F

S
T
R
U
C
T
U
R
E

F
U
N
C
T
IO

N
)

�REPEA
T
N
N
P
D
F
2
.1

W
IT
H
O
U
T
N
M
C

D
A
T
A

S
T
A
T
IS
T
IC

A
L

D
IS
T
A
N
C
E
S

 0
.5 1

 1
.5 2

 2
.5 3

 3
.5 4

 4
.5 5  0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.1
 v

s.
 N

N
P

D
F

-N
M

C
xs

ec
Σ g T
3 V ∆ S s + s -

 0
.5 1

 1
.5 2

 2
.5 3

 3
.5 4

 4
.5 5  0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.1
 v

s.
 N

N
P

D
F

-N
M

C
xs

ec
Σ g T
3 V ∆ S s + s -

 0
.5 1

 1
.5 2

 2
.5 3

 3
.5 4

 4
.5 5  0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.1
 v

s.
 N

N
P

D
F

-n
oN

M
C

Σ g T
3 V ∆ S s + s -

 0
.5 1

 1
.5 2

 2
.5 3

 3
.5 4

 4
.5 5  0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.1
 v

s.
 N

N
P

D
F

-n
oN

M
C

Σ g T
3 V ∆ S s + s -

C
O
M
P
A
R
IS
O
N

O
F

C
E
N
T
R
A
L

V
A
L
U
E
S

x
-4

10
-3

10
-2

10
-1

10

)
2

xg (x, Q 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1-
N

M
C

xs
ec

N
N

P
D

F
2.

1-
no

N
M

C

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

x
-4

10
-3

10
-2

10
-1

10

)
2

 (x, Q Σx 0.
9

0.
95

1

1.
051.

1

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1-
N

M
C

xs
ec

N
N

P
D

F
2.

1-
no

N
M

C

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

x
-2

10
-1

10

) 2  (x, Q 3 xT

0.
6

0.
7

0.
8

0.
91

1.
1

1.
2

1.
3

1.
4

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1-
N

M
C

xs
ec

N
N

P
D

F
2.

1-
no

N
M

C

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

x
-2

10
-1

10

)
2

xV (x, Q 0.
6

0.
7

0.
8

0.
91

1.
1

1.
2

1.
3

1.
4

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1-
N

M
C

xs
ec

N
N

P
D

F
2.

1-
no

N
M

C

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

�XSECT
V
S

S
T
R

F
C
T
N

)STATI
S
T
IC

A
L
L
Y

A
L
M
O
S
T

U
N
D
IS
T
IN

G
U
IS
H
A
B
L
E

�NONM
C

)ALMO
S
T

N
O

E
F
F
E
C
T

O
N

C
E
N
T
R
A
L
V
A
L
U
E
,
S
L
IG

H
T

IN
C
R
E
A
S
E

IN
U
N
C
E
R
T
A
IN

T
IE

S



M
O
N
T
E
C
A
R
L
O

D
A
T
A

G
E
N
E
R
A
T
IO

N

�BCDM
S
+
N
M
C

P
R
O
T
O
N
&

D
E
U
T
E
R
O
N

F 2DATA
(F

U
L
L
C
O
R
R
E
L
A
T
E
D

S
Y
S
T
E
M
A
T
IC

S

A
V
A
IL
A
B
L
E
),

T
A
K
E
N

A
T
4

B
E
A
M

E
N
E
R
G
IE

S

�ONTO
P

O
F

S
T
A
T
.
E
R
R
O
R
S
,
4

S
Y
S
T
E
M
A
T
IC

S
+
1

N
O
R
M
A
L
IZ
A
T
IO

N
(N

M
C
)
O
R
6

S
Y
S
T
E
M
A
T
IC

S
+

1
A
B
S
O
L
U
T
E
&

2
R
E
L
A
T
IV

E
N
O
R
M
A
L
IZ
A
T
IO

N
S
(B

C
D
M
S
),

W
IT
H

V
A
R
IO

U
S

F
O
R
M
S

O
F

C
O
R
R
E
L
A
T
IO

N
(F

U
L
L
,
O
R

F
O
R

E
A
C
H

T
A
R
G
E
T
,
O
R

F
O
R

E
A
C
H

B
E
A
M

E
N
E
R
G
Y
)

G
E
N
E
R
A
T
E

D
A
T
A

A
C
C
O
R
D
IN

G
T
O

A
M
U
L
T
IG

A
U
S
S
IA

N
D
IS

T
R
IB

U
T
IO

N

F(art)(k
) i
=

(1+r(k) 5� N)p
1+r(k) i;6� N tp 1+r(k) i;7� N b" F(exp) i+r(k) i;1f b+r(

k) i;2f i;s+r
(k) i;3f i;r 100

F(exp) i+r
(k) i;s�i s#

runivari
ategauss
ianrand
omnos.,
oner i;s
foreah
data,bu
tsingler
i;jforal
lorrelat
eddata

S
C
A
T
T
E
R

P
L
O
T

A
R
T
.

V
S
.

E
X
P
.

F
O
R
1
0

(R
E
D
)
1
0
0

(G
R
E
E
N
)
A
N
D

1
0
0
0

(B
L
U
E
)

R
E
P
L
IC

A
S

N
E
E
D
1
0
0
0

R
E
P
L
IC

A
S

T
O

R
E
P
R
O
D
U
C
E

C
O
R
R
E
L
A
T
IO

N
S

T
O

P
E
R
C
E
N
T

A
C
C
U
R
A
C
Y



N
E
U
R
A
L
N
E
T
W
O
R
K
S

A
N
O
N
L
IN

E
A
R

F
U
N
C
T
IO

N
A
L

F
O
R
M

-
1
0

-
5

5
1
0

0
.
2

0
.
4

0
.
6

0
.
81

M
U
L
T
IL
A
Y
E
R

F
E
E
D
F

O
R
W
A
R
D

N
E
T
W
O
R
K
S

�Eah
neuronr
eeivesi
nputfro
mneuro
ns

inpreed
inglayer
andfeed
soutput
toneu-

ronsins
ubseque
ntlayer

�Ativ
ationd
etermine
dby w
eightsa
nd

threshol
ds

� i=g� P j! ij� j�
� i�

�Sigmo
idativa
tionfun
tion

g(x)=
1 1+e��x

E
X
A
M
P
L
E
:
A
1
2

1
N
N

f(x)=

1
1+e�(3) 1�

!(2) 11 1+e�(2) 1�x!(1
) 11�!(

2) 12 1+e�(2) 2�x!(1
) 21

�ANYF
U
N
C
T
IO

N
C
A
N

B
E

R
E
P
R
E
S
E
N
T
E
D

B
Y

A
S
U
F
F
IC

IE
N
T
L
Y

B
IG

N
E
U
R
A
L

N
E
T
W
O
R
K

)

C
A
N

C
H
E
C
K

IN
D
E
P
E
N
D
E
C
E

O
F

S
IZ
E

�MINIM
Z
A
T
IO

N
P
E
R
F
O
R
M
E
D

B
Y

G
E
N
E
T
IC

A
L
G
O
R
IT
H
M

�INFOR
M
A
T
IO

N
C
O
N
T
A
IN

E
D
(“
C
O
A
R
S
E
N
E
S
S
”)

IN
N
N

IN
C
R
E
A
S
E
S

D
U
R
IN

G
M
IN

IM
IZ
A
T
IO

N



D
A
T
A

M
O
N
T
E

C
A
R
L
O

)PD
F

M
O
N
T
E

C
A
R
L
O

C
R
O
S
S
V

A
L
ID

A
T
IO

N

�REPLI
C
A
S

A
R
E

F
IT
T
E
D

T
O

A
D
A
T
A

S
U
B
S
E
T

�ADIF
F
E
R
E
N
T

S
U
B
S
E
T

O
F

D
A
T
A

U
S
E

F
O
R

E
A
C
H

R
E
P
L
IC

A

�OPTIM
A
L

F
IT

W
H
E
N

F
IT

T
O

V
A
L
ID

A
T
IO

N
(C

O
N
T
R
O
L
)
D
A
T
A

S
T
O
P
S

IM
P
R
O
V
IN

G

�

O
P
T
IM

A
L

F
IT
T
IN

G

�2

F
IT

T
O

D
A
T
A



D
A
T
A

M
O
N
T
E

C
A
R
L
O

)PD
F

M
O
N
T
E

C
A
R
L
O

C
R
O
S
S
V

A
L
ID

A
T
IO

N

�REPLI
C
A
S

A
R
E

F
IT
T
E
D

T
O

A
D
A
T
A

S
U
B
S
E
T

�ADIF
F
E
R
E
N
T

S
U
B
S
E
T

O
F

D
A
T
A

U
S
E

F
O
R

E
A
C
H

R
E
P
L
IC

A

�OPTIM
A
L

F
IT

W
H
E
N

F
IT

T
O

V
A
L
ID

A
T
IO

N
(C

O
N
T
R
O
L
)
D
A
T
A

S
T
O
P
S

IM
P
R
O
V
IN

G

�THEB
E
S
T

F
IT

IS
N
O
T

A
T

T
H
E

M
IN

IM
U
M

O
F

T
H
E

�2
O
V
E
R
F
IT
T
IN

G

�2

F
IT

T
O

D
A
T
A



L
IK

E
L
IH

O
O
D

C
O
N
T
O
U
R
S

A
N
D

U
N
C
E
R
T
A
IN

T
IE

S
N
N
P
D
F
:
O
N
E

�VS.C
E
N
T
R
A
L
6
8
%

F
O
R

T
H
E
M
C

D
IS

T
R
IB

U
T
IO

N
O
F
P
D
F
S

Exampl
e:theg
luondis
tributio
ninthe
NNPDF
2.0set

x
-5

10
-4

10
-3

10
-2

10
-1

10

)0

2
xg (x, Q

-3-2-1012345
N

N
P

D
F

2.
0 

- 
68

%
 C

L

σ
N

N
P

D
F

2.
0 

- 
1-

In
di

vi
du

al
 R

ep
lic

as

�ENSE
M
B
L
E

O
F

R
E
P
L
IC

A
S

$PROB
A
B
IL
IT
Y

D
IS

T
R
IB

U
T
IO

N
O
F
P
D
F
S

�EXPE
C
T
E
D

C
E
N
T
R
A
L

V
A
L
U
E

$MEAN
;
U
N
C
E
R
T
A
IN

T
Y

$STAN
D
A
R
D

D
E
V
IA

T
IO

N

�ANYF
E
A
T
U
R
E
S

O
F

D
IS

T
R
IB

U
T
IO

N
C
A
N

B
E

D
E
T
E
R
M
IN

E
D
(C
.L
.,

C
O
R
R
E
L
A
T
IO

N
S
..
.)

�DISTR
IB

U
T
IO

N
N
E
E
D

N
O
T

B
E

G
A
U
S
S
IA

N

!STAN
D
A
R
D

D
E
V
IA

T
IO

N

6=68%
C
.L
.

(G
L
U
O
N

,STRU
C
T
U
R
E

F
U
N
C
T
IO

N
P
O
S
IT
IV

IT
Y

C
O
N
S
T
R
A
IN

T
S
)



N
N
P
D
F
2
.1

S
T
A
T
IS
T
IC

A
L
F
E
A
T
U
R
E
S

�2 TODA
T
A

2(
k)

χ
1

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

0.
16

0.
18 d

is
tr

ib
ut

io
n

2(
k)

χ
 d

is
tr

ib
ut

io
n

2(
k)

χ

�2 TORE
P
L
IC

A

tr(k
)

E
1.

8
1.

9
2

2.
1

2.
2

2.
3

2.
4

2.
5

2.
6

2.
7

2.
8

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

0.
16 d
is

tr
ib

ut
io

n 
tr

E
 d

is
tr

ib
ut

io
n 

tr
E

T
R
A
IN

IN
G

L
E
N
G
T
H
S

T
ra

in
in

g 
le

ng
ht

 [G
A

 g
en

er
at

io
ns

]
50

00
10

00
0

15
00

0
20

00
0

25
00

0
30

00
0

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

D
is

tr
ib

ut
io

n 
of

 tr
ai

ni
ng

 le
ng

ht
s

D
is

tr
ib

ut
io

n 
of

 tr
ai

ni
ng

 le
ng

ht
s

��2 TO
R
E
P
L
IC

A
P
E
A
K
E
D

A
R
O
U
N
D
2
,

�2 TODA
T
A

P
E
A
K
E
D

A
R
O
U
N
D
1

��2 OF
A
V
E
R
A
G
E

S
M
A
L
L
E
R

T
H
A
N

A
V
E
R
A
G
E

O
F

�2

�AVERA
G
E

U
N
C
E
R
T
A
IN

T
Y

O
F

P
R
E
D
IC

T
IO

N

S
M
A
L
L
E
R

T
H
A
N

A
V
E
R
A
G
E

U
N
C
E
R
T
A
IN

T
Y

O
N

D
A
T
A

)FIT“
L
E
A
R
N
S
”
U
N
D
E
R
L
Y
IN

G
L
A
W

�2 tot
1
.1
6

hEi�� E
2:24�0:0
9

hE tri��
E tr
2:22�0:1
1


 E val� �� E va
l2:2
8�0:12

hTLi�� T
L(1
:6�0:6)1
04


 �2(k)� �
� �2
1:25�0:0
9


 �(exp)� dat(%
)

1
1
.3
%


 �(net)� dat(%
)

4
.4
%


 �(exp)� dat

0
.1
8


 �(net)� dat

0
.5
6



S
C
A
L
IN

G
&

S
T
A
B
IL
IT
Y

�COMP
A
R
E

R
E
S
U
L
T
S

B
E
T
W
E
E
N

D
IF
F
E
R
E
N
T

S
E
T
S

O
F

R
E
P
L
IC

A
S

)STAT
IS

T
IC

A
L
L
Y

E
Q
U
IV
A
L
E
N
T

�REPE
A
T

C
O
M
P
A
R
IS

O
N

F
O
R

D
IF
F
E
R
E
N
T

N rep)

F
L
U
C
T
U
A
T
IO

N
S

S
C
A
L
E

W
IT
H

N rep!
D
IS

T
A
N
C
E

d2� hq(1)
i;hq(2) i�
=� hq(1) i (1

)�hq(2) i (
2)� 2

�2 (1)[hq(1)
i℄+�2 (2)[hq
(2) i℄WI

T
H

�2 (i)[hq(i)
i℄=1 N(i) rep�2 (i)[q(i) ℄

&simila
rlyforu
nertain
ties

 0
.6

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.1
 s

el
f-

st
ab

ili
ty

, N
re

p=
50

Σ g T
3 V ∆ S s + s -

 0
.6

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.1
 s

el
f-

st
ab

ili
ty

, N
re

p=
50

Σ g T
3 V ∆ S s + s -

 0
.6

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.1
 s

el
f-

st
ab

ili
ty

, N
re

p=
10

0
Σ g T
3 V ∆ S s + s -

 0
.6

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.1
 s

el
f-

st
ab

ili
ty

, N
re

p=
10

0
Σ g T
3 V ∆ S s + s -



P
A
R
A
M
E
T
R
IZ
A
T
IO

N
IN

D
E
P
E
N
D
E
N
C
E

C
O
M
P
A
R
E

R
E
S
U
L
T
S

O
B
T
A
IN

E
D

W
IT
H

D
IF
F
E
R
E
N
T

A
R
C
H
IT
E
C
T
U
R
E

O
F

N
E
U
R
A
L

N
E
T
W
O
R
K
:
2
4

3
1

V
S
2
5

3
1

(3
1

P
A
R
A
M
E
T
E
R
S

V
S
3
7
)

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.1
, a

rc
h 

2-
5-

3-
1 

vs
 2

-4
-3

-1
, N

re
p=

10
0

Σ g T
3 V ∆ S s + s -

 0
.8 1

 1
.2

 1
.4

 1
.6

 1
.8 2  1

e-
05

 0
.0

00
1

 0
.0

01
 0

.0
1

 0
.1

 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.1
, a

rc
h 

2-
5-

3-
1 

vs
 2

-4
-3

-1
, N

re
p=

10
0

Σ g T
3 V ∆ S s + s -

S
T
A
T
IS

T
IC

A
L
L
Y
E
Q
U
IV
A
L
E
N
T
!

D
E
S
P
IT
E

U
S
IN

G

6�7=
42LESS

P
A
R
A
M
E
T
E
R
S



C
O
N
S
IS
T
E
N
T
IN

F
O
R
M
A
T
IO

N
P
R
O
C
E
S
S
IN

G

N
E
W

D
A
T
A

)BAY
E
S
’
T
H
E
O
R
E
M

hOi new=
R O[f℄P

new(f)D
f;=N �

R O[f℄P
(�2 jf)P o
ld(f)Df
;

IN
A
M

O
N
T
E
C
A
R
L
O

A
P
P
R
O
A
C
H
..
.

hOi new=
1 N repP N rep k=1N �P
(�2 jf k)O
[f k℄=
1 N repP N rep k=1w kO
[f k℄,w k
=N(�2 k)
n=2�1 e�
1 2�2 k

)EFF
E
C
T

O
F

N
E
W

D
A
T
A

IS
A
C
C
O
U
N
T
E
D

F
O
R

B
Y

R
E
W
E
IG

H
T
IN

G
M
O
N
T
E

C
A
R
L
O

A
V
E
R
A
G
E
S

�DETE
R
M
IN

E
P
D
F
S

IN
C
L
U
D
IN

G
S
O
M
E

D
A
T
A

B
Y
B
A
Y
E
S
’
T
H
E
O
R
E
M

(R
E
W
E
IG

H
T
IN

G
)

�DETE
R
M
IN

E
P
D
F
S

B
Y

E
N
L
A
R
G
IN

G
T
H
E

D
A
T
A
S
E
T

T
O

T
H
E

N
E
W

D
A
T
A

(R
E
F
IT
T
IN

G
)

�COM
P
A
R
E

R
E
S
U
L
T
S

)STR
O
N
G

C
O
N
S
IS

T
E
N
C
Y

C
H
E
C
K



C
O
N
S
IS
T
E
N
T
IN

F
O
R
M
A
T
IO

N
P
R
O
C
E
S
S
IN

G
II

IN
C
L
U
S
IO

N
O
F

J
E
T

D
A
T
A
:
R
E
W
E
IG

H
T
IN

G
V
S
.
R
E
F
IT
T
IN

G

N
N
P
D
F
2
.0
D
IS

+
D
Y

V
S
.
N
N
P
D
F
2
.0

F
U
L
L

G
L
U
O
N

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0
2

xg(x, Q -0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

)

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

) 
+ 

rw
 J

E
T

N
N

P
D

F
2.

0

G
L
U
O
N

U
N
C
E
R
T
A
IN

T
Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0
2

Abs.er.(xg) (x, Q

0

0.
050.

1

0.
150.

2

0.
25

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

)

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

) 
+ 

rw
 J

E
T

N
N

P
D

F
2.

0

D
IS

T
A
N
C
E
S

 0 1 2 3 4 5 6

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6  1
e-

05
 0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6  1
e-

05
 0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

E
X
C
E
L
L
E
N
T
C
O
N
S
IS

T
E
N
C
Y
!



T
H
E

P
R
O
B
L
E
M

O
F

B
E
N
C
H
M
A
R
K

F
IT
S
..
.
(H

E
R
A
L
H
C

2
0
0
5
2

0
0
8
)

�PERFO
R
M

A
M
R
S
T
(M

R
S
T
B
E
N
C
H
)
F
IT

T
O

A
C
O
N
S
IS
T
E
N
T

S
U
B
S
E
T

O
F

D
A
T
A
,
U
S
E

��2 =1

)RESU
L
T
S

N
O
T

C
O
N
S
IS
T
E
N
T
,
U
N
C
E
R
T
A
IN

T
Y

D
O
E
S

N
O
T

G
R
O
W

A
S

D
A
T
A
S
E
T

D
E
C
R
E
A
S
E
S

�...BUT
M
R
S
T

W
A
S

D
O
N
E

W
IT
H

T
O
L
E
R
A
N
C
E
5
0
:
R
E
P
E
A
T

W
IT
H

D
Y
N
A
M
IC

A
L
T
O
L
E
R
A
N
C
E

(M
S
T
W
0
8
B
E
N
C
H
)

�IMPRO
V
E
M
E
N
T
,
B
U
T

P
R
O
B
L
E
M

N
O
T

S
O
L
V
E
D

)MUST
T
U
N
E

P
A
R
A
M
E
T
R
IZ
A
T
IO

N
A
N
D

S
T
A
T
IS
T
IC

A
L

T
R
E
A
T
M
E
N
T

T
O

D
A
T
A
S
E
T

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

U
p 

va
le

nc
e 

di
st

rib
ut

io
n

M
S

T
W

08
 b

en
ch

M
R

S
T

01
 g

lo
ba

l

M
S

T
W

08
 g

lo
ba

l

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8



..
.A

N
D

T
H
E
N
N
P
D
F

S
O
L
U
T
IO

N
(H

E
R
A
L
H
C

2
0
0
8
)

M
R
S
T
/
M
S
T
W
:
B
E
N
C
H

V
S

R
E
F

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

U
p 

va
le

nc
e 

di
st

rib
ut

io
n

M
S

T
W

08
 b

en
ch

M
R

S
T

01
 g

lo
ba

l

M
S

T
W

08
 g

lo
ba

l

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

N
N
P
D
F
:
B
E
N
C
H

V
S

R
E
F

x
-4

10
-3

10
-2

10
-1

10
1

)
2

 = 20 GeV
2

 (x, Q V x u

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

N
N

P
D

F
_b

en
ch

_H
-L

N
N

P
D

F
1.

0

N
N
P
D
F

B
E
N
C
H

V
S
M
R
S
T
/
M
S
T
W

B
E
N
C
H

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

U
p 

va
le

nc
e 

di
st

rib
ut

io
n

H
E

R
A

-L
H

C
 b

en
ch

N
N

P
D

F

M
R

S
T

01

M
S

T
W

08

x

-4
10

-3
10

-2
10

-1
10

)
2

 = 20 GeV
2

(x, Q v xu

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

�SINGL
E

P
A
R
A
M
E
T
R
IZ
A
T
IO

N
A
N
D

S
T
A
T
.
T
R
E
A
T
M
E
N
T

C
A
N

A
C
C
O
M
M
O
D
A
T
E

D
IF
F
E
R
E
N
T

D
A
T
A
S
E
T
S

�IMPA
C
T

O
F

D
A
T
A

C
A
N

B
E

S
T
U
D
IE

D
IN

D
E
P
E
N
D
E
N
T

O
F

T
H
E
O
R
E
T
IC

A
L

F
R
A
M
E
W
O
R
K



T
H
E

IM
P
A
C
T

O
F

N
E
W

D
A
T
A
:

A
D
D
IN

G
J
E
T

D
A
T
A

T
O

A
D
IS

F
IT

DISD
IS+JET
NNPDF2.0

�2 tot
1.20
1.18
1.21

NMC-pd
0.85
0.86
0.99

NMC
1.69
1.66
1.69

SLAC
1.37
1.31
1.34

BCDMS
1.26
1.27
1.27

HERAI
1.13
1.13
1.14

CHORUS
1.13
1.11
1.18

FLH108
1.51
1.49
1.49

NTVDMN
0.71
0.75
0.67

ZEUS-H2
1.50
1.49
1.51

CDFR2KT

0
.9
1

0
.7
9

0.80

D0R2CON

1
.0
0

0
.9
3

0.93

DYE605
7.32
10.35
0.88

DYE866
2.24
2.59
1.28

CDFWASY
13.06
14.13
1.85

CDFZRAP
3.12
3.31
2.02

D0ZRAP
0.65
0.68
0.47

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
D

Y
E

60
5

D
Y

E
88

6
C

D
F

W
A

S
Y

C
D

F
Z

R
A

P
D

0Z
R

A
P

C
D

F
R

2K
T

D
0R

2C
O

N

N
N

P
D

F
2.

0 
da

ta
se

t

�HIGH

E TJET
D
A
T
A

W
E
L
L
R
E
P
R
O
D
U
C
E
D

E
V
E
N

W
H
E
N

N
O
T

F
IT
T
E
D

)
L
A
R
G
E

xGLUON
W
E
L
L

D
E
T
E
R
M
IN

E
D

B
Y

S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S
!

�SIGNIF
IC

A
N
T

IM
P
R
O
V
E
M
E
N
T

IN
L
A
R
G
E

x
G
L
U
O
N

A
C
C
U
R
A
C
Y

�OTHER
P
D
F
S

U
N
C
H
A
N
G
E
D

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xg (x, Q

-0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 
- 

D
IS

N
N

P
D

F
1.

2 
- 

D
IS

 +
 J

E
T



T
H
E

IM
P
A
C
T

O
F

N
E
W

D
A
T
A
:

A
D
D
IN

G
D

R
E
L
L
Y

A
N
(A

N
D

W;Z)
T
O
D
IS

+
J
E
T
S

DISD
IS+JET
NNPDF2.0

�2 tot
1.20
1.18
1.21

NMC-pd
0.85
0.86
0.99

NMC
1.69
1.66
1.69

SLAC
1.37
1.31
1.34

BCDMS
1.26
1.27
1.27

HERAI
1.13
1.13
1.14

CHORUS
1.13
1.11
1.18

FLH108
1.51
1.49
1.49

NTVDMN
0.71
0.75
0.67

ZEUS-H2
1.50
1.49
1.51

CDFR2KT
0.91
0.79
0.80

D0R2CON
1.00
0.93
0.93

DYE605
7.32

1
0
.3
5

0
.8
8

DYE866
2.24

2
.5
9

1
.2
8

CDFWASY
13.06

1
4
.1
3

1
.8
5

CDFZRAP
3.12

3
.3
1

2
.0
2

D0ZRAP
0.65

0
.6
8

0
.4
7

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
D

Y
E

60
5

D
Y

E
88

6
C

D
F

W
A

S
Y

C
D

F
Z

R
A

P
D

0Z
R

A
P

C
D

F
R

2K
T

D
0R

2C
O

N

N
N

P
D

F
2.

0 
da

ta
se

t

�VERY
S
U
B
S
T
A
N
T
IA

L
IM

P
R
O
V
E
M
E
N
T

IN

F
IT

Q
U
A
L
IT
Y

W
H
E
N

D
A
T
A

IN
C
L
U
D
E
D

)
S
O
M
E
P
D
F

C
O
M
B
IN

A
T
IO

N
S

P
O
O
R
L
Y

D
E


T
E
R
M
IN

E
D

W
IT
H
O
U
T

T
H
E
S
E

D
A
T
A

�HUGE
IM

P
R
O
V
E
M
E
N
T

IN
S
E
A

A
S
Y
M

�u�� d&
S
T
R
A
N
G
E
N
E
S
S

s��s

� SIGNIF
IC

A
N
T

IM
P
R
O
V
E
M
E
N
T

IN
T
O
T
A
L

V
A
L
E
N
C
E

(P i(q i��q i
) )&ISO

T
R
IP
L
E
T

(u+�u�
(d+� d))

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

) 0

2
 (x, Q 3 xT

0

0.
050.

1

0.
150.
2

0.
250.
3

0.
350.
4

0.
450.
5

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q S ∆x

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q - xs -0

.0
2

-0
.0

10

0.
01

0.
02

0.
03

0.
04

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0



D
A
T
A

C
O
M
P
A
T
IB

IL
IT
Y

D
IS

V
S
.
H
A
D
R
O
N
IC

D
A
T
A

A
S
E
N
S
IT
IV

E
T
E
S
T
:
IS

T
H
E

IM
P
A
C
T

O
F

A
D
A
T
A
S
E
T

IN
D
E
P
.
O
F

T
H
E

D
A
T
A

IT
IS

A
D
D
E
D

T
O
?

A
D
D
IN

G
J
E
T

D
A
T
A
.
.
.

.
.
.
T
O
D
IS

D
A
T
A

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
xg (x, Q

-0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+J

E
T

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+J

E
T

.
.
.
T
O
D
IS

+
D
Y

D
A
T
A

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
xg (x, Q

-0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 

N
N

P
D

F
2.

0 
D

IS
+D

Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 

N
N

P
D

F
2.

0 
D

IS
+D

Y

A
D
D
IN

G
D
R
E
L
L
Y

A
N

D
A
T
A
.
.
.

.
.
.
T
O
D
IS

D
A
T
A

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

) 0

2
 (x, Q 3 xT

0

0.
050.

1

0.
150.
2

0.
250.
3

0.
350.
4

0.
450.
5

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+D

Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+D

Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
 (x, Q S ∆x -0

.0
20

0.
02

0.
04

0.
06

0.
08

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+D

Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0

2
 (x, Q - xs -0

.0
2

-0
.0

10

0.
01

0.
02

0.
03

0.
04

N
N

P
D

F
2.

0 
D

IS

N
N

P
D

F
2.

0 
D

IS
+D

Y

.
.
.
T
O
D
IS

+
J
E
T

D
A
T
A

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

) 0

2
 (x, Q 3 xT

0

0.
050.

1

0.
150.
2

0.
250.
3

0.
350.
4

0.
450.
5

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q S ∆x

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q - xs -0

.0
2

-0
.0

10

0.
01

0.
02

0.
03

0.
04

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

F
IT
S
“C

O
M
M
U
T
E
”



D
A
T
A

C
O
M
P
A
T
IB

IL
IT
Y

�INCON
S
IS

T
E
N
T

D
A
T
A

,UNDE
R
E
S
T
IM

A
T
E
D

U
N
C
E
R
T
A
IN

T
IE

S

�RESC
A
L
E

A
L
L

U
N
C
E
R
T
A
IN

T
IE

S
IN

A
G
IV

E
N

E
X
P
E
R
IM

E
N
T

B
Y

S
O
M
E

F
A
C
T
O
R

�:

�2 �=�
2 =�(TO

L
E
R
A
N
C
E
)

�DETE
R
M
IN

E
P
R
O
B
A
B
IL
IT
Y

D
IS

T
R
IB

U
T
IO

N
O
F

�VALUE
S

B
Y
B
A
Y
E
S
’
T
H
E
O
R
E
M

)REW
E
IG

H
T
IN

G
:

P(�)=
N �P N k=1w kw
k(�):

J
E
T
S

α
0

1
2

3
4

5

) α P(

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

)α|2 χ
P

(

)α
P

(

)α|2 χ
P

(
D
0

eINCLUSI
V
E

α
0

1
2

3
4

5

) α P(

0

0.
00

2

0.
00

4

0.
00

6

0.
00

8

0.
01

0.
01

2

0.
01

4

0.
01

6

0.
01

8

)α|2 χ
P

(

)α
P

(

)α|2 χ
P

(

D
0

eHIGHE
T α

0
1

2
3

4
5

) α P(

0

0.
00

2

0.
00

4

0.
00

6

0.
00

8

0.
01

0.
01

2

0.
01

4

0.
01

6

0.
01

8

0.
02

0.
02

2

)α|2 χ
P

(

)α
P

(

)α|2 χ
P

(

�JETS:

)CONS
IS
T
E
N
T

D
A
T
A

�W� C
H
A
R
G
E

A
S
Y
M
M
E
T
R
IE

S
,
D
0

IN
C
L
U
S
IV

E

eDATA)
U
N
C
E
R
T
A
IN

T
IE

S
U
N
D
E
R
E
S
T
IM

A
T
E
D

B
Y

�30%(
P
R
O
B
.
P
E
A
K
S

A
T

��1:7)

�W� C
H
A
R
G
E

A
S
Y
M
M
E
T
R
IE

S
,
D
0

eDATAW
IT
H

E T>35

G
E
V

)INCON
S
IS
T
E
N
T

D
A
T
A



A
D
IS
C
O
V
E
R
Y

T
H
A
T

W
A
S
N
’T

T
H
E

N
U
T
E
V

A
N
O
M
A
L
Y
..
.

R PW�
�(�N!�
X)��(��N
!��X)

�(�N!`
X)��(��N
!� `X)

=1 2�sin2 �
W+� (U� �

D� )+(C
� �S� ) Q�
1 6� 3�7sin2
� W�� ;

� PASCH
O
S
W

O
L
F
E
N
S
T
E
IN

R
A
T
IO

C
A
N

B
E

M
E
A
S
U
R
E
D

IN
N
E
U
T
R
IN

O
D
IS

�RESUL
T

D
E
P
E
N
D
S

O
N

E
W

M
IX

IN
G

A
N
G
L
E
,
V
A
L
E
N
C
E

IS
O
S
P
IN

B
R
E
A
K
IN

G
(W

IT
H

IS
O
S
IN

G
L
E
T

T
A
R
G
E
T
),

S
T
R
A
N
G
E
N
E
S
S

V
A
L
E
N
C
E

M
O
M
E
N
T
U
M

A
S
Y
M
M
E
T
R
Y

�STRAN
G
E
N
E
S
S

V
A
L
E
N
C
E

M
O
M
E
N
T
U
M

A
S
S
U
M
E
D

B
Y
N
U
T
E
V

T
O

V
A
N
IS
H

)THRE
E

�DISCRE
P
A
N
C
Y

W
IT
H

G
L
O
B
A
L
F
IT

..
.I
S
G
O
N
E

�NNPD
F
:

s,�sLIKE
A
N
Y

O
T
H
E
R

P
D
F

!37P
A
R
M
S
.

E
A
C
H

(C
T
E
Q
6
.6
:

s=�s,TW
O

P
A
R
M
S
;
M
S
T
W
0
8
,
S
4
S
4
,

�s
T
W
O

P
A
R
M
S

E
A
C
H
)

�IFSTR
A
N
G
E
N
E
S
S

U
N
C
E
R
T
A
IN

T
Y

K
E
P
T

IN
T
O

A
C
C
O
U
N
T

(D
IS

O
N
L
Y

F
IT
:
N
N
P
D
F
1
.2
)

)EFFEC
T
L
O
S
E
S
S
T
A
T
.

S
IG

N
IF
IC

A
N
C
E

�IFHA
D
R
O
N
IC

D
A
T
A

IN
C
L
U
D
E
D

(N
N
P
D
F
2
.0

G
L
O
B
A
L

F
IT
)

)STRA
N
G
E
N
E
S
S

A
S
Y
M
M
E
T
R
Y

D
E
T
E
R
M
IN

E
D

Q
U
IT
E

A
C
C
U
R
A
T
E
L
Y

!CORR
E
C
T
E
D

R
E
S
U
L
T

IN
IM


P
R
E
S
S
IV

E
A
G
R
E
E
M
E
N
T

W
IT
H
S
M

G
L
O
B
A
L
F
IT

 0
.2

15

 0
.2

2

 0
.2

25

 0
.2

3

 0
.2

35

 0
.2

4

 0
.2

45

sin
2
θW

D
et

er
m

in
at

io
ns

 o
f t

he
 w

ea
k 

m
ix

in
g 

an
gl

e 
si

n2 θ W

N
uT

eV
01

N
uT

eV
01

E
W

 fi
t

+
 N

N
P

D
F

1.
2

N
uT

eV
01

+
 N

N
P

D
F

2.
0/

2.
1 

(NNPDF
2.1,2010
)



C
K
M

M
A
T
R
IX

E
L
E
M
E
N
T
S

C
A
N

B
E

D
E
T
E
R
M
IN

E
D

W
IT
H

S
U
R
P
R
IZ
IN

G
A
C
C
U
R
A
C
Y

XX

C
K

M
un

it.
fi

t
C

K
M

un
it.

fi
t

N
N

PD
F1

.2
N

N
PD

F1
.2

ÈV
cs
È

ÈV
cs
È

ÈV
cd
È

ÈV
cd
È

0.
22

0.
23

0.
24

0.
25

0.
26

0.
88

0.
90

0.
92

0.
94

0.
96

0.
98

1.
00

1.
02

A
N
A
L
Y
S
IS

D
E
T
E
R
M
IN

A
T
IO

N
jV sj

N
N
P
D
F
1
.2

D
IR

E
C
T

F
R
O
M

G
L
O
B
A
L
P
D
F

A
N
A
L
Y
S
IS

0:96�0:0
7tot

C
D
H
S

L
O

F
R
O
M

�N!�+
�� X
�0:59(90

%
C
.L
.)

C
C
F
R

N
L
O

F
R
O
M

�N!�+
�� X
�0:74(90

%
C
.L
.)

P
D
G
0
8

A
V
E
R
A
G
E

F
R
O
M

DDECAYS
1:04�0:0
6

H
O
C
K
E
R

A
V
E
R
A
G
E

F
R
O
M

�N!�+
�� X
1:04�0:1
6

D
E
L
P
H
I

D
IR

E
C
T

F
R
O
M

W+ !�s
D
E
C
A
Y
S

0:94+0:32 �0:26
�0:13

P
D
G
0
8

C
K
M

U
N
IT
A
R
IT
Y

F
IT

0:97334�
0:00023

A
N
A
L
Y
S
IS

D
E
T
E
R
M
IN

A
T
IO

N

jV dj

N
N
P
D
F
1
.2

D
IR

E
C
T

F
R
O
M

G
L
O
B
A
L
P
D
F

A
N
A
L
Y
S
IS

0:244�0:
019tot

C
D
H
S

L
O

F
R
O
M

�N!�+
�� X
0:24�0:0
3

C
C
F
R

N
L
O

F
R
O
M

�N!�+
�� X
0:232+0:0
17 �0:019

P
D
G
0
8

A
V
E
R
A
G
E

F
R
O
M

�N!�+
�� X
0:230�0:
011

P
D
G
0
8

A
V
E
R
A
G
E

F
R
O
M

D!K=�
l�DECAYS

0:218�0:
023

P
D
G
0
8

C
K
M

U
N
IT
A
R
IT
Y

F
IT

0:2256�0
:0010

�FIRST
D
E
T
E
R
M
IN

A
T
IO

N
O
F
C
K
M

M
A
T
R
IX

E
L
E
M
E
N
T
S

F
R
O
M

D
IS

�NNPD
F
1
.2
:
O
N
L
Y
D
IS

D
A
T
A

�MORE
A
C
C
U
R
A
T
E
(V s)OR

C
O
M
P
E
T
IT
IV

E
(V d)TH

A
N

O
T
H
E
R

D
IR

E
C
T

D
E
T
E
R
M
IN

A
T
IO

N
S



B
E
Y
O
N
D

D
G
L
A
P
?

D
IS

C
O
V
E
R
IN

G
A
N
E
W

Q
C
D

E
F
F
E
C
T
IN

H
E
R
A
D
A
T
A

ID
E
A
:

(G�elis,2
008,)
Caola,s
.f.,Rojo
2010)

�CUTO
U
T

D
A
T
A

IN
T
H
E
“D

A
N
G
E
R
O
U
S
”
(S

M
A
L
L

x)
R
E
G
IO

N

�DETE
R
M
IN

E
P
D
F
S

IN
T
H
E
“S

A
F
E
”

(L
A
R
G
E

xANDQ
2 )REGIO

N

�EVOL
V
E

B
A
C
K
W
A
R
D
S

A
N
D

C
O
M
P
A
R
E

T
O

D
A
T
A

O
L
D

H
E
R
A
D
A
T
A

B
A
C
K
W
A
R
D

E
V
.
V
S

D
A
T
A

x

-4
1

0
-3

1
0

-2
1

0

)
2

=3.5 GeV
2

(x,Q 2 F

0
.2

0
.4

0
.6

0
.81

1
.2

1
.4

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

F
it
 w

it
h

o
u

t 
c
u

ts
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

 =
 0

.5
c
u

t
F

it
 w

it
h
 A

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

 =
 1

.5
c
u

t
F

it
 w

it
h
 A

D
a

ta

D
A
T
/
T
H

D
IS

T
:
N
O

C
U
T

D
A
T
/
T
H

D
IS

T
:
C
U
T

�BACK
W
A
R
D

E
V
O
L
V
E
D

F
IT

L
IE

S
S
Y
S
T
E
M
A
T
IC

A
L
L
Y

B
E
L
O
W

D
A
T
A

�DATA
A
T

L
O
W

xANDQ
2 SHOW

L
E
S
S

E
V
O
L
U
T
IO

N
T
H
A
N

P
R
E
D
IC

T
E
D

B
Y
N
L
O

D
G
L
A
P

�IFLO
W

xANDQ
2 DATA

IN
C
L
U
D
E
D
,
T
H
E

F
IT

C
O
M
P
E
N
S
A
T
E
S

R
E
A
D
J
U
S
T
IN

G
P
D
F
S



N
E
W

C
O
M
B
IN

E
D

H
E
R
A
D
A
T
A

B
A
C
K
W
A
R
D

E
V
.
V
S

D
A
T
A

x

-4
1

0
-3

1
0

-2
1

0

)
2

=3.5 GeV
2

(x,Q 2 F

0
.2

0
.4

0
.6

0
.81

1
.2

1
.4

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

F
it
 w

it
h

o
u

t 
c
u

ts
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

 =
 0

.5
c
u

t
F

it
 w

it
h
 A

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

 =
 1

.5
c
u

t
F

it
 w

it
h
 A

D
a

ta

D
A
T
/
T
H

D
IS

T
:
N
O

C
U
T

D
A
T
/
T
H

D
IS

T
:
C
U
T

�DATA
A
T

L
O
W

xANDQ
2 SHOW

L
E
S
S

E
V
O
L
U
T
IO

N
T
H
A
N

P
R
E
D
IC

T
E
D

B
Y
N
L
O

D
G
L
A
P

�BACK
W
A
R
D

E
V
O
L
V
E
D

F
IT

L
IE

S
S
Y
S
T
E
M
A
T
IC

A
L
L
Y

B
E
L
O
W

D
A
T
A

�WITH
M
O
R
E

P
R
E
C
IS

E
D
A
T
A
,
T
H
E

F
IT

N
O

L
O
N
G
E
R

M
A
N
A
G
E
S

T
O

C
O
M
P
E
N
S
A
T
E

B
Y

R
E
A
D
J
U
S
T
IN

G
T
H
E
P
D
F
S
:
E
V
E
N

F
U
L
L

F
IT

L
IE

S
B
E
L
O
W

D
A
T
A



D
E
T
E
R
IO

R
A
T
IO

N
IN

F
IT

Q
U
A
L
IT
Y
:

hd2 iVSx

S
L
IC

E
S

>
2

<d 0.
51

1.
52

2.
53

 =
 1

.5
cu

t
F

it 
w

ith
 A

F
it 

w
ith

ou
t c

ut
s

 <
 1

.0
 

cu
t

A

 <
 1

.5
cu

t
1.

0 
< 

A

 <
 3

.0
cu

t
1.

5 
< 

A

 <
 6

.0
 

cu
t

3.
0 

< 
A

 >
 6

.0
cu

t
A

�QUALI
T
Y

O
F

U
N
C
U
T

F
IT

D
E
T
E
R
IO

R
A
T
E
S

IN
L
O
W

x
R
E
G
IO

N
S

�QUALI
T
Y

O
F

C
U
T

F
IT

IN
C
R
E
A
S
IN

G
L
Y

P
O
O
R

A
S

x
D
E
C
R
E
A
S
E
S

�DISTAN
C
E

R
IS
E
S

D
E
S
P
IT
E

H
U
G
E

IN
C
R
E
A
S
E

IN
U
N


C
E
R
T
A
IN

T
Y

�

)

�2 x

1.
0

1.
5

3.
0

6.
0

6.
0

fit G
eV

36
18

30
27

46
8

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0



D
E
T
E
R
IO

R
A
T
IO

N
IN

F
IT

Q
U
A
L
IT
Y
:

hd2 iVSx

S
L
IC

E
S

>
2

<d 0.
51

1.
52

2.
53

 =
 1

.5
cu

t
F

it 
w

ith
 A

F
it 

w
ith

ou
t c

ut
s

 <
 1

.0
 

cu
t

A

 <
 1

.5
cu

t
1.

0 
< 

A

 <
 3

.0
cu

t
1.

5 
< 

A

 <
 6

.0
 

cu
t

3.
0 

< 
A

 >
 6

.0
cu

t
A

�QUALI
T
Y

O
F

U
N
C
U
T

F
IT

D
E
T
E
R
IO

R
A
T
E
S

IN
L
O
W

x
R
E
G
IO

N
S

�QUALI
T
Y

O
F

C
U
T

F
IT

IN
C
R
E
A
S
IN

G
L
Y

P
O
O
R

A
S

x
D
E
C
R
E
A
S
E
S

�DISTAN
C
E

R
IS
E
S

D
E
S
P
IT
E

H
U
G
E

IN
C
R
E
A
S
E

IN
U
N


C
E
R
T
A
IN

T
Y

�INHE
S
S
IA

N
F
IT

(C
T
E
Q
)

R
E
S
U
L
T
S

D
E
P
E
N
D

O
N

P
A
R
A
M
E
T
R
IZ
A
T
IO

N

)EVIDE
N
C
E

IN
C
O
N
C
L
U
S
IV

E

�2 VSxS
L
IC

E
S

F
O
R
C
T
1
0

<
1.

0
1.

0-
1.

5
1.

5-
3.

0
3.

0-
6.

0
>

6.
0

æ
æ

æ

æ
æ

à

à

à

à
à

ì

ì

ì

ì
ì

C
T

10
fit

F
it

1
w

ith
A

cu
t=

1.
5

F
it

2
w

ith
A

cu
t=

1.
5

Q
>

2
G

eV

N
pt

s
=

36
18

30
27

46
8

A
gs

ra
ng

es

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

Χ
da

ta
2
�N

pt
s



T
H
E

T
O
L
E
R
A
N
C
E

P
R
O
B
L
E
M

M
S
T
W
/
C
T
E
Q
:
O
N
E

�ISDE
F
IN

E
D

U
P

T
O

A
“T

O
L
E
R
A
N
C
E
”

�STAND
A
R
D

��2 =1

B
A
N
D
S

T
O
O

N
A
R
R
O
W

)LARGE
D
IS
C
R
E
P
A
N
C
IE

S
F
O
R

IN
D
IV

ID
U
A
L

E
X
P
E
R
IM

E
N
T
S

�TOLER
A
N
C
E

)ENVE
L
O
P
E

O
F

U
N
C
E
R
T
A
IN

T
IE

S
O
F

E
X
P
E
R
IM

E
N
T
S

�DYNAM
IC

A
L

)SEPAR
A
T
E
L
Y

D
E
T
E
R
M
IN

E
D

F
O
R

E
A
C
H

H
E
S
S
IA

N
E
IG

E
N
V
E
C
T
O
R

M
IN

IM
U
M

�2 i

V
S

G
L
O
B
A
L

�2
Collins,P
umplin 2001

C
T
E
Q

T
O
L
E
R
A
N
C
E

P
L
O
T

F
O
R
4
T
H

E
IG

E
N
V
E
C
.

-
30

-
20

-
10010203040

distance

E
ig

en
ve

ct
or

4

BCDMSp

BCDMSd

H1a

H1b

ZEUS

NMCp

NMCr
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2
p F µ BCDMS 

2
d F µ BCDMS 

2
p F µ NMC 

2
d F µ NMC 

pµ n/ µ NMC 

2
p F µ E665 

2
d F µ E665 

2 SLAC ep F

2 SLAC ed F

L NMC/BCDMS/SLAC F

E866/NuSea pp DY

E866/NuSea pd/pp DY

2 N F ν NuTeV 

2 N F ν CHORUS 

3 N xF ν NuTeV 

3 N xF ν CHORUS 

Xµµ →Nν CCFR 

Xµµ →Nν NuTeV 
NC
r σ H1 ep 97-00 
NC
r σ ZEUS ep 95-00 
CC
r σ H1 ep 99-00 
CC
r σ ZEUS ep 99-00 

charm

2 H1/ZEUS ep F
H1 ep 99-00 incl. jets

ZEUS ep 96-00 incl. jets

 incl. jets p  II p ∅D

 incl. jets p CDF II p

 asym. νl →  II W ∅D

 asym. νl → CDF II W

 II Z rap. ∅D

CDF II Z rap.

2
p F µ BCDMS 

2
d F µ BCDMS 

2
p F µ NMC 

2
d F µ NMC 

pµ n/ µ NMC 

2
p F µ E665 

2
d F µ E665 

2 SLAC ep F

2 SLAC ed F

L NMC/BCDMS/SLAC F

E866/NuSea pp DY

E866/NuSea pd/pp DY

2 N F ν NuTeV 

2 N F ν CHORUS 

3 N xF ν NuTeV 

3 N xF ν CHORUS 

Xµµ →Nν CCFR 

Xµµ →Nν NuTeV 
NC
r σ H1 ep 97-00 
NC
r σ ZEUS ep 95-00 
CC
r σ H1 ep 99-00 
CC
r σ ZEUS ep 99-00 

charm

2 H1/ZEUS ep F
H1 ep 99-00 incl. jets

ZEUS ep 96-00 incl. jets

 incl. jets p  II p ∅D

 incl. jets p CDF II p

 asym. νl →  II W ∅D

 asym. νl → CDF II W

 II Z rap. ∅D

CDF II Z rap.
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r σ H1 ep 97-00 

NC
r σ H1 ep 97-00 

2 d F µ NMC Xµµ →Nν NuTeV 

Xµµ →Nν NuTeV Xµµ →Nν CCFR 

E866/NuSea pd/pp DY E866/NuSea pd/pp DY

Xµµ →Nν NuTeV 3 N xF ν NuTeV 

Xµµ →Nν NuTeV Xµµ →Nν NuTeV 

 asym. νl →  II W ∅D 2 d F µ BCDMS 

2 d F µ BCDMS 2 p F µ BCDMS 

NC
r σ H1 ep 97-00 

NC
r σ ZEUS ep 95-00 

2 d F µ BCDMS 2 SLAC ed F

NC
r σ H1 ep 97-00 

NC
r σ ZEUS ep 95-00 

E866/NuSea pd/pp DY E866/NuSea pd/pp DY

E866/NuSea pp DY 3 N xF ν NuTeV 

2 d F µ NMC  asym. νl →  II W ∅D

NC
r σ H1 ep 97-00 2 N F ν NuTeV 

Xµµ →Nν CCFR E866/NuSea pd/pp DY

Xµµ →Nν NuTeV Xµµ →Nν CCFR 

 asym. νl →  II W ∅D E866/NuSea pd/pp DY

NC
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NC
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3 N xF ν NuTeV Xµµ →Nν NuTeV 

M
S

T
W

 2
00

8 
N

LO
 P

D
F

 fi
t



W
H
E
R
E

IS
T
H
E

U
N
C
E
R
T
A
IN

T
Y
C
O
M
IN

G
F
R
O
M
?

W
H
Y

D
O
E
S

O
N
E

N
E
E
D

L
A
R
G
E

T
O
L
E
R
A
N
C
E
S
?

D
A
T
A

IN
C
O
M
P
A
T
IB

IL
IT
Y

(Pumplin
,2009)

�CAN“
R
E
D
IA

G
O
N
A
L
IZ
E
”:

D
IA

G
O
N
A
L
IZ
E

S
IM

U
L
T
A
N
E
O
U
S
L
Y

�2 FOR
T
O
T
A
L

A
N
D

i–THEX
P
T

)COMP
A
T
IB

IL
IT
Y

O
F

E
A
C
H

E
X
P
T

W
IT
H

G
L
O
B
A
L
F
IT

�STUDY
D
IS
T
R
IB

U
T
IO

N
O
F

D
IS
C
R
E
P
A
N
C
IE

S

�APPRO
X
.

G
A
U
S
S
IA

N
W
IT
H

U
N
C
E
R
T
A
IN

T
IE

S
R
E
S
C
A
L
E
D

B
Y

2
)

��2 �1
0 FOR90

%
C
.L
. F

U
N
C
T
IO

N
A
L

B
IA

S

(Pumplin
,2010)

�IFPAR
M
.
N
O
T
G
E
N
E
R
A
L
E
N
O
U
G
H
,
G
L
O
B
A
L
M
IN
.

IS
N
O
T

T
R
U
E

M
IN
.

�ONE�
V
A
R
IA

T
IO

N
A
B
O
U
T

F
A
K
E

M
IN

C
O
R
R
E
S
P
.

T
O

L
A
R
G
E

�2 VARIA
T
IO

N

�USEO
F

C
H
E
B
Y
S
H
E
V

P
O
L
Y
N
O
M
IA

L
S

S
U
G
G
E
S
T
S

“M
O
S
T

G
E
N
E
R
A
L
”

P
A
R
M
.

C
O
M
P
A
T
IB

L
E

W
IT
H

��2 =1
00RANG

E
O
F
C
T
1
0

P
A
R
M
.



P
A
R
A
M
E
T
R
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S
?

N
O
N
G
A
U
S
S
IA

N
B
E
H
A
V
IO

U
R
?

L
O
G
N
O
R
M
A
L

V
S
.
G
A
U
S
S
IA

N

-1
-0

.5
0

0.
5

1
1.

5
2

2.
5

3

-1
-0

.5
0

0.
5

1
1.

5
2

2.
5

3

T
H
E

H
E
R
A
L
H
C

B
E
N
C
H
M
A
R
K

(Feltesse
,Glazov,
Radesu
+NNPD
F2008)

�TRYE
X
P
E
R
IM

E
N
T
A
L

S
Y
S
T
E
M
A
T
IC

S
G
IV

E
N

B
Y

E
IT
H
E
R

G
A
U
S


S
IA

N
O
R

L
O
G
N
O
R
M
A
L

D
IS
T
R
IB

U
T
IO

N

�REPEA
T

(B
E
N
C
H
M
A
R
K
)

H
E
R
A
P
D
F
,

W
IT
H

M
O
N
T
E
C
A
R
L
O

L
O
G
N
O
R
M
A
L
O
R

G
A
U
S
S
IA

N
,
IN

E
IT
H
E
R

C
A
S
E

D
E
T
E
R
M
IN

E
U
N


C
E
R
T
A
IN

T
Y

E
IT
H
E
R

W
IT
H

H
E
S
S
IA

N
O
R

M
O
N
T
E
C
A
R
L
O

�

L
O
G
N
O
R
M
A
L
:
H
E
S
S
.
V
S

M
C

F
it 

vs
 H

1P
D

F
20

00
, Q

2  =
 4

. G
eV

2

012345678910 10
-4

10
-3

10
-2

10
-1

1 x

xG(x)

G
A
U
S
S
IA

N
:
H
E
S
S
.
V
S

M
C

F
it 

vs
 H

1P
D

F
20

00
, Q

2  =
 4

. G
eV

2

012345678910 10
-4

10
-3

10
-2

10
-1

1 x

xG(x)

�NODIF
F
E
R
E
N
C
E

B
E
T
W
E
E
N

L
O
G
N
O
R
M
A
L
,
G
A
U
S
S
IA

N
,
M
C
,
H
E
S
S
IA

N

�



P
A
R
A
M
E
T
R
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S
?

N
O
N
G
A
U
S
S
IA

N
B
E
H
A
V
IO

U
R
?

L
O
G
N
O
R
M
A
L

V
S
.
G
A
U
S
S
IA

N

-1
-0

.5
0

0.
5

1
1.

5
2

2.
5

3

-1
-0

.5
0

0.
5

1
1.

5
2

2.
5

3

T
H
E

H
E
R
A
L
H
C

B
E
N
C
H
M
A
R
K

(Feltesse
,Glazov,
Radesu
+NNPD
F2008)

�TRYE
X
P
E
R
IM

E
N
T
A
L

S
Y
S
T
E
M
A
T
IC

S
G
IV

E
N

B
Y

E
IT
H
E
R

G
A
U
S


S
IA

N
O
R

L
O
G
N
O
R
M
A
L

D
IS
T
R
IB

U
T
IO

N

�REPEA
T

(B
E
N
C
H
M
A
R
K
)

H
E
R
A
P
D
F
,

W
IT
H

M
O
N
T
E
C
A
R
L
O

L
O
G
N
O
R
M
A
L
O
R

G
A
U
S
S
IA

N
,
IN

E
IT
H
E
R

C
A
S
E

D
E
T
E
R
M
IN

E
U
N


C
E
R
T
A
IN

T
Y

E
IT
H
E
R

W
IT
H

H
E
S
S
IA

N
O
R

M
O
N
T
E
C
A
R
L
O

�COMPA
R
E

T
O
N
N
P
D
F

F
IT

T
O

S
A
M
E

D
A
T
A

L
O
G
N
O
R
M
A
L
:
H
E
S
S
.
V
S

M
C

F
it 

vs
 H

1P
D

F
20

00
, Q

2  =
 4

. G
eV

2

012345678910 10
-4

10
-3

10
-2

10
-1

1 x

xG(x)

G
A
U
S
S
IA

N
:
H
E
S
S
.
V
S

M
C

F
it 

vs
 H

1P
D

F
20

00
, Q

2  =
 4

. G
eV

2

012345678910 10
-4

10
-3

10
-2

10
-1

1 x

xG(x)

N
N
P
D
F

x
-4

10
-3

10
-2

10
-1

10
1

)
2

 = 4 GeV 0

2
x g (x, Q

0246810

�NODIF
F
E
R
E
N
C
E

B
E
T
W
E
E
N

L
O
G
N
O
R
M
A
L
,
G
A
U
S
S
IA

N
,
M
C
,
H
E
S
S
IA

N

�SIZABL
E

D
IF
F
E
R
E
N
C
E

W
R

T
O

F
L
E
X
IB

L
E
N
N
P
D
F

P
A
R
A
M
E
T
R
IZ
A
T
IO

N



P
A
R
A
M
E
T
R
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S
?

E
X
P
L
O
R
IN

G
T
H
E

S
P
A
C
E

O
F

P
A
R
A
M
E
T
E
R
S
:
H
E
S
S
IA

N
A
P
P
R
O
A
C
H

�INHE
S
S
IA

N
A
P
P
R
O
A
C
H

C
A
N

V
A
R
Y

T
H
E

F
U
N
C
T
IO

N
A
L

F
O
R
M
,

A
S
S
U
M
P
T
IO

N
S
,
S
T
A
R
T
IN

G
S
C
A
L
E

�DONE
IN

T
H
E

H
E
R
A
P
D
F
1
.0

F
IT
:

V
A
R
IA

T
IO

N
O
F

S
T
R
A
N
G
E
N
E
S
S

F
R
A
C
T
IO

N
,

L
A
R
G
E

xBEHAV
IO

U
R
,

H
IG

H
E
R

O
R
D
E
R

P
O
L
Y
N
O
M
IA

L
T
E
R
M
S

�NOTO
L
E
R
A
N
C
E
(��2 =
1),UNCE

R
T
A
IN

T
Y

D
O
U
B
L
E
D

O
R
T
H
O
G
O
N
A
L

P
O
L
Y
N
O
M
IA

L
S

�OLDID
E
A
(P

A
R
IS
I,
S
O
U
R
L
A
S
,
1
9
7
8
;
Z
O
M
E
R
1
9
9
6
):

E
X
P
A
N
D
P
D
F
S

O
V
E
R

B
A
S
IS

O
F

O
R
T
H
O
G
O
N
A
L

P
O
L
Y
N
O
M
IA

L
S

�GLAZO
V
,
R
A
D
E
S
C
U
,
2
0
0
9
:
C
O
U
P
L
E
D

T
O
M

O
N
T
E
C
A
R
L
O

M
E
T
H
O
D

�LENGT
H

P
E
N
A
L
T
Y

T
O

S
T
A
B
IL
IZ
E

T
H
E

F
IT

(Glazov,
Radesu,

2009)



W
H
E
R
E

IS
T
H
E

U
N
C
E
R
T
A
IN

T
Y
C
O
M
IN

G
F
R
O
M
?

C
E
N
T
R
A
L

V
A
L
U
E
S
:
V
A
R
Y
IN

G
P
A
R
T
IT
IO

N
V
S

F
IX

E
D

P
A
R
T
IT
IO

N

R
E
P
L
IC

A
S

C
E
N
T
R
A
L

V
A
L
U
E

F
IX

E
D

P
A
R
T
IT
IO

N

�2

1
.3
2

1
.3
2

�1.3

h�2 i rep
2:79�0
:24
1:65�0
:20
�1:6�
0:2

h�dat i

0
.0
3
9

0
.0
3
5

�0.03

�xedpa
rtitionr
esultsob
taineda
veraging
over5d
i�erent
hoies
of

partition
(100repl
iaseah
);morep
artitions
neededf
oraura
teresults

�QUALI
T
Y

O
F

F
IT

U
N
C
H
A
N
G
E
D

�h�2 i re
pUNCHA

N
G
E
D

)CENT
R
A
L
F
IT

U
N
C
H
A
N
G
E
D

�UNCER
T
A
IN

T
Y

O
N

P
R
E
D
IC

T
IO

N
(I
.E
.
O
N
P
D
F
S
)
R
E
D
U
C
E
D

F
U
N
C
T
IO

N
A
L

U
N
C
E
R
T
A
IN

T
Y

�MORE
T
H
A
N

H
A
L
F

O
F

U
N
C
E
R
T
A
IN

T
Y

D
U
E

T
O

“F
U
N
C
T
IO

N
A
L

F
O
R
M
”:

h�dat i=
�0:03

S
M
A
L
L
E
R

F
O
R
H
E
R
A

D
A
T
A

�REMA
IN

IN
G

U
N
C
E
R
T
A
IN

T
Y

R
O
U
G
H
L
Y

S
C
A
L
E
S

W
IT
H

D
A
T
A

U
N


C
E
R
T
A
IN

T
Y
:

h�dat i=
�0:005

C
E
N
T
.;

h�dat i=
�0:009

R
E
P
.

G
L
U
E

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

)0
2

xg (x, Q

-2-101234
C

T
E

Q
6.

6

M
R

S
T

20
01

E

N
N

P
D

F
1.

2

C
ur

re
nt

 fi
t

V
A
L
E
N
C
E

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0
2

 (x, Q T xV -0
.20

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

C
T

E
Q

6.
6

M
R

S
T

20
01

E

N
N

P
D

F
1.

2

C
ur

re
nt

 fi
t

T
R
IP
L
E
T

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0
2

 (x, Q 3 xT

0

0.
1

0.
2

0.
3

0.
4

0.
5

C
T

E
Q

6.
6

M
R

S
T

20
01

E

N
N

P
D

F
1.

2

C
ur

re
nt

 fi
t

S
T
R
A
N
G
E

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0
2

 (x, Q + xs

0

0.
050.

1

0.
150.

2

0.
250.

3
C

T
E

Q
6.

6

M
R

S
T

20
01

E

N
N

P
D

F
1.

2

C
ur

re
nt

 fi
t



N
O
R
M
A
L
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S

�NORM
A
L
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S
IN

C
O
V
A
R
IA

N
C
E

M
A
T
R
IX

(ov t 0) IJ
=� I;n� J
;nF IF J

) MAXIM
U
M
L

IK
E
L
IH

O
O
D

R
E
S
U
L
T

B
IA

S
E
D

(d'Agost
ini,1994
)

�“PENA
L
T
Y

T
R
IC

K
”:

R
E
S
C
A
L
E

B
Y

�&ADD

(��1)2 � n2 T
O

�2

S
O
M
E
T
IM

E
S

A
L
S
O

H
IG

H
E
R

O
R
D
E
R

P
O
W
E
R
S

)ALSO
B
IA

S
E
D
,
T
H
O
U
G
H

B
IA

S
D
O
E
S

N
O
T

G
R
O
W

W
IT
H

N dat

�BIASD
U
E

T
O

�2 NOTQ
U
A
D
R
A
T
IC

IN
M
E
A
S
U
R
E
D

Q
U
A
N
T
IT
Y

(N
O
N
G
A
U
S
S
IA

N
A
N
D

IM
P
R
O
P
E
R
L
Y

N
O
R
M
A
L
IZ
E
D

L
IK

E
L
IH

O
O
D
)

T
H
E

t 0MET
H
O
D

(R.D.B
alletal.
,2010)

� NORM
A
L
IZ
A
T
IO

N
U
N
C
E
R
T
A
IN

T
IE

S
IN

C
O
V
A
R
IA

N
C
E

M
A
T
R
IX
,
B
U
T

C
O
M
P
U
T
E
D

A
S

F
U
N
C
T
IO

N
O
F

R
E
S
U
L
T

O
F

P
R
E
V
IO

U
S

F
IT

F(0) I:(ov
t 0) IJ=
� I;n� J;n
F(0) IF(0) J

�ITERAT
E

U
N
T
IL

C
O
N
V
E
R
G
E
N
C
E

D
IS

T
A
N
C
E

B
E
T
W
E
E
N

IT
E
R
A
T
IO

N
S

(T
R
IP
L
E
T
)

 0 2 4 6 8 1
0

 1
2

 1
4

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8

d[ T3(x,Q0
2
) ]

x

T
3(

x,
Q

02 )

ite
0 

vs
. i

te
1

ite
1 

vs
. i

te
2

ite
2 

vs
. i

te
3

t 0:IMPAC
T

O
N

C
E
N
T
R
A
L

V
A
L
S

 0 2 4 6 8 1
0

 1
2

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
 2

.0
-D

IS
-H

E
R

A
ol

d 
vs

. 2
.0

-D
IS

-H
E

R
A

ol
d-

t 0
=

0
Σ g T
3 V ∆ S s + s -

d[ q(x,Q0
2
) ]

t 0:IMPAC
T

O
N

U
N
C
E
R
T
A
IN

T
IE

S

 0 1 2 3 4 5 6 7

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
 2

.0
-D

IS
-H

E
R

A
ol

d 
vs

. 2
.0

-D
IS

-H
E

R
A

ol
d-

t 0
=

0
Σ g T
3 V ∆ S s + s -

d[ σq(x,Q0
2
) ]



P
R
E
P
R
O
C
E
S
S
IN

G

�PDFS
P
A
R
A
M
E
T
R
IZ
E
D

A
S

f(x;Q2 0)
=A f(1
�x)m f
x�n f NN
f(x),WI

T
H

NN f(x)
A

N
E
U
R
A
L

N
E
T
W
O
R
K

�PREFA
C
T
O
R

N
E
C
E
S
S
A
R
Y

IF
O
N
E

W
A
N
T
S

f(x)UN
B
O
U
N
D
E
D

IN

0;1BEC
A
U
S
E

O
U
T
P
U
T

O
F

N
E
U
R
A
L

N
E
T

B
O
U
N
D
E
D

�WITH
A
R
B
IT
R
A
R
Y

L
O
N
G

T
R
A
IN

IN
G
,
A
N
Y

A
D
M
IS

S
IB

L
E

B
E
H
A
V
IO

U
R

C
A
N

B
E

L
E
A
R
N
T
,

B
U
T

T
R
A
IN

IN
G

V
E
R
Y

L
O
N
G

IF
N
N

H
A
S

T
O

O
F
F
S
E
T

S
H
A
R
P

R
IS

E
O
R

D
R
O
P

�EXPO
N
E
N
T
S

m f,n f

C
H
O
S
E
N

A
T

R
A
N
D
O
M

W
IT
H

F
L
A
T

D
IS

T
R
IB

U
T
IO

N
IN

W
ID

E
R
A
N
G
E

�RANG
E

D
E
T
E
R
M
IN

E
D

B
Y

W
ID

E
N
IN

G
U
N
T
IL

F
IT

Q
U
A
L
IT
Y

D
E
T
E
R
IO

R
A
T
E
S

�TEST
F
O
R

U
N
IF
O
R
M

F
IT

Q
U
A
L
IT
Y

B
Y

D
E
T
E
R
M
IN

IN
G

C
O
R
R
E
L
A
T
IO

N
B
E
T
W
E
E
N

�2 AND
P
R
E
P
R
O
C
E
S
S
IN

G
E
X
P
O
N
E
N
T
S

IN
G
IV

E
N

R
A
N
G
E

P
R
E
P
R
O
C
E
S
S
IN

G
E
X
P
O
N
E
N
T
S
:
R
A
N
G
E

A
N
D

C
O
R
R
E
L
A
T
IO

N

P
D
F

[m min;m
max℄
[n min;n m
ax℄r

� �2 ;m�
r� �2 ;n�

�(x;Q2 0)
[2:55;3:4
5℄
[1:05;1:3
5℄

0
.0
1
8

0
.1
3
1

g(x;Q2 0)
[1:05;1:3
5℄
[1:05;1:3
5℄

0
.0
0
2

0
.0
5
0

T 3(x;Q2 0
)[2:
55;3:45℄
[0;0:5℄

0
.0
2
3

0
.1
3
0

V T(x;Q2 0
) [2:
55;3:45℄
[0;0:5℄

0
.0
0
3

0
.0
6
8

� S(x;Q
2 0)
[12;14℄
[�0:95;�
0:65℄

0
.0
0
0

0
.0
6
9

s+ (x;Q2 0
) [2:
55;3:45℄
[1:05;1:3
5℄

0
.0
2
1

0
.0
5
5

s� (x;Q2 0
)[2:
55;3:45℄
[0;0:5℄

0
.0
2
7

0
.0
1
5



T
H
E

“H
E
S
S
IA

N
M
O
N
T
E

C
A
R
L
O
”

Q
:I
F

O
N
E

P
IC

K
S

R
E
P
L
IC

A
S

A
T

R
A
N
D
O
M

O
N

T
H
E

O
N
E
S

IG
M
A

C
O
N
T
O
U
R

W
H
A
T

IS
T
H
E

C
H
A
N
C
E

O
F
“F

IL
L
IN

G
”
T
H
E

E
N
V
E
L
O
P
E
?

A
:D

E
T
E
R
M
IN

E
T
H
E

P
R
O
B
A
B
IL
IT
Y

F
O
R

A
T

L
E
A
S
T

O
N
E

R
E
P
L
IC

A
T
O

B
E

W
IT
H
IN

A
N
G
L
E

�OFDIR
E
C
T
IO

N

~ rXOF
M
A
X

T
W
O

P
A
R
A
M
E
T
E
R
S
:
O
N
E

R
E
P
L
IC

A
W
IT
H

�<� 0)
P(2;1:
� 0)=� 0 �

P
R
O
B
A
B
IL
IT
Y

O
F
M

A
X
(E

N
V
E
L
O
P
E
)=

� Xos�
0

)ALLn

R
E
P
L
IC

A
S

H
A
V
E

�>� 0)
P(2;n;�
0)=� 1�� 0 �� n

dPARAM
E
T
E
R
S
:
O
N
E

R
E
P
L
IC

A
W
IT
H

�<� 0

)P(d;1
:� 0)=

�� d 2�
(d�1)p ��

� d�1 2� �d�1 0(1
+O(� 0))
��d�1 0 p 2�d

P
R
O
B
A
B
IL
IT
Y

O
F
M

A
X
(E

N
V
E
L
O
P
E
)=

� Xos�
0

)P(d;
n;� 0)=

� 1��d�
1 0 p 2�d� n

P
R
O
B
A
B
IL
IT
Y

F
O
R

T
H
E

W
ID

T
H

O
F

T
H
E

E
N
V
E
L
O
P
E

T
O

B
E

S
M
A
L
L
E
R

B
Y

A
F
A
C
T
O
R

RTHAN
T
H
E

S
T
A
N
D
A
R
D

D
E
V
IA

T
IO

N

� X

P
L
O
T
T
E
D

V
S

RFOR

d=23P
A
R
A
M
E
T
E
R
S

A
N
D

n=10;
100;500
;1000R

E
P
L
IC

A
S



M
O
N
T
E

C
A
R
L
O

E
R
R
O
R

E
S
T
IM

A
T
E
S

P
A
R
A
M
E
T
E
R

S
P
A
C
E
:

N
O
T

A
D
V
IS

A
B
L
E

O
B
S
E
R
V
A
B
L
E

XDEPE
N
D
S

O
N

P
A
R
A
M
E
T
E
R
S

~z

V
A
R
IA

N
C
E
:

�2 X=hX
2 i�hX
i2

A
V
E
R
A
G
E
S
:

hXi=R
dd zX(~z
)P(~z),W

IT
H

P(~z))

P
R
O
B
A
B
IL
IT
Y

D
IS

T
N
.
O
F

P
A
R
A
M
E
T
E
R

V
A
L
U
E
S

&
IN

T
E
G
R
A
L

P
E
R
F
O
R
M
E
D

B
Y

M
O
N
T
E

C
A
R
L
O

S
A
M
P
L
IN

G

H
O
W

M
A
N
Y

R
E
P
L
IC

A
S

D
O
E
S

O
N
E

N
E
E
D
?

T
H
R
E
E

B
IN

S
P
E
R

P
A
R
M

)3d B
IN

S

F
O
R
2
3

P
A
R
M
S
.,

N
E
E
D

>1011

R
E
P
L
IC

A
S

D
A
T
A

S
P
A
C
E

D
IA

G
O
N
A
L
IZ
A
T
IO

N
:
C
H
O
O
S
E

P
A
R
M

z 1ALON
G

~ rX
A
L
L
O
T
H
E
R

P
A
R
M
S

)FLAT
D
IR

E
C
T
IO

N
S

A
V
E
R
A
G
E
S
:

hXi=
R dz 1X
(~z)P(z
1)

H
O
W

M
A
N
Y

R
E
P
L
IC

A
S

D
O
E
S

O
N
E

N
E
E
D
?

O
N
E
–
D
IM

E
N
S
IO

N
A
L

A
V
E
R
A
G
E

O
F

nREPLIC
A
S

C
O
N
V
E
R
G
E
S

T
O

T
R
U
E

A
V
E
R
A
G
E

W
IT
H

S
T
A
N
D
A
R
D

D
E
V
.

� p n
1
0

R
E
P
L
IC

A
S

E
N
O
U
G
H

F
O
R

� 3ACCU
R
A
C
Y

Q
:
H
O
W

IS
IT

D
O
N
E

IN
P
R
A
C
T
IC

E
?

A
:
C
H
O
O
S
E

R
E
P
L
IC

A
S
O
F
T
H
E

D
A
T
A
,
D
IS

T
R
IB

U
T
E
D

A
S

T
H
E

D
A
T
A



N
N
P
D
F
2
.1

P
D
F
S

C
O
M
P
A
R
E
D

T
O

O
T
H
E
R

G
L
O
B
A
L
P
D
F

S
E
T
S
(M

S
T
W
0
8
,
C
T
1
0
)

S
IN

G
L
E
T

S
E
C
T
O
R

S
IN

G
L
E
T

x
-5

10
-4

10
-3

10
-2

10
-1

10

)0

2
 (x, Q Σx

0123456

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

S
IN

G
L
E
T

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q Σx

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
6

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

G
L
U
O
N

x
-5

10
-4

10
-3

10
-2

10
-1

10

)0

2
xg (x, Q

-2-10123456

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

G
L
U
O
N

x
-5

10
-4

10
-3

10
-2

10
-1

10

)0

2
xg (x, Q

-2-10123456

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08



N
N
P
D
F
2
.1

P
D
F
S

C
O
M
P
A
R
E
D

T
O

O
T
H
E
R

G
L
O
B
A
L
P
D
F

S
E
T
S
(M

S
T
W
0
8
,
C
T
1
0
)

N
O
N
S
IN

G
L
E
T

S
E
C
T
O
R

T
O
T
A
L

V
A
L
E
N
C
E

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

IS
O
S
P
IN

T
R
IP
L
E
T

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

) 0

2
 (x, Q 3 xT

0

0.
050.

1

0.
150.
2

0.
250.
3

0.
350.
4

0.
450.
5

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

s+�s x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q + xs

0

0.
050.

1

0.
150.
2

0.
25

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

s��s x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q - xs -0

.0
1

-0
.0

05

0

0.
00

5

0.
01

0.
01

5

0.
02

0.
02

5

0.
03

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08


