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Abstract 

 

The bivariate binomial framework of Hilliard and Schwartz (1996) allows non-zero 

correlation between the stochastic volatility and the underlying process. It can also be 

used to value American options. This thesis points out the problems with their bivariate 

binomial model. It also provides a partial solution to deal with those problems. 

When pricing options with the Hilliard-Schwartz model, it is easy to demonstrate 

that incorrect probabilities will occur in some situations. We use the mean-tracking 

method to construct trinomial trees instead of binomial trees for one dimension. 

Nevertheless, the stochastic volatility dimension still adopts the binomial tree as 

Hilliard and Schwartz (1996). The framework will be called the bivariate bino-trinomial 

model, and it is used to evaluate options. 

 
 
 
Keywords: stochastic volatility, bivariate bino-trinomial model 
 



 

v 
 

 

  
 

 ........................................................................................................... i 

  ................................................................................................................................ ii 

  ............................................................................................................................... iii 

Abstract ............................................................................................................................ iv 

 ............................................................................................................................. vi 

 ............................................................................................................................ vii 

   .................................................................................................................. 1 

1.1  .................................................................................................... 1 

1.2  ................................................................................................................ 2 

 Hilliard Schwartz 1996  ..................................... 3 

2.1  ............................................................................................ 3 

2.2  ............................................................................................... 3 

2.3  ........................................................................................... 5 

2.4 Hilliard Schwartz 1996  ....................................................... 7 

  2/3-  ....................................................................................... 9 

3.1  ............................................................................... 9 

3.2 mean-tracking method  ............................................................ 9 

3.3  ......................................................................................... 16 

   ............................................................................................ 19 

   .................................................................................................... 25 

  .............................................................................................................................. 26 

 ........................................................................................................................ 36 

 



 

vi 
 

 

 

A B C  ......................................................................... 10 

A B C  ................................................................................. 13 

A B C  ................................................................................. 14 

A B C  ................................................................................. 15 

A B C  ......................................................................... 16 

 

 

 



 

vii 
 

 

A C  ................................................ 12 

 Black-Scholes 

 ........................................................................................................................................ 20 

..................................................... 21 

 Hilliard Schwartz 1996

2  ............................................................................................ 22 

 Hilliard Schwartz 1996

4  ............................................................................................ 24 

 

A C  ............................... 33 

B  ........................................... 34 

 



 

1 
 

    

1.1  

volatility smile  

Black-Scholes 1973

 Black-Scholes 

 

 Scott 1987, 1991 Hull White 1987  

 Wiggins 1987  Black-Scholes 

Heston

1993 closed-form solutions

 

Hilliard Schwartz 1996

4  

 Hilliard Schwartz 1996

2 0.1% 4

 

 Hilliard Schwartz 1996

Lyuu Wu 2005

mean-tracking method

2/3- 2/3-

6 backward 

induction  



 

2 
 

1.2  

 

 

Hilliard Schwartz 1996

 Hilliard and 

Schwartz 1996

 Hilliard Schwartz

1996  

2/3- 2/3-

2/3- 2/3-

 

 

  

 

 



 

3 
 

   Hilliard Schwartz 1996

 

2.1  

S  

     sss dZVSdtmdS ,  (2.1.1) 

V  

vv bVdZdtmdV  (2.1.2) 

vs dZdZ ,Corr b

VhSfVSs , aVS * a

drSms r d V

mean-reverting  

 

 

2.2  

  Hilliard and Schwartz 1996

 

V V

Y S H



 

4 
 

Q dS S V

H dH H H

S V QY

 

V  

b
VY ln  (2.2.1) 

Y A Y  

       vy

v
v

dZdtm

dZdtb
bV
mdY

      
2  (2.2.2) 

ym Y drift term vdZ 1 Y

 

 S S V

S H B H  

           

S

Sf
dSVhVSHH 1,  (2.2.3) 

     hhh

vVsSh

VVSVSSVS

dZdtm
bVdZHdZVhSfHdtm

dVHdSdVHdSHdVHdSHdH

      
      

2
2
1 22

 (2.2.4) 

SH VH SSH SVH VVH sf  

    abbaaHVf
V
aHm

VS
mm a

s
v

s

s
h

21
2
1

2
1

,
 (2.2.5) 

  22221 HbaHabh  (2.2.6) 

H Q  Nelson Ramaswamy

1990 C Q  



 

5 
 

h

H

h abHabdxxQ ln11  (2.2.7) 

 

hq dZdtmdQ  (2.2.8) 

 

hh

h
q

Hbaabmm
2

22

 (2.2.9) 

Y Q QY

)( 3nO n  

 Y Q V S  

YbV exp  (2.2.10) 

abQabQabH expexp122 21  (2.2.11) 

1 ,        exp
1 ,1

0

)1( 1

HVS
HVS

a

a

 (2.2.12) 

Y Q D Y

Q  

   
h

vh

abH
dZdZdYdQ

                              

,Corr,Corr
 (2.2.13) 

 

 

2.3  

 Y Q

 



 

6 
 

tYY 01  (2.3.1) 

tQQ 01  (2.3.2) 

t 0 1

Y Q  

2
1 tm

p y  (2.3.3) 

2
1 tm

q q  (2.3.4) 

 

11

11

11

11

 ,prob

 ,prob

 ,prob

 ,prob

YQP
YQP
YQP
YQP

dd

du

ud

uu

 (2.3.5) 

hdZ vdZ  

pqP
pqP

pqP
qpP

dd

du

ud

uu

11
1

1
 (2.3.6) 

hdZ vdZ  

uuud PPq  (2.3.7) 

ddud PPp1  (2.3.8) 

dudduuud PPPP1  (2.3.9) 

dudduuud PPPPtQYE  (2.3.10) 

2.3.7 2.3.8 2.3.9

1 2.3.10 hdZ vdZ 2.3.10

 



 

7 
 

1212114,Corr                

EEVarVar,Corr                

EE,CovE

qptqqpptdYdQ

QYQYdYdQ

QYQYQY

 (2.3.11) 

 

dYdQpqP
dYdQpqP
dYdQpqP

dYdQqpP

dd

du

ud

uu

,Corr11
,Corr1
,Corr1

,Corr

 (2.3.12) 

qqpp 11  

 

 

2.4 Hilliard Schwartz 1996  

 Q q 2.3.12

 Hilliard and Schwartz 1996 4

1 2/1a 1b S V 0.5 0.25, 0, 0.25, 0.5, 100

%5 2 20 % 100

2.1.1 2.1.2  

v

s

bVdZdV
dZVSrSdtdS

 (2.4.1) 

Q q 2.3.4

0 1 2.3.4 qm

2.2.5 2.2.6 2.2.9 qm  



 

8 
 

22

2

4
11

482

HbHb

bHbV
V
r

mq  (2.4.2) 

 

    
bQbQbH

2
1exp

2
1exp12 21  (2.4.3) 

V H qm q 0

1 q

Hilliard and Schwartz 1996 Q

 

 



 

9 
 

   2/3-  

3.1  

2/3-

2.1.1 2.1.2

 

 

 

3.2 mean-tracking method  

 Lyuu Wu 2005

 Dai Lyuu 2010

 Dai Lyuu 2010

 

Q   

hq dZdtmdQ  (3.2.1) 

Q

X 0Q t  

 tmQ q0  (3.2.2) 

t2Var  (3.2.3) 

X 3

t B B



 

10 
 

 Dai Lyuu 2010

 

 
A B C B A C

t2  

 

 

 

B A C A B t2

2 C B t2 2

 Dai Lyuu 2010

2 A C 2 B

A C  



 

11 
 

tt

tt

22

22

 

 (3.2.4) 

B
22

tt  

X A B C up mp dp

1 up mp dp

 

0dmu ppp  (3.2.5) 

Var222
dmu ppp  (3.2.6) 

1dmu ppp  (3.2.7) 

Cramer's rule  

Var

Var

Var

d

m

u

p

p

p

 (3.2.8) 

 A B C B

B B

B tt A C

2 A C

i A B i j C B j

E  

 



 

12 
 

 

A C  

i = 1 j = 1 

 0 B A C

1 B A C  

tt

tt

0 

 (3.2.9) 

up mp dp 3.2.8 3.2.9 3.2.8

 

2
1

0
2
1

d

m

u

p

p

p

 (3.2.10) 

mp 0  

 

 

 1 2 

1 0  tt
2

51  

2 tt
2

51  tt  

A C i A B i
j C B j t

B  

 

i 
j 



 

13 
 

 
A B C B A C

t  

 

 

i = 2 j = 1 

tt
2

51 ,

B A 2 C 1

B A C  

tt

tt 22

 

 (3.2.11) 

up mp dp 3.2.8  



 

14 
 

 
A B C B A t2

C t  

 

 

i = 1 j = 2 

tt  ,
2

51

B A 1 C

2 B A C  

tt

tt

22

 

 (3.2.12) 

up mp dp 3.2.8  



 

15 
 

 

 

A B C B A t

C t2  

 

 

i = 2 j = 2 

] ,[ tt

B B

A 2 C 2

B A C 3.2.4 up mp dp

3.2.8  

 

 



 

16 
 

 
 

A B C B A C
t2  

 

 

3.3  

 Y Q

Y  

  tYY 01  (3.3.1) 

Q  

01

01

01

QQ
QQ
QQ

d

m

u

 (3.3.2) 

Y  



 

17 
 

2
1 tm

p y  (3.3.3) 

Q  

    

tp

tp

tp

d

m

u

 (3.3.4) 

 

  11

11

11

11

11

11

,prob

,prob

,prob

,prob

,prob

,prob

YQP

YQP

YQP

YQP

YQP

YQP

d
du

d
dd

m
mu

m
md

u
uu

u
ud

 (3.3.5) 

hdZ vdZ  

p  dumuuu PPP  (3.3.6) 

up  uduu PP  (3.3.7) 

mp  mdmu PP  (3.3.8) 

dp  dddu PP  (3.3.9) 

QYE  dddumdmuuduu PtPtPtPtPtPt  (3.3.10) 

2E QY  dddumdmuuduu PtPtPtPtPtPt 222222  (3.3.11) 

QQQ E 3.3.6 3.3.9

1 3.3.10

3.3.11 3.3.11

moment 3.3.6 3.3.10

2E QY 3.3.10 3.3.11



 

18 
 

QYE 2E QY F  

 3.3.6 3.3.11  

ddddu

ddd
dd

mdmmu

mmm
md

uduuu

uuu
ud

PPP

AppppP

PPP

AppppP

PPP

AppppP

2
12B

2
12B

2
12B

2

2

2

 (3.3.12) 

t
QYA E

t
QYB

2E  

 

 



 

19 
 

    

 2/3-  Hull White 1987

 

v

s

bVdZdV
dZVSrSdtdS

 

rSms VSVhSfVSs ), 0vm 1 5.0a

 

 Black-Scholes 

00001.0b S V

0 100 %5 0.5 15%

100  Black-Scholes 

0.1% Monte Carlo 1%

 

 

 

 

 

 

 

 

 

 



 

20 
 

S/X 
X=100 

Black-Scholes  
Monte Carlo 

N=10,000,000 
080 17.6433 17.6421 17.6471  

0.84 13.8764 13.8735 13.8777  
0.88 10.3975 10.3886 10.3980  
0.92 7.3651 7.3584 7.3662  
0.96 4.9035 4.8982 4.9044  
1.00 3.0581 3.0481 3.0577  
1.04 1.7845 1.7851 1.7846  
1.08 0.9749 0.9807 0.9753  
1.12 0.4998 0.5023 0.5002  
1.16 0.2411 0.2369 0.2403  
1.20 0.1098 0.1102 0.1098  

 Black-Scholes 
Hull White 1987 00001.0b S V

0 100 %5 0.5
15% 100  

 

 

0.004b

S V 0 20 %5

0.1 15% 100  Monte 

Carlo 1%  

 

 

 

 

 

 

 



 

21 
 

S/X 
X=100 

   
Monte Carlo 

N=10,000,000 
080 19.5013 19.5008  
0.84 15.5013 15.5010  
0.88 11.5054 11.5086  
0.92 7.5855 7.5941  
0.96 4.0917 4.1047  
1.00 1.6253 1.6485  
1.04 0.4559 0.4567  
1.08 0.0852 0.0838  
1.12 0.0088 0.0103  
1.16 0.0004 0.0009  
1.20 0.0000 0.0000  

Hull White 1987
004.0b S V 0 20

%5 0.1 15% 100  

 

 

 Hilliard Schwartz

1996 2 25.0b

S V 0 270 %5 0.5

15% 100  Hilliard Schwartz

1996  Hilliard Schwartz 1996

Monte Carlo

 Hilliard Schwartz 1996

0.1%  Hilliard Schwartz 1996

Monte Carlo 0.1%

Hilliard Schwartz 1996  

 

 



 

22 
 

 

S/X 
X=100 

Black- 
Scholes 

Hull
White
1987  

Hilliard
Schwartz

1996  

Hilliard
Schwartz

1996  

 
Monte Carlo 
N=1,000,000 

0.80 17.6433 17.645 17.646 17.6446 17.6446* 17.6462  
0.84 13.8764 13.878 13.878 13.8772 13.8772* 13.8772  
0.88 10.3975 10.397 10.397 10.3965 10.3966* 10.3975  
0.92 7.3651 7.362 7.361 7.3618 7.3620* 7.3614  
0.96 4.9035 4.898 4.898 4.8986 4.8988* 4.8969  
1.00 3.0581 3.053 3.054 3.0492 3.0494* 3.0519  
1.04 1.7845 1.782 1.782 1.7818 1.7820* 1.7814  
1.08 0.9749 0.975 0.975 0.9752 0.9753* 0.9734  
1.12 0.4998 0.501 0.501 0.5016 0.5017* 0.5000  
1.16 0.2411 0.244 0.243 0.2434 0.2435* 0.2439  
1.20 0.1098 0.112 0.112 0.1120 0.1120* 0.1115  

 Hilliard Schwartz 1996
2 Hull White 1987

25.0b S V 0 270 %5 0.5
15% 100 *

 

 

 Hilliard

Schwartz 1996 4 1b

S V 0.5 0.25, 0, 0.25, 0.5, 0.5 100

%5 2 20% 100  

Hilliard Schwartz 1996

Q

0 99 Y, Q 92965.6 ,7818.10

2.2.10 2.2.11 V, H 9395.31 8138.5,4

2.2.9 354977.mq qm



 

23 
 

2.3.4 0200747.0q 0

 Hilliard Schwartz 1996

5%  

 



 

24 
 

 

 Hilliard Schwartz 1996
4 Hull White 1987  

1b S V 0.5 0.25, 0, 0.25, 0.5, 100 %5
2 20% 100 *

 

 

S/X 
X=100 

Black-Scholes 

5.0  25.0  
Hilliard
Schwartz

1996  
 

Hilliard
Schwartz

1996  
 

0.80 15.716 14.267* 14.2632* 14.735* 14.7390* 
0.85 12.848 11.465* 11.4632* 11.816* 11.8213* 
0.90 10.393  9.217* 9.21812*  9.424*  9.4321* 
0.95  8.325  7.451*  7.4552*  7.512*  7.5277* 
1.00  6.611  6.073*  6.0530*  6.014*  6.0040* 
1.05  5.208  4.999*  5.0064*  4.849*  4.8679* 
1.10  4.074  4.159*  4.1619*  3.945*  3.9604* 
1.15  3.167  3.495*  3.4976*  3.240*  3.2561* 
1.20  2.449  2.965*  2.9682*  2.689*  2.7036* 

S/X 
X=100 

0 25.0  5.0  
Hilliard
Schwartz

1996  
 

Hilliard
Schwartz

1996  
 

Hilliard
Schwartz

1996  
 

0.80 15.145* 15.1578* 15.499* 15.5186* 15.796* 15.8231* 
0.85 12.110* 12.1301* 12.351* 12.3823* 12.538* 12.5767* 
0.90  9.581*  9.5971*  9.683*  9.7051*  9.721*  9.7496* 
0.95  7.518*  7.5446*  7.464*  7.4981*  7.338*  7.3757* 
1.00  5.890*  5.8915*  5.694*  5.7048*  5.409*  5.4262* 
1.05  4.626*  4.6579*  4.319*  4.3627*  3.905*  3.9583* 
1.10  3.655*  3.6855*  3.274*  3.3181*  2.775*  2.8335* 
1.15  2.910*  2.9409*  2.492*  2.5342*  1.961*  2.0160* 
1.20  2.340*  2.3688*  1.912*  1.9507*  1.385*  1.4342* 



 

25 
 

    

 

1.  Hilliard Schwartz 1996

 

2.  Hilliard Schwartz 1996

2/3-

 

 



 

26 
 

  

 

A  Y 

 

V Y  

b
VY ln  

 

2

2
1 dVYdVYdY VVV  

 

vv bVdZdtmdV  

 

dtVbdV 222  

 

v
v

vv

dZdtb
bV
m

dtVb
bV

bVdZdtm
bV

dY

2
      

1
2
11 22

2

 

 



 

27 
 

B  H 

 

S H  

S

Sf
dSVhVSHH 1,

 

aVVh fSf  

1

2

2

V
1

1

aSV

VV

V

a
S

SS

aS

fV
aH

aaHH

V
aHH

Vf
fH

fV
H

 

 

hhh

vsh

VV
a

SV
a

SS

vvVssS

VVSVSSVS

dZdtm
abHdZdZdtm

dtVbHdtbfVHdtVfH

bVdZdtmHdZVhSfdtmH

dVHdSdVHdSHdVHdSHdH

      
      

2
2
1             

      

2
2
1

22122

22

 

 

2

22122

1
2
1

2
1      

2
2
1

baaHabVf
V
aHm

fV
m

VbHbfVHVfHmHmHm

a
s

v
a

s

VV
a

SV
a

SSvVsSh

 

 

 



 

28 
 

 

vs

v

s

dZdZ
NdZ
NdZ

,Corr
1 ,0~
1 ,0~

 

 

222

2

21

 ,0
1

1
1

1 ,0~

HbaHab

N
abH

abHNdZabHdZdZ

h

hhhvs
 

 



 

29 
 

C  Q 

 

H Q  

h

H

h abHabdxxQ ln11  

22221 HbaHabh  

3

22

2

1

22

222

22

1

1
212

22

hh

hh

hh
hh

hh

hh
h

h
hh

HbaabQ

abH
ab

abQ

Hbaab
HbaHab

Hbaab

 

 

hhh dZdtmdH  

 

h
hh

h

h
h

hhh
h

hhh

dZdtHbaabm

dtHbaabdZdtm

dHQdHQdQ

2
      

2
11      

2
1

22

2
3

22

2

 

 

hh

h
q

Hbaabmm
2

22

 



 

30 
 

D  Y Q  

 

 

222

2

21

 ,0~

,Corr
1 ,0~
1 ,0~

HbaHab

NdZabHdZdZ

dZdZ
NdZ
NdZ

h

hhhvs

vs

v

s

 

 

h

h

vvvs

h

vvs

vvs

v
h

vs
vh

h

vs
h

abH

dZabHdZdZdZ

dZabHdZdZ
dZabHdZdZ

dZabHdZdZdZdZ

abHdZdZdZ

                        

 ,Cov ,Cov                        

 ,Cov                        

 ,Corr                        

 ,Corr ,Corr

 

 

 



 

31 
 

E  A B C  

 

A B C Var

 

))((
)Var(

))((
)Var(
))((

)Var(

d

m

u

p

p

p

 

1dmu ppp up mp dp 0

 

0Var  (E.1) 

0Var  (E.2) 

0Var  (E.3) 

3 [0, 1]  

      ti  (E.4) 

      tj  (E.5) 

 t2Var  (E.6) 

i j E.4 E.5 E.6 E.1 E.2

E.3  

        022 ttj  (E.7) 

01 22 tijtji  (E.8) 

         022 tti  (E.9) 

 



 

32 
 

E.7  

j = 1, 2 0 E.7  

j > 2 0 t
jj
2

42

tjj
2

42

E.7  

E.9  

i = 1, 2 0 E.9  

i > 2 0 tii
2

42

tii
2

42

E.9  

E.8 0

0  

014 22
tijtji  

 

2ji  

2ji t
jiij

t
jiij

2
4

2
4 22

E.8  

 

i j E.7 E.8 E.9

B

tt

 



 

33
 

 

 
1 

2 
2

i
 

1 
0 

t
t

2
5

1
2

5
1

 
t

i
i

t
i

i
2

4
2

4
)

1(
1

2
2

 

2 
t

t
2

5
1

2
5

1
 

t
t

3
3

 
t

i
i

t
i

i
2

4
2

4
)

2(
2

2
2

 

2
j

 

t
j

j
t

j
j

2
4

2
4

)1
(

1
2

2

 

t
j

j
t

j
j

2
4

)1
(

1
2

4
2

2

 

t
j

j
t

j
j

2
4

2
4

)2
(

2
2

2

 

t
j

j
t

j
j

2
4

)2
(

2
2

4
2

2

 

j
i

 

t
j

j
t

i
j

i
j

2
4

2
4

)
(

2
2

 
i

j
 

t
i

i
t

i
j

i
j

2
4

2
4

)
(

2
2

 

 

t
i

j
i

j
t

j
j

2
4

)
(

2
4

2
2

 

A
C

i
A

B
i

j
C

B
j

t
B

i
j

E.
7

E.
8

E.
9

 
 

i 
j 



 

34
 

  

z 
1 

2 
2

i
 

1 
0 

t
t

2
5

1
 

t
i

i
t

2
4

2

 

2 
t

t
2

5
1

 
t

t
 

t
i

i
t

2
4

2

 

2
j

 
t

j
j

t
j

j
2

4
2

4
1

1
2

2

 

t
j

j
t

2
4

2

 

 

j
i

 

t
i

i
t

2
4

2

 
i

j
 

t
j

j
t

2
4

2

 
B

i
A

B
i

j
C

B
j

t
B

B
t

t

i 
j 



 

35 
 

F  QYE 2E QY  

 

 

ttpppQ

pppQ
ptppptpptt

pttptpYYY

tmpttptpY

qdmu

dmu

y

2222

22

222

Var

0E
1444144

121EEVar

121E

 

 

tptp

tptpQY

QYQYQYQYQY

14                  

14,Corr                  

VarVar,CorrEE,CovE

 

 

)1 ,0(~
Var

Z

)1 ,
Var

(~
Var

Z

'

'

2

1

N
Q

Q

Y
tm

N
Y

Y y

 

 

Y
tm

dYdQdYQd

y

Var
 ZZE

,Corr,CorrZ,ZCorr

2
21

21

 

 

222
21

2 VarVarZZEE tmQYQY y  

 



 

36 
 

 

 

[1] Yung-Chi Chu. Option Pricing with Stochastic Volatility. MBA thesis, NTU, 2006. 

[2] Tian-Shyr Dai and Yuh-Dauh Lyuu. The Bino-Trinomial Tree: A Simple Model for 

Efficient and Accurate Option Pricing. Journal of Derivatives, Vol. 17 (2010), 7 24. 

[3] S. Heston. A Closed-Form Solution for Options with Stochastic Volatility with 

Applications to Bond and Currency Options. The Review of Financial Studies, 6, No. 2 

(1993), 327 343. 

[4] J. Hilliard and A. Schwartz. Binomial Option Pricing under Stochastic Volatility and 

Correlated State Variables. Journal of Derivatives, Fall 1996, 23 39. 

[5] J. Hull and A. White. The Pricing of Options on Assets with Stochastic Volatility. 

Journal of Finance, 42, No. 2 (June 1987), 281 300. 

[6] H. Johnson and D. Shanno. Option Pricing when the Variance is Changing. The Journal 

of Financial and Quantitative Analysis, 22, No. 2 (June 1987), 143 151. 

[7] Yuh-Dauh Lyuu. Financial Engineering and Computation. Cambridge University, UK, 

2002. 

[8] Yuh-Dauh Lyuu and Chi-Ning Wu. On Accurate and Provably Efficient GARCH Option 

Pricing Algorithms. Quantitative Finance, 5, No. 2 (April 2005), 181 198. 

[9] D. B. Nelson and K. Ramaswamy. Simple Binomial Processes as Diffusion 
Approximations in Financial Models. Review of Financial Studies, Vol. 3 (1990), 
393 430. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


