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sašo džeroski (joint work with ljupčo todorovski)

����� � �� �� � � � ! �� !�" � � #%$ �" &$ � � � # �$ �' � ! �

( �) * �+ , �) � - �  � ' !+ �  . � � �$ � - -$ ! / � � !�  � � � . � /) ! � $ � �+  ! 0

( �) �" + � - � � / �  � �+ � / � �  � / � $ � 0 ! / �$ . �1 �$ $ ! 0

&$ �1 # � � - � �. & �+ 2 3 3 (



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

• / �. -" � � � !�  �$ �" - - �+ � � � + &" !$1 ! 0 � �" � � !�  � & � � �1 . �1 �$ �

• �� ! �� ! 0. �1 �$ ! 0 � � � �� �. !1 � � !� / � � !�  �. � �) �1 �	

– � � �" . � �) � � � ) �. �1 �$ ��+ " /�" + � ! � , � *  

–� + � � �" . � $ ! � �+ 
�� � ��+ " /�" + � � !� �) �. �1 �$ ! �"  , � *  �

–� � � , 	 1 � � �+ . ! � �) �' �$" � � � � � ) �. �1 �$ - �+ �. � � �+ �

• ! / �  �+ � �� # � " + � � �" � � !�  1 ! � / �' �+ � & � � �1 �. � � ) �1 	

–1 � � �  � � � � �" . � � � � ! 0 $ � � -+ � � /+ ! & �1 . �1 �$ ��+ " /�" + �

–� � � , 	 1 � � �+ . ! � & � �) ��+ " /�" + � � 1 - �+ �. � � �+ � � � �) �. �1 �$
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 � � � � �� � � � � � �� � � � �� � �� � �

•� * � � - -+ � � /) � � � � . �1 �$ ! 0 � � + � �$ � * � + $1 � � �� �. � 	

�� �) � � + � � ! / �$ � , � * $ �1 0 � �1 + !' � �

1 �. � ! �� - �+ � 1 �+ !' � � � -+ � - �+ . �1 �$ ��+ " /�" + �

& � � �1 �  1 �. � ! � � - � / !� /. �1 �$ ! 0 , � * $ �1 0 �

2� �. - !+ ! / �$ �1 � � � �1 + !' � �

�+ �1 !� �+ � � . �1 �$ � � � � � � & � �+ ' �1 1 � � � ��+ ! �$ � � 1 � �+ + �+ �

• ! �� # � $ � � � � 1 �. � ! , � * $ �1 0 � � 1 � � * 1 � � � �+ �  � �1 �1 �

� �+ . � ! � �" � � !�  � � � - ! / �$ $ � / � + + � � - �  1 � � -+ � / � � � � �

� � �" � � !�  � �+ �. � � ! 0 �" $ � � 1 �. � ! � / ! � � ! �� � �

• ! 2� #. � �1 � � � � � 0 � �1 �" �$ !� � �+ �  � �1 �1 �

 � 1 �. � ! , � * $ �1 0 � / � & �" � �1

� �+ . � ! � �" � � !�  � �+ �+ �+ �$ �. � � ! 0 �" $ � � � ) �1 �. � ! � / ! � � ! ��

•� � ! � � 0+ � � � �� � 1 2� # �) � � ! � �) � �" � �� !�  �
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 � � � � � � � � � � � � � � � �� � � � � �

• �� �� � � �� �. -$ � & �) �' !� + � � �1 �  �. ! / � � �� �. 	

0

5

10

15

20

25

0 50 100 150 200 250
po

pu
la

tio
n 

de
ns

iti
es

time

prey
predator

0

5

10

15

20

25

0 2 4 6 8 10 12 14 16

pr
ed

at
or

 p
op

ul
at

io
n 

de
ns

ity

prey population density

• �� � � �) � � � �� �. 1 �  �. ! / � � �" � � !�  � 	

Ṅ = a · N − b · NP

Ṗ = c · NP − d · P

– N ! � -+ � � - � -" $ � � !�  1 � � !� � �) �+ � � �
– P ! � -+ �1 � � �+ - � -" $ � � !�  1 � � !� � �$ �  � �
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• � - � / � � � - � � � ! &$ � � �" � � !�  � �$ � 0" � 0 � & ! � � �	

–" � �+ 1 � �  �1 �1 � /$ �+ � � !' � �

– & � � �1 �  �) �1 �. � ! � � - � / !� / , � * $ �1 0 �

•1 � /$ �+ � � !' � & ! � � � � + . �$ ! �. ! $ � 0+ �. 0 � 	 / �  � �� � ��+ � � 0+ �. . �+

– -+ � � /+ ! & � � � ) � � �+ . � � � ) � �� -+ � � � !�  �  �) �+ ! 0) � �) � 1 � !1 �

– 0 � �+ � � � � $ � 0 �$ �� -+ � � � !�  � ! � ) � � -+ � 0+ �. . ! 0 $ � 0" � 0 �

–+ � �" $ � � � �) �1 �+ !' �1 � � -+ � � � !�  � 	 �1 � " &$ � �

•1 ! � / �' �+ �1 � �" � � !�  � �+ � � � �) � � � + . v̇d = E #

*) �+ � � ! � � �� -+ � � � !�  1 �+ !' �1 " � ! 0 �) � 0 !' � 0+ �. . �+
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•"  !' �+ � �$ 0+ �. . �+ � �+ !�) . � � ! / �$ �� -+ � � � !�  � �	

E → E + F | E − F | F
F → F ∗ T | F/T | T
T → const | v | (E)

•. " $ � !' �+ ! � � � - � $ �  �. ! �$ �	

E → const | const · F | E + const · F
F → v | v · F
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• / �  � �� � �+ � � 0+ �. . �+ " � �1 � � + � ' !+ �  . � � �$ 1 �  �. ! / � � �� �. �	

E → const | const · F | E + const · F
F → v | Y | v · Y
Y → monod(const , v)

�

�

� �� �� �

•" � �+ 1 � �  �1 �"  /� !�  monod	
double monod(double c, double v) {

return(v / (v + c)) �

}
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•� ) � 0+ �. . �+ 1 � �  � � �) � � - � / � � � - � � � ! &$ � � �" � � !�  ��+ " /�" + � � 	

� ) � ��+ " /�" + � � �) � � / � & �1 �+ !' �1 * !�) � � . � �� � � - -$ ! / � � !�  �

� � + " $ � � �+ �. �) � 0+ �. . �+

•� ) � 0+ �. . �+ �$ � �
–� + 1 �+ � � ) � � � �+ /) � - � / �
– �� �+ � ! 0 �+ �. �) � � !. -$ � �� � �" � � !�  ��+ " /�" + � � � �

– �$ $ � * � � ) �" � � � � 1 !� �+ � � � � �+ /) ��+ � � � 0 ! � �

•� * � � � �+ /) ��+ � � � 0 ! � � !. -$ �. � � �1 ! $ � 0+ �. 0 � 	

– & � �. � � �+ /)

– �� ) �" �� !' � � � �+ /)
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• �  $ ! � �+ � - � !. ! � � � !�  . � �) �1 	

–1 � *  ) !$ $ � !. -$ � �
–. ! !. ! � � �) �1 !� �+ � / � & � � * � � 0 !' � � 1 � !. " $ � � �1 1 � � �

–" � � ! � � 0+ � � !�  ! �� � �1 � � 1 !� �+ � � ! � � !�  	
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•� * � 1 !� �+ � � ) �" + ! �� ! / �"  /� !�  �	
– � �� � �" . � � � �" �+ �1 �+ + � + �

–� �� � � �� � � �" � � !�  $ � 0 �) - � �$ � �
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• �1 ' � � � 0 � � � � " � ! 01 � /$ �+ � � !' � & ! � � ! 1 ! � / �' �+ ! 01 �  �. ! / �	

– / � " � �1 !� �+ � � � � �+ /) ��+ � � � 0 ! � � � �� 0 � # & � �. � � �+ /) �

– / � 1 ! � / �' �+ / �. -$ �� . �1 �$ �
– / � " � � & � / , 0+ � "  1 , � * $ �1 0 � �+ �. � ) � ��" 1 �1 �. � ! 

– � 1 �) " � / �. - � � � � � � � + ! / �. -$ � � � � � 1  � ! � � �1 � � �

• � 	 *) �+ �1 � �) � 0+ �. . �+ � / �. � �+ �. �
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• , � * $ �1 0 � � + 0 � ! � �1 �+ � "  1 / � �+ �$  � � !�  � � -+ � / � � �

– !1 � � !� � & � � ! / -+ � / � � � � � ! � ) �1 �. � ! 

– *) � � . �1 �$ � �+ �" � �1 � �+ ! 1 !' !1 " �$ -+ � / � � � � � �

–) � * �+ � �) � � / �. & ! �1 ! � � . �1 �$ � � � � ) � � � !+ � � � �� �. �

• � !. !$ �+ � � / �. - � � !� !�  �$ . �1 �$ ! 0 � � �$ , � ) � ! �+ � � � + &" � # � � � ( �

–. �1 �$ �+ � 0. � � � � + " $ � � � � + / �. & ! ! 0 �) �.

–. �1 �$ �+ � 0. � � � �. �1 �$ � � � ! 1 !' !1 " �$ -+ � / � � � � �

– &" !$1 ! 0. �1 �$ � � � �+ /) � � + � - -+ � -+ ! � � � / �. & ! � � !�  � � �+ � 0. � � �

– �" - - � + � � � + &" !$1 ! 0 �� � � � � � �� �� . �1 �$ � �  $ �
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• / � $ $ � /� �1 �+ �. � � � � & � � , � ! . �1 �$ ! 0 � � & !� $ � 0 ! / �$ � � �� �. �

• - � -" $ � � !�  	 0+ � " - � � ! 1 !' !1 " �$ � � � �) � � �. � � - � / ! � �

! ) � & !� ! 0 �) � � �. � �+ � �
• - � -" $ � � !�  1 �  �. ! / �	 /) � 0 � � � �) � - � -" $ � � !�  1 � � !� �

• & � � ! / - � -" $ � � !�  1 �  �. ! / � -+ � / � � � � �	
– - � -" $ � � !�  0+ � * � ) # - � -" $ � � !�  1 � / � �
– ! � �+ � /� !�  & � � * � � - � -" $ � � !�  �
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•� � � , � � � � $ � �+ + � - � -" $ � � !�  1 �  �. ! / �. �1 �$ 	

Ṅ = a · N − b · NP

Ṗ = c · NP − d · P

• 0 � �+ �$ � /) �. � 	
Ṅ = growth(N ) − b · feeds on(P,N )

Ṗ = c · feeds on(P,N ) − decay(P )

• � � �" . � �	

–"  $ !. !� �1 -+ � � 0+ � * � ) � growth(N ) = aN

–"  $ !. !� �1 -+ �1 � � � + 1 � / � � � decay(P ) = dP

–"  $ !. !� �1 -+ �1 � � � + / � - � / !� � � feeds on(P,N ) = PN
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 � � � � �� � � � � � � �� ��

• �� - �  � � ! �$ �"  $ !. !� �1 � 0+ � * �) 	

growth(N ) = aN

•$ � 0 ! �� ! / �$ !. !� �1 � 0+ � * � ) 	

growth(N ) = aN (1 − N/K)

K ! � / �+ + � ! 0 / � - � / !� � � � �) � � ' !+ �  . � �
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•"  � � �" + � � �1 �"  $ !. !� �1 � -+ �1 � � !�  / � - � / !� � 	

feeds on(P,N ) = aPN

• � � �" + � � �1 -+ �1 � � !�  / � - � / !� � 	

feeds on(P,N ) = P · saturation(N )

saturation(N ) = AN/(N + B)

A ! � � ) � $ !. !� � � � ) � -+ �1 � � !�  � � �" + � � !�  # B ! � � ) � � � �" + � � !�  + � � �
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• �$ � �+  � � !' � �" & �. �1 �$ � �. -$ � � � � � � + . �1 �$ ! 0 ! 1 !' !1 " �$ -+ � / � � � � �	

process class Growth(Population p)

process class Exponential growth is Growth

expression const(growth rate,0,1,Inf) * p

process class Logistic growth is Growth

expression const(growth rate,0,1,Inf) * p * (1 - p / const(capacity,0,1,Inf))

process class Feeds on(Population p, set of Concentration cs)

condition p /∈ cs

expression p *
∏
c∈cs Saturation(c)
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• / �. & ! ! 0. �1 �$ � � � ! 1 !' !1 " �$ -+ � / � � � � � ! � � �. �1 �$ � � � ) � � � !+ �

� � �� �. 	

combining scheme Population dynamics(Inorganic i)
d

dt
i = + Flow(i)

-
∑
food,i∈food const( ,0,1,Inf) * Feeds on(p, food)

combining scheme Population dynamics(Population p)
d

dt
p = + Growth(p) - Decay(p)

+
∑
food const( ,0,1,Inf) * Feeds on(p, food)

-
∑
pred,food,p∈food const( ,0,1,Inf) * Feeds on(pred, food)
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� � � � ��� � �� � � � � � � �� �� � � � � � � � � �� � � � � � � � � �

variable Population hare

variable Population lynx

process Growth(hare)

process Decay(lynx)

process Feeds on(hare, lynx)

•� * � � � �� �. ' �+ ! � &$ � �	 ) �+ � � -+ � � � � 1 $ �  � � -+ �1 � � �+ �

•� ) + � � -+ � / � � � � �	 0+ � * � ) #1 � / � � # � 1 -+ �1 � � � + � -+ � � ! � �+ � /� !�  
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 � � � � � �� � � � � � � �

�� �+ �. � � � , � - � / !� / � � !�  � 1 , � * $ �1 0 � � � 0+ �. . �+

2� " � ! 0 � ) � 0+ �. . �+ � � + � �" � � !�  1 ! � / �' �+ � * !�) $ � 0+ �. 0 �
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� � � � �� � � � � � �� � � � �� � �� � � � � � � � 
 � � � �� �� � � � � � � � � �

• / �  � �� � �1 � - � 1 � � 0+ �. . �+ � � + � �" � � !�  1 ! � / �' �+ � 	

general lotka volterra ->

time deriv(hare) = Growth(hare) - const[0:1:] * Feeds on(lynx,hare)

time deriv(lynx) = const[0:1:] * Feeds on(lynx,hare) - Decay(lynx)

Growth(hare) -> const[0:1:] * hare

Growth(hare) -> const[0:1:] * hare * (1 - hare / const[0:1:])

Decay(lynx) -> const[0:1:] * lynx

Feeds on(lynx,hare) -> lynx * Saturation(hare)

Saturation(hare) -> hare

Saturation(hare) -> hare / (hare + const[0:1:])

• � � � � ) � 	

– / �  � �� � �1 � - � 1 � � / �  ��+ � ! �

– & � "  1 � �  �) � / �  �� � � - �+ �. � � �+ �
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 � �� � � � � �� � � � � � � �� �� � � � �

' �+ ! � &$ � �  � + 0 � ! / � �. - # � � # � � � # � � � #�� � (

' �+ ! � &$ � � � -" $ � � !�  & !�. � � �

-+ � / � � � �+ � * �) � & !�. � � � � & !�. � � � 0+ � * � )

-+ � / � � � � � / � � � & !�. � � � � & !�. � � �1 � / � �

-+ � / � � � � � �1 � �  � & !�. � � � #�� � & !�. � � � 0+ � � ! 0

• � !� � & � �+ ' �1 ' �+ ! � &$ � � ��  $ � biomass. �1 �$ �1 �

•� * � � � �1 -+ � / � � � � �

•�  � -+ � / � � � � �. -$ � � � �"  , � *  $ !. !� ! 0 � � /� � + � �
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 � �� � � � � � � � � � � �

•+ �$ � � !' �$ � ) ! 0) . �1 �$ �+ + � + � �+ . � � � � � � 2 � ( � � � �� � � � � �

–1 " � � � ) ! 0) . � � �" + �. � � �+ + � + � ��+ 1 �+ 2 3 � � � 3 � �

– -+ �1 ! /� . � �� � � � ) � & !�. � � � / �  / � �+ � � !�  - � � , � � 1 /+ � �) � �

• / �. -+ �) � � ! &$ � *) !� � � & � � . �1 �$ � ! 1 " / �1 	

– � / � $ � 0 � � � - �+ � / � � � � !$ � "  1 �+ �� � 1 �) �.

–�) � �+ �' � �$ �) � $ !. !� ! 0 � � /� � + � � �+ �$ 0 � � 0+ � * �)

–1 ! � � � $' �1 � � � 0 � #  !�+ � 0 � � & � � �1  " �+ ! � � � # � 1 � �. - �+ � �" + �
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 � �� � � � � � � � � � � �

$ � / � � !�  3 	

˙biomass = 6.17 · 10−5 · biomass · (1 −
biomass

1.80
)

+3.01 · 10−4 · biomass · DO ·
NO3

NO3 + 6.28
− 0.0319 · biomass.

location 4:

˙biomass = 4.79 · 10−5 · biomass · (1 −
biomass

0.844
)

+0.406 · biomass · (1 − e−0.216·temp) · (1 − e−0.413·DO) ·
NH3

NH3 + 10
−0.0343 · biomass.
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� � � , � - � / !� / � � !�  
' �+ ! � &$ � �  � + 0 � ! / � �. - #  !�+ � # -) � � -

' �+ ! � &$ � � � -" $ � � !�  -) � � � # � � �

-+ � / � � � � � / � � � -) � � � � -) � � � 1 � / � �

-+ � / � � � � � �1 � �  � -) � � � #� � -) � � � 0+ � � ! 0

-+ � / � � � � � �1 � �  � � � � # -) � � � � � � � 0+ � � ! 0

1 ! � / �' �+ �1 . �1 �$

˙phyto = 0.553·temp·
phosp

0.0264 + phosp
−4.35·phyto−8.67·phyto·zoo.
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• �� - �+ � � - � / !� �1 �  $ � - �+ � � � �) �. �1 �$ ��+ " /�" + � 	

ḣ =
f (a)

A
(hsea − h + h0) +

Qf

A
+ g(Wvel ,Wdir )

•� * � - �+ � � � � �) � ��+ " /�" + � $ � � � "  � - � / !� �1 	

– 0 � � � � - � ! 0 f �) � � 1 � - � 1 � �   " . & �+ � � � - � 0 � � � - �+ � �

– * ! 1 � � + / ! 0 g�) � � 1 � - � 1 � �  * ! 1 1 !+ � /� !�  � 1 � - � �1

• �� - �+ !. � � �	

– f � / �  �� � � �+ - � $ �  �. ! �$

– g � / �  �� � � # - � $ �  �. ! �$ # � 1 �+ ! 0 �  �. � �+ ! / �"  /� !�  �

–. � � !. �$ - � $ �  �. ! �$ 1 � 0+ � � � � �
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� � � , � - � / !� / � � !�  �+ � ! ! 0+ . � � � � + . � � � �� �

/ �  �� � � � 3 � 3 � ( � 3 � � 3 � �

- � $ �  �. ! �$ � 3 � 3 � � � 3 � 3 � � � � � �

- � $ �  �. ! �$ � � � ! 
 / � � 3 � 3 � � � 3 � 3 � 3 � 2 � � (

 � - �+ � ! �$ ��+ " /�" + � � &$ � / , � & � � � 3 � 3 � � � 2� � � � 2 � 3 �

• & � �� . �1 �$ / � - �" + � � �) � $ �  0 �� �+ . 1 �  �. ! / � � � �) � * � � �+ $ �' �$

• / � �$ � � -+ �1 ! /� �) � + � �� �+ . /) � 0 � � ��  �) � " + � + 1 � � �

• �$ $ � * � � � + / �. - �+ ! � �  � � * ! 1 � 1 0 � � � � - � ! 0 ! �" � / �
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• �� �� � 	

– � �� ! �� ! 0 � !. - �+ � � /� �. �1 �$ M0

– � � � � � �  � * � & � �+ ' � � !�  � 
. � � �" + �. � � �

• �� � � �+ �' ! � �1 . �1 �$ MR� ) � �
–. ! !. ! � � � �) �1 ! � /+ � - � / � & � � * � � � & � �+ ' �1 � 1 . � � �" + �1 ' �$" � �

� � �) � � � �� �. ' �+ ! � &$ � �

– ! � � � � !. !$ �+ � � - � � � ! &$ � � � M0
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•� � , � � �� ! �� ! 0. �1 �$

• / �  ��+ " /� � 0+ �. . �+ � ) � � 1 �+ !' � � �) �. �1 �$

• !1 � � !� � � ) �"  + �$ ! � &$ � - �+ � � � � �) �. �1 �$ � �� - �+ � �

• �1 1 �$ � �+  � � !' � 0+ �. . �+ + " $ � � � � + �) � � � - �+ � � � �� - �+ � �

•" � � $ � 0+ �. 0 � �  �) � � & � �+ ' � � !�  � � 1 0+ �. . �+

• -+ �� �+ � / � � � + . �1 �$ � � !. !$ �+ � � � ) � � + ! 0 ! �$ �  � �. ! !. �$ !� � � � /) � 0 �

-+ ! / ! -$ � �
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NPPc = max(0, E · IPAR)

E = 0.389 · T 1 · T 2 · W

T 1 = 0.8 + 0.02 · topt − 0.0005 · topt2

T 2 = 1.1814/((1 + exp(0.2 · (TDIFF − 10))) · (1 + exp(0.3 · (−TDIFF − 10))))

TDIFF = topt − tempc

W = 0.5 + 0.5 · eet/PET

PET = 1.6 · (10 · max(tempc, 0)/ahi)A · pet tw m

A = 0.000000675 · ahi 3 − 0.0000771 · ahi 2 + 0.01792 · ahi + 0.49239

IPAR = FPAR FAS · monthly solar · SOL CONV · 0.5

FPAR FAS = min((SR FAS − 1.08)/srdiff , 0.95)

SR FAS = (1 + fas ndvi/1000)/(1 − fas ndvi/1000)

SOL CONV = 0.0864 · days per month
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• �� - �+ � � !1 � � !� �1 � � " + � * � � , � - �+ � � � � �) �. �1 �$ 	

– � �" � � !�  � � � + E # T1 # T2 # � 1 SR FAS

•� * � �$ � �+  � � !' � � � � + E = 0.0389 · T1 · T2 · W	

�� E = const · T1 · T2 · W

2� E = const · T1const · T2const · W const

•� * � �$ � �+  � � !' � � � � + T1 = 0.8 + 0.02 · topt − 0.0005 · topt 2	

�� T1 = const + const · topt + const · topt2

2� T1 → const | const + (T1) ∗ topt
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NPPc = max(0, E · IPAR)

E = 0.402 · T 10.624 · T 20.215 · W 0

T 1 = 0.680 + 0.270 · topt − 0 · topt2

T 2 = 1.1814/((1 + exp(0.2 · (TDIFF − 10))) · (1 + exp(0.3 · (−TDIFF − 10))))

TDIFF = topt − tempc

TDIFF = topt − tempc

W = 0.5 + 0.5 · eet/PET

PET = 1.6 · (10 · max(tempc, 0)/ahi)A · pet tw m

A = 0.000000675 · ahi 3 − 0.0000771 · ahi 2 + 0.01792 · ahi + 0.49239

IPAR = FPAR FAS · monthly solar · SOL CONV · 0.5

FPAR FAS = min((SR FAS − 1.08)/srdiff , 0.95)

SR FAS = (1 + fas ndvi/750)/(1 − fas ndvi/750)

SOL CONV = 0.0864 · days per month

•+ �$ � � !' � � / /" + � / � !. -+ �' �. � � � � #+ �' ! � �1 . �1 �$ � !. -$ �+
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• ! � � 0+ � � !�  � � 1 !� �+ � � � � - � /� � � � , � * $ �1 0 � 	

–� � � �  �. � � � & � � ! / -+ � / � � � � �

– - �+ � ! �$ � - � / !� / � � !�  � � �) �. �1 �$ ��+ " /�" + �

– �� ! �� ! 0. �1 �$ �
–� � �

! � �" � � !�  1 ! � / �' �+ � �) + � " 0) 0+ �. . �+ � �$ � 0+ �. 0 � �

• 0+ �. . �+ � / � & �

–� & � � ! �1 & � �+ � �� � + . ! 0 � ) �1 �. � ! � � - � / !� / , � * $ �1 0 �

– ! � �+ . � � � � �� � & � � ,. �1 �$ ! 0 , � * $ �1 0 �

–� + -+ �' !1 �1 & � ) " . � �� - �+ �
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• � �� � &$ ! �) ! 0 $ ! &+ �+ ! � � � �

–. �1 �$ ! 0 � -+ � / � � � � & � � �1 � , � * $ �1 0 � ! 1 !� �+ � � 1 �. � ! �

– �� ! �� ! 0. �1 �$ �
• � - -$ ! / � � !�  
 �' �$" � � !�  �  � �) �+ + � �$ � * � + $1 � � � , �

– & � � � �+ - �+ �. � � �+ � � � � ! 0 -+ � / �1 " + �

–. �1 �$ ! 0 - � -" $ � � !�  1 �  �. ! / � ! $ � , � � $ �1

• ! 1 " / ! 01 �. � ! � � - � / !� / , � * $ �1 0 � � 0+ �. . �+ � �	

–�+ �. 1 � � �

–�+ �. �� ! �� ! 0. �1 �$ �

–�+ �. � � � � & � � , � � 1 �+ � ! /$ � � �  . �1 �$ ! 0
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