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! AJ=U?M,AMJ?=>I, :V, ;BJC?,>BJ,JCA>I?J?=>I :V, MNBU?MAO,CBAMJ?=>I, ,

! O=MAO,M=>D?J?=>I, :V, ;BJC?,>BJ,POAMBI, :V, MNBU?MAO,M=UP=F>DI, ,

! UFOJ?PO?M?J?BI, :V ;BJC?,>BJ,ACM,WB?GNJI, :V, IJ=?MN?=UBJC?M,CBOAJ?=>I,,

! M=>D?J?=>aI,IJAJB :V, J=@B>_I`,?>,?JI,POAMB :V AHA?OAEOB,AU=F>J,_BQGQ,U=O`

! ,IKIJBU,IJAJB, :V, UAC@?>G :V, M=UP=F>DI,D?IJC?EFJ?=>

! ;1,Z,_;+,4+,0+,U6`+, 0Y,_;,[,4`,(,_4,[,;`,:V,16+, U6Y,;,:V,16
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! A>,AMJ?=>,UAK,NAPPB>+,?L :V PCBCB\F?I?JB
9A 2..#E5):-0<,(,-0'##25)#78.7,..)<

M:-55)'E-0<,0/#(-#(4)#25:#B),/4('NO

! ?L,A>,AMJ?=>,NAPPB>I+,JNB>, :V L?C?>G,EBNAH?=FC
9A# (-1)0'#25)#5)*-D)<#75-*#2..#E5):-0<,(,-0'

M:-55)'E-0<,0/#(-#(4)#25:#B),/4('NC#20<
9A# (-1)0'#25)#2<<)<#(-#2..#E-'(:-0<,(,-0'

M:-55)'E-0<,0/#(-#(4)#25:#B),/4('NO

! AMJ?=>,NAPPB>I,_L?C?>G,=L,A,JCA>I?J?=>` :V U=DBO,AIIFUPJ?=>I
9A# 2(-*,:
9A (,*)9.)''
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! AJ=U?M,AMJ?=>I, :V, ;BJC?,>BJ,JCA>I?J?=>I :V, MNBU?MAO,CBAMJ?=>I
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! AJ=U?M,AMJ?=>I, :V, ;BJC?,>BJ,JCA>I?J?=>I :V, MNBU?MAO,CBAMJ?=>I

,-+4*:
0#'+#4-/(

#4*+4*:
0#'+#4-/(
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! UBJAE=O?M,>BJW=C@I
9A# '8;'(20:)#7.-B'

! I?G>AO,JCA>IDFMJ?=>,>BJW=C@I
9A ',/02.#7.-B'

"J"B"=

&J&B&=

"J

"B
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! UBJAE=O?M,>BJW=C@I,
I?G>AO,JCA>IDFMJ?=>,>BJW=C@I

GB>B,CBGFOAJ=CK,>BJW=C@I

! JCA>I?J?=>I
9A M5)D)5',;.)C#'(-,:4,-*)(5,:C#)0H&*)9:2(2.&H)<N#:4)*,:2.#5)2:(,-0'C
9A :-0D)5',-0'G(520'E-5(#-7#*)(2;-.,()'C#E5-(),0'C##3#3#3
9A :-*E.)I2(,-0'G<):-*E.)I2(,-0'C#<)9GE4-'E4-5&.2(,-0'C#3#3#3

! POAMBI
9A ME5,*25&C#'):-0<25&N#:4)*,:2.#:-*E-80<'C#
9A MD25,-8'#'(2()'#-7N#E5-(),0'C#E5-(),0#:-*E.)IC#/)0)'C##3#3#3

! J=@B>I
9A *-.):8.)'C#*-.)'C#3#3#3
9A :-0:)0(52(,-0#.)D).'C#/)0)#)IE5)'',-0#.)D).'C##3#3#3

)3/3C#4,/4G.-B#J#E5)')0(G0-(#E5)')0(C#-5#20&#7,0,()#,0()/)5#08*;)5
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Caspase−8
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Pi

28

PP

PP

starch

AMP

SucTrans

Inv

HK FK

SPP

StaSy(b)

Glyc(b)

ATPcons(b)

PPase

rstarch

geSuc

SuSy

SPS

PGI

PGM
NDPkin

UGPase

AdK

29

2928

2

2

2

c9.-8+,i(19/)+,8/"1/),566jf



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sh,:,'".&/1&.)

c*"#'/)4+,8/"1/)+,).&&/)+,0(#4.1+,*(+,4)3'"#.,566gf



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sh,:,'".&/1&.)

I?G>AO

CBIP=>IB

"&+#"*&"

TF

TFG

+"&04"(#"

+5$

TFG:/&7"2/2*,#-::U

"&+#"*&":/&7"2/2*,#-::V

"&(+#-(&:/&7"2/2*,#-:::W

"&(+#-(&:+"#/40*,#-

X

"&+#"*&":&Y+"&((,#-:: Z

TF:/&7"2/2*,#-::BTF:&Y+"&((,#-:: =

TFG:/,(2((#0,2*,#-::
S

TFG:2((#0,2*,#-::
J

=[

;.&"4"</,
0//2'$-9

c*"#'/)4+,8/"1/)+,).&&/)+,0(#4.1+,*(+,4)3'"#.,566gf



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sj,:,&"*1$##"1*,-$&-$2/

Raf RafP

MEKP MEKPPMEK

ERKP ERKPPERK

Phosphatase3

Phosphatase1

Phosphatase2

RasGTP



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sj,:,&"*1$##"1*,-$&-$2/

c*"#'/)4+,
8/"1/)+,
#/8)$-9,566Tf

c8/"1/)+,
*"#'/)4+,
2.1$#2&.1,566gf

Raf

RasGTP
Raf_RasGTP

RafP

RafP_Phase1

MEK_RafP MEKP_RafP

MEKP_Phase2 MEKPP_Phase2

ERK

ERK_MEKPP ERKP_MEKPP

ERKP

MEKPP

ERKPP_Phase3ERKP_Phase3

MEKP

ERKPP

Phase2

Phase3

MEK

Phase1

k3

k6

k21

k18

k9 k12

k15

k24

k27k30

k7/k8

k1/k2

k4/k5

k10/k11

k16/k17

k22/k23k19/k20

k13/k14

k28/k29 k25/k26



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sk,:,83;.S"$

!"#$%&'(

!"#)*+,-$%&.(

!"#)*+,-)!+/$%&0(

!"#)1!2$%&3'(

!"#$%&'()

*+,-./0123-4

5+4

6.5780-$95.,

*+,-$%&4(

!"#)*+,-)1!2$%&3.(

!+/$%&5(

!"#6!)*+,-)!+/$%&77(

!"#6!)*+,-$%&35(

!"#)8!%&34( !"#6!)9!:%&3;(

9!:$%&30(

<+,*

"=>?@<?ABC>?D'

"=>?@<?ABC>?D7

"=>?@<?ABC>?D3

67

67

!"#$%$!"&

!#'$%$!&(

!##$%$!#"

!")%$!"*

!)$%$!*

!&$%$!+

!"

!#

!",$%$!"'

!"+

!""

!"-

!#(

!"(

!'

!,

!-

!-

:(
8+4-9-+4-+,

95,;<5=/'

:(
4-9-+4-+,

!5,;<5= / (

:( 4-9-+4-+, !5,;<5= / '
#-7.545,81+ 95,;<5=

c3(,/4,$#Q,566Tf



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sk,:,83;.S"$

S7
H1F:ARNT:HRE

S5
H1F:ARNT

S3H1F S13
H1F:PHD

S14
H1FOH

S18
H1FOH:VAL

S17
VHL

S12PHD
S4
ARNT

S15
H1F:ARNT:PHD

S16
H1FOH:ARNT

S6

HRE

S22
H1FOH:ARNT:HRE

O2
Oxygen

O2
Oxygen

k1

k2
k12

k13
k14 k19

k18

k20

k4

k3

k15

k16
k17

k21

k22

k6

k5
k29

k30

c8/"1/)+,
&)")$%,5676f



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sk,:,83;.S"$

S5
H1F:ARNT

S3H1F S13
H1F:PHD

S14
H1FOH

S18
H1FOH:VAL

S17
VHL

S12
PHD

S4
ARNT

S15
H1F:ARNT:PHD

S16
H1FOH:ARNT

O2
Oxygen

O2
Oxygen

k1

k2

k12

k14

k18
k20

k3

k15 k17

k22

c8/"1/)+,
&)")$%,5676f



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/Sk,:,83;.S"$

S3

H1F

S14

H1FOH
S12

PHD
k1

A

k2

B

k18, k20

E

k12, k14

C

k3, k15, k17, k22

D

c8/"1/)+,
&)")$%,5676f



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

/ST,:,&!"4-8,-3-#/,8$#.'$-4/)"(%,&$#"1$)(%

c%$)!$1+,./&4/)8/#4,7dddf



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?
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9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

43;"-$#,;/4)",1/4,](/&4".1&

! 8=W,UA>K,J=@B>I,MA>,CBI?DB,AJ,U=IJ,?>,A,G?HB>,POAMB,R
9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%

! 8=W,=LJB>,MA>,A,JCA>I?J?=>,L?CB,R
9A M?9(,*)'C#09(,*)'C#--9(,*)'N 9A TUVS"S%%
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! 8=W,UA>K,J=@B>I,MA>,CBI?DB,AJ,U=IJ,?>,A,G?HB>,POAMB,R
9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%

! 8=W,=LJB>,MA>,A,JCA>I?J?=>,L?CB,R
9A M?9(,*)'C#09(,*)'C#--9(,*)'N 9A TUVS"S%%

! 8=W,=LJB>,MA>,A,,IKIJBU,IJAJB,EB,CBAMNBD,R
9A# 0)D)5# 9A Q"WS=XY=+TS#9A#%=ZS[\#!WP!SW[US%
9A# 09(,*)' 9A WS!WPRQXU+TS

9A --9(,*)' 9A WSVSW%U+UTU[\
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! 8=W,UA>K,J=@B>I,MA>,CBI?DB,AJ,U=IJ,?>,A,G?HB>,POAMB,R
9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%

! 8=W,=LJB>,MA>,A,JCA>I?J?=>,L?CB,R
9A M?9(,*)'C#09(,*)'C#--9(,*)'N 9A TUVS"S%%

! 8=W,=LJB>,MA>,A,,IKIJBU,IJAJB,EB,CBAMNBD,R
9A# 0)D)5# 9A Q"WS=XY=+TS#9A#%=ZS[\#!WP!SW[US%
9A# 09(,*)' 9A WS!WPRQXU+TS

9A --9(,*)' 9A WSVSW%U+UTU[\

! $CB,JNBCB,EBNAH=FCAOOK,?>HAC?A>J,>BJ,IJCFMJFCBI,R
9A #(-1)0#:-0')5D2(,-0# 9A# !#9#U"V=WU="[%
9A #(-1)0#<,'(5,;8(,-0#5)E5-<8:(,-0 9A [#9#U"V=WU="[%



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

43;"-$#,;/4)",1/4,](/&4".1&

! 8=W,UA>K,J=@B>I,MA>,CBI?DB,AJ,U=IJ,?>,A,G?HB>,POAMB,R
9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%

! 8=W,=LJB>,MA>,A,JCA>I?J?=>,L?CB,R
9A M?9(,*)'C#09(,*)'C#--9(,*)'N 9A TUVS"S%%

! 8=W,=LJB>,MA>,A,,IKIJBU,IJAJB,EB,CBAMNBD,R
9A# 0)D)5# 9A Q"WS=XY=+TS#9A#%=ZS[\#!WP!SW[US%
9A# 09(,*)' 9A WS!WPRQXU+TS

9A --9(,*)' 9A WSVSW%U+UTU[\

! $CB,JNBCB,EBNAH=FCAOOK,?>HAC?A>J,>BJ,IJCFMJFCBI,R
9A #(-1)0#:-0')5D2(,-0# 9A# !#9#U"V=WU="[%
9A #(-1)0#<,'(5,;8(,-0#5)E5-<8:(,-0 9A [#9#U"V=WU="[%

! Q,Q,Q,,A>D,UA>K,U=CB,:V JBUP=CAO,O=G?MI# 9A X[T#G#T[T#9#X%T#G#!T[T



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

43;"-$#,;/4)",1/4,](/&4".1&

! 8=W,UA>K,J=@B>I,MA>,CBI?DB,AJ,U=IJ,?>,A,G?HB>,POAMB,R
9A M?C#@C#1C#--N# 9A +PQ"RSR"S%%

! 8=W,=LJB>,MA>,A,JCA>I?J?=>,L?CB,R
9A M?9(,*)'C#09(,*)'C#--9(,*)'N 9A TUVS"S%%

! 8=W,=LJB>,MA>,A,,IKIJBU,IJAJB,EB,CBAMNBD,R
9A# 0)D)5# 9A Q"WS=XY=+TS#9A#%=ZS[\#!WP!SW[US%
9A# 09(,*)' 9A WS!WPRQXU+TS

9A --9(,*)' 9A WSVSW%U+UTU[\

! $CB,JNBCB,EBNAH=FCAOOK,?>HAC?A>J,>BJ,IJCFMJFCBI,R
9A #(-1)0#:-0')5D2(,-0# 9A# !#9#U"V=WU="[%
9A #(-1)0#<,'(5,;8(,-0#5)E5-<8:(,-0 9A [#9#U"V=WU="[%

! Q,Q,Q,,A>D,UA>K,U=CB,:V JBUP=CAO,O=G?MI# 9A X[T#G#T[T#9#X%T#G#!T[T

*/1/)$#,
'/8$<".()$#
;).;/)4"/&

&;/-"$#
'/8$<".()$#
;).;/)4"/&



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

$1$#3&"&,4/-81"](/&

! IJAJ?M,A>AOKIBI :V >=,IJAJB,IPAMB,M=>IJCFMJ?=>

#

! DK>AU?M,A>AOKIBI :V J=JAOb,PACJ?AO,IJAJB,IPAMB,M=>IJCFMJ?=>



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

$1$#3&"&,4/-81"](/&

! IJAJ?M,A>AOKIBI :V >=,IJAJB,IPAMB,M=>IJCFMJ?=>
9A# '(58:(852.#E5-E)5(,)'# M/52E4#(4)-5&C#:-*;,02(-5,:'NC#)3/3#R[!
9A# !#G#[#9#,0D25,20(' M.,0)25#2./);52N#

! DK>AU?M,A>AOKIBI :V J=JAOb,PACJ?AO,IJAJB,IPAMB,M=>IJCFMJ?=>



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

$1$#3&"&,4/-81"](/&

! IJAJ?M,A>AOKIBI :V >=,IJAJB,IPAMB,M=>IJCFMJ?=>
9A# '(58:(852.#E5-E)5(,)'# M/52E4#(4)-5&N
9A# !#G#[#9#,0D25,20(' M.,0)25#2./);52N#

! DK>AU?M,A>AOKIBI :V J=JAOb,PACJ?AO,IJAJB,IPAMB,M=>IJCFMJ?=>

9A 202.&','#-7#/)0)52.#;)42D,-852.#'&'()*#E5-E)5(,)'C
)3/3#;-80<)<0)''C#.,D)0)''C#5)D)5',;,.,(&C#3#3#3

9A *-<).#:4):1,0/#-7#'E):,2.#;)42D,-852.#'&'()*#E5-E)5(,)'C
)3/3# 5)2:42;,.,(&#-7#2#/,D)0#M'8;9N#'&'()*#'(2()#MB,(4#:-0'(2,0('NC

5)E5-<8:2;,.,(&#-7#2#/,D)0#M'8;9N#'&'()*#'(2()#MB,(4#:-0'(52,0('N

)IE5)'')<#,0#()*E-52.#.-/,:'#MX[T#G#T[TNC
9A D)5&#7.)I,;.)C#E-B)578.#L8)5&#.20/82/)



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

$,-$&/,&4(23



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3

#H12I)&*+
J.2K1L+M/!12.*
)BMBPJ=C!"#"$%&!

)AI '()
*+"

)AL
$ $

$

$

%/9
$

/)9
$ $

MKJ=POAIU?M,IFEIJCAJBI

,-'
./0 !"#"

#H12I)&*+
J.2K1L+M/!12.*
)BMBPJ=C!"#"$%&!

#H12I)&*+
J.2K1L+M/!12.*
)BMBPJ=C

#H12I)&*+
J.2K1L+M/!12.*
)BMBPJ=C)BMBPJ=C!"#"$%&!

)AI '()
*+"

)AI '()
*+"

)AI)AI '()
*+"

)AL
$ $

$

$

%/9
$

/)9
$ $

)AL
$ $

$

$

%/9
$

/)9
$ $

MKJ=POAIU?M,IFEIJCAJBI

,-'
./0 !"#"

MKJ=POAIU?M,IFEIJCAJBIMKJ=POAIU?M,IFEIJCAJBI

,-'
./0 !"#"
,-'
./0 !"#"

\#-&:+2*192)\



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3

c-N=,BJ,AOQ+
-%&',566ef



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3

c-N=,BJ,AOQ+
-%&',566ef'..

9,-8
$;4
/),5
676



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3+,;/4)",1/4

8==
8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==
;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3+,8"/)$)-8"-$#,;/4)",1/4,

8==8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==
;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3+,8"/)$)-8"-$#,;/4)",1/4,

8==8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==
;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B

,0,(,2.#*251,0/



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3+,8"/)$)-8"-$#,;/4)",1/4,

8==8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==
;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B

,0,(,2.#*251,0/

-.
1&
4)
(-
4/
2



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

48/,)9";,;$48!$3+,;:"1<$)"$14&

8==
8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B

8==
8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B

8==
8X

8U

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

8W^8=]8Z^8V

8J^8S

8=^8B

;:"1<7Y,%/9
;:"1<5Y,)$0:7&4$)
;:"1<eY,);
;:"1<hY,/)9
;:"1<jY,)9";



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

-.1&4)(-4".1,.0,48/,"1"4"$#,%$)9"1*

! BAMN,;:?>HAC?A>J,GBJI,AJ,OBAIJ,=>B,J=@B>
9A !9,0D25,20('#25)#'(58:(852.#<)2<.-:1'#20<#(52E'#

! ?>,I?G>AO,JCA>IDFMJ?=>
9A )I2:(.&#@#(-1)0C#:-55)'E-0<,0/#(-#'E):,)'#:-0')5D2(,-0
9A (-1)0#,0#.)2'(#2:(,D)#'(2()

! AOO,_>=>:JC?H?AO`,4:?>HAC?A>JI,GBJ,CBAO?lAEOB
9A (-#*21)#(4)#0)(#.,D)

! U?>?UAO,UAC@?>G
9A *,0,*,H2(,-0#-7#(4)#'(2()#'E2:)



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

-.1&4)(-4".1,.0,48/,"1"4"$#,%$)9"1*

! BAMN,;:?>HAC?A>J,GBJI,AJ,OBAIJ,=>B,J=@B>
9A !9,0D25,20('#25)#'(58:(852.#<)2<.-:1'#20<#(52E'#

! ?>,I?G>AO,JCA>IDFMJ?=>
9A )I2:(.&#@#(-1)0C#:-55)'E-0<,0/#(-#'E):,)'#:-0')5D2(,-0
9A (-1)0#,0#.)2'(#2:(,D)#'(2()

! AOO,_>=>:JC?H?AO`,4:?>HAC?A>JI,GBJ,CBAO?lAEOB
9A (-#*21)#(4)#0)(#.,D)

! U?>?UAO,UAC@?>G
9A *,0,*,H2(,-0#-7#(4)#'(2()#'E2:)

:V, (1"](/,"1"4"$#,%$)9"1*,,,X:



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

1.1:4)"<"$#,4:"1<$)"$14+,)(1

! CBAO?lAE?O?JK,MNBM@,F>DBC
JNB,M=>IJCFMJBD,UAC@?>G,

! 4:?>HAC?A>JaI,F>L=OD?>G
J=,DBIMC?EB,?JI,EBNAH?=FC
9A# E25(,2.#-5<)5#'(58:(85)

! OAEBOOBD,M=>D?J?=>,b,BHB>J,>BJ
9A )D)0('#M;-I)'N

9#(520',(,-0#-::85)0:)'#
9A :-0<,(,-0'#M:,5:.)'N

9#,0D-.D)<#:-*E-80<'

! =MMFCCB>MB,>BJ
9A 2:&:.,:
9A 0-#;2:1B25<#;520:4,0/#:-0<,(,-0'
9A ,07,0,()

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!
'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!'S

>?@<!!^?;@'X

?;@<!!
'W

;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

;25<=G*2"
'=

;@I!
'B

?;@<!!
'W ;!'=]

>?@<!!
'V

;25<=G*2"^;@I!'J

;25<=G*2"
'=

;25<=G*2"^;@I!^?;@<!!'S

?;@
'U

;@I!<!
'Z

>?@<!!
'V

?;@<!!
'W

>?@<!!^?;@'X

;!
'=]

;@I!
'B

;@I!<!^;!'==

8==8X

8U

8W8Z

8J

8=

8=

8J

8U

8Z

8X

8W

8==



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

%.2/#,-8/-9"1*+,/S$%;#/&

! PC=PBCJK,7

"I,A,G?HB>,_IFE:`,UAC@?>G,_IKIJBU,IJAJB`,CBAMNAEOB,R
SZ#M#SW]#^#W!#NO

! PC=PBCJK,5

#?HB>BII,=L,JCA>I?J?=>,@g,R
=_#SZ#M#`S]9!!aSW]#NO

! PC=PBCJK,e

"I,?J,P=II?EOB,J=,PC=DFMB,/)9:;;,>B?JNBC,MCBAJ?>G,>=C,FI?>G,%/9:;;,R
S#M#b#`S]9!!##Q#SW]9!!#NO

! PC=PBCJK,h

"I,JNBCB,MKMO?M,EBNAH?=FC,WQCQJQ,JNB,PCBIB>MB,b,AEIB>MB,=L,)9";,R
S_#M#M#W]U!#9A#SZ#M#b#W]U!#N#N#^#M#b#W]U!#9A#SZ#M#W]U!#N#N#NO



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

]($#"4$4"</,$1$#3&"&,)/&(#4&+,&(%%$)3
,

! IJCFMJFCAO,DBM?I?=>I,=L,EBNAH?=FCAO,PC=PBCJ?BI, :V, IJAJ?M,A>AOKI?I
9A# X!U# 9A# +"R
9A S%#$#R[!# 9A# TUVS

! -;",m,-4"
9A# 2..#*,0,*2.#[9,0D25,20(#G#!9,0D25,20('#)0F-&#;,-.-/,:2.#,0()5E5)(2(,-0
9A 0-09(5,D,2.#[9,0D25,20(#9A#E25(,2.#-5<)5#<)':5,E(,-0#-7#(4)#)'')0(,2.#;)42D,-85

! CBAMNAE?O?JK,GCAPN :V, DK>AU?M,A>AOKI?I
9A 7,0,() 9A +"R
9A# (4)#-0.&#%XX#:-0(2,0'#2..#(520',(,-0' 9A TUVS
9A# -0)#%(5-0/.&#X-00):()<#X-*E-0)0(#M%XXN# 9A# WSV

! U=DBO,MNBM@?>G :V, CB\F?CBI,PC=LBII?=>AO,F>DBCIJA>D?>G
9A 2..#)IE):()<#E5-E)5(,)'#25)#D2.,<



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

]($#"4$4"</,$1$#3&"&,)/&(#4&+,&(%%$)3

! IJCFMJFCAO,DBM?I?=>I,=L,EBNAH?=FCAO,PC=PBCJ?BI, :V IJAJ?M,A>AOKI?I
9A# X!U# 9A# +"R
9A S%#$#R[!# 9A# TUVS

! -;",m,-4"
9A# 2..#*,0,*2.#[9,0D25,20(#G#!9,0D25,20('#)0F-&#;,-.-/,:2.#,0()5E5)(2(,-0
9A 0-09(5,D,2.#[9,0D25,20(#9A#E25(,2.#-5<)5#<)':5,E(,-0#-7#(4)#)'')0(,2.#;)42D,-85

! CBAMNAE?O?JK,GCAPN :V DK>AU?M,A>AOKI?I
9A 7,0,() 9A +"R
9A# (4)#-0.&#%XX#:-0(2,0'#2..#(520',(,-0' 9A TUVS
9A# -0)#%(5-0/.&#X-00):()<#X-*E-0)0(#M%XXN# 9A# WSV

! U=DBO,MNBM@?>G :V CB\F?CBI,PC=LBII?=>AO,F>DBCIJA>D?>G
9A 2..#)IE):()<#E5-E)5(,)'#25)#D2.,<

:V,<$#"2$4/2,]($#"4$4"</,%.2/#



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

'".1/4!.)9&+,<$#"2$4".1

! HAO?DAJ?=>,MC?JBC?=>,7
9A 2..#)IE):()<#'(58:(852.#E5-E)5(,)'#4-.<
9A 2..#)IE):()<#/)0)52.#;)42D,-852.#E5-E)5(,)'#4-.<

! HAO?DAJ?=>,MC?JBC?=>,5
9A X[U
9A# 0-#*,0,*2.#[9,0D25,20(#B,(4-8(#;,-.-/,:2.#,0()5E5)(2(,-0
9A 0-#10-B0#;,-.-/,:2.#;)42D,-85#B,(4-8(#:-55)'E-0<,0/#[9,0D25,20(

! HAO?DAJ?=>,MC?JBC?=>,e,
9A X!U
9A 0-#*,0,*2.#!9,0D25,20(#B,(4-8(#;,-.-/,:2.#,0()5E5)(2(,-0#MKN

! HAO?DAJ?=>,MC?JBC?=>,h
9A 2..#)IE):()<#'E):,2.#;)42D,-852.#E5-E)5(,)'#4-.<
9A ()*E-52.9.-/,:#E5-E)5(,)'##9A#[WQS



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

1.!,!/,$)/,)/$23,
0.),&.;8"&4"-$4/2,

]($14"4$4"</,$1$#3&/&,n



!"#$#%&'()*'#+,-.-/&

#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

&4.-8$&4"-,
;/4)",1/4&

:,&;1,Mc%!"N,:



!"#$#%&'()*'#+,-.-/&
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&4.-8$&4"-,;/4)",1/4&+,'$&"-&

! JCA>I?J?=>I,GBJ,A,IJ=MNAIJ?M,WA?J?>G,J?UB
9A )IE-0)0(,2.#<,'(5,;8(,-0#B,(4#E252*)()5#.2*;<2

! IJAJB:DBPB>DB>J,OAUEDA,DBL?>BD,EK,CAJB,LF>MJ?=>
9A 20&#25,(4*)(,:#780:(,-0#,0:.8<,0/#

(4)#(520',(,-0d'#E5)9E.2:)'#2'#,0()/)5#D25,2;.)'#20<
8')59<)7,0)<#5)2.9D2.8)<#E252*)()5'

9A *-<,7,)5#25:'
9A E-E8.25#1,0)(,:'e#

*2''92:(,-0#')*20(,:'C#.)D).#')*20(,:'

! IBUA>J?MIY,-=>J?>F=FI,4?UB,%AC@=H,-NA?>,_-4%-`
9A# 5)2:42;,.,(&#/52E4#f#'(2()#(520',(,-0#52()'

! A>AOKI?I
9A '(20<25<#`251-D#202.&','#():40,L8)'e#(520',)0(C#'()2<&#'(2()
9A '(-:42'(,:#',*8.2(,-0#2./-5,(4*'#M%%=NC#)3/3#_,..)'E,)d'#%%=
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)$4/,0(1-4".1&

molecules semantics

ht := ct ·
∏

p∈•t

(

m(p)

f (p, t)

)

concentration levels semantics

ht := kt · N ·
∏

p∈•t

(
m(p)

N
)
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-.14"1(.(&,;/4)",1/4&+,'$&"-&

! JCA>I?J?=>I,L?CB,M=>J?>F=FIOK

! CAJB,LF>MJ?=>I
9A 20&#25,(4*)(,:#780:(,-0#,0:.8<,0/#

(4)#(520',(,-0d'#E5)9E.2:)'#2'#5)2.9D2.8)<#D25,2;.)'#20<
8')59<)7,0)<#5)2.9D2.8)<#E252*)()5'

! CBAO:HAOFBD,J=@B>I
9A :-0:)0(52(,-0'

! IBUA>J?MIY,IBJ,=L,.CD?>ACK,2?LLBCB>J?AO,/\FAJ?=>I,_.2/I`
9A 80,L8).&#<)7,0)<C#;8(#0-(#D,:)#D)5'2
9A (&E,:2..&#0-09.,0)25

! I?UFOAJ?=>,_>FUBC?MAO,?>JBGCAJ?=>`
9A '(,77G80'(,77#'-.D)5'
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

/'J
_::

/*
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

/'J
_::Q:"=:

/*
Q:"S:
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

/'J
_::Q:"=:

/*
Q:"S:
<:"B:
<:"J
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

/'J
_::Q:8=:`:'=:`:'B:

/*
Q:"S:
<:"B:
<:"J
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8==8X

8U 8=]8W8V8Z

8S8J

8B8=

;!
'=]

;@I!<!
'Z

?;@
'U

>?@<!!

'V

;@I!<!^;!'==

;25<=G*2"^;@I!^?;@<!!
'S>?@<!!^?;@'X

?;@<!!

'W ;25<=G*2"^;@I!'J

;@I!
'B

;25<=G*2"
'=

/'J
_::Q:8=:`:'=:`:'B:

/*
Q:8S:`:'S:
<:8B:`:'J:
<:8J:`:'J:`:'W
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48/,]($#"4$4"</,%.2/#,
'/-.%/&,

48/,&4)(-4()/2,2/&-)";4".1,
.0,48/,]($14"4$4"</,%.2/#,n
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]($14"4$4"</,$1$#3&"&

=J:aE##/b (*2*&:
0#-5,74"2*,#-(
=J:aE##/b (*2*&:
0#-5,74"2*,#-(

L1#:&*:2%L1#:&*:2% C,#01&',(*C,#01&',(*
K,(*",$4*,#-:#5:c$2/[:(*&2/):(*2*&(:2(: &40%,/&2-:
/,(*2-0&(:5"#':*1&:c7##/[:5,-2%:(*&2/):(*2*&
K,(*",$4*,#-:#5:c$2/[:(*&2/):(*2*&(:2(: &40%,/&2-:
/,(*2-0&(:5"#':*1&:c7##/[:5,-2%:(*&2/):(*2*&

@g#h/--<i#'(2()#:-07,/852(,-0' (4)#h;2<i#-0)'
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&(%%$)3

! CBPCBIB>JAJ?=>,=L,E?=>BJW=C@I,EK,;BJC?,>BJI
9A E25(,2.#-5<)5#5)E5)')0(2(,-0 9A ;)(()5#:-*E5)4)0',-0
9A 7-5*2.#')*20(,:'# 9A '-80<#202.&','#():40,L8)'
9A 80,7&,0/#D,)B
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#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

&(%%$)3

! CBPCBIB>JAJ?=>,=L,E?=>BJW=C@I,EK,;BJC?,>BJI
9A E25(,2.#-5<)5#5)E5)')0(2(,-0 9A ;)(()5#:-*E5)4)0',-0
9A 7-5*2.#')*20(,:'# 9A '-80<#202.&','#():40,L8)'
9A 80,7&,0/#D,)B

! PFCP=IBI
9A 20,*2(,-0 9A (-#)IE)5,)0:)#(4)#*-<).
9A *-<).#D2.,<2(,-0#2/2,0'(#:-0','()0:&#:5,()5,2 9A# (-#,0:5)2')#:-07,<)0:)
9A L82.,(2(,D)#G#L820(,(2(,D)#;)42D,-85#E5)<,:(,-0 9A )IE)5,*)0(#<)',/0C

0)B#,0',/4('
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#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

&(%%$)3

! CBPCBIB>JAJ?=>,=L,E?=>BJW=C@I,EK,;BJC?,>BJI
9A E25(,2.#-5<)5#5)E5)')0(2(,-0 9A ;)(()5#:-*E5)4)0',-0
9A 7-5*2.#')*20(,:'# 9A '-80<#202.&','#():40,L8)'
9A 80,7&,0/#D,)B

! PFCP=IBI
9A 20,*2(,-0 9A (-#)IE)5,)0:)#(4)#*-<).
9A *-<).#D2.,<2(,-0#2/2,0'(#:-0','()0:&#:5,()5,2 9A# (-#,0:5)2')#:-07,<)0:)
9A L82.,(2(,D)#G#L820(,(2(,D)#;)42D,-85#E5)<,:(,-0 9A )IE)5,*)0(#<)',/0C

0)B#,0',/4('

! IJBP:W?IB,U=DBO,DBHBO=PUB>J
9A L82.,(2(,D)#*-<).# 9A# <,':5)()#!)(5,#0)('
9A <,':5)()#L820(,(2(,D)#*-<).# 9A# '(-:42'(,:#!)(5,#0)('
9A :-0(,08-8'#L820(,(2(,D)#*-<).# 9A :-0(,08-8'#!)(5,#0)('#J#PRS'
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4..#9"4,:,&1..;3a&,/S;.)4,0/$4()/&

Petri Net

APNN

INA

LoLA

Maria

PEP

Prod

Tina

Time PN

Stochastic PN

Extended PNContinuous PN

INA tim

INA tmd

Latex

SBML Level 2

Modulo PN

EPS; MIF; Xfigall net classes export to

PRISM

MetaTool

SMART

Music PN

Charlieall Petri net classes are read by 

IDD-CSL
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;)"1-";$#,-.##$'.)$4.)&

! )A?>BC,'CB?JO?>G
Q0,D)5',(&#_.2'/-BC#U0()/52(,D)#20<#%&'()*'#+,-.-/&#$
Q0,D)5',(&#-7#_5-0,0/)0C#_5-0,0/)0#+,-,07-5*2(,:'#X)0(5)

! 2AH?D,*?OEBCJ
+580).#Q0,D)5',(&#T-0<-0GQI;5,</)C#
%:4--.#-7#U07-5*2(,-0#%&'()*'C#X-*E8(,0/#20<#`2(4)*2(,:'

! !=OLGA>G,%ACWA>
P((-#D-0#_8)5,:1)#Q0,D)5',(&#$#`2/<);85/#X)0(5)#7-5#%&'()*'#+,-.-/&#$#
`2I#!.20:1#U0'(,(8()#7-5#R&02*,:'#-7#X-*E.)I#[):40,:2.#%&'()*'

! #=FMN@A,;=P=HA:oBFGUA>>
Y8*;-.<(#Q0,D)5',(&#+)5.,0C#X-*E8()5#%:,)0:)#U0'(,(8()
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#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

)/0/)/1-/&+,-$&/,&4(2"/&,];1,:,&;1,:,-;1

! >:P&,-&"d:;:K#-2%/(#-d:K:E,%$&"*e:
!)(5,#")('#7-5#%&'()*'#+,-.-/&O#>G:I)&-72":N&/fOe:G)'$#%,0:G)(*&'(:C,#%#7)e:T1&<
#"):2-/:>&*1#/(A:g#-&(:h:C2"*%&**:!4$%,(1&"(A:iiLA:B]=]f

! K:E,%$&"*A:>:P&,-&"A:G:;#((&"A:;:F4%*#-A:j:E4A:>:T")$,%#e
=#X2')#%(8<&#,0#`-<).9<5,D)0#%&0(4)(,:#+,-.-/&O:IFI!:kLL:B]]XA:CILL:B]]XA::
>,%2-#A:G&+*f:B]]XA:G+",-7&":C#(*#-A:IFI!A:l#%:f:BZXA:++f:=ZJ<=VUA:B]]Xf:

! >:P&,-&"A:K:E,%$&"*A:;:K#-2%/(#-e
!)(5,#")('#7-5#%&'()*'#20<#%&0(4)(,:#+,-.-/&O#>:C&"-2"/#A:!:K&72-#A:2-/:E:m262*<
*2"#:N&/(fOe:GF>:B]]XA:G+",-7&":inLG:U]=ZA:++f:B=UoBZSA:B]]Xf:

! ;:C"&,*%,-7A:K:E,%$&"*A:>:P&,-&"A:;:H"*#-e
=#'(58:(85)<#2EE5-2:4#7-5#(4)#)0/,0))5,0/#-7#;,-:4)*,:2.#0)(B-51#*-<).'C#,..8'(52()<#
7-5#',/02..,0/#E2(4B2&'O#C",&5,-7(:,-:C,#,-5#"'2*,0(A:G&+*&'$&":B]]Xd:We:S]S:<:SB=f

! K:E,%$&"*A:>:P&,-&"A:G:i&1"208e
=#Q0,7&,0/#Z52*)B-51#7-5#`-<)..,0/#20<#=02.&',0/#+,-:4)*,:2.#!2(4B2&'#Q',0/#
!)(5,#")('d:!"#0f:L>GC:B]]VA:?/,-$4"71A:G+",-7&":inLGMinCI:SZWUA++f:B]]<B=Zf
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#####################################################################*-0,1234),0)56,07-5*2(,13(89:-((;8'3<) =8/8'(#>?@?

)/0/)/1-/&+,4..#&

! >:P&,-&"A:L:;#1"A:>:G0192",08A:G:G*"&,5e
=#X-*E252(,D)#%(8<&#-7#%(-:42'(,:#=02.&','#[):40,L8)'d:!"#0f:L>GC:B]=]A:T"&-*#A:
G&+*&'$&":B]=]A:DL>:/,7,*2%:%,$"2"):B]=]f

! L:;#1"A:k:>2"92-A:>:P&,-&"e
G-##+):<:2:4-,5),-7:!&*",:-&*:5"2'&9#"8:*#:,-6&(*,72*&:$,#'#%&04%2":-&*9#"8(d:
+,-,07-5*2(,:'#>?@?#>jMkNe#lkm9lkn

! >:P&,-&"A:G:i&1"208A:K:E,%$&"*A:k:>2"92-e
SI()0<)<#%(-:42'(,:#!)(5,#")('#7-5#`-<).9;2')<#R)',/0#-7#o)(9.2;#SIE)5,*)0('O
T"2-(f:#-:L#'+f:G)(*&'(:C,#%#7):jIA:G+",-7&":inCI:UVU]A:++f:=JX<=ZJA:B]]Wf

! >:P&,-&"A:>:G0192",08A:D:T#601,7"&018#e
R%%p9`X#9#=#[--.#7-5#%&*;-.,:#=02.&','#-7#SI()0<)<#!)(5,#")('O:!"#0f:!&*",:n&*(:
B]]WA:!2",(A:g4-&:B]]WA:G+",-7&":inLG:UZ]ZA:++f:JBJ<JJBf

! >:G0192",08A:>:P&,-&"e
X%T#*-<).#:4):1,0/#-7#;,-:4)*,:2.#0)(B-51'#B,(4#U0()5D2.#R):,',-0#R,2/52*'d:!"#0f:
L>GC:B]]WA:C#%#7-2A:G&+*&'$&":B]]WA:G+",-7&":inLGMinCI:UZXXA:++f:BWZ<J=Bf
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.(4#..9

48$19&,n
884;Ybb!!!:2&&oQ"10.)%$4"9Q4(:-.44'(&Q2/


