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MODELS IN SYSTEMS BIOLOGY PN & BioModel Enginsering
MODELLING = FORMAL KNOWLEDGE REPRESENTATION
wetlab formalizing
experiments observed understanding

behaviour

model
validation

natural
biosystem
model-bas‘a\ prrEilie e analysis

i ; behaviour i i
experiment design simulation

MODEL VALIDATION = CONFIDENCE INCREASE
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MODELS IN SYSTEMS BIOLOGY - OBSERVED BEHAVIOUR PN & BioModel Enginsering

time

monika.heiner@brunel.ac.uk June 2011

MODELS IN SYNTHETIC BIOLOGY PN & BioModel Enginsering

MODELLING =  BLUEPRINT FOR SYSTEM CONSTRUCTION

construction

synthetic

design
biosystem
. ——
desired verification
behaviour
lidati predicted observed
vallaation behaviour behavi
~_ ehaviour
verification

RELIABLE AND ROBUST ENGINEERING REQUIRES VERIFIED MODELS
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WHAT KIND OF MODEL
SHOULD BE USED?
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NETWORK REPRESENTATIONS, Ex1 PN & BioModel Enginsering
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Bio NETWORKS, SOME PROBLEMS PN & BioModel Enginsering
4d knowledge -> PROBLEM 1

-> uncertain

-> growing, changing
-> distributed over independent data bases, papers, journals, . . .

U various, mostly ambiguous representations -> PROBLEM 2
-> verbose descriptions
-> diverse graphical representations
-> contradictory and / or fuzzy statements

U network structure -> PROBLEM 3
-> tend to grow fast
-> dense, apparently unstructured
-> hard to read

-> MODELS ARE PATHWORKS FULL OF ASSUMPTIONS
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NETWORK REPRESENTATIONS, Ex2 PN & BioModel Enginsering
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Bio NETWORK REPRESENTATIONS SHOULD BE PN & BioModel Enginsering
4 readable
-> fault avoidance
-> informal = cartoon-like representations ?
&/\ Q executable
Q = -> to experience the model, spec. causality
= ¥
o=

O—O Q analysable

-> formal = mathematical representations

4 unifying power
-> high-level description for various analysis approaches
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Bio NETWORKS
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ARE NETWORKS
OF BIOCHEMICAL
REACTIONS

NATURALLY
EXPRESSIBLE AS
PETRI NETS

2 NAD* +2 H,0 -> 2 NADH + 2 H* + O,

NAD*\2 2 NADH
2 2 H*
H,0
0,

f

hyper-arcs

'
NAD*% ) (ONADH
ot

2 OH+
H,0 2
z Oo,
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74 Chap. & Modeling with Petri Nets

H,C,0,

Figure 3.38 A Pein net rep

[Peterson 1981]

ol oxalic acid

g
and hydrogen peroxide into carbon dioxide and water.

H,C,0,— 2CO, + 2H* + 2¢~
2¢” +2H" + HgOg — 2H20
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PLACES, TRANSITIONS - INTERPRETATIONS
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C. A. PETRI

INTERPRETATIONS OF NET THEORY

GMD, INTERNAL REPORT 75-07, 2ND IMPROVED EDITION 1976

places

transitions

state elements

transitional elements

conditions

events/facts

statements

dependencies

model domains

specifications

chemical compounds

chemical reactions

open one-point sets

closed one-point sets

channels offices
languages translators
products poduction activities
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H,O

(b)

Fig. 1. Example 1: Anillustration of a transition (firing) rule:
(a) The marking before firing the enabled transition t. (b) The

marking after firing t, where t is disabled.

[Murata 1989]
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PLACES, TRANSITIONS - SOME BIO INTERPRETATIONS PN & BioModel Enginsering

4 places -> atomic species
-> (bio-) chemical compounds
-> proteins
-> protein conformations
-> complexes
-> genes, ... efc.
. in different locations

4 transitions -> atomic reactions
-> (stoichiometric) chemical reaction
-> complexation / decomplexation

-> phosphorylation /
dephosphorylation

Bubwirvie .
-> conformational change _' sz r 4
-> transport step, . .. etc. J - g

... in different locations o
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Ex1 - Glycolysis and Pentose Phosphate Pathway PN & BioMode! Engineoring

[Reddy 1993]

RuSP —~— XuSP
5
2GS! NADP]
4GSH 2 NADP*
Gluc79T‘ G6P- 10
ATP  ADP
NAD" NADH ATP  ADP ATP  ADP NADH

Lac ,in Pyr LIQLPEP.l wG—1T 3p(3,&5l 13BPG
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PN & BioMode! Engineering

Bi0 PETRI NETS -
SOME EXAMPLES
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Ex1 - Glycolysis and Pentose Phosphate Pathway PN & BioMode! Engineoring

[Reddy 1993]

NADPI
1 3
4GSH 2 NADP*

-> INTERPRETATION ?

11

Gluc [9\ G6P- 10 Fl FBP

ATP  ADP ATP  ADP NADH

NAD" NADH ATP  ADP ATP  ADP NADH

Lac ,in Pyr LWLPEP.L wG-—1T 3pg,¥él 13BPG
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Ex1 - Glycolysis and Pentose Phosphate Pathway

PN & BioMode! Engineering

[Reddy 1993]

[Heiner 1998]
[Koch,
Heiner 2010]
NAD+ NADH ATP ADP
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Ex2 - APOPTOSIS IN MAMMALIAN CELLS
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:{ | cell membrane
'] Fan recagtor Apeptptie Stimll Apat-1(miT)
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[GON 2003]
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[HEINER, KOCH, WILL 2004]
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Ex2 - APOPTOSIS IN MAMMALIAN CELLS
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APOPTOSIS

Caspase cascade KEGG

[

Cyic] rupture
>Nucleus N\

1N

DNA
fragmentation

=> INHIBITOR
ARCS

-> ERROR
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[KocH, JUNKER, HEINER 2005]

stasyw)
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Ex4 - BIOSENSOR PN & BioModel Engineering

K

positive feedback

TF+S — TFIS

TFIS = - A

PCA

[GILBERT, HEINER, ROSSER, FULTON, Gu, TRYBILO 2008]
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EX5 - RKIP SIGNALLING PATHWAY PN & BioModel Enginsering

...one pathway...

Mitogens
Growth factors

receptor

o,

cytoplasmic substrates
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Ex4 - BIOSENSOR PN & BioModel Engineering

TF

TF expression TF degradation

pfb

. POSITIVE
o signal FEEDBACK
TFS disasgociation TFS association
TFS degradation
TFS
reporter
reporter expression [ 6| O reporter degradation

precursor response

ﬂ response degradation

response production

[GILBERT, HEINER, ROSSER, FULTON, Gu, TRYBILO 2008]
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Ex5 - RKIP SIGNALLING PATHWAY PN & BioModel Enginsering

ERK-PI

MER-PP ERK REIP-P RP

[Cho et al. 2003]
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EX5 - RKIP SIGNALLING PATHWAY, PETRI NET
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Raf-1Star RKIP

[HEINER,
GILBERT 2006]

[HEINER,
DONALDSON,
GILBERT 2010]

RKIP-P RP

MEK-PP ERK
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EX6 - SIGNALLING CASCADE
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Phosphatase1
MEK 2 S MEKP < SMEKPP
~—0U N~

Phosphatase2

Phosphatase3
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EX5 - RKIP SIGNALLING PATHWAY, HIERARCHICAL PETRI NET
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Raf-1Star RKIP

MEK-PP ERK RKIP-P RP

[HEINER,
GILBERT 2006]

[HEINER,
DONALDSON,
GILBERT 2010]
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EX6 - SIGNALLING CASCADE
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RasGTP

Phased

[GILBERT,
HEINER,
LEHRACK 2007]

[HEINER,
GILBERT,
DONALDSON 2008]
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EX7 - HALOBACTERIUM SALINARUM

PN & BioMode! Engineering

[MARWAN, OESTERHELT 1999]
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THE
FRAMEWORK
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Ex6 - HALOBACTERIUM SALINARUM

PN & BioMode! Engineering

[MARWAN 2005]
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STS /PO '

CTL, LTL QUALITATIVE :

1

1

time-free 1
timed, 3
quantitative \QJ(\

or

approximation

STOCHASTIC =

CTMC
CSL, PLTLc

approximation

discrete state space

CONTINUOUS
ODEs
PLTLc

continuous state space
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KEY IDEA PN & BioModel Engineering

MODELS SHARING STRUCTURE

AL

( )
QUANTITATIVE MODEL = QUALITATIVE MODEL
+
RATE FUNCTIONS
(KINETICS)

g J
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RATE FUNCTIONS PN & BioModel Enginsering

U mass-action semantics

4 level semantics

monika.heiner@brunel.ac.uk June 2011

STOCHASTIC PETRI NETS, BAsICS PN & BioModel Enginsering

QO transitions r; get a stochastic waiting time

-> exponential distribution with parameter lambda

O state-dependent lambda defined by rate function v(r;)

-> any arithmetic function including
the transition’s pre-places as integer variables and
user-defined real-valued parameters

-> modifier arcs
-> popular kinetics:
mass-action semantics, level semantics

U semantics: Continuous Time Markov Chain (CTMC)
-> reachability graph + state transition rates

4 analysis
-> standard Markov analysis techniques: transient, steady state
-> stochastic simulation algorithms (SSA), e.g. Gillespie’s SSA

monika.heiner@brunel.ac.uk June 2011

LEVEL CONCEPT PN & BioModel Enginsering

A
04 4 level version 8 level version
level 8
level 4
level 7
c 03 ——
2 level 6
© level 3
] level 5
D 02
% level 4
38 level 2
level 3
01 ——
level 2
level 1
level 1
0 L
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STOCHASTIC SIMULATION PN & BioModsl Engineering STOCHASTIC SIMULATION PN & BioModel Engineering

Stochastic Output — 1 Level Stochastic Output — 10 Levels
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STOCHASTIC SIMULATION PN & BioModel Enginsering DETERMINISTIC SIMULATION PN & BioModel Enginsering
Stochastic Output — 100 Levels Deterministic Output
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ConTINuous PETRI NETS, BAsICcs PN & BioModel Enginsering ConTINuous PETRI NET DEFINES ODEs

PN & BioMode! Engineering

Q transitions r; fire continuously ds3 Raf-1Star RKIP

O rate functions v;(r;) dt

-> any arithmetic function including

the transition’s pre-places as real-valued variables and
user-defined real-valued parameters

Q real-valued tokens
-> concentrations

U semantics: set of Ordinary Differential Equations (ODEs)
-> uniquely defined, but not vice versa -> [SOLIMAN, HEINER 2010]
-> typically non-linear

U simulation (numerical integration)
-> stiff / unstiff solvers

monika.heiner@brunel.ac.uk
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ConTINuous PeTRI NET DEFINES ODEs PN & BioModel Enginsering ConTINuous PETRI NET DEFINES ODEs PN & BioModel Enginsering
dS3 Raf-1Star RKIP dS3 Raf-1Star RKIP
= = v o - tKiTsits2
+v4 +v4
-v2 -v2
-v3 -v3

MEK-PP ERK RKIP-P RP

monika.heiner@brunel.ac.uk June 2011 monika. heiner@brunel.ac.uk June 2011



ConTINuous PeTRI NET DEFINES ODEs PN & BioModel Enginsering

ds3 Raf-1Star RKIP
o - tKiTstrs2
+ k4 *s4
-k2*s3
-k3*s3*s9
monika.heiner@brunel.ac.uk June 2011
FRAMEWORK PN & BioMode! Engineering
STS /PO boundary nodes, SC
CTL LTL | QUALITATIVE | sB, CPI, CTI, ADT sets
’ STP, bad siphons,
time-free -
LTS TTTTTTTT AN
t/med,. _ & o
quantitative &
S
Q
approximation

\/

STOCHASTIC = CONTINUOUS

1

1

1

|

j i 1
CTMC approximation ! ODEs
CSL, PLTLc ' PLTLc

1

1

1

1

1

discrete state space continuous state space
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CRUCIAL POINT PN & BioModel Engineering

STATE-DEPENDENT
RATE FUNCTION

/\

LAMBDA OF STRENGTH OF
EXPONENTIAL CONTINUOUS
WAITING TIME FLOW

CTMC ODEs

-> supported by, e.g., COPASI, Dizzy, ..., Snoopy

monika.heiner@brunel.ac.uk June 2011

FRAMEWORK AND MODEL CHECKING PN & BioModel Enginsering

4 Qualitative
Protein rises then falls:
P_; [ d(Protein) > 0 U ( G( d(Protein) < 0))].

4 Semi-qualitative

Protein rises then falls to less than 50% of its peak concentration:
P_; [ (d(Protein) > 0) U ( G( d(Protein) < 0) A
F( [Protein] < 0.5 maz[Protein] ) ) ].

4 Semi-quantitative
Protein rises then falls to less than 50% of its peak concentration at 60 minutes:

P_; [ (d(Protein) > 0) U ( G( d(Protein) < 0) A
F(time = 60 A Protein < 0.5*maz(Protein) ) ) ].

O Quantitative
Protein rises then falls to less than 100 microMol at 60 minutes::

P_; [ (d(Protein) > 0) U ( G( d(Protein) < 0) A
F(time = 60 A Protein < 100)) ].
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PN & BioMode! Engineering

ABOUT THE RELATION
SPN - CPN
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Ex1 - RKIP, REACHABILITY GRAPH (STS)
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a

simple
algorithm

nodes :
system states

arcs :
the (single)
firing transition

single step
firing rule
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Ex1 - RKIP SIGNALLING PATHWAY, PETRI NET
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Raf-1Star RKIP

[HEINER,
GILBERT 2006]

[HEINER,
DONALDSON,
GILBERT 2010]
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Ex1 - RKIP, QUANTITATIVE ANALYSIS
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Species 31152 53 54 55 S6 S7|S6|S9 510 S11 512 813
Raf-1* oo 11114140 0 1 1 1
RKIP 1o o0000f140 0 1 0 0
Raf-1* RKIP ojit o 0oo00O0j0)1T 1 0 0 D
Raf-1* RKIP_ERK-PH{O|0 1 0 0 0 0OJOJ0 0 0 0 O
ERK ojo 0100 1§11 0 0 0 0
RKIP-P ojo 011004040 0 0 0 1
MEK-PP 1fr11o001y141 0 0 1 1
MEK-FP_ERK ojo o 01 1040401 1 0 0
ERK-PP 1100000040 0 0 1 1
RP 1fir1 110001411 1 0 1
RKIP-P.RP l 000011 l 00 0 10
Croeta Biochemist

13 “good” state configurations

1] 1 2 a 4 ] [

Distribution of “bad' steady states as euclidean
distances from the "good’ final steady state

the “bad” ones
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Ex1 - RKIP, QUANTITATIVE ANALYSIS
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Statel
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Ex1 - RKIP, QUANTITATIVE ANALYSIS PN & BioModel Enginsering
ERK-PP
£
£
£
]
2 \
E 04
03
oz
k=" . - - L i PR .
L] 10 20 30 40 B0 60 70 -] 80 100
Time [sec)

monika.heiner@brunel.ac.uk

June 2011

Ex1 - RKIP, QUANTITATIVE ANALYSIS
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State
5
09
(1] 1
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2 | RKIP
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Ex2 - HypoxiA PN & BioMode! Engineering
[Yu ET AL. 2007]
De dati th
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Ex2 - Hypoxia PN & BioModel Engineering
[HEINER,
H1F:VAL SRIRAM 2010]

H1F:PHD
813

S16
H1FOH:ARNT

H1F:ARNT:HRE H1FOH:ARNT:HRE
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Ex2 - Hypoxia PN & BioMode! Engineering
Oxygen H1FOH:VAL
O)s18
K Hiplss
k20
817
VHL

k3

SS S16
H1F:ARNT H1FOH:ARNT

k16 s15 k17
H1F:ARNT:PHD
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Ex2 - HypPoXIA
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150,
(a) (b)
100 100 ks, k6, k29, k30
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ks
2!
s ©
C,
@ 100 100 @
- (b) + k19 (c) + ka4, k21
)
«
S 50 50
2
)
A
w o 0
= o 05 1 1.5 o 05 1 1.5
T
’ B
f)
100 @ 100
(d) + k16 (e) + k13
50 50
0 0
0 05 1 1.5 [ 05 1 15
Oxygen
monika.heiner@brunel.ac.uk June 2011
Ex2 - HypoxiA PN & BioMode! Engineering
k12, k14
k18, k20

k3, k15, k17, k22
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Ex2 - HypoxiA
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k3, k15, k17, k22

k3, k15, k17, k22
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ABSOLUT CONCENTRATION ROBUSTNESS (ACR)

PN & BioMode! Engineering

U ACR: steady state value of variable (place) does not depend on total mass,
only on kinetic constants -> [SHINAR, FEINBERG 2010]

4 simple example mass-action kinetics ry 2

riA+B->28B Vo(ry) = k,AB ACR
ry:B->A Vo(rp) = koB A B
O ODEs r2 BAD SIPHON

dA/dt = Vo-Vy= kZB - k1AB

CPI: my(A) + my(B) = total
dB/dt = v, - vy = kiAB - kB ofA) *+ mo(B)

U steady state r 2
dA/dt = k,B - k4AB = 0
dB/dt = k4AB - k,B = 0
A B

-> steady_state(A) = ky/kq
steady_state(B) = total - ko/k

monika.heiner@brunel.ac.uk June 2011

PN & BioMode! Engineering

BUT,

TRANSITION SPN -> CPN
MAY COME WITH
COUNTERINTUITIVE EFFECTS.

monika.heiner@brunel.ac.uk

June 2011
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OuR TooL Box
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Our TooL Box

PN & BioMode! Engineering

0 SNOOPY
-> modelling and animation/simulation of hierarchical graphs,
e.g. (extended) fault trees,
various Petri net classes, e.g. QPN, XQPN, SPN, XSPN, CPN, TPN,

-

free style graphs

0 CHARLIE
-> QPN, XQPN, Time/Timed Petri nets (TPN)
-> mostly standard analysis techniques of Petri net theory

0 MARCIE
-> XQPN, SPN, XSPN
-> symbolic and simulative model checking

U many complementary foreign tools
-> e.g. INA, LoLa, PEP, Tina, . .., PRISM, SMART, . . ., Adam, Anastasia

monika.heiner@brunel.ac.uk June 2011

EX - PAIN SIGNALLING

PN & BioMode! Engineering

[BLATKE, MEYER, MARWAN 2011]
-> A PROTEIN-ORIENTED MODULAR MODELLING CONCEPT

e o e =% [ MODULES: 38
. S | PLACES: 713
(@) Belgeigye 8 8 & TRANSITIONS: 775
Q ®, ® o, 5 PAGES: 325
’ ' NESTING DEPTH: 4
® (=] o @ < )
a ® o o o
-2 B = "
@ @ & _m =3 ®
° BN 2 = . Fne
. 2L B o RO DR — Te
i - )
Intracellular space o o Lol )
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SNOOPY

PN & BioMode! Engineering

-> some features inspired by Design/CPN (hierarchies, fusion nodes)
-> many features triggered by bio collaborators, spec. Wolfgang Marwan

4 history
-> predecessor: Petri Net Editor PED, 1992 - 2004
-> nitial implementation concepts 1997
-> core implementation 2004 + many Master Theses + students’ projects
U key features
-> hierarchies: marco transitions, macro places
-> fusion nodes: logical transitions, logical places
-> several initial markings, rate function sets, parameter sets
-> built-in stochastic/continuous simulation
U supported operating systems
-> MAC OS X, Windows, Linux (selected distributions)
-> C++, wxWidgets, CVODE /PVODE, . ..
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CHARLIE PN & BioModel Engineering
-> inspired by Integrated Net Analyser (INA) M M 7 Charlie (v2.0-b135-r163) - counte...
file show preferences help
4 structural analysis (B[] prowcol [ marking editor B
-> net classes: SM, SG, FC, EFS, ES TG
-> siphon/trap property, rank theorem IM-based analysis
siphon/trap computation
QO analysis based on incidence matrix :;:T':::ﬁ:’”ab"iwg'“"
-> structural boundedness test path search
-> place/transition invariants, CPI, CTI command line tools
-> Abstract Dependent Transition sets i?:::j:::um"
(ADT sets, connected ADT sets) timed reachability graph
U reachability/coverability graph PUR  ORD  HOM --
-> explicite model checking ->RG of XQPN PSE o o [FRON PRGN
con  [IEE nc o RGN ISR
Q structural reduction cn DEHEEN s s
SR
U Java thread programming with GUI €€ > b [Qevet 2
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MARCIE

PN & BioMode! Engineering

-> builds on lessons learnt by . . ., SMART, PRISM

a

0 command line tool, written in C++

Model checking And Reachability analysis done effiCIEntly
-> Interval Decision Diagrams
-> model checking of XQPN, SPN, XSPN

XQPN: symbolic CTL model checking

SPN: symbolic CSL model checking

-> “matrix free” transient and steady state analysis
-> parallelized

-> full CSL model checking + rewards

XSPN: simulative PLTL model checking
-> distributed
-> in-line/ off-line traces

-> PETRI NET 2009
CMSB 2009

CMSB 2010
QEesT 2011
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PN & BioMode! Engineering

LATEST NEWS

-> MULTI-SCALE ISSUES
- TIME / SPACE -
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SNOOPY’sS EXPORT FEATURES

PN & BioMode! Engineering

Extended PN

Continuous PN

(SBML Level 2)

INA tim
INA tmd

Stochastic PN Petri Net

(MusicPN ) ((Modulo PN ) (( Time PN )

all net classes export to
all Petri net classes are read by
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GENERALIZED HYBRID PETRI NETS (GHPN)

PN & BioMode! Engineering

a

a

C GHPN = XSPN + CPN ) [HERAJY, HEINER 2010]

XSPN - Extended Generalized Stochastic Petri Nets

-> discrete places

-> discrete transitions: stochastic, immediate, deterministically delayed, scheduled
-> special arcs: read, inhibitor, equal, reset

CPN - Continuous Petri Nets
-> continuous places 5

-> continuous transitions

-> special arcs: read, inhibitor Struct

hybrid simulation engine temp
-> static partitioning

-> dynamic partitioning
r2
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COLOURED FRAMEWORK

PN & BioMode! Engineering

COLOURED
QUALITATIVE
time-free
timed,
quantitative

COLOURED approximation

\/

STOCHASTIC =
approximation

discrete state space

[Liu, HEINER 2010]

COLOURED
CONTINUOUS

continuous state space
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Ex1 - C. ELEGANS
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Ex1 - C. ELEGANS

PN & BioMode! Engineering

[L1 ET AL. 2009]
[BONZANNI ET AL. 2009]
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EX2 - HALOBACTERIUM SALINARUM

June 2011

PN & BioMode! Engineering

[MARWAN 2010]

Moyt ; T
e

cluster type 1/2:  400/850
PLACES: 12,426
TRANSITIONS: 16,577
unfolding: 6 sec
stoch. simulation: 10-15h

Meth

Methylatonsite2
8
i
Che binding site =
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EX3 - PLANAR CELL POLARITY PN & BioModel Enginsering

grid size: 100 x 100
PLACES: 385,000
TRANSITIONS: 410,000

unfolding: 3.8h
cont. simulation: 18 min

PROXIMAL & — DIST
|§UXM.~'\L\ - 2 DISTAL

APICAL

I

[BIOPPN 2011] s#saL
[CMSB 2011]
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Ex4 - MoBiLITY / MOTILITY PN & BioModel Enginsering

-> GRADIENTS

CAMP Gradient over Time and Space CAMP Gradient over Time and Space
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grid position grid position

[DAGSTUHL 2011]
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EX3 - PLANAR CELL POLARITY

PN & BioMode! Engineering
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COLOURED PETRI NETS, APPLICATIONS

June 2011

PN & BioMode! Engineering

U get multiple copies of patterns
-> Halo model, new order of net sizes

U encode locality
-> Ca channel models
-> cell tissue + communication between cells
-> motility, gradients, . . .

O dynamic membrane systems

Q differentiate between submodels within a master net
-> T-invariants
-> generated models in conformance with wet-lab data
-> mutants
-> algorithmic folding

monika.heiner@brunel.ac.uk
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OUTLOOK PN & BioModel Engineering

U modelling patterns
-> library
-> predefined functions to address neighbours of cells

Ud model reduction
-> equal server semantics

U analysis / simulation on the coloured level
-> well-formed colored stochastic Petri nets (GSPN)

U sophisticated result visualisation
-> 2D /3D
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SUMMARY PN & BioMode! Engineering

U representation of bio networks by Petri nets
-> partial order representation -> better comprehension
-> formal semantics -> sound analysis techniques
-> unifying view

U purposes
-> animation -> to experience the model
-> model validation against consistency criteria -> to increase confidence

-> qualitative / quantitative behaviour prediction -> experiment design,
new insights

O step-wise model development

-> qualitative model -> discrete Petri nets
-> discrete quantitative model -> stochastic Petri nets
-> continuous quantitative model -> continuous Petri nets = ODEs
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PN & BioMode! Engineering

SUMMARY
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OUTLOOK PN & BioMode! Engineering

THANKS !
HHTP://WWW-DSSZ.INFORMATIK.TU-COTTBUS.DE
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