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LEVEL CONCEPT PN & Systems Biology

U sharing structure = sharing properties

U increasing level number = increasing accuracy
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EX1 - RKIP PATHWAY, PETRI NET PN & Systems Biology
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EX1 - RKIP PATHWAY, PETRI NET PN & Systems Biology
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EX1 - RKIP PATHWAY, PETRI NET PN & Systems Biology
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k/\
S8y
. —
behavioural properties
are generally not preserved under marking increase

monika.heiner@informatik.tu-cottbus.de June 2010



MONOTONIC LIVENESS PN & Systems Biology

O holds generally for sub-structures (EFC) only !

[STARKE 1990]
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MONOTONIC LIVENESS VERSUS HOMOTHETIC LIVENESS
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U liveness may also be lost by multiple markings

[BALBO 2009]

A<->C
2A ->B
B+ C->3A
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MONOTONIC LIVENESS VERSUS HOMOTHETIC LIVENESS

PN & Systems Biology

O liveness may also be lost in homogenous/ordinary nets

[POPOVA 2010]
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MONOTONIC LIVENESS VERSUS HOMOTHETIC LIVENESS PN & Systems Biology

0 homothetic liveness
-> liveness preservation while multiplying the initial marking by k
-> precondition for reasonable continuization (fluidization)

L monothonic liveness
-> liveness preservation for arbitrary marking increase

L monothonic liveness -> homothetic liveness
... but not vice versa

-> necessary / sufficient criteria ?
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DEADLOCK TRAP PROPERTY
(DTP)
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STRUCTURAL DEADLOCK

M TRAP PROPERTY
(DTP)

SIPHON
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DEADLOCK TRAP PROPERTY (DTP) PN & Systems Biology

FD c DF QF c FQ
O
D

Q
any transition putting token into the set any transition taking tokens from the set
also takes token from it: also puts token into it:
an empty siphon will never get marked a marked trap will never get empty
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DEADLOCK TRAP PROPERTY (DTP)

PN & Systems Biology
FD c DF QF c FQ

S

any transition putting token into the set
also takes token from it:
an empty siphon will never get marked

Ny

SIPHON

DTP: each siphon contains a
marked trap (at mg)

any transition taking tokens from the set
also puts token into it:

a marked trap will never get empty

<

TRAP
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DEADLOCK TRAP PROPERTY (DTP)

PN & Systems Biology

1 allows to decide liveness, sometimes

no siphons ->

r
Prop.1: ORD &
Prop.2: ORD &
Prop.3: ES &

_ Prop.4: EFC -> (DTP

live

no DSt
live
live )
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DEADLOCK TRAP PROPERTY (DTP) PN & Systems Biology

1 allows to decide liveness, sometimes

4 _ , )
Prop.1: ORD &  no siphons -> live
Prop.2: ORD & DIP -> no DSt
Prop.3: ES & DITP -> live
Prop.4: EFC -> (DTP <-> live )
. W,
L Monotonic DTP -> sufficient conditions
4 )
Prop.1m: ORD &  no siphons -> monotonically live
Prop.2m: ORD & DTP -> monotonically no DSt
Prop.3m: ES & DITP -> monotonically live
Prop.4m: EFC -> (DTP <-> monotonically live )

\ J
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SOME BI0O PETRI NETS,
WHERE IT HELPS

(ordinary, DTP, live, consistent)
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...one pathway...
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EX1 - RKIP PATHWAY, PETRI NET (PROP.3)

PN & Systems Biology
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EX2 = B IOS E N SO R PN & Systems Biology

positive feedback
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EX2 - BIOSENSOR, PETRI NET (PROP.3) PN & Systems Biology
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EX3 - APOPTOSIS IN MAMMALIAN CELLS PN & Systems Biology

[GON 2003]
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Ex3 - APOPTOSIS IN MAMMALIAN CELLS (PROP.1) PN & Systems Biology
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[GON 2003] [HEINER; KOCH; WILL 2004]
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EX4 - HYP OXIA PN & Systems Biology

[YU ET AL. 2007]
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Ex4 - HyroxiA, PETRI NET (PROP.2) PN & Systems Biology

LIVENESS SHOWN H1FOH:VAL
BY REDUCTION

k20
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EX5 - MAPK SIGNALLING CASCADE PN & Systems Biology
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EX5 - MAPK SIGNALLING CASCADE, PETRI NET (PROP.2) PN & Systems Biology

LIVENESS SHOWN

BY DYNAMIC °
ANALYSIS (RG) 1 O L
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A NECESSARY CONDITION FOR

MONOTONIC LIVENESS
OF ORDINARY NETS
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How 1O CHECK THE DTP

PN & Systems Biology

0 two steps
-> structural check
-> marking check

0 possible outcomes of structural check

(1) there are no siphons:
-> DTP holds, monotonically live (Prop.1m)

(2) there are bad siphons - siphons, not containing a trap
-> there does not exist a marking such that the DTP holds

(3) each siphon contains a trap
-> there does exist a marking such that the DTP holds
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CASE: BAD SIPHONS PN & Systems Biology

L do not prevent liveness

p1
O BUT, . i ’ bad siphon
a bad siphon D ;2
can always be emptied
by increasing the troublempker 03
initial (live) marking 04 p5
U troublemakers 9
t € DF - FD ©
U Lemma -> necessary condition
( ORD -> (monotonically live -> no bad siphons ) )

U all our non-monotonically live examples have bad siphons
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CASE: EACH SIPHON CONTAINS A TRAP

PN & Systems Biology

Q

proposition
-> Each siphon of a live system is initially marked.

question

-> |n a live net, can this token be in the siphon,
but not in the trap?

-> the DTP wouldn’t hold;

observation

-> A minimal siphon can properly contain a maximal trap.

-> The initial token could be in the siphon,
but not in the trap.

However

-> troublemaking transitions could empty the siphon,
as in the case “Bad Siphon”.

-> The system can not be monotonically live.

troublemaker

p1 (e®

t1 t2

p2 p3

t3

pP1, p2 - minimal siphon
p2 - trap
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RESU LTS PN & Systems Biology

U Theorem -> necessary condition

ORD -> (‘monotonically live -> DTP )
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RESU LTS PN & Systems Biology

U Theorem -> necessary condition
( ORD -> (‘monotonically live -> DTP ) )
O Corollary -> necessary and sufficient condition
( ES -> (monotonically live <-> DTP ) )
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MONOTONIC LIVENESS
OF NON-ORDINARY NETS
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DTP & NON-ORDINARY NETS PN & Systems Biology

” p k)pl
3 2 2
p2 FC net
0 pis abad siphon O p1, p2is siphon and trap

-> DTP is never true
0 for k>=1, the DTP is true,

O for k odd, the system is live but the system has a dead state
O for any k>0, the system

O for k even, the system is non-live
will unavoidably reach a dead stat¢

THE DTP IS NEITHER NECESSARY NOR SUFFICIENT FOR
NON-EXISTANCE OF DEAD STATES IN NON-ORDINARY NETS.
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U non-ordinary nets can be simulated by ordinary ones
-> simulation preserves firing language under interleaving semantics

a o}
2 2
p1

b d o}
a

ol

[ ]
p1

b J
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KEY IDEA

PN & Systems Biology

O the non-ordinary net is monotonically live iff

its simulation by an ordinary net is monotonically live.

plc plb pla

pl pl plco

tl t2 tl t2
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Bi0 PETRI NETS -
SOME MORE EXAMPLES

(non-ordinary, DTP, live, consistent)
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EX6 - LAC OPERON (WILKINSON 2006) PN & Systems Biology

InhibitorRnaDegradation InhibitorDegradation

[Op
InhibitorTranscription | InhibitorTranslation I RnapBinding/Dissociation
O i goNG"
O
Idna Irna InhibitqrBinding/Dissociation P Rnap
LactoselnhibitorBinding/Dissociation RnapOp
[Lactose O
A Transcription
10000 .
LactoselnhibitorDegradation 2 Intervention  Rna
Lactose RnaDegradation
Translation

\ Conversion
:" O

Z  ZDegradation
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EX7 - Glycolysis/Pentose Phosphate Pathway PN & Systems Biology

[Reddy 1993]
GsssX NADPH-\
4 GSH 2NADP

N \ i

ATP  ADP ATP  ADP 14 NAD"
_|_

15 Pi

NAD" NADH ATP ADP ATP  ADP NADH

\
MMMMPHE 18 2PG- 17 3PGM1’3_BPG
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EX7 - Glycolysis/Pentose Phosphate Pathway (HOM) PN & Systems Biology

XuoP [Reddy 1993]

Ru5P

GSSG  NADPH ‘

> 2 gADP
GSH  NADP+

NAD+ NADH ATP ADP ATP ADP

1,3-BPG
Lac Pyr PEP 2PG 3PG
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EX8 - SWITCH CYCLE HALOBACTERIUM SALINARUM PN & Systems Biology

Signal transduction

Bioenergetics [Marwan; Oesterhelt 1999]
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Ex8 - SwITCH CYCLE HALOBACTERIUM SALINARUM (BND) PN & Systems Biology
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EX9 - Carbon Metabolism in Potato Tuber PN & Systems Biology

[KOCH; JUNKER; HEINER 2005]
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EX9 - Carbon Metabolism in Potato Tuber PN & Systems Biology

geSuc

eSuc

SucTrans

HK

ATPcons(b)

[KOCH; JUNKER; HEINER 2005]

starch

PP PPase Pi o

rstarch

monika.heiner@informatik.tu-cottbus.de June 2010



PN & Systems Biology

SUMMARY
& OUTLOOK
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S U M MARY PN & Systems Biology

L necessary and sufficient criteria for monotonic liveness
-> ordinary nets
-> non-ordinary nets

( generalisations
-> DTP & HOM & NBM (Starke 1990)

O other net structures ?

-> mono-T-semiflow nets, see paper
liveness and deadlock freeness coinside;
thus, DTP ensures monotonic liveness, too

-> Freely Related T-semiflow nets and extensions?

> ...

monika.heiner@informatik.tu-cottbus.de June 2010



OuUTLOOK 1
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O what next?
-> homothetic liveness

-> monotonic/homothetic boundedness/reversibility ?

p2

y

g\
\_

[RECALDE 1998]

3

p3

my = (0,3,0)
live & bounded

mo = (0,4,0)
live & unbounded
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THANKS !
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