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• Motivation
• E-sensitive GSPNs
• Detecting e-sensitive GSPNs
• E-sensitivity and non-ergodicity
• Conclusions
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Applications

Methods

SFB 559 Modelling of Large Logistics Networks
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Terminal of a Freight Village

design phase:
estimation of volume of traffic, e.g. 
mean number of trains and trucks. 
general analysis objective (here):

dimension resources

trains:
determine unload volume UV (uniform [50,150])
determine load volume LV (uniform [50,150])
wait until  ((UV + storage) <= storage capacity)
unload
wait until ((storage - LV) >= 0)
load
leave terminal

trucks:
... UV (uniform [5,15])
... LV (uniform [5,15])
...

Specific Analysis Objective:
Size of Waiting Areas?

Simplified Model („top-level“)

storage

fixed cap. 

waiting area

waiting area

trains
1 per h

trucks 

10 per h

„resources“

„resources“
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Experiment: Infinite Waiting Areas

mean #trains in
interval [0,T]

T

Mean Number of Trains at Terminal

model time (in month)
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Experiment: Infinite Waiting Areas
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Experiment: Infinite Waiting Areas

mean #trains in
interval [0,T]

T

Mean Number of Trains at Terminal

model time (in month)

???
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λ

µ

(„storage“+waiting for unloading)

(waiting for loading)

Simplifications:
- only one type of carrier
- each carrier either unloads or loads just 1 storage unit
- Poisson arrival streams 

with parameters λ („unload“) and µ („load“) 
- all other activities (parking+unloading/loading+leaving)

are viewed as an elementary, immediately occurring step

µ < λ λ < µ

Markov model has 
NO steady-state distribution

for all λ,µ!

...

λ λ λ λ

µ µ µ µ

0 1 2 3...

λ

µ

λ λ λ

µ µ µ

-1-2-3

p1

p2

i := M(p1) - M(p2)
State descriptor:
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λ

µ

Net structure gives:
GSPN has ergodic marking
and firing processes
è λ = µ
èConditon is sensitive   

towards (even small)   
changes of parameters
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E-sensitive GSPNs

Γ

λ

µ
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E-sensitive GSPNs
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Partial Equal Conflict (PEC)
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Rank of submatrix
(= columns of kernel C for t2, t3, t4)
= 2  
< number of elements in set {t2, t3, t4}

Basis for kernel C:
[1,0,1,0,1], 
[2,1,0,1,1]
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Detecting e-sensitive GSPNs
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Limits

E-sensitive (non-ergodic) E-insensitive (ergodic) 
(„M/M/1  two classes“)
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Applications (cont‘d)

OEM (planning system)

supplier

assemble

OEM (production line)
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Applications (cont‘d)

assemble

„cut“
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Does e-sensitivity imply non-ergodicity?

Consider GSPN with marking-dependent (+ parameter x) firing rates:

?
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Conclusions
• E-sensitivity
• Some e-sensitive GSPNs can be efficiently detected by 

inspection of the net structure

• Open question:
Does e-sensitivity imply non-ergodicity for GSPNs
with „fixed“ firing parameters?

• E-sensitive GSPNs are especially problematic when
simulating the net („finite number representation“, pertubed chain)


