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12.  LTL and CTL































Example Petri Net

P = {H, O2, H2O, P3, P4}
T = {t, T1, T2}
A = {(H2,t), (O2,t), (O2, T1), (t, H2O), (t, P3), (H2O, T2), (T2, P4)}
w((H2,t)) = 2, w((t, P3)) = 3, w((O2,t)) = w((O2, T1)) = w((t, H2O)) =  w((H2O, T2)) = w((T2, P4)) = 1
I(t) = {H, O2}, I(T1) = {O2}, I(T2) = {H2O}
O(t) = {P3, H2O}, O(T1) = {}, O(T2) = {P4}







Example Marked Petri Net

P = {H, O2, H2O, P3, P4}
T = {t, T1, T2}
A = {(H2,t), (O2,t), (O2, T1), (t, H2O), (t, P3), (H2O, T2), (T2, P4)}
w((H2,t)) = 2, w((t, P3)) = 3, w((O2,t)) = w((O2, T1)) = w((t, H2O)) =  w((H2O, T2)) = w((T2, P4)) = 1
I(t) = {H, O2}, I(T1) = {O2}, I(T2) = {H2O}
O(t) = {P3, H2O}, O(T1) = {}, O(T2) = {P4}
x = [9, 1, 1, 0, 0]   corresponding to places [H, O2, H2O, P3, P4]





Example Marked Petri Net
Enabled transitions in red









Marking corresponds to [H, O2, H2O, P3, P4]

S0 = [9, 1, 1, 0, 0]
S1 = [9, 1, 0, 0, 1]
S2 = [9, 0, 1, 0, 0]
S3 = [7, 0, 2, 3, 0]
S4 = [9, 0, 0, 0, 1]
S5 = [7, 0, 1, 3, 1]
S6 = [7, 0, 0, 3, 2]

Example Marked Petri Net



Pattern: sequence



Pattern: sequence



Pattern: sequence



Pattern: sequence



Pattern: sequence



Pattern: sequence



Pattern: sequence

S0 = [2, 0, 0]
S1 = [1, 1, 0]
S2 = [1, 0, 1]
S3 = [0, 2, 0]
S4 = [0, 1, 1]
S5 = [0, 0, 2]  



Pattern: split



Pattern: split



Pattern: split



Pattern: split

S0 = [1, 0, 0]
S1 = [0, 1, 1] 



Pattern: join



Pattern: join



Pattern: join



Pattern: join

S0 = [1, 1, 0]
S1 = [0, 0, 1] 



Pattern: conflict, choice, decision



Pattern: conflict, choice, decision



Pattern: conflict, choice, decision



S0 = [1, 0, 0]
S1 = [0, 0, 1]
S2 = [0, 1, 0] 

Pattern: conflict, choice, decision



parallel indepencence, confluence



parallel indepencence, confluence



parallel indepencence, confluence



parallel indepencence, confluence



parallel indepencence, confluence
           “diamond” pattern

S0 = [1, 0, 1, 0]
S1 = [0, 1, 1, 0]
S2 = [1, 0, 0, 1]
S3 = [0, 1, 0, 1] 



critical section, semaphore, mutex



critical section, semaphore, mutex



critical section, semaphore, mutex



critical section, semaphore, mutex



critical section, semaphore, mutex

S0 = [1, 0, 1, 0, 1]
S1 = [1, 0, 0, 1, 0]
S2 = [0, 1, 0, 0, 1]



critical section, semaphore, mutex

S0 = [1, 0, 1, 0, 1]
S1 = [1, 0, 0, 1, 0]
S2 = [0, 1, 0, 0, 1]

[*, 1, *, 1, *]
reachable in some path?



Infinite Capacity Petri net 



Infinite Capacity Petri net 

S0 = [0,  0]
S1 = [ω, 0]
S2 = [ω, ω]



Finite Capacity Petri net (FCPN)



Finite Capacity Petri net (FCPN)

S0 = [0, 0]
S1 = [1, 0]
S2 = [2, 0]
S3 = [0, 1]
S4 = [1, 1]
S5 = [2, 1]



Finite Capacity Petri net as Infinite Capacity net





P/T PN with Inhibitor Arc (makes Turing equiv.)



P/T PN with Inhibitor Arc (makes Turing equiv.)

S0 = [2, 0, 0]
S1 = [1, 0, 1]
S2 = [0, 0, 2]



P/T PN with Inhibitor Arc (finite capacity)



(ω)



modelling the “current state” → single token

Finite State Automaton represented as a Petri Net

S0 = [1, 0, 0, 0, 0, 0]
S1 = [0, 0, 0, 0, 0, 1]
S2 = [0, 0, 1, 0, 0, 0]
S3 = [0, 1, 0, 0, 0, 0]
S4 = [0, 0, 0, 1, 0, 0]
S5 = [0, 0, 0, 0, 1, 0]

[0c, 10c, 20c, 30c, 40c, 50c]





FSA without output



FSA with output





Simple Server/Queue



Simple Server/Queue

S0 = [0, 1, 0]
S1 = [ω, 1, 0]
S2 = [ω, 0, 1]

[queue, idle, busy]



Simple Server/Queue
departure modelled explicitly



Simple Server/Queue
with server breakdown (and repair)



Simple Server/Queue
with server breakdown (and repair)







Single transmitter



Single transmitter



Single transmitter



Single transmitter



Single transmitter



Two independent transmitters



Two transmitters competing for a single communication channel







Bounded vs. Unbounded 



Conservation (invariants)

Sum of busy and idle marking is constant across all sample paths



Conservation (invariants): weighted sum

2 x transmitting + 1 x idle + 1x commChannel = 2 







Deadlock in queueing system with rework

[queueFree, queue, rework] = [0, 1, 1] → deadlock



Deadlock in queueing system with rework

[queueFree, queue, rework] = [0, 1, 1] → deadlock



Deadlock in queueing system with rework

[queueFree, queue, rework] = [0, 1, 1] → deadlock



Deadlock resolved (avoided)



Deadlock resolved (avoided)





Liveness example



Liveness example

T1 is L1-live
T2 is dead
T3 is L3-live, not L4-live



Liveness example

T1 is L1-live
T2 is dead
T3 is L3-live, not L4-live

S0 = [1, 0]
S1 = [0, 1]











Fairness



Time



Colour









Coverability Example



Coverability Example





Path Conditions: LTL and CTL
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