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-- Solutions to Selected Problems -- 

 

 
P2.1 [Sequence of values] The code provided in this question allows generating a sequence of integer 

values based on a sequence of pulses. Various sequences are available depending on your student 
number written in variable %MD0. Consider the code shown below is the single code run by a PLC 
in a MAST section configured as cyclic. 

 

a)  Assume that the assignments denoted by the 
symbol ":=" are the single instructions 
consuming time, and that each one takes about 
0.2msec. The PLC input and output take 1msec + 
1msec. Note some scan cycles are faster than 
others. Compute the minimum scan cycle period 
and the maximum scan cycle period. 

 

b)  Given the program, indicate the possible values 
of %MD2 at the end of scan cycles. 
Assuming %MD0 has the student number, can 
we replace %MD2 by %MD1, in all places of the 
program, without effecting the results in %MD4? 

 

 (* sequence of 1sec pulses *) 

TP_0( IN:=NOT(%m0), PT:=t#1s, Q=>%m0 ); 

 

(* output value on %MD190 *) 

if RE(%m0) then 

  if %MD2=0 then 

    %MD2:=1; 

  elsif GE(%MD2,100000) then  

   (* found %MD2 >= 100000 *) 

    %MD2:=1; 

  else 

    %MD2:=10*%MD2; 

  end_if; 

  %MD4:= MOD( %MD0/%MD2, 10 ); 

  %MD190:= %MD4 +48 +256*32; 

end_if; 

 

 

 
a) Counting number of ":=" 

if not RE (rising edge), then 2 symbols ":=" 
if RE then 2+3 symbols ":=" 
therefore 
Tmin= 1 +2*0.2 +1 = 2.4 msec  
Tmax= 1 +5*0.2 +1 = 3 msec 

 

b) at the end of the scan cycle %MD2 can only 
be 1, 10, 100, 1000 or 10000 

 
%MD2 cannot be replaced by %MD1 as %MD1 

will overwrite part of %MD0 and therefore 
some information may be lost. 

 
 
 

c)  Write additional Structured Text code so that at the first scan cycle, and just in that scan cycle, the 
memory variable %MD0 is set with your student number (5 or 6 digits). 

 

c) if %MD0=0 then %MD0 := 12345; end_if; 
 
d)  Consider that %MD0 contains your student number. Assume %MD4 is zero at t=0 (as usual in PLCs 

after boot). (i) Plot the values of %MD4 from t=0 to t=12 seconds, according to the program running. 
Note: %MD0/%MD2 is an integer division, decimal places are ignored. (ii) Say one possible application 
for the value stored in %MD190. 

 
d) Paste the program into UnityPro, and run it. Do data logging of the lowest 8 bits of %MD4 along 12sec 

and plot that data. You may find interesting using the lab monitor connected to the PLC (or PLC 
simulator). 

 
  



 

 
P2.2 [Petri net properties] This problem focus on the discrete event systems analysis tools studied in 

the course. Consider the Petri net shown in the next figure. 
 

a) Discuss the boudedness, safeness and coverability 
properties resorting to a reachability tree. Discuss 
the liveness of each transition. 

 

b) Using the method of matrix equations, classify the 
Petri net about its conservation. 
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a) Reachability tree (yet to place here...) Will end having 𝜔 in all places. Petri Net is unbounded and 
therefore is not safe. Many states cover other states. Example of states covering other states, using a 
simulation: 

𝜇0 = (1,0,0) → 𝜇1 = (0,1,0) → 𝜇2 = (0,0,1) → 
𝜇3 = (1,0,2) → 𝜇4 = (0,1,2) → 𝜇5 = (0,0,3) → 
𝜇6 = (1,0,4) → 𝜇7 = (0,1,4) → 𝜇8 = (0,0,5) → 

... 

In this simulation 𝜇3 covers 𝜇0, 𝜇6 covers 𝜇3, 𝜇6 covers 𝜇0, 𝜇4 covers 𝜇1, 𝜇7 covers 𝜇4, etc. 
 
 
b)  

                        
 
 

Zeros in wT imply PN "NOT conservative" 

 
 
  



 
P2.3 [Supervision] Consider a Petri net 𝐶 = (𝑃, 𝑇, 𝐷+, 𝐷−, 𝜇0) where 𝐷+and𝐷−  denote pre and post 

incidence matrices, 𝜇0 is the initial state and 
 𝑃 = {𝑝1, 𝑝2,  . . .  , 𝑝𝑁} 

𝑇 = {𝑡1, 𝑡2,   . . .   , 𝑡𝑁} 
 

𝐷+ = [
0⃗ 1

𝐼𝑁−1 0⃗ 
]      𝐷− = 𝐼𝑁 

𝑁 is a natural number, 𝑁 ≥ 3 
𝐼𝑁 is a 𝑁 × 𝑁 identity matrix 

a) Let 𝜇0 = [1 1 0 ⋯  0]𝑇. Compute a supervisor,(𝐷𝑐, 𝜇𝑐0
) based in place invariants, that makes 

the net safe. 
 
a) 

 
 

 
𝜇𝑐0 = [0 0 1⋯  1]𝑇 

 

 
 
 

b) Ignore the supervisor designed in (a). Consider 𝑁 = 5 , 𝜇0 = [1 1 0 0 0]𝑇 , 𝐿 = [0 0 1 0 0] , 
𝑏 = [1], 𝑅1 = [0 0 0 1 0], 𝑅2 = [1]. The linear constraint 𝐿𝜇𝑝 ≤ 𝑏 implies safeness of any place(s)? 

Let 𝐿𝑎 = 𝑅1 + 𝑅2𝐿  and 𝑏𝑎 = 𝑅2(𝑏 + 1) − 1,  prove that the solutions 𝜇𝑝 ∈ ℕ0
5  of 𝐿𝑎𝜇𝑝 ≤ 𝑏𝑎  are 

also valid solutions for 𝐿𝜇𝑝 ≤ 𝑏. Propose a supervisor respecting 𝐿𝑎𝜇𝑝 ≤ 𝑏𝑎. Check the transitions 

involved in the supervisor. Suggest a supervisor respecting 𝐿𝜇𝑝 ≤ 𝑏 and that 𝑡3 is unobservable. 

 
b) See the last slides of "MAPI_5_SCADA_and_supervision.pdf". 
 
  



 
P2.4 [Stochastic PN and Markov chains]     Consider a Petri net 𝐶 = (𝑃, 𝑇, 𝐴, 𝑤, 𝜇0) where 

𝑃 = {𝑝𝐴, 𝑝𝐵}, 𝑇 = {𝑡1, 𝑡2, 𝑡3, 𝑡4} and 𝜇0 = (2, 0). 
There are 8 arcs all with unit weight: 

𝐴 = {(𝑝𝐴, 𝑡1), (𝑡1, 𝑝𝐵), (𝑝𝐴, 𝑡2), (𝑡2, 𝑝𝐴), (𝑝𝐵, 𝑡3), (𝑡3, 𝑝𝐴), (𝑝𝐵, 𝑡4), (𝑡4, 𝑝𝐵)} . 
 
a) Draw the Petri net. Indicate the reachable set of the Petri net. 
 

 
 
 
b) Consider now the transition firing probabilities 𝑃𝑟𝑜𝑏(𝑡1) = 𝛼, 𝑃𝑟𝑜𝑏(𝑡2) = 1 − 𝛼, 𝑃𝑟𝑜𝑏(𝑡3) = 𝛽 

and 𝑃𝑟𝑜𝑏(𝑡4) = 1 − 𝛽 . Let 𝑃20 = 𝑃𝑟𝑜𝑏(𝜇 = (2,0)) denote a steady state probability, i.e. state 
holding time. If 𝛼 = 1/4  and 𝛽 = 1/2 then what is the value 𝑃20? 

 
 

 
 

 

 
 
 

 
 

 

 


