
  

 

Modeling and Automation of  
Industrial Processes 

MEEC 2023/2024 
1st Exam, 19th June 2024 

 

Read all questions of the exam carefully before starting to answer. 
• Provide detailed justifications to all answers. 
• The use of bibliographic material, either in paper or in digital format is allowed. 
• Exchange of information with others is forbidden (e.g. voice, WiFi, Bluetooth, GPRS, WAP, … ). 
• Exam duration: 2 hours. 

 
-- Part 1 -- 

 

The first part of this exam is resolved in Moodle https://moodle.deec.tecnico.ulisboa.pt. The questions in Moodle 

have automatic evaluation. Do not deliver paper resolutions to the questions of this part. 
 

-- Part 2 -- 
 

The second part of this exam should be resolved in detail and justified. Deliver your resolution on sheets of 

paper to the questions in this part. 
 
P2.1 [Binary Sequence] The code provided in this question allows generating a binary sequence based on a 

sequence of pulses. Various sequences are available depending on your student number written in 
variable %MD0. Consider the two code parts shown below, under PLC1 and under PLC2, are each one run by 
one PLC in a MAST section configured as cyclic. 

 

a)  Consider the two PLCs are connected, namely 
the outputs %q0.4.10 and %q0.4.11 of PLC1 are 
connected to the inputs %i0.2.10 and %i0.2.11 
of PLC2. In addition, PLC2 has a normally open 
(NO) switch to turn ON/OFF its operation. PLC2 
has also one output connected to an input of 
PLC1 that can be used to turn ON/OFF its wave 
generation (this ON/OFF code is not included in 
the programs shown). Draw an electric diagram 
detailing the two PLCs, their connections, the 
NO switch and four power supplies (+24VDC, 
GND) one for each input or output module. 

 

b)  Do a time plot of %m10, RE(%m10) 
and %q0.4.10 during the first 4sec of operation.  
Plot also the signal  
x := RE(%q0.4.10) OR FE(%q0.4.10). 

 

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). 

 

  

(* === code for PLC1 (make signals) === *) 

(* sequence of 1sec pulses *) 

TP_0(IN := NOT(%m10), PT := t#1s, Q => %m10); 

 

(* output to %q0.4.10 and %q0.4.11 *) 

if %i0.2.1 AND RE(%m10) then 
 

  %q0.4.10 := NOT(%q0.4.10); 
 

  %MD14:= MOD(%MD0,100); 
 

  %q0.4.11 := DINT_TO_BOOL( 

      ROR(%MD14, INT_TO_UINT(7-%MW2)) ); 

 

  %MW2:= MOD(%MW2+1, 8); 
 

end_if; 

 

 
 

(* === code for PLC2 (data logging) === *) 
if (RE(%i0.2.10) OR FE(%i0.2.10)) AND %mw96<=7 

then 

  %MW100:= ROL(%MW100,1) +BOOL_TO_INT(%i0.2.11); 

  %mw96 := %mw96+1; 

end_if; 

 

 

d)  Assume in PLC1 that %MW2 is zero at t=0sec (as usual in PLCs after boot), and your student number is set 
at %MD0. Plot the signal %q0.4.11 from t=0sec till t=10sec. Assume in PLC2 that %mw96 and %MW100 are 
zero at t=0sec. Indicate the value maximum value of %mw96 and the value of %MW100 of PLC2, after 10sec 
of operation. Note: y:=DINT_TO_BOOL(x) just copies the least significant bit of x to y, other bits are ignored. 

  

https://moodle.deec.tecnico.ulisboa.pt/


 
 

P2.2 [Properties and Supervision] Consider the Petri net shown 
in the figure. 

a) Discuss the liveness levels of the transitions. 

b) Indicate two firing sequences to reach the states 
𝜇𝑎 = (0,0,1,1,0,3) and 𝜇𝑏 =  (0,0,1,2,0,3) from the initial 
marking 𝜇0 = (1,0,0,0,0,3). Considering  𝜇𝑎 and 𝜇𝑏, can one 
say one state covers another state? 
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c) Design one supervisor to impose that the place p6 cannot have more than 15 marks. Note: You can use an 
incidence matrix representing just the relevant part of the Petri net. 

d) Design one supervisor based on marking invariants, using generalized linear constraints, such that firing t3 
represents producing parts and firing t5 represents consuming pairs of produced parts. In other words, t5 
can only fire once foreach two firings of t3. Draw the supervisor just determined on the Petri net. Comment 
any possible changes on the liveness of the transitions. 

e) Design one supervisor to impose that each firing of transition t6 allows at most consuming one mark from 
the place p6. 

 
 
 
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 0 ⋯  0 1]𝑇. Compute a supervisor (𝐷𝑐 , 𝜇𝑐0) based in place invariants that makes the net safe. 

b) Ignore the supervisor designed in (a). Consider 𝑁 = 5 , 𝜇0 = [1 0 0 0 1]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. 

 
 
 
P2.4. [Markov chain, Stochastic Timed PN]     Let a Markov chain (MC) be represented by the dynamic equation 

𝑥𝑇(𝑘 + 1) = 𝑥𝑇(𝑘)𝑃 where the incidence matrix is 

𝑃 = [

1 − 𝛼1 − 𝛼2 𝛼1 𝛼2

𝛽 1 − 𝛽 0
𝛾 0 1 − 𝛾

]  

and 𝛼1, 𝛼2, 𝛽 and 𝛾 denote state transition probabilities. Note that matrix 𝑃 is a right stochastic matrix, i.e. 
each line sums to one. 

a) Consider 𝛼1 = 1/4 , 𝛼2 = 1/4 , 𝛽 = 1/2  and 𝛾 = 1/2 . Verify 𝑃2 > 0  and justify weather 𝜆 = 1  is an 
eigenvalue of 𝑃. Indicate the MC state holding times, i.e. the probabilities of being in each state of the MC. 

b) Propose a Stochastic Timed Petri Net (STPN) whose state holding times can be predicted by the MC. Consider 
𝑁 = 4000 transition firings, indicate (on average) how many times each transition of the STPN fires. 

c) Let now 𝛾 = 0 while keeping the other transition probabilities. What happens to the MC state holding times 
as 𝑘 → ∞? Does the MC have transient states? As 𝑘 → ∞ can one predict the state of the MC? Your answers 
change if 𝛾 = 0 and 𝛽 = 0 while keeping the other transition probabilities? 

 
 
 
PS: Do not forget to identify all sheets of paper.  Good luck,         José Gaspar 

 


