[bookmark: _ubzlcrprm1ej]Toepassingen van Operationeel Onderzoek
[bookmark: _mjb5majclhtf]question 1:  (4p)
you are a pizza delivery service and you want to maximize tips (depending on how fast you deliver between the time window) 
a) model was given, but some constraints were missing, add the missing constraints
i) MTZ formulation for time windows 
ii) xij element of {0,1}
iii) ti >= 0  for all i

b) now you want to minimize the time you spent delivering, but make at least B in tips 
min cij*xij  (3x)
s.t wi(li-ti) >= B   (3x)

stel: E = time you get back at the pizzeria
        min E 
        s.t. E >= ti + xi0*ci0      (x1)
                wi*(li-ti) >= B     (x1)
                same constraints as model in (a)

	min sum (over all i in N with 0) (ti + ci0)*xi0

	min sum ti
	s.t.    wi*(li-ti) >= B
	same other constraints as model in (a)


question 2: (3p)
Zones with wz = amount of visitors
Exists with ce = capacity of exits 
tze = the time needed to evacuate the visitors of zone z via exit e 
minimize the time needed for evacuation 
model was given

a) Construct the lagrangian relaxation for the  first constraint
b) for which values of lambda is this valid?
·  lambda larger or equal to 0 (x1) → depends on how you relaxed your problem
c) does this model decompose? 
i) yes, it just came down to selecting the fastest exit for every zone (since the capacity constraint was relaxed)  

question 3 (4p)
same model as 2
a feasible solution was given, together with values for all the parameters 
a) design a local search move and apply this to the feasible solution 
b) use this local search move to do 3 iterations of simulated annealing

question 4 (4p)
same story as question 2 but now model for column generation was given 
a) definition of Pe and yeS 
Pe = all the possible patterns S for exit e, that satisfy the capacity constraint (5x)
yeS = 1 if pattern S was chosen for exit e (5x)
b)  definition of tau (eS) and qzS 
i) tau(eS) = the sum of the times needed to evacuate the visitors in set S for exit e (5x)
ii) qzS = 1 if zone z is in set S, 0 else (5x)
c) [bookmark: _1x9irwetci04]expression for reduced cost was given, formulate the full pricing problem, do you recognize it? 
· 0/1 knapsack (x5)
· Xz = 1 if zone z was evacuated (x1)
d) given shadow prices for all the constraints, which column would you add ? 
i) z4, z5 for exit e2  (x5)
14 + 15  (t42 + t52) - 15 - 18 (lambda 4 and lambda 5) - (-3)  (mu 2) = -1 (negative reduced cost) (4x) -> I thought this violated the capacity constraint?
ii)  (ik had enkel z4 bij e2, dan kreeg je een gereduceerde kost gelijk aan 0 => weet wel niet of dit effectief ook correct kan zijn)

question 5 (3p)
consider an assignment problem where there are a set of people i and a set of jobs j, there are people with expertise in each job that we can hire and we want to minimize the hiring cost
consider the LP relaxation that uses the set C and allows you to hire people part-time
a) Argue that the above mentioned LP relaxation always gives an integer solution
i) prove that C is feasible and integer  (x1)
ii) the LP relaxation of an assignment problem has a totally unimodular constraint matrix, so its solutions will always be integer
b) Prove performance guarantee = 3 


question 6 (2p)
true / false (+ explain)

1. You can start column generation with an infeasible solution if you solve the pricing model exactly    /    je kan bij kolomgeneratie starten met een infeasible solution als je het pricing model exact oplost
a. false: you need shadow prices of the constraints (which you won’t get out of an infeasible solution)   

2. If we have a solution for a relaxation of 10 and a feasible solution giving us 30, then we are dealing with a minimization problem   /   oplossing van relaxatie is 10, feasible oplossing 30, we hebben te maken met een minimalisatieprobleem
a. true, relaxatie geeft ondergrens voor minimalisatieprobleem (x10) en feasible solution geeft bovengrens voor minimalisatieprobleem
b. false, some relaxations give a very weak / trivial bound. For a maximization problem, a feasible solution might be easy to find that is better than this trivial bound  (x1)
, 
3. you can use a dual bound to check the quality of a feasible solution    /    je kan een dual bound gebruiken om de kwaliteit van een feasible solution na te kijken
a. true: compute gap  (x1)
b. false: the dual bound provides a bound for a relaxation and not for a feasible solution so we cannot check the quality of a feasible solution (x1)

4. tabu search is worse than local search because tabu search can move to worse neighbors and local search only to better neighbors       /       tabu search is slechter dan local search want tabu gaat naar slechtere buren en local enkel naar betere
a. false: tabu search gives a larger neighbourhood, by allowing to move to worse neighbours as well -> can make you escape a local optimum
What did you have for question 6 ? 
a) fout - juist - juist - fout (x11)
b) fout - fout - juist - fout (x1)
c) fout - juist - fout- fout (x2)

