MODULE: AUTOMATED SCHEDULING (G53ASD)

1. Consider 5 jobs having the processing times pj, the due-dates dj  and the weights wj of the jobs j=1, ..., 5, given in the table:
	Jobs
	1
	2
	3
	4
	5

	pj
	7
	4
	6
	3
	2

	dj
	4
	3
	7
	8
	5

	wj
	7
	4
	6
	3
	2


Calculate the following for the schedule: 2, 1, 5, 3, 4:

(a) the makespan











(5)

(b) the total weighted completion time








(5)

(c) the maximum lateness 










(5)

(d) the total weighted tardiness









(5)

(e) the number of tardy jobs










(5)

Answer

Makespan Cmax = 22

Total weighted completion time (wjCj  = 299

Maximum lateness Lmax = 14

Total weighted tardiness  (wjTj = 183

Number of tardy jobs  (Uj = 5

Assessment

Total 25 points

each objective brings 5 points (5(5=25)

2. Consider the following instance of a two-machine flow shop with the total weighted tardiness as objective. The flow shop is a so-called proportionate flow shop which denotes that the processing times of all jobs are the same on both machines. Queues in front of each machine operate according to the First In / First Out principle. The processing times pj, the due-dates dj  and the weights wj of the jobs j=1, ..., 4, are given in the table. 
	Jobs
	1
	2
	3
	4

	pj
	9
	9
	12
	3

	dj
	10
	8
	5
	28

	wj
	14
	12
	1
	12


Generate a schedule by employing Tabu-search with the aim of minimising the total weighted tardiness. Choose the following neighborhood: all schedules that can be obtained through adjacent pairwise interchanges. Let the initial sequence be 3,1,4,2 and apply the method for two iterations. Keep the length of the tabu-list equal to 2.















(25)

Answer
S1 = 3, 1, 4, 2

j
3
1
4
2

C1,j
12
21
24
33

C2,j
24
33
36
45

(wjTj = 1(19 + 14 23 + 12 8 + 12 37 = 881

----------------------------------------------------------------------------------------------------------------------------------

1, 3, 4, 2

j
1
3
4
2

C1,j
9
21
24
33

C2,j
18
(21)33
36
45

(wjTj = 14(8 + 1 28 + 12 8 + 12 37 = 680

3, 4, 1, 2

j
3
4
1
2

C1,j
12
15
24
33

C2,j
24
27
36
45

(wjTj = 1(19 + 12 0 + 14 26 + 12 37 = 829

3, 1, 2, 4

j
3
1
2
4

C1,j
12
21
30
33

C2,j
24
33
42
45

(wjTj = 1(19 + 14 23 + 12 34 + 12 17 = 953

Tabu-list: {(3, 1)}

S2 = 1, 3, 4, 2

3, 1, 4, 2
tabu

1, 4, 3, 2

j
1
4
3
2

C1,j
9
12
24
33

C2,j
18
21
36
45

(wjTj = 14(8 + 12 0 + 1 31 + 12 37 = 587

1, 3, 2, 4

j
1
3
2
4

C1,j
9
21
30
33

C2,j
18
21(33)
42
45

(wjTtj = 14(8 + 1 28 + 12 34 + 12 17 = 752

tabu list = { (3, 1), (3, 4) }

Sbest = 1, 4, 3, 2 
F(Sbest) = 587

Assessment

total: 25 points

5 points for neighbourhood

5 points for tabu list

5 points for tabu moves

5 points for calculation of objective function (tardiness can not be negative)

5 points for the method in general

3.
(a) List three graph colouring heuristics that are related to timetabling and give a brief description of them.















(6)

  
(b) Edmund, Graham, Kath and Sanja are university lecturers attending a conference. During this conference they have to attend in total 7 meetings. The table below contains the meetings that each of the lecturers has to attend. The field in the table contains 1 if the lecturer has to attend the meeting. By using graph colouring heuristics, or otherwise, schedule all seven meetings in a single afternoon between 2pm and 6pm so that the four lecturers can be present at all the meetings that he/she has to attend.




(19)

	Meetings
	1
	2
	3
	4
	5
	6
	7

	Edmund
	1
	0
	0
	1
	1
	0
	1

	Graham
	1
	1
	1
	0
	0
	0
	0

	Kath
	0
	0
	1
	0
	1
	1
	0

	Sanja
	1
	0
	1
	1
	1
	0
	0


Answer

(a)

· Largest degree first: Events that have a large number of conflicts with other events (i.e. a large degree) are scheduled early. The rationale is that the events with a large number of conflicts are more difficult to schedule and so should be tackled first.

· Largest weighted degree: This is a modification of the Largest degree first which weights each conflict by the number of students involved in the conflict.

· Saturation degree: In each step of the timetable construction an event which has the smallest number of valid periods available for scheduling in the timetable constructed so far is selected.

· Colour degree: This heuristic prioritises those events that have the largest number of conflicts with the events that have already been scheduled
(b)










	Meetings
	1
	2
	3
	4
	5
	6
	7

	Degree
	5 (could be chosen
	2
	5 (could be chosen)
	4
	5
	2
	3

	Satur. Deg.
	1
	0
	1
	1
	-
	1
	1

	Degree
	4(could be chosen)
	2
	4
	3
	-
	1
	2

	Satur. Deg
	2
	1
	-
	2
	-
	2
	1

	Degree
	3
	1
	-
	2
	-
	0
	2

	Satur. Deg.
	-
	2
	-
	3
	-
	2
	2

	Degree
	-
	0
	-
	1
	-
	0
	1

	Satur. Deg.
	-
	2
	-
	-
	-
	2
	3

	Degree
	-
	0
	-
	-
	-
	0
	0

	Satur. Deg.
	-
	2
	-
	-
	-
	2
	-

	Degree
	-
	0
	-
	-
	-
	0
	-













Assessment
(a) total: 6 points

2 points for each heuristic (name and the description of the heuristic)

(b) total: 19 points

maximim19 points if 4 colours are used to colour the graph correctly

maximum 12 points if the problem is stated as a graph colouring problem but there are some mistakes in the applied algorithm

4. Consider the optimal sequence for the single machine scheduling problem 1 | prec | hmax with the 7 jobs whose processing times pj, j=1, ..., 7, and the cost of job completion time hj(Cj) are given in the table:


	jobs
	1
	2
	3
	4
	5
	6
	7

	pj
	4
	8
	12
	7
	6
	9
	9

	hj(Cj)
	3(Cj
	77
	C32
	1.5(C4
	70+ 
[image: image1.wmf]5

C

      
	16(C6
	1.4(C7


The jobs are subject to the following precedence constraints:

1 ( 7( 6

5 ( 7

5 ( 4

(a) Find the optimal schedule for this problem applying the Lawler’s algorithm.



(22)

(b) Calculate the maximum cost (hmax) of the optimal schedule.





(3)

Answer

(a)

J = (

JC={1,...,7}

J'={2, 3, 4, 6}

Cmax = 55

h2(55) = 77

h3(55) = 3025

h4(55) = 82.5

h6(55) = 88

schedule:    2

J = {2}

JC={1, 3, 4, 5, 6, 7}

J'={3, 4, 6}

Cmax = 47

h3(47) = 2209

h4(47) = 70.5

h6(47) = 75.2

schedule:    4

J = {2, 4}

JC={1, 3, 5, 6, 7}

J'={3, 6, 5}

Cmax = 40

h3(40) = 1600

h5(40) = 76.32

h6(40) = 64

schedule:    6

J = {2, 4, 6}

JC={1, 3, 5, 7}

J'={3, 5, 7}

Cmax = 31

h3(31) = 961

h5(31) = 75.57

h7(31) = 43.4

schedule:    7

J = {2, 4, 6, 7}

JC={1, 3, 5}

J'={3, 5, 1}

Cmax = 22

h1(22) = 2209

h3(22) = 70.5

h5(22) = 75.2

schedule:    1

J = {2, 4, 6, 7, 1}

JC={3, 5}

J'={3, 5}

Cmax = 18

h3(18) = 324

h5(18) = 74.24

schedule:    5

J = {2, 4, 6, 7, 1, 5}

JC={3}

J'={3}

Cmax = 12

h3(12) = 144

Schedule: 3, 5, 1, 7, 6, 4, 2

(b) hmax = 144 

Assessment

(a) 
total 22 points

10 points if the precedence relationship is not considered

15 points if the algorithm is correct, but there is a mistake in calculations

17 points if a mistake happened close to the end of the schedule

22 points if the algorithm is correct and the schedule is optimal

(b)
3 points if the answer is correct

5. Consider the following instance of the job shop problem with the makespan as the objective where the processing times pij  of jobs i j=1, 2, 3 on machines  j=1, 2, 3 are given in the table: 

	Jobs
	Machine Sequence
	Processing Times

	1
	1, 2
	p11 = 9, p12 = 5

	2
	1, 3
	p21 = 3, p23 = 2

	3
	3, 2
	p33 = 7, p32 = 8


(a) Give a disjunctive graph representation of the job shop.






(5)

(b) Apply the shifting bottleneck heuristic to this instance of the job shop problem with the aim of minimising the makespan.












(20)

Answer

(a)









(b)

M0 = (
Cmax(()=13

Machine 1





	Jobs 
	1
	2

	p1j
	9
	5

	r1j
	0
	0

	d1j
	10
	15


Lmax(1, 2) = max {-1, -1} = -1
Lmax(2, 1) = max {-10, 4} = 4

Machine 2

	Jobs 
	1
	3

	p2j
	3
	2

	r2j
	9
	7

	d2j
	13
	13


Lmax(1, 3) = max {-1, 1} = 1

Lmax(3, 1) = max {-4, -1} = -1
Machine 3





	Jobs 
	2
	3

	p3j
	8
	7

	r3j
	5
	0

	d3j
	13
	11


Lmax(2, 3) = max {0, 9} = 9
Lmax(3, 2) = max {-4, 2} = 2
bottleneck is machine 3

Cmax({3}) = Cmax(() + Lmax(3) = 13 + 2 = 15

M0 = {3}

Cmax({3})=15

Machine 1





	Jobs 
	1
	2

	p1j
	9
	5

	r1j
	0
	0

	d1j
	12
	7


Lmax(1, 2) = max {-3, 7} = 7

Lmax(2, 1) = max {-2, 2} = 2
Machine 2

	Jobs 
	1
	3

	p2j
	3
	2

	r2j
	9
	7

	d2j
	15
	15


Lmax(1, 3) = max {3, -1} = 3

Lmax(3, 1) = max {-6, -3} = -3
bottleneck is machine 1

Does resequencing of the machine 3 give any improvements?

Machine 3





	Jobs 
	2
	3

	p3j
	8
	7

	r3j
	5
	0

	d3j
	15
	7


Lmax(2, 3) = max {2, 13} = 13

Lmax(3, 2) = max {0, 0} = 0
Cmax({3, 2}) = Cmax({3}) + Lmax(2) = 15 + 2 = 17
Machine 2

	Jobs 
	1
	3

	p2j
	3
	2

	r2j
	9
	7

	d2j
	17
	17


Lmax(1, 3) = max {-5, -3} = -3

Lmax(3, 1) = max {-8, -5} = -5
Machine 1: job 2 [1, 5], job 1 [5, 14]

Machine 2: job 3 [7, 9], job [9, 17]

Machine 3: job 3 [0, 7], job [7, 15]

Assessment

6 points for the correct makespans (3 of them)

12 points for the correct iterations (6 tables)

4 points for the correct bottleneck selection (2 machines)

3 points for the resequencing part 

6.

(a) Consider a job shop with machines in parallel at each workcenter (a flexible job shop). Hard and soft constraints have to be considered in the scheduling of the machines. More machines may be installed in the near future. The scheduling process does not have to be done in real time, but can be done overnight. No changes in the environment are imminent. Describe the advantages / disadvantages of an algorithmic and of a knowledge-based approach.











(10)

(b) In what ways and for what purposes can fuzzy sets be used in scheduling problems? 


(12)

(c) Suppose you want to define a linguistic variable to denote the processing time of a scheduling problem. How would you go about this?









(3)

Answer

(a) Algorithmic approach is appropriate when the problem allows for a precise mathematical formulation. In this case it will be appropriate to use an algorithmic approach if the hard and soft constraints can be modelled mathematically. This approach is also suitable because there is a little amount of randomness and of changes in the environment. There is no need for frequent reoptimisation. 

Knowledge based approach is also appropriate if the problem does not allow for a precise mathematical formulation and scheduling process does not need to be done in real-time. It will produce a feasible schedule (not necessarily an optimal one).

(b) A large number of models and algorithms have been developed within the deterministic scheduling theory, which assume ideal situations that all parameters are well-known and precisely defined. However, underlying almost all real-world scheduling problems are uncertain and imprecise data. This often prevents the results of the deterministic scheduling theory, from being applied in practice. Fuzzy sets and fuzzy logic can be used in different ways in scheduling problems:

1) In knowledge based-systems based on fuzzy rules which deduce a possible imprecise conclusion from a collection of imprecise premises.

2) To express preferences of human schedulers, and to contribute to flexibility in calculating constraint satisfaction.

3) To represent parameters that are most often imprecise or incomplete, such as processing times and due dates.

(c) All reasonable membership functions are acceptable. For example:


Assessment

(a) total: 10 points

2 points for each argument (mathematical formulation, changes in the environment, reoptimisation, ...)

(b) total: 12 points

4 points for each type of application of fuzzy sets to scheduling problems (3(4=12)

(c) total 6 points

6 points if the membership functions are all right (no matter how many of them)

3 points if something is missing
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