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SHORT-TERM SCHEDULING
EXERCISES
Exercise 1. Ten production orders are to be processed in a single-stage batch plant comprising four alternative processing units working in parallel. Each order should be delivered at the given due date shown in Table 1. Each alternative processing unit is able to manufacture a sub-set of orders. Unit-dependent processing and setup times are also reported in Table 1. Production orders are directly related to different  products, which are grouped into four different families as shown in Table 2. Sequence-dependent changeover times reported in Table 3 need to be explicitly considered in the schedule between every pair of consecutive orders related to different families.
Table 1.  Order data (day)
	Order
	Due date 

	Processing time

	
	
	U1
	U2
	U3
	U4

	1
	15
	1.538
	
	
	1.194

	2
	30
	1.500
	
	
	0.789

	3
	22
	1.607
	
	
	0.818

	4
	25
	
	
	1.564
	2.143

	5
	20
	
	
	0.736
	1.017

	6
	30
	5.263
	
	
	3.200

	7
	21
	4.865
	
	3.025
	3.214

	8
	26
	
	
	1.500
	1.440

	9
	30
	
	
	1.869
	2.459

	10
	29
	
	1.282
	
	

	Unit setup time
	1.180
	1.175
	
	1.237


Table 2. Product families 

	Family
	Batches

	F1
	O1, O2, O3, O5 

	F2
	O4, O8, O9

	F3
	O7 

	F4
	O6 , O10


Table 3. Sequence-dependent setup times (f, f ' (day)

	(F, F'
	F1
	F2
	F3
	F4

	F1
	1.104
	1.127
	1.178
	1.192

	F2
	1.122
	1.115
	1.266
	1.229

	F3
	1.191
	1.214
	1.175
	1.304

	F4
	1.357
	1.423
	1.348
	1.284


Using the basic ideas of time slots and general precedence, develop the corresponding MILP formulations to short-term scheduling in order to find: 
a.
A production schedule with the minimum makespan.

b.   A production schedule with the minimum total tardiness.
c.
A production schedule with minimum total earliness. In this case, the minimum total tardiness obtained in the previous point should be enforced as an upper bound in the scheduling model. 
Exercise 2.  The previous scheduling problem takes only into account resource limitations related to processing units. However, in real-world problems other restrictions such as limited manpower and utilities need to be also considered. To address this typical process limitations, you should re-solve the previous problem assuming that each production order requires not only a single unit but also a single operator crew throughout its processing.. Consider two instances of the problem with two and three operator crews available. Analyze the effect of this new restriction on the schedule generated, the objective function value and the computational effort.  
Exercise 3.  Three consecutive processing tasks are required to obtain a certain product in a multistage batch plant. Each task can be performed in a single unit, with processing times that depend on the amount of material being processed, i.e. the batch size.  Consequently, variable batch sizes and processing times are considered through the process. Data related to the batch tasks to be performed is given in Table 4. In turn, the resource specifications, which includes storage capacities, initial material amounts and equipment availability are shown in Table 5. 
Table 4. Task data. 
	Task
	Processing time (h)
	Maximum batch size (tonne)
	Available

processing unit
	State consumed
	State produced

	Task 1
	3+0.03*size
	100
	Unit 1
	State 1
	State 2

	Task 2
	2+0.0267*size
	75
	Unit 2
	State 2
	State 3

	Task 3
	1+0.02*size
	50
	Unit 3
	State 3
	Product


Table 5. Resource specification
	Resource
	Capacity

(tonne)
	Initial amount
	Value

($/tonne)

	State 1
	(
	(
	0

	States 2 and 3
	100
	0
	0

	Product
	(
	0
	1

	Units 1, 2 and 3
	1
	1
	-


Based on the information provided in tables 4 and 5,
a. Obtain the general STN and RTN representations of the production process. 

b. Using a continuous time representation, develop the corresponding MILP formulations lying on the STN and RTN representations developed in order to find: 


i.   The production schedules with the maximum profit assuming fixed time horizons of 12 h and 18 h, respectively.  


ii.   The production schedule with the minimum makespan that is able to satisfy a product demand of 80 tonnes .
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