
This article was downloaded by: [1.198.223.170] On: 12 February 2018, At: 06:23
Publisher: Institute for Operations Research and the Management Sciences (INFORMS)
INFORMS is located in Maryland, USA

INFORMS Transactions on Education

Publication details, including instructions for authors and subscription information:
http://pubsonline.informs.org

Case Article—Production Scheduling at Falcon Die
Casting: A Comprehensive Example on the Application of
Linear Programming and Its Extensions
B. Madhu Rao, Jeroen Beliën

To cite this article:
B. Madhu Rao, Jeroen Beliën (2014) Case Article—Production Scheduling at Falcon Die Casting: A Comprehensive Example
on the Application of Linear Programming and Its Extensions. INFORMS Transactions on Education 15(1):150-153. https://
doi.org/10.1287/ited.2014.0132ca

Full terms and conditions of use: http://pubsonline.informs.org/page/terms-and-conditions

This article may be used only for the purposes of research, teaching, and/or private study. Commercial use
or systematic downloading (by robots or other automatic processes) is prohibited without explicit Publisher
approval, unless otherwise noted. For more information, contact permissions@informs.org.

The Publisher does not warrant or guarantee the article’s accuracy, completeness, merchantability, fitness
for a particular purpose, or non-infringement. Descriptions of, or references to, products or publications, or
inclusion of an advertisement in this article, neither constitutes nor implies a guarantee, endorsement, or
support of claims made of that product, publication, or service.

Copyright © 2014, INFORMS

Please scroll down for article—it is on subsequent pages

INFORMS is the largest professional society in the world for professionals in the fields of operations research, management
science, and analytics.
For more information on INFORMS, its publications, membership, or meetings visit http://www.informs.org

http://pubsonline.informs.org
https://doi.org/10.1287/ited.2014.0132ca
https://doi.org/10.1287/ited.2014.0132ca
http://pubsonline.informs.org/page/terms-and-conditions
http://www.informs.org


I N F O R M S
Transactions on Education

Vol. 15, No. 1, September 2014, pp. 150–153
ISSN 1532-0545 (online)

http://dx.doi.org/10.1287/ited.2014.0132ca
© 2014 INFORMS

Case Article

Production Scheduling at Falcon Die Casting:
A Comprehensive Example on the Application of

Linear Programming and Its Extensions

B. Madhu Rao
School of Business Administration, Stetson University, DeLand, Florida, 32726,

bmrao@stetson.edu

Jeroen Beliën
Center for Information Management, Modeling and Simulation (CIMS), KU Leuven, B-1000 Brussels, Belgium,

jeroen.belien@kuleuven.be

Acomprehensive case study to introduce students to several concepts from linear, integer, and goal pro-
gramming in an integrative manner is presented. Starting with a relatively simple production planning

decision problem, the case progressively incorporates generalizations to introduce various modeling principles.
Each variation to the case enables the teacher to engage in insightful discussion into the nature of the optimal
solutions; the effect on the optimum solution of changes to the objective function or to key constraints. The case
article also describes several ways in which the case can be used, ranging from a comprehensive introduction
to a concluding capstone case in an undergraduate or graduate course in linear programming.
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1. Introduction
In this paper we present a comprehensive case study,
which, starting with a relatively simple production
planning decision problem, progressively adds gener-
alizations with the goal of introducing the students to
several modeling principles from linear, integer and
goal programming in an integrative manner. This case
fills the need for a rich problem that incorporates mul-
tiple principles. The following are some of the peda-
gogical benefits of the case.

• Textbook examples typically introduce principles
of linear, integer, and goal programming in separate
examples and communicate them as discrete and iso-
lated ideas. For example, textbook coverage of devi-
ational variables (Ragsdale 2012, Chap. 7; Winston
2004, Chap. 4) is often included under goal program-
ming and their uses in other settings such as in mod-
eling unrestricted variables, dealing with infeasible
models is not always discussed in detail.

• As a comprehensive and integrative example,
this case study can serve as a capstone experience
by reinforcing and connecting many apparently dis-
parate ideas studied over a semester into a single

scenario. Each variation introduced in the case study
also demonstrates the limitations of each modeling
tool and shows how each of the limitations may
be overcome with creative application of the general
principles.

• By progressively observing the changes to the
optimum solution as a result of each generalization,
students can gain greater insight into the nature of the
solutions generated by mathematical modeling and
the effect of key constraints and the objective function
on the optimum solution.

• A major challenge in teaching OR/MS courses,
especially to students for whom OR/MS is not the
primary field of study (e.g., MBA students), is to moti-
vate them to recognize the need for OR/MS tools
in decision making (Beliën et al. 2013). Examples
based on specialized applications generally require
the instructor and students to spend a considerable
amount of time in understanding the background
before the student can effectively model the decision
problem under consideration. In such cases, “students
lose track of the OR/MS aspects when drowning in
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the details” (Trick 2004, p. 10). This case presents a
reasonable compromise by presenting a realistic sce-
nario in an efficient and compact manner.

• Extended discussion of decision making implica-
tions of nonstandard outcomes (e.g., unbounded opti-
mum) are rarely carried out. For example, even when
the result indicates no feasible solution, the manager
still needs information to assist in decision making.
“Coaxing” the model (e.g., use deviational variables)
to generate practical recommendations along with
information on how to correct the infeasibility will
greatly assist the manager in making an informed
decision. Similarly, implementation of the optimal
solutions often need additional considerations and
these issues are rarely discussed in the textbooks. This
case considers these issues explicitly.

• This approach of progressively adding complex-
ities to a basic decision problem is consistent with
the commonly held wisdom that teaching new con-
cepts and material is more effective when it is explic-
itly linked to material that students are already
familiar with.

2. An Overview of the Case
The decision problem at the core of the case is the
scheduling of weekly production of five products on
five machines, where each product can be produced
only on a subset of the machines. Each time the pro-
duction on a machine changes from one product to
another, a significant amount of machine time is spent
on set-up. Regular time production capacity is insuf-
ficient to meet the demand and overtime production
is generally necessary.

A key factor in the case is the time horizon for plan-
ning. The first part of the case guides the students
to think in terms of weekly production by suggesting
that due to technical limitations, each week’s produc-
tion planning starts afresh, independent of the pre-
vious week’s production schedule. We will refer to
this model and its variations as the one-week model.
One means of addressing this decision problem is to
formulate a linear programming model for produc-
tion planning with the objective of meeting the cus-
tomer demand with minimum overtime. A series of
case questions requires the students to modify the
one-week model to deal with increasingly complex
decision making scenarios with each variation pro-
viding the motivation to use different modeling con-
cepts. Students can gain insight into the nature of the
solutions by observing the changes to the optimum
solution resulting from the changes to the model. The
second part of the case relaxes some of the techni-
cal limitations to permits the production schedules for
two (or more) weeks to be developed simultaneously.
We will refer to this model and its variations as the
two-week model.

3. Possible Uses of the Case
This case can be used in courses in linear program-
ming in undergraduate or graduate programs in oper-
ations research, industrial engineering or business
administration. The case can be used in several ways
depending on the academic background and interests
and needs of the students.

1. In a first course in linear programming, the
one-week model can be used for class discussion
to provide the basic introduction to binary vari-
ables, creative linearization of potential nonlinear
(e.g., maximum) functions into linear constraints and
to introduce the value of deviational variables in
mathematical modeling. Depending on the mathe-
matical sophistication of the students, the two-week
model may be used as a concluding capstone example
in the course.

2. In a second course in linear programming, the
one-week model can be used to refresh the concepts
from the earlier course and the two-week model used
to discuss advanced modeling issues as well as the
decision making and implementation aspects.

3. The problem setting with multiperiod, multi-
product production scheduling with setup times
makes the case useful in graduate or advanced under-
graduate courses in production planning. For this
group of students, the class discussion may focus on
the production planning issues with secondary dis-
cussion of the OR/MS aspects. Depending on the
mathematical sophistication of the students, class dis-
cussion may or may not include the two-week model.

4. Teaching Suggestions
This case is designed to progressively add complex-
ity to the scheduling problem and is most useful
for classroom discussions rather than as an evalua-
tive tool.

It is perhaps best to start the case discussion by
introducing the case at the end of a class and ask
the students to develop a feasible one-week sched-
ule. This will highlight the inherent difficulty in solv-
ing the associated optimization problem. The next
class can start with a discussion of the heuristics
used by the students and the resulting solutions and
then demonstrate the effectiveness and efficiency of a
mathematical modeling approach.

For the one-week model, we recommend that suf-
ficient class time be devoted to the discussion of the
numerical results to highlight the changes to the opti-
mum solution as more and more constraints and real-
world considerations are added.

The modeling of setups is relatively straightfor-
ward for the one-week model, but more challenging
for the two-week model. Incorporating setups in the
two-week model provides an opportunity to develop
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advanced skills in the use of binary variables, but
this requires considerable class time in order to be
effective.

Comparing and contrasting the two-week model
with the Traveling Salesman Problem (TSP) is also a
good learning opportunity for the students. In pro-
duction scheduling with sequence-dependent setup
times, explicit determination of the sequence of pro-
duction is necessary and the TSP algorithm is often
used to accomplish this. In the current example, with
sequence-independent setup times, sequence of pro-
duction is relevant only to the extent that the knowl-
edge of the last item produced on a machine is
necessary to schedule the following week’s produc-
tion. This could generate discussion on how partial
information on the sequence of production (i.e., last
item produced on each machine each week) can be
obtained more easily than the complete sequence of
production.

The two-week model has all the elements in place
for extension to schedule three or more weeks of pro-
duction at a time. This, while routine, is tedious and
time consuming and is perhaps not a good use of
class time. However, a discussion of the implemen-
tation of the multiweek schedules is well worth the
class time. At the end of week 1 (t in general), when
the final demand numbers for week 3 (t+2 in general)
are available, how should Falcon Die Casting (FDC)
start planning for week 2 (or t + 1) production? One
answer is to discard the week 2 (or t + 1) schedules
determined by the linear programming (LP) model
and generate an entirely new two-week production
schedule for weeks t+1 and t+2 using the latest two-
week demand data. In this approach, even though
the week t+1 production schedules are routinely dis-
carded, scheduling week t production taking week
t + 1 demands into consideration will improve the
overall efficiency by yielding an advantageous initial
setup condition on the machines for week t+ 1.

The final variation presented in the case deals with
circumstances where the total production capacity,
even with maximum overtime, is not sufficient to sat-
isfy the weekly demand. Here, deviational variables
can be used to deal with the infeasibility and generate
a “practical” production schedule along with informa-
tion on the extent of shortfall, so that the customer
can be informed accordingly. This can be used to lead
a discussion on the need to generate useful informa-
tion for the manager, even when the model returns a
nonstandard result such as unbounded optimum or
no feasible solution.

Additional details and further teaching sugges-
tions are provided in the accompanying case teach-
ing note (available as restricted instructor material at
http://dx.doi.org/10.1287/ited.2014.0132ca).

The sizes of the LP models are within the lim-
its of the student versions for most standard LP
software. The results presented in the teaching note
were obtained using the student version of the Ana-
lytic Solver Platform (Analytic Solver Platform 2013)
and confirmed by the corresponding AMPL (Fourer
et al. 2003) CPLEX (IBM ILOG CPLEX Optimiza-
tion Studio 2013) models. If formulated as a spread-
sheet model, the most complex model in the case
is within the size limits of a standard Excel Solver.
We, however, recommend using the student version
of the Analytic Solver Platform (Analytic Solver Plat-
form 2013) to obtain the solutions in a reasonable
time. The spreadsheet, AMPL and CPLEX models
are available as supplemental material at http://dx
.doi.org/10.1287/ited.2014.0132ca to interested fac-
ulty members.

5. Classroom Experience
The Falcon Die Casting case has been used in an
advanced course on operations research and opera-
tions management at the KU Leuven (Brussels cam-
pus), Belgium, in the business engineering program
(December 2013). There were 19 students in the class
(typically 23 years old) who have already had an
introductory course to linear and integer program-
ming. The case teaching note lists the nine questions
that we assigned.

The case was discussed in three consecutive classes
spread over three weeks. In the first class, the case
was introduced for about 30 minutes. The students
were assigned the static one-week problem in which
all machines have been reset during the weekend
requiring new setups to start production as home-
work to be solved using the IBM ILOG CPLEX
Optimization studio (Version 12.3). The second class
(2 hours) started with a discussion of question 1 and
the solution to question 2 followed by questions 3,
4, and 5. For each question, students were given
10–15 minutes to revise the model for the previous
question after which the new model and the corre-
sponding optimal solution were discussed. The prob-
lem settings, solutions and discussions were guided
by a PowerPoint presentation (available as supple-
mental material). The remaining questions were tack-
led in the last class (3 hours) using the same approach.

Based on our experience, we believe that this case
is very useful as a teaching case for the following
reasons. First, starting with the basic one-week deci-
sion problem made it easy for students to be engaged
with the problem (as described above) without hav-
ing to deal with the more complicated issues such as
the setup sequences. Second, the case encompasses
many different modeling techniques (such as min-
max objective, multiperiod problem setting, if-then
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Table 1 Summary of Student Responses

Level of agreement S1 S2 S3 S4 S5 S6

Totally agree 1 5 3 7 8 2
Agree 8 9 9 7 6 9
Neither agree nor disagree 5 0 2 0 0 3
Disagree 0 0 0 0 0 0
Totally disagree 0 0 0 0 0 0
Total 14 14 14 14 14 14

constraints using binary variables, multiple objectives,
Big-M constraints) which makes it highly suitable as a
concluding case in a course in which these techniques
have been addressed earlier. Third, the different solu-
tions provide additional insight into the nature of the
problems. By studying the solutions, the students can
achieve better understanding of the problem setting.
Fourth, the fact that this case is based on a real-life
production scheduling problem makes it much more
interesting to students than fictitious exercises from a
textbook. Consequently, we experienced a motivated
group of students which of course enriches the teach-
ing experience.

An online survey with the following statements
4S11S21 0 0 0 1S65 was sent to the students to obtain a
formal evaluation of the case. 14 out of the 19 stu-
dents responded and their responses are summarized
in Table 1.

S1: The Falcon Die Casting case has increased my
interest in optimization modeling.

S2: The Falcon Die Casting case has increased my
insight in the use of optimization modeling for solv-
ing real-life production scheduling problems.

S3: The Falcon Die Casting case has improved my
optimization modeling skills.

S4: I think that the Falcon Die Casting case has a
surplus value compared to typical textbook exercises
(see linear programming course) with respect to learn-
ing how to successfully apply optimization modeling
in practice.

S5: In the Falcon Die Casting case, progressively
adding complexities to the basic decision problem
improved my understanding of the modeling process.

S6: In the Falcon Die Casting case, observing
the changes to the optimal solution resulting from
changes to the model provided me good insight on
the nature of the solutions.

The high level of agreement with the first three
statements shows that the Falcon Die Casting case has
increased student interest in optimization modeling
and, to an even larger extent, increased the model-
ing capabilities and insight into applying optimiza-
tion modeling. All students agreed that the case has a
surplus value compared to traditional textbook exer-
cises (Statement 4) and confirmed that the approach
of progressively adding complexities improved their

understanding of the modeling process (Statement 5).
The added value of discussing the different solutions
with respect to understanding the nature of the solu-
tions was, though to a smaller extent, also confirmed
by our students (Statement 6). The final open ended
statement generated the following comments (trans-
lated from Dutch).

• Generally, a nice and interesting but “hard”
case for students. The step-by-step approach is really
required.

• In some cases, I would like to have some more
explanation for certain constraints in the model, why
exactly these formulations (and not other ones). Gen-
erally, a case from practice is always more interesting
than theory.

• Very interesting and useful case.

These comments stress the importance of a step-
by-step approach, indicating that certain extensions
are far from straightforward and, consequently, suffi-
cient attention should be paid to explaining the cor-
responding constraint formulations.

These results might be biased towards a positive
experience because students tend to answer what
teachers like to hear. It is also possible that the five
students who did not complete the survey were not
as impressed by the Falcon Die Casting case. Even
if one assumes that all five nonresponding students
disagreed with all the statements, it is clear that the
majority of the 19 students still agrees with State-
ments 2, 4, and 5.

Acknowledgments
The authors thank the two referees, the associate editor and
the editor for the many excellent suggestions which greatly
improved this paper. The authors are particularly indebted
to the editor for the meticulous and painstaking reading of
the final manuscript and for the many editorial improve-
ments to the presentation of the paper. The authors grate-
fully acknowledge the academic licenses provided by the
publishers of AMPL (Fourer et al. 2003), IBM ILOG CPLEX
(IBM ILOG CPLEX Optimization Studio 2013), and Analytic
Solver Platform (Analytic Solver Platform 2013).

References
Analytic Solver Platform (2013) Frontline Systems, Inc. http://www

.solver.com/analytic-solver-platform-0.
Beliën J, Colpaert J, De Boeck L, Eyckmans J, Leirens W (2013)

Teaching integer programming starting from an energy supply
game. INFORMS Trans. Ed. 13(3):129–137.

Fourer R, Gay DM, Kernighan BW (2003) AMPL: A Modeling Lan-
guage for Mathematical Programming (Duxbury Press/Brooks/
Cole Publishing, Belmont, CA).

IBM ILOG CPLEX Optimization Studio (2013) IBM Corp. http://
www.ibm.com/software/commerce/optimization/cplex-optimizer/.

Ragsdale CT (2012) Spreadsheet Modeling and Decision Analysis,
6th ed. (South-Western Cengage Learning, Mason, OH).

Trick MA (2004) Using sports scheduling to teach integer program-
ming. INFORMS Trans. Ed. 5(1):10–17.

Winston W (2004) Operations Research: Applications and Algorithms,
4th ed. (Thomson Publishing, Belmont, CA).

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

1.
19

8.
22

3.
17

0]
 o

n 
12

 F
eb

ru
ar

y 
20

18
, a

t 0
6:

23
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 

http://www.solver.com/analytic-solver-platform-0
http://www.solver.com/analytic-solver-platform-0
http://www.ibm.com/software/commerce/optimization/cplex-optimizer/
http://www.ibm.com/software/commerce/optimization/cplex-optimizer/
http://www.ibm.com/software/commerce/optimization/cplex-optimizer/

