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models fall

Why optimization

How to avoid chaos in the field by combining simulation

and optimization.

BY PATRICIA RANDALL

any optimization models
fail because they do not
sufficiently account for
real-world randomness or
suboptimal decisions by employees or
vendors, or their solutions are not robust
enough to handle the disruptions that oc-
cur throughout the day. In one represen-
tative example, a transportation company
Implemented an optimization model for
a real-time work assignment system at
a large facility without adequately test-
ing the model in a realistic environment.
When the model went live, it caused
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chaos In the field. Management realized
the interdependencies between different
tasks were not properly accounted for, so
the model was promptly turned off.

SHORTCOMINGS OF TRADITIONAL
TESTING

In supply chain and manufacturing,
building a real-time optimization model
with complex Interdependencies re-
quires rigorous testing without disrupt-
Ing the organization's operations. The
challenge is to test in a dynamic envi-
ronment the quality of the solution over
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an extended period with agents
that interact and adjust their be-
havior based on the actions of
others.

Traditional testing is often
insufficient because modelers
restrict themselves to overly spe-
cific solutions or test cases when
asking nontechnical business
users to review spreadsheets
or outputs that can look like an
endless stream of numbers and
letters. When traditional test-
Ing cannot demonstrate that the
model can adapt to an ever-
changing environment before it
Is deployed in the real world, the
modeler has failed to convince
business users that the new so-
lution will make things better, not
Worse.

At the transportation compa-
ny previously referenced, exec-
utives rebooted the project and
sought a different operational
optimization model with similar
requirements. The new model would
require a new testing approach.

Many optimization models fail because they do not sufficiently account for
real-world randomness or suboptimal decisions by employees or vendors.
Source: ThinkStock

LEVERAGING SIMULATION

Joining simulation with optimization,
we can test the solution quality and ro-
bustness of complex, high-impact mod-
els. Because the simulation incorporates
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real-life randomness, the results will dif-
fer with each run and provide a more
realistic and varied testing environment
with evolving model inputs and a variety
of test scenarios.

Running sensitivity analyses, we
can see which parts of the problem are
more apt to “break” the solution and
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Identify the best techniques to reduce
these disruptions. Simulation provides
an interface that is much easier for busi-
ness people to use to validate models —
simulation “speaks their language.” This
leads to better user buy-in and a greater
comfort at launch time because the users
have reviewed and validated the results
and helped the modeling team refine
the solution. Testing with the simulation
also provides the ability to create what-if
scenarios to test the model under differ-
ent operating conditions and sources of
disruption.

STEPS TO TAKE

The following steps will help you join
optimization and simulation to build and
successfully deploy a high-value solu-
tion. For reference, we'll consider two
very different problems: assigning park-
iIng at a freight transportation terminal
and scheduling at a small-batch manu-
facturing facility where several process-
es utilize the same limited resources.

Think “data” first. Many practitio-
ners spend much more time with the data
reading It In, organizing and cleaning it
— than building the model. Make use of
current powerful tools, such as pandas,
that accelerate and simplify data organi-
zation, cleaning and validation. Our firm
developed a comprehensive framework
thatincorporates advanced data cleaning
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iIn the development and management of
optimization models.

Select the right simulation soft-
ware. There are many excellent simu-
lation software packages — base your
choice according to criteria that fit your
project. In our firm’s practice, we prioritize
extensive customization to ensure the
flexibility needed to evaluate the models
and produce the right feedback for tun-
Ing the models. Our recent simulations
needed to be able to communicate with
the models through a variety of mecha-
nisms such as RESTful interfaces. We
additionally required strong graphics that
business users could easily consume to
gain confidence in the results of both the
simulations and model.

Create a feedback loop. The feed-
back loop from the simulation to the op-
timization model is another important
consideration. As the simulation pro-
gresses, critical model inputs will change,
and those changes need to be communi-
cated to the model. For the transporta-
tion terminal problem, inventory updates
are sent to the optimization model from
the simulation just as inventory would be
updated in the production environment.
In the small-batch manufacturing facility,
actual process durations will be shorter or
longer than planned and resources may
occasionally be down due to maintenance
or failure. The simulation communicates
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these events to the scheduling model, so
It can reschedule processes as needed
and adjust start times of future processes
accordingly.

Allow for error handling. The simu-
lation needs a way to alert the model or
modeler to pieces of the solution that are
Infeasible in the simulation or when a so-
lution cannot be found at all. For instance,
the terminal model might provide a park-
Ing assignment to a lot that is already
completely full. The simulation feedback
IS output consumed by the modeler and
Is not automatically incorporated into the
model, but this would make a great use
case for machine learning and a more
Integrated feedback loop between the
simulation and optimization model.

Build the simulation and model to
work together. For a transportation ter-
minal, testing with the simulation may
identify issues with input data, like miss-
Ing parking preferences in the source
system and problems with the interface
that would be used by client systems.
Through the simulation, the modelers
could test a variety of initial inventory lev-
els and parking directives to see how the
model handled these different conditions.
The simulation could also park units out-
side the assigned location to see how the
model handled this deviation.

For a small-batch manufacturer, a sim-
ulation of the plant would test the efficacy
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of the scheduling optimization model. The
simulation would identify resource bottle-
necks and enable the business to evaluate
the impact of changes In process, resourc-
es and sequence on throughput, timeline
reliabllity, turnaround time, product qual-
ity and cost. The scheduling optimization
model would assign process start times to
maximize throughput, minimize cycle time,
minimize operator overtime and balance
resource utilization. The model would
re-solve throughout the day based on
the current status of the In-progress pro-
cesses, sometimes adjusting start times
as processes run longer or shorter than
planned, which would be easily tested with
the simulation.

Test the solution’s subjective
aspects. A simulation's Ul will let
business users judge more subjective
aspects of the solution. Updates can
then be made to the model, for example,
to better balance asset utilization, speed
up parking and provide less motivation to
deviate from the assigned location.

A Kkey point of testing can be ro-
bustness to disruptions. In small-batch
manufacturing, it could be found that
scheduling a process to start near the
end of an operational window would re-
sult in a riskier schedule, since any de-
lays In the processing prior to that start
could push the process start out of the
window and into the next day. In such
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a case, the product could expire before
the next step —which Is an unrecoverable
failure. Testing may identify areas within
the process that needed more lead time
to prep the resources for upcoming pro-
cesses. [his lead time could be incorpo-
rated into the optimization model to better
utilize scarce resources and prevent ad-
ditional schedule disruptions.

RIGHT TEAM, RIGHT OPPORTUNITY

Simulations can be costly to build, de-
pending on the complexity of the system
or environment being simulated and the
level of operational detail that needs to
be incorporated to ensure a sufficiently
realistic environment for testing. Work
with business users to determine what
Key features must be included and which
pieces of functionality are less vital to the
optimization and can be ignored or mod-
eled at a lower level of detail. There Is of-
ten more art than science in determining
what can be left out without compromis-
Ing the integrity of the simulation.

Testing an optimization model with a
simulation requires a close relationship
between the teams developing the model
and the simulation to make sure they are
In sync and the simulation’'s design and
metrics align with the feedback that will
provide the most value to the optimization

model team. The simulation cannot

analyze only the “happy path.” Make sure
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to simulate key situations that allow for
edge case and robustness testing to see
what happens to the solution when things
startto go wronginthe field. The simulation
should be flexible enough to accommodate
new requirements that arise during the
optimization model testing process.
Testing will lead to new questions and new
scenarios to investigate, especially once
the business users help with model tuning.

Embedding optimization models in
simulations can dramatically improve and
accelerate testing and implementation.
Large facilities and small-batch manufac-
turing processes are just two areas where
this approach has succeeded. Assess
your projects to see which merit explor-
Ing and assemble the appropriate team of
optimization and simulation practitioners,
business people and external experts.

As the pace of business speeds up,
executives will Increasingly demand
greater efficiency and innovation that
optimization can deliver. Make sure you
can sufficiently test your solutions to
make long-term solution implementation

a reality, not a pipe dream. |

Patricia Randall (prandall@princeton.com) is a
director at Princefon Consultants, where she leads
the design, development and implementation

of large-scale, high-impact systems that help
businesses optimize their decision-making at
strategic, tactical and operational levels. Randall
holds a Ph.D. in industrial engineering from Clemson
University.

WWW.INFORMS.ORG



