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IBM Decision Optimization and Data Science
Overview

IBM® Decision Optimization products use advanced mathematical and artificial intelligence techniques to 
support decision analysis and identify the best available solutions to a complex problem. After reading this 
document, you should understand some of the benefits that decision optimization can bring to a data 
science project.

What is decision optimization?

Decision optimization is concerned with solving decision-making problems where there is an objective to 
be attained (such as maximizing profit or minimizing cost), but where there are also restrictions (such as 
limited resources, budget, or time). 

If you could simply list all the possible feasible decisions (those that satisfy all the restrictions) and 
measure how good they are with respect to the objective, you would not need decision optimization. It 
would be easy to find the optimal solutions and make decisions.

In reality, for most decision-making problems, listing all the possible candidate solutions might require 
days, years, or even centuries of computation time on the most powerful computers. 

Decision optimization applies advanced mathematical and artificial intelligence techniques to eliminate 
large quantities of candidate solutions without analyzing them in detail. Thus, it can focus quickly on 
analyzing the feasible and most promising candidate solutions to provide you with the optimal ones. 

With IBM Decision Optimization tools, you can combine mathematical models that represent real world 
decision making problems with large data sets. This allows you to rapidly discover the best possible 
solutions. Such solutions are often formulated in a way that prescribes a course of action, which is why 
decision optimization is part of the broader technology category known as prescriptive analytics.

You often have control of certain factors that you can change to achieve a better solution. For example, 
you can hire more resources, increase budget or time, run a machine at a different speed, or enforce a 
certain level for a key performance indicator. In these situations, you want to perform what-if analysis: 
What would happen if I change certain values in my problem? With decision optimization, you can explore 
different scenarios by running the same model using different sets of data.

Consider a problem where you want to determine the optimal sizing of staff in a retail store, given the 
current roles and skills of staff and the level of service that you want to offer. A decision optimization 
solution can determine the best possible staff sizing. If you want to further increase the staff utilization 
rate, you might consider introducing a training program to enable staff to acquire new skills. However, 
how can you be sure that investing in such a program will increase the utilization rate? You can simply 
rerun the same decision optimization model including the new skills to find the answer. You can even 
create several scenarios of skill changes and then compare the utilization rate of the optimal staffing. 
There are endless possibilities to what you can investigate with what-if analysis, and decision optimization 
makes this fast and easy for decision makers.
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When linear programming techniques are used, IBM Decision Optimization tools automatically provide 
you with sensitivity analysis. This gives you insight into problem data and its sensitivity with respect to the 
achievement of your goals. Sensitivity analysis can be particularly useful when there is uncertainty about 
some of the data used in the model. It can indicate how the optimal decision is affected by minor changes 
to the problem data. It can also enable you to see what further gains can be made with just slight changes 
to the model (such as a small increase of a particular resource).

However, future scenarios often involve data that cannot be known for certain in advance. For example, 
the average oil price in one year can be a decisive parameter of the model. However, you can still use 
decision optimization.

If you can measure the uncertainty by estimating probability distributions for this uncertain data, you can 
use Monte Carlo simulation together with IBM Decision Optimization tools to solve those scenarios. Data 
analysis and data visualization tools can then be used to provide insight from the results of those 
simulations. For example, if you observe that decision optimization prescribes the same course of action 
for 95% of the scenarios, you can be confident that the prescribed decisions are likely to be the optimal 
ones even within the presence of this data uncertainty.

Most real-world situations can benefit from decision optimization and these techniques have been 
successfully applied to a wide range of industries.

You can read about some successful deployments of decision optimization in the links at the end of this 
article.

What can IBM Decision Optimization tools do for your organization ?

By following the prescribed actions and insights that IBM Decision Optimization tools provide, you can 
accomplish these goals:

Meet operational goals (increase revenues, reduce costs, increase product quality, increase 

productivity, reduce waste, increase customer service levels, and so on)

Optimize business processes 

Evaluate what-if scenarios

Mitigate future risks

Automate complex decision-making

You can use decision optimization to perform these tasks: 

Improve the management of operations and get insight about improving existing processes 

(brownfield development) 

Design new operations (greenfield development)

Whether you focus on improving how resources are managed, or on the sizing and configuration of 
resources and processes, depends on your specific business case.

Optimizing operations to improve performance

Decision optimization can help you to drive operations optimally, which is a very common type of 
optimization application. For example, in manufacturing scheduling, decision optimization prescribes 
when, and with which resources, production activities can be executed to optimize operations. The 
prescribed solutions can be passed directly to operations without human intervention (this is typically 
seen with real-time systems). 
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More often, however, a decision optimization application is used as an interactive decision support tool by 
the decision maker in a what-if iterative process that provides a specific solution or a set of candidate 
solutions. During this what-if iterative process, the decision maker can change input data, constraints, and 
priority of business objectives, or even impose some part of the final prescribed solution.

When decision optimization is used to drive operations, the optimization application must be run on a 
regular basis, which varies from minutes to weeks or months. In this case, the final decision optimization 
model is usually deployed or embedded in the enterprise operational system.

Improving performances through a better process or system design

In the previous case of operations management, decision optimization improves performance by better 
“management” of resources and processes, but without actually changing them. You can also use 
decision optimization to improve performance with the design of a better system or process, or a better 
configuration of resources.

For example, in operations scheduling, you use production processes as they have been defined by 
engineering and the equipment that you have. If you want to know whether a different production process 
would be helpful, or whether it is worth investing in new equipment, decision optimization can help you. In 
this case, the final user of the prescribed solution is usually a process engineer or business analyst. The 
life span of this type of optimization model is usually quite short. 

The development effort for using decision optimization this way is usually much less because the 
optimization model is not deployed in an enterprise application.

Decision optimization for business analysts or data scientists  

Decision optimization can work with other analytics techniques such as machine learning to provide new 
and improved solutions and enhanced applications. Optimization can use data and predictive solutions to 
provide prescriptive courses of action that provide you with real advantage. 

In the past, large-scale optimization required you to own very high performance computers, but that is no 
longer a problem. Computers today have powerful processors capable of running the analysis. Even if 
you do not have enough processing power,  IBM Decision Optimization offers cloud-based solutions so 
you can rent the computing power that you need.

Data scientists, business analysts, and application developers can benefit from optimization by using IBM 
Decision Optimization tools. Optimization is particularly well used when combined with the domain 
knowledge that business analysts and data scientists have. 

A good knowledge of the business process or the system is crucial for the definition of the optimization 
model. In addition, a good capacity of abstraction, simplification, and synthesis is essential to make a 
realistic and usable model.

Optimization can be combined with machine learning, data mining, and statistical models to build on 
business analysts’ and data scientists’ findings. The output of these advanced data analytics processes 
can be used as input data for the optimization model to provide a more comprehensive solution. This 
process leverages advanced data analytics efforts and promises enormous value to the company.

The following examples show how decision optimization can provide prescriptive analytics solutions.
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Example 1 – Real-time truck maintenance scheduling

This section covers an example of real-time truck maintenance scheduling using a hypothetical truck 
manufacturing company called ABC Trucks.     

The problem

Some years ago, ABC Trucks manufactured and sold trucks like many of its competitors. Now 70% of its 
revenue comes from selling an innovative service called Truck Uptime. This service is based on a new 
business model: The company no longer sells trucks, but instead sells “hours of truck availability.” This 
model, which has led to a 25% increase in total revenue, has been made possible by introducing new 
advanced analytics technologies.

For a recent contract that ABC Trucks signed with a US logistics company, ABC Trucks has committed to 
provide 200 trucks. With this contract ABC Trucks is paid based on “uptime”, which is the number of hours 
that a truck is available for the logistics company’s operations. 

The logistics operations for a truck consist of weekly round trips where the truck delivers to and picks up 
from different sites spread over a large geographical area of the United States.

Service maintenance, which is ABC Trucks’ responsibility, is planned centrally and executed by ABC 
Truck services centers across the US.  Every week, the logistics company provides ABC Trucks the 
planned weekly routes of the trucks.

Vehicle uptime is crucial to ABC Trucks because a vehicle that is down costs the company at least $1000 
per day. To avoid vehicle breakdowns, good maintenance is obviously necessary, but a vehicle that is 
being serviced is also a vehicle that is unavailable, so this too has a cost beyond the maintenance charge. 
Delaying maintenance can cause an increased risk of more serious and costly breakdowns. Breakdowns 
can also increase the cost of the logistics company’s operations and cause customer delays.

A first predictive analytics solution

To deal with this challenge, ABC Trucks has implemented a predictive maintenance solution for its trucks.

For several years, ABC Trucks has equipped all its trucks with a vehicle health monitoring system. It has 
collected a huge amount of historical data about the trucks’ operating conditions and performance, as well 
as data about servicing. Using this historical data, data scientists have been able to train predictive 
models to forecast when a given truck component is likely to fail.

To apply these predictive models, truck data and planned operating conditions, such as the weather and 
routes of a weekly trip, are sent in real time to the ABC Trucks Control Center. For each truck, the models 
predict in real time the likelihood that a key component is going to fail on a specific day.

When the logistics company driver is on his route making planned deliveries between depots and 
customers, he might be notified by the ABC Trucks Control Center that his truck needs an urgent 
maintenance service and that he must drive to a given service center for the needed servicing activities. 
However, this decision is a costly one, and so deciding when the driver must suspend his route and drive 
to a service center, and what service center is selected are crucial to maximize up-time.

If the choice for the service center is based only on the extra miles the driver has to drive, the chosen 
service center might be overloaded due to other planned service activities and the driver has to wait more 
than usual. Such extra waiting time might imply that the driver cannot complete his planned delivery route 
within the allotted time. 

Therefore, to make a decision that maximizes the total up-time and allows the driver to complete his 
weekly trip on time, several constraints and objectives must be taken into account.
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From a predictive to a prescriptive solution

ABC Trucks uses failure predictions as input data to a decision optimization model.  This model considers 
multiple alternatives for truck servicing simultaneously. It can also include service center capabilities (not 
all service centers are able to deliver all types of services), capacities, availability of service parts, 
distances, drive times, weekly trips, costs, customer contract agreements, priority customers, and other 
data, all within the same model.

The decision optimization model, which takes advantage of the advanced scheduling capabilities of IBM 
Decision Optimization engines, provides a prescriptive solution that maximizes not only the truck up-time 
of the entire fleet, but also overall revenue while respecting contractual agreements with the clients. 

To provide the best decision for each specific truck, the decision optimization model must take into 
account simultaneously all the ABC Trucks across all the clients who have opted for this service, and all 
the ABC Trucks service stations with their current and already planned availability.

Example 2 – Product quality control

This example covers using decision optimization for product quality inspections in a manufacturing 
company.

The problem

Tom is responsible for product quality inspections in a manufacturing company. Tom’s team of quality 
inspectors makes daily checks on both the quality of the manufactured products and the material provided 
by suppliers. Detection of defects is carried out by random sampling and followed by manual or laboratory 
analysis.

The quality team’s business goal is to detect as many defective products as possible before they are 
delivered to customers or used as inputs in production lines.

The VP for manufacturing and sales has ordered immediate action to reduce customer complaints due to 
defective products, and a reduction in the number of production disturbances due to poor quality of 
materials used in input.  

Although Tom’s team and the laboratory team have been working harder and doing overtime, the number 
of detected defective products has not increased significantly. The rate of detected defects is too low. 
Random sampling is clearly not enough.

A first predictive analytics solution

Historical data from the results of past product quality inspections on manufactured and supplied material 
lots, together with data records (physical and chemical characteristics, where and when a product is 
produced, the material’s supplier, and so on), make it possible to build a machine learning model.

This model can predict the likelihood that a given lot has defective items. Using this information, Tom can 
now assign quality inspections and tests on specific lots to his team and the lab daily depending on their 
availability. With this predictive solution, the rate of detected defective products and materials is 
significantly improved when compared with results obtained previously with random sampling.

However, each morning’s list of suggested quality control checks is too long to complete by end of the 
day. Therefore, Tom puts them in decreasing order of likelihood of presence of defective items and 
assigns them to his team, starting from the top of the list.
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Although the number of lots with defects detected has increased, thanks to the machine learning 
predictions, Tom feels that there must be a smarter way to select and dispatch the quality control activities 
to the members of his team. Indeed, he has noticed that the average utilization rate of his staff has 
decreased.

The following constraints make smarter dispatching difficult for Tom to achieve manually: 

For certain types of sampling and analyses, specific equipment is required. There is limited access to 

this equipment, which often creates a bottleneck at execution. 

Each member of Tom’s team is skilled in different types of sampling or analysis. 

The laboratory has certain resources that are dedicated to specific types of analysis. 

Each quality control activity has its duration that must be taken into account during the dispatching 

phase.  

Tom asks a business analyst how he can improve the daily assignment of the quality control activities to 
not only increase the number of defects found per day, but also improve the utilization rate of the team.

From a predictive to a prescriptive solution

The business analyst proposes decision optimization as a solution because it can use the defective 
scores as input, and it can include all these constraints simultaneously in the same model. Furthermore, 
other, even conflicting, business objectives can also be included in the model. 

The business analyst explains that decision optimization enables different objectives to be combined as 
well as considered separately. Minimizing the detected defective items, minimizing the disruption to the 
production line, and minimizing the number of defective products delivered to customers are all easily 
included in an optimization model.

The business analyst proposes to extend the predictive solution already implemented to become a 
prescriptive solution that can optimally schedule and dispatch the quality control activities across the 
members of Tom’s team.

Once implemented, the output of this prescriptive model is a more realistic and optimized quality control 
plan that satisfies the needs of all stakeholders at once. In addition, Tom is pleased because this new 
solution saves him a lot of time in dispatching quality control activities.

Decision optimization enables a prescriptive solution to be built that uses the predictive solution as input. 
The solution considers available equipment, technicians and their skills, product and process information, 
planned deliveries to customers, customer priority, and production plans. It can satisfy several business 
objectives simultaneously.

Related publications 

Analytics’ best-kept secret is decision optimization

http://www.ibmbigdatahub.com/blog/analytics-best-kept-secret-decision-optimization

Continental zooms ahead of competitors by preventing production bottlenecks

http://www.ibm.com/software/businesscasestudies/us/en?synkey=E376921A47512H97  

A  French public hospital improves transport punctuality and decreases waiting times

https://developer.ibm.com/docloud/wp-content/uploads/sites/34/2017/12/cplex-ref-chu.pdf   
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Aéroports de Paris reduces congestion at airports 

https://ibm.ent.box.com/s/tma5gkt304vd5lrwy4s0p6mrl63xeyz2

IBM Decision Optimization on Cloud Developer Center

https://developer.ibm.com/docloud 
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Notices
This information was developed for products and services offered in the US. This material might be available from 
IBM in other languages. However, you may be required to own a copy of the product or product version in that 
language in order to access it. 

IBM may not offer the products, services, or features discussed in this document in other countries. Consult your local 
IBM representative for information on the products and services currently available in your area. Any reference to an 
IBM product, program, or service is not intended to state or imply that only that IBM product, program, or service may 
be used. Any functionally equivalent product, program, or service that does not infringe any IBM intellectual property 
right may be used instead. However, it is the user's responsibility to evaluate and verify the operation of any non-IBM 
product, program, or service.

IBM may have patents or pending patent applications covering subject matter described in this document. The 
furnishing of this document does not grant you any license to these patents. You can send license inquiries, in writing, 
to: 

IBM Director of Licensing, IBM Corporation, North Castle Drive, MD-NC119, Armonk, NY 10504-1785, US

INTERNATIONAL BUSINESS MACHINES CORPORATION PROVIDES THIS PUBLICATION “AS IS” WITHOUT 
WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
Some jurisdictions do not allow disclaimer of express or implied warranties in certain transactions, therefore, this 
statement may not apply to you.

This information could include technical inaccuracies or typographical errors. Changes are periodically made to the 
information herein; these changes will be incorporated in new editions of the publication. IBM may make 
improvements and/or changes in the product(s) and/or the program(s) described in this publication at any time without 
notice.

Any references in this information to non-IBM websites are provided for convenience only and do not in any manner 
serve as an endorsement of those websites. The materials at those websites are not part of the materials for this IBM 
product and use of those websites is at your own risk.

IBM may use or distribute any of the information you provide in any way it believes appropriate without incurring any 
obligation to you.

The performance data and client examples cited are presented for illustrative purposes only. Actual performance 
results may vary depending on specific configurations and operating conditions.

Information concerning non-IBM products was obtained from the suppliers of those products, their published 
announcements or other publicly available sources. IBM has not tested those products and cannot confirm the 
accuracy of performance, compatibility or any other claims related to non-IBM products. Questions on the capabilities 
of non-IBM products should be addressed to the suppliers of those products.

Statements regarding IBM's future direction or intent are subject to change or withdrawal without notice, and represent 
goals and objectives only.

This information contains examples of data and reports used in daily business operations. To illustrate them as 
completely as possible, the examples include the names of individuals, companies, brands, and products. All of these 
names are fictitious and any similarity to actual people or business enterprises is entirely coincidental.

COPYRIGHT LICENSE:

This information contains sample application programs in source language, which illustrate programming techniques 
on various operating platforms. You may copy, modify, and distribute these sample programs in any form without 
payment to IBM, for the purposes of developing, using, marketing or distributing application programs conforming to 
the application programming interface for the operating platform for which the sample programs are written. These 
examples have not been thoroughly tested under all conditions. IBM, therefore, cannot guarantee or imply reliability, 
serviceability, or function of these programs. The sample programs are provided “AS IS”, without warranty of any kind. 
IBM shall not be liable for any damages arising out of your use of the sample programs.

© Copyright International Business Machines Corporation  2017. All rights reserved.
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Send us your comments in one of the following ways:
Use the online Contact us review form found at:

ibm.com/redbooks
Send your comments in an e-mail to:

redbooks@us.ibm.com
Mail your comments to:

IBM Corporation, International Technical Support Organization
Dept. HYTD Mail Station P099
2455 South Road
Poughkeepsie, NY 12601-5400 U.S.A.

This document is available online at http://www.ibm.com/redbooks/abstracts/tips1357.html .
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