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Pleasenote

L.aΩǎstatements regarding its plans, directions, and intent are subject tochange 
or withdrawalǿƛǘƘƻǳǘ ƴƻǘƛŎŜ ŀƴŘ ŀǘ L.aΩǎsole discretion.

Information regardingpotential future products is intended to outline our general productdirection 
and it should not be relied on in making a purchasing decision.

The information mentionedregarding potential future products is not a commitment, promise, 
or legal obligation to deliver any material, code orfunctionality. Information about potential 
future products maynot be incorporated into any contract.

Thedevelopment, release, and timing of any future features orfunctionality described for our 
products remains at our sole discretion.

Performance is based onmeasurements and projections using standard IBM benchmarks in 
a controlled environment. The actual throughput or performance that anyuser will experience 
will vary depending upon many factors, including considerationssuch as the amount of 
ƳǳƭǘƛǇǊƻƎǊŀƳƳƛƴƎ ƛƴ ǘƘŜ ǳǎŜǊΩǎ Ƨƻō ǎǘǊŜŀƳΣ ǘƘŜI/O configuration, the storage configuration, and 
the workloadprocessed. Therefore, no assurance can be given that an individualuser will achieve 
results similar to those stated here.
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Notices and disclaimers
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© 2018 International Business Machines Corporation.  Nopart of this 
document may be reproduced or transmitted in any form without 
written permission from IBM.
U.S.Government Users Restricted Rightsτuse, duplication or disclosure 
restrictedby GSA ADP Schedule Contract with IBM.
Information in thesepresentations (including information relating to products 
that have not yetbeen announced by IBM) has been reviewed for accuracy as 
of the date of initialpublication andcould include unintentional technical or 
typographical errors.IBM shall have no responsibility to update this 
information. ¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ άŀǎ ƛǎέ ǿƛǘƘƻǳǘ ŀƴȅ ǿŀǊǊŀƴǘȅΣ ŜƛǘƘŜǊ 
express or implied. In no event, shall IBM be liable for any damage arising 
from the use of this information, including but not limited to, loss of data, 
business interruption, loss of profit or loss of opportunity. IBMproductsand 
services are warranted per the terms and conditions ofthe agreements under 
which they are provided.
IBM products are manufacturedfrom new parts or new and used parts. 
In some cases, a product may not be newand may have been previously 
ƛƴǎǘŀƭƭŜŘΦ wŜƎŀǊŘƭŜǎǎΣ ƻǳǊ ǿŀǊǊŀƴǘȅ ǘŜǊƳǎ ŀǇǇƭȅΦέ
Anystatements regarding IBM's future direction, intent or product plans 
aresubject to change or withdrawal without notice.

Performancedata contained hereinwas generally obtained in a controlled, 
isolatedenvironments.Customerexamplesare presented as illustrations of 
how those
customers have used IBMproductsand the results they may have 
achieved.Actual performance, cost, savings or other results in other 
operatingenvironments may vary.
References in this document toIBM products, programs, or services does not 
imply that IBM intends to makesuch products, programs or services available in 
all countries in which IBMoperatesor does business.
Workshops, sessions andassociated materials may have been prepared by 
independent session speakers,and do not necessarily reflect the views of 
IBM.All materials and discussions areprovided for informational purposes only, 
and areneither intended to, nor shall constitute legal or other guidance or 
advice toany individual participant or their specific situation.
It is theŎǳǎǘƻƳŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅto insure its own compliance withlegal 
requirements and to obtain advice of competent legal counsel as to 
the identification and interpretation of any relevantlaws and regulatory 
ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀǘ Ƴŀȅ ŀŦŦŜŎǘ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ōǳǎƛƴŜǎǎ ŀƴŘ ŀƴȅ ŀŎǘƛƻƴǎ ǘƘŜ 
customermay need to take to comply with such laws.IBMdoes not provide 
legal advice orrepresent or warrant that its services or products will ensure 
that the customer follows any law.
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Information concerning non-IBMproducts was obtained from the suppliers of 
those products, their publishedannouncements or other publicly available 
sources.IBM has not tested thoseproducts about this publication and cannot 
confirm the accuracy of performance, compatibility or any other claims related 
to non-IBM products.Questions on the capabilitiesof non-IBM products should 
be addressed to the suppliers of those products. IBMdoes not warrant the 
quality of any third-party products, or the ability of anysuch third-party 
products to interoperateǿƛǘƘ L.aΩǎ ǇǊƻŘǳŎǘǎΦ IBM expressly disclaims all 
warranties, expressed or implied, including but not limited to, the implied 
warranties of merchantability and fitness for a purpose.
The provision of the informationcontained herein is not intended to, and does 
not, grant any right or licenseunder any IBM patents, copyrights, trademarks or 
other intellectual propertyright.

IBM, the IBM logo, ibm.com and [names of other referenced IBM products and 
services used in the presentation] are trademarks of International Business 
Machines Corporation, registered in many jurisdictions worldwide. Other 
product and service names might betrademarks ofIBM or other companies. A 
current list of IBM trademarks is available on theWeb at "Copyright and 
trademark information" at: www.ibm.com/legal/copytrade.shtml.
.

http://www.ibm.com/legal/copytrade.shtml
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Same goal: Extract information from data to make better, faster, 
smarter decisions & provide better client experiences

What is the Buzz about ?

Data mining

Data science

Deep learning

Machine 

learning

Decision 

optimization
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You use data science & machine learning every day while driving your car

How fast am I driving? 
How far have I driven

Descriptive analytics

How long before I run out of gas?

Predictive analytics

What is the fastest route to my destination?

Prescriptive analytics



tǊŜŘƛŎǘƛǾŜ Ǿǎ tǊŜǎŎǊƛǇǘƛǾŜΥ ƛŦ ȅƻǳ ǿŀƴǘ ǘƻ ǇǊŜŘƛŎǘ ǎƻƳŜǘƘƛƴƎΣ ƛǘΩǎ ƭƛƪŜƭȅ ōŜŎŀǳǎŜ ȅƻǳ ǿŀƴǘ 
to decide (prescribe) something

Finance HRITMarketing OperationsSales

Rates of 

return

Optimize 

investment 

portfolio

Employee 

retention

Plan 

compensation 

& training

Help desk 

workload

Assign 

helpdesk 

staff

Campaign 

ROI

Plan 

marketing 

campaign

Demand

Plan sales 

& 

operations

Revenue per 

territory

Assign 

territories to 

sales team

Predict

Prescribe 

(optimize)

LƳǇƻǊǘŀƴǘΥ  Ƴŀƴȅ ǇǊŜǎŎǊƛǇǘƛǾŜ ǇǊƻōƭŜƳǎ ŘƻƴΩǘ ƛƴǾƻƭǾŜ ŀ ǇǊŜŘƛŎǘƛƻƴ



Since 1936, Data Science and Machine Learning delivered massive ROI

2 Chilean Forestry firms Timber Harvesting $20M/yr + 30% fewer trucks

UPS Air Network Design $40M/yr + 10% fewer planes

South African Defence Force/Equip Planning $1.1B/yr

Motorola Procurement Management $100M-150M/yr

Samsung Electronics
Semiconductor 
Manufacturing

50% reduction in cycle times

SNCF (French Railroad) Scheduling & Pricing $16M/yr rev + 2% lower op ex

Continental Airlines Crew Re-scheduling $40M/yr

AT&T Network Recovery 35% reduction spare capacity

Grantham Mayo van Otterloo Portfolio Optimization $4M/yr

Source: Edelman Finalists, http:// www.informs.org or http:// www.scienceofbetter.org

37 years, 37 Edelman winners, upwards of $200 billion cumulative ROI



Researchers overcame 3 major challenges to data science adoption 
in the recent past

Scale

Falling hardware prices & GPU 
accelerators led to dramatic 

speed-ups

Pay-as-you-go cloud means 
infrequent expensive 

computation is now affordable

Models that learn & 
adapt

Algorithmic ML advances 
vastly improved accuracy & 

reliability

Optimization algorithms can 
solve millions of simultaneous 

decisions

ά!ƴŀƭȅǘƛŎǎ ŦƻǊ ŜǾŜǊȅƻƴŜέ

Analytics is all around us:

Facebook recognizes friends

Cars drive themselves

Cosmetic apps analyze your 
selfie & recommend 

treatments



Machine Learning & Decision Optimization 
- how does it work?
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Machine Learning ïFundamentals

Input

Supervised 

Learning

Unsupervised

Learning

Each object has a 
label

No labels

Cat ?

Output

Classification Regression Clustering

Category for a 
specific object

Value for a 
certain object

Grouping of 
similar objects

This is a cat
The age\weight of 

this cat is: X
It belongs 
with these

Image Audio Text DB Table
Input



Train ML 
model

Solve DO 
model

Machine Learning for Predictive vs Optimization for Prescriptive

Machine Learning 101 

ÅBasic (supervised): you know the answer and 
you train the machine how to find it 

ÅMore advanced ςunsupervised, 
reinforcement,  & deep learning

Decision Optimization 101

Å You ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ ŀƴǎǿŜǊ, and you teach 
the machine the logic to find it

ÅMore advanced ςrobust/stochastic/Χ

Sample data

Prediction, 
pattern, 

classification
Observations

Prediction
(optional)

Business 
goals

Business 
constraints

Decision variables

Decisions, plans, 
schedules,

KPIs

Solve trained 
model



Predictive vs Prescriptive

Predictive model:

For given data, fit/find a model such as
- Regression 
- Neural Network
- CHAID
- Χ
- Χ

Unknowns

Predictive vs Prescriptive



Predictive vs PrescriptivePredictive vs Prescriptive

Production Facility (PF) PF1 PF2 PF3

Production Cost / Unit 

Optimization Model

100 150 80

# Units to Produce ? U1 U2 U3

Objective Function
Minimize Total Cost

Total Cost = 
100xU1+ 150x U2+ 80xU3

Unknowns / Decision Variables

Production Capacity 500 350 300
Constraints:
U1<= 500 ; U2<=350 ; U3<=300

Decision Variables:

Total Demand = 1100 U1+ U2+ U3==1100

Optimization Problem:

Define business objectives and constraints, find decisions

DATA



Use case: Job shop scheduling
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You are a production planner

ïdecide how to sequence jobs in such a way that setup costs are minimized

ÁInput

- Setup cost 

(output from a machine learning model)

ÁDecisions

- Select the order in which jobs will be run

ÁRules or Constraints

- Start with job 1

- All jobs must be run once

ÁObjective

- Minimize total setup cost

Setup cost switching from job 4 to job 3 = 9

1 2 3 4 5

1 X 5 8 4 3

2 X X 1 10 15

3 X 5 X 12 5

4 X 7 9 X 3

5 X 3 7 13 X



¢ƘƛƴƎǎ ƭƻƻƪ ƎƻƻŘ ŀǘ ǘƘŜ ǎǘŀǊǘΣ ōǳǘ ƭŜŀŘ ȅƻǳ ŀǎǘǊŀȅΧ

To BĄ
From A

1 2 3 4 5

1 X 5 8 4 3

2 X X 1 10 15

3 X 5 X 12 5

4 X 7 9 X 3

5 X 3 7 13 X

1

2

3

4

Example: Heuristic Approach: Pick lowest cost

¢ƘƛƴƎǎ ƭƻƻƪ ƎƻƻŘ ŀǘ ǘƘŜ ǎǘŀǊǘΣ ōǳǘ ƭŜŀŘ ȅƻǳ ŀǎǘǊŀȅΧ

Total Cost: 3 + 3 + 1 + 12 = 19



/ŀƴ ƘŜƭǇ ȅƻǳ ŦƛƴŘ ǘƘŜ ǊƛƎƘǘ ǎŜǉǳŜƴŎŜ ŀƴŘ ŀǾƻƛŘ ǊǳƴƴƛƴƎ ƛƴǘƻ ǇƛǘŦŀƭƭǎ ƭŀǘŜǊΧ

Total Cost:  4 + 3 + 3 + 1 = 11

1

2

3

4

Example:  Optimization Approach

/ŀƴ ƘŜƭǇ ȅƻǳ ŦƛƴŘ ǘƘŜ ǊƛƎƘǘ ǎŜǉǳŜƴŎŜ ŀƴŘ ŀǾƻƛŘ ǊǳƴƴƛƴƎ ƛƴǘƻ ǇƛǘŦŀƭƭǎ ƭŀǘŜǊΧ

To BĄ
From A

1 2 3 4 5

1 X 5 8 4 3

2 X X 1 10 15

3 X 5 X 12 5

4 X 7 9 X 3

5 X 3 7 13 X

Total Cost:  4 + 3 + 3 + 1 = 11



How did you do?

ÁThe best possible total cost is 11

ÁSequential rules would fail to find this solution

ÁConsider how difficult this would be if there were

- Additional rules or constraints

- 2 million jobs



IBM Machine Learning & Decision Optimization 
for Enterprise Applications
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IBM SPSS Modeler, IBM Machine Learning, and IBM Decision Optimization 

are coming together in:

IBM Data Science Experience Local

Self-contained, collaborative, data science platform to build & deploy analytics 

applications, combining the best of open source with the best IBM proprietary tools



IBM Data Science Experience Local: Predictive Model Development

Open source IDEs: 
Jupyter, Zeppelin, H20 Flow, RStudio

IBM SPSS Flows: 
Visual model builder

IBM Machine Learning
ML wizard for SparkMLmodels



IBM Data Science Experience Local: Decision Optimization

Decision Optimization for Data Science (DODS)
ü Model building, Scenario Management and Data Visualization Dashboard for Decision Optimization (CPLEX)
ü Modeling Assistance as well as Python notebooks
ü Model deployment capability



IBM Machine Learning & Decision Optimization 
for Manufacturing

28Think 2018 / DOC ID / Month XX, 2018 / © 2018 IBM Corporation



End-to-End Value Chain Optimization ςvehicles & parts example

Procurement Manufacturing
Product 

Development
Distribution Sales

Sales & Operations Planning

Market Introduction Planning

Production Planning & Scheduling

Inventory OptimizationProduct Design and Engineering

Supplier Footprint Pricing Optimization



Production Planning & Scheduling
Business needs:

ïSequence products on assembly lines

ïSchedule activities given all operational, parts and other constraints

ïQuickly adapt under unforeseen events by rapid rescheduling

Typical Challenges:

ïVery complex, manual and time consuming process 

ïLack of ability to quickly reschedule

Expected Benefits:

ïReduce setup and cleaning costs

ïIncreased throughput 

ïIncreased schedule adherence

ïScheduling effort down to minutes

ïRe-scheduling effort down to seconds



Product Design and Engineering

Business needs:

ïIncrease prototype utilization (reduce product development cost) for 
various tests including stress tests.

ïMeet critical product development deadlines with limited resources 
(labs, personnel, prototypes) 

Typical Challenges:

ïVery complex and mission critical process 

ïCollaborative effort with many stakeholders

ïProgram changes require quick re-scheduling

Expected Benefits:

ïFast, automated and optimal schedule creation

ïAbility to integrate with web based software solution for broader 
visibility and collaboration

ïBetter handle on milestone visibility


