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My-Background ==

Studied engineering and worked as an engineer
. Bachelor in Mechanical Eng, major in Industrial Engineering (IE)

- Held various engineering positions including process, machine
vision, equipment development, factory IE, systems IE

27 years in American multinational companies (1988015)

. 2 years at Texas Instruments KL

. 25 years at Intel Penang & Kulim, including 2 years in Arizona
Created in-house Operations Research group in 2002

- Have done simulation, math optimization, and the relevant data
Integration to enable simulation and optimization

Completed 2 post graduate degrees while working full time
- M.Sc. in Decision Science, UUM in 2005
. Doctor in Engineering (Eng Biz Mgt), UTM KL in 2014
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Current Business and Technological Landscapes
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Introduction to Operations Research
A Primer on Optimizatio n
Formulating and Solving Optimization Models

ldentifying Opportunities with Business Values
How to Get Started
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Digital future
Entrepreneurship rising
Global marketplace
Urban world
Resourceful planet
Health reimagined

Ernest & Young Megatrends 2015
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TheForces Driving Our Future -
Digital future

. Convergence of social, mobile, cloud, big data

. Growing demand for anytime anywhere access to
Information

Entrepreneurship rising

- Technology enablingmachines and software to
substitute for humans

- High-impact entrepreneurs are building innovative and
scalable enterprises

- Many new enterprises are digital from birth with young
faces

Ernest & Young Megatrends 2015
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TheForces Driving Our Future
Global marketplace

- Innovation will increasingly take place in rapid-growth
markets

- War for talent; greater workforce diversity providing
competitive advantage

Urban world
- More cities across the globe

Ernest & Young Megatrends 2015
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TheForces Driving Our Future -

Resourceful planet
- Increasing global demand for natural resources
- Growing concern over environmental degradation

Health reimagined

. Increasing cost pressure require more sustainable
approach

- Explosion in big data and mobile health technologies
- From delivery of health care to management of health

Ernest & Young Megatrends 2015
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Technology is also changing the ways people work, and
IS Increasingly enabling machines and software to
substitute for humans. Enterprises and individuals
who can seize the opportunities offered by digital

advances stand to gain significantly, while those
who cannot may lose everything

Ernest & Young Megatrends 2015
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Anytime anywhere access to information.
Machines and software substitute humans.

How should we adapt?
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Data Visualization

B I g Data Data Scientist

Internet of Things

Wearable

Cloud
AppPS

Business Intelligence
Analytics
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Big data Traditional analytics

Type of data

Volume of data
Flow of data
Analysis methods

Primary purpose

Unstructured formats Formatted in rows and
columns

100 terabytes to petabytes Tens of terabytes or less

Constant flow of data Static pool of data
Machine learning Hypothesis-based
Data-based products Internal decision support

and services

big data @ work, Thomas H. Davenport, 2014
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Term Time frame Specific meaning

Decision support 1970-1985 Use of data analysis
to support decision
making

Executive support 1980-1990 Focus on data analysis
for decisions by senior
executives

Online analytical processing 1990-2000 Software for analyzing

(OLAP) multidimensional data
tables

Business intelligence 1989-2005 Tools to support data-

driven decisions, with
emphasis on reporting

Analytics 2005-2010 Focus on statistical and
mathematical analysis
for decisions

Big data 2010-present Focus on very large,
unstructured,
fast-moving data

big data @IA/\\‘Iork, Thomas H. Davenport, 2014
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Star Trek Problems

/

by Chris
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Data Science —

Data Science is an interdisciplinary field about processes
and systems to extract knowledge or insights from large
volumes of data in various forms, either structured or
unstructured, which is a continuation of some of the

data analysis fields such as data mining and predictive
analytics, as well axknowledge Discovery in Databases

-, . L . Wikipedi
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Data Scientist =

Similar training like business/data analyst
. Computer science, modeling, statistics, analytics, math

Somebody who can stare at data and spot trends,
discovering previouslyhidden insights, which can
provide a competitive advantage or address @roblem

Data scientists are inquisitive: exploring, asking
NOAOOET T Oh AT ET C OxEAO EZ&E
existing assumptions and processes. Armed with data
and analytical results, atop-tier data scientist will then
communicate informed conclusions and
recommendations across arorganization.

" : o : IBM
Competitive Advantage with Optimization - Anwar Ali 16



«0A000
4300 1iiss
P

2310111101 Ry
233101000132
AN

hdof I ’

e Fuyehn
LLLMSO 1 e
Fhuydtags

H“ ( L A

ki dmaoifdc
o 1ovdnhugoshe
ugreliuughik
318he'

.‘II |!;mi“|l Y
TYE-Ti88
T ledsuh)

laayez ‘
¢ L JImi ¢
Yo' Juaghgn ioml

Il

ubcoacdyhrocnhg i e W I,

O hvwbao 1ty

i ™ ]
lusau it isyg J L N 1“"‘" Wl |82 R ROca

gsaunlygf6d8oneg Le g e\

JEYW

e
) I\|;\M
3 LY




Business Intelligence =

Business intelligence(Bl) is a broad category of
applications, technologies, and processes for
gathering, storing, accessing, and analyzing data to
help business users make bettedecisions

The term was first used in 1865

Business Analytics (BA), a newer term, i subset of
Bl, focusing on statistics, prediction, and
optimization, rather than the reporting functionality

Bl / BA are used interchangeably by different vendors
with their own definition

Competitive Advantage with Optimization - Anwar Ali 18
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Analytics -

The extensive use of data, statistical and quantitative
analysis, explanatory and predictive models, and fact
based managemento drive decisions and actions

Competing on Analytics: The New Science of Winning, Davenport and Harris, 2007

Competitive Advantage with Optimization - Anwar Ali 19



Business Analytics ==

Business analytics can be defined as the broad use of data
and guantitative analysis for decisionmaking within
organizations. It encompasses guery and reporting, but
aspires to greater levels of mathematical sophistication. It
Includes analytics, of course, but involves harnessing them to
meet defined business objectivesBusiness analytics
empowerspeople in the organization to make better
decisions, improve processes and achieve desired outcomes.
It brings together the best of data management, analytic
methods, and the presentation ofresults z all in a closed

loop cycle for continuous learning and improvement

The New World of @Busi  ®aenpo Marth®ld c s o,

Competitive Advantage with Optimization - Anwar Ali 20



Analytics Landscape -

Competitive Advantage

Stochastic Optimization

Optimization

How can we achieve the best outcome
inCIUding the effects of Varlablllty’) Prescriptive

How can we achieve the best outcome?

Predictive modeling
Forecasting
Simulation

Alerts

What will happen next if ?
What if these trends continue?

Predictive
What could happené. ?

What actions are needed?

Query/drill down

What exactly is the problem?

Ad hoc reporting How many, how often, where? Descriptive
Standard Reporting What happened?
Degree of Comp|eXity Source: IBM, Based on: (':ompeting on Analytics,

Competitive Advantage with Optimization - Anwar Ali Davenport and Harris, 200721



Analytics -

Descriptive analytics (what has occurred)

. The simplest class of analytics condensebig data into
smaller, more useful nuggets ofinformation

. e.g. counts, likes, posts, views, sales, finance
Predictive analytics (what will occur)
. 50A AOAEI AAT A AAOA Oi bDPwhielye AO
of statistical, modeling, data mining, and machine learning
techniques

Prescriptive analytics (what should occur)

- Recommendone or more courses of actionrand showing the
likely outcome of each decision sahat the business decision
maker can take this information and act

Adapted from Information Week, definitions by Dr Michael Wu

Competitive Advantage with Optimization - Anwar Ali 22


http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279
http://www.informationweek.com/big-data/big-data-analytics/big-data-analytics-descriptive-vs-predictive-vs-prescriptive/d/d-id/1113279

MS Excel Examples —=

Descriptive aggregate functions:
- SUM(), MIN/MAX(), COUNT(), STDEV(), AVERAGE()
- Pivot tables
Predictive:
- FORECAST(), TREND()
- AnalysisToolPak add-in (comes with Excel)
- Data Mining add-in (downloadable from Microsoft)
- XLMiner add-in (need to purchase fromFrontlineSolvers)
Prescriptive:
- Solver addin (comes with Excel, limited capability)
- Open Solver addin (open source, unlimited capability)

Competitive Advantage with Optimization - Anwar Ali 23



No-Crystal Ball Required
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BSI: BUSINESS
STATISTICAL
INTELLIGENCE

Bll: BUSINESS
INFORMATION
INTELLIGENCE

BMI: BUSINESS Y
MODELING 7
INTELLIGENCE

OR/MS =
Operations Research/
Management Science

Back in Business, by Ronald KKlimberg and Virginia Miori, OR/MS Today, Vol 37, No 5, October 2010,
[http :// www.informs.org/ORMS-Today/Public-Articles/October -Volume-37-Number-5/Back-in-Busines$
Competitive Advantage with Optimization - Anwar Ali 25
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What is Operations Research?

O.R. is the discipline of applyingadvanced analytical
methods to help make better decisions

Also called Management Science or Decision Scienge
O.R. Is thescienceof Decision-Making

Employing techniques from mathematical sciences
O.R.arrives at optimal or near-optimal solutions to
complex decision-making problems

- Determine the maximum (e.g. profit, performance, or
yield) or minimum (e.g.loss, risk, or cost)

Competitive Advantage with Optimization - Anwar Ali 26



O.R. Leading Edge Techniques/

Simulation

- Giving you the abillity to try out approaches and test
Ideas for improvement

Optimization
- Narrowing your choices to the very best where there are

virtually innumerable feasible options and comparing
them is difficult

Probabllity and statistics

- Helping you measure risk, mine data to find valuable
connections and insights, test conclusions, and make
reliable forecasts

Competitive Advantage with Optimization - Anwar Ali 27



O.R. Leading Edge Techniques/

Simulation (predictive)

- Giving you the abillity to try out approaches and test
Ideas for improvement

Optimization (prescriptive)
- Narrowing your choices to the very best where there are

virtually innumerable feasible options and comparing
them is difficult

Probability and statistics (predictive)

- Helping you measure risk, mine data to find valuable
connections and insights, test conclusions, and make
reliable forecasts

Competitive Advantage with Optimization - Anwar Ali 28



O.R. Leading Edge Techniques/

Simulation

- Giving you the abillity to try out approaches and test
Ideas for improvement

Optimizatioln z THIS TALK

» Narmowinggyourchoicés-toithelvery: bestwhetethere
- are virtually innumerable feasible loptions and
comparingdhemiisidiffictilt

Probabllity and statistics

- Helping you measure risk, mine data to find valuable
connections and insights, test conclusions, and make
reliable forecasts

Competitive Advantage with Optimization - Anwar Ali 29



Analytics Landscape -

Competitive Advantage

Stochastic Optimization

Optimization

How can we achieve the best outcome
inCIUding the effects of Varlablllty’) Prescriptive

How can we achieve the best outcome?

Predictive modeling
Forecasting
Simulation

Alerts

What will happen next if ?
What if these trends continue?

Predictive
What could happené. ?

What actions are needed?

Query/drill down

What exactly is the problem?

Ad hoc reporting How many, how often, where? Descriptive
Standard Reporting What happened?
Degree of Comp|eXity Source: IBM, Based on: (':ompeting on Analytics,

Competitive Advantage with Optimization - Anwar Ali Davenport and Harris, 20080
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Competitive Advantage

Stochastic Optimization

Optimization

How can we achieve the best outcome
inCIUding the effects of Varlablllty') Prescriptive

How can we achieve the best outcome?

Predictive modeling

What will happen next if ?

Forecasting

What if these trends continue?

Predictive
Simulation What could happeng¢. ?
Alerts What actions are needed?
Query/drill down What exactly is the problem?
Ad hoc reporting How many, how often, where? Descriptive
Standard Reporting What happened?
Degree of Complexity Source: IBM, Based on: (::ompeting on Analytics,

Competitive Advantage with Optimization - Anwar Ali Davenport and Harris, 200731
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Analytics 1.0 Analytics 2.0 Analytics 3.0
Types of companies Large enterprises Online and start-ups All—“data economy”
Analytics objective  Internal decisions New products Decisions and prod-
ucts
Data type Small, structured Large, unstructured All types combined

Creation approach  Long-cycle batch Short-cycle agile Short-cycle agile

Primary technology Software packages Open source Broad portfolio
Primary analytics Descriptive Descriptive, Prescriptive
type predictive

Business relationship Back office “On the bridge” Collaborative

big data @ work, Thomas H. Davenport, 2014
Competitive Advantage with Optimization - Anwar Ali 32
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In 2013 Gartner called prescriptive
analytics 'the final frontier for big
databh xEAOA Al | DAI
turn the unprecedented levels of
data in the enterprise Into

powerful action
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What
happened?

Value

Descriptive
Analytics

VialU A JC et

How can we
make it happen?

What will

Why did it Predictive

happen?
e
Diagnostic ¢o

>

L Gartner
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ANatytics viaturity AF
Sense & Respond Predict & Act
Optimization

Competitive Advantage

Predctive
Modeling What is the best that
could happen?

Genanc
Pradictive
Analytics
Ad Hoc
What will happen?

Why did it happen?
What happened?

Standard
Cleaned Reports

Q

Data

QQ

Analytics Maturity .
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Examples of Optimization Apptication
Deciding where to invest capital in order to grow
~iguring out the best way to run a callcenter

_ocating a warehouse or depot to deliver materials
over shorter distances at reduced cost

Solving complex schedulingproblems
Deciding when to discount, and how much
Getting more out of manufacturing equipment
Optimizing a portfolio of investments

Competitive Advantage with Optimization - Anwar Ali 36



Whatare the Benefits?
| BAOAOET 1 O 2A0AAOAE EO AAI
l.e. using science to make:

- bold decisions and run everyday operations with less
risk and better outcomes (no more gutfeel)

. repeatable, guantitative decision analysis

Adapted from: The Guide to Operational Research,
Competitive Advantage with Optimization - Anwar Ali 37
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SighsO.R. Could Be Beneﬁual

The management face complex decision making
ne management is not sure what the main problem is

ne management is uncertain about potential

outcomes

The organization is having problems with decision
making processes

Management is troubled by risk
The organization is not making the most of its data
The organization needs to beat stiff competition

The Guide to Operational Research,
Competitive Advantage with Optimization - Anwar Ali 38
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/
Key-Messages -
Seizethe opportunities offered by digital advances

- Anytime anywhere access to information
. Machines and software substitutehumans

Be part of analytics initiatives

- Optimization is at the top of Analytics
- Optimization is the final frontier for big data

Competitive Advantage with Optimization - Anwar Ali 39
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Agenda -

Current Business and Technological Landscaped

' T Al UOEAO %OI 1 OOET T U

) 1 OOT AOGAOEI T O |/ DBAOAOEI T ¢
A Primer on Optimization

Formulating and Solving Optimization Models

ldentifying Opportunities with Business Values

How to Get Started
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Optimization Modeling -

Optimization models have
- Objective function
- Decision variables
. Constraints
- Formulated as mathematical equations

- Solved graphically (if 2 decision variables) or using Excel
Solver, CPLEXLPSolve LINDO/LINGO, etc.

Competitive Advantage with Optimization - Anwar Ali 41
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Linear Programming -
A linear programming (LP) problem is an optimization
problem which

. Attempt to maximize (or minimize) a linear function
(called the objective function) of the decision variables

- The values of the decision variables must satisfy a set of
constraints. Each constraint must be a linear equation or
iInequality

- A sign restriction is associated with each variable. For
any variablex;, the sign restrlctlon specifies either thatXx;

must be nonnegative ¢, P 1 Q Kk May®& A O
unrestricted in sign

Competitive Advantage with Optimization - Anwar Ali 43



 Example 1: DoflahAuto——

- Operations Research:
Applications and

Algorithms
- Wayne L. Winston

- Duxbury Press; 4th
edition (2003)

Competitive Advantage with Optimization - Anwar Ali 44
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Example 1. Dorfan Auto ——

Dorian Auto manufactures luxury cars andtrucks

The company believes that its most likely customers
are high-income women andmen

To reach these groups, Dorian Auto has embarked on
an ambitious TV advertising campaign and will
purchaseXminute commercial spots on two type of
programs: comedy shows and footbalgames

Competitive Advantage with Optimization - Anwar Ali 45
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Example 1. Dorfan Auto ——

Each comedy commercial is seen by 7 million high
Income women and 2 million high-income men and

costs $0,000

Each football game is seen by 2 million highincome
women and 12 million high-income men and costs
$100,000

Dorian Auto would like for commercials to be seen by
at least 28 million high-income women and 24 million
high-income men

We will use LP to determine how Dorian Auto can
meet its advertising requirements at minimum cost

Competitive Advantage with Optimization - Anwar Ali 46



Example 1.-Solution -

Decision variables:
X =the number of Eminute comedy ads
y =the number of I minute football ads

The objective Is to minimize advertising cost
- Minimize z = 50x + 100y

Constraints:

- Ads must be seen by at least 28 million highincome
xI TATN a@ E dGU P &P

- Ads must be seen by at least 24 million highincome
| ATnN a@ E YaU P an

Competitive Advantage with Optimization - Anwar Ali a7



y (football ads)

2

| | | | | | |
=
4 6 8 10 12 14 16 y (comedy ads)

Competitive Advantage with Optimization - Anwar Ali
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y (football ads)

High-income women constraint; 7x + 2yP 28

2

| I I I | |
>
4 6 8 10 12 14 16 y (comedy ads)

Competitive Advantage with Optimization - Anwar Ali
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y (football ads)

High-income women constraint; 7x + 2yP 28

>
4 6 8 10 12 14 16 y (comedy ads)

Competitive Advantage with Optimization - Anwar Ali
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y (football ads)

; /X + 2yP 28

Unbounded
reasipleyeqgian

pd ~ N Ve ro~

4 6 8 10 12 14 16 y(comedy ads)

Competitive Advantage with Optimization - Anwar Al
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y (football ads)

; /X + 2yP 28

Unbounded
reasipleyeqgian

pd ~ N Ve ro~

4 6 8 10 12 14 16 y(comedy ads)

Competitive Advantage with Optimization - Anwar Al
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y (football ads)

; /X + 2yP 28

Unbounded
reasipleyeqgian

pd ~ N Ve ro~

4 6 8 10 12 14 16 y(comedy ads)

Competitive Advantage with Optimization - Anwar Al
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Optimal Answer -

To minimize advertising cost, purchase
. 3.6 slots of comedy ads (x)
- 1.4 slots of football ads (y)
The total advertising cost (in thousands) Is
z=50x+ 100y
z = 50(3.6) + 100(1.4)
z =320
But in reality, it Is not possible to purchase fractional

number of -minute ads. Thedecision variables x and
y must be integers

Competitive Advantage with Optimization - Anwar Ali 54



Integer Programming ==

When an LP model has integer decision variable(s), it is
called integer linear programming (ILP). Why ILP?

- We cannot buy 3.6 slots of ads, must be either 3 or 4
. Yes/no decisions can be modeled as 0 or 1 variables

When an LP model has mixture of continuous and integer

variables, it is called mixed integer linear programming
(MILP)

ILP and MILP models are harder and take longer to solve
compared to LP models

7A xEI1 OOA OEA OAOI Oi AOE E
ILP, and MILP
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y (football ads)

Unbounded
reasipleyeqgian

o Feasible integer solutions

4 6 8 10 12 14 16 y(comedy ads)

Competitive Advantage with Optimization - Anwar Ali 56



y (football ads)

Lowest z value

Unbounded in feasible region
reasiplexeqgion

o Feasible integer solutions
e Optimal integer solutions

N ~
I I

S

2 4 6 8 10 12 14 16 x (comedy ads)
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y (football ads)

Unbotnded 2 solutions with
feasible¥egion z =400

<
I

S

4 6 8 10 12 14 16 y(comedy ads)
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Graphical Integer Solutions= =

There are 2 solutions with z = 400

- 4 slots of comedy ads (X and 2slots of football ads (y); z
= 50(4) + 100(2) = 400
. 6 slots of comedy ads (x) andl slotof football ads (y); z
= 50(6) + 100(1) = 400
For more complex problems which cannot be solve
graphically, branch-and-bound method is used
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Introduction to
Management Science

Bernard W. Taylor Il

- Prentice Hall, 7th edition
(2002)

-

Latest is 11th edition R —
(2012) Management Science

Eleventh Edition

Bernard W. Taylor IlI

ALWAYS LEARNING PEARSON
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" Example 2: Diet Problem——

Breakfast to include at least 420 calories, 5 milligrams
of iron, 400 milligrams of calcium, 20 grams of

protein, 12 grams of fiber, and must have no more than
20 grams of fat and 30 milligrams of cholesterol

Breakfast Food Fat Cholesterol Iron Calcium Protein Fiber Cost
Cal (g) (mg) (mg) (mg) (9) (g (9

1. Bran cereal (cup) 90 O 0 6 20 3 5 0.18
2. Dry cereal (cup) 110 2 0 4 48 4 2 0.22
3. Oatmeal (cup) 100 2 0 2 12 5 3 010
4. Oat bran (cup) 90 2 0 3 8 6 4 012
5. Egg 75 5 270 1 30 7 0 0.10
6. Bacon (slice) 35 3 8 0 0 2 0 0.09
7. Orange 65 0 0 1 92 1 1 0.40
8. Milk-2% (cup) 100 4 12 0 250 9 0 0.16
9. Orange juice (cup) 120 0 0 0 3 1 0 0.50
10. Wheat toast (slice) 65 1 0 1 26 3 3 0.07
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Example2: DietProblem——

The objective is to minimize meal cost while meeting
the following nutritional requirement:

- #A1 1T OEAO P nal
Yol 1 P i

- # Al AEOI P Al 1

. 001 OAET P a4l

. &EAAO P Y

. &AO0 N al

- #ET T AOOAOIT T n €1
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X, = cups of bran cereal
X, = cups of dry cereal
X5 = cups ofoatmeal

X, = cups of oat bran

X5 = €9JS
Xg = slices of bacon
X, = oranges

Xg = cups of milk
Xy = Ccups of orangejuice
X,0= Slices of wheat toast
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Minimize

0.18%x+ 0.22% + 0.10% + 0.12% + 0.10% + 0.09%;, + 0.40%, + 0.16x% + 0.50x, +
0.07x,

Subject to:

90x; + 110x+ 100x% + 90x, + 75% + 35x% + 65% + 100x + 120% + 65%,P
420

6X;+ 4%, + 2%+ 3%, + X5 + X, + X, P 5

20X+ 48x%, + 12%+ 8x, + 30% + 52% + 250% + 3%, + 26%,P 400
3% + 4%, + 5X3+ 6, + TX5 + 2%5 + X7 + OXg + Xg + 3%, P 20

OXy+ 2%, + 3% + 4X, + X, + 3% P 12

2Xo + 2Xg + 2%, + 5¥s + 3% + AXg + XoM1 G |

270% +8xs +12x M € |
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W

The diet problem cannot be solved graphically as it has
10 decision variables

7A xEI1 OOA O311 OA086 Ol AE
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//

Solver— | =

Mathematical software, either stand-alone or library,
that 'solves' a mathematical programming problem

Uses algorithms such as SIMPLEX and branchnd-
bound to solve the problem

May include Integrated Development Environment
(IDE), e.g. GUI and editor

Solvers used in this presentation:
- Excel Solver addin (free, limited capability)
. ExcelOpenSolveradd-in (free, open source)
- IBM ILOG CPLEX Optimization Studio
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EE@o- o= examples - Microsoft Excel — O X
Home | Insert = Pagelayout Formulas Data  Review  View c@eod=
FEEEDP® o @S e 5 QELDA4 Fe TTO
PivotTable Table Picture Clip Shapes Smartart Screenshot Column Line  Pie  Bar  Area Scatter Other  Line Column Win/loss & Slicer prer\lnk Text Header WordArt Signature Object Equanon Symbol
- Art - - A - A - v Charts ~ Box & Footer Line =
Tables _ Mustrations Charts Sparkines Filter | Links Text Symbols
| meal_cost - Je =SUMPRODUCT(serving,cost) v
A B c D EF G Hood ;K E
1 Calories Fat Cholesterol Iron Calcium Protein Fiber
2 Breakfast food Service size Unit Cost g mg mg mg g g
3 Bran cereal cup S 0.18 90 0 0 6 20 3 5
4 Dry cereal cup S 022 110 2 0 4 48 4 2
5 Oatmeal cup S 0.10 100 2 0 2 12 5 3
6 Oatbran cup S 0.12 90 2 0 3 8 6 q
7 Egg piece S 0.10 75 5 270 1 30 7 0
8 Turkey bacon slice S 0.09 35 3 8 0 0 2 0
S Orange piece S 0.40 65 0 0 1 52 1 1
10 Milk 2% cup $ 016 100 A 12 0 250 9 0
11 Orange juice cup S 0.50 120 0 0 0 3 1 0
12 Wheat toast slice S 0.07 65 1 0 1 26 3 3
13
14 Nuitritional Levels 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 > < < 2 2> > 2
16 Nuitritional Requirement 420 20 30 5 400 20 12
17
18 Meal cost
0 ?. » | Giapetto | Diet ~ProdMixInt  ProdMix ~Basic ~Sheet3 #J 1 ;
Ready || 5| 150% (= [ (+
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Solver Parameters

Set Objective: 'meal_cost E|

To: O Max ® Min O value Of: 0 |

By Changing Variable Cells:
| serving EI
Subject to the Constraints:

$E$14 >= $E$16 A |

$FS14 <= $FS16
$6%14 <= $G$16

$H$14 == $H$16 Change
$is14 >= 51516
$1514 »= §)516
$K$14 == $K$16 Delete

[+] Make Unconstrained Variables Non-Negative

Select a Solving Method: Simplex LP El |—|0|:UD'B

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine
for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth.

. [ s | oo
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' Y B—a f Y8 — a ]
— OJAY NU

%
@

Home  Insert

examples - Microsoft Excel

Formulas Data Review

— m| x
c@od=

A0 % 5 I @Y BEEE B EEaI

From From From From Other Refresh Z| Sort | Filter f Tetto Remove Data  Consclidate Whatf = Group Ungroup Subtotal -

Access Web  Text  Sources~ All - .1 Advanced | columns Duplicates Validation = Analysis - -

Get External Data e Sort & Filter B Outline | e
_meaLcost - S =SIUMPRODUCTIserving,cost} i ) i ) ||
A B c D E F G H | J K -

1 Calories Fat Cholesterol Iron Calcium Protein Fiber

2 Breakfast food Service size Unit Cost g mg mg mg g g

3 Bran cereal 0 cup S 0.18 90 0 0 6 20 3 5

4 Dry cereal 0 cup S 022 110 2 0 4 48 4 2

5 Oatmeal 1.0246305 cup $ 0.10 100 2 0 2 12 5 3

6 Oatbran 0 cup S 0.12 a0 2 0 3 8 6 4

7 Egg 0 piece S 0.10 75 5 270 1 30 7 0

8 Turkey bacon 0 slice S 0.09 35 3 8 0 0 2 0

9 Orange 0 piece $ 0.40 65 0 0 1 52 1 1

10 Milk 2% 1.2413793 cup S 0.16 100 4 12 0 250 9 0

11 Orange juice 0 cup S 0.50 120 0 0 0 3 1 0

12 Wheat toast 2.9753695 slice $ 0.07 65 1 0 1 26 3 3

13

14 Nuitritional Levels 420.00 9.99 14.90 5.02 400.00 25.22 12.00

15 2 < < 2 > > 2

16 Nuitritional Requirement 420 20 30 5 400 20 12

17

18 Meal cost

19

i 4 v ] Gispetio | Diet / ProaMix Int  ProdMix //Basic |/ Sheetd /&a K b"'
Ready ES|[C [ 150% (= 0 CN
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Minimize

0.18%x+ 0.22% + 0.10% + 0.12% + 0.10% + 0.09%;, + 0.40%, + 0.16x% + 0.50x, +
0.07x,

Subject to:

90x; + 110x+ 100x% + 90x, + 75% + 35x% + 65% + 100x + 120% + 65%,P
420

6X;+ 4%, + 2%+ 3%, + X5 + X, + X, P 5

20X+ 48x%, + 12%+ 8x, + 30% + 52% + 250% + 3%, + 26%,P 400
3% + 4%, + 5X3+ 6, + TX5 + 2%5 + X7 + OXg + Xg + 3%, P 20

OXy+ 2%, + 3% + 4X, + X, + 3% P 12

2Xo + 2Xg + 2%, + 5¥s + 3% + AXg + XoM1 G |

270% +8xs +12x M € |
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b 1BMILOG CPLEX Optimization Studio

@ OPLProje . % H¥Debug = O
% 7
v 122 diet (Taylor |1l Diet Problem)
~ (3 Run Configurations
» [ Configuration (default)
[ dietmod : CPLEX

P 8 @ %e. = O

(25

File Edit MNavigste Search Run Window Help

[[E dietmod 2

R L T L]
2 * OPL 12.6.2.0 Model

* Buthor: aa

* Creation Date: Sep 7, 2015 at 3:31:45 PM

B A A AR A AR AR [

dvar
dvar
2 dvar

float+
float+
float+

xlr
x2;
®3;

10 dvar float+ x4;
11 dvar float+ x5;
12 dvar float+ x&:
13 dvar float+ x7;
1¢ dvar float+ x8;
15 dvar float+ x9;
16 dvar float+ x10;

189 minimize

13 0.18%x1 + 0.22%x2 + 0.10%x3 + 0.12*%*x4 + 0.10%x5 + 0.09*x6 + 0.40%*x7 + 0.16%*x8 + 0.50*x9 + 0.07+*x10;
20

21% subject to {

2z 90%x1 + 110*x2 + 100*x3 + 90%x4 + 75*%x5 + 35%x6 + 65%x7 + 100%x® + 120%x9 + 65%x10 >= 420:
23 6%x1 + 4%x2 + 2%x3 + 3%*x4 + x5 + x7 + x10 »>= 5;
24 20%x1 + 48%x2 + 12%*x%3 + B%*x4 + 307x5 + 52%x7T + 250%xE + 3*x% + 26*x10 >= 400
25 3*x1 + 4*x2 + 5*%x3 + 6%*x4 + T*x5 + 2*x6 + x7 + 9*x8 + x9 + 3*x10 >= 20;
26 S5*x1 + 2%R2 + I3 + 47x4 + X7 + 3%x10 >= 12;
27 2%x2 + 2¥x3 + Z¥*x4 + S5*x5 + 3¥*x6 + 4%xE + x10 <= 20;
28 270%x5 + 8%x6 + 12#%x8 <= 30;
29}
30
<

= 8
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File

b 1BMILOG CPLEX Optimization Studio

Edit Navigate Sesrch Run Window Help

@ OFLProje . 2 %¥Debug = O
%
v 122 diet (Taylor |1l Diet Problem)
~ (3 Run Configurations
» @ Configuration (default)
[ diet.mod : CPLEX

P 2 /0-va. SeBr.

| Solution with bjective 0.509 v
Name Value
« @ Decision varia
5w 0
o 10 29754
o R 0
) 1.0245
oo o
0¥ o
o xB o
o7 o
o 58 12414
£oox9 o

(25

@ 1items selected

[[E dietmod 2

R L T L]
2 * OPL 12.6.2.0 Model

* Buthor: aa

* Creation Date: Sep 7, 2015 at 3:31:45 PM

B A A AR A AR AR [

dvar float+ xl1:
dvar float+ x2;

2 dvar float+ x3;
10 dvar float+ x4;
11 dvar float+ x5;
12 dvar float+ x&:
13 dvar float+ x7;
1¢ dvar float+ x8;
15 dvar float+ x9;
16 dvar float+ x10;

189 minimize

13 0.18%x1 + 0.22%x2 + 0.10%x3 + 0.12*%*x4 + 0.10%x5 + 0.09*x6 + 0.40%*x7 + 0.16%*x8 + 0.50*x9 + 0.07+*x10;
20

21% subject to {

2z 90%x1 + 110*x2 + 100*x3 + 90%x4 + 75*%x5 + 35%x6 + 65%x7 + 100%x® + 120%x9 + 65%x10 >= 420:
23 6%x1 + 4%x2 + 2%x3 + 3%*x4 + x5 + x7 + x10 »>= 5;
24 20%x1 + 48%x2 + 12%*x%3 + B%*x4 + 307x5 + 52%x7T + 250%xE + 3*x% + 26*x10 >= 400
25 3*x1 + 4*x2 + 5*%x3 + 6%*x4 + T*x5 + 2*x6 + x7 + 9*x8 + x9 + 3*x10 >= 20;
26 S5*x1 + 2%R2 + I3 + 47x4 + X7 + 3%x10 >= 12;
27 2%x2 + 2¥x3 + Z¥*x4 + S5*x5 + 3¥*x6 + 4%xE + x10 <= 20;
28 270%x5 + 8%x6 + 12#%x8 <= 30;
29}
30
<

x2 = 0;
®3 = 1.0246;
x4 = 0;
x5 = 0;
x& = 07
xT = 0;
X8 = 1.2414;
x9 = 0;

= 8

¢ 00:00:00:14
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b IBM ILOG CPLEX Optimization Studio

i >

I@ OPL Projects 32 %5 D

v 122 diet (Taylor lll Diet Problem)
+ {3 Run Configurations
> Configuration (default)
dietmod: CPLEX

i Proble... 52 9=

Solution with objective 0.509
Name Value

~ @ Decision variables

o oxl 0
w x10 3
oox2 0
ooxd 1.0105
ooxd 0
o %3 0
o 6 0
o 7 0
o @ 12395
o x9 0

File Edit Navigate Search Run Window Help
fHelz zis~0-Bl-@-|mEig-i i~ o~ -

=g dietmod 52
=R R e
2 * OPL 12.6.2.0 Model
3 # Buthor: aa
4 * Creation Date: Sep 7, 2015 at 3:31:45 PM
D e R AR EE AR A A A AR E AT
6
7 dvar float+
floatc+
float+
float+
floatc+
float+
floatc+
float+ x&;
float+ x9;
int+ x10;
“minimize
1 0.18*x1 + 0.22*%x2 + 0.10%x3 + 0.12*x4 + 0.10%x5 + 0.09*xé + 0.40*x7 + 0.16*xE + 0.50*x9 + 0.07*x10;
2
21= subject ta {
22 90%x1 + 110%*x2 + 100*x3 + 90*x4 + 75%x5 + 35*%x6 + 65*x7 + 100*x8 + 120%*x9 + &5*x10 >= 420;
23 6%x1 + 4%x2 + 2%x3 + 3%x4 + x5 + x7 + x10 »>= 5;
= 7 24 20*x1 + 48*%*x2 + 12%x3 + B*x¢ + 30%x5S + 52*x7 + 250%*x8 + 3*x9 + 26*x10 >= 400;
la - 25 3%x1 + 4%x2 + 5%x3 + 6%x4 + THxS5 + 2%x6 + X7 + 9%x8 + x9 + 3*x10 >= 20;
z 28 5#%x1 + 2#%x2 + 3%x3 + 4%x4 + xT + 3#*x10 »>= 12;
~ 27 2%x2 + 2*x3 + 2*x4 + 5¥x5 + 3*x6 + 4*x8& + x10 <= 20;
28 270%x5 + 8%x6 + 12%x8 <= 30;
29 )
[2¢ Problems [ Scriptinglog §5 Solutions 2 |72 Conflicts &2 Relaxations %2 Enginelog @ Statistics “ Profiler [§ DOcloud § CPLEXSeners
=1
®x2 =
x3 =
x4 =
x5
P
x7 =
xE =
%9
=10
[

[m] x

= O

”

= 8
B

: 00:00:00:14
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LPSohve IDE - 5.5.2.0 - C:\Users\aa\Documents\lp_solve_models\diet.|p — O X
Eile Edit 53earch  Action View Options Help

D-SEpFEo [0 a &% v

Source Matiix %] Options (£) Result

|+ objective function */
min: 0.18x1 + 0.22x2 + 0.10x3 + 0.12x4 + 0.10x5 + 0.0%x6 + 0.40x7 + 0.16éx8 + 0.50x% + 0.07x10;

/* Variable bounds */
bxl + 4x2 + Z2x3 + 3x4 + x5 + =T + x10 >= 5;

20x1 + 48x2 + 12x3 + Bx4 + 30x5 + 52x7 + 250x8 + 3x9% + 26x10 >= 400;
3xl + 4x2 + 5x3 + 64 + Tx5 + 2x6 + =7 + Sx8 + x5 + 3x10 >= 20;

10
11
12

Sxl + 2x2 + 3x3 + 4xd
2x2 + 2x3 + Zx4 + SmS
270x5 + 8x6 + 1l2x8 <=

+ =7 + 3xl0 >= 12;
+ 3x6 + 4x8 + x10 ==
30;

1
2
3
4
5 S50x1 + 110x2 + 100x3 + S0x4 + 75x3> + 35x6 + 65x7 + 100x8 + 120xS + &5x10 >= 420;
&
7
a8
5

20;

Log

Messages
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LPSohve IDE - 5.5.2.0 - C:\Users\aa\Documents\lp_solve_models\diet.|p — O X
Eile Edit 53earch  Action View Options Help
D-ESH b Emo MR &% v
Source Matix %] Options (#) Result
Constraints  Senaitivity
Y ariables result
0509...
«1 i}
%2 i}
%3 1.024..
x4 1}
pa] 1}
%6 1}
uF 1}
bl 1.241..
%9 1}
#10 2975,
Log  Messages
Excellent numeric accuracy ||*|| = 5.88434e-014 ~

MEMCO: lp solve wversion 5.5.2.0 for 32 bit 03, with €4 bit REAL variables.
In the total iteration count 3, 0 (0.0%) were bound flips.

There were 0 refactorizations, 0 triggered by time and 0 by density.

... on average 3.0 major pivots per refactorization.

The largest [LUSOL v2.2.1.0] fact(B) had 8 NZ entries, 1l.0x largest basis.
The constraint matrix inf-norm is 270, with a dynamic range of 270.

Time to load data was 0.001 seconds, presolve used 0.003 seconds,

... 0.005 seconds in simplex solver, in total 0.009% seconds.

£ >

11 ITE: 2 INV: 2 NOD: 0 TME: 0.01
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' L/ J

LPSolve IDE - 5.5.2.0 - C:\Users\aa\Documentslp_solve_models\diet.lp - [m}
File Edit Search Action View Options Help

Q- b FEE|o |65 &5 v

Source b atri @ Options @ Fiesult

|/* objective function */
min: 0.18x1 + 0.22x2 + 0.10x3 + 0.12x4 + 0.10x5 + 0.0%x6 + 0.40x7 + 0.16x8 + 0.50x% + 0.07x10;

/* Variable bounds */

S0x1 + 110x2 + 100x3 + %0x4 + 75x3 + 35x6 + 635x7 + 100x8 + 120x% + 65x10 >= 420;
oxl + 4x2 + Zx3 + 3xm4 + x5 + x7 + x10 >= 5;

20x1 + 48x2 + 12x3 + Bx4 + 30x5 + 52x7 + 250x8 + 3x9 + 26x10 >= 400;

3xl + 4x2 + S5x3 + 64 + TS + Zxe + x7 + Sx8 + =% + 3x10 >= 20;

Sxl + 2Zx2 + 3x3 + 4mé + xT + 3x10 >= 12;

10 2x2 + 2Zx3 + 2x4 + 5x5 + 3x6 + 4xB + x10 <= Z20;

11 270x5 + 8x6 + 12x8 <= 30;

1z

1z int x10;

Wwom - om e W R

Log  Messages
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LPSolve IDE - 5.5.2.0 - C:\Users\aa\Documentslp_solve_models\diet.lp
File Edit Search Action View Options Help

Q- b FEE|o |65 &5 v
Source Matiix %] Options #) Result

Constraints  Sensitivity

LP Optimal MILF Feasible rezult
0.50935960591133  0.50936974739916 0.509...
«1 a a a

42 a a a

%3 1.02463054187192  1.01050420168067  1.010...
4 a a a

Fia] a a a

Fi] 1] 1] 1]

7 a a a

b 1.24137931034483  1.2394957598315933  1.239..
®3 1] 1] 1]

#10 2.97536945812808 3 3

‘ariables

Log  Messages

Using DUAL simplex for phase 1 and PRIMAL simplex for phase 2.

The primal and dual simplex pricing strategy set to "Devex'.

Relaxed solution 0.50935%605911 after 3 iter is

Feasible solution 0.509369747899 after 4 iter,

Cptimal solution 0.50936574785% after
Excellent numeric accuracy ||*|]| = 0

5 iter,

<

1H ITE: 4 IMV: 4 NOD: 2 TME: 0.01

B&B base.

1 nodes (gap 0.0%)

2 nodes (gap 0.0%).
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Key Take Away =

In university, we were taught how to model and then
solve the problem by hand

n practice, solvers like Excel Solver, ILOG CPLEX and
_PSolvecan find the solution(s) very quickly

t Is important to understand the modeling concepts
and able to formulate the problems correctly

But real-world models are a lot more complex than the
textbook examples

- May have multiple conflicting objectives

- Many (thousands) decision variables and constraints
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Service pyofit

Cost | abor Time

Regulations Laws

Policy
Compliance

Process Safety
Quality Systems
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Choice of Solver ==

The choice of solver depends on the problem size and
the ability to integrate with enterprise system

Excel Solver is recommended for rapid prototyping
and quick-wins
- Demonstrate the concept to users and management
- Can be used if the problem is small
- When all data is local and no database interface is required

IBM ILOG CPLEX is very good for integrating the
solver solution with large enterprise system

. Scalable with powerful database interfaces
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Agenda -

Current Business and Technological Landscaped

' T Al UOEAO %OI 1 OOET T U

) 1 OOT AOGAOEI T O |/ DBAOAOEI T ¢
A Primeron/ POEI EUAOEI T Y

Formulating and Solving Optimization Models

ldentifying Opportunities with Business Values

How to Get Started
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Problem Formulation ==

Problem formulation is the most challenging part in
math programming

Once the problem has been formulated correctly,
putting the problem into solvers is easy

Need to use the correct approach in developing the
mathematical equations of a problem

The more experience we have in problem formulation,
the easier it becomes
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/

The formulation of a
problem is often more
essential than its
solution, which may be
merely a matter of
mathematical or
experimental skill

Albert Einstein
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Recommended Modeling App{gc\

First, must understand the problem well

- e.g. business rules, objective(s), constraints, input data and
output/decisions required

- Talk to the experts how decisions are made without a model
Relatethe problem to the relevant model types
Look at examples of the relevantmodel types

- Many Excel Solver examples are downloadable from Frontline
Systems

- IBM ILOG CPLEX has examples of different complexity

Develop and refine the model until it represents the
problem faithfully
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Additonal Reference W
MOdel BUiIding in H. PAUL WILLIAMS
Mathematical

Programming
H. Paul Williams

- John Wiley & Sons, Ltd.
5th edition (2013

@WILEY
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= Wiley Model Building in Mathematical Programming 5th ed (2013).pdf - Adobe Acrobat Reader DC
File Edit View Window Help

Home Tools Document

B X Q ®@ |« |oim | ©@ &

5 Applications and special types of mathematical
programming model
5.1 Typical applications
1 The petroleum industry
5.1.2 The chemical industry
1.3 Manufacturing industry

Networkikmadgkl: "
Tianspostation probiérem
Assignmentppobletam

Health

Mlmrmmﬁ icﬁst praliléam
Shﬁﬁﬂsitﬁﬁiﬁblbrmn

Econ mlc models

Criticak pﬁﬂl

naty B}S 1S
523 Agglenanon
Network models
5.3.1 The transportation problem
5.3.2 The assignment problem
533 The transhipment problem
534 The minimum cost flow problem
535 The shortest path problem
5.3.6 Maximum flow through a network
5.3.7 Critical path analysis

54  Converting linear programs to networks

598x902in <

Transhipmeait pielienz: .

70
70
71
71
71
72
72

74
80
8l
81
82
87
88
89
93
93
94
98

[ signin

~

Maximunm fiothrough ghnetwork

ork

a— v
A S '

=% Wiley Model Building in Methematical Programming Sth ed (2013).pdf - Adobe Acrobat Reader DC

File Edit View Window Help

Home

Tools

Document

BEQ ®O©  wim © &

[ signin

~

I$els

7 Non-linear models 137
7.1 Typical applications 137
7.2 Local and global optima 140
7.3 Separable programming 147
7.4 Converting a problem to a separable model 153
Integer programmmg 155
l ntroductio) 155
niegerigrammingImode
822 Problems with logical condition: 158
Set mmﬁmblﬂ msis;
8 2. .5 ]l\ problems l6l
Set packil ms:s:
S 162
Enumerative T ucl 163
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The next few pages have pictures
of real-world problems which will
be related to the model types
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Cut into different sizes and shapes and minimize the waste

Cutting stock problem
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