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Moderator: Welcome to today's webcast, "Gettirgyt8tl with IBM ILOG CPLEX

Optimization Studio.” You may submit your questialsing the presentation using the Q&A
tab at the bottom of your screen. The presentérawdwer the questions during the presentation
if possible. Otherwise, all questions will be ansykat the end.

Our presenter today is Dr. Jeremy Bloom, Seniod&cbMarketing Manager, ILOG
Optimization. Dr. Bloom has more than 25 yearsudibess experience applying operations
research and optimization. He joined IBM ILOG ir0ZQserving as a technical account manager
and later as Product Marketing Manager for thenogtaition product line. Before that, Dr.
Bloom was a member of the research staff at thetiiddPower Research Institute, a nonprofit
consortium of U.S. and international utilities canting advanced research for the power
industry. While at the EPRI Dr. Bloom both managed served as a technical contributor on a
variety of programs, including planning, marketesmssnent and asset management. Dr. Bloom
taught operations research at Cornell Universigywas educated in electrical engineering at
Carnegie Mellon University and in operations reskat the Massachusetts Institute of
Technology.

At this time I'd like to hand the presentation oiebDr. Bloom so we can get started.
Jeremy?
Jeremy Bloom: Hello, everyone, and thank you damipg us today.

My subject today is to give you a brief introductim the IBM ILOG CPLEX Optimization
Studio, and these are things I'm going to coveayotlve'll talk about the Optimization
Programming Language, or OPL, which is a declagdanguage for specifying mathematical
models for optimization purposes, and it's veryilsinio the mathematical notation that you
would normally see for mathematical programs.

We'll also talk about scripting in OPL, and scmgtiis used for data processing and for flow
control. It's procedural, a complement to the datige OPL language. We'll talk of somewhat
about the OPL interfaces that you can use to degghpications. We'll speak briefly about the
optimization engines that we have, the CPLEX Oménfor mathematical programming and
the CPLEX CP Optimizer for constraint programmimgl @etailed scheduling. I'll talk at some
length about how you develop OPL models, parti¢ylaow you interface OPL models with
data sets. We'll talk briefly about testing andrigrOPL models, and we'll talk briefly about
deployment.

And, as Wendy indicated, if you have questionsrduthe session, please submit them through
the Q&A and I'll try to answer them as we go along.



This diagram shows a broad overview of the IBM ILOBLEX Optimization Studio. There are
basically two layers. There are the model develayrteols, which consist of an integrated
development environment, and the OPL programminguage. And then there are two
optimization engines. The mathematical programnojpigmization engine is called the CPLEX
Optimizer and implements the Simplex method, thegiBamethod and Mixed Integer
programming, and constraint programming enginaliled CPLEX CP Optimizer. For those of
you who are not familiar with constraint programgiit's a technology, a different technology
for doing optimization that's built on artificiaitelligence principles. And we find that constraint
programming and mathematical programming are aftenplementary, since the strengths of
one complement the weaknesses of the other.

Now, the basic interface between the model devedmpitools and the optimization engines is
the ILOG Concert Technology, which is a set of ARIE€++, .NET and Java, and the OPL
programming language is built on top of the Cong@exthnology. You also have the ability to
use the optimization engines through their calléiblaries separately from OPL. And, in
addition to OPL, the CPLEX Optimization Studio pid®s connectors to a number of other
platforms, including Microsoft Excel, MATLAB, AMPland Python. And, although we won't
talk about it today, we also have an enterpriséogepent platform for decision support
applications built on optimization called IBM ILOGDM Enterprise. And I'll talk briefly at the
end about some of the features of IBM ILOG ODM Eptise, but that really deserves a
separate webinar in itself.

Now, the major purpose of using CPLEX Optimizatitndio is to simplify and speed up the
development and deployment of optimization-baseqiegtions. Typically we find two kinds of
people involved in development of these applicatidrhere are optimization experts, who are
trained in operations research and know about maheal modeling and how to formulate
mathematical models that represent business praebkemd there are frequently software
developers involved, who are responsible for the dderfaces, the user interfaces and any other
computer science-type components that are needadén to develop an optimization-based
decision support application.

By using CPLEX Optimization Studio, especially theegrated development environment,
which is built on OPL and on the ILOG Concert Tealogy, you can dramatically reduce the
time to market for developing and deploying optiatian applications, because you can easily
integrate the work of both the software developers the optimization experts.

Let me continue with a brief overview of the coments of the CPLEX Optimization Studio.

We have an integrated development environmentthiese of you who have done programming
perhaps are familiar with the Eclipse platform, amelintegrated development environment in
CPLEX Optimization Studio is built on Eclipse, saviould be familiar to you. It has a graphical
editor for entering and editing OPL models. It aiéoyou review data and solutions in tabular
form. It allows you to use menus and buttons toamd debug your optimization models, and it
has online help for the OPL syntax.



In addition to the integrated development environtnthere's the OPL language itself. This is a
compact language that represents optimization pnogl It has advanced data types that are
specifically designed to implement optimization ralsg and it supports all kinds of
mathematical constraint programming models, incigdinear and quadratic programs with both
guadratic and linear objectives and constraintsi &an use real or integer variables. For
scheduling problems we have special syntax thdilesgou to specify scheduling problems in
terms of interval decision variables with precedeand resource constraints, which I'll talk
briefly about later. You can connect OPL modelsxternal data sources, including relational
databases and Excel spreadsheets, and we provld&®ipt for procedural data processing and
for flow control for things like iterative problesolving, and I'll show you some examples of
that, as well.

Let me talk a little bit about OPL Script. It's mmplementation of JavaScript, and it's a full-
featured scripting language that can be calledl&€iPL model files. And, as | said, it's a
procedural complement to the declarative OPL syrftak data preprocessing and for solution
postprocessing and for flow control you can devgdagedural OPL scripts that will walk your
model through the various steps. Some of the agpies that are for OPL Script include
computing model data from raw input data. I'll shyyw an example of that a little bit later. You
can compute results data from the solution val@iéseooptimization problem. You can solve a
sequence of related problems. And you can implemecdmposition strategies such as column
generation or custom cutting planes for mixed iatggrogramming.

OPL has a number of interfaces that you can usey'fiéhbuilt on the ILOG Concert

Technology, and they link with the CPLEX Optimizéns mathematical programming and
constraint programming. And you can use thesefattes to embed OPL models and scripts into
applications. So you can build an application ie ohthe standard programming languages like
C++ or Microsoft .NET or Java and you can call QBlspecify your model. So you don't have
to generate the matrix separately. You can us®®lelanguage to actually create the
mathematical model and to link it to data sour&sthis is going to be a very efficient way of
doing your development in a declarative languadegh-level declarative language, and
implementing in a standard programming languagel #is is another example of the
relationship between the optimization experts &edsbftware developers.

Now, the CPLEX Optimization Studio allows you eaggess to all of the mathematical
programming and constraint programming enginesatetvailable in the CPLEX Optimization
Studio. For mathematical programming you can shihear and quadratic programs with the
CPLEX Simplex or Barrier Optimizers. You can sohaexed integer linear and quadratic
programs with the CPLEX Mixed Integer Optimizer.ddyou can solve quadratically
constrained problems with CPLEX Barrier and Mixateber Optimizers. For constraint
programming you can solve detailed scheduling rmolslor hard combinatorial optimization
problems with the CPLEX CP Optimizer. And the CPLB}timization Studio provides access
to all of the CPLEX Simplex, Barrier, Mixed Integemd CP Optimizer algorithm settings, so
anything that you could do through the command ¢inthe APIs you can do through CPLEX
Optimization Studio.



Let's talk a little bit about how we develop modatsng OPL. A model is a data-independent
abstraction of a business problem, and it speaifiathematically the key relationships in the
problem. And typically those relationships involu@ices or decisions that have to be made.
There are goals or key performance indicatorsititatate the quality of the decision. What's the
best set of decisions among all the decisions ¢ lpwssible? And not all decisions or
combinations of decisions are allowed, so thereanstraints that represent limits or
requirements or recipes that indicate how the dewsare linked to resources.

OPL allows you to write a mathematical represeatatif your problem that's separate from your
data. So in OPL a project is defined as one or maéel files and one or more data files, and
within a project a run configuration represents@fem instance with a model and a data file,
and you could have multiple run configurations witan OPL project. So, for example, you
might want to have a test data set, a small instahthe problem you want to solve for
debugging purposes, and then a production dataketg the data source is from a relational
database. And all of those could be handled withenCPLEX Optimization Studio, as I'll

explain in a few minutes.

Let's start with an example, and this is a verypsgnproduction example. For those of you have
either the trial or the full version of CPLEX Optiiration Studio, you can load this example
from the Examples tab on the File menu, and itle@groduction.prj. And in this particular
instance a manufacturer has some products he was¢d. And the products could be made in
either of two fashions. They can be made insiddabtry, where production consumes scare
resources and there's a cost per unit to manuéttierproducts, or they can be ordered from
outside the factory. In that case there is no nesousage but there's a higher cost per unit to
purchase the products. And there's a demand condtrat all the demand for the products must
be satisfied, and the goal is to minimize cost. Nibwg is a simple, single period implementation
of the production problem. Within the examples IRLEX Optimization Studio there are
multiple period versions of this problem, as watid there are problems that include more
complex production processes, but this is a vanpld example.

So the first step in specifying an OPL model isiéglare the data, and in this particular instance
the first things we declare are the index setsclwhepresent the set of products and the set of
resources. And these are defined as sets of siriral.is, the strings are the names of the
products and the resources. Now, on the right-Isaelof the equal sign you see three dots.
That's the OPL notation that says you read thia ftam a data file. And so you don't have to
specify the data within the model. The data is lieddom a data file.

The next thing you would specify is the recipe. Hmany units of each resource are required for
each product? This is an array with two indexes @rihe set of products and the other is the
set of resources. And it's a real number. In th&eave use the notation "float" to indicate a real
number. So each entry in this array representarti@int of resource that's required to produce
one unit of each product. And there's a capacigylavle for each resource, or an amount of each
resources that's available. This is, again, amealber array capacity that's indexed over the
resources. And there's amount of product thatsired, which is an array indexed by the
products called "Demand," and again it's a reallmenmAnd then there are the costs per unit for



production inside and outside of each product.hioi$ the data that is required to solve this
problem.

Now, the product in this case could be anythingolild be jewelry. And so what we have here
is a representation of the data file that goes thiih particular model when I'm producing
jewelry. So in this case there are two productgsiand earrings, and there are two resources,
gold and diamonds. And the recipe calls for thneiéswof gold and one diamond to produce each
ring or two units of gold and two diamonds for eaelnring. The amount of resources available,
there's 130 units of gold and 180 diamonds avalalthe demand is 100 rings and 150 pairs of
earrings. And the inside cost to produce the prisguits $250 to produce rings and $200 to
produce earrings. Outside cost is $260 for rings%2v0 for earrings. Now, these are the way
the data would be specified in a data file that itdne associated with the model to create a
problem instance.

But | could also have an alternative data file vehidse products are pasta. So in this case there
are three products -- kluski, capellini and fettnec- and there are two resources, flour and
eggs. And the consumption here is that producingitof kluski requires half a unit of flour and
0.2 units of eggs, and so forth for each of theofroducts. There's a capacity of 20 units of
flour and 40 units of eggs. There's a demand of 200, 300 for each of the three products --
kluski, capellini and fettuccine. And there's asid® and an outside cost to produce each
product.

Now, the important point here is that the modehessame. The model does not depend on the
data. So | specify the model in generic form ohese abstract index sets with parameters for
consumption, capacity, demand, inside cost anddmut®st. And then | can specify two decision
variables, which unfortunately don't show on thides But the two decision variables are the
inside production of each product and the outsideyiction of each product, and they are
specified as nonnegative real numbers, so we haiage linear program here.

The next slide shows the actual specification efrtfodel. The first thing we have is the
objective function. The objective function is tonimize the total cost of meeting the demand.
So it's the sum over each product in the produabfsthe inside cost of producing that product
times the inside production plus the outside cbgraducing that product or acquiring that
product times the outside production. And it's sabjo two constraints. The first constraint is a
capacity constraint on the resources. It saysdohe&esource in the set of resources the sum over
all the products of the consumption of the resotwcehat product times the inside production
has to be less than or equal to the capacity dlaifar that resource. The second constraint is
the demand constraint. It says for each produttterset of products the inside production plus
the outside production has to be at least as geetite demand. So it's a simple linear
programming problem. And, as | said, if you wansée this in CPLEX Optimization Studio you
can find it as production.prj in the Examples lifgran CPLEX Optimization Studio.

Now, this slide shows you what the IDE, the intéggladevelopment environment, in CPLEX
Optimization Studio, looks like. So let's walk tbgh this rather complicated picture and you'll
see how each component is used. Again, this implementation that's based on Eclipse, which



is a well-known integrated development environnfenta number of programming languages,
including Java, and we've adapted it for OPL amdCleLEX Optimization Studio.

So, in the upper left-hand corner, | have the fist is the Project Navigator. And in the Project
Navigator | have a list of all the projects thag present in this work space. In this case there's
only one. It's the production project. And thenttoe production project | have a list of the
models, the .mod files. | have a list of the dd&sf the .dat files. And | have a set of run
configurations, and the run configurations repre#ies pairing of a model with a data file, and |
can run each of the run configurations separately.

The next box below that is the Problem Browser. Pheblem Browser lists all of the data
objects and the solution objects that are presethis model. And | can use that to find out
information about each object. | can inspect edgbad. And | can show them, as I'll show you
in a minute, | can show them in a tabular form.

On the right side | have an outline. The Outlineves the structure of this particular project, and
it shows all of the files that are associated \thih project.

In the center | have an editing area, and I'm shgwn this particular window the text of the

OPL .mod file, the model file, for the productioxaenple that we just talked about. And in this
window | can enter my OPL statements, and there@méext-sensitive help and syntax checking
as you enter the OPL code. | can also display &éte files. And if you look at the top tab very
carefully you'll see that there's also a datagilesent, but because this is not an interactive
presentation | can't actually show you what the die looks like, but it's very simple, as |
indicated before. And we'll talk a little bit moadout data files in a minute.

Finally, at the bottom there's an Output area whiggee are a number of panes, so you can, for
example, see the solution that's produced by theniation Engine. This particular picture
shows some of the statistics of the solution. @nl¢fft-hand side there is a diagram showing the
upper and lower bounds. I'll show you that in m@e&ail in a minute. I'm sorry, on the right, and
on the left are some of the statistics of the smuprocess. You can also see error messages in
this area, and you can see, as | said, the output$cripts.

Let's talk in a little bit more detail about the IOProgramming language and some of its
capabilities. OPL basically has three primitiveadgfpes: integers; real numbers, which are
called floats; and strings. But there are alsaathibity to create a number of complex data
structures, as well. Most importantly are whateaked "tuples,” and tuples are data structures
with multiple fields in it. So in this particulaxample I'm defining a tuple called a Route, and a
Route represents an origin, which is a string,es@nted by a string; a destination, which is
represented by a string; and a product. So thisinaigse in a transshipment model where | have
products that | need to ship between various cities

Now, | can also create sets in OPL, and theseypreally used for indexing decision variables
and parameters. So, there are two ways to spesy. & he first one is to use the keyword
"setof,” and in parentheses is the type, the ggi of the set, so this is a set of strings. And in
this case this set is called "cities.” And, asidl $eefore, the equal sign with the three dots @n th



right represents a command to read data from afitlatahe other way to specify a set is to use
the braces, and so what I'm saying here is | haet af routes, a set of tuples that are of type
Route, and I'm reading those routes, that setuwd€sy from a data file, as well. So, both of these
are equivalent. You can use either syntax in eitbatext.

| can also specify arrays, and | can have one-dsineal arrays or multidimensional arrays. So
in this case I'm representing an array of real reng\bof floats, called "cost," and it's specified
over the set of routes. And, again, I'm readingddi@ from a data file.

Now, | can also create, in addition to parameteran also create decision variables. These are
created, or these are solved, in the optimizatrgire. There are three types of decision
variables. There are integers, there are real nisvarel there are booleans, that is, 0/1 variables
used for indicator variables. And you can indexdbeision variables on either a range or index
set. So in the first example here | have a decigasrable called shipments. It's a real number,
and it's nonnegative. That's what the "float+" ngedmd it's indexed over all of the tuples in the
set of routes. And it's restricted to the rang® td the capacity of the route. In other words, the
decision variable has both an upper and a lowendauthis case.

The second example is an integer decision varizdiled "nTrucks." It's indexed on a range
from one to the maximum number of truck types. Aisg as | said, it's an integer variable.

And the final example is a boolean variable, av@tiable, called "open” which is indexed on a
set of cities. So it might be used in a facilitgdtion problem to indicate whether a facility is
open or not in a particular city.

| can also create what are called decision exmessivhich are combinations of decision
variables and parameters. In this case a decigipression is "shippingCost," which is the total
cost of shipments. It's the sum over all the tupidbe route set of the cost of the route times th
shipment amount along that route. Decision expoessare used in the objective function of the
model, the goals of the model, and we define deciskpressions primarily for readability, but
also if you use ODM Enterprise you can define rpldtidecision expressions and use goal
programming in ODM Enterprise to optimize over acfedecision expressions simultaneously.

Now, one of the most important features of the @#figuage is the ability to specify sparse data
structures, data structures where there's a letngity or zero cells. So let's take an example to
see how this works.

I'm going to create a set of cities, which arengi and there are four cities: PIT, FRA, WIN and
LIF, which | suppose represent airport codes oretbing like that. So there are four cities. So if
| wanted to specify a set of routes among thegesand | didn't have a sparse data structure I'd
have to specify 12 routes. Assuming that there'ante from a city back to itself, each city is
connected to three other cities, so a total ofAll you can see that if | have more cities the
number of elements in the route set specifiedvlagt would grow quadratically. It would grow
as the square of the number of the cities. Soulkdcget very large if you had, for example, 50
state capitals.



But frequently you find in optimization problemsetioute set is fairly sparse. That is, not all
cities are -- not all pairs of cities are connedigaoutes. So another way to deal with this is to
explicitly specify the routes. And | do that by ihéfig a tuple called "root,” which has an origin
and a destination and a product. And then | cath eérom a data file or | can construct in data
preprocessing the set of routes that are presenéinetwork. In this case, there are three routes.
One goes from FRA to WIN and ships rings. Anothes goes from FRA to LIF and it ships
rings. And the third one goes from PIT to WIN anhdhips rings, as well. So, in this case, | only
have three routes in my network, and so | only havead in three data elements to represent
the routes, rather than 12, if | don't use a spageesentation.

| can also use set operations in OPL to calculabseds or slices of the sets. So if, for example, |
want to know what all the origins are, after I'ead in the routes | can then take the origins out
of each route table and collect them togetherangtring, a set of strings, or a set of origins.

And | could also define decision variables overrihgtes, so | can define the shipments over the
routes. And this particularly helps me reduce the ef my matrix that I'm going to be trying to
solve, because | only have entries in the decisaiables when there is a route present in the set
of routes. So if | had a non-sparse representéitidmave to have 12 decision variables in this
case, whereas since there are only three realsrouthis system | only need three decision
variables. And, again, you can see that as | getyalarge model this ability to take advantage

of sparsity can significantly reduce both the antairdata processing and also the amount of
computation in the solver.

Let me go back again and discuss this notion & datl model separation. As | said, in CPLEX
Optimization Studio and in OPL generally data asgeseparate from the model. So, | have a
model file. | specify the model file in terms ofrpeeters that re not known at the time that the
model is created. So in the model file | have ao$ebutes, a set of route tuples that indicate the
routes, and, again, the equal sign with the thoge o it indicates that I'm going to be reading
that data from a data file.

And then | have several possible origins for thiadi I'm just doing testing | might have a
simple text file, which we call a .dat file in OPIlm just reading in the routes, in this case, the
three routes that you saw on the previous slide wBien I'm finished with the testing | might
want to actually work with a much larger data aet] | might want to, rather than explicitly
generating the data as text, | might want to reébin a database file. And so in the .dat file |
can have commands which select the data from aségtand in this case you're actually using
SQL to create the data.

And the point here is that | can switch betweentdéisé data file and the link to the production
database with no changes to the model. The maoaled glentical. Once I've debugged it with a
test data set | can move to production without irdggany changes to the model. And that's
done through the run configuration capability ofLEX Optimization Studio.

In general, there are a couple of different ways gan read data from external sources. One of
the most common ones, especially for desktop agupdias, is to read the data from an Excel
spreadsheet. So this illustrates how a data fileldvbe configured in order to read data from a



spreadsheet. | use an OPL command called "Shee¢Coon" to create a data source called
"sheet,” and | identify the sheet in the file systey its file name. And then | can read the routes
from the sheet using a SheetRead command, anddpeaify the location of that data either by
an explicit range in the database or | can -- bimys in the spreadsheet, or | can have a named
range in the spreadsheet and read the data framadrange.

| can do the same trick with a database, exceadsof using SheetConnection | use another
OPL command called "DatabaseConnection,” or "DB@etian." In this case I'm creating a
database connection called "db." It's an Accessbdae. And the file name is specified. And

then once | have established that database coanédatan then use a DBRead command to issue
an SQL command to the database to return the 8atm this case I'm reading the routes from a
database -- from a table called "Routes," and latem use more sophisticated SQL queries in
this case to capture all of the cities in the mdyeteading both the origins and the destinations
from the Routes table and creating their union.

This slide illustrates this process in databas&eotivity in a little bit more detail. | won't rege
what | just did. But | want to point out that yoarcnot only read data from a database but you
can write data back to the database. And so origheside here is the syntax for creating a
result from a solution of an optimization modeldfL and then putting a data reference in the
.dat file that uses a DBUpdate command with an 8Qthmand to write the data back into the
database.

And | have a similar capability with spreadshebtghis case on the right I illustrate how to
write data from a database. I've got a resulthis ¢ase the solution to the optimization model.
The decision variable is called "shipments,” andn use a SheetWrite command to write the
data back to arrange in the spreadsheet.

So, the data connections are independent of thelmbldey are implemented through a .dat file,
which can either create -- either include datdfiss®etext or commands to connect to a database
or a spreadsheet and specify the location of tteewlhere the data is to be either read from or
written.

Now, | mentioned before that in addition to theligbto solve mathematical programs OPL also
allows you to solve constraint programs. And fongtoaint programs we've developed some
specialized syntax in OPL to enable you to spetfiailed scheduling problems in a compact
fashion.

The first special syntax is to a define a decisianable called an interval. And an interval, in
this case the name of the interval is "job," aretdls one of them for each tuple in a set of tasks.
And | can specify, for example, the earliest dsfiane and the latest end time for that interval, and
| can specify the length or the size of that iné&r®o this is a decision variable that's specified
as an interval.

| can also use what are called cumulative functtormeodel resource usage. So, for example,
suppose | have a limited number of workers. | nteadake sure that | don't have more people
working at any moment in time than | have availabtean create a cumulative function called



"workerUsage" which is the sum over all the taska pulse, and a pulse is a time function
which is 0 outside the interval and 1 inside thterval. And | have a pulse for each job, for each
interval called "job" in the task set. And | calatd the total number of workers by the summing
over the pulses for these jobs. And | can writermstraint that says | cannot exceed the
maximum number of workers available.

And | have other scheduling-specific constructs. &@mple, | can create sequences of
intervals, and | can specify within those intervis first interval that must occur, the last
interval that must occur, and | can specify ordgamong the intervals in that sequence. | can
also use various kinds of intensities to deterntireeusage of resources during an interval. And
there are many, many other features that I'm niviggo talk about today because, in fact,
detailed scheduling deserves a whole webcast ofits You can find some additional
information on our website, including two white pap on how to do scheduling using CPLEX
Optimization Studio.

Okay, I've got a few questions. I'm going to tatme of those questions right now. Question is
can you export the optimization algorithm to Jawde? The answer is yes. I'll discuss that in a
minute.

How do I handle a problem where the number of comtins is high due to many variables and
level for each, especially if they are discretaalaes requiring a large design space sampling?
That's a very complicated question that | dontikhican answer today, but we can get back to
you on that. But OPL has features that enable gqaldce index sets in various dimensions, and
SO you can create rather complex index structinasenable you to officially handle the data.

Are there any reference examples of projects fartgtstic integer programming in CPLEX? |
believe there are. You'll have to look in the adahset of examples in the CPLEX
Optimization Studio example library.

Is it possible to create a dynamic set during itenan which the elements in a set can change
based on some conditions? You can do that usinggeRpt. Again, this is really a question
that's beyond the scope of this presentation,'Ibtitylto get you an answer on that.

What about goal programming? Goal programmingimsgnily a feature of ODM Enterprise,
which has the ability to create multiple objectia®l to either set minimum levels for each
objective or to weight the objectives dynamicalased on user inputs. Within CPLEX
Optimization Studio we don't generally support goalgramming, although you could
potentially use a script to create it.

Does it mean that OPL scripts can be used to sutesprogramming languages like C++ or C#?
The answer is generally yes. OPL scripts are soratmbre restricted in terms of their syntax
and their functionality than C++ or C#, so in maages we find people moving to C++ or C#
when they have a complex set of data processiegraplex flow controls that they want to do.
But for many instances OPL Script is sufficient.



How to retrieve objective values at different tinadsng optimization [inaudible] in OPL. Again,
this question is really beyond the scope of outwdision today, but it is possible using scripts to
interrogate the solution as the solution processg®ds.

Are connections to Excel only for data intercharayegzan Excel formulas be used to perform
calculations alongside ILOG as part of an optimatpplication? The access to Excel
typically is static which means that if you're ggito be doing calculations in Excel you want
those calculations to be done either before the idatad or after the data is written to the Excel
spreadsheet. It is possible using .NET to constnare complicated kinds of interactions with
Excel spreadsheets, but, again, that’s a fairlyaaded topic that I'm not going to discuss about.

Does OPT -- | assume that means OPL -- suppodenteecond order cones? The answer is yes.

Is it possible to solve nonlinear optimization desbs using ILOG CPLEX? Right now CPLEX
solves linear and quadratic programs. You coultbban algorithm based on something like
sequential linear programming to solve linear paogs, but there is no native support in the
CPLEX Optimizers for CPLEX for nonlinear optimizati.

And the final question | have is is the IDE avaliabn Linux? Not today. The IDE is only
available on Windows. However, all the other feesuof CPLEX Optimization Studio, including
OPL, the Concert APIs and the solvers are availableinux.

Okay, let me continue on with my presentation, bjudt wanted to show you a couple of
examples of using scripts. This is the OPL scapguage. So, one of the examples you might
want to deal with is data preprocessing. You hata.dn this case the data is the longitude and
latitude of various cities and the freight rate $bipping products and you want to calculate the
cost of shipping a longer route.

So, the way you do that is to use a script. In¢hse the script is indicated by the keyword
"execute" followed by a block of code enclosedrniades. And in this case the name of the script
is INITIALIZE. And | define some local variablesd difference in longitude and latitude. And
then I loop through the routes using a for loom #ms is very similar to anybody who's used
Java or JavaScript would recognize this one. lutale the differences between the longitude
and the latitude of the organization and the dastn city in that route, and then | calculate the
distance between the two cities as the sum ofdharss of the differences in longitude and
latitude, take the square root, multiply it by fheight rate for that route, and | calculate thstco
So this is an example where the data is not exactlye format or the units that you need, and
you can use an OPL script to calculate the data.

The next example is a flow control example. Sdhis particular case I've got a model and |
want to solve it repeatedly for different freightes for shipping a product. So, the flow control
script is indicated by the keyword "main," and bheck of code is enclosed in braces after that.
There are several steps to this. The first istialize the project by identifying the model, the
model definition and the data elements. And | a¢sal the base value of the freight rate from the
data file.



Then | have a for loop, again familiar to those ydw program in C++ or Java. | loop over, in
this case, 10 times through this example. | rdsetriodel. | change the freight rate in the data
file. | generate the model and solving it using ERL.and then | write out the objective function
value. And then | increment the freight rate by tiplying it by 1.1, and | do this 10 times. So
this might be an example where I'd want to do sisigity analysis of a different set of ranges
for the -- or a range of different values for theight rate.

Let me move on now to the next part of the presiemawhere I'm going to talk a little bit about
tuning and testing of OPL models. And I'll covemamber of topics. The first one is I'll talk
about how you can use the debugging features oE&GRDQptimization Studio in model
development. Then I'll talk about some executiagitrg. And finally I'll talk about the ability to
export data for testing.

So, let me show you how you would see a tabulaw wikyour data or your decision variables in
the integrated development environment. So inghrsicular case I've selected the decision
variable Inside from the Problem Browser, whiclbmsthe lower left, and you can see it's
highlighted. And in this particular example thisisnulti-time period version of the production
problem we talked about earlier.

So the Inside production has two indices. It'sgiegluct and the period. And you can see in the
table on the right that I've got a row for each boration of the product and the time period.

And then the first column after the indexes shoms the value of the decision variable. The
second one shows you its reduced cost. And the ¢ime shows you its range -- that is, the range
over which this variable can change without chaggive optimal basis. So this is the kind of
sensitivity analysis you might want to do. Anday$ out as a table, so that you can actually see
the individual values and identify where they ar¢he solution matrix.

Another function that | can do is | can expand t@asts. So if | have complex index structures
on my constraints it's sometimes hard to see holvi®Ereating the actual constraint structure.
So what this tabular view allows you to do is fbals you to expand the constraints, and in this
case | have a constraint on resources, which isdhstraint we talked about before, except it
has a multi-period version. So the first two colsname the indices, the resource and the period.
And then the third column is the actual constrtiat you -- that OPL generates for that resource
and that time period. And the next column showssthek, and the final column shows the dual
value for that constraint. And | can expand orajudle the levels in the constraint so that | can
see generically what they look like. At the lowlkestel | can see each individual product or each
individual period, but I could also just look atkandividual product across all periods.

| have another question here. Could | please eddba@an how CPLEX can be used for modeling
rapid deployment for distributed real-time compiata® Again, that's a fairly complex topic that
I'm not going to deal with in detail today. Howeyjeist want to point out that with the CPLEX
Optimization Studio | have the ability to use tB¥=Ito do both detailed debugging and also
looking at the individual processes which are imedlin generating and solving the model, and
so some of those features can be used to deatlisitibuted real-time computations. And I'll
defer to get you an answer from one of our exgertiscuss that in more detail.



The next slide shows my ability to trace executi®a, this is a situation in which I'm solving a
mixed integer program. The graph on the right shilvesupper bound and the lower bound, and
it shows them converging together. The table ondfiesshows some of the statistics of the actual
solution process. | can pause execution in the lmidfithe solve process. | can examine the
current solution. And | can determine whether | titarcontinue or stop where | am, so | can
actually look at the model and the solve procesisdmtermine whether I'm close enough and
how much more time I'm willing to expend to solte model.

Let me talk briefly about some of the deploymertiays you have. There are two key
deployment options. One is | actually can compile ®PL model and create code that is
compatible with C++, Java or Visual Basic. And'mh Inot going to change the model, then the
application can be deployed as a C++, Java or .Aftplication. | can also use the OPL model in
an interpreted fashion, which takes a little bitrenbme, but if I'm going to be changing the
model frequently then | don't want to compile itdaso | can use the application with interpreted
model files. And, again, | can deploy it as a Cdava or .NET application.

So, the way we recommend doing rapid applicatigpiadenent is to develop the model using

the CPLEX Optimization Studio in the IDE, maintaigimodel and data separation, and then use
the OPL interfaces, that is, the APIs, in C++, Jawvthe .NET languages, to create an
application. | can integrate external data, agaymeading through the OPL data file or by
creating objects in the API. And then | can degloy application and use it wherever | want.

You can link with the solvers. You can use all thethematical programming solvers in the
CPLEX Optimizers or the constraint programming CRLEP Optimizer.

Another option is to use IBM ILOG ODM Enterprisehi§ is a deployment platform that
provides much of the functionality that businessrasieed to see in an optimization application,
and it allows you through menus and so forth tatedusiness user-friendly applications
without a lot of coding. It has flexible tabulardachart views of both data and solutions that are
provided out of the box. They require no codinguYan access multiple data sources. You can
have multiple objectives and do goal programming.

The business user can actually modify data comésrand business rules. They don't have to
understand the underlying optimization model ineorid do that. They can relax constraints. It's
very useful when there are problems that coulchfeasible, especially if the infeasibility is due
to data rather than a structural infeasibility, dese they can relax constraints and diagnose
what's causing the infeasibility, so you never epavith a situation where | can't get a solution.

You can create and compare what-if scenarios, wikickually very important in establishing

the credibility of the model for the business u¥aru can have multiple users collaborating on
the same decision support application. And youstgport decision process with operations
research and information technology experts orn@esor reviewers. And when you have a

very large computationally intensive solve proogss can actually put the solve process on a
server separately from the database servers apipiecation server so that you can segregate the
computational burden to a specific server. So thesesome of the advantages of using IBM
ILOG ODM Enterprise.



Just finally I'd like to review some of the featsia® CPLEX Optimization Studio, and it's a
powerful, graphic, integrated development environntleat allows you to enter models and data;
organize projects with multiple models and multigéga sources; allows you to debug these
applications; you can visualize data and solutianst you can control the optimization using the
parameters, the settings for the optimization ezgyitYou have an expressive OPL modeling
language and scripting language that can speaiati, quadratic and constraint programming
problems with continuous or integer decision vddapand specialized syntax for specifying
detailed scheduling problems.

You have access to the best-in-class solver teogred, the IBM ILOG CPLEX Optimizers and
the IBM ILOG CPLEX CP Optimizer. You have accessnaltiple data sources, including
databases and spreadsheets. And you have OPlagdsithat can accelerate the application
deployment.

If you're interested in downloading a trial, I'vieen you the address on our website where you
can download the trial. You can look at the modwhky, which ships with the product, and you
can try out the various examples. We also offedpeb training, and we have a couple of ways
of getting additional assistance, including our sithand email or telephone. So this
information you can use to get access to what we.ha

Thank you for your attention.
Let me see if there are any additional questionlsvegill end up here.

| think I've answered all the questions, so if y@ave any additional questions please enter them
now and | will try to answer them.

Okay, | have a few more questions here.
Okay, hang on, let me get the -- okay, so let niesgme of these questions. Can you export the
optimization algorithm to Java code? You cannofeiihe optimization algorithm. You can

export the model and the data to Java and youalathe optimizers.

Is there access to cloud computing? Not at prebenit's something we're considering
implementing.

Once deployed in Java, do you need a license ta?0fou need a license for the Optimization
Studio. Once you have the Optimization Studio yan deploy it.

How can we use initial solutions? Well, CPLEX hlas &bility to specify in advance starting
solution, and you can certainly access that thrabghDE in the CPLEX Optimization Studio.

Is there an ODBC connection with a 64-bit versibd@n't know the answer to that question.
We'll try to get the answer for you.



We have a license to use CPLEX callable and Cotibeaty. Do we need an additional license
to try CPLEX Optimization Studio? Depends on tleerise that you have right now, but
generally speaking we've been upgrading all ofomstomers who have previous CPLEX
licenses to CPLEX Optimization Studio. But you'd/@#o talk to your specific rep to determine
what the requirements are.

How do you decide that matrices are too sparsenuwdease tuples or some [inaudible] construct
other than matrices? That's something that comisexperience in working with a model and
with OPL. So we can give you some training and sgmdance on that. There's actually a white
paper on our website called "Efficient ModelinghfEPLEX Optimization Studio” which gives
you some guidance on that one.

Can you do dynamic programming to optimize the fiams for time and optimize the example -
- for example, the commodity versus time in theigoh? You can do dynamic programming if
you can formulate it as a linear program, and tlaeeesome standard ways of converting some
dynamic programs to linear programs that you can us

Can CPLEX use multicore hardware? Yes, CPLEX hasiléicore version which is a standard
part of the distribution package of CPLEX OptimiaatStudio.

Can Optimization Studio generate an MPS file fer tatrix? Yes.

| have an n by n matrix where the indices are r-ld@ave an n by n matrix where the indices are
decision variables? No, that's not a linear problend, as | said, the CPLEX Optimization
Studio handles linear and quadratic problems.

Can we import a model written in new math prograngrinto OPL? Generally not. There's no
automatic way to do that. You'd have to transhate i

How can we store and see each of multiple solutiatisthe same best objective function value
or next best values? | believe you could probably ai script to do that. You would create an
array to store each of the solution values. Bujraghis is sort of an advanced topic, so we'd
have to get some expertise to discuss your speeijigirements there.

And | think that's all the questions that | havet me hit refresh again to see.

White paper, please. The white papers, you camufgo to the optimization website on
IBM.com, we have a library and there are white psypieat you can download there.

For complex modeling and solving with lots of fl@entrols and sensitivity analyses, should
someone who wants to use CPLEX come with a mirtis¢the or she needs to learn a
programming language like C++ or C# since OPL ssggem to have a limit? It's been my
experience that if you want to do complex solveancies are you need to know a programming
language like C++ or C#. It is possible to do agaeal with OPL and OPL Script, but OPL and
OPL Script have their limits, and at some poittatomes much more effective to use a more
standard programming language.



If we have AIMMS development licenses do we alseen@PLEX development licenses
automatically? That depends on the purchase thaweganade from AIMMS, so you have to
contact either AIMMS or an ILOG sales rep to detemthat.

| have experienced OPL to be slow when | use ORIpSo loop in a set of tuple. Any reason
for that? Like any programming languages, theraraficiencies in the way scripts are
formulated, and you have to look very carefullyhatv the script is being implemented. My
recommendation is you can either contact our fwelpexperts, and maybe they'll take a look at
it and let you know.

Let me see if there are any other questions here.

What's the difference between the development ladéployment license? Development
licenses are used for developing an applicatiorteGmou have the application completed and
you want to use it in an environment, in a produtgnvironment, you need a deployment
license to do that.

Can CP and MP be used together for solving prol®?evies, and there are in fact a number of
examples in the example library where they're usgdther.

Your phone number again, please. Let's see. CayetMaack there? There's my email address.
Any expectation when Linux or Mac OSID availablegah't say.

Let's see. | think that's it on the questions.

So, again, thank you very much for your time. Wainlittle bit over, but hopefully you got
something out of it. Again, there's my email addré&u can also contact us through our
website, which is the optimization website on IBbhtg and we'll be happy to answer your
guestions.

Wendy, anything from you?

Moderator: No, that's it. Thank you, Jeremy, drahk you to all the attendees, as well. We
know you all have busy schedules, and we appregmatespending the time with us. If you
didn't get a direct answer to your question, vaslour best to follow up with you one on one
once the presentation is over.

And that concludes our presentation for today. \{derecord this presentation, and everybody
will receive a URL for an on-demand viewing, anslaal believe from the screen that you're on

now you can download the presentation.

So, thank you. That concludes our presentatiotoftety. Goodbye.



