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Optimization Expert System 

Imagination is the beginning of creation. You imagine 
what you desire, you will what you imagine and at last 
you create what you will.

George Bernard Shaw
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Optimization Expert System

General Framework



Optimization Expert System 

The best way to make software 
is to haven’t to do it.



A robot is an artificial agent, meaning it acts instead of a person,
doing things it is designed for.

Robots are usually machines controlled by a computer program or by
electronic circuitry.

The robot can be a physical mechanical mechanism and/or a virtual
software system.

A robot for mathematical modeling is aimed at replacing all the
systematic activities the must perform:

i) The mathematical modeler during the development, testing and
start-up of a mathematical modelling system

ii) The end user in the day-to-day use of mathematical models,
either directly controlled by humans or automatically controlled
based on the principles of artificial hypothalamus.

Robots for Mathematical Modeling 



Optimization Expert System

In artificial intelligence, an expert system is a computer system that
emulates the decision-making ability of a human expert.

Expert systems are designed to solve complex problems by
reasoning through bodies of knowledge, represented mainly as if–
then rules rather than through conventional procedural code.

An expert system is a knowledge-based system that uses a
knowledge-based architecture where the knowledge base
represents facts about the world.

The inference engine is an automated reasoning system that
evaluates the current state of the knowledge-base, applies relevant
rules, and then asserts new knowledge into the knowledge base. The
inference engine may also include abilities for explanation, so that it
can explain to a user the chain of reasoning used to arrive at a
particular conclusion by tracing back over the firing of rules that
resulted in the assertion



1. Standardization & Normalization 
(Easy connection of multiple mathematical models)

2. Expert Optimization Systems 
(Capitalization of the knowledge in optimization)

3. Socialization of basic optimization in final users
(Commercially, optimization in LATAM isn’t real part of 
Advanced Analytics) 

4. Make easy the implementation of complex mathematical 
models

5. Socialization of large-scale technologies to the community of 
mathematical modelers.

6. The large-scale methodologies must be connected in a similar 
way that we connect actually the basic solvers using 
parametrization. 

7. A new look of optimization according to the actual real-world 
technologies: 
• Internet of Things (IoT)
• Industrial Internet of Things (IIoT)
• Smart Metering
• Big Data

The Modern Optimization Requirements



Optimization for the Future

MATHEMATICAL MODELING 

RCADT is working in automatic generation of systems of models 
oriented to build Artificial Hypothalamuses, that implies: 
▪ Asynchronous Parallel Optimization (solving complex model

using parallelization)
▪ Real-time Distributed Optimization (optimization distributed in

many agents that must work coordinated in real time).

INFORMATION TECHNOLOGIES

▪ Automatic generation and maintenance of the data model of the
information system (metadata) of the input/output data of the
models.

▪ Automatic generation of a “smart” graphic user interface to link
the user with de information system, in any type of SQL (Standard
Query Language) server.

▪ All the SQL statement are generated by OPTEX (in the
mathematical then the modeler doesn’t need to know about
information systems.

REMOTE SERVER

▪ Make easy to the users to send the models to a remote
optimization server where the mathematical problem is solved



OPTEX is the result of more than thirty (30) years of experience in
multiple optimization projects applied to real life problems,
developed in several countries, economical sectors and cultures;

Now RCADT share the benefits of OPTEX with the Mathematical
Programming Community.

Where was OPTEX  ?



OPTEX supports all stages of the mathematical modeling process:

▪ Designing Mathematical Models: From MS-WORD (the "natural technology"
for writing algebraic formulation) the mathematical modeler can obtain
computer programs in multiple optimization technologies (like C ANSI,
GAMS, IBM OPL, XPRESS/MOSEL, AMPL, AIMMS, among others) without
carrying out programming activities.

▪ Large-Scale Optimization Algorithms: Only by “filling the blanks” and
activating check-box controls the modeler can generate programs based on
large-scale optimization methodologies. This includes the automatic
generation of stochastic programming models.

▪ Information Systems: As part of the implementation process OPTEX handles
the automatic generation of a common data- model that allows the off-line
integration of all models. Additionally, without programming tasks, OPTEX
generates the screens for data manipulation.

▪ Mathematical Models Store: Based on the vision of mathematical models as a
collection of objects, the modelers can develop their own “equation store”
from which they can build (as a LEGO process) multiple problems that are
used to build the models that integrate the enterprise decision support
system.

▪ Artificial Hypothalamus: OPTEX generates automatically, following the
business rules and the modeler rules, artificial hypothalamuses algorithms to
support Autonomous Real-Time Distributed Optimization (ARTDO).

Using OPTEX the mathematical modelers can think the model and OPTEX will
make the software and guarantees the portability of the mathematical models
between optimization technologies

What is New with OPTEX  ?



OPTEX Mathematical Modeling Framework 

▪ Optimization Information Systems (the components of the model are stored in
tables of an optimization information system). As any relational information its
management is organized, standardized and normalized. This ensures control
of models developed for companies.

▪ Optimization Expert System:
• Capture of knowledge and experience that store the mathematical

components that work correctly in the information system, so that it is not
necessary to rewrite them. The mathematical model is built as a “LEGO”
selecting the proper components (the constraints).

• Capture the knowledge of a series of runs using:
o Benders cutting planes that constraint the optimal-feasible zone based

on previous runs of a model
o Optimal convex hull that resume the optimum response of the complex

components of a system, making the model more “light”.

▪ Robotization: OPTEX writes programs ( “millions” of instructions of source
code) free of errors in the optimization technology selected by the user. This
means shorter development times; changes to a model that works properly
are implemented in minutes/hours.

▪ Freedom: OPTEX approach frees the mathematical model (algebraic
formulation) of the optimization software, which is directly related to
optimization technology like GAMS, AMPL, GMPL, ILOG OPL, MOSEL, C++, R,
PYTHON, … .

▪ Easy to Use: complex models, using large-scale technologies, may be
developed in MS-EXCEL or MS-WORD, filling templates.



Large Scale Optimization Technologies

▪ Large Scale Oriented: OPTEX can write models to be solved using large scale
partition and decomposition methodologies, like Benders & Lagrangean
Relaxation & Cross Decomposition.

▪ Benders Theory: OPTEX incorporates the “main” variation of Benders Theory
(Generalized Benders Decomposition, Combinatorial Benders Cuts, Strongest
cuts, Nested Benders, and so on). The implementation of Benders’ Theory is
parametrized, it implies that the user can selected (customize) the
enhancements of Benders that she/he considered convenient (the options are
based in an extended bibliographical research of real applications using
Benders).

▪ Dual Models: OPTEX writes the models (primal and/or dual) and applied the
enhancements or variations of the technologies.

▪ Dynamic Modeling: for Dynamic Systems, DecisionWare developed the GDDP
(Generalized Dual Dynamic Programing) methodology that speed-up the
dynamic Benders applications; Dynamic Benders modeling, from 1969, it is
based on the concept of L-Shape linear models (known as Nested Benders).
GDDP is applicable to any dynamic model (LP, MIP, NLP, MINLP, NLP).

▪ Cutting Planes Management: Automatic generation and management of
databases of solutions (primal & dual) to generate cutting planes to warm up
the repetitive models and speed-up their solution.

▪ Parallel Optimization: Automatic generation of statements for parallel
optimization (asynchronous or synchronous).

This approach implies that a modeler can change the solution methodology of
large-scale models according to results, in minutes.



COGNITIVE ROBOT 

Cognitive Robots Making Algorithms to Solve Large-Scale Mathematical Problems 

AN EXPERT COMPUTER PROGRAMMER

TRADITIONAL WAY
(LARGE-SCALE IMPOSSIBLE  WAY)

OPTEX WAY



COGNITIVE ROBOT 

Cognitive Robots Making Algorithms to Solve Large-Scale Mathematical Problems 

MULTIPLE
COMPUTER PROGRAMMERS

TRADITIONAL WAY
(SOFTWARE CONTROL IS A BIG PROBLEM)

OPTEX WAY



COGNITIVE ROBOT 

Cognitive Robots Making Algorithms to Solve Large-Scale Mathematical Problems 

EXPERT
COMPUTER PROGRAMMERS

TRADITIONAL WAY
(THE COST OF LABOR CAN BECOME VERY HIGH)

OPTEX WAY



OPTEX ROBOTS MAKING 
OPTEX ROBOTS THAT MAKE OPTEX ROBOTS THAT …

THE FUTURE: MATHEMATICAL PROGRAMMING 4.0



Artificial Hypothalamus 



Optimization Expert System 

Mathematics may be the language with which God has 
written the Human Brain

Mathematics must be the language with which humans 
can write the Organization Brain



Artificial Hypothalamus 

“Most of the things and processes that the humans use have been
totally affected by technology, which has opened up to the human
imagination producing previously unsuspected results; mathematical
modeling should not escape this process; starting from discovering
the mathematical foundations that serve to establish the laws
governing physical, industrial, economic, biological, health, social, …
processes and with them to build mathematical models and
increasingly powerful calculation algorithms; today all the knowledge
and the technology is available to develop an upper level artificial
intelligence that emulates the human intelligence in any type of
human organization, it may be call the organization artificial
hypothalamus.

The power of today's technology is not in the mathematical
calculations that it allows to perform it is in the mathematical
calculations that we can imagine that we can perform.”

Velasquez-Bermudez, Jesus.
Artificial Hypothalamus: Artificial Intelligence and Mathematical Programming Integration.
(Available at SSRN: https://ssrn.com/abstract=3767763)

Video: https://youtu.be/tqMm6svjnPY

https://ssrn.com/abstract=3767763
https://ssrn.com/abstract=3767763
https://youtu.be/tqMm6svjnPY


Artificial Brains 

Mathematics is the language with which God has written the 
Universe".

Galileo Galilei.

Mathematics may be the language with which God has written the 
Human Brain

Mathematics must be the language with which humans can write the 
Organization Brain

Velasquez-Bermudez, Jesus.
Artificial Brains (Augmented Artificial Intelligence):
Artificial Neocortex + Artificial Hypothalamus + Artificial Hippocampus.
(Available at SSRN: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4064851)

https://ssrn.com/abstract=3767763
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4064851
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Management

Integrated Vision of Multiple Optimization Models



Business
Management

ELECTRICITY GAS OIL

Board
of

Directors

Decoupled Vision f Multiple Optimization Models

Decomposing a system in
the atoms that component it
is a definitive step to
understand the operation of
the system based on the
exchange of data that is
generated within the
components
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Management

Enterprise Artificial Hypothalamus

To visualize the real-time
operation of an organization,
similar to how the human
being operates, it must be
accepted that the different
models that represent the
parts of the organization
must act permanently
among them, so that the
organization operates as a
whole.

To do this, a language for
robots must be established
between the models
(algorithms) that involved in
the organization's decision
support system.



Communications Between 
Mathematical Problems (Algorithms, Robots, Agents, … )
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The artificial hypothalamus is the
algorithm that control the
workflow of the models of the
decision support system.

It includes the constraints that
guaranties that the system is in
the optimal path; these are
based on duality theory.

In real time the concept of a
point/trajectory must be
replaced by that of "optimal
path"



OIL 
PRODUCTION 

PIPES TRANSPORT
MULTI-MODE TRANSPORT

OIL
REFINING 

The Hypothalamus of An Oil Organization 



OIL 
PRODUCTION 

MODEL

PIPES TRANSPORT
MODEL

MULTI-MODE TRANSPORT
MODEL

OIL
REFINING 
MODEL

The Hypothalamus of An Oil Organization 
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THE HYPOTHALAMUS OF AN OIL ORGANIZATION 
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The Hypothalamus of A Multi-business Energy Enterprise 
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The Hypothalamus of A Multi-business Energy Enterprise 
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Artificial Hypothalamus: Net of Artificial Neural Nets 



Artificial Hypothalamus: Net of Artificial Neural Nets 



Artificial Hypothalamus: Net of Artificial Neural Nets 



Electricity System and Market Modeling 

Minx cTy + w qw
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INDUSTRIAL 
ASSET
MAINTENANCE

GAS 
ECONOMIC DISPATCH

ETRM
ENERGY TRADING AND RISK 

MANAGEMENT

The Hypothalamus of An Electricity Enterprise

ELECTRICITY
ECONOMIC 
DISPATCH



ELECTRICITY
TRANSMISSION
BUSINESS 

SMART GRIDS
BUSINESS 

ENERGY TRADING BUSINESS  

The Hypothalamus of A Multi-Business Electricity Enterprise 

ELECTRICITY
GENERATION
BUSINESS



Enterprise Wide-Optimization
&

Enterprise Artificial Hypothalamus



Connection Between Models 

The connection between models is given in multiple dimensions:

▪ Temporal: linking two consecutive levels of planning in the
time domain: planning & scheduling and scheduling & real-
time.

▪ Functional: linking two or more models associated with
different functions. For example: traditional S&OP model that
integrates sales and production.

▪ Geographic/Regional: linking the models of multiple regions
of the subsidiaries that make up a global chain.

▪ Multi-business: linking the models that integrate the multi-
business supply chain of an organization. Example: Oil
companies made up of exploration, production, raw transfer,
refining, refining and distribution businesses.

▪ Multisectoral: uniting the models of the multiple sectors that
make up a macro-sector of the economy: Example: Energy
sector composed of the sectors: electricity, gas, oil and
biofuels.



SUPPLY CHAIN DEMAND CHAIN

PRODUCER CONSUMER

Transport & Logistics Chain Optimization

TRANSPORT & LOGISTICS OPERATIONS



Planning Horizon

MO

Condition
Border

MO

LI
Investment Modeling

MO
Monthly Operations

HM
Hour/Minute 
Operations

WO
Weekly 

Operations

DO
Daily 

Operations
WO

STRATEGY
LONG-TERM INVESTMENT

MEDIUM-TERM TACTICS
SHORT-TERM TACTICS
SHORT/MEDIUM TERM 
OPERATIONAL GOALS

SCHEDULING OPERATIONS
OPERATION COMMANDS/ORDERS

REAL-TIME – OPTIMIZATION
ADVANCED OPTIMAL CONTROL

REAL-TIME – DISTRIBUTED OPTIMIZATION
INDUSTRY 4.0 OPTIMAL CONTROL

Hierarchical Coordination of Planning Tools



Frontier
Conditions

Decision
Variables

Frontier 
Conditions
REGION 2

Decision
Variables

QUANTITATIVE
TOOL

REGION N

QUANTITATIVE
TOOL

REGION 1

Frontier 
Conditions
REGION 1

QUANTITATIVE
TOOL

REGION 1.1

QUANTITATIVE
TOOL

REGION 1.K

QUANTITATIVE
TOOL

REGION N.1

QUANTITATIVE
TOOL

REGION N.M

Decision
Variables

Frontier
Conditions

QUANTITATIVE
TOOL

GLOBAL REGION

Global Supply Chain Optimization
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Optimization Models for Industrial Value Chains

OPERATIONS



S&OP: Sales & Operations Planning

TRADITIONAL STATE-OF-THE-ART

S&OP

Production
System

OPTIMIZATION 

Sales
System

(INPUT)

Maintenance
System

(INPUT)

Financial
System

(INPUT)

S&OP

Integration 
Equations

Production
System 

Energy
System 

Maintenance
System 

Sales & Marketing
System 

Financial
System 

Human 
Resource
System 

Distribution
System 

Sourcing
System 



COMMON

DATA MODEL

INFORMATION
SYSTEM

S&OP-HRA
Human Resources

S&OP-DIS
Distribution Planning

S&OP-GSOO
Global Sourcing 

Optimization

DEM
Sales & Marketing

S&OP-ALM
Assets & Liabilities

Management

S&OP

S&OP-ISO
Industrial/Energy

Services

S&OP-PRO
Production

S&OP
Integrated

Sales & Operations Planning

S&OP: Sales & Operations Planning  - Models Integration
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Enterprise-Wide Artificial Hypothalamus



Mathematical Programming 
A Standard for Mathematical Modeling 



If the formulation of algebraic expressions is normalized, it is possible
to have a standard way of representing a mathematical model that
can be understood by another mathematical modeler, making
mathematical programming a standard for formulating this type of
problem.

Additionally, the combination/division of mathematical programming
problems generates new mathematical programming problems,
which can be solved in multiple ways using the same computer
technology.

Therefore, to facilitate the development of models, and take
advantage of modern computer technologies, it is convenient to
establish basic principles of modeling (norms, standards) in order to
enhance the use of models and ensure that they, and their
technological platform, remain in force over time, thanks to
conceiving as a dynamic structure that adapts to changes in
computer technologies.

This implies, prior to the implementation of mathematical models,
establishing a standardization manual that guarantees the
understanding of the mathematical model, by any professional
knowledgeable about the subject. This fact will result in the portability
of mathematical models and the significant decrease in the
implementation time of mathematical models.

Mathematical Programming - Standardization & Normalization



Mathematical Programming as a Standard

MATHEMATICAL 
PROGRAMMING

MATHEMATICAL 
PROGRAMMING

HAVING IN THE MIND THAT  A MATHEMATICAL PROGRAMING (MP)  STORED IN AN INFORMATION SYSTEM IS AN STANDARD; 
THEN IT IS POSSIBLE TO JOIN TWO MP PROBLEMS TO OBTAIN A NEW MODEL. 

MATHEMATICAL 
PROGRAMMING



THE UNION OF MATHEMATICAL PROGRAMMING PROBLEMS GENERATES
A NEW MODEL OR A VARIATION OF AN ALREADY EXISTING MODEL

=+
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Mathematical Programming as a Standard



THE UNION OF MATHEMATICAL PROGRAMMING PROBLEMS GENERATES
A NEW MODEL OR A VARIATION OF AN ALREADY EXISTING MODEL

=+

ELECTRICITY

GAS

ELECTRICITY

&

GAS

Mathematical Programming as a Standard
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THE UNION OF COMPONENTS OF AN INFORMATION SYSTEM  GENERATES 
A NEW CORRECT INFORMATION SYSTEM
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Mathematical Programming as a Standard



THE UNION OF COMPUTER PROGRAMS DOESN’T GENERATE 
A NEW CORRECT COMPUTER PROGRAM
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Mathematical Programming as a Standard



OPTEX CAN GENERATE EASILY A NEW MODEL AS THE ADDITION OF TWO OR MORE MP MODELS 
OR AS VARIATION OF AN ALREADY EXISTING ONE

=+

ELECTRICITY

GAS

ELECTRICITY

AND

GAS

MATHEMATICAL PROGRAMING AS STANDARD 



THE UNION OF COMPUTER PROGRAMS DOESN’T GENERATE A NEW CORRECT COMPUTER PROGRAM

BUT WE CAN MAKE THE PROCESS IN THE DATABASE AND THEN GO TO GENERATE THE NEW PROGRAM  

=+
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Mathematical Programming as a Standard



OPTEX Structured Mathematical Modeling
(Making Mathematical Models as LEGO Models)



Optimization Expert System 

Making Mathematical Models 
as 

LEGO Models



OPTEX Structured Mathematical Modeling

A mathematical model can be conceived as the union of
mathematical components harmoniously integrated.

There are two types of components (objects):

1. Basic Mathematical Definitions:
i. Index
ii. Sets,
iii. Parameter,
iv. Equations (Constraints)

2. Advanced Concepts:
i. Problems
ii. Models
iii. Decision Support Systems
iv. Artificial Hypothalamus

These components can be stored in a relational information
system, it permits their handling in a modular way, following
the principles of relational information systems and use
Structured Query Language (SQL) to manipulate the
mathematical objects.

This conceptualization is independent of optimization
technologies, which allows to separate the formulation of
the mathematical models from their implementation using a
specific optimization technology.



Constraints: The Molecule of a Mathematical Model

CONSTRAINT

The nuclear unit ("the molecule") of a mathematical model is
the constraint (equqtions), which is the result of integrating
various types of atoms:
1. Indexes
2. Sets
3. Parameters

Based on the constraints, more complex mathematical
structures are built:
i. Problems: sets of equations and/or set of problems
ii. Models: sets of problems and/or set of models
iii. Decision Support System: set of models
iv. Artificial Hypothalamus
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Constraints: The Molecule of a Mathematical Model

The nuclear unit ("the molecule") of a mathematical model is
the constraint (equqtions), which is the result of integrating
various types of atoms:
1. Indexes
2. Sets
3. Parameters

Based on the constraints, more complex mathematical
structures are built:
i. Problems: sets of equations and/or set of problems
ii. Models: sets of problems and/or set of models
iii. Decision Support System: set of models
iv. Artificial Hypothalamus



Mathematical Problem: A Set of Constraints
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Based on the constraints, more complex mathematical
structures are built:
i. Problems
ii. Models
iii. Decision Support Systems
iv. Artificial Hypothalamus

Problems are defined based on the set of constraints that
integrate it.

If the modeler has built a database of equations (equations
store) he can assemble as many mathematical problems as
the combinatorics of the constraints that can be assembled.



S&OP: Sales & Operations Planning Problem
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For example, the figure represents a mathematical problem related to
the S&OP (Sales & Operations Planning) that may be constructed
based on eight groups of equations.

1. Production System
2. Energy System
3. Maintenance System
4. Distribution System
5. Sourcing System
6. Human Resources System
7. Financial Systems
8. Sales & Marketing System

The view the systems (groups of equations) that must be included in
the S&OP mathematical problem depends on many factors, so that
there is no "revealed truth" regarding what the S&OP problem is.

Since the equations are defined in a database, the configuration of a
problem is limited to selecting from the "equation store" which are
the ones that the modeler want to consider in the model.
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Mathematical Model: A Set of Problems

Under the traditional approach (the basic) a mathematical
model is defined based on a single mathematical problem
that is solved in an integrated way using an optimization
:solver".

This approach is easy to implement, however it does not
allow the use of large-scale optimization methodologies that
allow solving problems of high complexity using parallel
optimization.

If you want to use high-performance computing
technologies, based on parallel processing, you need to
divide the mathematical model into multiple problems. The
model may be divided to the most elementary components
(atoms) of the physical system, there will be a significant gain
in the solution time and in the understanding of the inner
operation of the system.

To solve the model, it is necessary to define a large-scale
optimization methodology that defines the processing of
information in each problem.
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For example, the figure represents a mathematical model for a multi-
business enterprise, that operates three business: electricity, oil and
gas.

The integrated model of the company will be the union of the three
problems. However, the modularity of the modeling, allows to have
individual models for each business.

In this case, the data communication for the Lagrangean relaxation
methodology is presented.

Large Scal Optimization Model for a Multi-Business Energy Enterprise
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Decision Support System: A Set of Models

A Decision Support System (DSS) must group all
mathematical models, predictive and prescriptive. that uses
an organization.

Therefore, a DSS can be defined by the set of models that it
integrated. Associated with the DSS must be the flow of
information between the models, since it is appropriate that
the output of one model is used as the input of another
models.

The traditional is that these models are used by users in a
"manual" way, except in cases of advanced optimal control
in which the models can run permanently (real-time) in an
infinite cycle of predictive models and prescriptive models.



Supply Decision Support System
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The architecture of a production DSS in an organization is presented
below. It is made up of eight (8) models and the diagram describes
the data flow between models.

Traditionally these models are run with a certain frequency (daily,
weekly, biweekly, monthly, ...) and the implementation of the decisions
depends on the professionals who must validate the results. In some
cases, this validation is automatic.
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Artificial Hypothalamus - Autonomous Real-time Distributed Optimization 

Industry 4.0, intensive in data acquisition (big data) extends
the concept of real-time to "any hierarchy” of decision
making. Generating the concept of Autonomous Real-time.
Distributed Optimization, in which multiple agents
(distributed) cooperate to solve an integral problem of the
organization.

An agent may be a country, a region, a business, an
administrative department.

The models correspond to the same models that are
included in the DSS, but they must be organized following
the principles of the Artificial Hypothalamus, in which
models can run autonomously, activated by an exogenous
event (for example, an earthquake, the failure of an industrial
equipment, … ) or by another model that requires
processing their data.

The Artificial Hypothalamus corresponds to a macro-
algorithm (generated by OPTEX) that coordinates the
activation and solution of the models defined by the
mathematical modeler and by the users of the system.

The models correspond to a set of micro-services
(algorithms) that solve problems/models and produce the
required information, acting simultaneously and
cooperatively.



Artificial Hypothalamus: Net of Supply Models
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Health & Regional Planning Integrated Optimization

If an application is defined, such as the set of tables that
make up the mathematical models database, since it can
contain multiple decision support systems, the next level
of integration is to define an integrated application
(super application) by the joint of multiple basic
applications.

This process can be enhanced by joining the tables of
the two applications and ensuring that the integrity rules
of the relational information systems are met.

In the example, HEALTH integrates with HRPO, this
implies that all models of the two systems can be
integrated through the database (common data model)
and / or by means of equations that integrate a unique
holistic model, this following the principles of structured
mathematical modeling.

This integration is since the management of public
health problem corresponds to regional planning
problem, as experienced during the COVID-19
pandemic.



Models and Data Flow
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There are multiple types of models based on Mathematical Programming (MP) that can be required by an organization, each of them
for specific and complementary purposes; they can be named:
▪ Optimization
▪ Computable General Equilibrium
▪ Statistical and/or Econometric Models
▪ System Dynamics
▪ Synthetic Random Variable Generators
▪ Stochastic Process Modeling
▪ Machine Leaarning Algorithms

Despite their diversity, the different types of models meet a common characteristic: they can be formulated by means of algebraic
expressions typical of mathematical programming, that is, they can all be solved using:
▪ A solver based on the mathematical laws of optimization
▪ A low-level programming language in which the interface between algebraic formulation and mathematical programming solver is 

programmed
▪ A high-level programming language oriented to handle algebraic formulations and interface with the solver

MATHEMATICAL PROGRAMMING SOLVER LOW-LEVEL PROGRAMMING LANGUAGE

GAMS

OPL

LINGO GMPL

HIGH-LEVEL ALGEBRAIC LANGUAGE

Programación Matemática
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OPTIMIZATION EXPERT SYSTEM
Expert systems and cognitive robots that
generate algorithms in multiple optimization
technologies, simplifying the process of
implementing complex and integrated solutions.

OPTIMIZATION INFORMATIC PLATFORM.
Computer platforms that integrate all the
computer aspects required for the
implementation of Decision Support Systems
(DSS). They facilitate the commissioning and
maintenance of DSSs for an organization,
integrating multiple mathematical models,
databases and visualization interfaces.

PROGRAMMING LANGUAGE.
Products oriented to the development of
optimization models, focused on providing the
mathematical modeler with a means to
implement specialized algorithms in certain types
of mathematical problems (linear, non-linear, ... ).
To beat them, large-scale optimization
methodologies are implemented.

OPTIMIZATION SOLVERS.
They are highly specialized products based on
the mathematical laws of optimization. They are
the basis of all mathematical optimization of high
complexity.

OPTIMIZATION

GMPL

Optimization Technologies 
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Large-Scale Optimization Methodologies 
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Making Complex Mathematical Models
Filling the Blanks



OPTEX

Database Algebraic Language
Computer Algebraic Language



Database Algebraic “Language”

OPTEX interprets the implementation of a Decision
Support System as a load of a Relational Information
System converting the mathematical modeling and
the software production in a “filling the blanks”
process.

The Lan-Wan environment makes easy this
simultaneous work of several modelers, using the
power of internet and the database servers.



Database Algebraic “Language”

OPTEX use the same structure to storage all the
mathematical components that define a Decision
Support System.

Then the mathematical modeler can use EXCEL or
WORD to fill the tables that integrate the input of the
Mathematical Modeling Information System (MMIS)



Database Algebraic “Language”

OPTEX Mathematical Modeling Information System
(MMIS) is a data warehouse that contains
mathematical objects, that have been proven in real
models, and that can be used to built new models .

This works in the same way that in object programing,
where to make the software, the programmer can use
objects that work correctly.



Database Algebraic “Language”

OPTEX generates structured programs for each
model, it is error free and easy to understand,
because all description that exists in the data base are
translated to the program.

The multilingual capacity of OPTEX permits
description in multiple languages, then is possible to
have the same model in different idioms.



OPTEX Structured Mathematical Modeling

A mathematical model can be conceived as the union of
mathematical components harmoniously integrated.

There are two types of components (objects):

1. Basic Mathematical Definitions:
i. Index
ii. Sets,
iii. Parameter,
iv. Equations (Constraints)

2. Advanced Concepts:
i. Problems
ii. Models
iii. Decision Support Systems
iv. Artificial Hypothalamus

These components can be stored in a relational information
system, it permits their handling in a modular way, following
the principles of relational information systems and use
Structured Query Language (SQL) to manipulate the
mathematical objects.

This conceptualization is independent of optimization
technologies, which allows to separate the formulation of
the mathematical models from their implementation using a
specific optimization technology.



ALGEBRAIC MODEL

FILLING 
TABLES

PARÁMETROS 

Parámetro Descripción 
Uni 

dad 

Tabla 

Referencia Campo 

CTMItd 
Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td  

$ MAE_TBD CTMI 

CIFAtd,tr 
Costo de inversión asociado al tramo tr si se instala un biodigestor 
con tecnología td  

$ TBD_TCI CIFA 

FCTDud,td 
Factor de ajuste de costos de inversión para la tecnología td en el 

sitio ud 
 UDB_TBD FCTD 

CIMIud,td 

Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td en el sitio ud. Se calcula con base en la siguiente 
fórmula: 

CIMIud,td = FCTDud,td × CTMItd 

$   

CTVBud,td,tr 

Pendiente del tramo tr para el costo de inversión variable de un 
biodigestor con tecnología td en el sitio ud. Se calcula con base en 

la siguiente fórmula: 
CIVBud,td,tr =  

FCTDud,td × (CIFAtd,tr+1 – CIFAtd,tr) / (CALTtd,tr+1 – CALTtd,tr) 

$/m3-
día 

  

CAMItd 
Capacidad de procesamiento mínima de un biodigestor con 
tecnología td. 

m3-día MAE_TBD CAMI 

CALT td,tr 
Capacidad de procesamiento asociada al tramo tr para un 

biodigestor con tecnología td. 
m3-día TBD_TCI CALT 
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ALGEBRAIC MODEL

FILLING 
TABLES

MODEL IN EXCEL

PARÁMETROS 

Parámetro Descripción 
Uni 

dad 

Tabla 

Referencia Campo 

CTMItd 
Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td  

$ MAE_TBD CTMI 

CIFAtd,tr 
Costo de inversión asociado al tramo tr si se instala un biodigestor 
con tecnología td  

$ TBD_TCI CIFA 

FCTDud,td 
Factor de ajuste de costos de inversión para la tecnología td en el 

sitio ud 
 UDB_TBD FCTD 

CIMIud,td 

Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td en el sitio ud. Se calcula con base en la siguiente 
fórmula: 

CIMIud,td = FCTDud,td × CTMItd 

$   

CTVBud,td,tr 

Pendiente del tramo tr para el costo de inversión variable de un 
biodigestor con tecnología td en el sitio ud. Se calcula con base en 

la siguiente fórmula: 
CIVBud,td,tr =  

FCTDud,td × (CIFAtd,tr+1 – CIFAtd,tr) / (CALTtd,tr+1 – CALTtd,tr) 

$/m3-
día 

  

CAMItd 
Capacidad de procesamiento mínima de un biodigestor con 
tecnología td. 

m3-día MAE_TBD CAMI 

CALT td,tr 
Capacidad de procesamiento asociada al tramo tr para un 

biodigestor con tecnología td. 
m3-día TBD_TCI CALT 
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FILLING 
TABLES
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.CSV
FILES

PARÁMETROS 

Parámetro Descripción 
Uni 

dad 

Tabla 

Referencia Campo 

CTMItd 
Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td  

$ MAE_TBD CTMI 

CIFAtd,tr 
Costo de inversión asociado al tramo tr si se instala un biodigestor 
con tecnología td  

$ TBD_TCI CIFA 

FCTDud,td 
Factor de ajuste de costos de inversión para la tecnología td en el 

sitio ud 
 UDB_TBD FCTD 

CIMIud,td 

Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td en el sitio ud. Se calcula con base en la siguiente 
fórmula: 

CIMIud,td = FCTDud,td × CTMItd 

$   

CTVBud,td,tr 

Pendiente del tramo tr para el costo de inversión variable de un 
biodigestor con tecnología td en el sitio ud. Se calcula con base en 

la siguiente fórmula: 
CIVBud,td,tr =  

FCTDud,td × (CIFAtd,tr+1 – CIFAtd,tr) / (CALTtd,tr+1 – CALTtd,tr) 

$/m3-
día 

  

CAMItd 
Capacidad de procesamiento mínima de un biodigestor con 
tecnología td. 

m3-día MAE_TBD CAMI 

CALT td,tr 
Capacidad de procesamiento asociada al tramo tr para un 

biodigestor con tecnología td. 
m3-día TBD_TCI CALT 
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ALGEBRAIC MODEL

FILLING 
TABLES
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.CSV
FILES

PARÁMETROS 

Parámetro Descripción 
Uni 

dad 

Tabla 

Referencia Campo 

CTMItd 
Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td  

$ MAE_TBD CTMI 

CIFAtd,tr 
Costo de inversión asociado al tramo tr si se instala un biodigestor 
con tecnología td  

$ TBD_TCI CIFA 

FCTDud,td 
Factor de ajuste de costos de inversión para la tecnología td en el 

sitio ud 
 UDB_TBD FCTD 

CIMIud,td 

Costo de inversión de referencia mínimo si se instala un biodigestor 
con tecnología td en el sitio ud. Se calcula con base en la siguiente 
fórmula: 

CIMIud,td = FCTDud,td × CTMItd 

$   

CTVBud,td,tr 

Pendiente del tramo tr para el costo de inversión variable de un 
biodigestor con tecnología td en el sitio ud. Se calcula con base en 

la siguiente fórmula: 
CIVBud,td,tr =  

FCTDud,td × (CIFAtd,tr+1 – CIFAtd,tr) / (CALTtd,tr+1 – CALTtd,tr) 

$/m3-
día 

  

CAMItd 
Capacidad de procesamiento mínima de un biodigestor con 
tecnología td. 

m3-día MAE_TBD CAMI 

CALT td,tr 
Capacidad de procesamiento asociada al tramo tr para un 

biodigestor con tecnología td. 
m3-día TBD_TCI CALT 
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biodigestor con tecnología td en el sitio ud. Se calcula con base en 

la siguiente fórmula: 
CIVBud,td,tr =  

FCTDud,td × (CIFAtd,tr+1 – CIFAtd,tr) / (CALTtd,tr+1 – CALTtd,tr) 
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día 

  

CAMItd 
Capacidad de procesamiento mínima de un biodigestor con 
tecnología td. 

m3-día MAE_TBD CAMI 

CALT td,tr 
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biodigestor con tecnología td. 
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OPTEX – Optimization Expert System - Automatic Generated User Interface



OPTIMIZATION 
PROGRAM

CONTROL DIALOG WINDOW

BASIC SOLVER

GUROBI
CPLEX

XPRESS
COINMP

GLPK

OPTEX – Optimization Expert System - Optimization Models Generator



LARGE-SCALE OPTIMIZATION 
PROGRAM

LARGE-SCALE CONTROL DIALOG WINDOW

BASIC SOLVER

GUROBI
CPLEX

XPRESS
COINMP

GLPK

LAGRANGEAN 
RELAXATION

COLUMN 
GENERATION

BILEVEL
PROGRAMMING

BENDERS THEORY

DANTZIG-WOLFE

DISJUNCTIVE
PROGRAMMING

CROSS 
DECOMPOSITION

ASYNCHRONOUS PARALLEL 
OPTIMIZATION

STOCHASTIC 
PROGRAMMING

OPTEX – Optimization Expert System - Large-Scale Optimization Models Generator



OPTEX – Optimization Expert System - Helping to Built Organization Mathematical Hypothalamuses



Optimization Technologies
OPTEX Implementation



Optimization Expert System 

OPTEX supports all stages of the mathematical modeling 
process, designing Mathematical Models from MS-WORD 
(the "natural technology" for writing algebraic formulation) 
the mathematical modeler can obtain computer programs in 
multiple optimization technologies (like C ANSI, PYTHON, 
GAMS, IBM OPL, XPRESS/MOSEL, AMPL, AIMMS, among 
others) without carrying out programming activities. 



ALGEBRAIC
LANGUAGE

SOLVER

C  ANSI 

SOLVER CLOUD  SERVER

CLOUD  LINK

Developing Mathematical Models
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Structured Mathematical Modeling – Basic Components



ENTIDADES COLEGIOS PERUANOS 

ÍNDICE CÓDIGO 
ENTIDAD 
OBJETO 

TABLA 
MAESTRA 

TABLA 
ESCENARIO 

CAMPO 
RELACIONAL 

cu CUR Curso MAE_CUR ESC_CUR COD_CUR 

d DIA Día MAE_DIA ESC_DIA COD_DIA 

se SEC Sección MAE_SEC ESC_SEC COD_SEC 

g GRA Grado MAE_GRA ESC_GRA COD_GRA 

co COL Sede MAE_COL ESC_COL COD_COL 

h HOR Hora escolar MAE_HOR ESC_HOR COD_HOR 

p PRO Profesor MAE_PRO ESC_PRO COD_PRO 

r REC Recurso MAE_REC ESC_REC COD_REC 

tr TRE Tipo de Recurso MAE_TRE ESC_TRE COD_TRE 

s ESP Espacio MAE_ESP ESC_ESP COD_ESP 

me MET Metodología MAE_MET ESC_MET COD_MET 

te TES Tipo espacio MAE_TES ESC_TES COD_TES 

ro ROL Rol MAE_ROL ESC_ROL COD_ROL 

sd SED Macro sedes MAE_SED ESC_SED COD_SED 

al ALU Alumnos MAE_ALU ESC_ALU COD_ALU 

n NIV Niveles MAE_NIV ESC_NIV COD_NIV 

tu TUR Turnos MAE_TUR ESC_TUR COD_TUR 

pa PES Plan de estudios MAE_PES ESC_PES COD_PES 

es ESA Especialidad MAE_ESA ESC_ESA COD_ESA 

rg REG Región MAE_REG ESC_REG COD_REG 

 

Structured Mathematical Modeling - Indexes



CONJUNTOS BÁSICOS 

Conjunto Descripción Tabla 
Campo 

Elemento 
Filtro 

esBLO1(cu) Cursos con Bloques Obligatorios MAE_CUR COD_ESA OBLI=SI 

cuCCO Cursos sin Sección MAE_CUR COD_CUR  

cuCGMU(gr,me,pe) Cursos Unificados -> Grado, Metodología, Plan Estudio CUR_GRA_MET COD_CUR COD_MET=SOLO 

cuCONS Consejería MAE_CUR COD_CUR COD_CUR=CONS 

cuCUH(h) Cursos Prohibidos en Horario CUR_HOR_X COD_CUR  

cCUR Materias MAE_MAT COD_MAT  

dDIA Día - Semana MAE_DIA COD_DIA  

dDPC(cu) Días Prohibidos por Curso CUR_DIA_X COD_DIA  

esESA Especialidades MAE_ESA COD_ESA  

esESC(cu) Especialidad - > Curso MAE_CUR COD_ESA  

roESR(es) Roles - > Especialidad ROL_ESA COD_ROL  

gGRA Secciones MAE_SEC COD_SEC  

grGRS(g) Grados - > Secciones MAE_SEC COD_GRA  

grGRT(tu) Grado - > Turno MAE_GRA COD_GRA  

hhHAN(h) Horas Pedagógicas que se Cruzan HOR_HOR COD_HOR1  

hHOR Horarios MAE_HOR COD_HOR  

hhHSG(h) Horas Seguidas HOR_SEG COD_HOR1  

cuMAC(c) Materia - > Curso MAE_MAT COD_CUR  

cMSC(cu,g) Materia - > Curso y Sección MAE_MAT COD_MAT  

ooORP Roles (alias) ROL_ROL COD_ROL1  

sPAT Patio MAE_ESP COD_ESP COD_TES=PAT 

pePES1 Planes de Estudio MAE_PES COD_PES  

roPRO Roles MAE_ROL COD_ROL  

roRGP2(g) Roles - > Secciones Prohibidas ROL_SEC_X COD_ROL  

roRGR(gr) Roles - > Grados ROL_GRA COD_ROL  

rRTR(tr) Recursos - > Tipo de Recursos MAE_REC COD_REC  

sSAL Espacios MAE_ESP COD_ESP  

gSCE(cu,s) Sección - > Curso y Espacio SEC_CUR_ESP COD_SEC  

ssSFG(s) Espacios ss que Pertenecen a s ESP_ESP COD_ESP1  

gSMC(cu,c) Sección - > Materia y Curso MAE_MAT COD_SEC  

sSPH(h) Salones Prohibidos Horario ESP_HOR_X COD_ESP  

roSRO(oo) Secuencia de Roles ROL_ROL COD_ROL  

meSUN Metodología Secciones Unidas MAE_MET COD_MET SUN=SI 

trTRE Tipo de Recurso ESC_TRE COD_TRE  

tuTUD(d) Turno - > Día TUR_DIA COD_TUR  

tuTUH(h) Turno - > Hora TUR_HOR COD_TUR  

cuTUT Tutoría MAE_CUR COD_CUR COD_CUR=TUTO 
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CONJUNTOS BÁSICOS 

Conjunto Descripción Tabla 
Campo 

Elemento 
Filtro 

esBLO1(cu) Cursos con Bloques Obligatorios MAE_CUR COD_ESA OBLI=SI 

cuCCO Cursos sin Sección MAE_CUR COD_CUR  

cuCGMU(gr,me,pe) Cursos Unificados -> Grado, Metodología, Plan Estudio CUR_GRA_MET COD_CUR COD_MET=SOLO 

cuCONS Consejería MAE_CUR COD_CUR COD_CUR=CONS 

cuCUH(h) Cursos Prohibidos en Horario CUR_HOR_X COD_CUR  

cCUR Materias MAE_MAT COD_MAT  

dDIA Día - Semana MAE_DIA COD_DIA  

dDPC(cu) Días Prohibidos por Curso CUR_DIA_X COD_DIA  

esESA Especialidades MAE_ESA COD_ESA  

esESC(cu) Especialidad - > Curso MAE_CUR COD_ESA  

roESR(es) Roles - > Especialidad ROL_ESA COD_ROL  

gGRA Secciones MAE_SEC COD_SEC  

grGRS(g) Grados - > Secciones MAE_SEC COD_GRA  

grGRT(tu) Grado - > Turno MAE_GRA COD_GRA  

hhHAN(h) Horas Pedagógicas que se Cruzan HOR_HOR COD_HOR1  

hHOR Horarios MAE_HOR COD_HOR  

hhHSG(h) Horas Seguidas HOR_SEG COD_HOR1  

cuMAC(c) Materia - > Curso MAE_MAT COD_CUR  

cMSC(cu,g) Materia - > Curso y Sección MAE_MAT COD_MAT  

ooORP Roles (alias) ROL_ROL COD_ROL1  

sPAT Patio MAE_ESP COD_ESP COD_TES=PAT 

pePES1 Planes de Estudio MAE_PES COD_PES  

roPRO Roles MAE_ROL COD_ROL  

roRGP2(g) Roles - > Secciones Prohibidas ROL_SEC_X COD_ROL  

roRGR(gr) Roles - > Grados ROL_GRA COD_ROL  

rRTR(tr) Recursos - > Tipo de Recursos MAE_REC COD_REC  

sSAL Espacios MAE_ESP COD_ESP  

gSCE(cu,s) Sección - > Curso y Espacio SEC_CUR_ESP COD_SEC  

ssSFG(s) Espacios ss que Pertenecen a s ESP_ESP COD_ESP1  

gSMC(cu,c) Sección - > Materia y Curso MAE_MAT COD_SEC  

sSPH(h) Salones Prohibidos Horario ESP_HOR_X COD_ESP  

roSRO(oo) Secuencia de Roles ROL_ROL COD_ROL  

meSUN Metodología Secciones Unidas MAE_MET COD_MET SUN=SI 

trTRE Tipo de Recurso ESC_TRE COD_TRE  

tuTUD(d) Turno - > Día TUR_DIA COD_TUR  

tuTUH(h) Turno - > Hora TUR_HOR COD_TUR  

cuTUT Tutoría MAE_CUR COD_CUR COD_CUR=TUTO 
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BASIC PARAMETERS

PARÁMETRO DESCRIPCIÓN FUNCIÓN UNIDAD TABLA CAMPO

CANRr

Cantidad de en Set de 
Recursos 

Und MAE_REC CANT

CAPSs Capacidad por Salon Alumnos MAE_ESP CAP

CFROro Costo Fijo por Rol 1 $ MAE_ROL COSTFIJ

HORCc Horas Materia Semanal Hrs/Sem DUR_MAT HORSEM

HORPro Horas Rol Semana Hrs/Sem MAE_ROL MAXHORSEM

MAXCc

Maximas Horas Materia 
por día 

Hrs/día DUR_MAT MAXHORDIA

NSECg

Número de Alumnos 
por Sección 

Alumnos MAE_SEC CANT

RECCtr,cu

Tipo de Recursos para 
Curso 

Und CUR_TRE CANT

Structured Mathematical Modeling – Basic Parameters (Read)
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PARÁMETROS CALCULADOS
PARÁMETRO DESCRIPCIÓN UNIDAD

IMPAc

Horas Materia Semana
Horas Materia Semana

IMPAc =  MOD(HORCc , 2 )

Índices:
c Materias
Parámetros:
HORCc Horas Materia Semanal (Hrs/Sem)

Hrs/Sem

RECMtr,c,g

Cantidad Tipo de Recursos -> Materia y Sección
Cantidad Tipo de Recursos -> Materia y Sección

RECMtr,c,g =  cuMAC(c) RECCtr,cu × NSECg

Índices:
tr Tipo Recurso
c Materias
g Secciones
cu Cursos
Conjuntos:
cuMAC(c) Materia - > Curso
Parámetros:
RECCtr,cu Tipo de Recursos para Curso (Und)
NSECg Número de Alumnos por Sección 
(Alumnos)

Und

Structured Mathematical Modeling – Calculated Parameters



PROBLEMAS 

RESTRICCIONES VARIABLES 

SSODU4 SSO -  SSODU3 + Espacios Iguales Horas Seguidas 
 CONDICIONES DE EXISTENCIA:  ROL: IN           TIPO: PM 

 
   

ACDHc - Asignación Materias a Día Semana y Horario 
APCUd,h,c - Asignación Profesores a Materias y Grado Sección 
APDHd,h,ro - Los Profesores Estan en una Materia a la Vez 
ASCUd,h,c - Asignación Salones a Materias 
ASFEg,h,d - Las Secciones Toman una Materia a la Vez 
ASFFd,h,s - Las Materias se Toman en un Unico Salón 
ASFF1d,h,c - Asignación de Salones Formato Pequeño 
HOBLd,h,c - Horas Asignadas por Bloques 
HOPSro - Horas Máximas Profesores 
MDEFc - Maximo déficit Horas Seguidas por Materia 
MHMDd,c - Máximas Horas Materia Día 
MTUSd,h,c,s - Las Materias se Toman en un Único Espacio 
MTUS1c - Las Materias se Toman en un Único Espacio 1 
NATMd,h,c - Número de Alumnos Por Materia 
RECMd,h,tr - Recursos Máximos 
RPUNc,ro - Profesor Único por Materia 
RPUN1c - Profesor Único por Materia 1 
RTUTro - Profesor Solo da una tutoría 
RTUT2c,ro - Profesor que da Tutoría También da Consejería 
SEROoo,ro - Secuencia de Roles 
SUUBd,h,s - Los Espacios no se Utilizan dos Veces 

AMCGd,h,c - Asignación Horario - Materia por sección y Día de Semana 
APCGc,d,h,ro - Asignación Horario - Rol por Sección y Día de Semana 
ASCGd,h,c,s - Asignación Horario - Espacio por Sección y Día de Semana 
NACUd,h,c - Número de Alumnos por Hora, Materia, y Día 
DEFd,h,c - Deficit de Asignación Bloques Horarios 
PROro - Profesores Utilizados 
ASMc,s - Asignación Espacios a Materias 
REMd,h,tr,r - Recursos por Tipo de Recurso Maximo Utilizado 
PRMc,ro - Profesor - > Materia 

 

 

21
Restricciones

Genéricas

9
Variables
Genéricas

Structured Mathematical Modeling – Variables & Constraints
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Structured Mathematical Modeling – Variables



RESTRICCIONES – MODULO: AULAS 

RESTRICCIÓN DESCRIPCIÓN – ECUACIÓN  VARIABLE 
DISYUNTIVA 

ASCUd,h,c 

 

 

Asignación Salones a Materias 

Asignación Salones a Materias 
 

  sSPC(c) ASCGd,h,c,s - AMCGd,h,c = 0 
 

 dDIA   hHOR   cCHD(h,d) 

 
Índices: 
   d Día 
   h Hoas 
   c Materias 
   s Espacio 
Conjuntos: 

   sSPC(c) Espacio - > Materia 

   dDIA Día - Semana 

   hHOR Horarios 

   cCHD(h,d) Materias - > Hora, Día 
Variables: 
   ASCGd,h,c,s Asignación Horario - Espacio por Sección y Día de Semana (0-1) 
   AMCGd,h,c Asignación Horario - Materia por sección y Día de Semana (0-1) 
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MODELAMIENTO MATEMÁTICO ESTRUCTURADO



GAMS

Structured Mathematical Modeling – Automatic Program Generation



GAMS

sSPC(c) ASCGd,h,c,s - AMCGd,h,c = 0

dDIA hHOR cCHD(h,d)

Structured Mathematical Modeling – Automatic MS-WORD Report Generation



Structured Mathematical Modeling – Advanced Components



PROBLEMS

PROBLEMS
RESTRICTIONS

Structured Mathematical Modeling – Problems



MODELS

MODEL - PROBLEMS

Structured Mathematical Modeling – Models



RESTRICTIONS – MODULO: 

RESTRICTION DESCRIPTION – EQUATION  DISJUNCTIVE 

VARIABLE 

BIEVt,j,hh 

 
DECx1000 

Existencias Máximas de Producto Final más Envase en Centros de Distribución 
 

 

 pPT(j) vPVJ(p j) ICEt,j,p,v,hh + vJV(j) EVJt,j,v,hh  ACEj 
 

 t   jPUN   hhDIM_hh(*) 
 

Índices: 
   t Período 
   j Centro Distribución 
   hh Escenario Demanda 
   p Producto 
   v Envase 
 
Conjuntos: 

   pPT(j) Productos Cerveceros x Centro de Distribución j 

   vPVJ(p,j) Envases x Producto x Centro de Distribución j 

   vJV(j) Envases x Centro de Distribución j 

   jPUN Centros de Distribución (j) 

   hh_DIM_hh(*) Dimension hh <- Escenario Aleatorio 
Parámetros: 
ACEj Capacidad Almancenamiento del Centro de Distribución (UNDx100) 
Variables: 
   ICEt,j,p,v,hh Existencias de Producto Finalizado en Centros de Distribución (DECx10) 
   EVJt,j,v,hh Existencias Envase Vacío en Centros de Distribución (DECx10) 
 

 

 
… 

 
… … 

WHEt,l,hh 

 
Hrs 

Tiempo Trabajado en Línea de Empacado. NO incluye tiempo preparación Línea 
 

 

 HOEt,l,hh + HEEt,l,hh - pLP(l) vLTV(l p) KWEl,v × PCEt,l,p,v,hh = 0 
 

 t   lLN   hh_DIM_hh(*) 
 

Índices: 
   t Período 
   l Línea Envasadora 
   hh Escenario Demanda 
   p Producto 
   v Envase 
Conjuntos: 

   pLP(l) Productos x Línea de Envase 

   vLTV(l,p) Envases x Línea de Envase x Producto 

   lLN Línea de Envase 

   hh_DIM_hh(*) Dimensión hh <- Escenario Aleatorio 
Parámetros: 
   KWEl,v Velocidad de Producción de Línea Envasadora (Hrs/UNDx100) 
Variables: 
   HOEt,l,hh Horas Ordinarias de Producción en Líneas de Envasado (Hrs) 
   HEEt,l,hh Horas Extras de Producción en Líneas de Envasado (Hrs) 
   PCEt,l,p,v,hh Volumen de Envasado de Cerveza en Líneas Envasadoras (DECx10) 
 

 

 

OPTEX generates RTF documents (Rich Text
Format), visible and editable with text editors’
programs like MS-WORD. The RTF contains all
the mathematical formulation included in a
mathematical model. Thus, it guarantees proper
documentation of the implemented models.

Reports include the description of the data
model and the link between the fields of each
table and the sets and the parameters of the
models that are read as input data.

Following, an example of the generated
documentation.

Mathematical Models Documentation  



OPTEX 
User Information Systems



OPTEX

RELATIONAL INFORMATION SYSTEM

OPTEX – User Information System



OPTEX

RELATIONAL INFORMATION SYSTEM

OPTEX – User Information System



Optimization Information System – Case: SPI-UNIVERSIDAD



Optimization Information System – OPTEX Visual Interface
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Optimization Information System – OPTEX Visual Interface



CLASSROOMS

CLASSROOM
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SECTIONS

CLASSROOM
-

CLASSROOM TYPE

CLASSROOM
-

RESTRICTED HOURS

MULTIMODAL CLASSROOMS
-

CLASSROOM SIMPLES

Optimization Information System – OPTEX Visual Interface



MATTERS
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Optimization Information System – OPTEX Visual Interface
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Optimization Information System – OPTEX Visual Interface
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SUPPORT
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SYSTEM

Optimization Information System – OPTEX Visual Interface - Results
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Optimization Information System – OPTEX Visual Interface - Results
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Optimization Information System – OPTEX Visual Interface - Results
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OPTEX Optimization Expert System

LINKING OPTEX – TM1
IBM PLANNING ANALYTICS 
IBM COGNOS ANALYTICS 



Access Server
Connectivity

ODBC

OPTIMIZATION
SERVER

OPTEX-HAI - IBM CPLEX – TM1 – COGNOS – PLANNING ANALYTICS

OPTEX-HAI 
Permanent and Scenarios 

Databases



Access Server
Connectivity

ODBC

OPTIMIZATION
SERVER

OPTEX-HAI - IBM CPLEX-OPL – TM1 – COGNOS – PLANNING ANALYTICS

OPTEX-HAI 
Permanent and Scenarios 

Databases

OPTIMIZATION TECHNOLOGY
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OPTEX Optimization Expert System

LINKING OPTEX – EXCEL



OPTEX-EXCEL-MMS

ALL THE RESULTS IN ONE EXCEL BOOK - AUTOMATICALLY.



OPTEX-EXCEL-MMS



OPTEX Optimization Expert System

LINKING OPTEX 
BUSINESS INTELLIGENCE TECHNOLOGIES



OPTEX Optimization Expert System

LINKING OPTEX 
GEOGRAPHIC INFORMATION SYSTEMS



Optimization Expert System 

"the computer-based mathematical modeling 
is the greatest invention of all times"

Herbert Simon 
Alfred Nobel Memorial Prize in Economic Sciences (1978)

"for his pioneering research into the decision-making process within economic 
organizations”


