big m method solver

big m method solver is a specialized computational tool used in linear programming to address
problems involving artificial variables. This method is particularly important when dealing with linear
optimization problems that include constraints not easily converted into standard form. The big M
method solver applies a large penalty coefficient to artificial variables to ensure their exclusion from the
optimal solution, thereby facilitating the identification of feasible and optimal points. Understanding how
this solver functions, its algorithmic steps, and its practical applications is crucial for professionals
working in operations research, optimization, and decision science. This article explores the big M
method solver in depth, covering its theoretical foundation, implementation process, advantages,

limitations, and examples of its use in solving complex linear programming problems.
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Understanding the Big M Method

The big M method is an extension of the simplex algorithm designed to handle linear programming
problems that include artificial variables. These artificial variables typically appear when the constraints
of a problem cannot be immediately expressed in canonical form, such as when dealing with equality
or greater-than constraints. The "big M" represents a very large positive number used to penalize

artificial variables in the objective function. By assigning this large coefficient, the solver effectively



discourages the inclusion of artificial variables in the final solution, ensuring that they are driven to zero

during the optimization process.

Background and Purpose

Linear programming problems often require all constraints to be expressed as equalities with non-
negative variables for the simplex method to be applicable. However, certain constraints defy
straightforward conversion without introducing artificial variables. The big M method was developed to
integrate these artificial variables into the optimization framework without compromising the solution's
integrity. By embedding a high penalty cost within the objective function for these variables, the solver

prioritizes solutions that exclude them, thus preserving the feasibility and optimality of the problem.

Relation to Other Methods

The big M method is closely related to the two-phase simplex method, another technique that
addresses artificial variables. While the two-phase method solves the problem in two distinct
steps—first minimizing the sum of artificial variables and then solving the original objective function—the
big M method incorporates the penalty directly into a single-phase optimization. This integration can

simplify computation but requires careful selection of the M value to avoid numerical instability.

How the Big M Method Solver Works

A big M method solver operates by modifying the original linear programming problem to include
artificial variables with large penalty coefficients in the objective function. The solver then applies the
simplex algorithm to this modified problem. The goal is to minimize or maximize the objective function

while forcing artificial variables out of the basis, effectively removing them from the solution.

Formulating the Problem

To begin, the solver converts all constraints into equalities by adding slack, surplus, and artificial
variables as needed. Atrtificial variables are introduced for constraints that cannot be satisfied by slack
or surplus variables alone. The objective function is then adjusted by adding or subtracting M times

each artificial variable, depending on whether the problem is a maximization or minimization. This



adjustment biases the solver against solutions containing artificial variables.

Choosing the Value of M

The choice of M is critical for the solver’s performance. M must be sufficiently large to ensure that
artificial variables are penalized heavily, but not so large as to cause computational difficulties such as
floating-point errors or convergence issues. In practice, solvers often use a value of M that is
significantly greater than the sum of the absolute values of the coefficients in the objective function or

constraints.

Iterative Optimization

Once the modified problem is set up, the solver runs the simplex algorithm iterations. During these
iterations, the solver performs pivot operations to improve the objective function value while gradually
driving artificial variables to zero. If the solver succeeds in removing all artificial variables from the
basis, it indicates that the original problem is feasible and the current solution is optimal or near-
optimal. Conversely, if artificial variables remain positive in the final solution, the problem is deemed

infeasible.

Step-by-Step Process of the Big M Method

The big M method solver follows a systematic procedure to solve linear programming problems with

artificial variables. This section outlines the key steps involved in the process.

1. Convert all constraints into equalities by adding slack, surplus, and artificial variables.

2. Modify the objective function to include penalty terms involving the artificial variables multiplied

by the large number M.
3. Set up the initial simplex tableau incorporating all variables and the adjusted objective function.

4. Perform simplex iterations to pivot and improve the objective value, targeting the removal of



artificial variables from the basis.

5. Check the final solution for the presence of artificial variables. If they are zero, the solution is

valid; if not, the problem is infeasible.

Initial Tableau Setup

The solver creates an initial simplex tableau representing the system of equations and the objective
function. Artificial variables are included with their corresponding big M coefficients, ensuring they

affect the objective function significantly.

Pivot Operations

Pivoting involves selecting entering and leaving variables to improve the objective function value. The
solver carefully chooses these variables to maintain feasibility and reduce artificial variables. Each

pivot moves the solution closer to optimality.

Termination Criteria

The iteration continues until no further improvement in the objective function is possible or when
artificial variables are eliminated. The solver then interprets the final tableau to extract the optimal

solution or to identify infeasibility.

Applications of the Big M Method Solver

The big M method solver is widely used in various fields where linear programming problems with
complex constraints arise. Its ability to handle artificial variables makes it indispensable for solving

real-world optimization challenges.

Operations Research

In operations research, the big M method solver assists in resource allocation, production scheduling,



and transportation planning where constraints often include equalities or inequalities that require
artificial variables. The solver ensures feasible and optimal solutions that adhere to operational

restrictions.

Supply Chain Management

Supply chain problems frequently involve constraints that are not straightforward inequalities, such as
capacity or demand fulfilment equalities. The big M method solver helps model these constraints

effectively and find cost-minimizing or profit-maximizing solutions.

Financial Optimization

Portfolio optimization and capital budgeting problems sometimes require equality constraints or
complex bounds. The big M method solver facilitates incorporating these requirements into linear

programming models, ensuring viable investment strategies.

Engineering Design

Design optimization problems, such as minimizing material usage subject to strength or safety
constraints, benefit from the big M method solver’s ability to handle artificial variables. This enables

engineers to find optimal designs that meet all critical specifications.

Advantages and Limitations

The big M method solver offers several advantages in linear programming but also comes with certain

limitations that must be considered when selecting an optimization technique.

Advantages

¢ Unified Approach: Integrates artificial variable handling within a single-phase simplex process.

» Flexibility: Applicable to a wide range of linear programming problems with complex constraints.



¢ Conceptual Simplicity: Easy to understand and implement compared to more elaborate methods.

» Direct Penalization: Ensures artificial variables are excluded from the optimal solution through

penalty terms.

Limitations

Choice of M: Selecting an appropriate big M value can be challenging and may cause numerical

instability.

Computational Issues: Very large M values can lead to rounding errors and slow convergence.

Potential for Infeasibility Masking: If M is not sufficiently large, artificial variables may remain

positive, misleading the solver.

Less Efficient than Two-Phase: In some cases, the two-phase simplex method may be more

stable and efficient.

Frequently Asked Questions

What is the Big M method in linear programming?

The Big M method is an algorithm used in linear programming to solve problems with artificial
variables. It introduces a large positive constant M to penalize artificial variables in the objective

function, ensuring they are driven out of the solution to find a feasible optimal solution.



How does the Big M method handle artificial variables in a linear
programming problem?

The Big M method assigns a very large coefficient (M) to artificial variables in the objective function.
This large penalty discourages the artificial variables from remaining in the optimal solution, effectively

forcing the solver to find a solution without them if one exists.

When should | use the Big M method solver instead of the Two-Phase

method?

The Big M method is typically used when you prefer to solve the linear programming problem in a
single phase by incorporating artificial variables with large penalties in the objective function. The Two-
Phase method, on the other hand, solves the problem in two separate steps. The choice depends on

problem complexity and solver implementation preferences.

Can the Big M method cause numerical instability in solvers?

Yes, using an excessively large value for M can cause numerical instability and inaccurate solutions
due to floating-point arithmetic errors. It is important to choose a sufficiently large but not excessively

large value for M to balance penalizing artificial variables and maintaining numerical stability.

Are there software tools that implement the Big M method solver for
linear programming?

Yes, many linear programming solvers and optimization software, such as MATLAB, LINDO, and
specialized simplex solvers, implement the Big M method either directly or as part of their simplex

algorithm options for handling artificial variables and finding feasible solutions.



Additional Resources

1. Linear Programming and the Big M Method: Theory and Applications

This book offers a comprehensive introduction to linear programming with a strong focus on the Big M
method. It covers the mathematical foundations and step-by-step procedures for implementing the Big
M method to solve various optimization problems. Readers will find numerous examples and practice

problems that illustrate the practical applications of this technique.

2. Optimization Techniques: The Big M Method Explained

Designed for students and professionals, this book demystifies the Big M method in the context of
linear optimization. It explains how to formulate constraints, introduce artificial variables, and choose
an appropriate value for M. The text is supported by case studies and algorithmic insights that

enhance understanding and problem-solving skills.

3. Operations Research: An Introduction to the Big M Method

This introductory text presents the Big M method as a vital tool in operations research. It discusses the
method's integration with the simplex algorithm and addresses common challenges encountered when
applying it. The book also includes historical perspectives and modern variations to provide a well-

rounded understanding.

4. Practical Linear Programming with the Big M Method

Aimed at practitioners, this book focuses on the practical implementation of the Big M method in real-
world scenarios. It offers guidance on software tools and coding strategies to automate the solution
process. Readers will benefit from detailed walkthroughs of complex problems and tips to avoid

numerical instability.

5. The Big M Method in Optimization: Concepts and Case Studies

This volume delves into advanced concepts related to the Big M method, including its strengths and
limitations. It features a collection of case studies from industries such as logistics, manufacturing, and
finance. The analysis helps readers appreciate the method's versatility and identify situations where

alternative approaches might be preferable.



6. Mathematical Programming: The Big M Method and Beyond

Covering a broad spectrum of mathematical programming techniques, this book dedicates a significant
portion to the Big M method. It contrasts the Big M approach with other methods like the two-phase
simplex, providing insights into their comparative efficiency. The text is enriched with proofs, examples,

and exercises to deepen comprehension.

7. Applied Linear Optimization: Mastering the Big M Method
Focusing on applied optimization, this book teaches readers how to master the Big M method through
hands-on examples. It includes tutorials on problem formulation, sensitivity analysis, and interpreting

results. The accessible writing style makes it suitable for both beginners and experienced analysts.

8. Big M Method and Artificial Variables in Linear Programming
This specialized book centers on the role of artificial variables introduced by the Big M method. It
explains the theoretical justification for their use and the impact on solution feasibility. The text also

discusses numerical considerations and strategies to select the parameter M effectively.

9. Advanced Linear Optimization Techniques: Exploring the Big M Method

Targeting advanced students and researchers, this book explores cutting-edge developments related
to the Big M method. It covers algorithmic enhancements, computational complexity, and integration
with modern optimization software. Readers will find detailed mathematical analysis and discussions

on future research directions.
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Numerous applications.

big m method solver: Scientific Computing in Chemical Engineering II Frerich Keil,
1999-05-19 The application of modern methods in numerical mathematics on problems in chemical
engineering is essential for designing, analyzing and running chemical processes and even entire
plants. Scientific Computing in Chemical Engineering II gives the state of the art from the point of
view of numerical mathematicians as well as that of engineers. The present volume as part of a
two-volume edition covers topics such as computer-aided process design, combustion and flame,
image processing, optimization, control, and neural networks. The volume is aimed at scientists,
practitioners and graduate students in chemical engineering, industrial engineering and numerical
mathematics.

big m method solver: Power and Energy Resources Farhad Shahnia, Fushuan Wen, 2025-04-30
This book highlights recent research advancements in the area of power and energy systems.
Electrical networks all around the world are experiencing the integration of various types of energy
resources including energy storage systems, and these systems are forming the future of power
generation and delivery systems. There has been significant research interest in this area over the
past decade. Proper designing, planning and operating such systems are crucial and the key area of
interest for researchers and utilities. The key emphasis of this book is on modeling, analysis,
optimization and management aspects of different types of power and energy systems and assets
within electrical power networks. Interesting topics such as their planning, operation and
technology accommodation are also presented in detail. The chapters introduce existing and new
modeling approaches, optimization, control and management methods.

big m method solver: ALPS: A Linear Program Solver Donald Cyril Ferencz, 1991

big m method solver: Operations Research Applications and Algorithms Mr. Rohit
Manglik, 2023-07-23 Provides practical insight into solving linear, nonlinear, and dynamic problems
using operations research algorithms and techniques.

big m method solver: Advances in Production Management Systems. Production Management

for Data-Driven, Intelligent, Collaborative, and Sustainable Manufacturing Ilkyeong Moon, Gyu M.
Lee, Jinwoo Park, Dimitris Kiritsis, Gregor von Cieminski, 2018-08-24 The two-volume set IFIP AICT

535 and 536 constitutes the refereed proceedings of the International IFIP WG 5.7 Conference on
Advances in Production Management Systems, APMS 2018, held in Seoul, South Korea, in August
2018. The 129 revised full papers presented were carefully reviewed and selected from 149
submissions. They are organized in the following topical sections: lean and green manufacturing;
operations management in engineer-to-order manufacturing; product-service systems,
customer-driven innovation and value co-creation; collaborative networks; smart production for
mass customization; global supply chain management; knowledge based production planning and
control; knowledge based engineering; intelligent diagnostics and maintenance solutions for smart
manufacturing; service engineering based on smart manufacturing capabilities; smart city
interoperability and cross-platform implementation; manufacturing performance management in
smart factories; industry 4.0 - digitaltwin; industry 4.0 - smart factory; and industry 4.0 -
collaborative cyber-physical production and human systems.

big m method solver: Renewable Energy Integration for Bulk Power Systems Pengwei
Du, 2023-05-12 Renewable Energy Integration for Bulk Power Systems: ERCOT and the Texas
Interconnection looks at the practices and changes introduced in the Texas electric grid to facilitate
renewable energy integration. It offers an informed perspective on solutions that have been
successfully demonstrated, tested, and validated by the Electric Reliability Council of Texas (ERCOT)
to meet the key challenges which engineers face in integrating increased levels of renewable
resources into existing electric grids while maintaining reliability. Coverage includes renewable
forecasting, ancillary services, and grid and market operations. Proved methods and their particular
use scenarios, including wind, solar, and other resources like batteries and demand response, are
also covered. The book focuses on a real-world context that will help practicing engineers, utility
providers, and researchers understand the practical considerations for developing renewable



integration solutions and inspire the future development of more innovative strategies and
theoretical underpinnings.

big m method solver: Integer Programming and Combinatorial Optimization Michael
Junger, Volker Kaibel, 2005-05-18 Since its start in 1990, the IPCO conference series (held under the
auspices of theMathematicalProgrammingSociety)hasbecomeanimportantforumforthe presentation
of recent results in Integer Programming and Combinatorial Op- mization. This volume compiles the
papers presented at IPCO XI, the eleventh conference in this series, held June 8-10, 2005, at the
Technische Universit” at Berlin. The high interest in this conference series is evident in the large
number of submissions. For IPCO XI, 119 extended abstracts of up to 10 pages were submitted.
During its meeting on January 29-30, 2005, the Program Committee carefully selected 34
contributions for presentation in non-parallel sessions at the conference. The ?nal choices were not
easy at all, since, due to the limited number of time slots, many very good papers could not be
accepted. During the selection process the contributions were refereed according to the standards
of refereed conferences. As a result of this procedure, you have in your hands a volume that contains
papers describing high-quality research e?orts. The page limit for contributions to this proceedings
volume was set to 15. You may ?nd full versions of the papers in scienti?c journals in the near future.
We thank all the authors who submitted papers. Furthermore, the Program Committee is indebted to
the many reviewers who, with their speci?c expertise, helped a lot in making the decisions.

big m method solver: System Modelling and Optimization J. Dolezal, Jiri Fidler, 2013-06-05
Proceedings volume contains carefully selected papers presented during the 17th IFIP Conference
on System Modelling and Optimization. Optimization theory and practice, optimal control, system
modelling, stochastic optimization, and technical and non-technical applications of the existing
theory are among areas mostly addressed in the included papers. Main directions are treated in
addition to several survey papers based on invited presentations of leading specialists in the
respective fields. Publication provides state-of-the-art in the area of system theory and optimization
and points out several new areas (e.g fuzzy set, neural nets), where classical optimization topics
intersects with computer science methodology.

big m method solver: Production and Operations Management Singh S.P., This book
covers the emerging and important topics related to production and operations management in a
systematic way. It covers not only the essentials of planning, designing, managing and controlling of
manufacturing operations, but also a number of relevant topics such as total preventive
maintenance, environmental issues in production system, advanced production system, total
productivity management and work system design, which are not covered in many books. The book
is a useful resource for undergraduate and postgraduate students of MBA programmes, as well as
B.Tech and M.Tech programmes of production and industrial engineering. Key Features ¢ Theories
and concepts based on day-to-day practical applications in the industry * Large number of solved
examples to explain the theoretical concepts ¢ Case study at the end of each chapter to illustrate the
theory * Brings out the link between linear programming and its applications

big m method solver: Using Traditional Design Methods to Enhance Al-Driven Decision
Making Nguyen, Tien V. T., Vo, Nhut T. M., 2024-01-10 In the rapidly evolving landscape of
industrial activities, artificial intelligence (Al) has emerged as a powerful force driving
transformative change. Among its many applications, Al has proven to be instrumental in reducing
processing costs associated with optimization challenges. The intersection of Al with optimization
and multi-criteria decision making (MCDM) techniques has led to practical solutions in diverse fields
such as manufacturing, transportation, finance, economics, and artificial intelligence. Using
Traditional Design Methods to Enhance AI-Driven Decision Making delves into a wide array of topics
related to optimization, decision-making, and their applications. Drawing on foundational
contributions, system developments, and innovative techniques, the book explores the synergy
between traditional design methods and Al-driven decision-making approaches. The book is ideal for
higher education faculty and administrators, students of higher education, librarians, researchers,
graduate students, and academicians. Contributors are invited to explore a wide range of topics,



including the role of Al-driven decision-making in leadership, trends in Al-driven decision-making in
Industry 5.0, applications in various industries such as manufacturing, transportation, healthcare,
and banking services, as well as Al-driven optimization in mechanical engineering and materials.

big m method solver: Practical Aspects of Declarative Languages Manuel Carro, Ricardo Pena,
2010-01-07 This book constitutes the refereed proceedings of the 12th International Symposium on
Practical Aspects of Declarative Languages, PADL 2010, held in Madrid, Spain, in January 2010,
colocated with POPL 2010, the Symposium on Principles of Programming Languages. The 22 revised
full papers presented together with 2 invited talks were carefully reviewed and selected from 58
submissions. The volume features original work emphasizing novel applications and implementation
techniques for all forms of clarative concepts, including functions, relations, logic, and constraints.
The papers address all current aspects of declarative programming; they are organized in topical
sections on non-monotonic reasoning - answer set programming, types, parallelism and distribution,
code quality assurance, domain specific languages, programming aids, constraints, and tabling -
agents.

big m method solver: Advanced Field-Solver Techniques for RC Extraction of Integrated
Circuits Wenjian Yu, Xiren Wang, 2014-04-21 Resistance and capacitance (RC) extraction is an
essential step in modeling the interconnection wires and substrate coupling effect in
nanometer-technology integrated circuits (IC). The field-solver techniques for RC extraction
guarantee the accuracy of modeling, and are becoming increasingly important in meeting the
demand for accurate modeling and simulation of VLSI designs. Advanced Field-Solver Techniques
for RC Extraction of Integrated Circuits presents a systematic introduction to, and treatment of, the
key field-solver methods for RC extraction of VLSI interconnects and substrate coupling in
mixed-signal ICs. Various field-solver techniques are explained in detail, with real-world examples to
illustrate the advantages and disadvantages of each algorithm. This book will benefit graduate
students and researchers in the field of electrical and computer engineering as well as engineers
working in the IC design and design automation industries. Dr. Wenjian Yu is an Associate Professor
at the Department of Computer Science and Technology at Tsinghua University in China; Dr. Xiren
Wang is a R&D Engineer at Cadence Design Systems in the USA.

big m method solver: An Introduction to Optimization with Applications in Machine Learning
and Data Analytics Jeffrey Paul Wheeler, 2023-12-07 The primary goal of this text is a practical one.
Equipping students with enough knowledge and creating an independent research platform, the
author strives to prepare students for professional careers. Providing students with a marketable
skill set requires topics from many areas of optimization. The initial goal of this text is to develop a
marketable skill set for mathematics majors as well as for students of engineering, computer
science, economics, statistics, and business. Optimization reaches into many different fields. This
text provides a balance where one is needed. Mathematics optimization books are often too heavy on
theory without enough applications; texts aimed at business students are often strong on
applications, but weak on math. The book represents an attempt at overcoming this imbalance for all
students taking such a course. The book contains many practical applications but also explains the
mathematics behind the techniques, including stating definitions and proving theorems.
Optimization techniques are at the heart of the first spam filters, are used in self-driving cars, play a
great role in machine learning, and can be used in such places as determining a batting order in a
Major League Baseball game. Additionally, optimization has seemingly limitless other applications in
business and industry. In short, knowledge of this subject offers an individual both a very
marketable skill set for a wealth of jobs as well as useful tools for research in many academic
disciplines. Many of the problems rely on using a computer. Microsoft’s Excel is most often used, as
this is common in business, but Python and other languages are considered. The consideration of
other programming languages permits experienced mathematics and engineering students to use
MATLAB® or Mathematica, and the computer science students to write their own programs in Java
or Python.

big m method solver: CMBEBIH 2017 Almir Badnjevic, 2017-03-14 This volume presents the



proceedings of the International Conference on Medical and Biological Engineering held from 16 to
18 March 2017 in Sarajevo, Bosnia and Herzegovina. Focusing on the theme of ‘Pursuing innovation.
Shaping the future’, it highlights the latest advancements in Biomedical Engineering and also
presents the latest findings, innovative solutions and emerging challenges in this field. Topics
include: - Biomedical Signal Processing - Biomedical Imaging and Image Processing - Biosensors and
Bioinstrumentation - Bio-Micro/Nano Technologies - Biomaterials - Biomechanics, Robotics and
Minimally Invasive Surgery - Cardiovascular, Respiratory and Endocrine Systems Engineering -
Neural and Rehabilitation Engineering - Molecular, Cellular and Tissue Engineering - Bioinformatics
and Computational Biology - Clinical Engineering and Health Technology Assessment - Health
Informatics, E-Health and Telemedicine - Biomedical Engineering Education - Pharmaceutical
Engineering

big m method solver: Feasibility and Infeasibility in Optimization: John W. Chinneck,
2007-10-25 Written by a world leader in the field and aimed at researchers in applied and
engineering sciences, this brilliant text has as its main goal imparting an understanding of the
methods so that practitioners can make immediate use of existing algorithms and software, and so
that researchers can extend the state of the art and find new applications. It includes algorithms on
seeking feasibility and analyzing infeasibility, as well as describing new and surprising applications.

big m method solver: 28th European Symposium on Computer Aided Process Engineering
Stefan Radl, Jiri Jaromir Klemes, Petar Sabev Varbanov, Thomas Wallek, 2018-06-26 28th European
Symposium on Computer Aided Process Engineering, Volume 43 contains the papers presented at
the 28th European Society of Computer-Aided Process Engineering (ESCAPE) event held in Graz,
Austria June 10-13, 2018. It is a valuable resource for chemical engineers, chemical process
engineers, researchers in industry and academia, students, and consultants for chemical industries.
Presents findings and discussions from the 28th European Society of Computer-Aided Process
Engineering (ESCAPE) event

big m method solver: Demand Response in Smart Grids Pengwei Du, Ning Lu, Haiwang Zhong,
2019-07-02 This book is the first of its kind to comprehensively describe the principles of demand
response. This allows consumers to play a significant role in the operation of the electric grid by
reducing or shifting their electricity usage in response to the grid reliability need, time-based rates
or other forms of financial incentives. The main contents of the book include modeling of demand
response resources, incentive design, scheduling and dispatch algorithms, and impacts on grid
operation and planning. Through case studies and illustrative examples, the authors highlight and
compare the advantages, disadvantages and benefits that demand response can have on grid
operations and electricity market efficiency. First book of its kind to introduce the principles of
demand response; Combines theory with real-world applications useful for both professionals and
academic researchers; Covers demand response in the context of power system applications.

big m method solver: Dynamic Resource Management in Service-Oriented Core
Networks Weihua Zhuang, Kaige Qu, 2021-11-03 This book provides a timely and comprehensive
study of dynamic resource management for network slicing in service-oriented fifth-generation (5G)
and beyond core networks. This includes the perspective of developing efficient computation
resource provisioning and scheduling solutions to guarantee consistent service performance in
terms of end-to-end (E2E) data delivery delay. Network slicing is enabled by the software defined
networking (SDN) and network function virtualization (NFV) paradigms. For a network slice with a
target traffic load, the E2E service delivery is enabled by virtual network function (VNF) placement
and traffic routing with static resource allocations. When data traffic enters the network, the traffic
load is dynamic and can deviate from the target value, potentially leading to QoS performance
degradation and network congestion. Data traffic has dynamics in different time granularities. For
example, the traffic statistics (e.g., mean and variance) can be non-stationary and experience
significant changes in a coarse time granularity, which are usually predictable. Within a long time
duration with stationary traffic statistics, there are traffic dynamics in small timescales, which are
usually highly bursty and unpredictable. To provide continuous QoS performance guarantee and




ensure efficient and fair operation of the network slices over time, it is essential to develop dynamic
resource management schemes for the embedded services in the presence of traffic dynamics during
virtual network operation. Queueing theory is used in system modeling, and different techniques
including optimization and machine learning are applied to solving the dynamic resource
management problems. Based on a simplified M/M/1 queueing model with Poisson traffic arrivals, an
optimization model for flow migration is presented to accommodate the large-timescale changes in
the average traffic rates with average E2E delay guarantee, while addressing a trade-off between
load balancing and flow migration overhead. To overcome the limitations of Poisson traffic model,
the authors present a machine learning approach for dynamic VNF resource scaling and migration.
The new solution captures the inherent traffic patterns in a real-world traffic trace with
non-stationary traffic statistics in large timescale, predicts resource demands for VNF resource
scaling, and triggers adaptive VNF migration decision making, to achieve load balancing, migration
cost reduction, and resource overloading penalty suppression in the long run. Both supervised and
unsupervised machine learning tools are investigated for dynamic resource management. To
accommodate the traffic dynamics in small time granularities, the authors present a dynamic VNF
scheduling scheme to coordinate the scheduling among VNFs of multiple services, which achieves
network utility maximization with delay guarantee for each service. Researchers and graduate
students working in the areas of electrical engineering, computing engineering and computer
science will find this book useful as a reference or secondary text. Professionals in industry seeking
solutions to dynamic resource management for 5G and beyond networks will also want to purchase
this book.

big m method solver: Global Supply Chain and Operations Management Dmitry Ivanov,
Alexander Tsipoulanidis, Jorn Schonberger, 2016-07-20 This textbook presents global supply chain
and operations management from a comprehensive perspective, combining value creation networks
and interacting processes. It focuses on the operational roles in the networks and presents the
quantitative and organizational methods needed to plan and control the material, information and
financial flows in the supply chain. Each chapter of the book starts with an introductory case study.
Numerous examples from various industries and services help to illustrate the key concepts. The
book explains how to design operations and supply networks and how to incorporate suppliers and
customers. As matching supply and demand is a core aspect of tactical planning, the book focuses on
it before turning to the allocation of resources for fulfilling customer demands. Providing readers
with a working knowledge of global supply chain and operations management, this textbook can be
used in core, special and advanced classes. Therefore, the book targets a broad range of students
and professionals involved with supply chain and operations management. Special focus is directed
at bridging theory and practice.
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