max flow problem linear programming

max flow problem linear programming is a fundamental concept in optimization
theory, combining graph theory with mathematical programming techniques. This
problem involves finding the maximum feasible flow from a source node to a
sink node in a network while respecting capacity constraints on edges. Linear
programming provides a powerful framework for formulating and solving the max
flow problem efficiently. By representing the problem as a set of linear
inequalities and an objective function, one can leverage well-established
algorithms and software to obtain optimal solutions. This article explores
the max flow problem linear programming formulation, its mathematical
underpinnings, solution methods, and practical applications. Readers will
gain a comprehensive understanding of how linear programming models solve
network flow challenges and the advantages of this approach. The discussion
also covers common extensions and variants of the problem to illustrate the
breadth of its relevance.
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Understanding the Max Flow Problem

The max flow problem is a classic optimization challenge in network theory.
It involves a directed graph where each edge has a capacity limiting the
amount of flow it can carry. The goal is to maximize the total flow from a
designated source node to a designated sink node without violating the
capacity constraints of any edge. This problem has wide applications in
transportation, telecommunications, supply chain management, and more.

Basic Concepts and Terminology

To grasp the max flow problem, it is essential to understand several key
components of network flow theory:

e Network: A directed graph consisting of nodes (vertices) and edges
(arcs) .

Source (s): The node where flow originates.

Sink (t): The node where flow is collected or consumed.

e Capacity (c;;): The maximum allowable flow on edge from node i to node j.

Flow (f,,): The actual amount of flow assigned to an edge, which must



satisfy 0 < f,; < c¢,5.

e Conservation of Flow: For any node other than source or sink, the inflow
equals the outflow.

These elements define the constraints and objectives central to the max flow
problem.

Importance in Optimization and Network Theory

The max flow problem serves as a foundation for many network optimization
problems. It facilitates efficient resource allocation, load balancing, and
capacity planning. Moreover, it is closely related to the min-cut problem,
where the minimum capacity of edges that disconnect the source from the sink
is identified. Understanding the max flow problem is critical for developing
algorithms that optimize traffic routing, data transmission, and system
throughput.

Linear Programming Formulation of the Max Flow
Problem

Linear programming (LP) is a mathematical technique for optimizing a linear
objective function subject to linear equality and inequality constraints. The
max flow problem can be elegantly formulated as an LP model, enabling
systematic solution methods to be applied.

Objective Function

The objective in the max flow problem is to maximize the total flow leaving
the source node. In LP terms, this is expressed as maximizing the sum of
flows on edges emanating from the source:

Maximize %, f_,

where f_, represents the flow on the edge from source s to node J.

Constraints

The linear programming model incorporates several critical constraints to
ensure feasibility and correctness:

1. Capacity Constraints: Each edge flow must not exceed its capacity:
fi; £ ¢y for all edges (i, jJ)

2. Non—negativity: Flow values cannot be negative:
f.. > 0 for all edges (i, 3j)
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3. Flow Conservation: For every node except the source and sink, the inflow
equals the outflow:



2% £y = 2, £, for all nodes i = s, t

This set of linear constraints and objective function fully characterizes the
max flow problem in a linear programming framework.

Solution Techniques for Max Flow Using Linear
Programming

Once the max flow problem is formulated as a linear programming model,
several solution techniques and algorithms can be employed to find the
optimal flow distribution.

Simplex Method

The simplex algorithm is a widely used method for solving linear programming
problems. It iteratively moves along the edges of the feasible region defined
by the constraints to find the optimal vertex that maximizes the objective
function. For the max flow problem, the simplex method can be directly
applied to the LP formulation to obtain the maximum flow value and
corresponding flow assignments.

Specialized Network Flow Algorithms

Although the simplex method is general-purpose, specialized algorithms
exploit the network structure for efficiency:

e Ford-Fulkerson Method: An augmenting path algorithm that increases flow
along paths from source to sink until no more augmenting paths exist.

e Edmonds-Karp Algorithm: A specific implementation of Ford-Fulkerson that
uses breadth-first search to find shortest augmenting paths, improving
performance guarantees.

e Push—-Relabel Algorithm: A highly efficient algorithm for large-scale
networks that maintains preflows and adjusts excess flows to achieve
maximum flow.

These algorithms can also be interpreted within the linear programming
framework since they implicitly navigate the feasible region defined by LP
constraints.

Software Tools and Solwvers

Modern optimization software packages, such as CPLEX, Gurobi, and open-source
solvers like GLPK, support linear programming models of the max flow problem.
These tools enable practitioners to model complex networks and obtain
solutions efficiently, leveraging advanced LP solver technologies.



Applications of Max Flow Problem Linear
Programming

The max flow problem linear programming approach is applicable across diverse
domains where network capacity optimization is critical. Its flexibility and
mathematical rigor make it ideal for real-world problem solving.

Transportation and Logistics

Max flow models optimize the movement of goods and vehicles through
transportation networks. Linear programming solutions help identify
bottlenecks, plan routes, and maximize throughput in supply chains and
traffic systems.

Telecommunications and Data Networks

In communication networks, the max flow problem ensures maximal data transfer
rates from sources to destinations without exceeding bandwidth limits. Linear
programming enables the design of efficient routing protocols and bandwidth
allocation schemes.

Project Scheduling and Resource Allocation

Resource assignment problems in project management can be modeled as network
flows. The LP formulation of max flow helps allocate limited resources to
maximize productivity or minimize delays.

Image Segmentation and Computer Vision

In computer vision, max flow algorithms are used in image segmentation tasks.
The linear programming framework supports sophisticated models that separate
foreground and background regions efficiently.

Extensions and Variants of the Max Flow Problem

The classical max flow problem has numerous extensions and variants that
address more complex scenarios, often modeled through enhanced linear
programming formulations.

Minimum Cost Maximum Flow

This variant seeks to find the maximum flow at the minimum possible cost,
incorporating cost coefficients on edges into the objective function. It
requires an LP model that balances flow maximization with cost minimization.



Multi-Commodity Flow Problem

In networks where multiple distinct flows coexist simultaneously, the multi-
commodity flow problem generalizes the max flow formulation. Linear
programming models must consider separate flow variables for each commodity
while respecting shared capacity constraints.

Dynamic and Time-Dependent Flows

When flows vary over time, the max flow problem extends to dynamic networks.
Linear programming models incorporate time indices and additional constraints
to handle temporal aspects of flows.

Capacity Expansion and Network Design

Some problems involve deciding where to invest in increasing network
capacities to improve maximum flow. These problems combine max flow linear
programming models with integer programming elements for capacity decisions.

Frequently Asked Questions

What is the max flow problem in linear programming?

The max flow problem in linear programming involves finding the maximum
possible flow from a source node to a sink node in a flow network, subject to
capacity constraints on the edges and flow conservation at intermediate
nodes.

How is the max flow problem formulated as a linear
programming problem?

The max flow problem is formulated as a linear program by defining flow
variables on each edge, an objective function that maximizes the total flow
out of the source, capacity constraints limiting flow on each edge, and flow
conservation constraints ensuring the inflow equals outflow at each
intermediate node.

What are the typical constraints used in the linear
programming formulation of the max flow problem?

Typical constraints include capacity constraints (flow on each edge < edge
capacity), non-negativity constraints (flow > 0), and flow conservation
constraints (sum of inflows equals sum of outflows at each node except source
and sink) .

Can the max flow problem be solved efficiently using
linear programming solvers?

Yes, the max flow problem can be solved efficiently using linear programming
solvers, although specialized algorithms like the Edmonds-Karp or Dinic’s



algorithm are often faster in practice for large networks.

What are the advantages of using linear programming
for the max flow problem?

Using linear programming allows for easy integration with other linear
constraints, flexibility in modeling variations of the flow problem, and
leveraging powerful LP solvers that can handle large-scale problems.

How does the dual of the max flow linear program
relate to the min cut problem?

The dual of the max flow linear program corresponds to the min cut problem,
where the goal is to find a minimum capacity set of edges that separates the
source from the sink, demonstrating the max-flow min-cut theorem.

Additional Resources

1. Network Flows: Theory, Algorithms, and Applications

This comprehensive book by Ravindra K. Ahuja, Thomas L. Magnanti, and James
B. Orlin provides an in-depth exploration of network flow problems, including
maximum flow and minimum cost flow. It covers theoretical foundations,
algorithmic techniques, and practical applications in various fields. The
book also discusses linear programming formulations and solution methods
related to network flows.

2. Introduction to Operations Research

Written by Frederick S. Hillier and Gerald J. Lieberman, this textbook offers
a broad overview of operations research methodologies, including linear
programming and network flow problems. It presents the max flow problem
within the context of optimization and provides detailed explanations of
solution techniques. The book is widely used in undergraduate and graduate
courses for its clear and practical approach.

3. Combinatorial Optimization: Algorithms and Complexity

By Christos H. Papadimitriou and Kenneth Steiglitz, this book delves into
combinatorial optimization problems, including max flow and linear
programming formulations. It balances theory and algorithm design, offering
insights into complexity and efficient solution strategies. The max flow
problem is treated both as a standalone topic and as a building block for
more complex problems.

4. Linear Programming and Network Flows

Mokhtar S. Bazaraa, John J. Jarvis, and Hanif D. Sherali provide a detailed
treatment of linear programming techniques and their applications to network
flow problems. The book covers maximum flow algorithms, duality, and
sensitivity analysis, linking these concepts to practical problem-solving. It
is particularly useful for readers interested in both theory and
computational methods.

5. Optimization Over Integers

By Dimitris Bertsimas and Robert Weismantel, this text focuses on integer
optimization, including network flow problems that can be expressed with
linear programming formulations. While emphasizing integer solutions, it
provides foundational knowledge on max flow problems and their LP
relaxations. The book is suitable for advanced readers interested in the



intersection of linear and integer programming.

6. Graph Theory and Its Applications

Jonathan L. Gross and Jay Yellen cover a broad spectrum of graph theory
topics, with a significant portion dedicated to network flows and related
optimization problems. The max flow problem is presented with clear
explanations and connections to linear programming methods. This book is a
valuable resource for understanding the mathematical structures underlying
flow problems.

7. Network Optimization: Continuous and Discrete Models

By Dimitri P. Bertsekas, this work explores both continuous and discrete
optimization models for networks, including maximum flow problems. It
provides rigorous mathematical treatments and algorithmic solutions,
emphasizing linear programming approaches. The book is suitable for
researchers and practitioners seeking a deep understanding of network
optimization.

8. Operations Research: An Introduction

Hamdy A. Taha'’s textbook offers a well-rounded introduction to operations
research, including linear programming and network flow problems such as max
flow. It includes numerous examples, exercises, and case studies to
illustrate practical applications. The treatment of max flow problems is
accessible, making it ideal for students new to the subject.

9. Combinatorial Optimization: Polyhedra and Efficiency

Alexander Schrijver’s authoritative text covers combinatorial optimization
with a strong emphasis on polyhedral theory and algorithmic efficiency. It
addresses the max flow problem through linear programming frameworks and
explores the polyhedral structure of flow problems. This book is highly
recommended for advanced readers interested in the theoretical aspects of
optimization.
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max flow problem linear programming: Theory of Linear and Integer Programming
Alexander Schrijver, 1998-06-11 Theory of Linear and Integer Programming Alexander Schrijver
Centrum voor Wiskunde en Informatica, Amsterdam, The Netherlands This book describes the
theory of linear and integer programming and surveys the algorithms for linear and integer
programming problems, focusing on complexity analysis. It aims at complementing the more
practically oriented books in this field. A special feature is the author's coverage of important recent
developments in linear and integer programming. Applications to combinatorial optimization are
given, and the author also includes extensive historical surveys and bibliographies. The book is
intended for graduate students and researchers in operations research, mathematics and computer
science. It will also be of interest to mathematical historians. Contents 1 Introduction and
preliminaries; 2 Problems, algorithms, and complexity; 3 Linear algebra and complexity; 4 Theory of
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linear inequalities, and linear programming; 8 The structure of polyhedra; 9 Polarity, and blocking
and anti-blocking polyhedra; 10 Sizes and the theoretical complexity of linear inequalities and linear
programming; 11 The simplex method; 12 Primal-dual, elimination, and relaxation methods; 13
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max flow problem linear programming: Linear Programming and Network Flows
Mokhtar S. Bazaraa, John J. Jarvis, Hanif D. Sherali, 2011-09-28 The authoritative guide to modeling
and solving complex problems with linear programming—extensively revised, expanded, and
updated The only book to treat both linear programming techniques and network flows under one
cover, Linear Programming and Network Flows, Fourth Edition has been completely updated with
the latest developments on the topic. This new edition continues to successfully emphasize modeling
concepts, the design and analysis of algorithms, and implementation strategies for problems in a
variety of fields, including industrial engineering, management science, operations research,
computer science, and mathematics. The book begins with basic results on linear algebra and
convex analysis, and a geometrically motivated study of the structure of polyhedral sets is provided.
Subsequent chapters include coverage of cycling in the simplex method, interior point methods, and
sensitivity and parametric analysis. Newly added topics in the Fourth Edition include: The cycling
phenomenon in linear programming and the geometry of cycling Duality relationships with cycling
Elaboration on stable factorizations and implementation strategies Stabilized column generation and
acceleration of Benders and Dantzig-Wolfe decomposition methods Line search and dual ascent
ideas for the out-of-kilter algorithm Heap implementation comments, negative cost circuit insights,
and additional convergence analyses for shortest path problems The authors present concepts and
techniques that are illustrated by numerical examples along with insights complete with detailed
mathematical analysis and justification. An emphasis is placed on providing geometric viewpoints
and economic interpretations as well as strengthening the understanding of the fundamental ideas.
Each chapter is accompanied by Notes and References sections that provide historical developments
in addition to current and future trends. Updated exercises allow readers to test their
comprehension of the presented material, and extensive references provide resources for further
study. Linear Programming and Network Flows, Fourth Edition is an excellent book for linear
programming and network flow courses at the upper-undergraduate and graduate levels. It is also a
valuable resource for applied scientists who would like to refresh their understanding of linear
programming and network flow techniques.

max flow problem linear programming: Algorithms for Convex Optimization Nisheeth K.
Vishnoi, 2021-10-07 In the last few years, Algorithms for Convex Optimization have revolutionized
algorithm design, both for discrete and continuous optimization problems. For problems like
maximum flow, maximum matching, and submodular function minimization, the fastest algorithms
involve essential methods such as gradient descent, mirror descent, interior point methods, and
ellipsoid methods. The goal of this self-contained book is to enable researchers and professionals in
computer science, data science, and machine learning to gain an in-depth understanding of these
algorithms. The text emphasizes how to derive key algorithms for convex optimization from first
principles and how to establish precise running time bounds. This modern text explains the success
of these algorithms in problems of discrete optimization, as well as how these methods have
significantly pushed the state of the art of convex optimization itself.



max flow problem linear programming: Integer Programming and Combinatorial
Optimization Egon Balas, Jens Clausen, 1995-05-17 The optimistic predictions of a number of
microbiologists notwithstanding, the past decade has not signaled the end of infectious disease, but
rather an introduction to a host of new and complex microorganisms and their resulting
depredations on humanity. The identification of new pathogens, such as the causative agent of Lyme
disease and the Human Immuno-deficiency Virus (HIV), as well as the Hepatitis Delta Virus (HDV)
has not only revealed new forms of clinical pathology, but new and unexpected variations on the life
cycle and the molecular biology of the pathogens. In this volume a number of the leaders in the field
of Hepatitis Delta virus research, ranging from clinicians and virologists to molecular biologists and
biochemists describe what in their experience typifies some of these unique features.

max flow problem linear programming: Compact Extended Linear Programming Models
Giuseppe Lancia, Paolo Serafini, 2017-08-31 This book provides a handy, unified introduction to the
theory of compact extended formulations of exponential-size integer linear programming (ILP)
models. Compact extended formulations are equally powerful, but polynomial-sized, models whose
solutions do not require the implementation of separation and pricing procedures. The book is
written in a general, didactic form, first developing the background theoretical concepts (polyhedra,
projections, linear and integer programming) and then delving into the various techniques for
compact extended reformulations. The techniques are illustrated through a wealth of examples
touching on many application areas, such as classical combinatorial optimization, network design,
timetabling, scheduling, routing, computational biology and bioinformatics. The book is intended for
graduate or PhD students - either as an advanced course on selected topics or within a more general
course on ILP and mathematical programming - as well as for practitioners and software engineers
in industry exploring techniques for developing optimization models for their specific problems.

max flow problem linear programming: Introduction to Linear Programming Richard Darst,
2020-08-26 Stressing the use of several software packages based on simplex method variations, this
text teaches linear programming's four phases through actual practice. It shows how to decide
whether LP models should be applied, set up appropriate models, use software to solve them, and
examine solutions to a

max flow problem linear programming: Network Flows and Monotropic Optimization R.
Tyrell Rockafellar, 1999-06-01 A rigorous and comprehensive treatment of network flow theory and
monotropic optimization by one of the world's most renowned applied mathematicians. This classic
textbook covers extensively the duality theory and the algorithms of linear and nonlinear network
optimization optimization, and their significant extensions to monotropic programming (separable
convex constrained optimization problems, including linear programs). It complements our other
book on the subject of network optimization Network Optimization: Continuous and Discrete Models
(Athena Scientific, 1998). Monotropic programming problems are characterized by a rich interplay
between combinatorial structure and convexity properties. Rockafellar develops, for the first time,
algorithms and a remarkably complete duality theory for these problems. Among its special features
the book: (a) Treats in-depth the duality theory for linear and nonlinear network optimization (b)
Uses a rigorous step-by-step approach to develop the principal network optimization algorithms (c)
Covers the main algorithms for specialized network problems, such as max-flow, feasibility,
assignment, and shortest path (d) Develops in detail the theory of monotropic programming, based
on the author's highly acclaimed research (e) Contains many examples, illustrations, and exercises
(f) Contains much new material not found in any other textbook

max flow problem linear programming: Combinatorial Optimization Eugene Lawler,
2012-10-16 Perceptive text examines shortest paths, network flows, bipartite and nonbipartite
matching, matroids and the greedy algorithm, matroid intersections, and the matroid parity
problems. Suitable for courses in combinatorial computing and concrete computational complexity.

max flow problem linear programming: Geometric Algorithms and Combinatorial
Optimization Martin Grotschel, Laszlo Lovasz, Alexander Schrijver, 2012-12-06 Historically, there is
a close connection between geometry and optlmization. This is illustrated by methods like the



gradient method and the simplex method, which are associated with clear geometric pictures. In
combinatorial optimization, however, many of the strongest and most frequently used algorithms are
based on the discrete structure of the problems: the greedy algorithm, shortest path and alternating
path methods, branch-and-bound, etc. In the last several years geometric methods, in particular
polyhedral combinatorics, have played a more and more profound role in combinatorial optimization
as well. Our book discusses two recent geometric algorithms that have turned out to have
particularly interesting consequences in combinatorial optimization, at least from a theoretical point
of view. These algorithms are able to utilize the rich body of results in polyhedral combinatorics. The
first of these algorithms is the ellipsoid method, developed for nonlinear programming by N. Z. Shor,
D. B. Yudin, and A. S. Nemirovskil. It was a great surprise when L. G. Khachiyan showed that this
method can be adapted to solve linear programs in polynomial time, thus solving an important open
theoretical problem. While the ellipsoid method has not proved to be competitive with the simplex
method in practice, it does have some features which make it particularly suited for the purposes of
combinatorial optimization. The second algorithm we discuss finds its roots in the classical geometry
of numbers, developed by Minkowski. This method has had traditionally deep applications in number
theory, in particular in diophantine approximation.

max flow problem linear programming: Integer Programming and Combinatorial
Optimization William J. Cook, Andreas S. Schulz, 2003-08-01 This volume contains the papers
selected for presentation at IPCO 2002, the
NinthInternationalConferenceonlntegerProgrammingandCombinatorial- timization, Cambridge, MA
(USA), May 27-29, 2002. The IPCO series of c- ferences highlights recent developments in theory,
computation, and application of integer programming and combinatorial optimization. IPCO was
established in 1988 when the ?rst [IPCO program committee was formed. IPCO is held every year in
which no International Symposium on Ma- ematical Programming (ISMP) takes places. The ISMP is
triennial, so IPCO conferences are held twice in every three-year period. The eight previous IPCO
conferences were held in Waterloo (Canada) 1990, Pittsburgh (USA) 1992, Erice (Italy) 1993,
Copenhagen (Denmark) 1995, Vancouver (Canada) 1996, Houston (USA) 1998, Graz (Austria) 1999,
and Utrecht (The Netherlands) 2001. In response to the call for papers for IPCO 2002, the program
committee received 110 submissions, a record number for IPCO. The program committee met on
January 7 and 8, 2002, in Aussois (France), and selected 33 papers for inclusion in the scienti?c
program of IPCO 2002. The selection was based on originality and quality, and re?ects many of the
current directions in integer programming and combinatorial optimization research.

max flow problem linear programming: Algorithms and Data Structures Kurt Mehlhorn,
Peter Sanders, 2008-06-23 This concise introduction is ideal for readers familiar with programming
and basic mathematical language. It uses pictures, words and high-level pseudocode to explain
algorithms and presents efficient implementations using real programming languages.

max flow problem linear programming: Structural Information and Communication
Complexity Sergio Rajsbaum, Alkida Balliu, Joshua J. Daymude, Dennis Olivetti, 2023-05-24 This
book constitutes the refereed proceedings of the 30th International Colloquium on Structural
Information and Communication Complexity, SIROCCO 2023, held in Alcald de Henares, Spain,
during June 6-9, 2023. The 26 full papers presented in this book were carefully reviewed and
selected from 48 submissions. SIROCCO is devoted to the study of the interplay between structural
knowledge, communication, and computing in decentralized systems of multiple communicating
entities. Special emphasis is given to innovative approaches leading to better understanding of the
relationship between computing and communication. This is the 30th edition of SIROCCO, and 3 of
the 26 papers in this book are devoted to celebrating this fact, plus an additional paper about a
recent trend to study special models of computation.

max flow problem linear programming: Graph Theory for Operations Research and
Management: Applications in Industrial Engineering Farahani, Reza Zanjirani, Miandoabchi,
Elnaz, 2012-12-31 While typically many approaches have been mainly mathematics focused, graph
theory has become a tool used by scientists, researchers, and engineers in using modeling



techniques to solve real-world problems. Graph Theory for Operations Research and Management:
Applications in Industrial Engineering presents traditional and contemporary applications of graph
theory in the areas of industrial engineering, management science, and applied operations research.
This comprehensive collection of research introduces the useful basic concepts of graph theory in
real world applications.

max flow problem linear programming: Discrete Optimization Algorithms Maciej M. Sys?o,
Narsingh Deo, Janusz S. Kowalik, 2006-01-01 Rich in publications, the well-established field of
discrete optimization nevertheless features relatively few books with ready-to-use computer
programs. This book, geared toward upper-level undergraduates and graduate students, addresses
that need. In addition, it offers a look at the programs' derivation and performance characteristics.
Subjects include linear and integer programming, packing and covering, optimization on networks,
and coloring and scheduling. A familiarity with design, analysis, and use of computer algorithms is
assumed, along with knowledge of programming in Pascal. The book can be used as a supporting
text in discrete optimization courses or as a software handbook, with twenty-six programs that
execute the most common algorithms in each topic area. Each chapter is self-contained, allowing
readers to browse at will.

max flow problem linear programming: ,

max flow problem linear programming: The Mathematics of Networks Stefan Andrus Burr,
1982 The theory of networks is a very lively one, both in terms of developments in the theory itself
and of the variety of its applications. This book, based on the 1981 AMS Short Course on the
Mathematics of Networks, introduces most of the basic ideas of network theory and develops some
of these ideas considerably.

max flow problem linear programming: Algorithmic Principles of Mathematical
Programming Ulrich Faigle, W. Kern, G. Still, 2013-04-17 Algorithmic Principles of Mathematical
Programming investigates the mathematical structures and principles underlying the design of
efficient algorithms for optimization problems. Recent advances in algorithmic theory have shown
that the traditionally separate areas of discrete optimization, linear programming, and nonlinear
optimization are closely linked. This book offers a comprehensive introduction to the whole subject
and leads the reader to the frontiers of current research. The prerequisites to use the book are very
elementary. All the tools from numerical linear algebra and calculus are fully reviewed and
developed. Rather than attempting to be encyclopedic, the book illustrates the important basic
techniques with typical problems. The focus is on efficient algorithms with respect to practical
usefulness. Algorithmic complexity theory is presented with the goal of helping the reader
understand the concepts without having to become a theoretical specialist. Further theory is
outlined and supplemented with pointers to the relevant literature.

max flow problem linear programming: Optimization Algorithms for Networks and
Graphs James Evans, 2017-10-19 A revised and expanded advanced-undergraduate/graduate text
(first ed., 1978) about optimization algorithms for problems that can be formulated on graphs and
networks. This edition provides many new applications and algorithms while maintaining the classic
foundations on which contemporary algorithm

max flow problem linear programming: Linear Programming and Algorithms for
Communication Networks Eiji Oki, 2012-08-24 Explaining how to apply to mathematical
programming to network design and control, Linear Programming and Algorithms for
Communication Networks: A Practical Guide to Network Design, Control, and Management fills the
gap between mathematical programming theory and its implementation in communication networks.
From the basics all the way through to more advanced concepts, its comprehensive coverage
provides readers with a solid foundation in mathematical programming for communication networks.
Addressing optimization problems for communication networks, including the shortest path problem,
max flow problem, and minimum-cost flow problem, the book covers the fundamentals of linear
programming and integer linear programming required to address a wide range of problems. It also:
Examines several problems on finding disjoint paths for reliable communications Addresses



optimization problems in optical wavelength-routed networks Describes several routing strategies
for maximizing network utilization for various traffic-demand models Considers routing problems in
Internet Protocol (IP) networks Presents mathematical puzzles that can be tackled by integer linear
programming (ILP) Using the GNU Linear Programming Kit (GLPK) package, which is designed for
solving linear programming and mixed integer programming problems, it explains typical problems
and provides solutions for communication networks. The book provides algorithms for these
problems as well as helpful examples with demonstrations. Once you gain an understanding of how
to solve LP problems for communication networks using the GLPK descriptions in this book, you will
also be able to easily apply your knowledge to other solvers.

max flow problem linear programming: Linear Programming Duality Achim Bachem,
Walter Kern, 2012-12-06 This book presents an elementary introduction to the theory of oriented
matroids. The way oriented matroids are intro- duced emphasizes that they are the most general -
and hence simplest - structures for which linear Programming Duality results can be stated and
proved. The main theme of the book is duality. Using Farkas' Lemma as the basis the authors start
withre- sults on polyhedra in Rn and show how to restate the essence of the proofs in terms of sign
patterns of oriented ma- troids. Most of the standard material in Linear Programming is presented in
the setting of real space as well as in the more abstract theory of oriented matroids. This approach
clarifies the theory behind Linear Programming and proofs become simpler. The last part of the book
deals with the facial structure of polytopes respectively their oriented matroid counterparts. It is an
introduction to more advanced topics in oriented matroid theory. Each chapter contains suggestions
for furt- herreading and the references provide an overview of the research in this field.
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