primal and dual problem

primal and dual problem are fundamental concepts in the field of optimization, particularly in
linear programming and mathematical optimization. These problems provide a structured approach
to solving complex decision-making scenarios by establishing a relationship between two
interconnected optimization problems. Understanding the primal and dual problem framework is
essential for analyzing constraints, objective functions, and solution properties in various
applications such as economics, engineering, and operations research. This article delves into the
definitions, formulations, and theoretical underpinnings of primal and dual problems, highlighting
their significance and interrelation. Additionally, it explores the duality theorems, complementary
slackness conditions, and practical implications for solving optimization problems efficiently. The
discussion will also cover examples and interpretations to elucidate these concepts clearly and
comprehensively. The following sections provide an organized overview of the primal and dual
problem and their roles in optimization theory.

e Understanding the Primal Problem
e Introduction to the Dual Problem
¢ Relationship Between Primal and Dual Problems

¢ Duality Theorems and Complementary Slackness

e Applications and Examples of Primal and Dual Problems

Understanding the Primal Problem

The primal problem is the original optimization problem under consideration. It typically involves
maximizing or minimizing an objective function subject to a set of constraints. In the context of
linear programming, the primal problem is expressed through a linear objective function and linear
inequality or equality constraints. The primal problem formulation is crucial because it defines the
decision variables, constraints, and the goal of the optimization task.

Formulation of the Primal Problem

The standard form of a primal linear programming problem can be written as:

 Minimize (or maximize) a linear objective function: ¢'x, where c is a vector of coefficients and x
is a vector of decision variables.

e Subject to constraints: Ax < b, where A is a matrix of coefficients and b is a vector of



constants.

¢ And non-negativity restrictions: x = 0.

This formulation ensures that the feasible region is defined by the constraints, and the objective is
optimized over this region. The primal problem’s solution provides the optimal values of the decision
variables that achieve the best objective value.

Role in Optimization

The primal problem serves as the foundation for understanding the optimization scenario. It reflects
the direct problem statement that decision-makers want to solve. The complexity of the primal
problem varies depending on the nature of the objective function and constraints, but it always
encapsulates the primary goal of the model.

Introduction to the Dual Problem

The dual problem is derived from the primal problem and offers an alternative perspective on the
same optimization scenario. It transforms the primal problem’s constraints into variables and the
objective function into constraints. The dual problem provides valuable insights into the structure of
the primal problem and often simplifies the process of finding optimal solutions.

Formulating the Dual Problem

For a primal minimization problem, the dual problem generally takes the form of a maximization
problem. It can be expressed as:

» Maximize b'y, where y is the vector of dual variables.
* SubjecttoA’y = c.

e With y = 0 if the primal constraints are inequalities.

The dual variables correspond to the constraints of the primal problem, and the dual constraints
correspond to the primal variables. This dual formulation provides a complementary approach to
solving the optimization problem.



Interpretation of Dual Variables

Dual variables often have meaningful interpretations, such as shadow prices or marginal values in
economics and resource allocation. They measure the rate at which the objective function of the
primal problem would improve per unit increase in the right-hand side of the primal constraints.

Relationship Between Primal and Dual Problems

The primal and dual problems are intrinsically linked through a concept known as duality. This
relationship allows for the analysis of one problem through the properties of the other, providing
powerful theoretical and computational advantages.

Weak and Strong Duality

Duality theory is centered around two fundamental theorems:

e Weak duality theorem: The objective value of any feasible solution to the dual problem is a
bound on the objective value of any feasible solution to the primal problem.

¢ Strong duality theorem: If both primal and dual problems have feasible solutions, then their
optimal objective values are equal.

These theorems guarantee that solving either the primal or the dual can yield equivalent optimal
values, under suitable conditions.

Complementary Slackness

Complementary slackness conditions provide necessary and sufficient conditions for optimality in
primal-dual pairs. They link the primal and dual feasible solutions by stating that for each constraint,
either the slack variable or the corresponding dual variable must be zero. This property is
instrumental in verifying optimality and in designing efficient algorithms.

Duality Theorems and Complementary Slackness

Duality theorems form the theoretical backbone of the primal and dual problem relationship, while
complementary slackness offers practical criteria for optimality verification. Together, they facilitate
deeper understanding and solution strategies in optimization.



The Duality Gap

The difference between the objective values of the primal and dual solutions is known as the duality
gap. In linear programming, under suitable conditions, this gap is zero at optimality, reflecting
strong duality. In non-linear or more complex problems, the duality gap may be positive, indicating a
divergence between primal and dual solutions.

Practical Implications of Complementary Slackness

Complementary slackness conditions are used extensively in optimization algorithms like the simplex
method and interior-point methods. They simplify the search for optimal solutions by reducing the
problem to checking zero-product conditions between primal and dual variables and their
corresponding slacks.

Applications and Examples of Primal and Dual
Problems

Primal and dual problems have extensive applications across various fields, including economics,
engineering, and computer science. Their use enhances decision-making, resource allocation, and
problem-solving efficiency.

Example: Linear Programming in Resource Allocation

Consider a manufacturing scenario where a company wants to minimize production costs subject to
resource constraints. The primal problem involves minimizing the cost function with constraints on
materials and labor. The dual problem involves maximizing the value of resources under price
limitations. Solving the dual provides insight into the worth of each resource and helps in
negotiating prices or allocating budgets efficiently.

List of Common Applications

e Network flow optimization
e Portfolio optimization in finance
e Supply chain management

e Machine learning model training (e.g., support vector machines)



e Structural engineering design

These applications benefit from the primal-dual framework by simplifying complex problems and
enabling efficient computational methods to find optimal or near-optimal solutions.

Frequently Asked Questions

What is the primal problem in optimization?

The primal problem in optimization refers to the original problem formulation, typically involving the
minimization or maximization of an objective function subject to certain constraints.

How is the dual problem related to the primal problem?

The dual problem is derived from the primal problem by transforming its constraints and objective
using Lagrange multipliers, providing a lower bound (for minimization problems) or upper bound
(for maximization problems) on the optimal value of the primal.

Why is the dual problem important in optimization theory?

The dual problem is important because it often simplifies problem solving, provides insights into the
structure of the primal problem, and helps in proving optimality and sensitivity analysis.

What does strong duality mean in the context of primal and
dual problems?

Strong duality means that the optimal values of the primal and dual problems are equal, which holds
under certain conditions like convexity and Slater's condition.

Can the dual problem sometimes be easier to solve than the
primal problem?

Yes, in many cases the dual problem is easier to solve due to simpler constraints or lower
dimensionality, making dual methods practical in large-scale optimization.

What is weak duality in primal and dual problems?

Weak duality states that the value of the dual problem is always a bound (lower or upper) on the
value of the primal problem, ensuring that the dual objective does not exceed the primal objective in
minimization problems.

How are primal and dual solutions used in linear



programming?

In linear programming, solutions to the primal and dual problems provide bounds on each other, and
complementary slackness conditions help identify optimal solutions to both problems.

What role do Lagrange multipliers play in forming the dual
problem?

Lagrange multipliers are introduced to incorporate constraints into the objective function, enabling
the formulation of the dual problem by optimizing over these multipliers instead of the original
variables.

Additional Resources

1. Convex Optimization by Stephen Boyd and Lieven Vandenberghe

This comprehensive book provides a thorough introduction to convex optimization, covering both
primal and dual problems in depth. It explains the theory behind duality, including Lagrange duality
and KKT conditions, with practical examples. The text is well-suited for students and professionals
interested in optimization techniques used in engineering, economics, and machine learning.

2. Linear and Nonlinear Programming by David G. Luenberger and Yinyu Ye

Luenberger and Ye’s book presents a clear and rigorous treatment of optimization problems,
focusing on both primal and dual formulations. It includes detailed discussions on duality theory,
sensitivity analysis, and algorithms for solving linear and nonlinear programs. The book is ideal for
readers seeking a solid mathematical foundation in optimization.

3. Introduction to Operations Research by Frederick S. Hillier and Gerald ]. Lieberman

This classic textbook covers a broad range of operations research topics, including linear
programming and its dual problem. It offers practical techniques for formulating and solving primal-
dual pairs, emphasizing real-world applications. The book’s accessible style makes it a popular
choice for undergraduate and graduate courses.

4. Nonlinear Programming: Theory and Algorithms by Mokhtar S. Bazaraa, Hanif D. Sherali, and C.
M. Shetty

Focused on nonlinear optimization, this book elaborates on primal and dual problems with rigorous
proofs and algorithmic strategies. It covers duality theory extensively, including Wolfe and Mond-
Weir duals, and discusses convergence properties of various methods. The text is valuable for
researchers and practitioners dealing with complex optimization challenges.

5. Primal-Dual Interior-Point Methods by Stephen J. Wright

This book delves into the primal-dual interior-point approach to solving linear and nonlinear
optimization problems. It explains the theoretical underpinnings of primal-dual methods and their
numerical implementations. Readers interested in advanced algorithm design and performance
analysis will find this resource particularly insightful.

6. Duality in Optimization and Variational Inequalities by Francisco Facchinei and Jong-Shi Pang
Facchinei and Pang explore duality from the perspective of optimization and variational inequalities,
providing a unified framework for primal-dual analysis. The book offers a detailed examination of
duality principles, existence results, and solution methods. It is suitable for advanced students and



researchers working in mathematical optimization and applied mathematics.

7. Applied Optimization: Formulation and Algorithms for Engineering Systems by Ross Baldick

This text emphasizes the practical aspects of optimization, including the formulation of primal and
dual problems in engineering contexts. It discusses algorithms for solving both linear and nonlinear
programs and illustrates applications in power systems, control, and communication networks. The
book is aimed at engineers and applied scientists.

8. Convex Analysis and Optimization by Dimitri P. Bertsekas, Angelia Nedic, and Asuman E.
Ozdaglar

Bertsekas and co-authors provide a mathematically rigorous treatment of convex analysis, primal
and dual optimization problems, and related algorithms. The book includes extensive coverage of
subgradient and proximal methods, duality theory, and saddle-point problems. It serves as an
excellent resource for graduate students and researchers focused on theoretical optimization.

9. Optimization by Vector Space Methods by David G. Luenberger

This advanced text explores optimization problems using vector space theory, with in-depth
discussions on primal and dual formulations. Luenberger presents duality in an abstract setting,
linking it to functional analysis and convex sets. The book is well-suited for readers interested in the
mathematical foundations of optimization theory.
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primal and dual problem: 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
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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.

primal and dual problem: Operations Research for Management G. V. Shenoy, U. K.
Srivastava, S. C. Sharma, 1986

primal and dual problem: Convex Optimization Stephen P. Boyd, Lieven Vandenberghe,
2004-03-08 Convex optimization problems arise frequently in many different fields. This book
provides a comprehensive introduction to the subject, and shows in detail how such problems can be
solved numerically with great efficiency. The book begins with the basic elements of convex sets and
functions, and then describes various classes of convex optimization problems. Duality and
approximation techniques are then covered, as are statistical estimation techniques. Various
geometrical problems are then presented, and there is detailed discussion of unconstrained and
constrained minimization problems, and interior-point methods. The focus of the book is on
recognizing convex optimization problems and then finding the most appropriate technique for
solving them. It contains many worked examples and homework exercises and will appeal to
students, researchers and practitioners in fields such as engineering, computer science,
mathematics, statistics, finance and economics.

primal and dual problem: Linear and Nonlinear Optimization Igor Griva, Stephen G. Nash,
Ariela Sofer, 2009-01-01 Provides an introduction to the applications, theory, and algorithms of
linear and nonlinear optimization. The emphasis is on practical aspects - discussing modern
algorithms, as well as the influence of theory on the interpretation of solutions or on the design of
software. The book includes several examples of realistic optimization models that address
important applications. The succinct style of this second edition is punctuated with numerous
real-life examples and exercises, and the authors include accessible explanations of topics that are
not often mentioned in textbooks, such as duality in nonlinear optimization, primal-dual methods for
nonlinear optimization, filter methods, and applications such as support-vector machines. The book
is designed to be flexible. It has a modular structure, and uses consistent notation and terminology
throughout. It can be used in many different ways, in many different courses, and at many different
levels of sophistication.

primal and dual problem: Practical Bilevel Optimization Jonathan F. Bard, 2013-03-09 The
use of optimization techniques has become integral to the design and analysis of most industrial and
socio-economic systems. Great strides have been made recently in the solution of large-scale
problems arising in such areas as production planning, airline scheduling, government regulation,
and engineering design, to name a few. Analysts have found, however, that standard mathematical
programming models are often inadequate in these situations because more than a single objective
function and a single decision maker are involved. Multiple objective programming deals with the
extension of optimization techniques to account for several objective functions, while game theory
deals with the inter-personal dynamics surrounding conflict. Bilevel programming, the focus of this
book, is in a narrow sense the combination of the two. It addresses the problern in which two
decision makers, each with their individual objectives, act and react in a noncooperative, sequential
manner. The actions of one affect the choices and payoffs available to the other but neither player
can completely dominate the other in the traditional sense.

primal and dual problem: Duality in Optimization and Variational Inequalities C.j. Goh,
2002-05-10 This comprehensive volume covers a wide range of duality topics ranging from simple
ideas in network flows to complex issues in non-convex optimization and multicriteria problems. In
addition, it examines duality in the context of variational inequalities and vector variational



inequalities, as generalizations to optimization. Duality in Optimizati

primal and dual problem: Principles of Distributed Systems Chenyang Lu, Toshimitsu
Masuzawa, Mohamed Mosbah, 2010 Annotation. Constituting the refereed proceedings of the 14th
International Conference on Principles of Distributed Systems, OPODIS 2010, held in Tozeur,
Tunisia, in December 2010, this volume contains 32 full papers on topics discussed at the
conference.

primal and dual problem: Encyclopedia of Operations Research and Management Science
Saul I. Gass, Carl M. Harris, 2012-12-06 Operations Research: 1934-1941, 35, 1, 143-152; British
The goal of the Encyclopedia of Operations Research and Operational Research in World War 1I, 35,
3, 453-470; Management Science is to provide to decision makers and U. S. Operations Research in
World War I1, 35, 6, 910-925; problem solvers in business, industry, government and and the 1984
article by Harold Lardner that appeared in academia a comprehensive overview of the wide range of
Operations Research: The Origin of Operational Research, ideas, methodologies, and synergistic
forces that combine to 32, 2, 465-475. form the preeminent decision-aiding fields of operations re
search and management science (OR/MS). To this end, we The Encyclopedia contains no entries that
define the fields enlisted a distinguished international group of academics of operations research
and management science. OR and MS and practitioners to contribute articles on subjects for are
often equated to one another. If one defines them by the which they are renowned. methodologies
they employ, the equation would probably The editors, working with the Encyclopedia's Editorial
stand inspection. If one defines them by their historical Advisory Board, surveyed and divided
OR/MS into specific developments and the classes of problems they encompass, topics that
collectively encompass the foundations, applica the equation becomes fuzzy. The formalism OR grew
out of tions, and emerging elements of this ever-changing field. We the operational problems of the
British and U. s. military also wanted to establish the close associations that OR/MS efforts in World
War II.

primal and dual problem: Dynamic Spectrum Access and Management in Cognitive Radio
Networks Ekram Hossain, Dusit Niyato, Zhu Han, 2009-06-18 An all-inclusive introduction to this
revolutionary technology, presenting the key research issues and state-of-the-art design, analysis,
and optimization techniques.

primal and dual problem: Handbook of Approximation Algorithms and Metaheuristics
Teofilo F. Gonzalez, 2018-05-15 Handbook of Approximation Algorithms and Metaheuristics, Second
Edition reflects the tremendous growth in the field, over the past two decades. Through
contributions from leading experts, this handbook provides a comprehensive introduction to the
underlying theory and methodologies, as well as the various applications of approximation
algorithms and metaheuristics. Volume 1 of this two-volume set deals primarily with methodologies
and traditional applications. It includes restriction, relaxation, local ratio, approximation schemes,
randomization, tabu search, evolutionary computation, local search, neural networks, and other
metaheuristics. It also explores multi-objective optimization, reoptimization, sensitivity analysis, and
stability. Traditional applications covered include: bin packing, multi-dimensional packing, Steiner
trees, traveling salesperson, scheduling, and related problems. Volume 2 focuses on the
contemporary and emerging applications of methodologies to problems in combinatorial
optimization, computational geometry and graphs problems, as well as in large-scale and emerging
application areas. It includes approximation algorithms and heuristics for clustering, networks
(sensor and wireless), communication, bioinformatics search, streams, virtual communities, and
more. About the Editor Teofilo F. Gonzalez is a professor emeritus of computer science at the
University of California, Santa Barbara. He completed his Ph.D. in 1975 from the University of
Minnesota. He taught at the University of Oklahoma, the Pennsylvania State University, and the
University of Texas at Dallas, before joining the UCSB computer science faculty in 1984. He spent
sabbatical leaves at the Monterrey Institute of Technology and Higher Education and Utrecht
University. He is known for his highly cited pioneering research in the hardness of approximation;
for his sublinear and best possible approximation algorithm for k-tMM clustering; for introducing the




open-shop scheduling problem as well as algorithms for its solution that have found applications in
numerous research areas; as well as for his research on problems in the areas of job scheduling,
graph algorithms, computational geometry, message communication, wire routing, etc.

primal and dual problem: Practical Optimization Andreas Antoniou, Wu-Sheng Lu,
2021-10-19 This textbook provides a hands-on treatment of the subject of optimization. A
comprehensive set of problems and exercises makes it suitable for use in one or two semesters of an
advanced undergraduate course or a first-year graduate course. Each half of the book contains a full
semester’s worth of complementary yet stand-alone material. The practical orientation of the topics
chosen and a wealth of useful examples also make the book suitable as a reference work for
practitioners in the field. In this second edition the authors have added sections on recent
innovations, techniques, and methodologies.

primal and dual problem: Operations Research Models and Methods Paul A. Jensen, Jonathan
F. Bard, 2002-10-08 In a rapidly developing field like Operations Research, its easy to get
overwhelmed by the variety of topics and analytic techniques. Paul Jensen and Jonathan Bard help
you master the expensive field by focusing on the fundamental models and methodologies underlying
the practice of Operations Research. Bridging the gap between theory and practice, the author
presents the quantitative tools and models most important to understanding modern operations
research. You'll come to appreciate the power of OR techniques in solving real-world problems and
applications in your own field. You'll learn how to translate complex situations into mathematical
models, solve models and turn models into solutions. This text is designed to bridge the gap between
theory and practice by presenting the quantitative tools and models most suited for modern
operations research. The principal goal is to give analysts, engineers, and decision makers a larger
appreciation of their roles by defining a common terminology and by explaining the interfaces
between the underlying methodologies. Features Divides each subject into methods and models,
giving you greater flexibility in how you approach the material. Concise and focused presentation
highlights central ideas. Many examples throughout the text will help you better understand
mathematical material.

primal and dual problem: Operations Research A. M. Natarajan, P. Balasubramani, 2006

primal and dual problem: Dynamic Pricing and Automated Resource Allocation for Complex
Information Services Michael Schwind, 2007-04-24 Many firms provide their customers with online
information products which require limited resources such as server capacity. This book develops
allocation mechanisms that aim to ensure an efficient resource allocation in modern IT-services.
Recent methods of artificial intelligence, such as neural networks and reinforcement learning, and
nature-oriented optimization methods, such as genetic algorithms and simulated annealing, are
advanced and applied to allocation processes in distributed IT-infrastructures, e.g. grid systems. The
author presents two methods, both of which using the users’ willingness-to-pay to control the
allocation process: The first approach uses a yield management method that tries to learn an optimal
acceptance strategy for resource requests. The second method is a combinatorial auction able to
deal with resource complementarities. The author finally generates a method to calculate dynamic
resource prices, marking an important step towards the industrialization of grid systems.

primal and dual problem: Optimization Concepts and Applications in Engineering Ashok
D. Belegundu, Tirupathi R. Chandrupatla, 2019-06-06 Integrates theory, algorithms, modeling, and
computer implementation while solved examples show realistic engineering optimization problems.

primal and dual problem: Introduction to Linear Programming Richard Darst, 1990-10-26
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

primal and dual problem: Topics in Semidefinite and Interior-Point Methods Panos M.
Pardalos and Henry Wolkowicz, 1998 Contains papers presented at a workshop held at The Fields
Institute in May 1996. Papers are arranged in sections on theory, applications, and algorithms.



Specific topics include testing the feasibility of semidefinite programs, semidefinite programming
and graph equipartition, the totally nonnegative completion problem, approximation clustering, and
cutting plane algorithms for semidefinite relaxations. For graduate students and researchers in
mathematics, computer science, engineering, and operations. No index. Annotation copyrighted by
Book News, Inc., Portland, OR

primal and dual problem: Optimization for Decision Making Katta G. Murty, 2010-03-14
Linear programming (LP), modeling, and optimization are very much the fundamentals of OR, and no
academic program is complete without them. No matter how highly developed one’s LP skills are,
however, if a fine appreciation for modeling isn’'t developed to make the best use of those skills, then
the truly ‘best solutions’ are often not realized, and efforts go wasted. Katta Murty studied LP with
George Dantzig, the father of linear programming, and has written the graduate-level solution to
that problem. While maintaining the rigorous LP instruction required, Murty's new book is unique in
his focus on developing modeling skills to support valid decision making for complex real world
problems. He describes the approach as 'intelligent modeling and decision making' to emphasize the
importance of employing the best expression of actual problems and then applying the most
computationally effective and efficient solution technique for that model.

primal and dual problem: Linear and Nonlinear Programming David G. Luenberger, Yinyu
Ye, 2008-07-07 This third edition of the classic textbook in Optimization has been fully revised and
updated. It comprehensively covers modern theoretical insights in this crucial computing area, and
will be required reading for analysts and operations researchers in a variety of fields. The book
connects the purely analytical character of an optimization problem, and the behavior of algorithms
used to solve it. Now, the third edition has been completely updated with recent Optimization
Methods. The book also has a new co-author, Yinyu Ye of California’s Stanford University, who has
written lots of extra material including some on Interior Point Methods.

primal and dual problem: Applied Mathematics-II1 (AU,UP) Dr Shyamal Kr Banerjee, N P
Bali, Manish Goyal, 2007
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In your state: can you carry in a PUBLIC Zoo? - First, thanks for the post and the link. I'm not



seeing how you draw that conclusion from the law you quoted. Whether because of an admission
charge or the serving of alcohol, I

St. Louis Zoo: communication log + TRO filing/status The Dallas zoo is privately run in public
property and has, iirc, three rides for children in one small area of the zoo. The zoo also claims to be
covered by the exemption for

Binder Park Zoo? | - A Right Unexercised is a imported post My family and I will most likely be
going to Binder Park Zoo next week. Does anyone have any experience with CC/OC at this zoo/know
if they allow? Thanks!

Open carry at the Detroit zoo? - I'ts public. It's funded by a tri-county mileage in addition to
private donations. "On February 18, 2006, the Detroit City Council voted to shut down the zoo as
part of budget cuts,
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