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Introduction

When you first encounter the classic textbook Algorithm Designby Jon Kleinberg and Éva Tardos, the chapters feel

like stepping stones that build toward a comprehensive understanding of algorithmic thinking. Chapter 7, in

particular, stands out as a pivotal section that delves into greedy algorithms and approximation techniques—tools

that are indispensable for tackling real �world optimization problems. This article offers a deep dive into the solutions

presented in Chapter 7, exploring the underlying concepts, key algorithms, and practical applications. Whether

you’re a student preparing for exams, a software engineer refining your algorithmic toolkit, or simply an enthusiast

eager to grasp the nuances of algorithm design, this guide will illuminate the chapter’s core ideas while maintaining

a natural, engaging tone.

What Chapter 7 Covers: A Quick Overview

Chapter 7 focuses on two intertwined themes:

1.  Greedy Algorithms – strategies that make locally optimal choices with the hope of finding a global optimum.

2.  Approximation Algorithms – techniques that produce near �optimal solutions for NP �hard problems where exact 

solutions are computationally infeasible.

The chapter is structured around a series of problem statements, followed by detailed solutions that illustrate both

the theoretical foundations and practical implementations. It also includes a set of exercises designed to reinforce

the concepts through hands �on problem solving.

Key Concepts Introduced in Chapter 7

Greedy Choice Property

A greedy algorithm hinges on the greedy choice property: a locally optimal choice can be made without

jeopardizing the global optimum. The chapter presents several classic problems—such as interval scheduling,

Huffman coding, and the fractional knapsack—to demonstrate how this property manifests in different contexts.

Exchange Argument

To prove that a greedy algorithm is optimal, the exchange argumentis frequently employed. This technique

involves showing that any optimal solution can be transformed into the greedy solution by exchanging elements

while preserving optimality. The chapter walks through several examples, making the concept accessible and

intuitive.

Approximation Ratio

When dealing with NP �hard problems, we often settle for solutions that are within a certain factor of the optimum. 

The approximation ratioquantifies this relationship. For instance, a 2 �approximation algorithm guarantees that the

solution’s value is at most twice the optimal value. Chapter 7 provides a clear definition and explains how to

analyze and prove such ratios.

Local Search and Randomized Algorithms



Beyond pure greedy strategies, the chapter introduces local search techniques—iteratively improving a solution by 

exploring its neighborhood—and randomized algorithms, which use probabilistic decisions to escape local

optima. These methods broaden the toolkit for tackling complex optimization problems.

Detailed Solutions: From Theory to Practice

1. Interval Scheduling

The classic interval scheduling problem asks: given a set of jobs with start and finish times, what is the maximum

number of non �overlapping jobs that can be scheduled? The greedy solution sorts jobs by finish time and selects

each job that starts after the last selected job’s finish. The chapter’s solution demonstrates the correctness proof

via the exchange argument and shows how the algorithm runs in O(n log n) time due to sorting.

2. Huffman Coding

Huffman coding constructs a prefix �free binary code that minimizes the weighted average code length. The greedy

solution repeatedly merges the two least frequent symbols, building a binary tree from the bottom up. The chapter’s

solution details the priority �queue implementation, the proof of optimality, and how to handle edge cases such as a

single symbol.

3. Fractional Knapsack

Unlike the 0 �1 knapsack, the fractional version allows splitting items. The greedy strategy sorts items by

value �to �weight ratio and fills the knapsack with the highest ratios first. The solution in the chapter explains how this

yields an optimal solution in O(n log n) time, thanks to sorting, and provides a simple pseudocode snippet.

4. Minimum Spanning Tree (Prim’s and Kruskal’s Algorithms)

Prim’s algorithm grows a minimum spanning tree (MST) by adding the cheapest edge that connects a vertex inside

the tree to one outside. Kruskal’s algorithm, on the other hand, sorts all edges and adds them one by one, skipping

any that would create a cycle. Chapter 7 presents both algorithms side �by �side, discusses their time complexities

(O(E log V) for Prim’s with a Fibonacci heap, O(E log E) for Kruskal’s), and proves their optimality via cut and cycle

properties.

5. Approximation for Vertex Cover

The vertex cover problem is NP �hard, but Chapter 7 introduces a simple 2 �approximation algorithm: repeatedly pick

an arbitrary edge, add both its endpoints to the cover, and remove all edges incident to those vertices. The solution

shows that the resulting set is at most twice the size of an optimal cover, and discusses how the algorithm can be

implemented efficiently using adjacency lists.

6. Set Cover Approximation via Greedy Heuristic

Set cover is another classic NP �hard problem. The greedy algorithm iteratively selects the set that covers the largest

number of uncovered elements. The chapter explains how this yields an H(n)-approximation, where H(n) is the nth

harmonic number, and provides a detailed proof using potential functions.

7. Local Search for Max Cut

Max Cut seeks a partition of a graph’s vertices into two subsets maximizing the number of edges crossing the cut.

Chapter 7 explores a simple local search algorithm that flips a vertex’s side if doing so increases the cut size. The

solution demonstrates convergence to a local optimum and discusses the approximation ratio achieved by this

heuristic.



8. Randomized Rounding for Linear Programming Relaxations

For problems like the set cover or vertex cover, one can formulate a linear programming (LP) relaxation and then

use randomized rounding to obtain integral solutions. The chapter walks through the process: solve the LP, interpret

fractional solutions as probabilities, and round each variable independently. It then provides bounds on the

expected approximation ratio, leveraging linearity of expectation and concentration inequalities.

Applying the Solutions: Practical Tips

•  Data Structures Matter – Use priority queues for greedy algorithms that require frequent extraction of 

minimum or maximum elements. For MST algorithms, adjacency lists and efficient union �find structures are 

essential.

•  Sorting Is Often the Bottleneck – Many greedy algorithms rely on sorting. Optimizing the sort (e.g., using 

counting sort for integer keys) can yield significant speedups.

•  Proof by Exchange Is Your Friend – Whenever you’re unsure about optimality, try to construct an exchange 

argument. It’s a powerful tool for both teaching and debugging.

•  Approximation Ratios Guide Design – Knowing the approximation ratio helps you decide whether a greedy or 

local search approach is sufficient for your application’s tolerance for sub �optimality.

•  Randomization Can Be Powerful – For hard problems, randomized algorithms often provide good practical 

performance and simpler implementations than deterministic counterparts.

Common Pitfalls and How to Avoid Them

Misinterpreting the Greedy Choice Property

Not every locally optimal choice leads to a global optimum. The greedy choice property must be verified for each

problem. A quick check is to see if the problem satisfies the optimal substructure property.

Ignoring Edge Cases

When implementing greedy solutions, edge cases such as empty input, single �element sets, or duplicate items can

cause bugs. Always test your algorithm with these scenarios.

Underestimating Complexity

Some greedy algorithms appear linear but actually involve sorting or priority �queue operations that dominate

runtime. Be mindful of the true asymptotic complexity when scaling to large datasets.

Overreliance on Approximation Guarantees

Approximation ratios are worst �case guarantees. In practice, the algorithm may perform much better. However, don’t

assume it will always be within the bound; always validate with empirical tests.

Exercises and Practice Problems

Chapter 7 includes a set of exercises that reinforce the material. Here are a few you can try to deepen your

understanding:

1.  Prove the greedy algorithm for interval scheduling is optimal using the exchange argument.

2.  Implement the fractional knapsack algorithm and analyze its runtime on a dataset of 10,000 items.

3.  Show that the greedy set cover algorithm achieves an H(n)-approximation by deriving the bound step by step.

4.  Design a local search algorithm for the traveling salesman problem and evaluate its performance on a 50 �city 

instance.

5.  Use randomized rounding to approximate the vertex cover problem on a graph with 1,000 vertices and 5,000 



edges.

Solving these exercises will solidify your grasp of greedy strategies, approximation concepts, and the underlying

proof techniques.

Resources for Further Learning

•  Algorithm Design (Kleinberg & Tardos) – The original textbook that Chapter 7 belongs to.

•  CP �Algorithms – A comprehensive online resource covering greedy algorithms and approximation techniques.

•  Sphere Online Judge (SPOJ) – Practice problems that often involve greedy or approximation solutions.

•  Khan Academy: Algorithms – Video tutorials explaining key algorithmic concepts.

•  Coursera: Algorithms Specialization – Structured courses that cover greedy, dynamic programming, and 

approximation algorithms.

Conclusion

Chapter 7 of Algorithm Designby Kleinberg and Tardos is more than a collection of problems; it is a gateway to

mastering the art of greedy and approximation algorithms. By understanding the greedy choice property, exchange

arguments, approximation ratios, and the practical nuances of implementing these algorithms, you gain powerful

tools that apply across computer science and operations research. Whether you’re tackling scheduling, coding,

network design, or any optimization challenge, the solutions explored in this chapter provide a solid foundation for

both academic study and real �world problem solving. Dive into the exercises, experiment with implementations, and

let the insights from Chapter 7 guide your journey toward becoming an adept algorithm designer.

Baca Juga (Artikel Terkait)

•  sims 3 trophy guide and roadmap
   URL: http://andreamattone.com/sims-3-trophy-guide-and-roadmap.pdf

•  the elf on the shelf story online
   URL: http://andreamattone.com/the-elf-on-the-shelf-story-online.pdf

•  biological classification pogil
   URL: http://andreamattone.com/biological-classification-pogil.pdf

•  kubota 3 cylinder diesel engine manual
   URL: http://andreamattone.com/kubota-3-cylinder-diesel-engine-manual.pdf

Tags: #chapter  #solutions  #algorithm  #design  #kleinberg  #tardos

http://andreamattone.com/sims-3-trophy-guide-and-roadmap.pdf
http://andreamattone.com/the-elf-on-the-shelf-story-online.pdf
http://andreamattone.com/biological-classification-pogil.pdf
http://andreamattone.com/kubota-3-cylinder-diesel-engine-manual.pdf


Page 1 of 4



Page 2 of 4



Page 3 of 4



Page 4 of 4


