Greedy Algorithm Dr. Ruba Talal
Lecture 7 Data Structure

1. Introduction to Greedy Algorithms

A greedy algorithm is a problem-solving approach that makes the best choice at each step with
the hope that these local choices lead to a globally optimal solution. Greedy algorithms are used
in optimization problems where finding an optimal solution is the goal.
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Characteristics of Greedy Algorithms:
e Local Optimization: Makes the best possible decision at each step.
e Jbima o 2l el dBaall) 8 Juad) Jad) Hlias b AiSeal Jolall aes Jilat o 85 Y
e Irrevocable Choices: Once a decision is made, it cannot be changed.
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e No Backtracking: It does not revisit previously made decisions.

L s gl Lgagauatl ASlual) e ) Al ) 2gai )
58 padid il (Dynamic Programming) 4sSsabisall Al Jis el Al pany e e @
AR il ghdll B B Bale) ¢ ga il JSdy Jard dadal) A )l Al il cililuall Lisd

o Efficient: Often faster than other algorithms like dynamic programming.
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2. Fractional Knapsack Problem

The knapsack problem is an optimization problem where a set of items, each with a given weight
and value, must be selected to maximize the total value while staying within a weight limit.

The Fractional Knapsack Problem allows taking fractions of items, unlike the 0/1 knapsack
problem, where items are either included or excluded entirely.

Problem Statement:
Given:

e Asetofitems, each with a weight w_i and value v_i.
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e A knapsack that can carry a maximum weight W.
o The goal is to maximize the total value by selecting fractions of items if necessary.
Greedy Approach to Solve Fractional Knapsack:
1. Compute the value-to-weight ratio for each item:
2. Sort the items in descending order based on the ratio.
3. Iterate through the sorted items:
o If the full item can be taken, add it to the knapsack.

o If only part of the item can be taken (due to weight constraints), take the fraction
that fits.

4. Stop when the knapsack is full.
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using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;

using System.Threading. Tasks;

namespace Knapsack

{

public class Item

public int value;
public int weight;
public float density;

public Item(int w, int v, float d)

{
value = v;
weight = w;
density = d;
h
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class Program

{

public static void KnapSack(int capacity, Item[] items, int itemsCount)
{

Item temp=new Item(0,0,0);

//compute density = (value/weight)

for (int 1 = 0; 1 < itemsCount; i++)

items][i].density =(float) items[i].value / items[i].weight;

//sort by density in descending order
for (int 1 = 0; 1 < itemsCount; i++)
{
for (int j = 0; j < itemsCount - 1; j++)
{
if (items[j + 1].density > items[j].density)

{

temp = items[j + 1];
items[j + 1] = items[j];

items[j] = temp;

int wt;
float value=0;

float total Weight = 0, totalBenefit = 0;
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for(int 1 = 0; 1 < itemsCount; i++)

if(items[i].weight + total Weight <= capacity)

total Weight += items[i].weight;
totalBenefit += items[i].value;

Console.WriteLine("Selected Item: "+ 1 + " Weight : "+ items[i].weight +" Value:
"+ items[i].value +" total weight "+totalWeight +" total benfit: "+ totalBenefit);

}

else

wt = capacity -(int)total Weight;

value = wt * (float)(items[i].value) / items[i].weight;

total Weight += wt;
totalBenefit += value;

Console.WriteLine("Selected Item: " +1+ " Weight : " + wt + "Value: " + value
+" total weight: " + totalWeight + " total benfit: "+ totalBenefit);

break;

Console.WriteLine("total Weight "+ total Weight);

Console.WriteLine("total benfit "+ totalBenefit );
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}

static void Main(string[] args)

{

Item [] items = new Item[6];
items[0] = new Item(6, 6, 0);
items[ 1] = new Item(10, 2, 0);
items[2] = new Item(3, 1, 0);
items[3] = new Item(5, 8, 0);
items[4] = new Item(1, 3, 0);

items[5] = new Item(3, 4, 0);

int items_no = 6;
int capacity = 16;

KnapSack(capacity,items, items_no);



