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1.General method:



Change –Making Problem:



Greedy Technique:



The General Method:



2. Knapsack problem:



Example:





Example:







3. Job Scheduling with Deadlines:

•we are given a set of ‘n’ jobs.
•Associated with each Job i, deadline di > 0 and profit
Pi > 0.
•For any job ‘i’ the profit pi is earned iff the job is
completed by its deadline.
•Only one machine is available for processing jobs.
•A feasible solution is a subset J of jobs such that each
job in this subset can be completed by its deadline and
the total profit is the sum of the jobs profit in J.
•An optimal solution is the feasible solution with
maximum profit.



















• N=7
jobs J1 J2 J3 J4 J5 J6 J7

profit 35 30 25 2 15 5 4

deadlines 3 4 4 2 3 1 2



4. Minimum cost Spanning Trees :



•A spanning tree for a connected graph is a tree whose
vertex set is the same as the vertex set of the given graph,
and whose edge set is a subset of the edge set of the given
graph. i.e., any connected graph will have a spanning tree.

•Weight of a spanning tree w (T) is the sum of weights of all
edges in T. The Minimum spanning tree (MST) is a spanning
tree with the smallest possible weight.





To find a Minimum Spanning Tree:

a)Kruskal's algorithm uses edges, in determining the MST.

b)Prim‟s algorithm uses vertex connections in determining

the MST.



a)Kruskal’s Algorithm :
This is a greedy algorithm. A greedy algorithm chooses
some local optimum (i.e. picking an edge with the least
weight in a MST).
Kruskal's algorithm works as follows:
•Take a graph with 'n' vertices, keep on adding the shortest
(least cost) edge, while avoiding the creation of cycles, until
(n - 1) edges have been added.
•Sometimes two or more edges may have the same cost.
•The order in which the edges are chosen, in this case, does
not matter. Different MSTs may result, but they will all have
the same total cost, which will always be the minimum
cost.





Running time: 
•The number of finds is at most 2e, and the number of 
unions at most n-1. Including the initialization time for the 
trees, this part of the algorithm has a complexity that is just 
slightly more than O (n + e). 

•We can add at most n-1 edges to tree T. So, the total time 
for operations on T is O(n). 

•Summing up the various components of the computing 
times, we get O (n + e log e) as asymptotic complexity 



Example 1:



b) Prim’s Algorithm :
This is a greedy algorithm. A greedy algorithm chooses
some local optimum (i.e. picking an Vertex with the least
weight in a MST).
Prim’s algorithm works as follows:
•In the spanning tree algorithm, any vertex not in the tree
but connected to it by an edge can be added. To find a
Minimal cost spanning tree, we must be selective - we
must always add a new vertex for which the cost of the
new edge is as small as possible.
•This simple modified algorithm of spanning tree is called
prim's algorithm for finding an Minimal cost spanning tree.





•The prims algorithm will start with a tree that includes 
only a minimum cost edge of G.
•Then, edges are added to the tree one by one. the next 
edge (i,j) to be added in such that I is a vertex included in 
the tree, j is a vertex not yet included, and cost of (i,j), 
cost[i,j] is minimum among all the edges.



Example :



a

fed

cb



Running time: 
•We do the same set of operations with dist as in
Dijkstra's algorithm (initialize structure, m times decrease
value, n - 1 times select minimum). Therefore, we get O
(n2) time when we implement dist with array, O (n + E log
n) when we implement it with a heap.



5.Optimal storage on tapes:
• Optimal Storage on Tapes is one of the application of the Greedy

Method.
• The objective is to find the Optimal retrieval time for accessing

programs that are stored on tape.









•The greedy method simply requires us to store the

programs in non-decreasing order of their lengths.

•This ordering (sorting) can be carried out in O(n log n)

time using an efficient sorting algorithm.



6. Single-source shortest paths:



•Dijkstra's algorithm - is a solution to the single-source
shortest path problem in graph theory.
•Works on both directed and undirected graphs. However,
all edges must have nonnegative weights.
•Approach: Greedy
•Input: Weighted graph G={E,V} and source vertex v∈V, such
that all edge weights are nonnegative
•Output: Lengths of shortest paths (or the shortest paths
themselves) from a given source vertex v∈V to all other
vertices
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1.General method:
•Dynamic programming is a technique for solving
problems with overlapping sub-problems.

•Typically, these sub-problems arise from a recurrence
relating a solution to a given problem with solutions to its
smaller sub-problems of the same type.

•Rather than solving overlapping sub-problems again and
again, dynamic programming suggests solving each of the
smaller sub-problems only once and recording the results
in a table from which we can then obtain a solution to the
original problem.



•Dynamic Programming is a general algorithm design
technique for solving problems defined by or formulated as
recurrences with overlapping sub instances.

Main idea:
•set up a recurrence relating a solution to a larger instance
to solutions of some smaller instances.
•solve smaller instances once.
•record solutions in a table.
•extract solution to the initial instance from that table.



• Recall definition of Fibonacci numbers:
F(n) = F(n-1) + F(n-2)

F(0) = 0
F(1) = 1

• Computing the nth Fibonacci number recursively (top-down):
F(n)

F(n-1)             +             F(n-2)

F(n-2)     +     F(n-3)          F(n-3)     +     F(n-4)
...

Example: Fibonacci Numbers



•Dynamic programming usually takes one of two
approaches:
Bottom-up approach: All sub problems that might be
needed are solved in advance and then used to build up
solutions to larger problems. This approach is slightly better
in stack space and number of function calls, but it is
sometimes not intuitive to figure out all the sub problems
needed for solving the given problem.

Top-down approach: The problem is broken into sub
problems, and these sub problems are solved and the
solutions remembered, in case they need to be solved
again. This is recursion and Memory Function combined
together.



•In the bottom-up approach we calculate the smaller
values of Fibo first, then build larger values from them. This
method also uses linear (O(n)) time since it contains a loop
that repeats n − 1 times.

•In both these examples, we only calculate fib(2) one time,
and then use it to calculate both fib(4) and fib(3), instead of
putting t every time either of them is evaluated.

Algorithm Fibo(n)
a = 0, b = 1
repeat n − 1 times

c = a + b
a = b
b  = c

return b

Bottom Up



•suppose we have a simple map object, m, which maps each
value of Fibo that has already been calculated to its result,
and we modify our function to use it and update it. The
resulting function requires only O(n) time instead of
exponential time:

•This technique of saving values that have already been
calculated is called Memory Function; this is the top-down
approach, since we first break the problem into
subproblems and then calculate and store values.

m [0] = 0
m [1] = 1

Algorithm Fibo(n)
if map m does not contain key n

m[n] := Fibo(n − 1) + Fibo(n − 2)
return m[n]

Top-Down



2. Multistage graphs:
•A multistage graph G = (V,E) is a directed graph in which the
vertices are portioned into K > = 2 disjoint sets Vi, 1 <= i<= k.
•In addition, if < u,v > is an edge in E, then u < = Vi and V 
Vi+1 for some i, 1<= i < k.
•If there will be only one vertex, then the sets Vi and Vk are
such that [Vi]=[Vk] = 1.
•The cost of a path from source (s) to destination (t) is the
sum of the costs of the edger on the path.



•The MULTISTAGE GRAPH problem is to find a minimum cost
path from ‘s’ to ‘t’.
•Each set Vi defines a stage in the graph. Every path from ‘s’ to
‘t’ starts in stage-1, goes to stage-2 then to stage-3, then to
stage-4, and so on, and terminates in stage-k.
•This MULISTAGE GRAPH problem can be solved in 2 ways.
•a) Forward Method.
•b) Backward Method



Forward Method:
1. Assume that there are ‘k’ stages in a graph.
2. In this FORWARD approach, we will find out the cost of

each and every node starling from the ‘k’ th stage to the
1st stage.

3. We will find out the path (i.e.) minimum cost path from
source to the destination (ie) [Stage-1 to Stage-k ].

Backward Method
1. If there one ‘K’ stages in a graph using back ward

approach. we will find out the cost of each & every
vertex starting from 1st stage to the kth stage.

2. We will find out the minimum cost path from destination
to source (ie)[from stage k to stage 1]





Forward Approach:



Backward Approach:

V 1 2 3 4 5 6 7 8 9 10 11 12

C 0 9 7 3 2 9

D 1 1 1 1 1 3

C(3,6)=
MIN{C(2,2)+C(2,6),
C(2,3)+C(3,6)}

MIN{9+4,7+2}
=MIN{13,9}
=9



3. All-pairs shortest paths :











Algorithm:



Floyd’s Algorithm:
•Weights of edges are taken into account for getting the
length of shortest path between any pair of vertices.
•Here we use two functions,
1.min(x, y) returns minimum between two values x, y.
2.combine(p1,p2), returns the concatenation of two paths p1
and p2 resulting in single path.
•Ex: if p1=1-2-3, p2=3-4 then p=1-2-3-4
•The algorithm produces two matrices,
1.To store length of shortest path between all pairs of
vertices.
2. To store shortest path between all pairs of vertices.







4.Optimal binary search trees:
• OBST is one special kind of advanced tree.
• It focus on how to reduce the cost of the search of the BST.
• It may not have the lowest height !
• It needs 3 tables to record probabilities, cost, and root.
• The case of search are two situations, one is success, and the

other, without saying, is failure.



•The expected cost contribution for the internal node
for 'ai' is:

P (i) * level (ai ) .
•Unsuccessful search terminate with I = 0 (i.e at an
external node). Hence the cost contribution for this
node is:

Q (i) * level ((Ei) - 1)
•The expected cost of binary search tree is:







•The  structure of an optimal binary search tree is:





Example 1:
Let n = 4, and (a1, a2, a3, a4) = (do, if, need, while) Let P (1: 4) = (3, 3, 1, 1)
and Q (0: 4) = (2, 3, 1, 1, 1)

W02=12
C02=19
R02=1

W13=9
C13=12
R13=2

W24=5
C24=8
R24=3

W03=14
C03=25
R03=2

W14=11
C14=19
R14=2

W04=16
C04=32
R04=2

0 1 2 3 4

0
1            2              3         4











5.0/1 knapsack:





0 0 0 0 0 0 0 0 0

0 0 1 1 1 1 1 1 1

0 0 1 2 2 3 3 3 3

0 0 1 2 5 5 6 7 7

0 0 1 2 5 6 6 7 8

X1 X2 X3 x4

0 1 0 1

8-6=2
2-2=0





6.The travelling salesperson problem:
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