UNIT -1
Algorithm Definition:

An Algorithm is any well-defined computational procedure that takes some value or set of
values as Input and produces a set of values or some value as output. Thus algorithm is a sequence of
computational steps that transforms the input into the output.

An Algorithm is a finite set of instructions that, if followed, accomplishes a particular task. In
addition, all algorithms should satisfy the following criteria.

Characteristics of an Algorithm:

. INPUT - Zero or more quantities are externally supplied.

. OUTPUT -> At least one quantity is produced.
DEFINITENESS - Each instruction is clear and unambiguous.
FINITENESS - If we trace out the instructions of an algorithm, then for all cases, the algorithm
terminates after a finite number of steps.
EFFECTIVENESS - Every instruction must very basic so that it can be carried out, in principle, by
a person using only pencil & paper.

Differences between algorithm and program:

Algorithm Program

1. It is a step by step procedure for | 1. A program is nothing but a set of
solving the given problem. instructions or executable code.

2. An algorithm is designed by |2. The program can be implemented
designer by a programmer.

3.An algorithm is done at design |3. A program is implemented at
phase implementation phase.

4. An algorithm can be expressed by | 4. A program can be written by using
using English, flowchart and pseudo | languages like C, C++, Java etc...
code.
5. After writing the algorithm, we | 5.After writing a program, we have to
have to analyze it using space and | test them

time complexities.

Algorithm Specification: Algorithm can be described in three ways.
Natural language like English: When this way is choose care should be taken, we
should ensure that each & every statement is definite.
. Graphic representation called flowchart: This method will work well when the algorithm is small&
simple.
Pseudo-code Method: In this method, we should typically describe algorithms as program, which
resembles language like PASCAL & ALGOL
Pseudo-Code Conventions: The following are set of rules need to be followed while writing algorithms
. Comments begin with // and continue until the end of line.
Blocks are indicated with matching braces { and }. A compound statement can be represented as a
block. The body of a procedure also forms a block. Statements are delimited by ;.
. An identifier begins with a letter. The data types of variables are not explicitly declared. Whether a
variable is local or global to a procedure will also be evident from the context.
. Compound data types can be formed with records. Here is an example,




Node= Record

{
datatype —1 data-1;

data type — n data —n;
node * link;
}
Here link is a pointer to the record type node. Individual data items of a record can be
accessed with = and period.
5. Assignment of values to variables is done using the assignment statement.
<Variable>:= <expression>;

6. There are two Boolean values TRUE and FALSE.
—> Logical Operators ~ AND, OR, NOT
—>Relational Operators <, <=,>>=, = I=

7. The following looping statements are employed.
For, while and repeat-until

While Loop:
While < condition > do

{

<statement-1>

<statement-n>
}

As long as condition is TRUE, the statements get executed. When condition becomes FALSE, the
loop is exited. The value of condition is evaluated at top of the loop. The general form of For loop is
For Loop:

for variable: = value 1 to value 2 step step do

{

<statement-1>

<statement-n>

}

Here value 1, value 2 and step are arithmetic expressions. A variable of type integer or real or a
numerical constant is a simple form of an arithmetic expression. The clause “step step” is optional and
taken as +1 if it does not occur. Step could either be positive or negative. Variable is tested for
termination at the start of each iteration. The repeat-until loop is constructed as follows.
repeat-until:

repeat
<statement-1>




<statement-n>
until<condition>
The statements are executed as long as condition is false. The value of condition is computed after
executing the statements. The instruction break; can be used within any of the above looping
instructions to force exit. In case of nested loops, break; results in the exit of the innermost loop that it
is a part of. A return statement within any of the above also will result in exiting the loops. A return
statement results in the exit of the function itself.
8. Aconditional statement has the following forms.
—> If <condition> then <statement>
—> If <condition> then <statement-1>
else <statement-1>
Here condition is the Boolean expression and statements are arbitrary statements.
Case statement:
Case

{

: <condition-1> : <statement-1>

: <condition-n> : <statement-n>
. else : <statement-n+1>
}

Here statement 1, statement 2 etc. could be either simple statement or compound statements. A
case statement is interpreted as follows. If condition 1 is true, statement 1 gets executed and case
statement is exited. If statement 1 is false, condition 2 is evaluated. If condition 2 is true, statement 2 gets
executed and the case statement exited and so on. If none of the conditions are true, statements + 1 is
executed and the case statement is exited. The else clause is optional.

9. Elements of multidimensional arrays are accessed using [ and ]. For example, if A is a two
dimensional array, the <i,j>™ element of an array is denoted as A[i,j].

10. Input and output are done using the instructions read & write.

11. There is only one type of procedure:
Algorithm, the heading takes the form,

Algorithm Name (Parameter lists)

Where Name is the name of the procedure and parameter list is a listing of the procedure
parameters. The body has one or more statements enclosed with braces { and }. An algorithm may or
may not return values. Simple variables to procedures are passed by value. Arrays and records are
passed by reference. An array nhame or record name is treated as a pointer to the respective data type.

- As an example, the following algorithm fields & returns the maximum of ‘n’ given numbers:
Algorithm Max(A,n)
/[ Ais an array of size n
{
Result := A[1];
forl:=1tondo
if A[l] > Result then
Result :=A[l];
return Result;




hy

In this algorithm (named Max), A & n are procedure parameters. Result & | are Local variables.

Recursive Algorithms:

A Recursive function is a function that is defined in terms of itself.
Similarly, an algorithm is said to be recursive if the same algorithm is invoked in the bodly.
An algorithm that calls itself is Direct Recursive.
Algorithm ‘A’ is said to be Indirect Recursive if it calls another algorithm which in turns calls
‘A
The Recursive mechanism, are externally powerful, but even more importantly, many times
they can express an otherwise complex process very clearly. Or these reasons we introduce
recursion here.
The following 2 examples show how to develop recursive algorithms.
- In the first, we consider the Towers of Hanoi problem, and in the second, we
generate all possible permutations of a list of characters.

1. Towers of Hanoi:

L 1

I I

Tower A Tower B Tower C

According to legend, at the time the world was created, there was a diamond tower (labeled A) with
64 golden disks.

The disks were of decreasing size and were stacked on the tower in decreasing order of size bottom to
top.

Besides these tower there were two other diamond towers(labeled B & C)

Goal is to move the disks from tower A to tower B using tower C, for intermediate storage.

As the disks are very heavy, they can be moved only one at a time.

In addition, at no time can a disk be on top of a smaller disk.

According to legend, the world will come to an end when the priest have completed this task.

A very elegant solution results from the use of recursion.

Assume that the number of disks is ‘n’.

To get the largest disk to the bottom of tower B, we move the remaining ‘n-1’ disks to tower C and

then move the largest to tower B.

Now we are left with the tasks of moving the disks from tower C to B.
To do this, we have tower A and B available.
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e The fact, that towers B has a disk on it can be ignored as the disks larger than the disks being moved
from tower C and so any disk scan be placed on top of it.
Algorithm:
Algorithm TowersofHanoi(n,x,y,z)
//Move the top ‘n’ disks from tower x to tower y.
{
if(n>=1) then
{ _
TowersofHanoi(n-1,x,z,y);
Write(“move top disk from tower *“ X ,”’to top of tower “,Y);
Towersofhanoi(n-1,z,y,x);
}
}

2. Recursive algorithm for Factorial Of Given Number:
Algorithm rfactorial(n)
{
If(n=1) then
return 1;
else
return (n-1) * rfactorial(n);

3. Recursive algorithm for GCD of two numbers:
Algorithm rgcd(a,b)

{
if(a!=b) then

if(a>b) then
{

a:=a-Db;
rgcd(a,b);

b:=b-a;
rgcd(a,b);
}

return a;

}

Performance Analysis: The efficiency of an algorithm is declared by measuring the performance of an
algorithm. Performance of an algorithm can be computed using Space and Time complexities. Given
algorithm can be analyzed in two ways:

1. Space Complexity: The space complexity of an algorithm is the amount of space or memory it needs

to run to compilation.
2. Time Complexity: The time complexity of an algorithm is the amount of computer time it needs to

run to compilation.




1. Space Complexity: The Space needed by each of these algorithms is seen to be the sum of the
following component.

a. A fixed part that is independent of the characteristics (eg: number, size) of the inputs and
outputs.

The part typically includes the instruction space (ie. Space for the code), space for simple
variable and fixed-size component variables (also called aggregate) space for constants, and
SO on.

. A variable part that consists of the space needed by component variables whose size is
dependent on the particular problem instance being solved, the space needed by referenced
variables (to the extent that is depends on instance characteristics), and the recursion stack
space.

The space requirement s(p) of any algorithm p may therefore be written as,
S(P) =c¢ + Sp (Instance Variable)
Where ‘¢’ is a constant variable.
Example 1: Compute Space complexity for the following examples:
Algorithm abc(a,b,c)
{
return a+b+c;
}
Here, the above algorithm contains three fixed part variables (which requires 3 words
of memory), and no variable part (hence 0). Hence S(P) = 3

Example 2:
Algorithm sum(a,n)
{
s=0.0;
for I=1to ndo
s=s+a[l];
return s;

¥

The problem instances for this algorithm are characterized by n, the number of elements to
be summed. The space needed d by ‘n’ is one word, since it is of type integer.

The space needed by ‘a’a is the space needed by variables of type array of floating point
numbers.

This is at least ‘n’ words, since ‘a’ must be large enough to hold the ‘n’ elements to be
summed.

e S0, we obtain S(P) >= (n + 3)
[ n for a[],one each for n,l and s]

2. Time Complexity: The time T(p) taken by a program P is the sum of the compile time and the run
time(execution time). The compile time does not depend on the instance characteristics. Also we may
assume that a compiled program will be run several times without recompilation .This rum time is
denoted by tp(instance characteristics). Time complexity is done by using Frequency count method
i.e. the number of times a statement is executed by the compiler.

- The number of steps any problem statement is assigned depends on the kind of statement.
For example,




Comments —> 0 steps.
Assignment statements - 1 steps.
Interactive statement such as for, while & repeat-until —> Control part of the statement.

Time complexity is classified in 5 types based on frequency count method:
e Constant: This statement will be executed by the compiler only once. For example, c:=a+b;
e Linear: This statement will be executed by the compiler n number of times.
for i:=1to nstep do n+1 times
Statement; n times
e Quadratic: This statement will be executed by the compiler n*n times that is n? times.
for i:=1to nstep do n+1 times
forj:=1to nstepdo n(n+1) times
Statement; n?times
e Cubic: This statement will be executed by the compiler n*n*n times that is n® times.
for i:=1to nstep do n+1 times
forj:=1to nstepdo n(n+1) times
for k := 1 to n step do n2(n+1) time
Statement; n3times
e Logarithmic: For each and every time the work area will be sliced to half. In such cases time
complexity will be log n.

Time complexity can be expressed in three ways: Best case, Worst case and Average case.
If an algorithm takes minimum amount of time to complete for a set of specific inputs it is
the Best case. For example, ‘key’ element is found at beginning of an array in linear search.

If an algorithm takes maximum amount of time to complete for a specific set of inputs it is
worst case. For example, ‘key’ element is found at end of an array or element not found.

If an algorithm takes average amount of time to complete for set of specific inputs it is
average case. For example, ‘key’ element found at middle of an array in linear search.

Compute Space and Time complexity to find Sum of individual digits in a number.

Statement Time Complexity Space Complexity

Algorithm Sumofindiviual(n) -
{ .
Whilen>0do m
{ .
k:=n % 10; m-1
n:=n/10; m-1
s:=s+Kk; m-1
}

Return s; 1

}
Total = 4m-2 (where m indicates number of digits in the given S(P)=3
number)

Compute Space and Time complexity to check given number is Palindrome or not.




Statement

Time Complexity

Space Complexity

Algorithm Palindrome(n)
{
m:=n;
while n >0do
{
k:=n% 10;
n:=n/10;
s:=(s*10) + k;
}
If s=m then
Write “given number is Palindrome”
Else
Write “Given number is not Palindrome”
}

1
m
m-1

m-1
m-1

1
1

0

1 form
1 forn
1 fork
1 fors

number)

Total = 4m (where m indicates number of digits in the given

Compute Space and Time complexity to check given number is Armstrong or not.

Algorithm

Time
Complexity

Space
Complexity

Algorithm armstrong(n)
{
m:=n;
sum :=0;
while(n>0) do

k:=n % 10;
sum :=sum + (k * k* k);
}
if(m = sum)
write “Given number is Armstrong”;
else

}

1
1
m

m-1
m-1
m-1

1
1

write “Given number is Not Armstrong”;---- | 0

Total

dm+1

SPY=4+0=4

= Compute Space and Time complexity to check given number is Strong or not

Algorithm

Time
Complexity

Space
Complexity




Algorithm strong(n)

if (f=n) then

write “Given number is strong number”;
else

write “Given number is not strong number”; | 0
}

Total 3n+1 SP)=4+0=4

= Compute Space and Time complexity to check given number is prime or not
Algorithm Time Space
Complexity | Complexity

Algorithm Prime(n)
{
fori:=1tondo

if (N%i=0) then

CH++;

if c =2 then

write “Given number is Prime”;
else

write “Given number is not Prime number”;
}

Total 3n +3 S(P)=3+0=3

= Compute Space and Time complexity to find Fibonacci sequence up to given number.
Algorithm Time Space
Complexity | Complexity

Algorithm fibonacci(n)

5n SP)=4+0=14
= Compute Space and Time complexity to find GCD of two numbers.




Algorithm

Time Complexity

Space Complexity

Algorithm GCD(a, b)

{
While a!=b do

If a>bthen
a:=a-b;
else
b:=b-a;
}

Return a;

}

Total

3a — 1( Let a is largest among
two)

S(P)=2+0=2

= Compute Space and Time complexity to find factorial of a given number

Statement

Time
Complexity

Space
Complexity

Algorithm factorial(n)

}

1
n+1
n
1

Total

2n+2

S(P)=3+0

= Compute Space and Time complexity to find sum of elements present in an array

Statement

Time
Complexity

Space
Complexity

Algorithm Sum(a,n)

}

Total

= Compute Space and Time complexity to perform matrix addition




Algorithm

Time
Complexity

Space
Complexity

Algorithm matadd(a,b,c,n)

fori:=1tondo
forj:=1tondo
cfij] := c[ij] + (a[i,j] + b[i,j])
return cli,j];

}

1
(n+1)
n(n+1)
n2

1

Total

2n+2n+3

S(P) = 3 + 3n?

=>» Compute Space and Time complexity to perform matrix multiplication

Algorithm

Time
Complexity

Space
Complexity

Algorithm matmul(a,b,c,n)

{

fori:=1tondo
forj:=1tondo

c[i,jl:=0;
fork:=1tondo
c[ij] :=cfi,j] + (afi,k] * b[k,j])
return cli,j];

n+1
n(n+1)
n2
n?(n+1)
n3

1

Total

2n®+3n%+2n+2

S(P) = 4 + 3n?

=>» Compute Space and Time complexity to perform transpose of a matrix

Algorithm

Time
Complexity

Space
Complexity

Algorithm mattranspose(a,c)

{

fori:=1tondo
forj:=1tondo
c[i,j] :==a[j,i]

return cli,j];

1
(n+1)
n(n+1)
n2

1

Total

2n°+2n+3

S(P) = 3 + 2n?

=>» Compute Space and Time complexity to perform Linear Search




Algorithm

Time
Complexity

Space
Complexity

Algorithm LS(a, key)

{
fori:=1tonstepldo

If a[i] = key then

Write “successful search”
Else

Write “unsuccessful search”

}
}

n+1

n
1

0

1 fori
1 for key
n for a[n]

Total

2n+ 2

S(P)=2+n

=> Compute Space and Time complexity to perform Binary Search

Algorithm

Time
Complexity

Space
Complexity

Algorithm BS(a, key)
{
Low:=1;

High:=n

While low<=high do
{
Mid:=(low+high)/2;

If a[mid] < key then
Low:=mid+1;

Else if a[mid] > key then
High:=mid - 1;

Else

Return mid;

}
Return O;

}

0

1 for low
1 for high
1 for mid
1forn

1 foe key
n for a[n]

Total

4n

S(P)=5+n

How to validate Algorithms: Algorithm validation consists of two phases: Debugging and Profiling.
Debugging is the process of executing programs on sample data sets to check whether faulty results occur,
and if so correct them.

In case, verifying correction of output on sample data fails, the following strategy can be
used: Let more than one programmer develop programs for the same problem, and compare outputs produced
by those programs. If the outputs match, then there is a good chance that they are correct.

Profiling or performance measurement is the process of executing a correct program on
data sets and measuring the time and space it takes to complete the results.

Asymptotic_notations: Asymptotic notations are used to express time complexities of algorithms in
worst, best and average cases. The following are different types of asymptotic notations which are used.

1. Big— Oh Notation

2. Omega Notation




3. Theta Notation
4. Small Oh Notation
5. Small Omega Notation

1. Big — Oh Notation: (O) Big — Oh Notation gives upper bound of an algorithm. This notation describes
the Worst case scenario.
Definition: Let f(n), g(n) are two non-negative functions and there exists positive constants ¢, no such
that f(n) = O(g(n)) iff f(n)<c*g(n) for all n, n > no. It is represented as follows.

t

o)
- TEA
~ ¢

A

Examples:
a) Compute Big-Oh notation for f(n) = 3n+2
Ans: Given f(n) = 3n+2
fln) <c * g(n)
3nt2<3n+n forn>?2
3nt2 <4n where ¢ = 4, g(n) = n and no=2
Hence f(n) = O(n)
b) Compute Big-Oh notation for f(n) = 10n?+4n+2
Ans: Given f(n)= 10n?+4n+2
f(n) <c * g(n)
10n?+4n+2 < 10n%+4n+n forn>2
10n*+4n+2 < 10n°+5n
10n*+4n+2 < 10n%+n? forn > 5
10n*+4n+2 < 11n? where ¢ = 11, g(n) = n? and no=5
Hence f(n) = O(n?)
c) Compute Big-Oh notation for f(n) = 1000n2+100n-6
Ans: Given f(n) = 1000n?+100n-6
f(n) <c * g(n)
1000n?+100n-6 < 1000 n?+100n for all values of n
1000n?+100n-6 < 1000 n?+n?>  for n > 100
1000n?+100n-6 < 1001 n? where ¢ =1001, g(n) = n? and no=100
Hence f(n)=0(n?)
d) Compute Big-Oh notation for f(n) = 6*2"+n?
Ans: Given f(n) = 6*2"+n?
fln) < c * g(n)
6*2"+n? < 6*2"+ 2" forn >4
6*2"+n2 < 7%2" where ¢ = 7, g(n)=2" and no=4
Hence f(n)=0(2")
2. Omega Notation (€): Omega Notation gives lower bound of an algorithm. This notation describes best
case scenario.
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Definition: Let f(n), g(n) are two non-negative functions and there exists positive constants c, no such
that f(n) = Q(g(n)) iff f(n) >c*g(n) for all n, n > no. It is represented as follows.
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Examples:
a) Compute omega notation for f(n)=3n+2
Ans: Given f(n)=3n+2
f(n) >c * g(n)
3n+2>3n for all values of n (n>0)
Where ¢ =3, g(n)=n and no=0
Hence f(n) = Q(n)
b) Compute omega notation for f(n)= 10n?+4n+2
Ans: Given f(n)= 10n%+4n+2
f(n) >c * g(n)
10n?+4n+2 > 10n? for all values of n (n>0)
Where ¢=10, g(n)=n? and no=0
Hence f(n) = Q(n?)
Compute omega notation for f(n)= 4n3+2n+3
Ans: Given f(n)= 4n®+2n+3
f(n) >c * g(n)
An®+2n+3>4n3 for all values of n (n>0)
Where ¢c=4, g(n)=n* and no=0
. Theta Notation (e): Theta Notation gives the complexity between lower bound and upper bound. This
notation describes the average case scenario.
Definition: Let f(n), g(n) are two non-negative functions and there exists positive constants c1, C2, ng such
that f(n) = e (g(n)) iff c1* g(n) < f(n) < c2*g(n) for alln, n > no

~C.
+ i V

Examples:
a) Compute theta notation for f(n)=3n+2
Ans: Given f(n)=3n+2
c1* g(n) < f(n) < c2*g(n)




Compute f(n) < co*g(n)
3n+2<3n+n  for n>2
3n+2<4n where ¢2=2 and g(n)=n
Compute c1* g(n) < f(n)
3n < 3n+2 for all values of n
Where ¢1=3, g(n)=n
Hence
f(n)=e(n)
Compute theta notation for f(n)=10n?+4n+2
Ans: Given f(n)=10n%+4n+2
c1* g(n) <f(n) <co*g(n)
Compute f(n) < co*g(n)
10n?+4n+2<10n?+4n+n for n>2
10n?+4n+2<10n%+5n
10n?+4n+2<10n?+n? for n>5
10n%+4n+2<11n?
where ¢2=11 and g(n)=n?

Compute c1* g(n) < f(n)
10n? < 10n?+4n+2  for all values of n
Where ¢1=10, g(n)=n?

Hence
f(n)=o(n?)
4. Small Oh Notation (0): Let f(n), g(n) are two non-negative functions, then we can say that f(n) = o(g(n)
iff
Lt f(n)/g(n)=0
n->o
Examples:
a) Compute theta notation for f(n)=3n+2
Ans: Given f(n)=3n+2
Let g(n)=1
Then Lt f(n)/g(n) = 3n+2/1=3n+2=w0
n->oo
Let g(n)=n
Then Lt f(n)/g(n) = 3n+2/n=3+2/n=3
n->o
Let g(n)=n?
Then Lt f(n)/g(n) = 3n+2/n?=3/n+2/n*=0
n->o
Hence f(n) = o(n?)

5. Small Omega Notation (®): Let f(n), g(n) are two non-negative functions, then we can say that f(n) =

o(g(n) iff

Lt f(n)/g(n)= o0

n->ow
Examples:

a) Compute Small Omega notation for f(n)=3n+2
Ans: Given f(n)=3n+2
Let g(n)=1
Then Lt f(n)/g(n) = 3n+2/1=3n+2=o0




Hence, f(n)= (1)

Amortized Analysis: Amortized analysis is a method for analyzing a given algorithms complexity.
Amortized analysis is used for algorithms where an occasional operation is very slow, but most of the other
operations are faster. In amortized analysis, sequences of operations are analyzed and guarantee a worst case
average time which is lower than the worst case time of a particular expensive operation. If one input is
changing the running time of the next set of inputs, use Amortized analysis.

For example, finding n number of K™ smallest elements in an array of n elements. To solve this, first
we have to sort the array of n elements which need nlogn time + one second for finding minimum element.
So, total amount of time required for first operation is nlogn + 1. The remaining n-1 operations need 1 second
each with a total of n-1 seconds. Average amount of time required is given as follows.

Average Time complexity = (nlogn+1+n-1)/n = logn + 1.

The following three different types of techniques are used to compute Amortized complexity.

e Aggregate method: Aggregate analysis is a simple method which computes the total cost T(n) for
a sequence of n operations, then divide T(n) by the number of n operations to obtain the amortized
cost or the average cost in the worst case. i.e. T(n)/n.
Accounting method: In this method, assign different charges to different operations, with some
operations charged more or less than they actually cost. The amount we charge on operation is
called Amortized cost. The excess charge will be deposited into the data structure called Credit.
i.e Credit = Amortized cost — Actual Cost

This credit can be used later for operations whose amortized cost is less than their actual cost.

N
Letr C; s the  amortized cock *f it gperatsen
CRr sl s actuall B ok ¥ operation.
SN

i
i
| LIE

G ¢ N v all n o?evod“.‘ons.

1y

/C\( ) ¥ (2 C‘- ood credt}t ro
yv=\ .

Potential Functional Method: In this method, after performing the operation the change is
captured as a data structure Credit. The function that captures the change is known as potential
function. If the change in potential is non-negative, then that operation is over charged, the excess
potential will be stored at the data structure. If the change in the potential is negative, then that
operation is under charged which would be compensated by excess potential available at the data
structure.
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Frequently Asked Questions

Define an algorithm. What are the different criteria that satisfy the algorithm?
Explain pseudo code conventions for writing an algorithm.
Explain how algorithms performance is analyzed? Describe asymptotic notation?
What are the different techniques to represent an algorithm? Explain.
Explain recursive algorithms with examples.
Distinguish between Algorithm and Psuedocode.
Give an algorithm to solve the towers of Hanoi problem.
Write an algorithm to find the sum of individual digits of a given number
Explain the different looping statements used in pseudo code conventions.
. What is meant by recursion? Explain with example, the direct and indirect recursive algorithms.
. What is meant by time complexity? What is its need? Explain different time complexity notations. Give
examples one for each.
. Describe the performance analysis in detail
. Discuss about space complexity in detail.
. Define Theta notation. Explain the terms involved in it. Give an example
. Determine the running time of merge sort for
i) Sorted input ii) reverse-ordered input iii) random-ordered input
. Explain about two methods for calculating time complexity.
. Show that f(n) = 4n2 - 64n + 288 = Q (n2).
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. Present an algorithm for finding Fibonacci sequence of a given number.

. Write the non-recursive algorithm for finding the fibonacci sequence and derive its time complexity.
. Compare the two functions n2 and 2n/4 for various values of n. Determine when
the second becomes larger than the first.

. Determine the frequency counts for all statements in the following algorithms.

i) for i:=1to ndo

fori:=1toido

for k:=1to jdo

X:= X+1;

i i:=1;

while (i<=n) do

{

X:=X+1;

ii=i+1;

. Calculate the time complexity for matrix multiplication algorithm.

. Calculate the time complexity for Armstrong number algorithm

. Explain about different Asymptotic Notations with two examples

. Find the time complexity for calculating sum of given array elements.

. Calculate space and time complexity for matrix multiplication algorithm

. Write an algorithm for Armstrong number and also calculate space and time complexity?
. Write an algorithm for strong number and also calculate space and time Complexity?

. Describe the Algorithm Analysis of Binary Search.

. Differentiate between Big-oh and omega notation with example.

. Write short note on amortized analysis.
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T Soyted ‘.’nFu-\-) Loverse — Ovdeved i opo b and Loedorn-
Oxdoved f(\F\JJ" *+Heoe: comp\ex(*@ s O(hloﬂn}

@U:CK Scr/"—'i @0“("( S!O"/'IV S X -S'O?s'l‘:'ﬁﬂ/ C\laz()?{;'l’hm ‘”"‘70(“'_
vses the divide cod  Conguer S+~(a+e%¥/- the steps ~]0m QoI CK
Sovt owe &S —fo“ch:

oPivido : g‘:l:k e Cnr(a&l ‘to wo omraals such 4hat each

elercect 1 the \eﬁ S coscoy s less oo or ea,u&f the
middle element ond each element- 1w the fght - g0b avoyy
¢ gseater than dhe widdle elerment. the gﬁ ;ﬁﬁ Oﬁ the
OOSKCA/ oo dwo  sub Cm*(ays 7s based oo P?\/oi— e'ememt.
Al e  elerments thod- ave Jess e P?\/o'ih should be in

Ieﬂ sob Qe ood  all the elecnents that axe rooxe thoh
pfi/O'F shovld be fra) X?alv‘r sub ooy -

°Cmgg9f > Qe,chr,g(ve Ld/ Lost  the -Ywo SUB ouffox/.s'-

o Coobie : Cobine all the -sorted elemmests 1~ o Ixop o
'%O(rﬂ A ].‘Sf- 9’6' S’Oﬁi"(" elémen+8-




A[%o&'#ﬁm = O
‘Ab—@ﬁ%m Quick Sext (PA)

{
i (<) then
{
Je= Pastition (Q’P’ CH“) )

@ulCK SOX‘*_(P':}“O >
3 Quick Sort (541, 9) 5

}
A‘gbb’-‘ﬂ“‘m Roctidion (e, p)
{

V200§ Fi=dny ju=ps
zyePea‘\_
{
wepeod
Te=t+1,
ookl (eiI2v);
B/QPGO‘+
Jr=J=1s
untl (T 2v);
i (1<) theo Toterchange (@, 5) 5
3\)0*?\ (??'_:5)3
0] =53 U] =V; sedovn J;
}
Algexithe T teschange (a7, J)
{ a 4

p.=ali);
afi)s=aldd;

ali): = P;
7




[10[9_0 20 |40 Sol:fo 80_@

his s dhe Sorted st

Analysis i Qoick Sort

Best Case aod Ave_roxge Cose < I]e the cvay s clway s
pastitioned ed— 4he mid, then Tt bg\‘mz'rs the best case
coony o o “algbathb, oy e seleio

giver by
n) = T{rh +T(nf) +n-
— Twe requiced o soxt [ef\' sk ey t
Time. weopswed o SOt h’fﬁ’ﬂ’”b el
Troe  sequised -fo( Par\*«'ln‘on:rg/ Hhe  Sub cmml_

3 T_(n) " 4 i“&' Nn=1-:
&T[h/;) 4N i’JD» Ny |

n) = &7 () +0 ~O

. T(0l) = ?T(”/A)+(”/z> ~®

By /_'subsh'{b%‘rﬁ ~E) o ~O we ll get
() = [&T(n/H>+(“/2ﬂ+ﬂ
(). = 4 1(nfy )+ o0 ~(3)
By Adbstitotiog () 0 @ @ oill gt
T{n) = &T1(rfg) + 30 L 2%=n

+ 3=log)

) = 0T(n) + logp xn-



T(n) = n+ology = 0608@'.

l/\‘o{g%@s@: e woxst case 60{ q/uch Sort OCcCOYS wkeﬂ

the Pivol 8 a riaiuo o ok imum 9(7 all the elements

oo e Bsks Heoce  vecuvrence re(cd—.‘om \s %n\/@m &S

() = i ) {]& i

() 40 i o

o) = =) 40 O
(A1) =ﬂn—z)+(ﬂ~\> ~®

By XUbSH‘!‘U‘H{‘a ~NE) In ~b) mgei‘
) = T(n-2) Hn-1) +0 ~@

By vag{%ng Th-2) in ~E) w 8Qf—
T(n) = T(r-3) +(n-2) + H-) +0.

= T(r)—r)) + N~ 4+ 0(n-2) +--- N

= O+Il4+24-- +D.

— n(0-+)
-
L AL %
2. B N

O h’>).



(i -

Rewdomised Qoick Sortz The wovst case ~for quick sot
clepends vpon e selected  piot element Tf i o
rOaxiucoen  elemenl n Hhe ovva 1S Cfﬂoosed S

pvot xesolts i wovsh case. e “Fo”owtn%f/ ore dfﬁereo‘r
roethode 4o choose  pivot  element  dhich wopyoves  4he

Pﬁx‘]kox(mc(nc e o’t— quick  Soxt-
ok Use roiddle e[emerd— 0{7 e O(Y(C(k/ Qas P\o\/o’(-
— Use a4 vondoo el ecoent D{T e Csvagy QS PT\/O"

— TTake rmed:!un 3{7 ]ﬁ‘gsf—, [oast and oiddle elecoersls
as a piot

Kordooized Qorex cg;rf Alﬁm?fﬁmg
A[amrijc’nm KQuicrSovt (9,4) -
)

i (P<q) theo

# ((q—P) >5) then
eterchorg e (0, Rarduro () e (9p+1)+P, P);
J:= Pot-ton ( Q,P.q —H) )

RAoiexk Sovt(p 1) 5
RQuick Sox +(:}+l,q)3

5



’F_"____"ﬂ,';la Max imum and Minimum elernent v cin Avvoygs

et P=(p, ali] .- a[j]) denote an &xb:-+ax7
ns fance eb the pyoblem. Heve s the number
eledients ‘o e liet alil-r aJ] and we have o find

M AY Mmum &nd rOTOLYMUE ot\' His I?SJ(-

Let  smadll (P) be +yve when NM<2. ITn thig
casSe, e

motimum Gnd mimimum  are a1 if n=l

T n=2,the problem can be <coked by making one

CompCriSion:

" Divide - Tf the list bas rore than +two  elements,
P has o be divided into sroalley  instances. For
examPle, % m\%lw"r Adivide inbe two nstances

Pl = (ﬁll, Q[‘-]’.,. O‘Eh[')]) C(DCl = @/JL’ Q[ﬁlz-f-i).... CL[J]’)
A%\'er hcw\'na divided P o o smalley sub

P\(oblfm‘)‘, we Can SO[VQ ther btf Yecuxs“ve‘tf 1‘0\/014:07'

the Scuoe dtv:c‘e c(ncl Conq/uer afc&oxl’wunm-

Cﬂ_ﬁ_ﬁ;{: Let ™Mo (P) and Min (P) be the rnax s cnd
roioiroumn e lements 0{7 P, #hen Max () vs the \avﬂe( ot
Mo (P1) and Max (Pr), Min(P) is the smalle Ufj

Mian (P) and  Min (P2)-




f\‘go*o’n' Hyen
A\aé)*(“#hm MaxMin ( v, ) ot )

o o t (<]
\'% ?:J Hen PAEEL S =M= CLEI 1 )

else i T=j-1 then

it all<a] then max: = alj] yminz=alil;

poasty= &G ] 5 mine= a5

rid = (847)/a s

MaxMin ((’, rotd, Mo, min);

May Min (m?d+l , ), M Mt ZL) y

T]E Max< max ]  then rocx: =maxl;

# min > mind dhen D =mMind,

|

#ncxl\_fs\‘s,: ComPu{'.‘na +icoe ab‘ Ffr\d‘mfa Mmaxicumn  and
mMinMuUm e\cme_n\— in the Q{ra({ 5 8(\/0(\ Hre "?O“OLO(*(J,
?ecuw(wg‘encg Re |ojr-'0(\~

6  o=i

=4 1 i n=2

T(“,Q +T(nh)+2 i o>




Tr)= 270, )+ ~ (1)

From ~@ T(oh)= 272 VO
Substi hﬁe r\)@ o) NO

)= 2 [t 4] +2 = AT (rl) 44> ~O

Fyom m@ 'T‘(n L',) = 9_—((“,8’),{_7_ A @
Sobetitvte @ n ~B)

=¥ Tilpl= 4 [}T(ﬂ/g)+9;]+4+l
g—r(n )+ 8.+ 4+

K KA
et =~
(Sl
o™y . +2% = _9_-:’::_‘:,7;—,
= Q,K“t'\”zl\i)ﬂ'& 2 fnheve Qre K-l tevens so=9%-2_

Pia

-“‘O( Sm\')l %(‘c{*‘"oﬁ Lg'{— O= -lK

i1

K r(2)+28- 2
| T
o e gL
¥
= ek ﬁ"‘l— . n:Q_
O+

2N _ 5

- O /




Ex

4 & Fied mantiroumnm  and OOV

Usir\% D ard C

element in the:
22,13, -5 -8 15, 60,17,3(, 4+
4 2.3 & . 6 3 89
[22] 3]-5]-8 15| 6017 [21] 43]

CQS\{C(\/

I R~ S 6 - g >~ 9
22 13{ -5 <ol

roo =60 m‘om\ =
M =3 ey = 3l
mor;(i = bo
ey =13

e = 60
min = -Q -




'Def;:—‘@ec{‘;ve Chessboard: Consider a o x n chessboayd e{j‘ |

the Hfovm n:?ﬁ,K;\ Wity one de~{4€c+~.‘ve_ cell. 1l Hhe
bOO‘o’A ug,’maz L QH(;(Ped *-1—\'168 CC{“QCJ _PXI‘O_"ON\DQ.S - A

L ShaFed le ¢ o 2x2 board with ore do_-,pfch'\,e_
(’eU. A dxiominoe bas  the -—[—'ouquﬁng/ '(Lov{ o,/;eﬁ-[—uﬁ'ons_

| r |
= 1) H o
Our alen 18 o P\ch (R‘;;)/g txtominoes on an

I AD de-ee_cf\—(‘vev CMSSBO&{A o Hrad- Ct\\ W\/"“

Y\Oﬁde—ped—.‘ve POS.'“Hons Gwe Covevecl- i PXOE\@M
Aivde il Congyue as -Po”owg‘

can be  colved usimg/
@i\% N=2 A 2x2  sguare with one missin cel\l s
ﬁo%h‘mﬂ bot- Puoblewy ic  small TH .Hm'g case, roissed cell
2 O\?seocl\{ Coveted wth o L skapecl tylomjno e &S

chown  below-

i = Dol |1 %
l M ]% 7///// | H—j | 7_]——)-/

2K

2 %2 ol o o o S

@I{‘ R»L, te Jrof x4, 8X8 16XI6 ete.. 'place, « N B
skaped tirinoe oF the  centey Such kel it does rot
covev  He 0L X N[, guhgq/uc(ve Hhat hoe @ m.‘ssrng

cell. tdow all -—fom Sopares eb« ¢ize m/lx n/l hag
o dofeckve cell.




@ QOLIQ tha ‘P‘&OHGM ?{ecvb’givela -—fo{ Fowy O}D_X h!L

Subscvocxves‘

(xt Defeckive Chesshoard: Cooside, Wit defective

(‘J’xe ¢g E oc\(cl 8 QHo\or\ bﬂ\owo

]

Xl
"NS2 divide the Hxy chesshocyd  into —Fouv 29X
ehecshboaids b\/ p\o\m‘ng < gkcxped “tyiominoe ot Hhe

CCn\‘N w%{ck dOe_Sno{“‘ Covey do—?—ed—.'ve DD QHeS‘QboCPJ(‘OJA

dhown  belowr

5 %2 o & 28
2R} | 25
] //
“ 7

‘n=2 -fov each SUBPro\o\Qm,\"n Sl subsquave do}ﬁec%'ve cell

19 ou*bmhm.\la coveved with @& - sha]mrJ triominoe.



Algortho v Defective  Chessboad
Agosi thm Tele Boavd GR{C,an C, size).
3

i{’- Sze =1 then wetusn;

tileTo Use = +9le ++;

%S = sizefs

f dR<tK+ 985 ad dC< tC+9S  then
TileBoard (4R, £C,dR dC 45);

else

board ['tQJrq/S —1] [ﬂ’ +oy S —U = Jt?‘erl—ous’%

TileRoord (R +C +R+9S-1 4C445-1,95);
f
173
ArOljS_»_S CEE; Q@F‘?d’;«'i‘kéi%bimd : The wecuyrente Ye [C('J"l'm

- —

«Fo« de<FcC+va chessboard s 8"v0r\ as
d i~ K=
T{K) = { s ’

a1m({k-1)+c i} wryo.

whete T(K) decote 4he Hap taken ~o golve 95x 9% board.
T{K) = 4T(k=-0)+C ~ D
Tooms v @ (k1) = ${kea) 4+ € @
T(k2) = 47{(K-3)4+C ~B)
Sobstitote w0 @® I ~ @
A éﬁﬂmw oL = LT{R-LEACHE N



Sobsttote f\)@ VO /\l@

= 1(K) = &@T(K-ﬁ)ﬁj + 4% 4

= ¢T(k-3) + K>C +4C + C.

K-\ 3
& ‘+KT(K~K>+ ¢ e+ 4" 4. +e

= K= . ,
= 4-X0 + 4 —1. ¢ g e g 7y
3
= i-—\ Latr 4—K Y
4
— ‘—'—’m =
A

*PVPF]d %\a -0Oh Moteaton.

Loy = () (o

—
pr—



CHRCACHCES,

3

&)

T "/h>+”&[€%>é+ (%)‘J“' : +(%)K;]

:4KT(')+n9“'(%>K‘ |

10?@,
W)

m
= o8 + ng*n\o%@/@

= (08:2_,_ nfr[hbc?{""%{j
| o
= B 2 [ ]

l
= Oﬁln+ na, (‘:{_

7 -;:'r eq/ue;wgy? Acsxed @»\’QSHOOS_

selaton?

JIhat 12 Dwide and Conguer Sﬁui—e%uf? Cive s weccorence

Ibsite and oxp[a.‘n 4he  cortsol abstxacton ‘—ﬁ( Dcoed C 2

Explo?n the 8906‘(0\ e frod eb Div.de cad Cdfyo?(?

Whot 7S B?{\O(z/ Search 1 How'it con be fmp\emcnﬁ—'d b?f dlvide

and CO(TVLJG( Q+’8”O\"1('€(aul/7 EKP‘Q,‘Q worth QXC)\mP\e?

Kite e A'TJrexo*—.\/e G\\GOK? Hreqy ~?m Seoxch‘oaf en elecoent bz
os.‘rg P;:no«g Secnrch.
Decert  ao clgositha *{‘\m

pes cycle .
s te acd cv\P’o.‘n (L cuYSire gﬁmo\yg Search Oll%(}(.-ﬂ-)m

B‘ocwg Seavch oshj/ one ro(qbcm‘ Son

w0 Hy

o e:camp‘e 9



e
®) App[y dovide and Conq/uev Sﬁaﬁz%\, o “Hhe —PoHow.‘n O ;
TﬁF\)‘\'— VCL‘\JQS -JQN 'SGO@(C"‘)?(W(a/ 119 Cmd _[4 b%f S’L‘woia;ma/

the valoes 8(7 ﬂ\om,mi’d,h;ak o ek search.
-15~6,0,7,9,23,64, 82,10, 112,125, 131,142,151 .

q E&Plo:n the method ‘Fo( «S'PQr(‘Hr(d/ element A4 7C*Om e
;*ﬁouow?m( cet abf elecaersts - b?r QS.‘(\g B.‘nondv Seovch.

/ {10,!2,\L¢ 16,18,20, 25,30, 35,38,40,45,50, 55, 60,10, 80,%}.

© Search ~br an element- —2 'fvom fre beloo  set byt
Ug'\f‘(‘J B\‘now((f Seavch:

|
|

A= 1-15-6,0,7,9,23,54, 81,101,111}

)

Also ' draw B\‘ﬁ(wﬁ decision -ree —]Qw dhe  cbove.
“JQ){ \%:row?f ge(’uch- D-(O\UO btnar?f dec?&‘om

(Give oo f’xomp\e

—+tsee.
Dexve thre +eoe COmP‘@’i?‘l‘?r 36 Riactr
Drvaw B:nc"ﬂ DQC:S.‘CX'\ “‘tyee *F){ e ‘fﬂ“()u)‘hﬁ/ S(’Jr

(Z,G,Q LG, 18,2[,91{,9*1,30, 33,36,29,42, qg,q:’—)‘
EXP[O:(\ Merje St wits an example?
Nete ao o\aon'%m -gm Mege Covt us\‘rcT

e acd woret cose  CorOP

©)

zr Seavch 1

Divide & Corgped?

Cind the best awereq \ex;-[a/ _JC,(

MG{jQ «(;’o{'\—?
) A SOvs‘l-ncd roethod is seald -t he stoble ’\7[ ot ecd e{)— the
ordey €8

mMme %Od , ’\C&ﬁ%\‘ca\ e ]P,mp(\“—s (@ [adelsd "0 W Scene.

Unsoded st Ts mege st o stoble

® @ >

@n

2 e oy.?;ml
sowting ractFod 1 RBovwe .




i
4

’A‘PP‘% raege Sort and  show Hhe —F:’|e, afh:,v each QP[?’-H%‘ .
and e me rﬁfnﬂ/‘)t"” e “Ff)\\oo.‘mz/ fﬁPU'\’t ?/
50,10,25.20, [5, 70,35,55" ‘

£>‘fau) x —tvee é’{)’ calls 5{7 roerge *]e’)r e ‘*Fo”(’xoirﬂ cet ?4)-
e leroesTs

(20,20,10.40, 5, 60,90, 45,35, 35,1555 ),

) Dvaw e tvee alg CQHS JO- me{\cje,goq-\—- »Fm e %‘\\owma 80+‘

és, 95,15, 10, 4§, 15, %S, 65,55, 5,20, 18 ) ,

Expla?m the way divide and . gonguer WOTkS —]OO( QOICK..

sort ik ex omnp\ e.

N’?s’q‘“l'e Oh o‘ﬁo/"%m 3{7 Qo
find e  best average erd | wosETGaee (‘.Orrp\exﬂvd %m

Qoick sort |
Show how pxoc‘,edom QUICKSORT covrte Ahe —Fﬁ\\oﬁo'.ng/

se%r{y keys:
(I, T 1,1’) and @“,5,?.3,@,3,2—>.

' o! @k’\\CK gaf’(‘*
g .‘_— % l\O(O\m {’\@r‘ﬁf’(\'}_—‘: OSO .

® s1,4,36,9826 BoU 23106, Y ( en
@ 20,30, 80, 50,40,540, 60,90, 10 R
@ 25, 20,26,49,58,6%,69,10-
® s5,50,16,49,22,1%,9,10
Pscoss bﬁ"e][lzf aboot the Kandom,'zed Qoick Sov 1
Expfofn ShHascen's Matvin M«JH.'PI.‘COCHm corths G"}(om?le?

Ibsite an alifov%m —fw SMM°
I - 5 1.

ek Sort and. ey\P‘a.‘m i detes]

®» o® ®

&

! [ AR sA w

®HY ®



4o Giveedy Method D

Genesal Method = 12 G{ee’d\/ Method “he problem s solved
bosed o 4he \orTFO{MC(‘HOO Ctvc(‘?(ab\e- e G(eedy Method TS
S—‘—YCL:E}T‘— —%oggoaxd rmethod. J%o{ Ob-\n‘.m‘o% oPl—.‘moJ solotion -
Qﬁl-\‘mq\ go(\ﬂﬁ‘m: Lo o seot aﬁ 766087’519 So’u‘h'OmS‘, a
éf—eas‘:’ble solotion  Hhal- Scﬂ'.’sf.'es Jhe  Obyective func,{ﬁ‘om IS
called s OP‘H('QQ) SoluHon.

Obtective Fornckion: A —ﬁmc{—“oﬁ uhich s osed o detevenine
cu bettey solotion ts called oc  Objective Fonction.

feastble Soloton: The subset of~ N anu'\-s which

3crHs)E{'es Rooe  constscants are colled s -ﬁeasf’ble
solotions-

“fox anw\P\e) IWbat is dhe mcax even pomber blw 1 o 50)
Here ‘EnPUJns we 1,92 2...-50.

Constyalnt T3 even rombey

S Feastble Solotons ave: 2, 4,6, 8. - 50
Of]‘ec“h"ve fonckon 5 max even nNumbey
OFHma\ S lo {‘\'on e _EQ_ .

Tn Gfeed\/ M ethod,

- For ever& Tnpu+ o solution T¢ obta!eed.

2. Then Fec«s\’bi’\fﬂ o solution s perforcndd.

3. for each set ab— &—eog?hle solutions Hhe  solution  whhich
So&&sfc, 4o 8?\/90 objec:}:‘ ve ~Fonc-h‘m s Obtcired.

G- Soch solutin s called cF“E'mal S lohon.




Algos: then o Gweédl’ melr_h_c;d;
)

Alabezfiﬂwm G(eedx/ (O(,ﬂ)

//a[l:r)j contoins the N TOPUR-
{

solution: = (25;
']PO( ?:l ~to dO

¢ w0 = Select(a);

T—f— feasthle (solotron, ) theo
solotion ; — (nion (So[oh‘on, e §F

¥

setorn - solotion

Bﬁf—f—fferce betkoeen Pivide cod Cmq/uey ced (;(egdgl I‘Oeﬂwod.

Toivide and Conq,uex .

(D Divide and Conquer 15 used o obtaln o solotion 1o
8:"/6“ Psoblem.

D Tn ris techoique , the problern 7o divided into srool
BUbpxoblerns These  subpsdblerns ave solved i’ndepeodznﬂa-
F:ml\a, all 4he solutons cyb Subpxoblems cwve collected
together b get the solution o the 8f’ven pxob| ern.

@LL—m his medhod, dqu.'calr\‘ons T gubsolutions ave neﬁlecf‘ed-
@-D.‘w‘de ond CorCV\)-O( s less gj‘%‘c:m‘r-
@‘ E%UMP\QS ace '@O;CK gov't‘, g,‘m{y gea r(‘,") €3 €+C~

Civeedy Method ¢
@‘Greedy Method s used -to abtu'n Opﬁ'mal Solotion.

® o Q(é’edy Method o set ob f@os.‘b[e s geneyated ond
OP‘H OO 50[0"(—.‘00 7s  obtalned.




&

@)In Creedy Medthod, the O}ﬂ?‘mal colotion s obtained
without xe\/.‘s.‘na pPxsevious solotions-

@- G{feech/ Method Ts ComPozs('—\'.\/eld ev«b(v.‘c.(emlr

©)- EXOMPleS are - o/| Knapsack Boblern, Miaienum SPQM.H@'WCG-
—A_EPI?CC(HODS off Greed_L'{ Method =

Q,/—ﬁl KnOLPOCK P&ob\em% SUPFOSQ Hreve Cue N OBJQC+S :{‘esom

P=1,2,3...n. Bach object T bhas Some postHve we:gH-' Wo
ard ijﬁf-{- N. Consider «a KﬁC{PSO{CK ©Y) Ba@ w0 Hh.

caFaci"lg . Place  +these objed—s mlo he knapsack 2uch
‘ot uo@faH' B(T all objects i e koopsack roust be

less 4hon Of eqvual “to C‘C&POC;“U e){y the kKnopsack O .

THe Ok\)J’GC"—\‘VG s to  obtaln  matimjzed = P«')C?

AT

pobpect o S WX: &M ond. 0£X,41, 1 £P£n. This can

o
{ 204N

be solved besed on the 'Fo\\ow"na Hree S‘h(od‘??:‘es-

- G reedv aboot Pgo]fﬂ—
® Gfeedv aboot we\‘ﬂhi'
® Greedy aboot Rroftt pes Unit Weight'

® Gueedy choot Reit
O To his S+7ra+58¢,) choose ke Obj‘ed's h()\/fﬁ& rOoYe Pw{oJ(’?}
®): Total we\awr Ob Hhe Obje.c.’rs 0 the koapsack roust be
less thon or equal 4o ro.
® Greed# aboot- l/\le%b g
@) In s 5‘h/a+e5ay, choose the obJ—ech hov.‘na/ less weﬁ
®) Total we»‘&h‘r— @fy e Obyects Tn fhe knopsack roost be

1pcc He o~ ~ on.mnf *‘7\ m.




® Geedy bl FlPE v GfF Dot

B Io s stwategy, choose -he doje(({‘r-s hav.‘ng PO ENOR
psoftt  pex ontt uoe’\’al“b

® “ietal we?abﬁr a‘; the dorects in the koopSack must be

,P,-SS thao or eCVUal ‘o .

-Eﬁméﬁg fed cn OF‘HMQ\ oloton -to he kﬁaPSC(CK fns*'cn(e

=%, roseE, (P.;Pz'%) - Cgo,g_,‘ 18) (oo,, W, ;) = 68,!53!0). vsing
Erreedy  rnethod. |

3&13 A,

1}_ '13 : R’io
et "
cosel ¢ 4 2/15‘ o 29-8
cogses 2 O 1/3 [ 5 e
case 3 - S'/q o) I 34 6.

Casgel - Gweed&,/ about M: Choose the ObJ‘QC‘FS havio
roove ot Since vt obyect bhos more psofet, place o+
vosto  the KOOSOk (f.e X, :]‘\- Sioce t,oe.‘aJn'\- ob— e -ﬁ@ﬁ&
—?hg'sf obyect is g, Ciﬁ_E( quc?r\?/ 73«‘(8{— dbyect ‘oto the ch(f/
6€,m?o|'08 caFch:Jnj eb— $he bc«% 'S =20-18 =2.

New, dent Jtv e obye et bav hﬁ rOOY € py{o}«"r Geno0

the  yemainin objec’rf- Sice  gnd objfd— bas  roove e et

wi u&o?aH‘ 15 Since b/emofn.‘mg CC\PQC?W &{r He baa 'S 2.,

Place fxad-'on 6b' second olojec_# re 'xlzéi/[(s_. Aﬁfv P‘ac»‘m},

]E*(oc%-‘on 917 o obj-ec’r' ‘sto the boﬁ/ Xemo.‘m‘nﬁ/ C.C(Pa(\‘"li[ Of)’
? = P _9—__ =

the bo% S M= K lbxlg O

{—Fence DCT =0 —jo( C(H (ema?ninﬁ/ okajeci—s

k) i3zo-




l\[ 28] ’
oW o FU“IP, (ge‘,xr = - BElF Rt

= g%l +21% %g* g X0

= 32-8.
COSGZ:G(eedz/ aboot Nﬁ—'iﬁl:: Choose 4he objec{— bawv:
less u\e?’»b Since 39 obyect bas less Loecgb’t—, place ftisto
the baa/ e (”18:0 . ﬁgchf PlQC(‘NJ 27d Ob:,—ec% ‘oo the
knopeack Kerﬁc«?n?ncd CQ{JQCP‘[H cb fhe knOPSACK S

M= &0-10 =|0-
T : hov: less weicpt™
f\(oc,o, et Hhe O\)J"ecf‘s Ovmg WU‘C}/
ond O{,J_Qc{— hews  less we}?'»'(‘

the. Yema?n?nT objechs- Q‘nce
wg,‘gh‘l‘ 01)— fhe  kncipsacty

ket Place sl the  knopSack: Heve,
°s 1o ond weigH— a{j the olj’gc\* s o Heoce P\c«ce a
—F«ach‘m oy od object i€ o, = 'O/,s—: 3/3' A)q—ﬁ Plac"(ﬁ/

{mc’n’on 0{7 3_”3 doj—ed—.‘ﬁ-\o Ye Knc\PSOCP\ " Xemo.’n.'npd/ CC‘FOCH?
s m= [0- IS"XJISQ:O-
Herce I(',zo «Fo-{ all vemo.‘n;pﬁ/ objed's e 2C,=0.
Now Caopate £ Pty = PX+BLARY
3=

30X 0 + 2 x%«r 12X

)

I

D+ l+18 = 32
Cose 3 : @_l/‘:’iiv_ aboot @ﬂje_x Ut we:;ﬁ”: Heve ,Frest

CormnpV ‘Ee_

._&, = ;g_O«:|06 _;e"’:,:ﬂ = loly , .%— :—1& =18
L1 18 ! oy 1S ; w3 (O




Choose the Obj-ec‘f_ hovng rOGY OO0 PKO%’}' Pﬂ/ Uﬂ’?'}'
wer‘gb’c- Stece 3!:& objffd’ has  roairmoumn me-f}— pex Ont
we.‘gm', place ft isto Hhe koopsack e =1 #yf?r P’OC.’(\?/
(st objec% ‘rsto the kﬁ(}PSQCK, Kema.‘mtnﬁ/ CaPOcF'Iy 96/
the. koapSack TS o= 90 <10/ =(0.

Now, Hen~l—?){:&( fhe OLJed‘ havh«T FOGX e Pzro]L?' -
pex  Unt we?ﬂ“‘ aevorg: the wernaining” obrects: Fest
obyect has  roooteun pxqtﬂ' pey Unit wer t Sece
we\'ﬁH' @b/ e 15 obpect s 34@0&@( theo weng" of
the  Koopsack 7L/acf‘tbn o 15 chrect=is ploced irsto
the koo So K ' & %:lL?, -,-(579.' Aﬁw p'ac.«‘r? frach’or:
Ob/ Id_ Oly‘ecf" o te knopsack, Yem&.‘m‘ng/ CO‘PC*C"’X/ 1S

m= lo—18x 10 =0
18

Herce -oL=0 75(;& all verraining- obyects
o ')Cl:o.
Npas, Cornpote % Py, = P, BB
= zox_g_ + 21 %0 + 18I
— 346
ccses thiyd case ﬁ:veg NODYEe

Mﬂﬁ these three
PKOJET’{' which s 36 Herce ~~OP+‘fmaf solotion 15

('x,.'xp %3) = (5/9)0,‘)

—>

i



@

Blgortben Jar ety Kegpoacks

Algo?ﬁjrhm 'G‘“’-ed‘/ Knapsack (r,0) |

| //plizn] and  w[i:n] contain  the pxof*fl-s ord  we ‘6“3 Uespecfﬁve{y
// 06 the N Objedﬁ'm IS koopsack Size ond A[:0] s

/| solution vector

5
t‘” Bur iy O A T= 000

U:=m;

'60V7:':f+oﬁdo

{
‘({7 (w[.‘]>U> dhen  byeak;
o7 ]r=10; U= U-wG1;

y

'\’b (? 2n) ten AL = U/‘*’@l}

i/

:Lbbﬂgeqpenc{’rﬁ xlath P ecdlines - Consider %a?‘ there

are N obs o be executed rorn P=1,9,3: 00 Each

fob { bhas  .some PKOJLT’F P>0  ced deadline drzc.ﬂﬁe.s‘c

Pw]trﬁ are 8afned b& CO{(&SPOnd.‘rﬂ jobs. Tor ob—m.‘n:o@/ -Joeas?lo\e
colotion 1he Job must comp[e'h’d i thio  the 'y 8:\/en deadlines,
e -—Fo“ow.‘mﬂ o . e woles o oblaln ihe -Fc_asfble solu Hon.

@ Each job +axes one it @{7 e
@jf— Jjob stack bejﬁwe o “4s deadline , pa it s obtalned,

olsevwise mo pxoff §
@ Goal 5 o ﬁChGClule j‘obs —to moxi/mize “otal ‘Pﬂ)ﬁp'}'

@ Coonsider dll Poss."b[e schedoles  aod Corrpote Fre rln fecon
total +Hee in the  system.




Examg’ei’ Fnd OP%‘ma] soltion .7%,/ e hstance n={
(P,, hoRp) = (z0,12,18,35), (d.,dl, da,do =(21,21) Ug,.,ﬁ/, T
o’ﬁ,DT."H’ﬁm- |

Sol: The feas.‘ble solokions are obtaned bd/ VoxTovs

<

pexmuh%‘ons and C‘Onr*)‘ﬁOHons efy jobs- Since  roc deadline
'S Q. tence we  can [est out e "follow.‘na/ PO\SSF‘b;[."}'«'ES

12,34, (2), (3,04 6), 83) b4),G1), E2)6Y),
b, 62, 62),

0

3 2

° 1 ‘?— { { e
| i L | =
. B
21
" ;El ecs! oot
] PO -ioull = )
s ‘ (v) ! w0 0
= o (2') 2. ‘9
o % (3) 5 s
A1) H (Hy A g
(2 [3 | s (.2), 1) 2 1o-+10=82
E 6 0/3),éwl) @/3) 10+18 =K%
@ by O/ LJ—) '(lh 0 4, 1 251590 =it
5§ R2),6) w3 2418 =20
9. (3,9),@,3) @,3) sc L8 =53,
Hee,  the "FGOS? ble wlotion EY) o7 @,1) s rot Cllowed bcoz

hot bove decdline 4. T gob 2 is stoctd ot~ o F ] be
ComPle“i’ed o 4 bt e commot Stent Job 4 oty , slece dead ['ne
o Job 4 is I

Since  —he -feos.‘ble sol uton @,1) has rove Pw][.’(’ 105
it s the OP‘Hmal Sofoffon.




A

ﬂg&”*m ,ﬁ. “lob 5@9/%1'% w'th Deadlines s

‘A{ﬁo'f'{'hrﬁ jS(d,J,r\’) ;
Jd(7120, 127 ¢m ae Hhe decdlines, the-Jobs are odered such that

/o075 p]x.. P TG1 & the P Job 7o the opticedl solotion

i
dpdy=Jfo]: =0; TLl: =1k =1

—for §:=2 4o n do
;

wk"le )(@LT[xﬂ>d["j> cnd (dl:[x_ﬂ:[:x)) cdo ¥-=2iH ;
f;(@ E[K]]éd[j] ond @LJM{)) then

190* q:. =K ~lv(x+1> do
- T@+wd= 0L

T is+11=
K!=K+;
§
]
vetuo Kk,
i/

Ex: idhat is the solotion nerated b@‘ Hhe fuanOﬂ L
when =%, P(:F) = (3,520,185, 1, 6,30) , AG:#) = (1,.2,4,32,0,2)
Sol: _r_er.oulg d[o’l -0, T{o] =0, TL1]=I

=

tm(g oyt

while (d[s0I]>d[2] and AF67)+1)
' 2 andt ]
E and T
= gl




iy

i (101] < d[2]) ond [(GT>1) en

bile (@ G217 d) ad (4561)42)

373 ond 349 Fcod T — ~

if C‘ (xt=1] 44[@) and (d 31> 2) hen

3£3 and 372~ T ard T =T
V=313 dhen =3
J(4]=J(3]=3

JE] =4 [k=kh=4]

J(o] =0
13 oand 371 T0] =1 «
T rvoad~Thase - I2]=T0]=1X.
V=170t 4 Q21,2 thep 7(@] =Tf2]=1.2.
- 3(&1=70] g2 l=4l
(3] =127 (3] -TR]=rx
2]=2 (¥ 1 =F(3]=2X.
K=k+l=1+1=9. nER IR
[e=kti=1F1=2] i
7&@ k=B ==y —
while (d [3(>1] > d(a1) ond dfap]]+e.
3>4% and 392
F ad T — ~
;f d[ﬂlﬂédﬂﬂ and @[3]>z> e
344 oaod 4>3
Y God T 5 T
I:= 2tz e 9=2,2 . then
UENEL P Y
T4 =737 =2
1(2]-3
lk“—l(-i'l 23'
75=K=.7;/,2_.
'Ld'):\ﬁ-(d @[3]]>d[¢]) and @ﬁ[zj]:{:g) do JY=3-|=g,
A>3 and 4 +3 T .ond J-9 TC



@ ¥ =K=1l |
while @[:r@p]]>d[5]> and @@@J*LP)
hyo ond HEH T ond L F = F

o (@E0eI] < d0sT) ood (dlsT>4)
h 9. cod 74 F cod F—F

=D ¥=K=04. PR <l
wohile @E’@ﬂ:b d [3]> and (d@@/]j:# LF)

4>1 aod hH T ood F— F
it @ﬁ‘f&ﬂ éd[61> and @[@jw}

hel aod1>4 Foad F—F
i) R %
while (d [:r@[{]ﬂ*[:ﬂ) aod é[:rﬁ{]]i”)
4> aod J{Tf:/‘-l T oand F— F

T)L (d (:T[LJL]] <d [ﬂ) ond @[:;] >L;,>

449 codyh ~cod F— F

We get - T0T =1, fsd=m, alz]=t, Tkl <2
orcke, based an thelv P B

Nowo Omro«;je ;Hwe,}?bsqf ‘.’r:/ d: SCQ.:WW sb

(Pﬂr Ps % Py )
Heaws opfirul - solotion is (6,%,4,3) wih peft



bM»nmom CosF gf&nﬁ% Trees s Le+ GI[VE be 00 Unc{ﬁ(ec{'ét

Connec‘k'éd gv B wilh Vv verteces ad E eciﬁeg e
,gubggaﬁ\ g 6{7 G Hig o repamin +vee €6€1
?J— acd Onl a 1g ey | [Pvides
g 0

B

—fov e clbove %Vafh are

gPOnn\'hg/ ~frees

Tl ol

-&g‘ggoﬁowﬁ Sgcm
®SFCW‘ ”5 +yees (e used -to desaﬂ

alcd»of%ms
@ S?anonfﬁees ace vsed 1O rsolve "h(a\/e”:nj/ sales

PE¥ SO0 prsobleco
® 'gpﬂmiﬁcr -yees Ore vsed o desgn e o kS -

@ gPCmn’r‘?r cJ Q‘a"ﬁe ?{O\)‘{’ES~

Mialrmoe. Cost Spacoi og” Jrees: Trees= Minimom Cost SFann
wela\v‘mc\ connected 3{&‘9"7 G S & SFom ﬂ% dee” Wit
t. Mimieom  Cost Spom.rﬁ Treos con be 0b

/

Jsﬁ?c? ent ¥ odﬁng

+(ees ore osed 1o .F
tree

O eouUn)
usirg e Uow‘mﬂ/ olaovi‘%ms.
1 Rie's A‘g@‘(\r-ﬂsm

2. KX\)S\«O\ & Al‘j@’{«%m




@

M Rew's Prlggffﬁ'jm‘% A Gﬂree(‘y rethod: - Ts,-Used for dbtoi
oL OO0 cost SFOme‘n +yee ,bU?IdS s tree edje b"
ed3e~ TRe nextt edﬁe +o nclude  Fs choosen C(Ccoyd.'(?/*’(o

),&Ome. oP-l—.‘mincrHon Cx’?'{‘E’XFa.ID P{.‘m‘s A[ao-{;"hm.

——>:5,“’1a”3 Choose GO {Ddﬂe(ugg(-ﬂ'i'&fn:hﬁ/ MO0 (4)0.'35*"'

— Nowo,[among.« the lest eb' vextices which cve adjacent
+to U,V choose ke edae hav.‘rg OO0 useu‘gﬁ— cod.
rce T as  visited.

— Now, am e  Jict ”6 vextices which are adjac,eo’r
to all wisited vertices choose the edﬁe wiis mn we‘.gh’r

—s Cortiroe s pPsocess w‘n"l all  4he vevtices are

visH "‘?(‘l- H
" e o
E_é—* COMFU‘}? PO OO cost S‘Pc‘ﬂn"ﬁ tvee 'R" 'F° (?

+ 10 8 +he fPlrirate. Coct edg@,
sided» THe.

oS Vi

Next, 7den‘h‘)aj e o st gtf vevfices which are o J‘acen% 1o

I, 6 [6,1),(5,6))‘ Choose @S‘) v Hh we“ght' 95 . THEO.



Noew, °den+% the ‘s%e(b vextices which ave adjaceat 1o )
1,65 [f.2) =28, (4 =22, 6F) )=k Soce GH) bos less

LQP\ﬁH’(’ ehoose u‘}' ‘Ihen

Tdent ‘F(( +he g-\-' 547 veilces ahich are OdJQC(’h‘” ‘o
st e (1) o8, 64 30, 7)= 0, B9 =12 S
(1:{'3) {QSS u&eﬁh“ (‘;\()oge ,,—-

Tdent -& fhe? et Ub‘ verbices ubich cve cd |
1,6,5 3 (e (2:) =8 @4 =9l fo 18@1 =16. Sirce

(32_ hos less (ooﬁrak chooge TF . TH

o).
0 )
2( ‘6
22— D |2/

~ Idﬂn’l':‘[‘/ the Uer vostices which are c(dJac«emL +o
1,6,514,32 i-e 69_) _o_g,(s, =2, 1A =18, &)= 1% Cince

éFF} %as [es.s u&exzbl" chooce ¢ - Snce a” ve(‘h'ces are.
visded - pnietrooe et g‘fom.rﬁ Hee 5 obtrelned wifh

dotal  Cxt = [0+ 2542240416 HH = 99

ccent- 1O




Algevithro Hor Rien's s

=
v

Algogtha R (E,cosjr,n/c) -
JE is se’roﬁ &g@& €. costflis the cost adjocemczf roohy X

//eé an 0 vestex ?KaPh-

{

Let (k,i) be a0 edﬁe 5{7 reii S Boete iy 5

rsrcoet: = coet [k, L5
t il E080s =4
‘bOY 2= ] 4o n do
'f—f» (cog’r [%, L] < cost [7,4{]) then
neay(T]:=L;

else
necy[ 1]+ = K

ﬂeQb’B] = nqu[ij; =0 3
Jgof P.=2 o n-1 do

{ 4
Let J be an Tndey guch that near@j#o cod

cost- E, near&ﬂ Y- I satia a2 Vlazk
£ 1] =5 €[] -oeod(is
Mot = poincost + cost @neﬂ' Dﬂ}
near(j]: =0,

ot k=1 o 0 do

# (near (k1 40) acd @OK* [k, rear{] > cost [k,])

thern  neax (k] : == i

t

xeton m™incost,

S



2. Kwsrals Agortho: T s algoctm, anarge the

el 5(7 edgeg 7o oLSce.nde"h% oxdey based on ety

we.‘g}ﬁ"s. Choose the c’dﬁes on@(gone ‘which  does ﬁO}"’“/OWO
actt 07cle. Tt s rot mcegsarﬁ Hat selected e,(%ﬁe &

odjacen’o 'ﬁw PﬂOﬁ“P‘e, consider e ‘—)C)“ow\‘r(JV caq(c@’ph.
o

Now o«argé the [list e(b— edgf,g {0 QSCeﬁdfﬁ(a/ ooy based
on thety we.‘a'h’rs- Hence..
o

09,62, 60,65, 607, 649,67, €9).

Next-, select the ecgw{ one LU ore ottl  all 'the vextices
are  visited exacHéf ooce and gnom e ecjye which j(orms
Cycfe~ Hence.

® @

“Since e'dge (1,:#) caquses Cc{de .\'?mofo i

\°
6 \s “ % \
A
@z% 1o >

“Total coet = 10+I12+ 1-+1b T

29.4925
— qq~
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Ng/o%’@ ﬁr Kyuskal s ¢

Algovi theo Kyoskals(E, costn,‘c)

JE is 4he set off edﬁfs e G hes p vextices: cost [l S
J e COS%&{; edge (u,\/). + s setef ecgeg 'y NCST*

edge costs Vs H’mPJ(‘i;

Constyoct a heap out of e
“FOf =l o D do Paverﬁ' [_‘n’]‘-:—l;
f.=0; miocask: =0-0)

while (?<r)~1) cod (heaf rot— emp-?fj)) do

{
heaf and

defeh’_ o O OO0 cost edge @(,\/) Tf'fOfﬂ Hhe

e *‘\eg? .'-f(, 5

7:=Fed (W) k= Fed (V)5
T]{' (3 :FK) then
]

=
+Rafi=tg Elial =
mincost: = mincost+ cost (Y~
Un?On (3, H) b
J
)
) s e e oy

else  wedom onincost;




Single Seorce Srortest Hath Roblem = Givephs  con be usec
~to <epres ent ke h\'gb way chsoctove eb, o stote  or
Cour Wk veytices wepres ents ches  cod edges

{eP(e,Sen'l"\‘n?f sectionsS ﬂbf h.-'y?‘wm/ . A molorist w.‘sk‘.‘mg/-J
Alrve -]Crom C“\"\L(r A o c?v 23 wovld be *nterested 0

onsweys ~to tre ~Fo“o@2n8/ Q/UG_S{’TOQS:

o« Jo theve a PoHﬁ ‘ja—fom A B 7
o I—P Yrere I8 roe than  one PO\%W ']Qfom A to B,
which s 4he Shortest podh 9

Let G (V.E) be oo divected o und iyected amfh‘l
Sa Couwce Rhovtect paﬂ'n the shortest path f(cm

verter Vo o all e z{'@mof'rﬂmg ve xtet 'S deﬁxrm‘ﬁ(’ﬂ'

e vextex Vo is called os _goovce ver bed - ood  the
lost vestex s called as destinaton vestex. he 1er<J

g e path s d‘?‘?fﬁed o be e sum g muahﬁ 0{7
edﬁes on Yot PQJ‘H

beloto.

% e'xo\ro,pl&, Consider o 3{0‘7\’) & '8\\/60




Souice De shnation path Distance
vertex vey ek # [

A o | = 2 O

4 3 l—%2—>3 et

4 - 19253 5 4 4

1 5 (92 93 >85 3s”

1 6 | =6 20

1 ¥ t>2 >3 >S5 —F 4>

Alaovithe  for gngie Soorce 'STT)/‘I‘(’S"‘ R’o&rlemg

S

Na«%/'fhm ShoﬁrﬂS%Pons (\/ ol ¥oigd (‘osfq)

JAst(G] is setto e lengh of the shote st path  from
Jvestex ¥ o vewtex | e a digvoph G wth N vextices.
I Aist(v] is et O

]
Jﬁw Tv=1 4o n do

§
¥ - ‘
Sv] :=twve; dist (v]: =0:0;

*—F(w NumM: =2 o N do
{

s1: :j@OJSC ; dist(7] : = Cost CANE

choose W -fZ(Om Qmong $oce vextices b n &
/SOCB thob  dest (@] s rolaimoen )
£ [u]: = twey

']po/ éocfx W adjacen+ ‘o w Wiy -93*)]:7[5‘{56) do
s (d:.sﬁr o1 > dist (Wl + cost [mwl) Then
Arst C(,O:i P = d:S'{“.EAJ + (ost F/(’wl)‘




r QM\ Merqe Fdtesns: Optimal Mevge TDd’("Txm IS
Q

pattern Hhot welodtes o the mexging gb ~“two o move
coxted Polec 0 a -s{’naufe coxvted -??le-‘[hfg type eb— Wﬁ‘f
can be clone by —wo-way mexging method . Tf we have
dwo  soxted Files Con+a:n“n8 M ard N ¥ecoxds then
Hrey  covld  be mew}erJ —nge_%er 4o obluin one sosted
pele o Fiwe O (mn):

INhen roose Fhan “wo soxsted Peles ae = be
roerged +ocae-‘rhef He rexge can be dore by YePecd‘édly/'
me*ca\'ma costed JFﬂeg i p<1\xs-’rhos,i1’L £ilec Wiy g
and X, are o be mefje.r_l we could st rmerge and
2, o get a file g . Tren mexge ¥, and % o get \/l":{na”a
mexge Y, and %, o get~ desixed sorted frle. Alhmod‘{vela
we could fiyst mexge X, and %, getling s then mevge %y

aed - 3 36‘”7«-8 Y, and {;mllj v, and Y, 3@&%3 the decived
soxted frle. Differest paisings ¥equi ze diffexent crnounts
% ComPu"’t'“na ‘e - |

for earople, 3¢, and A, "Ove thyee sovted Filec a{;
‘emaH\ 30,20 and 10 ¥ecoxds each: Merau‘rxa Xland x, reed
50 vecosd moves: Mer%{n? the wecolt with X need  crothey

60 woves- the -total rumber ab xecosd moves Xeq/u?{ed o
mex«ae e  Hrxee ~(’»Tles this  way s llO'InS“}‘ead, I—Fu)e

-%'KS{' memae 2(2 Cm({ ’)L3 and +hen ')L‘,-Hw, "fO‘\'C(‘ Xecoxcl

rMoves mode 1S Onlg "q0-




A 3\(6’9({\1 (‘A'H'émpf' o Ob{'C(:(\ OP*’\‘W\ ‘megje %
is, al~each stuge roexge the wo sroallest Piles “toge

:[ZF we. \'\Oo/e ~r—:\/e —P.‘le% 'Xl,xl--ﬁ(s, w iy 9(_‘1_e§ 20, 20,10,5.:

oul g(eec\s/ wle  woould aer\efa-[-a e qﬂo[\ow:nab megepa‘H(

&ina«& Meyge Tree PePYeSGWI“.‘rﬁ»
a Mevge Pattera

He\(e,—ﬁ"xd- mege XL, and 3(3 —to SQ’r Z, GZ,.If\S‘);mef
Zyand A, -fo 34+ Z, (‘Z%l\=3s‘);mege A ond A, o 3eJl 3
(Iz.gl:éo); “:‘OQUZ« mege Z, aed 7, —\ojek Z, (1‘24.[ =Q5)- The
~total numbey 617 xeéoxd MOVeS € IS +35+4+60+95 = 265,

Tn 4he cbove “yee lea@ nodes are dx¥oawn ag Squecses
and reresent ‘e Fiven & jet‘es.'TkeSe nodes cre called
as  extermal nodes. The Xema\‘m‘n% nodes are dvawn evyeulen
cod ave called Trtevnal nodes. Each intexnal mode has
CXOC‘HU “two childyen and + xepwfeSen'l‘x the -(’-\'\e obtcined
by mexg\‘ng +he —F."es xebeegen-hgd by its +wo  chfldyen.
The Number in each node it ke [er\aH‘» 4T no:ef secord:
o the file sepresented by dhot node. '




s e

the exterocl rode Ay iS5 at-a d'stance 56—3 o the
yoot rode Z, Hence, the xecoxds o file 3, will be moved
“hvee +times, once o 8e+ Z1, once aga:n +o 3&1’ z,Lcmd -e\‘ncx“d
Ore move tHee -to jeJr Zy T d‘.’ is e distente from the
soot o the extewncal ~ode ‘PO{ —%‘le 'Il. cand q,‘ s \emaH\
tf)’ 'I; then the —totul numbey ab— yecosd rnoves -Pov

~this b‘naf& merae tyee s

M

A9,

—o
Il

L
THis sum s called  Hhe we:?\m‘recl extevnc] path |engjf
of -the -tyee

\

Algom‘ﬂsmz
A\aom’\‘*ﬁm “Txee ( L, T\)
/L is a list eb n s.‘nﬁ‘e Node B:nmv +Hree

{
dor Tosm it rt db
%

GETNODE(T)

LCHILD (T) <— LEAST (L)

ReHILD (T)<— LEAST (L);

WEIGHT (T) «<—WEI&HT (q_cmw(r))+ welatT (Retn(T))

iNsert (L,T)
¥
yeln  LEAST(L)

.
e alaovri-{hm has a list c{y L 4vees oS ?n,:\)'f. Eewtl
node 1o o “wee bhos thvee frelds, LCHILD, RCHILD and LOEIGHT

:E\.‘-F.‘QH\J,EQC;\ tee v L bheos €xac+la one node. TRis node



is an extesnal rode and has  LCHHLD and  Rewrp %‘elda
while Fhe  weiaHT i e lecgth ofy e e the n frles
be meﬁjed GETNODE (T) P?fovl:‘es ct Pew node ~fov USe Y
bU\ng the twee. LEACT(L) qgmds a tyee {n L whose oo
hes least WEIGHT. 1his +yee & yernoved '%’om L. INSER
(LT insexts +he tsee with ool T icdo dhe  liok L.

%,13\31 The math looF s executed N-1 Hmes- '_T-ﬁ -
is kept 0 non decreas.nﬁr oxdey accoxd.ma —to the
WEIGHT va [ue ‘n the Yoots ,tren he LEAST(L) yequon
nly O(:L) Hene  ard  INISERT (L,T) can he dore
D(n) tme. Heoce  the dotal 4o token s ( )

a‘ﬁ

T Eiee L g ?sePYesenf-ed &S & min heq[g
wheve the xoot \/aiues 1S < 4he values 56 Mt chy Hvl
hen LEAST(L) and  INSERT (L;T) can be dome 0

O(’O@J\} e Tn this case  the Compu‘ﬁm-e *1c O(ﬁl

0\7!



Qoay /@C(\'H(l}k -AS«kPrJ Qw_@-’f.‘aos

@ [ 1ot is 5(@0({% roe-thod 9 Ex’;fcdm wMth OXQmP{e?
@ Gitve e  cormtsol obstyaction ”fOr QreeC"Lf Methbod 9

@ hat s a KnOPSO(‘K pa/ob[em 7 Emd an oP*Hmal SO‘]Oﬂ‘\'Oﬁ

10 e knopsack tostoece  neF, m-ig. Pop-ey)= (15,56 %,
(O,‘) Qﬁd ((0,1(0_1“‘(’0@: é{,‘h&,?—,l,lln()*

@ Write an C(%Or(ﬂwm 7%1 Gyeec{f knod)sack?
@ Fed  an Op“f”mcﬂ' So.'o‘h‘om ~to  the kaSOLCK ‘osterce N=

r- 15, @,,4} --P+) =(18, I5,5,%, 16, Z,l3> aed ((;o',(,ol.. w% = (2,3,
&% 1.4,0).

@ Fiad  ao optical  solution o Hhe knapsack  (nstence n=,mM=I5,

(P,.&~~&>:'60,a\s,7,6,zg,3> and (“’,'“’;“ ‘*’l+)=é.3,5,~7,l,‘f,')'
fird  an optinl  soktion -fo the ‘}:\\ow“ﬂa/ Knapsack  problec:

nN=3,m=20, (7,%,,06,)= E5,25) ord (10,08, 05) = (815109,
Fed 0o OP’H«ml wlotion o +he ~f>l[ou>:n koopsack  {ostacce :

h'—#.mzto,(ﬂ&“%) = @ 18,6,7, 5,-3,‘%'), W0,y WY = (’:%372)3»6, )

Expla.‘n N (“eh)f\r aboot  Job S‘eq/uonc,‘mcd/ ot Deadlinmes p{o\o]em
What s he wlotion 8@me-m-hsd bﬁf the. jﬁrﬁ.‘om IS when

)

@)

n=%, p[i-4]= (3,520,18,1,6,30) crd ai:]= 6/34;32"»2—)-

Lel w=5 Ph-a]= 60,3,33,11,40) ad dis] = é,',\,z.v-). Find
te  optical  solotin os\‘(?/ 8«:0&7 roe Jred -

Let n=5, Pfi:s] = 60,33,30,19,@) dnd Af:5]= @,;,2,3,3)- Fiod fhe
optiral  solotion o8l Cdfeedtr roefhod .

Let n=5, Pli:sT = éo/tg)‘qq_’,') Ged dﬁ:g:[:@,l,l,'s,g’).‘ Find he
optiral  solution Osing” ‘J’“’"dzf rethod.,

FResent o Greedy  algortten —fx &W""‘“""&V Unt Hee obs ol

| deadlires ard  oxotits.
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E%Pla“m,houo 1o —j:?(*d MOnicUn cost S‘P(lﬂo.'ﬁg/ tees bz/
vsing prico's o‘ﬂoﬁf{‘ﬂ‘»m?

De_fn‘me roofmorn cost gpaﬂn?r\gx“ﬁees‘ Exp\a?m w' Hy
sottable  excovoples.
Prvowd @ s.‘mrle,c‘omerl'pd, we Fajnfed 8*(113% w8 verticd
cod 16 edﬁeﬁ, woith each UOgue edﬁe (oe:abi—. -APP\LJ/

Pzﬁ‘m‘s a\%ev!'“\n’) ~to 8911' rOlOror  cost sPam‘mg +vee -
all -the .ﬁcgegu
+vee s os\‘ma/

Eﬁ?\(lf(\, how o -f—?nd ioiraurn  CoSt -SPC\m?ﬁa/
kxoskal's Olae«.‘JrHﬂ‘!

(S"O(A)

Wyvite prt e alao(? +Hro9
Weite Keoskale c&ao( Hhen 9
Drf'?n@, ~the ~{-‘o\\o(o:n<d/ “tevms:

G) Feasible Solution & O'P'Hmal Slotton &) Obyect Forchan.
Ihat 15 @ 5‘(‘08(9 soorce  shortest poth  picblern 9
Exp(o‘.n wth 0N Pﬁ(OrnP\e')

Cve te gxeedx‘f/ olaoﬁ-”vm o (}ene{a"‘(’ Q?(Ule
Stortest padhe?

SOO( ce.
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R | Gerexal Methods Bynamic T%og\fomra.‘nﬁv s on o’gor.‘Hﬁm"
3’1'9; roethod  +hot con be used  uohen de colotion o &
P-goblem con be viewed as e KesuH*U& the  seqguence
ob Ae c!Sians. |

yncenic R(O(a’rs'amm.‘na s oced o fird O]D’ﬁ'm\ soloton
T e R psoblern Tn this roethod, solotion to @ p(ouem S .

™
2

i

obtciped b?f roaKking” Sequente 6{7 decisions Tn dynoeic
Pb@@’i{&cﬁm?rﬁ/ an o]v+.*moi Sequence eﬁ» decisiens s obtuied

b?f USCm( sz.‘mc?Po\l 4{-)5 qb‘l"-’mal."l'at.
Rﬁ‘hc\g\ei‘ ()ﬁh‘mo[i%ﬂé e P?ﬂmciple 06— O)'Dﬁmoljrg/ S*ah’s
thot o [{aEeTs OP“!".'mC(, Seq/wmce @{T dec“s\‘oms o% .C;wofces,

each SO}J*S‘Q(VUQOCQ o olso be OFJF\'MOLP

® D.‘que(erces between  Divide and  Corgrer _oed  Dynomic R/Oﬁfﬂmja/%
Evide cod Corgpens

D). e psoblec 75 divided into srec e gubpxob\ems. Wese
sobpsoblems

ase  solved f(ﬁeFemdanH%- ﬁ.‘na”d, all 4he  solutions
ob guvafoblems are Co”ec{'pdi %(de’rhey o 891— e sofu%'oﬂ

e

‘o tre %rveﬂ Pgob[em.

@ To +is method duPl\'CO\‘Hc')ﬁS in  sbsolotions  are %ﬁx@d‘
@.7‘*59 roedrod 15 less ejgﬁ"c:en#
(7 s Smeibon Vges —b’J down CpprOcCh 9{7 Prd;[em Solvfng/-

®- s roe fhod Sst T T’anL at sFec;—F‘c Po:n’r—s USuq(‘zf
0 the  rovdd[e -




Dx,namfc Rfoqﬁf C(mmIQg uy
L | i g | i 1
@ Ta Abis method, rany— decison  Se guences  ace ﬁene saled

ord all e O\/exlaﬂo:r?’ sobinstarces axe considesed.

@ TIo s roethod doFliCQHOnS are ot C«HO(DQA-

B s moetrod i« efficient than Bivide ond Corgyoer

B T this me‘rhocl) botorn P Oﬂ»s‘oo(l‘w s osed.

B Do %/ogXOmmtﬂj/ sFl:h e inpot ot evexy~ posible
»SF[\‘{” po.‘ni“. ten St detecroimes  which QPH" pont— 1S
optircals

/Dgffewnces betureen Greei{p_me%—d ard @ymm{c R ;afzmpr%)/
Giceedy Miethod :

@@’(Gec{d reethod 16 0ced -Fo« Ob“bfm‘ra/ Opticoomn  Dlotion .

O In Gﬂe(’d\/ rnethod, ‘f(orﬂ a set of feacible DloHars | a
olvtan  which Sah’sf:es e conshsalds ic q:f-wml solo Fon.
® T Greedy reethod, Optical  solotion is obtained  wilhoo -
zrev.‘s.‘ng Pz{evfooglzf gerexated olotions.

@ 1o Gveed&i Metod, thece  is mgmrm’r@e @{7 geH{ray opﬁ‘ml ol
Dyromic Rogruarming
== =1

@ - Byroemic Progycenmiog” vs  used Jfrﬂ do‘ro:n:r?/ oF-l—.‘ml lotion.
® -these s ro special  set of ][eos.‘bie Dlotens Tn this eoe o,
@Dpam:c Pxogwmm:ng consiclexe all possible Sequences  in
oscby o obtoin e 0F+m@\ olvton.

® I—}— 'S guasanteed  dhat e d\/ﬁam:c P(O?’(thﬂ/

ol 8€ﬂ@‘60f€ Op“l'('orul Dloton x)s,'r@ Pz(,‘mc:Plp 96~
qb'f—:mof:j;/.
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|-Lpplications of Q[nam e R’o&‘a/ammm?

Lo ool e ' '
[ lg_:'” 0 [et thexe are N rociyCe))

Motstx Chalo | Ltlﬁ

Ao fe Ay Ay of dieocions BxPB B AP PxB - S ke

need o be multiphed, o hatb oder ghoold

A A Ay Ay be moliplied  so that T woold fake e
OO0 PObeY % Ccmp\)lra\—\'oms “to desive +he product
or - exaccple, Cosicler an example @b— bect way @b—
mul—HP(nl:n@" 3 rmatyicess Le‘r Ai 8{7 Sze Sxi,; A,
&Jﬁ gize Ux6 cod A e Sze 6X2.

(A,Al) Ag ke s (5"qu6) 4 (é’x 6 xz_) = |0

A’(ALA?J takes (L#xéxz) +(§X‘{—XL) =4 Rk
T‘r‘wogel ) (F\l%\g) 1S moch (“\GC«PW o (omP\)‘re fran
CA\ADJ'Ag' Heerce q’aﬁ'mo\ costLig' 2R j
“lo SO[\/G this Pw{@fv\em QS?PET B(/mm.'c PYO&"S/C&(YM«"?}
pﬁﬂrofm ke -{o\\c')w.‘dd s*l'eF.sﬁ
®- Let M., e e cost a{T mUHPh,:ng{ A fi Juchete
e Cogﬂ:J < me,as@w@d 0 e Normbex gé— cccdar
m\)l+.’P[.‘Ccvlﬁ'O(‘sS~ -He(e,)

M(\:f':o \'F =) aﬁd
Mm S the OF%W[ solm‘-\'oo“. )




S he e 9# decisions  Con be bo$ld \)8\‘”8/ ’rHe/
Pﬂ"ﬁC?Pie 5{}— @F{—,‘m(lh,}zf‘
@AFP‘U "FOHO‘O.”T ‘fb«m(}z[ﬂ‘}@m CO(’OP\)'HO% each ceqpentt

SN AN Ly {M "
N ica &=t \\{+ K+\J+PTPK+)%+I‘

-D(Wd e mialmom  nombex OJD' OFQXQJF('ODS 5@.(31/0\.‘(?(‘ 7£0‘/
Hhe. jpo\lo\oimg C‘ko\:m rnech T mulJn'Pl ‘cation ug‘.h% d(/mmk
Pfogv«lmm:na.

A(zo,w) * B[l,uols‘) * C(S',IS) X D(iS,o)
'_Sg_"‘ G.‘ven *H‘»cd’ P‘=30, P, = 4o, P=5; Ptﬁ"%%:f‘

Sioce. A ma‘ﬁrfces Qve. ﬁiveﬂ.
M=o ™,

Iy

z
G
|
=
4

M:U., is the Kec’vo.‘xecl soloton. >

._'E:—F.‘ally M), =0 T iaj % i
V > @< ),
B
_ 1™ ~0

=)

-—

I

Lo S|

[l
©

5
i
Q

Bt ] :
n” o Mt Pz%] =100+ 0+ 6ooy} = 6000

v T=1, 923 o lekza | k=1 9]

M+, + PR
I 3 | Tt
: }cm:ng O+m23+(3'.p)-e1
6Qoo+o+el23{>,,

21000
. = 285D




——————

®

it

‘6"‘ el Julp =y PEKES - K= 1,23

™, + Wb_b(".r' ﬂplpg— ) ' - O—\*[@d—leO
M. = .
by TN Mot My, +RBPe S =mio | gono -+ 450+ 900
M2+ MYyt PPy P £250 + O+ 2700
= TIBS0

M, = mio é M, + 00, Plpgﬂk} — O+ 0+ 3000 = 3000

”F(ﬂ T=2,) 2l = 2 =ckel ‘ K:Z,'Bﬂl

Moo Mgyt R PP

O -+ 4SO+ 1200

24 MD.S ._\_ H+P PL' ps_ 2000+ O+ 2600
= 1680
o T=3, gl =¥ 3eKED [2K=3
™M - {m +), P8 P} O+0+ 450 = 45D
34
ABCD = F350- 30X {OXE + S X 1S b+30x Kb

(AB) + S XS xb +3BOXSH 6

Mll+ M 4_’_ P P3 P"“ SO;(S

(A), T (cD) -+ 3ox5%b

M]l+ VPS Pj_‘ PS -+ P, P3 PS" 30XS Sx4

PPes -+ P Ph P+ R P b KAH} (CDﬂ
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Alaonibes o Mok Ghained Wigliiastin:
N@@Xu’ﬂwm | MCM(P [12,3 n]) |

fow{ fe=cq \to n do M (57 ] =0;

‘jﬂOv /(en:-:Q*\o N do

0
-j@oy To=1 %o (n».ﬂen—{‘—b do
{

qQ:="M[ [+ M k1,0 + P[ NEXCNES: iR
]L (‘1< Ml\ﬂl J]> “hen

M 295 S =k
J |

) §
)

; wion ™ [,n];

A[%@X Hhen mol ( J.)
{'(‘J 'fhf’ﬂ setomn AL LS

else

-1 | s i
k=& [, 5]5 Pr=Mol [l @= Mol [et1,375

seton  Px Q)

}
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Opticoal Biasy Seawch Tee (()Bg’r) g ;SuF[Dose we ae
’ ch‘nn ._L/Un iy I} d;c-{—!‘m@xu; Ctﬂd "ﬁo'(

o - }u‘l . WOsG J YO J

evesy sequived  woud ,geo{ch'mér in. die .‘ommd becares

-—

~Hroe C‘oné‘om‘.na/ proCess: 16 pesjored 1hig [OOKOP Y0
eﬂ.‘c;enH(d bot ld e b\‘nawzf cecasch tee oJf— CorornoN
wosds  as key -e[emem%, Gsyong e 7CV€<31/\)0“HU vsed
woyde neovey 4o the woot ond  less %QCV\)QH'{"(% Vged
words Away jr—rom te \c”Oo‘l'- TS -fqpe,, Ob' Rino {Z/

Secwch Tvee is called O’D%‘mo] %\‘narv/ Seciveh Tree.
Leb s assome that dhe given st of lentifiers

(s {a,,al,«.- anj with a,<a,<. - <a,- Let p(7) be

fhe. P»gobab;[‘.%zf Wit whwek  we ceasch ‘fof Cl- Letal®)

be the stobab}’]tv ot the ?Clen“\—:f'fer ’)CJ‘S Seo\{chec{
o soch drab Q<L L Qg 0LTEN: Then = q9(3)

O L2

8 the Pv{obab‘.\‘-w @/Df umgucessjlul seaxch. C[eaxléj,

S )+ 3 q@)=t- . - S
e 0<74n
For  is qiven doter, we bave -to constvuct  ORST -fm
{a,,al... Qo t. The -Jfo”o«o-‘nﬁ notofions ore vsed o solve
this problerm Qghﬁv Bynamic Pofo%a{amrhh%- :
@ Let “rJ: 9@81-(@%_,\.. )
G derotes e cost ()

NU rs—Hhe we?ﬁbf* aﬁ— each J'«J.

t



TS Hee je.‘nol +ree obla'red
Oon

Doring— tre COmPu{—a-Hoos e oot values aee COmFuFeci

ond %, Cloes e ool vedoe Q{yT
J U

®- The  BST can ke bald vsing fhe 7(5”000-‘“(7 7[;"“)!‘1-

clis)= roo G-t (03) (i)

1°<Kf:\'j

w (i) = wii,i-0+p0)+a()
sUP .

Uif"ﬁg/ LS ‘]Coﬁ(‘*l—"on OBST COmFu'tE uo(v‘,j),X(l',J‘) and
c(13) . 0cfejel b e Meotifier sot (@, q, a

LA ) | 3 Q) =
{clo, £ ot whtle ] otk Pl1:y) = (3,3, 1) aed 9(0:4)= (>3,

N ') ' Ug"’“g' he ?f(;‘,j)'s Cometxsoct  OBST.
Sl: Gren 4ot

P(N=3, P(2)=3, p(3)=1, P(1)=
(o) =2, 9(1) =3, a(2)= 9(G) = IW) =

COq = .

Wy =16
oy =2 |
C,H -:\C‘
Wy =1\
By er. |
CD.L{ =&
wo,

i

]
W
|

C3I-1 *:3 v
({'&q‘:g

XZLS:LF B
Cay=0
Wiy =)




(_Im-l—-'a“a/ ‘,’f ‘,’:J
cCu)=0, w(i,i) =90, ¥(j) =0

' Coo= C

1

= C

55

:ng.-:c%:o'

Soo = ¥ =%, = ¥y = ¥, =0

o =q(0) =2 wp=9(N =3 w,= 9(2) ~I

W= 9(38) = 1w, =) =1

Wy = P(N+9(1)+ w(00)= 3+3+2 =28

Wo = P()+aR)+w(11) = 3+1+3 =
Wa= PE (D) +w(z) = 1+ 1+ =3

Wy, = ) +A(W +w(33z) = 1+1+1 =3

woz% p(2)+q4(2)+ w(o,1) = 3+1+8& =12

W = P(E) +(3)+w(12) = 11 +F =9

Wy = p) +a(H)+ w®3) = 1+1+2 = 5

Wy = P(2) + 4(2) +w(o2) = ar+|+11 =8 4
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Wy = Ply)+a(1)+w(o,3) =1+ =B
Compote ~6m T=0, j=I /= 0<K &0t . k=0l

L= Sgin }' o w(oy )j = OP'*\O—F g'= 8

¥, =K=1.

f oy Tew o [2K2Z 4 KeZe
CQ’"“PU"T CL‘L fm 1=, 4

12

= +F=F,3, =2
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e e ] Sl e =
Cvrrfxrl‘e_ Cglf ﬁm 153,J=L}~ dy 24K 2N K Li', A A

) = O 3=23
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(ocnpute Gy fov i=0, j=3 = 04K £3 - k=1,2,3
€t Crard W(08) O+ 12+

. + &kl = S

C. =rin ) G+ G+ w(o,g) =ro! é;,,,;ﬁ 25

e 19+0 +14%
Cos +Cqs + W (0,3)
%oz = R- o
L>] K LLI -'TK: Ry !
(MF&J"‘E’ Clq, (=1 J L ===y L <
n+ Coy +0(14) 0-+ 8-+l
. T -+0 i -_-_lq
= ) C - =N
'ﬂ+ atls fl'f“Cstr’r w(l, 4) 5 & Bt
Cig+ Gy, + (1 §)
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Conpote G, fov T=0,J=k =v O<K&h k=125

oo Cog + o) il
+ 8 +1%
Cor F & UJ(O,CF = — 20,
C = MinN i Cj_q"\‘ ) M |q+3+[6
oy Conﬁ?‘ Ceq -+ (,O(o,q.) A OT T
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o ?5;)(%: k2

herefor T bot o oot o e vake gh g i 9. From
the given ‘.’den—hjf.‘u set @, becores fhe  wool- e Bl
s, becoros left child and 5 becames the wight child.
fo%, becornes the lefl child ond %, becomes wight child

0{7 7%‘_,“ Heve ¥y = 1,80 Q, be canes [G’J(f’ (‘F‘)?Ic[ Ub’ a, and
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for 4he node ?3’01 . ?:o,J‘:’)K:L does rot have Oﬁ‘{

children - ¥ —¥ =p =% =0

k- 0O : KJ

o o - — —
fo e rode %:uf’ =2, =4, k=23 eﬁ’ chi ld i3 KK‘ 8,6=0"
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.K;uf v 75K.=E%L111f. Hence Ts"‘ah\' chld 017 a, s % Hence,

OP“Hma\ B:naé\d/ Seaych tyee
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Algors the for OBST ¢
1 Algosi-theg  OBST(P, 9.n)
[[Given n distinct dentifiexs acag - <a, ond pgobobl’re
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Pads (et w = pats [k -wW;
Pedh: =mext+l ) ke=KFl;

*,%F ((‘K f_}'\) (lnﬂ [PQ‘\-‘ E(j W= LOUO)) Hhen

: :
'i)& pp< pais[k [-p  then Pp:=Pi¥ (<] P;
ki =K+,

”\S‘ Pp> paiw @e-xlr_\]-p Hhen
{

PQ?X E‘)Q’I’ﬂ- P L — PP? 'PC‘;\’ [6@(1—:], W) = WU
nesctE? =rexdt by

,
uhsle (@ ch) ard (PC'"KU{?‘ P ¢ pa pext-L]- P’)>d’

ko= K4 4




whele (Kéh) ao

{ .
PQTX @m‘\—j P i PC{‘Q{ @j- P )

povy [rext].w: = paty [K1-w;

nexrt: = next+ 1)

Ki= K415
S
+=h+1} h: = next—1; b(‘;—%\) » =next;

5

“Tsace Back ( P, w, pas, L, m,ﬂ))

I

Al Ruiye  Shoctest Rath Problern s Let G (VE) be o

| e s o

ANisected ﬂ:th i 0 vestices. let cost be o coct
adjacoﬁc?r’ ot for G guch that cost(1,7) =0,
2 i2n. Tren Ccost(f,]) s ke [-@nﬁﬂ‘w ofy- edge <7,d>

ord CO(S{-(T,j.)::&C, 7'7[ there TS ro pd@@_ befwoeers T
ced j (Oos clhn e 4o -]f.‘nd ghov fest aval lable PO‘H‘S

dorn evesf vestex o é\(ﬂra’ otrer  vectexs

The —FoUcnuo.‘nar notod-ons  awe USC’ZI 4o golve this
P{oblem Q.S{f\(d/ dtfr\am‘fc Pgoagammmg.
@ Let AN T3) be the lenﬁ/’éﬂ ab ghortest  path from
rode § to rode j- e hove O Cornpote Ak -fo( K=1,2. D

B e Hloarg e & o o campute A(LD).
‘J"J('h“ff AT = cast(+,j)-

A(ts)= i ] A, AR+ m)j/




®

BE Coropote Al Ry shovtest path  problem *ﬁv e

Solt for ke g veo ?SQPH cost ad jacercy rcaty X 1S

O 4 U
0 fo=
Al,J.):‘()O?_

3 = 0

b ho:d(y rodes N=3 Compo'?'e A‘, A%AB'

kst Al) N(L2) A(3)

A(T3)= | A2 RE2)- Aes)
Az A(z2)  AN(33)
{;‘vv f:’; J= |

A‘(l, l) = m..‘n{ AO(’»'), AO(-‘)})+A°(;,]')}-:m?mgo,0} =0.

?1“\3:9—
P\’(l 2) = roin {AO(: 9,) ,A0(1 1) -+ 20, 9_} mn{Q— O-t—%} I
=l J=2
N(LZB) -—m?n[;s‘o([,g)il Ao('/1)+ﬁo(1,3)} —On {i})o_!_”} =1
T= 2, J=1

AI(Q_ y')hmm {,:39(9_\ ) f\o(fll _'_,\o(, ;)}'—mn [5 6+0J




1=2,j=3

N(23)= mlnl 20(2,2), (2 1)+FP[ l,3)} =m:n{2, 6+ujf2—.
P=2, =l B
A (3,1)= min {.AO(EII'), ﬁO(g,;)_H\o(,,])j:m:ﬂ {3,31%} -+

1=3, j=2.

A (32) =min {#?(3,2), PP(3,1)+A0(|,9.)}-=MTG 2;5,3«!-’4—} =%

T = e { — —H} =0-
A (3,3) =00 Zf\o(z,a), f\°(3,\)+f\°(l,3)}—mm g, SR

B = 1
2 P S [6 0 2'] |
g = B r() Al m{(0.3)
R ot !Eg_:l Ceenpote  p2-— | p(2) (22) m{22)

A 3) A”(_.’s‘, 2) A (5.2)

=1, J=1
P-(1,1) =roio {A‘(!,]")) Al(L2)+ A‘(2,1)}=m‘.n {O,LPH;} =&
R1(1,2) =eoio $N(1,2), A (1,2) + A (22)} — e $tp, o) =l
R(13) =min (N (12), A1 (12)+ A (33)] = i f1,y12] =6
(2,7 =roin §Al(20), A (2,2)+A (a,l)j ﬁré*nié,o%} =
R(2.2) = roin (W(22), 1(3:2) + AG3} =r0i0 foroto} =O
£#(23) = roie {ﬁ‘ (2,3), AV(2,2)+ A‘(Z,B)}E mn‘ﬁg?—, o+23 ol
A(21) =vain {A(3)), A (3.2)+ A‘(z;l)} = min 3,16} =2

P(32) = min {?‘*\ (32), A(32)+ A2 1)}: aatle {_"—”0} =7

A(33) 2 i {A‘ (32), A (32)+ A (2,.3)}: atle {Of “"”—} =0y




N Q
4o F

6
=1
)

N

o ()= [
A3(1,\') r2(12) A(12)

“ﬁ:’f k=3 Com‘:uﬁ--e A5(f,j) = | A2(20) A3(9_,2) AZ(2,2)
A3z P3(32) A3(32) |

Y= e

A1) = o {00, p(1,3)+ RE1)] =min [0, 613} =0:
{#201,2) =vaia IA2(1,9), R(1,3)+ (3,2 =min 4, 6+ =1
15 v, ), a1 D =rein 6610} =4
R(21) = roia §2(20), P33 a(31)] =10 {6,2437= 2
A3(2,2) =wmio {:Q(z,z), A (2,2)+ (3 z)} —roin 0, 2440
P2,3) =enin {,«?’(2,3), A2+ A2(33)] =mio Jo, &to)=2-
£3(3,1) = iy IR (2), w(3,9)+ A(30] = oin §3,043] =3,
A(3,2) =0 {A‘{Sﬁ':), A(32) + A(32)} =i air

N’( 33) = min {A‘Y(zs,z}, P(32) + A"(z,z)} = i {O, O+Oj =0.
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HeowiHonien Cyeles s | ot G(VME) be a conmected B%QFB
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n(( secursioN 9,

EY\PICU(\ the a@"e—( a) %ocx‘r{ncv\.'rﬁ pyocess O
\\)‘Hor\ 84-0\‘[‘9,
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T Bvanch and Poard. @
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dynamic p’KOﬁ{O{mm.m Afza ls. Tn Bwanch od Boord,
o stote space -tyee Ts botl+ ced all  Hhe childyen ab'
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T Brondh ord Boord, oo BES like state space
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Least Cost Search (LC): Tn both, FiFo ord LIFO broech
and boornd e se\ech:on sole —}m te Pext E-node Ts
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rext E-—rode doec rot gfve Q‘\ET P:ﬂo{—e(eﬁce b a rode
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chkfrﬁ -furwch’on &¢)y 76 Oced —fov ['ve ~odes. The
rett E—rode f%¢  selected  on dhe basis ob s b’amhu'ré
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Round cm%;g 1%5_‘ Bourd .‘n((‘f j‘f':nc_’r.‘oms q}e vsed 4o  avod -H-;
geme(a’ﬁ’om ?'lf gobtrees  dhat do rot contoin “+he. ans.o
rodes. Th bomd?na,, lower  ord Uppes bourds ave g@ngmfed
at each rode- A cost jfunch'on A(x) ¢ Used o Povide

te  lower boonde  for i node X Let opper s an
UPpes boand on  Cost 'a{T Moo cost  oluton. 15
ot case, all 4re live rodes o &) > oppes  CoO

be k$|led.
‘ii_n-%’a”ﬁ Upper % g o w0 ﬂﬁﬂ a*r@nem%'ng e

| childven e’g cowent E-rode, Upper  con be updcded b?r

IS IOOrO (0eh answer mode.

Mﬁg dk’ B(jmh ard Boond <
9 K”SESO‘CK ‘F%Oble‘"‘,?. 2 The 0f1 Krapsack oxoblero . steda
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kﬂ(lFSC(CK % M. ‘ocd ever(sf ohject have 13 Caf(PSPON’hNd/
P(o{'fJFS ard weuﬁhi‘s- e select o oJ'ed‘s —PojL'uH
e kropcack v such a uoazr ted S doold cob

exceed the Oa?acﬂyf eb' koopseiek oed oG reord pxojt‘.'#

can be eaxred: ;o ke Krapsack Psoblecn s a mw‘m'.zoatr
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bdf Keplac"'”ﬂ e ORjective 7[unc’ﬁ'om S P, by e ‘J(\W'h'm
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Algothre or  Coropoticg Upper Bornd s

.A\gof.‘“wm (J%oond (C‘Pi C(’O; Kr_m,)
3

bt':cp; O = O,
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| y
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vsed o sole (f] keapsack us,‘ﬁﬁf LCBR.
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[Frample : Brow Yo poshion efb— stote  space tree genesated
bn(f LCKNAP ﬁm Knopsack  instorce n=4~,m-—15,g.g,€3,@{
= (1510,12,8) anrd (w00, 0, w4) = @,4—,6,q’).

é\i J}n‘%'a“zr state space tyee Cortoiag
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1 )u=-22
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-1 i
e = ul@)- 5 xl8 = ~32-6 =-38
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C=4#10
A — W) =-30.
C=g g5
| 15-10
8(6): T e g YIg = «32.
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o
L

0 te queve IS 5 and
A :
c(s)> Opper  -36>-zz. K
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38 = w(q) = —38
C=15



o T=% [ K=4 |

b':“"39— —_— u(\\')—_—._ag_
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Newt 12w rode S0 #he qoeve $t 9 and c(9), s, rot]
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@E%:_C;_Uf_ﬁ &@SQ Roblero: Let &y, E) be a diected
or undiyected ﬁ(&f)% with Vv vertices ond E e&aes. et

Ca': cost rsbf the edje, LY Cb.':aﬂ 3{* tere s o edﬁe.
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TIo Byanch oad Boord | do-F.‘me o coct tunction ¢ o
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",jt ev@\ng wow and (‘,Dlx)mn 1 X’Gduced— —fpm/ F’J(OLMP\f, donside,
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Let A be e wedoced cost matyi ~for rode R. Let s
be -~ child dy R such that Hhe  yee f—‘dje. (4?,8)
Covrecponde o 70(‘10({508/ @C‘lﬁé <5,§> 0 e —toor. .I7L S is
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G St A1) -

@ Q@d tice. o\‘l “G'OLOS M CO‘UP(')(\S f\ﬂ ‘H‘)’e %@ g()l-‘-—.-' m‘}_}(l\)(,
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2
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