









































































































TRAVELLING SALESMAN PROBLEM TSP using DP
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P NP

Since we have looked at many algorithms an interesting
question to ask is is every problem easy to solve
or are their some problems which are difficult to
Solve

FTE s w Engineer yourmanager has asked you to
Solve a problem
After 1 month

You run your program on given input Program is

running and everyone is waiting for your program
to stop and show the result But your program is not

stopping
After few hours

still your program is running
Manager says we will give you more time but your
program should definitely halt in the

Is trained again But still you are not able to solve

you are given a problem to solve and you are not
able to solve it in Polynomial time

Generally polynomial time
algorithm will run faster

P 0 nk

when you go to your manager
donot say I can't solve it

quickly Instead say till now no

one has been able to solve it
in polynomial time

It is very easy to prove a problem is solvable 2
Solve it

It is difficult to prove a problem is not solvable

for manager its not












































































































possible to recruit 100 people
and show no one is able to
solve it

To prove something is not solvable we have souse
theories

Problems
I

Decidable Problems undecidable

algcists e procedure which no algo existswill halt after
sometime Like halting

problems of Turing
Tractable Intractable machine

given an input
If there exist If a problem to TM whether it
at least one

isagoefactable will stop or not

polynomial
bound intractable
algorithm nbn ch

nk
k can be 10,100 1000 Eg TSP m2n

Here we compromise

Fartin Takeout 1oct L Approximation

Irists we won't solve the
problem exactly we will

Algos

try to give are ammonimation
we go for approximate algoswhich will not solve the problem
completely but will give you
close answers












































































































Problems which are
maidTÉosine

TSP In a graph
GTShortest

path covering all vertices

exactly once

0 1 knapsack Given cap profit and weight find out
the maximum profit
LCS given 2 sequences find LCS

All these are optimization problems
miniman

Generally talking about these problems directly is
difficult
If you have to say a problem is hard take a

problem easier than this and prove that easier

problem is hard therefore this problem is hard

Finding simpler problem for TSP

Instead of using original problems frame a different
problem Answer me in yes no

Is there any shortest path covering all vertices

of length atmost k

Decision Problem

convert optimististdirtoblem Decision problem

If decision problem itself is
hardtÉtoptimization

problem will even be harder












































































































Decision problems for 0 1 knapsack

Is there any solution whose profit is atleast k

Decision problem for LCS

Is there any subsequence whose length is atleast k

optimization Decision Problem

whether there is aLSP finding out
shortest path of length atmost 10the shortest

path
CP andTerm

If optimization problem then decision freoblers
is easy oink is also easy

If decisionapareoblem then optimization problem
is hard

Verification Algorithms

A B
Is this graph hamiltonian Decision

Problem

a

A B C A
Solution

You are given a graph question and also the
answer

Youthatid verify whether it is correct answer or
not












































































































Covering all vertices exactly once

They_should_yoga path from
2

Yes it is hamiltonian cycle
and hence it is a hamiltonian graph

P NP Introduction Decision Problems

Plass Set of all decision problems which have

polynomial time algorithm to solve them

NPClass Set of all decision problems which have

polynomial time verification algo

smileye
In 4MSatmates weight

is they YINO

In FRS profit is atleast 10 mtguth

NP

P

Polynomial Time Reduction

A problem A is said to be polynomial time
reducible to a problem B if
i Every instance α of A'can be transformed to
some instance B of B in polynomial time












































































































ii
Apnger.y.gg

α is Yes if and only if answer to

A B

α β

if B is easy then A is easy

if B is in P then A is also in P

A B
iffaiis.pn.at is P ther B is

NLP

Example

Fois ⁿeeaE Ekman.milaanewithamempme
B Given n integers is is in is max is is in 70

exambley Ff F T

B 30 10,0 2

AT F F T
1

A Boln
1 0 0 1












































































































NP
p NP P ND take every

problem NP P
and show that

P they have
polynomial
time solution

PINP Prove that
there is at
least one

problem in NP P
which is not

polynomial time
solvable

NP Hard
NP

A If every problem in NPDT can be polynomial
A time reducible to aB

problem B then B is
p called NP Hard

NP complete NP and NPHard

NP NPHard If B lies in NP

A then it is NP complete

A2
B

P A

15












































































































CIRCUIT SAT

SAT

3 CNF SAT

clique sinset
Suns

1
Vertex Cover

Hamiltonian
Cycle

TSP

CIRCUIT SAT

FD
Is there any combination of input which
could give a value of True in output

SAT
kind of formula

tytz yz my












































































































3 CNF SAT
Injective Normal Form

n y z ytz a

Clique
maximum subgraph of a graph which is complete

4 subgraph which Δ
is consplete

Vertex Cover

0T1 boltE
How many watchmans should be placed so that every
edge is covered

Subset Sum

Given a subset is its sum so and so

Hamiltonian Cycle
visit every vertex exactly once and come back to
sause vertex












































































































TSP
Find out hamiltonian cycle of least cost























