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Fundamental Concepts and Questions

1. NP versus P: This problem is concerned with
computational efficiency issues. It is probably the
most famous open problem in Computer Science.

2. Turing machines: a mathematical model of
computers , computer programs, and computation.

3. the Church-Turing Thesis: All past, current, and
future general-LJdzN1J2 a S a O2 Y LJdzi S N.
Turing machines) can solve the same problems.

(Insightful? Or visionless?)
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NP versus P
AWhat is P?

AWhat is NP?
AHow are they related?
These questions are concerning how fast

or how slow we can solve algorithmic
problems.
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Examples of Algorithmic Problems

Input: a list of m numbers.
Output: the list sorted in increasing order.

Questions:
1. What is the input size?
2. How fast can this problem be solved?
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Examples of Algorithmic Problems
Input: a list of m numbers.

Output: the list sorted in increasing order.

Questions:
1. the input size = m.

2. It takes m”™2 comparisons to solve the
problem.

3. m”2is a polynomial of m.
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Fast versus Slow

A An algorithm (i.e., program) is fast if it
produces an answer within polynomial time
in the input size.

A An algorithm is slow if it requires longer than
polynomial time to produce an answer.
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Examples of Algorithmic Problems

Input: a road map for n cities connected by m
road segments.

Output: a trip that starts from Chicago, passes
through all cities exactly once, and returns to
Chicago.

Questions:
1. What is the input size?
2. How fast can this problem be solved?
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A Road Map
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Examples of Algorithmic Problems

Input: a road map for n cities connected by m road
segments.

Output: a trip that starts from Chicago, passes through
all cities exactly once, and returns to Chicago.

Questions:

1. the input size = # of cities and road segments

2. Fastest known algorithm: essentially try all
possible permutations of n cities.

3. # of permutations = n!, exponential in the input
size.
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Fast versus Slow

A An algorithm is fast if it produces an answer
within polynomial time in the input size.

A An algorithm is slow if it requires longer than
polynomial time to produce an answer.
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How to Solve an Algorithmic Problem?

Finding a solution:

Given an input, find a correct solution starting
from the given input.

Checking a solution:

Given an input and a proposed solution, check
if the proposed solution is indeed a correct
solution.
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Examples of Algorithmic Problems

Input: a system of linear equations.

Output: a solution to the linear equations.

2X +3X, +4X; =9

4x, + 06X, - 2X, =8

3X, - OX, +8X, =6
How do we solve this problem?

A DIFdzaaAiAly SEAYAYIFUAZ2YZ X
A Is this method fast (or simple)?
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Examples of Algorithmic Problems

Input: a system of linear equations and a
proposed solution.

Output: ¥, 9{ Q AF 0OUKS LINP LI
o a2tdziAzy 2 GKS f Ay
it is not.

2% +3X, +4x, =9 X, =1 X, =1 X, =-1
4X, + 06X, - 2X, =8
3X, - 9X, +8X, =6
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Examples of Algorithmic Problems

Input: a system of linear equations and a
proposed solution.

Output: ¥, 9{ Q AF 0OUKS LINP LI
o a2tdziAzy 2 GKS f Ay
it is not.

2% +3x, +4x, =9 X =1L X =1, X =1
4%, +6X, - 2X, =8
3X, - 5X, +8%, =6
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Finding a Solution versus Checking a Solution

Which task is easier?
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Examples of Algorithmic Problems

Input: a road map for n cities connected by m road
segments.

Output: a trip that starts from Chicago, passes through
all cities exactly once, and returns to Chicago.

Questions:

1. the input size = # of cities and road segments.

2. Fastest known method: essentially try all possible
permutations of n cities.

3. # of permutations = n!, exponential in the input
size.
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Examples of Algorithmic Problems

Input: a road map for n cities connected by m road
segments and a proposed trip.

Output: Is the proposed trip one that starts from
Chicago, passes through all cities exactly once, and
returns to Chicago?

Questions:

1. the input size = # of cities and road segments
2. Can we check the proposed trip in n steps?
3. nis a polynomial in the input size.

4/7/2011 Northwestern University EECS 101 18



Finding a Solution versus Checking a Solution

Which task is easier?
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NP versus P

A NP = the set of all algorithmic problems for
which a proposed solution can be checked for
correctness by a fast computer program.

A P = the set of all algorithmic problems for
which a correct solution can be found by a
fast computer program.
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NP versus P

AWhich is larger?
Als NP a subset of P?

Als P a subset of NP?
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The famous NP versus P open problem

NP = P?
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NP =P?

What do people believe? Which way?

A Some believe NP = P.

A Some believe NP | P.

A{2YS R2y Qi 1y26 o6KIOG G2
A Some dream about NP = P.

A Some write about NP = P.

Aa2z2NB X

What do you believe?

A2 KI 0 Qa @2dzNJ 3dzii FSSEt Ayt
A2 KI 0Qa @2dzNJ AyaAaaKiaKk
Aa2NB X
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V d

If it turns outthat NP =P (0 K S

Good Implications:
A Faster drug design
A Cheaper flight tickets

Bad Implications:
A Less security for emails
A Less security for bank logins

What do you think?“
Aa 2 NB SEI YL Sa X
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Turing Machine

1. memoryspace: 'Y AYFAYAGS OF LIS ol &

2. input and work: written in an alphabet + some special
symbols.

3. program: a function

F(current state, current character)
= (new character, new state, next move)

\\ |

4. execution of the program: 02 Y U N2 f f SR 0 &

5. end of computation: I A0l 0SYX SoId: 9 {

5
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Pictures of Turing Machines

The Turing rmachine itself moves back and forth

moving CPU
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readiwrite device %H
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memory tape

@ Read /write head

Program
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along the tape. The number that the machine displays
i5its currents state, which can change as it computes.
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A fanciful mechanical Turing machine's TAPE and HEAD. The TABLE instructions might be on another
“read only” tape, or perhaps on punch-cards. Usually a “fintte state machine™ is the mode! for the TABLE.
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Examples of Turing Machines

1. Add 1 to a binary number.

2./ KSO1 AT UKS ydzyo SNJ

IS even.

3. Turing machines can solve many other
problems!
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Church-Turing Thesis

1. Every algorithmic problem that can be
solved by a Java program can be solved by a
Turing machine, and vice versa.

2. Every algorithmic problem that can be
solved by a program written in a (past,
present, or future) general-purpose
programming language can be solved by a
Turing machine, and vice versa.
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Church-Turing Thesis

Every algorithmic problem that can be solved by a

program written in any future general-purpose

programming language can be solved by a Turing
machine, vice versa.

What do you think about this belief?
A Insightful?

A Bold?

A Visionary?

A Visionless?

A Pessimistic?

Aa2z2NB X
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