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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-ǇǳǊǇƻǎŜ άŎƻƳǇǳǘŜǊǎέ όƛƴŎƭǳŘƛƴƎ ǘƘŜ 
Turing machines) can solve the same problems. 
(Insightful? Or visionless?)
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NP versus P
ÅWhat is P?

ÅWhat is NP? 

ÅHow are they related?

These questions are concerning how fast 
or how slow we can solve algorithmic 
problems.
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Fast versus Slow

Å²Ƙŀǘ Řƻ ǿŜ ƳŜŀƴ ōȅ άfastέΚ

Å²Ƙŀǘ Řƻ ǿŜ ƳŜŀƴ ōȅ άslowέΚ
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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^2 is a polynomial of m.
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Fast versus Slow

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

ÅAn 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

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

ÅAn 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.
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How do we solve this problem?
Å Dŀǳǎǎƛŀƴ ŜƭƛƳƛƴŀǘƛƻƴΣ Χ 
Å Is this method fast (or simple)?



Examples of Algorithmic Problems 
Input: a system of linear equations and a 

proposed solution.

Output: Ψ¸9{Ω ƛŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ǎƻƭǳǘƛƻƴ ƛǎ ƛƴŘŜŜŘ 
ŀ ǎƻƭǳǘƛƻƴ ǘƻ ǘƘŜ ƭƛƴŜŀǊ ŜǉǳŀǘƛƻƴǎΣ ŀƴŘ ΨbhΩ ƛŦ 
it is not. 
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Examples of Algorithmic Problems 
Input: a system of linear equations and a 

proposed solution.

Output: Ψ¸9{Ω ƛŦ ǘƘŜ ǇǊƻǇƻǎŜŘ ǎƻƭǳǘƛƻƴ ƛǎ ƛƴŘŜŜŘ 
ŀ ǎƻƭǳǘƛƻƴ ǘƻ ǘƘŜ ƭƛƴŜŀǊ ŜǉǳŀǘƛƻƴǎΣ ŀƴŘ ΨbhΩ ƛŦ 
it is not. 
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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. n is a polynomial in the input size.
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Finding a Solution versus Checking a Solution 

Which task is easier? 
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NP versus P

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

ÅP = 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

ÅWhich is larger?

ÅIs NP a subset of P?

ÅIs 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?
ÅSome believe NP = P. 
ÅSome believe NP P̧. 
Å{ƻƳŜ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ǘƻ ōŜƭƛŜǾŜΦ
ÅSome dream about NP = P.
ÅSome write about NP = P.
ÅaƻǊŜ Χ 

What do you believe? 
Å²ƘŀǘΩǎ ȅƻǳǊ Ǝǳǘ ŦŜŜƭƛƴƎΚ 
Å²ƘŀǘΩǎ ȅƻǳǊ ƛƴǎƛƎƘǘΚ 
ÅaƻǊŜ Χ
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If it turns out that NP = PΣ ǘƘŜƴ Χ
Good Implications:
ÅFaster drug design 
ÅCheaper flight tickets

Bad Implications:
ÅLess security for emails
ÅLess security for bank logins 

What do you think?
ÅaƻǊŜ  ŜȄŀƳǇƭŜǎ Χ 
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Turing Machine

1. memory space:  ŀƴ ƛƴŦƛƴƛǘŜ ǘŀǇŜ όŀǎ w!a Ҍ ƘŀǊŘ ŘǊƛǾŜ Ҍ Χύ

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: ŎƻƴǘǊƻƭƭŜŘ ōȅ ŀ άI9!5έ

5. end of computation:  ŀ ǎǘŀǘŜΣ ŜΦƎΦΣ ¸9{Σ bhΣ 5hb9Σ Χ
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Pictures of Turing Machines
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Examples of Turing Machines

1. Add 1 to a binary number.

2. /ƘŜŎƪ ƛŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ мΩǎ ƛƴ ŀ ōƛƴŀǊȅ ǎǘǊƛƴƎ 
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? 
ÅInsightful? 
ÅBold?
ÅVisionary? 
ÅVisionless? 
ÅPessimistic?
ÅaƻǊŜ Χ
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