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1 . The analysis of computational problems
-
what is a computational problem ?

- How to design algorithms to solve particular Computational
problems ?

• Is the algorithm correct ? (effectiveness)

Analysis and testing , formal methods

Design of
• How much resources the algorithm requires? ( efficiency)

Algorithms
time, space , energy

• which design alternatives do we have?
brute force, greedy, dynamic prog r. ele .

- what are the minimal we require to solve a computational problem?
resources

Computational complexity theory
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How to quantify computational resources
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. Computational complexity

i

- It is the study of the time and space resources required to
solve computational problems .

- what's the time of the best algorithm to sort?

Sorting using comparisons ⇒ Time(n) =I(n6gn)
Quicksort : worst case any [a, b, C ] O N

average case Ofnlogn) /
Heapsort : worst case ocncog.nl#ayb-no, O § height

yes# no . 686¥ 4
FYI :

6866 /
airs ¥¥ x

x X x

[a,c, b] [c , a, b)

what's the minimum number of comparisons I have to do to sort an array
of n elements ?
- # permutations n ! = # leaves of the tree

- I want the tree with minimum height ⇒ balanced free
binary

- what's the minimum height of a tree with n leaves ? ⇒ Cogan
- k k k " Il a 11 11 11 n ! " ? ⇒ Cogzfn ! ) Eflfnbgn)
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. Decision problems
- It is a problem where the answer is yes or no .

- A language L over the alphabet E is a subset of

E
#

(all finite strings over E) .
If E = { 0, I} E*={ 0, L, Lo, oh, . . . . }

[ = { O, 10, 100, L LO, . . . } ( even numbers)
- Decision problems can be encoded as languages :

g
Primality problem ←7 LELo, 13*1 { n In represents ac,

prime number j

-A language L is decided by a Turing machine if the machine is

able to decide if an input on its tape belongs to the language or
Decision

halts in 9-y → yes not
.

halts in 9-n -7 no

language (L)
- we say that a problem is in Time (fans) if there exists a Turing Machine which

decides L in time Off Cn )) (where n is the size of the input)
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P and NP

- P = The collection of languages that can be decided in Time ( nk ) for some K .

EIN

Factoring problem : Given an integer m and Lcm
,
does

m have a non -trivial factor less than l .

witness : a number Lex - l such that x divides on

NP = The collection of problemsHanguages (c) such that
there is a Turing machine M :

1) if KEL there exist a witness w such that
M halts in qy after a

time polynomial in
( XI with an input

"
X - W

"

2) if KEIL for all the candidate witnesses w

the machine halts in 9- n after a time poly nom .

in III with an input "X -w
' '

N P I Non - deterministic Polynomial



- Saf : Given a propositional formula F ( e.g . 414×4×4×14294
'

is there a set of values for Xs,Xz - - - Xn

such that Flag . . - xn) -_ True

- Sat E NP ? yes .

witness ; set of values for

-

XI
,
. . . 7cg

Non - deterministic Turing Machine
Deterministic Non - deterministic

x.= o ¥751 /Xg=0orTIt. I
#EL Id 122--00=7EXT X T

Y .

:{In = 0 or L

P = NP? Can NP problem be solved ¥
µp

in polynomial time? Ffxs, . . - xn) --True ?

p we don't know D
•
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Hamiltonian and Euler cycle problem
I 5 Euler Theorem :

I 5
A connected . graph has

0
3

g
an Euler cycle if and

0 only if every vertex
has an even number of

2 4 edges incident over
2 4

it

Hamiltonian cycle : Euler cycle :

Is a sequence of vertices vs,Vz . . -V.my Is a sequence of vertices Yes
, Vz . . -Vm

with (Vi , 4. + f) an edge such with (Vi , 4. + f) an edge such
that at visit's all the vertices that at visits all the edges
exactly once (except for the first exactly

.

once

and last vertex )
-

I 5

O
3 §

, f
to

2 -7 4
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Problem Reduction

- A language B is said to be reducible to another

Cunguage A if there is a TM operating in polynomial time
that given an input x it outputs RGC) and
XEB ⇒ Rex) EA .

p
Does X E B

- A problem is
- Complete

compute Ree) } Polynomialwith respect to a complexity Time

→Giggle
prob
"

class if every Grnguage y,
in the complexity class
can be reduced to p

.

RC EA f NP-hard
'

II:*:p ::3 .: tea
.

astor not ¥.
complete with respect to
rip .
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NP- complete problems

- SAT

- 3- SAT ( Propositions wit terms with at most 3 variable)
- C SAT ( satisfachbility of boolean circuits)
- CLIQUE

- vertex cover

- Hamiltonian cycle
- O - L integer programming
- TSP : Travel salesman problem .
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. Hierarchy of Complexity Classes

sfncf
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Xz# A ly

RCH EA Olrik)
t
,

Yes or not
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