
-> tracking/Reduce
and Edit Distance

conquer I Transform word a intowordy using insertion,-testpathBetweenall
isthe

* can be applied tosearch and optimization deletion, and substitution.

problems.
LetEti,]] be theminimum costto Given a directed graph witha vertices

*Gives more efficientruntime over exhaustive

transform it. ... is
intoyt1...j] and m edges we can determine the

search or brute force butmay not resultin shortest path between any
2 vertices.

polynomial time. Itis usually IMPROVED EXPONENTIAL

time, and can solve NP complete problems. Ive edges are allowed in a butnotcycle)
*uses theconstrainttoeliminate impossible
solutions early on in their development.

insertion substitution Bellman Ford a times =0cn.nms =0 (n)
*For recursive calls, inputsize is reduced by deletion

Floyd Warshall =0 (n3)
CONSTANT DIFFERENCEas opposed toCONSTANT FACTOR

MIndependentet:For an undirected

graph find thelargestsetof vertices such that

thereis no edge between any 2 of them.

Greedy -> Selectperson withfewestenemies, The question is whether going through V=
remove enemies, and repeat IVI =0(um) improves the shortestdistance.

1951-o maximumdegreeforevent
0

0

(E) =0(3 nm)

0 Dijkstra's
T (n) =2 T (n - 1) +0 (n) -> 0(2")

- ⑧ ↓

Algorithm:
T(n) =T(n-13 +T(n - z) +0(n) -0(1.624)

O

0

0 (nm wog(nm))

T(n) =4 (n-1) +T(n - 3) +0(n) -0(1.46)"
D can be improved

0
since this is a DAG

Best known
Tsul-degius algorithm is

shortestpath in DAG-
0( 1023 when we follow topological ordering, we can be

↳new
graph certain thatonce we compute thedist for each

-> T(n-13 0 (n) vertex, we are done withthatverter.

->umBipartmatching

weighted EventScheduling (geougorithm)
Worstcase:T(n):2 T (n-1) +0(a)

=0(2")

However, at Runtime =
O(IV1+ IEI so even using this method

most (n+1) edit distance can be solved in Olum) time.
recursive calls

⑤works for both A and Oweights since being
I. ... Ik

a DAG prevents the problem of negative cycles.

Longest Increasing subsequence
Return theshortestpath in DAG:

find last eventthatvertices:Positions
in a ray

-
ends before In Edges:(i, is where is;and atis<atj]
starts each withweight - I

-> Alimbing
start with any solution

and make local

outin
-> Negativecycles changes toimprove while obeying constraints.
Acycle in a graph such that thesum of

May give a LOCAL OPTIMUM, notoptimal salt
edges is a negative number.

Dijkstra's efficiency relies on thefact that all

-DynaProgramming of ene
edge weightsare non-negative. With

-> iarProgramming
negative weights, runtime can be exponential. ↳ optimization problemsjusta restament of theoriginal problem. cassumption) BUT NO-ve CYCLES

⑮ Defining therearence relation often involves case

analyis: inlout, 3 paths, a books toplace on lasttoapath withveweightha*Iterating shelf

String Reconstruction over all previously so we can use DP witha budget T.computed values
Bli,t):shortestpath from vo tovi with

can a string of atmostto edges
length n be

broken up
intowords. Linear programming reduces tosolving

the "simplex algorithm"
key Ederite

whenno edge exists
exists any je[1,K] I S NETWORK FLOW
such thatstj)== true w(v,v)=

andult.... is
napsack Problem Howto * subproblems have tobe ordered by column
-

maximise Assuming thereare no negative cycles, the

value with a
shortest path is a simple path. So, T =n-1

fixed capacity budget
d

C
Insuch a situation, distance never improves

beyond a budgetof n-1

ie. BIi,n-11 =

B[1, n=Bli, n +1] = ...

solving iteratively: detect - we cycles, if none

KSCj, b) is themaximum -

AltmanFord return shortest dist array
value thatcan be fit
in
a b capacity knapsack

using items ....j

Runtime:0 (nC) We stopwhen there is no

enomination path leftfrom s to t

dpl, j]=ways toform amount;with

demominations I... I

if(j -C,=0)?IN =dp [i, j-ci):IN =0

OUT=dp[:, j-1]
Runtime =O(IVIE1) =0 (n3]

dp [i, j] =IN+OUT



->Hard

Runtime and Algorithm
*A problem It is called NP Hard it all

- all problems in NP can be reduced toH
*May notterminate

withirrational weights x Atticreduces to B

B is "relatively harder"than A -HardNo compleated a

->

i
e

Maxflow=26 complete; Ais No complete ifall problems -> Smi/FI all falsein NP reduce toA

Gavinihm:SAT is NP complete ->whatif thereare a sources

-> whatifthereare
2 cycles

For counter examples => focus on wording /

->T (the problemisability) consider ties/2 options/etc.

-> Try to keep exchange argument simple.

Only add/remove/shift I elementifthat works

CONCRETE DP EXAMPLES

-> For dp, attimes thefinal resultmay
2 SAT:each clause has 2 literals be themax/min of entire dp array
3 SAT:each clause has 3 literals

Geg:when dpti,j] is max money earned

* SATis NP complete ending atall (i,j) of grid

->For up think about"states"

-since sccep and LSAT Er sa
Bylongestcommon subsequence:

was in prefix I... Iand I...j
-

Note

·Transitivity of implication:ab and be them ata deli, j): Itdp[i-1, s-1] aiis = =bij]

· Contradiction: nei
!
maxhdpti-1,j), dpi, j-1SY, atis:=bij]

· a vy is thesame as: Lu+y, Ty -> x
Ans: dp[n) [m]
eye longestcommon substring

->
longestcommon substring ending atLi, i)

dpli,j]=G1+ dpti-> j-13, ati]
=b5jS

⑧
a [is!

=btj]

Ans: max over all values in op

E3 longestPalindromic substring
-

dpi, j]
=T/Fif thereis a palindrome starting at

i

and ending at j

dp [i, j] =Tif (i ==j)
if you can solve dpTi,;]=

Tif(stiS =
=stjS and dp [i+1]Ij-13 is true)

3 SAT, you can also-AYA is trivially &
solve SAT -greedy roofcases

ISAT) I- (3 SAT) interesting

-thedecision problems
thatare verifiable in polynomial time

1: The setof all decision problems that Case Analysis r
can be solved in polynomial time. rg -> Max Product in partition

-
en

* Any decision problem thatcan
be solved -a, van was van=(a, varvy,) a (5, vay van)

in polynomial time can also be ->completlems
verified in polynomial time SAT, 3 SAT, Hamiltonian path, TSP (decision),

↳ P NP
Alternately, IndependentSet, knapsack, 3 coloring

optimization by decision

->Maiitems purchasedwithbudget

Coveof vertices thatthe

Imp: cover all edges
The decision version of TSP is in NP. Deion - can weouttimee
doPolynewtime using B vertices ~ensuct

answer usingIf an

algorithm - prew pointer
runs in

OC) it

runs in

0(2092()
· Each I has exactly a vertices in cover

Eg:knapsack DP, Petermining
if a num is

22m)
is prime by dividing by each of 2,3... · Each vertexin backbone has exactly I vertex

in cover (1)


