
 

Recap Dynamic Programming DP

DP carefulbrute force
DP subproblem reuse

time subproblem time subproblem treatyrecursive
calls as il

RodCutting

Given a n feetrod we want to cut it andsell it
according to the following prices

length i 1 2 3 4 5 6 7 8 9
price pill 5 8 9 10 17 1720 24

Optimal Substructure optimal solution to a problem utilizes

optimal solutions to related subproblem

Tn Max Pn Vitra 1 ratraz Faith

don'tcut makecutty cutty
at all after after 2

Or

rn maxlp.trn i.pt rn2 path Put



Bottom
up version

CutRodin
I r e D

2 For it to n

3 q 0

4 For j l to i
5 q max q pjt rti j
b rti q
7 Return r In

Again running time is On

Note This outputs the revenue only What if
we want to outputhow to cut
Memorize thecut foreach rti



1 Longest CommonsubsequenceLICS

Subsequence A is a subsequence of B if
the characters in A appear in
order in B

eg
subsequences of ALGORITHM
ALG LIT AM ART

Common A is both subsequence of B and C
eg ALGORITHM ARTICHOKE
have common subsequences A TH ART

RTH ARTH eto
Longest Given two strings interested in the

longest common subsequence
Applications

Similarity between DNA sequences

Version control Github

LCS Given two strings XEIM YEE
find their longest common subsequence

Σ is the alphabet



tÉndf subsequences of X and y respectively

and then find their intersection
and then find the longestone

Runtime 272
I 1242
52 k his size of the intersection

Overall runtime is exponential

Observatiguacamole
GUANCIALE

The LCS must end with E
The LCS must end with LE
The LCS for CAMO and NCIA
must be either the LCS for CAM and NCIA
or the LCS for CAMO and NCI



Formalizingthese intuitions

Thencptimatsubstructure's 7 7.4 am yY.gr Yn and

3 332 fr is an Les of XandY
1 If m Yn thenZrXmYn andJan1 is an LCSof trim Ya.in

2 If Xm Yn then
a If 3k Xm then3 is an ICS ofXa m y andY
b If 3k Yn then3 is anLCS of X andYet n

Proof 1 If Z Xm andz is an LCS Consider 3117m this is also
a commonsubsequenceof XandY butlongerby 1 Contradiction

Now we have Zr XmYn thennotice351 k 1 is a common

subsequence of Xr m i andYet n i Wearguewhyit's the
longest If not thenthere'ssome 3 with 13 k 1 z117m

will be a longercommonsubsequencethan 3 contradiction

2 a Since3k Xm then mustbe a common subsequenceof

et m andY Say it's not the longest ie z w

13 131 thenz isalso a common subsequence of Xandy
butlonger Contradiction

b Similar argument



DPdgorithm two dimensional

Subproblem's For 5 0 I m and j 0.1 n let

listi j bethelengthof ICS ofXa i andYing
Guess Ethecasewhere Xj Yi they can'tboth

beused in theLCS whichone is not used
we make a guesshere

Recurrence

it is or j o
lesti.jpflosti i j Dtt if i.jo andXi Yj

maxclosti 1jp lest i j D if i.jo and it Yj
Naive Recursion has exponentialruntime
But we use memorization bottomup
ofsubproblems of i of j 0cm n

time subproblem OCI
Runtime is 06mn w

memorization or bottomup


