
5331 Fall 2025 Today WordRAM
Largestjump

Lecture 4 9 8 largest subsequence sum

Balanced parentheses

FibonacartISect.nl
From last time

Input nEN Output Fn nth Fibonacci number

fi.itIfn 0 Return 1

If n 1 Return 2

Return FibNave n 1 FibNave n 2

Warning this will take exponential time



eg FibNaive 5

A

depthin
4

branching

factor 2

to
to v

loea dothings bottom up to avoid relomputation

Intuition induction is typically proven from bottomup

In recursive algos strong induction multiple larger

calls can use the same smaller call

1 I if every alsouses base case
save it revie it



Dependency graph for Fb

a

ff

fi

ii mn

ArrayInit net C Fit

LCD I
C 2

For 3 i n 1 i C 1 i 2

Return Cnt

Key takeaways
1 order matters
topdown vs bottom up

2 save your work

Eiffel



Dynamic programming

LSmarterandmoreflexiblerensions

up to now focus is divide and conquer

Applications

Coding interviews seriously

Reinforcement learning founder Bellman

Game theory economics

Basic idea 1 definesubproblemsyouwant

to save memorize

2 define order to solve them

It canbehard to understand at first

Payoffs enormous exponential hear linear time

Next 4 Lectures Many examples as a fieldguide



Yhp
m CPrtIse

How many digits is ne N
Base 10 103,0 n 0 logo n

Base 2 login O log n

Base 109am O log n

all thesame

Recall that log b log c log c

Proof 2109s
b losbk blobbk aloa

c

og2lb int writethat iii



Bit complexity model bit digitops take O 1 time

a I IT
So Fib n Fib n takes O n time

Taoists Taoists

Word RAMmodel
reasonableops

Tod

w

Assure takes OCI time

Think W 64 maybefew 100s tops

Will do henceforthOk to assume 109 n W
unless stated otherwise



Unreasonable to assume n W keep aneye out

Tempus
Incremenths a for loop counter

ien is logen digits OCI time

Comparing two numbers in sorting

ifboth 2W 0 1 time
bydefaultOK toassume

iitiiiii.it

Output iis with Kiesen

maximizing Ci

1 2 3 4 5 6 7

Free
Examplefrom last class



Boy
sells 1 2 3 4 5 6 7

1 4 1 9 7 5

2 0 8 3 5 11 1

3 113 39

4 0 8 8 4

5
0 16 4

6 120
0

Best 0 4 0 5 13 0 12

Time O n for each is compute LG G

How to improve

Loea What do we need to know for Best

Best Max LG C LG mi LCD
if

Jatin



Faster algo take

Pass over list maintain running min

e.s.FM
19I1MinopTo8844411MinUpToCs

mig L
i

Compute all Best Cj MinupTol

Both steps O a time Why

MinUPTOC min MinurtoC 1 LCs

memoized



Fasteralso take2

All subproblem iis n 2 a of them

Special subproblem it where MinUpto

Best s LC it

only 0 a ofthem

Are Special subproblem harder

Not with memoization

Best max 0 BestC 1 C 5517

difference in

buy onday's buy onday sellprice

it s keep

it thesame

No need for MinUpTo O 1 time per BestC
O n total



General strategy 1 Design any correct algo

Twocommonform

2 Repeated structure Memoize

Prefixes 3 Gobackto step 1 Simplify

Multidimensional
thehardest step

iii.ir iiiii
Output i s with Kiesen

mains
fii

Exams



Firsttry start

1 2 3 4 S

Y 28 41 11
2 60 53 66 36

3 24

4 13 17

5

Naive O n x Ocn 0cm
w

Irlam the subproblem

Better OCA OCI 0cm
w

proceed row

by row leftto
right

it

ÉLC Σ LCK s
ki

memoized



Timeto simplify

Can we define O n special subproblem

Best j largest subsequence sun ending on

Recursive formula

Best s max LG BestG 1 LC

don'tinclude inture C 1

j 1 mayaswell continue
inbestpossibleway

Again OCI per subproblem using memorization

LSS in O n time

Kadane at a CMU Seminar



BalancedparenthesespartI.sect.nl

nput L is sequence of n chars or

Output True or False
assume even

can we match parentheses sit

each paired with a later

Examples

1111

Naivestrategy try
llll.blh.tn

1 2 4 2 polycn



How to solve in polynomialtime Multidimensional DP

S i True or False

Can we balance i j

Subarray betweenLC LE

Recursive definition who is i paired to

balanced OR balanced biased

i j i k KH

S i True iff one of following holds

i AND LC AND S DE 1

i K AND LK 1
possible pairingsof i

Recursion order by length OCR O n O m


