
Algorithms

Dynamic
Programming(part t)



Recaps "
• #Scholarstrike today :

we'll cover algorithms
a bet later in course

Cch
.
4)

I'll beassigning
an extra

creditedng
in Perusal

cop tonal ! )
a HW - due next week

planning on oral grading,
but stay tuned -
sign

- up details coming
on Canvas

( over b¥only )

o Reding : every Sunday a
Thursday !



Dynamicprograming.tnfancy term for smarterrecursion :

memorization
- Developed by Richard Bellman

in mid - 19505

C'programming
" here actually

means planning or scheduling)

Keys : When recusing ,
if

many recursive calls
to overlappingbases ,

remember prior resultsand don't do extra
work !

.



Simple example
Fibonacci

"

Numbers : familiar
-

Fo -- O , F, =L , Fn = Fn
. .

t Fn
-E

-0,171, 2,375,228,1321, ooo
Directly get an algorithm :

FIB ,
sang Uzo
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Runtime :
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Applyingwww.agtofdajtonstopeossibk
prior

values

(
eE⇒÷i÷¥*other↳ Remember calculated

values .

Stored by computer)÷¥÷÷÷÷:÷÷
.



Beller yet . Build DS specifically
-

'

Here : array tgaEE,n¥r
C-? ←

no funds?{a
comon : egg:*:::¥④

IS: considered:@mula !

Reasf¥analyze !
for loop! I addition

to

one store per iterations

⇒ OG) time[ Ocn) spacewrt.pe FG .
on]



Erenbeltv : Do we need
that entire array ?

NI. why ?

←*¥¥¥*z0⇒ FE
next:& addition

Hisfseehon : can actually do better ?

Fancy math tricks :

o¥¥¥⇐⇒
Cote]

←mutt's

⇐ s }⇒c%%¥#
~ why?

19:3 = doesn't seem
19:3 =L's] o . . helpul .



PI : by induction !

Raje: time to compute [of]
"

so - back to chapter 1!

OtaEither way:[ -

E.iaoagd÷÷÷÷:÷÷:•
⇒ Oaog

n )



But wait - Fn is exponential !

Specifically ,
in I

$ -

-

So
. .

.

how many
bits to write

it down ?

give you④how

many bib
to write it?
: -2k£



Clarification :
our earlier algorithms[9:¥¥nsE→s7e¥o
If a # EGLE- sure !

But larger ? 2¥, toffee*¥÷÷±Vmultiply

131757530"



Fbonaairecap :

good/bad .

°
"Simple" yet interesting example
• Illustrates how powerful this

concept can be .

Downside :
-
• Not always so obvious how
to convert the recursion
into an iterative structure!

deceptively simple .

↳ simple data
structure
,

"obvious
" loop

to convert to



Advice
*start with the rears con

!
Use it toprovecorredness.mn#de:

start at base cases .

Save them'T
Build up

"next
" level

. :

the recursions that call

baseca-s.es.
Try to formalize this in
a loop tdata structure
format .
-

Tinchy : analyze both
SPE
- time ]



Rant aboutgreed :

wheng
"greedy

"

strategies are very fast
e

effective !

But- often such intuitive

strategies fail .
Dynamic programming

←backtracking
will always work .

We'll study both, but better
to start here.



Nattprobem : back to his

Recoil:
Input : Array A[ 1. on] of

#s

Output: length of the
longest subsequence
in A such that each

element is E next
element

Subsequence
:

Fett
,

t delete

any values

length3

Ex : 10 2 4 1 6 11 7 9
- -= =

- - -

g1-

Aside : will greed work? (NS)



t Increasing Subsequence
-

COPY why
"jump to the middle

" ?
ofprefer Need a recursion !
10 What is our decision ?

Aj⇒
'

poem
.

.tn?g.ts9t*gtIaip
• if AGT is "bcg⇒h try both

Aside : How many subsequences
[

are we ? Edin(pgaddgkngappro.ch#dmigztseefenentAt index e :
if Afi] a last element, skip
if ACD > last , try both ways



Result :

[
A .io:7#ig.eoena9..gRecursion

- YY
-

← BEESE

⇒¥÷i÷i¥
'AED 's big enough,
so try both ways



Code version:[
2 #'s

s

'¥
<
-

② -0 -
-

-

problem- what did we want ??

input : ASI
output: length of US

what are Erj ?
Al

could call Lis) - what
would happen ?
would include AED always-

E: EE 0,72934
wrappers -0 - gated



Runtime :

Un)€2 Lcn -Atoll)
- -

405-1

Not MasterTh m friendly
no tf In recursion

-Looks like Towers of

Hanoi :

027
(can solve , seen

in
book)



Alternate approach :
n-EH

"next "

a- necessities
At index i , choose

next

element in the sequence .

(means rica, not 2 !)
O

]

Tsubroutine

Issue - what was
ourgoal

again ? ?
Tmd US of Afloor

]
¥stx



Final version :

include

rm*tE
-
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