
 

1 DynameRogrammigDPI Bellman 1950s

General powerfulalg design technique
Especiallygoodfor optimizationproblems
DP carefulbruteforce

DP subproblem reuse

TheRabbit Problem

Start with a pair ofbaby rabbits
Eachpairmatures in one month andgivesbirth
to anotherpair everymonth startingwith thesecond
month

Howmanypairs of rabbits we have at kmonths
1 1 2 3 5 8
F Fil Fibonacuumber
For Fa it Fn 2

pairofrabbitscurrently howmanypairsreadytogivebirth

Goal computeFn



Naivercursion fiben
If nez
Return 1

Return fit In 1 fit n 2

Comets
Runtime Ten T n 1 Tin 2 i

27th 2 4 Tim 2

We're redoing a lotof computation Fay F

Maybe we can memoize

theseresults F

0088



MemoizedDPAlgorithms

memo L
fit n
If n in memo
Return memoth

If he 2

4 1
Else
f fit n 1 fit n 2

memoin f
Return f

You cando this to anyrecursive
function and Python

has it built in as of version 3.2



Correctness

Runtime
SibLk onlyrecurses the firsttime it iscalled
A memorized calltakes 04 time
of non memoized calls is n

f i f a flu

O n runtime

DP memorize remember

reuse solutions tosubproblems

DD recursion memorization

time subproblem timepersubproblem

Notcountingrecursions
So no recurrences

vS Divideand Conquer

Alsohave subproblem butthere they'reusually
disjoint and we neverencounter the same subproblem
more than once so memorization doesn't reallyhelp



Bottomup DP algorithm

1 feb1
2 For k to n

3 If KEZ
4 f I
5 Else
6 f fifth 1 fifth 2
7 fifth f
8 Return fifth

Span n canbeimprovedCifuentes
n to constant

Any PPaf canbe converted into a bottomupalg



5stepsforDI.IO
Define Subproblem
Guess part of a solution
Recurrence time subproblem
Recurse memorize or bottomup
time subproblem time subproblem

Solve originalproblem

2 Rod Cutting

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

length i

price pi
4 5 6 78 9 Pick imith largest

9 10 17 17s 24

Brutfire check all possible cuttings

I L
l l l t.im

2

cut not cutnotcut



We want to break this into smaller subproblem

Tn Max Pn T.tt a 1
raffn 2 Faith

datment maternity after

Or we can decompose with a firstpieceof length i
andthen a remainderoflength n i

rn maxlp.trn i.pt rn2 path Put

CutRod n
1 If n D N2 Returns

3 9 0

4 For MakQi pity ya5

b Return

Runtime That it i T ink 2 provebyInduction

Not so surprising since we are kindabuteforinghere



Speedup Memorization

CutRodMemo n
1 If memoin exists
2 Return memoin

Idan of
5 Return 9

Runtime We need to compute Cuttodtlemo41
CutRodtremo n eachtakes O n but
recursive calls are free On

ofsubproblem n

time subproblem On 04



Bottom
up version

CutRod n
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 O n

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


