Week 5: CLRS §15.1, 15.3, 15.4, KT §6.4

Dynamic Programming! (CLRS Chapter 15, KT Chapter 6)

1 Intro (Recap)

~ Those who do not remember
taré condemned to

repe

7% BrainyQuote

e Dynamic programming is a technique for designing algorithms.

— Fits problems where we want to find an optimal solution.

— Unlike sorting or searching.
e Based on solving smaller instances of the same problem.

— Similar to divide and conquer except that the smaller problems overlap.

2 Rod cutting (CLRS §15.1)

Recall: What is the highest revenue we can get by cutting an n foot rod and selling the pieces?
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Week 5: CLRS §15.1, 15.3, 15.4, KT §6.4

Example Mazimize revenue from rod of length 5.

lengthi |1 2 3 4 5 6 7 8 9 10
priccp,—'l 5 8 9 10 17 17 20 24 30

Last time we discussed an algorithm for finding optimal revenue. How do we output the actual sequence
of cuts we should do?

r(0] =0
for j=1ton
q:
for i =1 to
if q
q:
s[j] =
r[j]l =

print r[n]

while n > 0
print
n =
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3 Dynamic Programming Principles (CLRS §15.3)

The Dynamic Programming Approach

e Instead of one problem,

e First

e Gradually handle

of the problem.

by relying on smaller ones.

in the calculations.
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2, Search Quora
How should I explain dynamic programming
to a4-year-old?

This question previously had details. They are now in a comment

'& Jonathan Paulson, Software Engineer at Jump Trading
*writes down "1+1+1+1+1+1+1+1 =" on a sheet of paper*

"What's that equal to?"

*counting* "Eight!"

ered Jan 4, 2013 - Featured on VentureBeat

*writes down another "1+" on the left*

"What about that?"

*quickly* "Nine!"

"How'd you know it was nine so fast?"

"You just added one more"

"So you didn't need to recount because you remembered there were eight! Dynaniic
Programming is just a fancy way to say 'remembering stuff to save time later"

lpvate - 41 8k ¥ Share - 17

Sy > ocoo

page 4




Week 5: CLRS §15.1, 15.3, 15.4, KT §6.4

4 Longest common subsequence (CLRS §15.4)

b ot}
S ‘vy( Thymine (Yellow) =T Guanine (Green) = G
Adenine (Blue) =A  Cytosine (Red) = C

e Subproblems:
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o Guess:

e Recurrence:

4.1 Algorithm idea
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Example

Bottom up algorithm:

for i =1 to m:
C[i, 0] =
for j = 0 to n:
clo, jl =
for i = 1 to m:
for j =1 to n:
if
Ccli, jl =
B[i, jl =
else if
Cli, jl =
B[i, j] =
else
Cli, jl =
B[i, j] =
return
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General Guidelines
How do we determine if a problem can be handled using dynamic programming?

e The problem asks to find an optimal solution
e It is easy to obtain an optimal solution given solutions to slightly smaller subproblems.

o Likely to lead to an efficient algorithm when the subproblems overlap.

“I spent the Fall quarter of 1950 at RAND... We had a very
interesting gentleman in Washington named Wilson. He
pathological fear and hatred of the word research... he
" would turn red, and he would get violent if people used
the term research in his presence. You can imagine how
he felt, then, about the term mathematical...

| had to do something to shield Wilson and the Air Force
from the fact that | was really doing mathematics inside
the RAND Corporation. In the first place | was interested in
planning, in decision making, in thinking... | decided
therefore to use the word programming. | wanted to get
across the idea that this was dynamic, this was multistage,
this was time-varying... Thus, | thought dynamic
programming was a good name. It was something not
even a Congressman could object to. So | used it as an
umbrella for my activities.” --- Richard Bellman.

5 steps for DP
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5 Knapsack (KT §6.4)
>
?

B

Eaps
) )

e Knapsack of size

e What is the max total

1. Subproblems
2. Guess

3. Recurrence
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Example
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