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S A  
Given an array ofn values:

Mergesort O(n logn) worst-case

Insertion Sort O(n2) worst-case
O(n) best-case

Minsort/Selection Sort O(n2) worst-case

Stoogesort O(n2.7095) worst-case

csǚsort O(n3) worst-case

Prologsort O(n!) worst-case

Bogosort O(n!) expected
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Q
Invented by Tony Hoare. (He also invented null, and has apologized for it).

ǖ. Pick a “pivot” element p.
Ǘ. Partition input into two parts (< p and⩾ p)
ǘ. Recursively quicksort the two parts.

3 4 6 2 0 1 3 7
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A
ǖ. What is the recurrence for Quicksort in the best case? Solution?

T(1) = 1

T(n) = n+ 2T(n/2) (n > 1)

T(n) = O(n logn)

Ǘ. What is the recurrence in the worst case? Solution?
T(1) = 1

T(n) = n+ T(1) + T(n− 1) (n > 1)

T(n) = O(n2)
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C S A
Given an array ofn values:

Mergesort O(n logn) worst-case

Quicksort O(n logn) best-case
O(n2) worst-case
O(n logn) expected case (randomly-chosen pivot)

Insertion Sort O(n2) worst-case
O(n) best-case

CS ǜǕ discusses Heapsort, which isO(n logn) worst-case.
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WO(n logn)   
It depends. Here are some measurements from ǗǕǕǙ:

http://www.azillionmonkeys.com/qed/sort.html

http://www.azillionmonkeys.com/qed/sort.html
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C   

Theorem
No algorithm based on comparisons can sortn items in beer than
O(n logn) worst-case.

Key insights:
✓ Givenn distinct values, there aren! possible permutations that

might be our input.
✓ Sorting is equivalent to determining which permutation we

started with.
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D P
Each comparison lets us keep some possible permutations and rule
out others.

[4,5,3,1,2] 

[2,4,1,5,3] 

[4,1,5,3,2] 

[1,2,3,4,5] [5,4,3,1,2] 

[3,1,4,5,2] 

e1 <  e2  
?!yes no 

[5,4,3,1,2] 
[3,1,4,5,2] 

[4,1,5,3,2] 

[2,4,1,5,3] 
[4,5,3,1,2] 

[1,2,3,4,5] 
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A A A

The Adversary 

[1,2,3] 
[2,1,3] 

[1,3,2] 

[3,1,2] [3,2,1] 

[2,3,1] 

e1 <  e2 !?!yes! no!

[3,1,2] 
[3,2,1] 

[2,1,3] 

[1,2,3] 
[2,3,1] 

[1,3,2] 

e1 <  e3 !
?!

[1,2,3] 
[1,3,2] [2,3,1] 

If we’re unlucky (or the input is chosen evilly), each comparison will rule
out no more than half of the possibilities.

How many comparisons, to eliminate all but one possibility?
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S’ F

ln(n!) = n lnn− n+O(logn)

Hence the number of comparisons required isO(n logn).
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C   
Yes…if you make extra assumptions about the data.

Bucket Sort: Suppose we know the inputs are all in the range 1..k.
ǖ. Allocate k buckets;
Ǘ. Put each item in the appropriate bucket;
ǘ. Scan through the buckets in order.

Running time: O(n+ k) or (O(n) if k is constant)
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R S
Suppose the inputs aren sequences with k items each:
✓ Bucket-sort based the last item
✓ Bucket-sort on the next-to-last item

✓ ...
✓ Bucket-sort on the èrst item

FOR!
BOX!
FOX!
BAR!
FAR!

FOR!

BAR!

FAR!

BOX!

FOX!

BAR!

FAR!

FOR!

BOX!

FOX!

BAR!

BOX!

FAR!

FOR!

FOX!

worst-case: O(nk).
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F N
The Fibonacci numbers are easy to compute!

def fib(n):
if n == 0:

return 0
elif n == 1:

return 1
else:

return fib(n-1) + fib(n-2)

Unfortunately, this code has running time of aboutO(1.6n).
Why so bad? We repeatedly call the function with the same inputs
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I ǖ: “M”
Keep track of all questions and answers.
If we see a repeat, immediately return the answer.

memopad = {0 : 0, 1 : 1}

def fib(n):
if memopad.has_key(n):

return memopad[n]
else:

answer = fib(n-1) + fib(n-2)
memopad[n] = answer
return answer
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I Ǘ: “D P”
Figure out ahead of time which calls will be needed.
Do them in a clever order to avoid checking

def fib(n):
table = {0 : 0, 1 : 1}

for i in range(2, n+1):
table[i] = table[i-1] + table[i-2]

return table[n]
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T K P
Suppose we haven kinds of items.
✓ They have value (or utility) v1, …, vn
✓ Each has weight (or size or cost)w1, …,wn.

What should we choose, if the maximum total weight isW?
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K E

Suppose “a friend” can consume
up to ǖǘ units of candy.

✓ What’s the maximum
possible “value”?

✓ Does “greed” work?
✓ Does “use it or lose it” work?

i = 1 

i = 2 

i = 3 

i = 4 

i = 5 

w1 = 2 
v1 = 100 

w2 = 3 
v2 = 120 

w3 = 5 
v3 = 230 

w4 = 7 
v4 = 560 

w5 = 9 
v5 = 675 
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D P S

Create a table of maximum value,
indexed by total weight

Fill it in “boom up”

The last entry is your answer!

i = 1 

i = 2 

i = 3 

i = 4 

i = 5 

w1 = 2 
v1 = 100 

w2 = 3 
v2 = 120 

w3 = 5 
v3 = 230 

w4 = 7 
v4 = 560 

w5 = 9 
v5 = 675 
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