
What’s going to be different about our last 
two papers from what we’ve seen so far
-

input :

Output :

runtime :

worst-case



Problem Input Output Runtime
Max flow ! = #, % , &, '

∈ #, ): % → ℝ
Maximum flow 

-: % → ℝ
.(%!"#(!))
.(#%&)

Flow decomposition ! = #, % , &, '
∈ #, -: % → ℝ

1,2 decomposing flow .(%&)

Minimum flow 
decomposition

! = #, % , &, '
∈ #, -: % → ℝ

1,2 decomposing flow
1 minimized 

NP-Hard

Linear programming max 6'7
87 ≤ :
7 ≥ 0
7 ∈ ℝ(

Feasible 7∗ maximizing 
objective (or 
infeasible/unbounded)

Matrix multiplication 
time

Integer linear 
programming

max 6'7
87 ≤ :
7 ≥ 0
7 ∈ ℤ(

Feasible 7∗ maximizing 
objective (or 
infeasible/unbounded)

NP-Hard

O

&

one single answer



Data structures vs. algorithms
specific input specific input

thing that
can One output

give many
outputs

squery>

space/memory runtime

must
queries fast okay( ? ) ~/ slower

~ untimes
De

e .g. Google
e .

g. oil + gas



Goals for today

data structures : hash table

bloom filter

randomness

estimate vs . exact



What do you already know about hash 
functions and hash tables?
-

· data structure
-> O

outs -

· spread out in ->

I -

A hash function maps -

-E inputs to indices o
N

modular anthmetic
-

prime
-

-

· insert : O(1) -

0(1)
& query

:



I Dictionarykey :Value
h(LUCY 8 Lucy &
7I-> LCH

1- Wally Levy pet owner
: pet/Lucy

insert/Lucy ,Wally
h(Lindsay Lindsay

s n
insert <Lucy , Levy)Nella

h(chris)- Chris
query(Chris)Max

U(Chris)

a setJI is X in Set



(owner , pety dictionary
What is U ?

- pet owners

-





yes by sigeonholem>n I principleI

mcn yes reverse PHP

m/n





How do we get O(1) expected query time?O=>>>>
O->BtB- 1 -1 - ... -1

spread out inputs
minimize collisionshash(s] · truly random hash function

hash(X) : X
return random-num)

·Completely deterministic
hash(x) : /x modn &



salt
&

=



family H ChooseEH









How do we get O(1) expected query time?
I add * items to an +-bucket hash table

Pr(h(x,) = h(x2)) =

query :
what is xs
value ?

2 options :n(x)
# x is a + h(x)

h(X X is not at h(X)
- empty"I ~ not in list

C : # of items at h(x)
Ih(x") -> if x a+ h(x) * 1+

E(C) = E -

n
if x not at h(x) :



A simpler problem: have we seen x?
But suppose my data is so big that I can’t have n close to m

Set

estimate vs .
exact



A simpler problem: have we seen x?
But suppose my data is so big that I can’t have n close to m

have I seen x ?

h(xi)28 query
:

have seen X&
two options :

-

h(x)
h(x))28 h(x) = 1 : have seen x' w/h(x) =

h(x3)8 h(x) = 0 : know I haven't

seen X

· Bloom Filter


