
What’s going to be different about our last 
paper 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

2,3 decomposing flow /(%&)

Minimum flow 
decomposition

! = #, % , &, '
∈ #, -: % → ℝ

2,3 decomposing flow
2  minimized 

NP-Hard

Linear programming max 7'8
98 ≤ ;
8 ≥ 0
8 ∈ ℝ(

Feasible 8∗ maximizing 
objective (or 
infeasible/unbounded)

Matrix multiplication 
time

Integer linear 
programming

max 7'8
98 ≤ ;
8 ≥ 0
8 ∈ ℤ(

Feasible 8∗ maximizing 
objective (or 
infeasible/unbounded)

NP-Hard

e
- gI
single output



Data structures vs. algorithms
->
o

well-defined & well-defined
, specific

specific input in put
-

thing that can g ive one output
many outputs
(queries)
-

runtime

space
-

l . g. Google

S
e

.g. modeling physical

must be very okay( ?? ) WI slower rustines
queries in some case
fast

systems



Goals for today
Query that it
has to enable ?

hash tables
data structures :

bloom filter

↳ set membership

query
randomness

estimate us . exact answer



What do you already know about hash 
functions and hash tables? list at least

5 things



dictionary :

Tay: value
Lucy , luy Lucy : Levy
Daniel , MangoI : &

insert (Lucy,
M1

Levy)
query (Lucy)
insert : 0(1)

grey :

O (1)



O
-







Spread input over hashtable
:

- truly random lash functions
hash(x) :

return random num mode

-

completely deterministic ↑
U

hash(x) =

X modr g↓
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