
To wrap up our fall semester :

Anopenproblem.IS
computing

Freiheit distance 3 SUM - Hard ?

Recall (from last week )
,

There is no 0hr '
-

d)

algorithm for the (cont 's or discrete ) Freshet

distance for
any

8 so unless SETH
'

fails
.

-

SETH
'

→ There is no 0*(12-54) algo for
CNF - SAT for any

8>0 .

10¥ hides poly .

factors )

only known loner bound for Fréchet is

D- lnlogn )
.

It is completely open if

Fréchet is 350M - Hand
,

with light

controversy . /Details to come )



8ricfperspcctiu-i.ir
no

Recall3sut-iorad.sk/kfnwendofsunm--lInput:
A set S of n integers

Output's Yes or No
,
does the exist a. b.

its

such that
a -16-1<=0 ?

at 6 64C a -4C

Egf S={ 57
,

-42
,
-11
, 15,6 , 3720,5 }

Solution : 37-42+5=0



Egf I control)
S = { 57

,

-42
, -11,15 , 6,37, 20,5 }

Algorithmic Approach?
- Naive : check all subsets of size 3 (01ns ) )

-

01h4 a
/
go w/ a little more

cleverness -

Sort s t make 2 copies :

I -42
,
-11

, 5,6 ,
15
, 20,37 ,

57 )
A- Up

]
p .

I -42
,
-11

, 5,6 ,
15
, 20,37 ,

57 )
-e

pz

① I -42+571-11 = 4 > 0
,
decrease Pu

① (-42+37)-11 = -16<0
,
no sun , increase Pz

③ (-42+37)+5=0 ✓

0hr2 ) → Worst case ,
touches all other elements

for each se 5
.



Hypothesis : 350M is unsolvable in 0hr2 - 5) time
I> 0 .

3SuMHa-dus_ :

A problem ( like the Filet distance ? ? ?)
is 3 SUM - Hard if solving it in subquadrate time

implies F subquadrate solution to 350M .

"
a

) →
&.
&

at
→

* ☒A #
&

Instance of known

had problem →
Instance of

studied →

So / into

Freshet
→

so / 'h to

135hr) problem 3 SUM

( Eichel)



Example of a slick 3.SUM reduction :(Thanks ,
Brad)

Gajentoon - Owners ( 1995 )

Geon Base Problem :

Input n points on the lies
y=0 , y=l , 8=2 ,

Output Yes /No
, is there a non

- horizontal line that

goes thru 3 points ?

④ A :{ 2. 4,9}
D= { 1,7

,
11 }

c-- { s
, 8,9 }

• g-- I111111
"

¥T#÷i÷÷÷:



Reduction Gien SCZ
,

ls / =n
,

the exists a. =/ b-fctss.t.at 6 -1C :O

if and only if A
,

- %
,

C partitions of
S of length ng sobre Geon Babe .

P To sole Geo- Base
,
need

b- a = c- 6 for at A
,
6GB

,
Ltc

.

Then

26 = Cta
,

and O= c. + a -26 .

So negate + half all 6<-8 , toth-u.ir/eae

A
,
C alone .

Geon Base is 350M - Hard
.


