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Recap
Ftw: Friday



today : What about negative
edges ? ?

Bellman - Erd
-

.

.

Relax ALL the edges!
(Then repeat until

nothing is tense . )

JOE )

Correctness :

If nothing is tense
,

must have SP - tree
I

Runtime ? Problem - whiletop



Well
,

still that negative
cycle issue .

So
,

revised :

If no negative cycles,

then it will work .

Otherwise
, give up .

Totes[
key. for loop

! !

Why ?



Notation :

Let distant )
:=lengthof the shortest

s - to - v path usingat most I edges.
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£ : dist o

G) = O & for all rts ,

dots .
G) =D

Claim : free
,

after e
iterations of B - F ,

dis Hv ) Edc stfu )

Why ?
Induction on I

-

:

BE : too Cs ) ad CD are good

Itt : dse Cv ) is zdistcv )

If : deeI ) : Take shortest
path of length I to v :

V

s ~*→ .

- u

length it ↳ ApplyIH :

dcu) E dish , ( u )



Either u → v is tense :

distal > distance
, (a) twCu→D

Set distcv ) = distance, Cut taker )
F

OI : not

deistic )distcvkdis.at#)-wCu-x

)

-
11

de it )



takeaway
Since any path Has

length

Eff
don't need

to repeat more than that !

Runtime OGE)



Why is B - F in practiceslower ?
f Dig uses

Dykstra:O⇐ log V ) a cool

B - F  :XEv )
data structure

I does naive

really : loop

negative edges°

both work
,

but Dj
gets slower

• negative cycles
Dj . fails

:



The rest : an Can . poeta )
speed -

up
Think of a BFS tree

O

%¥¥i¥¥¥*÷÷÷:÷:
round I 's

bbrs

Queue*
It

'¥IvIzE¥¥
*at¥Es¥ '

¥e all dots
vertices



Final version : Bellman 's !

Why ? ?

Using I again as # of edges
in the path !

Since all paths are EV - I
,

dist #CD is dist Cv )

(assuming no negative cycles)



Nicer :

← I

Later observation :

Really dont need thee
.

Just update those
"

tentative
"

distances
,

a trust
it'll half .

] initialize SSSD

if
relax



Next time : NP - Hardness !

Fundamental question-
Are there

" harder "

problems ?

How do we rank ?

- Polynomial
- Exponential

- Unsolvable ?

Undecidable
Some problems are

imposbk to solve !



TeHaHngProb6m_: (Turing)
Given a program P and

input I
,

does P half or

run forever if
given I ?

Output : True ) False

( Utility should be obvious ! )
Note : Can 't just simulate

P on I . Why ?



Thmfturingl936I.TK
halting problem is

undecidable .

( That dayneoxisqughalgorithm

Proofs: by contradiction -

suppose
we have such a

program h :

hlP-{ true.AE?nI
False otherwise

Need a contradiction now . . .



Now define a

program gthat uses h :

g ( X ) : = if h ( X
,

X ) = False
-

return
False

else
(

'

I
.

.

loop forever

The contraction : What does

glg ) do ?

Calls

hlg.GL
:

Does g halt on Itself
if yes

- return falsie

if no
, loop forever



So . . .
what next ?

-

Clearly , many things are
solvable

.

in polynomial true
.

Some things are impossible .But
- what is in between ?

idea :


