


Is there a Solution?-




* Undirected Connectivify\
* In Random LOGSPACE )

>
 Introduce Random

Walks




Undirected Connectivity

» An undirected graph @=(V,E) and two
vertices s,teV

| Decision Problem: -

+ Is there a path in @ froms to 1

T

+ CONN eNL » Nondeterm., walk

What shall we do for an undire
_ "




Nondeterministic vs. Random
Y

All-powerful Randomly

- which * which
, to neignbor to
S0 i e go to nex




Random. Walks

- Adda self loop Yo each vertex

- at s

o d, be the dzgrez of the current node.

* to each neighbor with probability 1/d,

|+ if reach ¥




»

Notation:

&\

*Let v, denote the vertex
visited at time n (vy=3)

- Let p,(i) = Pr[v,=i]




Stationary Distribution

» Let 6=(V,E) be a connected
graph, then for any ieV

d.
lim [, ()] = 5040




Weaker Claim.

 If for some n, forall ieV

d;
pn(l) - ZIEI
then for all ieV d
Py " 1(1) -

2|E|




» Ed(=2lEI
Lemma: Vertex | has probability ¢, at
time n = Vertex | has the same

FixPoint

probability at time n+1 =

- Animated

f Sy
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EixPoint

: Ed(=2IE
!&. mma: Vertex | has probability ¢
time n = Vertex | has the sam? a

probability at time n+1 =

- Animated

Note: every
edge has
same going
both
directions

Y 4
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Using the Asymptotic Estimate

Corollary:

- Starting from any vertex |,
the expected time till
revisit | is 2|E|/d,

Otherwise: qt

» If expected time were limit walk were
longer, vertex i would have  to spend « |
lower probability in the step out of any

stationary distributionm  “IEI/d, at .
—r .




> Note S One-Sided-Error
R

- Always returns 'NO' if
right answer is 'NO'

v -10, dee-50,

) ‘rhe algor‘ifhm hGS one- g | i : «® -0, wen-F
Sid@d eiﬁwgw S et 1)

J

‘ Hence

-

RL

.

* is The class when
limited to log space




Number of Steps Required?-

» If there is a path, in how many steps do we expect
to arrive at ¥?

probability head in the right
direction is 1/d, +

- &= ‘—‘7‘

N
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How Many Steps Expectedly Needed?

T

- expected]y the walk returns to vertex |
within 2|E|/d, steps

r ™

+ heads along the path within 2|E| steps

| By linearity of expectation T

* it is expectedto reach 1 within
d(s,7)2|E| < 2|V|-|E| steps.
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RL Algorithm for Undirected CONN

SR

- random walk from s

ﬂf halt and accept i from =

* if vertex 1 is visited | to ¥ Pr OBGHY no
‘4 _
— path from s

sty o
true -b\/ Markov-

+ after 2¢:|V|-|E| steps w/pf‘obm




Sum.-Up.

o Thewem

* The above algorithm uses  to maintain
logarithmic space apointer

F - ' _-_-_-"J
* always right
ys g Markov:

“for VES instances | Pr(X>c-E[X])<1/c

» errs with probability at most 1/¢
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Summary

| < @ @ \
* uhdirected connectivity
problem.

/

E log-space randomized algor'i'rhm\
for this problem.

/

* an important technique:
introduced  Fandom walks.

N .



