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Announcements

 Check the latest announcement on Canvas:
« Scheduling lectures
* Link for joining CPSC 768 Slack
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Last Time: Maximum Matching in Bounded
Arboricity Graphs

* Problem: Given an insertion-only arbitrary-order stream of
edges, find an approximate size of the maximum matching in
the graph using small space
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Last Time: Maximum Matching in Bounded
Arboricity Graphs

* Problem: Given an insertion-only arbitrary-order stream of
edges, find an approximate size of the maximum matching in
the graph using small space

RRE99 03!

Input Stream

Approx Matching Size: 2

Input Graph 9 G
Small Memory
® f
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Arboricity of the Graph

 Arboricity of the graph
« Minimum number of forests to decompose the graph

O
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Properties of Arboricity

* Related to the density of the graph

By Nash-Williams Theorem:

mg
a = max
s Ung—1
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Properties of Arboricity

* Related to the density of the graph

By Nash-Williams Theorem:

* maX{ 1]}

* Every subgraph § € ¢ has arboricity < «
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Properties of Arboricity

* Related to the density of the graph

By Nash-Williams Theorem:

* maX{ 1]}

* Every subgraph § € ¢ has arboricity < «
e Subgraph S has at most a - V(S) edges
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Maximum Matching

 Amatching in a graph is a set of edges where no two edges
share an endpoint
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Maximum Matching

 Amatching in a graph is a set of edges where no two edges
share an endpoint

Maximum Matching has
Maximum Cardinality
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Maximum Matching

 Amatching in a graph is a set of edges where no two edges
share an endpoint

Fractional Matching:

VveV:Ef(e) <1

Maximum Matching has
0.5 esv

Maximum Cardinality
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Strategy for Streaming Algorithms

1. Figure out quantity to approximate and gives approximation of
the quantity we want to approximate

2. Approximate the quantity via sampling and prove
concentration bounds
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Strategy for Streaming Algorithms

1. Figure out quantity to approximate and gives
approximation of the quantity we want to approximate

2. Approximate the quantity via sampling and prove
concentration bounds
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Strategy for Streaming Algorithms

1. Approximate |E_| to approximate M(G) the maximum
matching size

« £, is set of edges {u, v} where u and v both incident to at
most a edges that show up later in the stream

lemma l: M(G) < |E,| < (a+2) - M(G)
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proved |E,| < (a + 2) - M(G) via defining fractional

matching Y, = ﬁ if e € E, and 0 otherwise

Edmond’s Matching Polytope Corollary:
Let {Y, }.cr be a fractional matching where the maximum
weight on any edge is i7. Then, Y. .cr Y. < (1 + 1) - M(G).
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proved |E,| < (a + 2) - M(G) via defining fractional

matching Y, = ﬁ if e € E, and 0 otherwise.
1 1 a+2
Thus, 1 |Ea| < (1 +E) M(G) = EM(G) and so

|Eq| < (@ +2) - M(G)
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proving M(G) < |E,|.
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proving M(G) < |E,|.

* Defined B, foreach u € V as set of a + 1 edges incident to u
that arrive last in the stream
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proving M(G) < |E,|.

* Defined B, foreach u € V as set of a + 1 edges incident to u
that arrive last in the stream

* Defined good edge {u, v} € B, N B,
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Strategy for Streaming Algorithms

Lemma 1l: M(G) < |E,| < (a+2) - M(G)

Last time: Proving M(G) < |E,|.

* Defined B, foreach u € V as set of a + 1 edges incident to u
that arrive last in the stream

* Defined good edge {u, v} € B, N B,
» Defined wasted edge {a,b} € B, © B,

E, is exactly set of good edges
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Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a + 1
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Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a 4+ 1
* w := number of good edges with no endpoints in H
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Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a 4+ 1
* w := number of good edges with no endpoints in H
* x := number of good edges with one endpoint in H

CPSC 768



Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a 4+ 1
* w := number of good edges with no endpoints in H

* x := number of good edges with one endpoint in H

* vy := number of good edges with two endpoints in H
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Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a 4+ 1
* w := number of good edges with no endpoints in H

* x := number of good edges with one endpoint in H

* vy := number of good edges with two endpoints in H

* z := number of wasted edges with two endpoints in H
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Strategy for Streaming Algorithms

E, is exactly set of good edges

* Heavy vertices H: set of vertices with degree at least a 4+ 1
* w := number of good edges with no endpoints in H

* x := number of good edges with one endpoint in H

* vy := number of good edges with two endpoints in H

* z := number of wasted edges with two endpoints in H

E,l=w+x+y
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by
L stating some facts

* x := one endpoint in H

vy := two endpoints in H

- z := wasted edges with
two endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by

* x := one endpoint in H stating some facts
| P * Number of edges in the B,,

* y = two endpoints in H of every u € H incident to

- 7z := wasted edges with good edge
two endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by

* x := one endpoint in H stating some facts
| P * Number of edges in the B,,

* y = two endpoints in H of every u € H incident to

- z := wasted edges with good edge
two endpoints in H *(@+DIH|=x+2y+2z
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by
. v = one endooint in H stating some facts
. P _ _ 1. Number of edges in the
vy := two endpoints in H B, ofevery u € H
. 7 := wasted edges with incident to good edge
two endpoints in H *(@+DIH|=x+2y+2z

2. Good and wasted edges:
z+y<a-|H]
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by
. v = one endooint in H stating some facts
. P _ _ 1. Number of edges in the
vy := two endpoints in H B, ofevery u € H
. 7 := wasted edges with incident to good edge
two endpoints in H *(@+DIH|=x+2y+2z

2. Good and wasted edges:
z+y<a-|H]
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Properties of Arboricity

* Related to the density of the graph

By Nash-Williams Theorem:

* maX{ 1]}

* Every subgraph § € ¢ has arboricity < «
e Subgraph S has at most a - V(S) edges
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Strategy for Streaming Algorithms
Ejl=w+x+y

* w := no endpoints in H * First, figure out x + y by
. v = one endooint in H stating some facts
. P _ _ 1. Number of edges in the
* vy := two endpoints in H B, ofevery u € H
. 7 := wasted edges with incident to good edge
two endpoints in H *(@+DIH|=x+2y+2z
All edges in H: 2. Good and wasted edges:
z+y<a-|H]

at most « - |H| of them
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Strategy for Streaming Algorithms
Ejl=w+x+y

*w := no endpoints in H * Hence,

- x := one endpoint in H *xt+2y+z=(a+tDH

vy := two endpoints in H

- z := wasted edges with
two endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

*w := no endpoints in H * Hence,

- x := one endpoint in H *x+2y+z=(a+tDH

. . e —(z4+vV)>—a-|H
* y := two endpoints in H (z+y) 2 —a-|H|

- z := wasted edges with
two endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

*w := no endpoints in H * Hence,

- x := one endpoint in H *x+2y+z=(a+tDH

. . e —(z4+vV)>—a-|H
* y := two endpoints in H (z+y) 2 —a-|H|

x+y=|H|
- z := wasted edges with
two endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y
*w := no endpoints in H * Hence,
- x := one endpoint in H "X z“ 2+3’ J; Z>: (a +H1)H
* vy := two endpoints in H 'erZygII;I @14
- z := wasted edges with
two endpoints in H

Define E; be set of edges
with no endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y
*w := no endpoints in H * Hence,
- x := one endpoint in H "X z“ 2+3’ J; Z>: (a THll)H
. L *—(z+y)z-—a-
* v := two endpoints |nIH cx+y>|H
¢ 7 = waste_d ed_ges with . Every edge in E; is good
two endpoints in H

Define E; be set of edges
with no endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

*w := no endpoints in H * Hence,
- x := one endpoint in H "X zr 2+3’ J; Z>= (a +H1)H
* vy := two endpoints in H z+y)=-—a-|H|

| *x+y=|H]
¢ Z = waste_d ed_ges with « Every edge in E; is good
two endpoints in H

*w = |E[]
Define E; be set of edges
with no endpoints in H
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Strategy for Streaming Algorithms
Ejl=w+x+y

*w := no endpoints in H * Hence,
- x := one endpoint in H "X zr 2+3’ J; Z>= (a +H1)H
* vy := two endpoints in H z+y)=-—a-|H|

| *x+y=|H]|
* z = wasted edges with - Every edge in E; is good
two endpoints in H

‘W = |EL|
Define E; be set of edges  « Therefore,
with no endpoints in H x+y+wz|H|+|E,]
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Strategy for Streaming Algorithms
[Eql =w+x+y = |H| + |E|

*w := no endpoints in H * Hence,
- x := one endpoint in H "X zr 2+3’ J; Z>= (a +H1)H
* vy := two endpoints in H z+y)=-—a-|H|

| *x+y=|H]|
* z = wasted edges with - Every edge in E; is good
two endpoints in H

‘W = |EL|
Define E; be set of edges  « Therefore,
with no endpoints in H x+y+wz|H|+|E,]
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Strategy for Streaming Algorithms

[Eql =w+x+y = [H| + |EL

* Relate back to M(G) * Hence,

ex+2y+z=(ax+1)H
*—(z+y) =z —a-|H]
x+y=|H|

- Every edge in E; is good

‘w = |E,]

Define E; be set of edges  « Therefore,
with no endpoints in H x+y+wz=|[H|+|E]
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Strategy for Streaming Algorithms
[Eql =w+x+y = |H| + |E|

* Relate back to M(G) * Hence,
* What is the size of M(G) in ex+2y+z=(ax+1)H
relation to |H| and |E;|? e —(z4+7vy) = —a - |H|
*x+y=|H|

- Every edge in E; is good
‘W = |EL|
Define E; be set of edges  « Therefore,
with no endpoints in H x+y+wz|H|+|E,]
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Strategy for Streaming Algorithms
[Eql =w+x+y = |H| + |E|

* Relate back to M(G) * Hence,
* What is the size of M(G) in ex+2y+z=(ax+1)H
relation to |H| and |E;|? e —(z4+7vy) = —a - |H|
* Every edge in E; could be *x+y > |H|
iIn matching

- Every edge in E; is good
‘W = |EL|
Define E; be set of edges  « Therefore,

with no endpoints in H x+y+wz|H|+|E,]
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Strategy for Streaming Algorithms
[Eql =w+x+y = |H| + |E|

* Relate back to M(G) * Hence,
* What is the size of M(G) in ex+2y+z=(ax+1)H
relation to |H| and |E;|? e —(z4+7vy) = —a - |H|
* Every edge in E; could be *x+y > |H|
In matching * Every edge in E; is good
 Remaining edges incident 'y eag L1S9
to H ‘w = |E|
* At most one edge * Therefore,

incident to each u € H x+y+w2=|H|+ |E;|
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Strategy for Streaming Algorithms
|Eyl =w+x+y=|H|+ |E;| = M(G)

* Relate back to M(G) * Hence,
* What is the size of M(G) in ex+2y+z=(ax+1)H
relation to |H| and |E;|? e —(z4+7vy) = —a - |H|
* Every edge in E; could be *x+y > |H|
In matching * Every edge in E; is good
 Remaining edges incident 'y eag L1S9
to H ‘w = |E|
» At most one edge * Therefore,

incident to each u € H x+y+w2=|H|+ |E;|
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Strategy for Streaming Algorithms

* Most of our work is proving:

Lemma 1: M(G) < |E,| < (a+ 2) - M(G)
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Strategy for Streaming Algorithms

1. Figure out quantity to approximate and gives approximation of
the quantity we want to approximate

2. Approximate the quantity via sampling and prove
concentration bounds
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Approximating |E,, |

* Let G; be the graph defined by the prefix of the stream
consisting of first £ edges
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Approximating |E,, |

* Let G; be the graph defined by the prefix of the stream
consisting of first £ edges

- Let EY, be the set of good edges in this prefix

CPSC 768



Approximating |E,, |

* Let G; be the graph defined by the prefix of the stream
consisting of first £ edges

- Let EY, be the set of good edges in this prefix
e Let E* = max (|EL])

Then, M(G) < E* < (a+2) M(G)
since E* > |E,| and M(G,) < M(G)
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Approximating |E,, |

* Let G; be the graph defined by the prefix of the stream
consisting of first £ edges

- Let E, be the set of good ed¢ Question: does |EL| ever
* Let E* = max (|E%|) drop as t increases?
t

Then, M(G) < E* < (a+2) M(G)
since E* > |E,| and M(G,) < M(G)
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Approximating E~

Theorem: Can approximate E* to (1 + ¢)-
log(n)
82

approximation in O ( ) space whp.
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Approximating E~

* Intuition: sample edges from E., to obtain accurate
approximation of |E{ |

Theorem: Can approximate E* to (1 + &)-
log(n)
82

approximation in O ( ) space whp.
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Approximating E* Algorithm

* Intuition: sample edges from E., to obtain accurate
approximation of |E{|

* For each sampled edge e = {u, v}, store ¢, and c; for degrees
of u and v in the rest of the stream
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Approximating E* Algorithm

* Intuition: sample edges from E., to obtain accurate
approximation of |E{|

* For each sampled edge e = {u, v}, store ¢, and c; for degrees
of u and v in the rest of the stream

* If either ¢} or c; exceeds a delete {u, v}
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
2. For each {u, v} in stream:
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0

Add new sampled edges

2. For each {u, v} in stream:

a) With probability p add S « S U {u, v}, initialize counters
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0

2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
. Increment c;

Check the counters of
previously sampled edges
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
. Increment c;

i. If c,» > a, remove e’ and corresponding counters from S

Remove edge if it is no longer in E¢,
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate = 0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
. Increment c;
i. If c,» > a, remove e’ and corresponding counters from S
c) If|S| > 80 & “logn:
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
. Increment c;
i. If c,» > a, remove e’ and corresponding counters from S
c) If|S| > 80¢&“logn:
. Setp « g If you used too much space, reduce
sampling rate
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Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate =0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) Foreach edge e’ € S, if e’ shares endpoint w with e:
. Increment c;

i. If c,» > a, remove e’ and corresponding counters from S
c) If|S| > 80¢&“logn:
. Setp « g

Resample previous samples

i. Remove each edge in S with probability 14

CPSC 768



Approximating E* Algorithm

1. Initialize S < @, p = 1, estimate = 0
2. For each {u, v} in stream:
a) With probability p add S « S U {u, v}, initialize counters
b) For each edge e’ € S, if e’ shares endpoint w with e:
. Increment c;
i. Ifc,» > a, remove e’ and corresponding counters from S
c) If|S| > 80¢&“logn:
. Setp « g
i. Remove each edge in S with probability 14
d) Estimate <« max(estimate, |S|/p)

Update estimate of E~
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Approximating E* Algorithm

Theorem: Can approximate E* to (1 + ¢)-

: : : ]
approximation in O ( Oign)) space whp.
40 logn . : L -
* Proof. Let T = 2 and level i (starting with i = 2) be

21t < |EY| <2t -1
* Defineleveli=1tobe 0 < |EY| <2 71
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Approximating E* Algorithm

Theorem: Can approximate E* to (1 + ¢)-

“’fg")) space whp.

approximation in 0 (

40 logn

* Proof. Let T = and level i (starting with i = 2) be

21t < |EY| <2t -1
* Defineleveli=1tobe 0 < |EY| <2 7T

g2

* Edge e is sampled in level i with probability % fori = 2
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Approximating E* Algorithm

401 . .
0 2gn and level i (starting with i = 2) be
E

21 <|EY| <21
* Defineleveli =1tobe 0 < |EL| <2 1

 Proof: Let T =

* Edge e is sampled in level i with probability % fori = 2

* For any level i, let's show the probability we get (1 + ¢)-approx.
of EL
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Approximating E* Algorithm

401 . .
2gn and level i (starting with i = 2) be
E

21 <|EY| <21
* Defineleveli =1tobe 0 < |EL| <2 1

 Proof: Let T =

* Edge e is sampled in level i with probability % fori = 2
* For any level i, let’'s show the probability we get (1 + €)-approx.
of EL

» Let S} be the number of edges sampled in level i after ¢
updates
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Approximating E* Algorithm

+ Proof: Let T = 222%™ and level i * Multiplicative Chernoff Bound:
: . & 2
(starting with i = 2) be . > ey < &%
2i—1 < |E£Z| < Zi T Pr“X aul = & ,Ll] — Zexp( 3

 Defineleveli =1tobe 0 < |EY| < 2-
T
* Edge e is sampled in level i with
probability % fori = 2
* For any level i, let’'s show the
probability we get (1 + £)-approx. of
Eg
- Let S/ be the number of edges
sampled in level i after t updates
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Approximating E* Algorithm

+ Proof: Let T = 222%™ and level i * Multiplicative Chernoff Bound:
: . & 2
(starting with i = 2) be . > ey < &%
2i—1 < |E£Z| < Zi T Pr“X aul = & ,Ll] — Zexp( 3

 Defineleveli =1tobe 0 < |EY| < 2- *u=p; |Ez| fori>2
T
* Edge e is sampled in level i with
probability % fori = 2
* For any level i, let’'s show the
probability we get (1 + £)-approx. of
Eg
- Let S/ be the number of edges
sampled in level i after t updates
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Approximating E* Algorithm

+ Proof: Let T = 222%™ and level i * Multiplicative Chernoff Bound:
: - & 2
(starting withi = 2) be . > ey < &%
21 < |Et| <21 PrilX —ul =z e-p] < 2exp(==
* Define level i = 1tobe 0 < |EL| < 2- *u=p;|E;| fori=2
T —€2|E |p
o t __ > < al| Pi
« Edge e is sampled in level i with PrH |S; H € ,u] 2exp( )
probability - > fori > 2 < 2 exp (_ £%-40 log ") — 1
— 3-g2 poly(n)

* For any Ievel i, let's show the
probability we get (1 + £)-approx. of
Eg

- Let S/ be the number of edges
sampled in level i after t updates
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Approximating E* Algorithm

+ Proof: Let T = 222%™ and level i * Multiplicative Chernoff Bound:
: - & 2
(starting withi = 2) be . > ey < &%
21 < |Et| <21 PrilX —ul =z e-p] < 2exp(==
* Define level i = 1tobe 0 < |EL| < 2- *u=p;|E;| fori=2
T —€2|E |p
o t __ > < al| Pi
« Edge e is sampled in level i with PrH |S; H € ,u] 2exp( )
probability - > fori > 2 < 2 exp (_ £%-40 log ") — 1
— 3-g2 poly(n)

* For any Ievel i, let's show the . .
orobability we get (1 + £)-approx. of What do you notice about the above

Et calculation?
a

- Let S/ be the number of edges
sampled in level i after t updates
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Approximating E* Algorithm

+ Proof: Let T = 222%™ and level i * Multiplicative Chernoff Bound:
: TR 2
(starting withi = 2) be . _yl>e.yl<? _Eu
Zl_l'l’S |E£x| <2l. 1 PI'“X aul = & ,Ll] — exp( 3
* Define level i = 1tobe 0 < |EL| < 2- *u=p;|E;| fori=2
T —82|E |p
o t __ > < al| Pi
« Edge e is sampled in level i with Pr[! 15; H £ “] 2exp( )
probability — ~ for i > 2 < 2 exp (_ £2-40 log n) 1
- 3.g2 poly(n)

* For any Ievel i, let's show the . :
orobability we get (1 + £)-approx. of What do you notice about the above

Et calculation?
a

- Let S/ be the number of edges
sampled in level i after t updates
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Approximating E* Algorithm

*True it u = ——

*Pr[|X —ul=¢e-ul < ZeXp(—gT“

cu=mp;-|EL| fori =2

Pr{|[Sf — u| = & u] < 2exp(

€%-40logn

< 2exp (—

3.£2

)

40 logn * Multiplicative Chernoff Bound:

2

_82|Ea| pl)

1

poly(n)

* What do you notice about the above

CPSC 768

calculation?




Approximating E* Algorithm

40 logn

*True it u = ——

+What if u < =262 7
* Thoughts?

» Multiplicative Chernoff Bound:

*Pr[|X —ul=¢e-ul < ZeXp(—gT“

cu=mp;-|EL| fori =2

Pr{|[Sf — u| = & u] < 2exp(

€%-40logn

< 2exp (—

3.£2

)

2

_82|Ea| pl)

1

poly(n)

* What do you notice about the above

CPSC 768

calculation?




Approximating E* Algorithm

40 logn

*True it u = ——

+What if u < =262 7
* Thoughts?

Need to prove that p;
matches the level whp

» Multiplicative Chernoff Bound:

*Pr[|X —ul=¢e-ul < ZeXp(—gT“

cu=mp;-|EL| fori =2

Pr{|[Sf — u| = & u] < 2exp(

€%-40logn

< 2exp (—

3.£2

)

2

_82|Ea| pl)

1

poly(n)

* What do you notice about the above

CPSC 768

calculation?




Approximating E* Algorithm

e Take the union bound * Multiplicative Chernoff Bound:

. 2
over t < n?, then with + PrllX —u| = & p] < 2exp(—=H)
prcibablllty atleast 1 — e u=p; - |EL| fori =2
) _82|Ea| Di
poly(n)’ * Pr[||S{ —p| = € | < 2exp( )
g%-40logn . 1
<2 €xp (_ 3.g2 ) ~ poly(n)
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Approximating E* Algorithm

e Take the union bound * Multiplicative Chernoff Bound:

2

over t < n2, then with + PrllX —ul > & - p] < 2exp(— -
prcibability at least 1 — e u=np, |Et|fori =2
: —g? ECZ l
poly(n) + Pr[|ISf — | = & p] < 2exp(— l lp)
S . ¢ _e 40 logn\ 1
.p_l_ ‘E ‘ + ¢ - ‘E | for SZexp( 3-g2 )_poly(n)

all t
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Approximating E* Algorithm

e Take the union bound * Multiplicative Chernoff Bound:

. 2
overt < n?, then with + PrllX —u| = & p] < 2exp(—=H)
prcibablllty atleast 1 — e u=p; - |EL| fori =2
) —g* Ea i

poly(n) * Pr[“Slt — U => £ - ‘l.l] < ZeXp( - | |p)

S £ £ £2.40 logn\ 1

Sl g e Bt for Szew (- -
all t

Theorem: Can approximate E* to (1 + ¢)-
log(n)
82

approximation in O ( ) space whp.




Approximating E* Algorithm

lemma l: M(G) < E*<(a+2) M(G)

Theorem: Can approximate E* to (1 + ¢)-
log(n)
82

approximation in O ( ) space whp.
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Approximating E* Algorithm

Theorem: Can approximate M(G) to
(2 + a)(1 + &€)-approximation in O (log(n)'log(a)

2
whp.

) space
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On Wednesday

« Streaming Bipartite Matching using Auction Algorithms

* Another more intuitive way to solve maximum matching in
bipartite graphs than Hungarian algorithm or maxflow!
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