





































































































Implementing the Diffusion Operator

IEtna
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Undirected Graph
A pair G V E where vs Lv un are the

vertices E contains unordered pairs of

vertices i.e edges E vi u I vi Vj EV

00 0
I














































































Undirected Graph
A pair G V E where Velu un are the

vertices E contains unordered pairs of

vertices i.e edges E vi u I vi Vj EV

00 0
i i sa5 113 R 12,33 j
Cut 5 10,13 R 2,33

A partition of the vertices into two

non empty sets S E R V S














































































Undirected Graph
A pair G V E where V v un are the

vertices E contains unordered pairs of

vertices i.e edges E vi vj vi vj V

0 1
5 1 5 R 12,33

Cut 5 10,13 R 2,33 size of cut 3

A partition of the vertices into two

non empty sets S R V S

Size of a Cut Number of edges b w S R














































































Undirected Graph
A pair G V E where V v un are the

vertices E contains unordered pairs of

vertices i.e edges E vi vj vi vj EV

0 1
5 1 5 R 12,33

Cut 5 10,13 R 2,33 size of cut 3

A partition of the vertices into two

non empty sets S R V S

Size of a Cut Number of edges b w S R

Max Cut Find partitions that maximize
the number

of edges across S R

size of cut 4














































































Max Cut Example
2 3

I

4 5














































































Max Cut Example
2 3

1 size 4 cut

4 11 5

2 3

1

E E
sie Faut 3














































































Max Cut Example
2 3

I

4 5

2 3 2 3

it
a iris EE.IE

size of cut 5 size of cut 3

R 1,3 4

5 2,5
f 1 f 3 f 4 0

f 2 f 5 1














































































Decision Problem

Given G does there exist a cut of size atleast k

Decision us Optimization Logarithmic overhead

Problem is known to be NP Complete
from Binarysearch

2h possible partitions colorings
Generic Quantum speedup vie Grover to get

OCR
Note Min Cut EP via max flow algorithm














































































Max Cut Example

I
3

I n s

size of cute 5

R 1 3,43

S 2,5

f i f 3 f 4 O

f 12 f 5 1

How do we construct the oracle














































































Representing Vertices

n vertices n qubits
107 colored Red
117 colored Blue

0 I

2 3

Vov v2V3
0110














































































Special Case Bipartite Graphs

V can be partitioned colored into two disjoint
sets Sd R such that no edge exist between vertices

in S no edge exists b w vertices in R

Example

IIto
Bipartite graphs admit two coloring one color for

each set

So max cut solution is just total of edges

Since all edges are cross connecting














































































Edge Checking
Does each end of an edge have vertices

with different colors

v x x

v2 ly ly
e 107 0 koy

x y roy
0

0 FEET both1 0

1 I vertices have

different colors














































































Oracle Construction

0 2

1 3 conpsider all colorings
to 10
4 10 HV2 107
V3 10
2oz 107
eos 107
213 107

answer 10














































































Oracle Construction

0 2

1 3 conpsider all colorings
to 10

Check

V 10 HV2 107 o

V3 10
2oz 107 DO
eos 107 DO
eis 107 00

answer 10














































































Oracle Construction

0 2

1 3 conpsider all colorings
to 10

Check

V 10 HV2 107 o

V3 10
1oz 107 DO
eos 107 DO
213 107 0 0

8

answer 107 0 2
Update
Output
bit














































































E
1 3 U

Vo 10
Vi 10
v2 107

H
oo utV3 10

1oz 107
eos 107 00

p g be 13 107

answer 107 0 2

Net result is flip of sign for qubits
representing correct colorings
This can be used as an oracle for Grover














































































Checking a Graph is Bipartite

Our Quantum Algorithm O f

Best Classical Algorithm O n2














































































General Construction

Oracle Construction

1 Edge checking
for each edge

2 Sum the outputs of edge checking

3 Check whether sum K store result

4 Apply 2 gate on result














































































General Construction

Oracle Construction

1 Edge checking
for each edge

2 Sum the outputs of edge checking

3 Check whether sum K store result

4 Apply 2 gate on result

In place Addition Given
3 bits how many

are set to

No
edgecheck a
qubits

sum 9 0

carry 94 0














































































General Construction

Oracle Construction

1 Edge checking
for each edge

2 Sum the outputs of edge checking

3 Check whether sum K store result

4 Apply 2 gate on result

In place Addition Given
3 bits how many

are set to

edgecheck
qubits

0 0

94 0 0














































































General Construction

Oracle Construction

1 Edge checking
for each edge

2 Sum the outputs of edge checking

3 Check whether sum K store result

4 Apply 2 gate on result

In place Addition Given
3 bits how many

are set to

edgecheck
qubits

0 0

an 0 0 0














































































Number Checking

Is K 4

no yes

Is k 2 Is K 6

no yes

Is K 7
Is k 5














































































Number Checking
3 bits Is k bi

b

no yes

Is k 010 Is k 110

no yes

Is k 101
Is K 111














































































Number Checking
3 bits

Note Each case will require a separate Grover search

At most lg of edges



MANIPULATE PROBABILITY!!!













































































