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ration
s

of
sp

ikes.
G

et

on
e

sp
ike

at
1/t.
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N
o
ise

,
P
a
r
t

I

H
ave

on
e

sp
ike

at
1/t.

N
oise?

W
e’ll

sh
ow
‖Φ

E
o
p
t ‖

1 ≤
‖E

o
p
t ‖

1 .
(N

ex
t

slid
e.)

•
P

rop
erty

of
Φ

;
n
o

u
n
ion

b
ou

n
d

over
E

o
p
t .

•
A

t
m

ost
n
/10

of
n

b
u
ckets

get
n
oise

m
ore

th
an

(10/n
)‖E

o
p
t ‖

1 ≈
(1/q)‖E

o
p
t ‖.

G
et

1
sp

ike
at

1/t
an

d
n
oise

1/q.

•
N

eed
fu

rth
er

q/t
factor

of
n
oise

red
u
ction

.
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N
o
ise

,
P
a
r
t

I,
Illu

str
a
te

d

T
h
row

d
p
osition

s
in

to
n

=
q
log

(d
)

b
u
ckets,

b
y

Φ
.

•
W

an
t‖Φ

E
o
p
t ‖

1 ≤
‖
E

o
p
t ‖

1 ;
w

e’ll
sh

ow
‖Φ

x‖
1 ≤
‖x‖

1
for

a
ll

x
.

•
A

t
m

ost
n
/10

b
u
ckets

get
n
oise

m
ore

th
an

(10/n
)‖E

o
p
t ‖

1 ≈
(1/q)‖E

o
p
t ‖.



795 
=



1
0

0
0

0
1

0
0

0
1

1
0

0
1

1
0

0
0 
· 

123456 
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S
e
c
o
n
d

H
a
sh

in
g

H
ave

1
sp

ike
at

1/t;
n
oise
‖ν‖

1 ≤
1/q.

U
se

r
=

(t/q)
2

row
s

of
B

ern
ou

lli(q/t).



↓
0

0
1

0
1

1
0

1

0
1

1
0

0
0

1
1

1
0

0
1

0
1

1
0

1
1

0
1

1
0

0
0 



1/d
q

1/t
←

1/d
q

1/d
q

1/d
q

1/d
q

1/d
q 
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S
e
c
o
n
d

H
a
sh

in
g

H
ave

1
sp

ike
at

1/t;
n
oise
‖ν‖

1 ≤
1/q.

U
se

r
=

(t/q)
2

row
s

of
B

ern
ou

lli(q/t).



↓

0
1

1
0

0
0

1
1

1
1

0
1

1
0

0
0 



1/d
q

1/t
←

1/d
q

1/d
q

1/d
q

1/d
q

1/d
q 

•
O

u
r

sp
ike

su
rv

ives
r ′

=
r·(q/t)

=
t/q

tim
es.
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S
e
c
o
n
d

H
a
sh

in
g

H
ave

1
sp

ike
at

1/t;
n
oise
‖ν‖

1 ≤
1/q.

U
se

r
=

Õ
((t/q)

2)
row

s
of

B
ern

ou
lli(q/t).



↓

0
1

0
0

0
1

1

1
0

1
1

0
0

0 



1/d
q

1/t
←

1/d
q

1/d
q

1/d
q

1/d
q

1/d
q 

•
O

u
r

sp
ike

su
rv

ives
r ′

=
r·(q/t)

=
t/q

tim
es.

•
O

n
su

rv
iv

in
g

su
b
m

atrix
,
ex

p
ect

r ′·(q/t)
=

on
e

1
p
er

oth
er

colu
m

n
.
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S
e
c
o
n
d

H
a
sh

in
g

H
ave

1
sp

ike
at

1/t;
n
oise
‖ν‖

1 ≤
1/q.

E
x
cep

t
w

ith
p
rob

1/d
3

(w
ith

cost
factor

O
(log

(d
))),

•
O

u
r

sp
ike

su
rv

ives
r ′

=
r·(q/t)

=
t/q

tim
es.

•
In

su
rv

iv
in

g
su

b
m

atrix
,
r ′·(q/t)

=
on

e
1

p
er

each
oth

er

colu
m

n
.

T
ake

u
n
ion

b
ou

n
d

over
d

sp
ikes

an
d

d
m

atrix
colu

m
n
s.

F
or

an
y

n
oise
‖ν‖

1
=

1/q,
som

e
row

gets
average

n
oise,

(1/q)/r ′
=

1/t.

C
an

recover
sp

ike
of

m
agn

itu
d
e

1/t
from

n
oise

1/(2t).

3
0



N
u
m

b
e
r

o
f
M

e
a
su

r
e
m

e
n
ts

N
u
m

b
er

of
m

easu
rem

en
ts:

q(t/q)
2
log

(d
)≈

t
2/q,

for

•
F
irst

h
ash

in
g

(q
row

s)

•
S
econ

d
h
ash

in
g

((t/q)
2

row
s)

•
B

it
tests

(log
(d

)
row

s)

•
(S

everal!)
om

itted
factors

of
log

(d
)

an
d

1/ε.

N
ote:

q/t
2

=
‖s‖

22
>

(k
−

1
/
2‖E

o
p
t ‖

1 )
2

=
1/k

.

S
o

n
u
m

b
er

of
m

easu
rem

en
ts

is
t
2/q
≤

k
.
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R
e
c
a
p

N
ew

com
p
ressed

sen
sin

g/h
eav

y
h
itter

algorith
m

s
th

at
get

•
A

p
p
rop

riate
error

•
U

n
iversal

gu
aran

tee

•
O

p
tim

al
n
u
m

b
er

of
m

easu
rem

en
ts

(u
p

to
log

factors)

•
D

eco
d
in

g
tim

e
p
oly

(k
log

(d
))

A
lso

•
E

ffi
cien

t
p
seu

d
oran

d
om

con
stru

ction
s

su
ffi

ce.
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