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Ẽ
I ≤

ǫ
2
(1

+
ǫ) (E

I
+
E

I
c).

C
ase

E
I
>
ǫ·E

I
c:Ẽ
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ỹ

i |
|z

i |
≥
|z̃

i |−
|z

i −
z̃
i |

T
h
u
s

|y
i |−
|z

i |
≤
|ỹ
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:
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Φ
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R
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v
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∑
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=
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p
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+
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aar
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an
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h
istogram
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u
late
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oth

er

effi
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t-term
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istogram
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algorith
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stan
t
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p
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b
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t
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s

h
ave

3t
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reak

s
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+
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p
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aar
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istogram
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th
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=
∑

j 〈h
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j 〉
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,ψ

j 〉
=

0
u
n
less
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n
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ary

of
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+
ǫ)‖h

o
p
t −

x‖
.

2.
R

etu
rn
w

as
a
O

(B
log

(d
))-b

u
cket

h
istogram

C
om

p
ared

w
ith

op
tim

al,
O

(log
(d

))
tim

es
m

ore
b
u
ckets

an
d

(1
+
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+
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+
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≤
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+
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x‖
.

2.
P
ossib

ly
d
iscard

som
e

term
s,

gettin
g

a
ro

b
u
st
w

ro
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+
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in
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=
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p
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B
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1
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2

d
rop

s
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p
on

en
tially

in
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G

rou
p

term
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2/ǫ
2

p
er

grou
p
.

2.
E
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grou

p
h
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tw
ice
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e
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e
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i.e.,

tw
ice

th
e

en
ergy

of
th

e
rem

ain
in

g
grou
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grou

p
.
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,
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n
tin

u
e
d

P
ro

g
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ss

T
erm

s
d
rop
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ex

p
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en
tially.

T
h
u
s

‖x
−
w

ro
b ‖

2
=
‖x
−
w‖

2

≤
d ∥∥
w

(la
st) ∥∥

2

≤
ǫ
2 ∥∥
w

(B
′..2

B
′) ∥∥

2

≤
ǫ
2 ∥∥
x
−
w
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..B
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≤
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=
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=
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.
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b ‖
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ro
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p
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b ‖
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ro
b −
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≤
‖h
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p
t −
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+
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ro

b −
x‖

≤
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+
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o
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1
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B
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1
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t ‖
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‖h

o
p
t −

r‖,
so
‖h
−
x‖
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−
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b −

h
o
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t ‖
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b
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n
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‖
x
−
w
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b ‖
≤
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−
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o
p
t ‖
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o
p
t ‖
≤
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−
x‖
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=
‖
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−
r‖

2
+
‖r−

x‖
2

≤
(‖
h
−
w

ro
b ‖

+
‖w

ro
b −

r‖)
2

+
(‖x
−
w

ro
b ‖−

‖
w

ro
b −

r‖)
2

≤
‖
h
−
w

ro
b ‖

2
+
‖
w

ro
b −

r‖
2

+
‖x
−
w

ro
b ‖

2

+
‖w

ro
b −

r‖
2

+
2‖h
−
w

ro
b ‖·‖w

ro
b −

r‖
≤
‖
h

o
p
t −

w
ro

b ‖
2

+
‖w

ro
b −

r‖
2

+
‖x
−
w

ro
b ‖
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+
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ro
b −
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+
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t −
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b −
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9·ǫ·‖x

−
h

o
p
t ‖
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d
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‖h
o
p
t −

x‖
2

=
‖h

o
p
t −

r
′‖

2
+
‖
r
′−

x‖
2

≥
(‖h

o
p
t −

w
ro

b ‖−
‖w

ro
b −

r
′‖

)
2

+
(‖x
−
w

ro
b ‖−

‖w
ro

b −
r
′‖)

2

≥
‖h

o
p
t −

w
ro

b ‖
2

+
2‖w

ro
b −

r
′‖

2
+
‖x
−
w

ro
b ‖

2

−
2‖h

o
p
t −

w
ro

b ‖·‖w
ro

b −
r
′‖

−
2‖x
−
w

ro
b ‖·‖w

ro
b −

r
′‖

≥
‖h

o
p
t −

w
ro

b ‖
2

+
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−
w
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b ‖
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−
9·ǫ·‖x

−
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W
a
rm

u
p
:

B
e
st

H
isto

g
ra

m
,
F
u
ll

S
p
a
c
e

W
an

t
b
est

B
-b

u
cket

h
istogram

to
x
.

U
se

d
y
n
am

ic
p
rogram

m
in

g,

b
ased

on
th

e
follow

in
g

recu
rsion

.
D

efi
n
e

•
E

rr[j,k
]
=

error
of

b
est

k
-b

u
cket

h
istogram

to
x

on
[0,j).

•
C

ost[j,j
′]

=
error

of
b
est

1-b
u
cket

h
istogram

to
x

on
[j,j

′).

S
o:

E
rr[j,k

]
=

m
in

ℓ<
j

E
rr[ℓ,k

−
1]

+
C

ost[l,j).

“k
−

1
b
u
ckets

on
[0,ℓ)

an
d

on
e

b
u
cket

on
[ℓ,j).

T
ake

b
est

ℓ.”

R
u
n
tim

e:
j
<
d
,k
<
B
,l
<
d
;
total

O
(d

2B
).

C
an

con
stru

ct
actu

al
h
istogram

(n
ot

ju
st

error)
as

w
e

go
(keep

th
e

ℓ’s
th

at
w

itn
ess

th
e

m
in

im
ization

).
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P
re

fi
x

a
rra

y

F
rom

x
,
con

stru
ct
P
x
:
x
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