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S̃i, j

k d

f̂i,k ≤ f̃
(i, j)

min
,∀i = 1, . . . , d.

S̃ i, j D̃r,l[i][ j]

D̃r,l[i][ j] f̃
(i, j)

min
≤ S̃ i, j

2

i Pr[ f̂i,k ≤ f̃
(i, j)

min
] fk > φC

f̃
(i, j)

min
≤ S̃ i, j

2

Pr[ f̂i,k ≤ f̃
(i, j)

min
] < Pr[S̃ i, j > 2 f̂i,k],

E[S̃ i, j] =
C̃r,l

w

Pr[ f̂i,k ≤ f̃
(i, j)

min
] < Pr[S̃ i, j > 2 f̂i,k] ≤

E[S̃ i, j]

2 f̂i,k
=

C̃r,l

2w f̂i,k
.



Pr[ f̂i,k ≤ f̃
(i, j)

min
] <

C̃r,l

2w f̂i,k
<

C̃r,l

2w f̃r,l,k
<

C̃r,l

2w
fk
p

(1 − ǫ∗)
<

C
p

(1 + ǫ∗)

2w
fk
p

(1 − ǫ∗)
.

k fk > φC

Pr[ f̂i,k ≤ f̃
(i, j)

min
] <

1 + ǫ∗

2φw(1 − ǫ∗) .

k

d D̃r,l[i][ j]

Pr

















d
∧

i=1

( f̂i,k ≤ f̃
(i, j)

min
)

















<

(

1

2φw

1 + ǫ∗

1 − ǫ∗

)d

.

(1 − δg)

[

1 −
(

1
2φw

1+ǫ∗

1−ǫ∗
)d

]

(

1 − δg

)

δn = δg +

(

1

2φw

1 + ǫ∗

1 − ǫ∗

)d

(1 − δg).

N C p

d ×w 0 < φ < 1

r H

1−δp H

N f ≤ (φ − ǫ)C ǫ =
4ǫ∗φ

(1+ǫ∗)2 +
e

2w
1−ǫ∗
1+ǫ∗

δp = δg + e−d(1− δg) δg

i

1 − e−d

f̂r,l,i ≤ f̃r,l,i +
eC̃r,l

2w
.

f̂ > τ f̂r,l,i > φC̃r,l
1−ǫ∗
1+ǫ∗

(1 − δg)(1 − e−d)

fi >

{

φ −
[

4ǫ∗φ

(1 + ǫ∗)2
+

e

2w

]}

C.

i H

(1 − e−d)

f̃r,l,i +
eC̃r,l

2w
> f̂r,l,i > φC̃r,l

1 − ǫ∗
1 + ǫ∗

,



f̃r,l,i

C̃r,l

+

e

2w
> φ

1 − ǫ∗
1 + ǫ∗

.

1 − δg

(1− δg)(1− e−d) δp = δg + e−d(1− δg) i

H

fi(1 + ǫ
∗)

C(1 − ǫ∗) +
e

2w
> φ

1 − ǫ∗
1 + ǫ∗

=⇒

fi > φC

(

1 − ǫ∗
1 + ǫ∗

)2

− eC

2w

1 − ǫ∗
1 + ǫ∗

=⇒

fi >















φ −














1 −
(

1 − ǫ∗
1 + ǫ∗

)2














φ +
e

2w

1 − ǫ∗
1 + ǫ∗















C =⇒

fi >

{

φ −
[

4ǫ∗φ

(1 + ǫ∗)2
+

e

2w

1 − ǫ∗
1 + ǫ∗

]}

C.

δp

δn δp

ǫ ǫ < φ

ǫ

4ǫ∗φ

(1 + ǫ∗)2
+

e

2w

1 − ǫ∗
1 + ǫ∗

< φ =⇒
[

4ǫ∗

(1 + ǫ∗)2
− 1

]

φ +
e

2w

1 − ǫ∗
1 + ǫ∗

< 0 =⇒

e

2w

1 − ǫ∗
1 + ǫ∗

−
(

1 − ǫ∗
1 + ǫ∗

)2

φ < 0 =⇒

e

2w
− φ1 − ǫ∗

1 + ǫ∗
< 0 =⇒

w >
e

2φ

1 + ǫ∗

1 − ǫ∗ .

δn < δp

w >
e

2φ

1 + ǫ∗

1 − ǫ∗ =⇒
(

1

2φw

1 + ǫ∗

1 − ǫ∗

)

<
1

e

=⇒ δg +

(

1

2φw

1 + ǫ∗

1 − ǫ∗

)d

(1 − δg) < δg +

(

1

e

)d

(1 − δg)

=⇒ δn < δp



N C p

d ×w 0 < φ < 1

r H

1 − δ

H f > φC

H N f ≤ (φ − ǫ)C

ǫ =
4ǫ∗φ

(1+ǫ∗)2 +
e

2w
1−ǫ∗
1+ǫ∗ δ = δg + e−d(1 − δg)

δg

Dr,l

fi i f̂r,l,i p̃r,l

N C p

d ×w 0 < φ < 1

r f s
r,l,i

i ∈ [m]

1 − δ

1 − ǫ∗
1 + ǫ∗

fi < f s
r,l,i <

1 + ǫ∗

1 − ǫ∗
(

fi +
eC

2w

)

,

δ = δg+e−d(1−δg) δg

1 − δg

1

1 + ǫ∗
<

p̃r,l

p
<

1

1 − ǫ∗ ,

1 − δg

fi
p̃r,l

p
(1 − ǫ∗) < f̃r,l,i p̃r,l < fi

p̃r,l

p
(1 + ǫ∗),

C
p̃r,l

p
(1 − ǫ∗) < C̃r,l p̃r,l < C

p̃r,l

p
(1 + ǫ∗).

(1 − δg)(1 − e−d)

f̃r,l,i p̃r,l ≤ f̂r,l,i p̃r,l ≤ f̃r,l,i p̃r,l +
eC̃r,l

2w
p̃r,l =⇒

fi
p̃r,l

p
(1 − ǫ∗) < f̂r,l,i p̃r,l <

(

fi +
eC

2w

)

p̃r,l

p
(1 + ǫ∗) =⇒

1 − ǫ∗
1 + ǫ∗

fi < f̂r,l,i p̃r,l <
1 + ǫ∗

1 − ǫ∗
(

fi +
eC

2w

)

.

f s
r,l,i
= f̂r,l,i p̃r,l



d w R

φ ǫ δ

ǫ

p∗ δg

ǫ R

w ǫ w R

w =
e(1 − ǫ∗2

)

2ǫ (1 + ǫ∗)2 − 8φǫ∗
=

e(1 − p∗
2 γR

δg
)

2ǫ

(

1 + p∗
√

γR

δg

)2

− 8φp∗
√

γR

δg

R w

w

R

R w

ǫ R R

w R w

w > 0 R

2ǫ

















p∗

√

γR

δg

+ 1

















2

− 8φp∗

√

γR

δg

> 0,

R >

log δg + 2 log

(

2φ−ǫ−2
√
φ2−ǫφ

ǫp∗

)

log γ
.

R R

Rmin =





































log δg + 2 log

(

2φ−ǫ−2
√
φ2−ǫφ

ǫp∗

)

log γ





































+ 1.

Rmin R

w

w

R w R R → ∞
w

w >
e

2ǫ
.

w

wmin =

⌊

e

2ǫ

⌋

+ 1.

ǫ∗



ǫ∗ =
2wmin(2φ − ǫ) −

√

16φw2
min

(φ − ǫ) + e2

e + 2ǫwmin

.

ǫ∗ = p∗
√

γR

δg

R =
1

log γ

(

2 log ǫ∗ − 2 log p∗ + log δg

)

.

R

R =

⌊

1

log γ

(

2 log ǫ∗ − 2 log p∗ + log δg

)

⌋

+ 1.

δ

δg

d

δg R

δ = δg + e−d(1 − δg) δ d

d ≥ log
1 − δg

δ − δg

.

| f S− f |
f

f S

f



ρ φ p (×103) sw (×103) r

φ p (×103) sw (×103) r

100

ρ p φ

sw 4

100%

φ

100% 100%

φ = 0.01



n=100M, p=5K, � =0.02, r=24, sw=2500, fo=1

� � � �� � � �

0.9 1.1 1.3 1.5

0.0

0.5

1.0

1.5

2.0

�

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, � =0.02, r=24, sw=2500, fo=1

� � � �� � � �

0.9 1.1 1.3 1.5

0.0

0.5

1.0

1.5

2.0

�
P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, � =0.02, r=24, sw=2500, fo=1

� � � �

� � � �

0.9 1.1 1.3 1.5

0

2. 10
✼

4. 10
✼

6. 10
✼

8. 10
✼

1. 10
6

1.2 10
6

�

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

1 3

sw

φ

100%

φ

100% 100% 80%

88%



n=100M, p=5K, �=1.2, r=24, sw=2500, fo=1

� � � �� � � �

0.01 0.02 0.03 0.04

0.0

0.5

1.0

1.5

2.0

�

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, r=24, sw=2500, fo=1

�

� � �

�

� � �

0.01 0.02 0.03 0.04

0.985

0.990

0.995

1.000

�
P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, r=24, sw=2500, fo=1

�

� � �

�

� � �

0.01 0.02 0.03 0.04

0

2. 10
✼

4. 10
✼

6. 10
✼

8. 10
✼

1. 10
6

1.2 10
6

�

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

φ

i li
α = 3 β = 1 µ = 1.01

di α µ

β = 2 X ∼ (µ, β, α) X

FX(x) = 1−
(

1 +
x−µ
β

)−α

li di i Fi Gi Gi

β = 3 α = 2di Fi

β = 2 α = 2li λ = 1/li
Fi Gi

0.0, 0.01, 0.05, 0.1

0.1

10−7 10−1

0.1



n=100M, �=1.2, � =0.02, r=24, sw=2500, fo=1

� � � �� � � �

1000. 5000. 10000. 15000.

0.0

0.5

1.0

1.5

2.0

peers

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, �=1.2, � =0.02, r=24, sw=2500, fo=1

� � � �� � � �

1000. 5000. 10000. 15000.

0.0

0.5

1.0

1.5

2.0

peers

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, �=1.2, � =0.02, r=24, sw=2500

�

�

�

�

�

�

�

�

� � � �� � � �

1000. 5000. 10000. 15000.

0

2.× 10
-✼

4.× 10
-✼

6.× 10
-✼

8.× 10
-✼

1.× 10
-6

1.2× 10
-6

peers

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA, fo = 1 � ER, fo = 1

� BA, fo = 3 � ER, fo = 3

100% 100%



n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1

� � � �� � � �

1500. 2500. 3500. 4500.

0.0

0.5

1.0

1.5

2.0

sw

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1

� � � �� � � �

1500. 2500. 3500. 4500.

0.0

0.5

1.0

1.5

2.0

sw
P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1

�

� � �

�

� � �

1500. 2500. 3500. 4500.

0

2.× 10
-✼

4.× 10
-✼

6.× 10
-✼

8.× 10
-✼

1.× 10
-6

1.2× 10
-6

sw

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER



n=100M, p=5K, �=1.2, � =0.02, sw=2500, fo=1

� � �� � �

21. 24. 27.

0.0

0.5

1.0

1.5

2.0

rounds

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, � =0.02, sw=2500, fo=1

�

� �

�

� �

21. 24. 27.

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

rounds

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=100M, p=5K, �=1.2, � =0.02, sw=2500, fo=1

�

�

�

�

�
�

21. 24. 27.

0

1.× 10
-✻

2.× 10
-✻

3.× 10
-✻

4.× 10
-✻

5.× 10
-✻

6.× 10
-6

7.× 10
-6

rounds

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, � =0.002, r=24, sw=2500, fo=1

� � �

�

� � �

�

500 1000 2000 5000

0.96

0.97

0.98

0.99

1.00

Peers

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, r=24, sw=2500, fo=1

�
� �

�

�

� �

�

0.001 0.002 0.003 0.004

0.80

0.85

0.90

0.95

1.00

�

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�

�

�

�

�

�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

1.0

Rounds

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, r=24, fo=1

� � � �� � � �

1500 2500 3500 4500

0.0

0.5

1.0

1.5

2.0

sw

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

φ

n=20M, � =0.002, r=24, sw=2500

�

� �

�

�

�

�

�

�

�
�

�

�

�
�

�

500 1000 2000 5000

0.0000

0.0005

0.0010

0.0015

0.0020

(
a
n
d
C
.I
.)

� BA, fo = 1 � ER, fo = 1

� BA, fo = 3 � ER, fo = 3

n=20M, p=2K, r=24, sw=2500, fo=1

�

�

� �

�

�

� �

0.001 0.002 0.003 0.004

0.000

0.002

0.004

0.006

0.008

�

(
C
.I
.)

�

�

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�
� �

�

�
� �

18 20 22 24

0.000

0.001

0.002

0.003

0.004

Rounds

(
C
.I
.)

�

� ER

n=20M,p=2K, � =0.002, r=24, fo=1

�

�

�
�

�

�

�
�

1500 2500 3500 4500

0.000

0.001

0.002

0.003

0.004

0.005

0.006

sw

(
C
.I
.)

�

�

φ



n=20M, � =0.002, r=24, sw=2500, fo=1

�

�
�

�

�

�
�

�

500 1000 2000 5000

0.88

0.90

0.92

0.94

0.96

0.98

1.00

Peers

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, r=24, sw=2500, fo=1

�

�

� �

�

�

� �

0.001 0.002 0.003 0.004

0.94

0.95

0.96

0.97

0.98

0.99

1.00

�
P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�
�

�

�

�
�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

Rounds

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, r=24, fo=1

� � � �� � � �

1500 2500 3500 4500

0.0

0.5

1.0

1.5

sw

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

φ

n=20M, � =0.002, r=24, sw=2500

� �

�

�

�

�
�

�

�

�

�

�

�

�

�

�

500 1000 2000 5000

2.×10 ✹

3.×10 ✹

4.×10 4

5.×10 4

6.×10 4

7.×10 4

)

� BA, fo = 1 � ER, fo = 1

� BA, fo = 3 � ER, fo = 3

n=20M, p=2K, r=24, sw=2500, fo=1

�

�
�

�

�

�

�
�

0.001 0.002 0.003 0.004

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

�

(
C
.I
.)

�

� ER

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

� �

�

�

� �

18 20 22 24

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

0.0014

Rounds

(
C
.I
.)

�

� ER

n=20M,p=2K, � =0.002, r=24, fo=1

�

�
�

�

�

�
�

�

1500 2500 3500 4500

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

sw

(
C
.I
.)

�

� ER

φ

n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1,sw=2500

� � � �� �
�

�

0. 0.01 0.05 0.1
0.9995

0.9996

0.9997

0.9998

0.9999

1.0000

Failure probability

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA � ER

n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1,sw=2500

� � � �� � �

�

0. 0.01 0.05 0.1
0.9995

0.9996

0.9997

0.9998

0.9999

1.0000

Failure probability

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA � ER

n=100M, p=5K, �=1.2, � =0.02, r=24, fo=1,sw=2500

�

�

�

�

�

�

�

�

0. 0.01 0.05 0.1

10
-7

10
-6

10
-5

10
-4

0.001

0.010

0.100

Failure probability

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA � ER



n=100M, �=1.2, � =0.02, r=24, sw=2500, fo=1

�

�

�

�

�

�

�

�

�

�

� �

�

�
� �

1000. 5000. 10000. 15000.

10
-8

10
-7

10
-6

10
-5

10
-4

0.001

0.010

peers

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=100M, p=5K, �=1.2, � =0.02, sw=2500, fo=1

�

�

�

�

�

�

�

�
�

�
�

�

21. 24. 27.

10
-7

10
-6

10
-5

10
-4

0.001

0.010

rounds

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=100M, �=1.2, � =0.02, sw=2500, r=24, fo=1

�

�

�

�

�

�

�

�

�
�

�
�

�

�
�

�

1000. 5000. 10000. 15000.

10
-8

10
-7

10
-6

10
-5

10
-4

0.001

0.010

peers

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=100M, p=5K, �=1.2, � =0.02, sw=2500, fo=1

�

�

�

�

�

�

�

�

�

� �

�

21. 24. 27.

10
-7

10
-6

10
-5

10
-4

0.001

0.010

rounds

A
R
E
(M
e
a
n
a
n
d
C
.I
.)

� BA, no churn � ER, no churn

� BA, churn � ER, churn



n=20M, p=2K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�

�

�

�

0 0.01 0.05 0.1

0.85

0.90

0.95

1.00

Failure probability

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�

�

�

�

0 0.01 0.05 0.1

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

Failure probability

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=5K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�
�

0.01 0.05 0.1
10

100

1000

10
✹

10
5

10
✻

Failure probability

(
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�
�

�

�

0 0.01 0.05 0.1

0.94

0.96

0.98

1.00

Failure probability

R
e
c
a
ll
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=2K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�
�

�

�

0 0.01 0.05 0.1

0.84

0.86

0.88

0.90

0.92

0.94

Failure probability

P
re
c
is
io
n
(M
e
a
n
a
n
d
C
.I
.)

� BA

� ER

n=20M, p=5K, � =0.002, r=24, fo=1,sw=2500

�

�

�

�

�

�

0.01 0.05 0.1

100

1000

10
✹

10
5

10
✻

Failure probability

(
a
n
d
C
.I
.)

� BA

� ER



n=20M, � =0.002, r=24, sw=2500, fo=1

� � � �� � � �

�
�

�
�

�

� � �

500 1000 2000 5000

0.96

0.97

0.98

0.99

1.00

peers

(
)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=20M, � =0.002, sw=2500, r=24, fo=1

� � � �� � � �

500 1000 2000 5000

0.9996

0.9998

1.0000

1.0002

1.0004

peers

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

� � � �� � � �

18 20 22 24

0.9996

0.9998

1.0000

1.0002

1.0004

rounds

C
.I
.

� no churn � no churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

� � � �� � � �

�
� �

�

�
� � �

18 20 22 24
0.980

0.985

0.990

0.995

1.000

1.005

rounds

(
C
.I
.)

� no churn � no churn

� churn � churn

n=20M, � =0.002, r=24, sw=2500, fo=1

� � �

�

� � �

�

�

�

�

�

�

�

�

�

500 1000 2000 5000
0.94

0.95

0.96

0.97

0.98

0.99

1.00

peers

(
C
.I
.)

� � ER,

� � ER,

n=20M, � =0.002, sw=2500, r=24, fo=1

� � �

�

� � �

�

�

�

�

�

� �

�

�

500 1000 2000 5000

0.95

0.96

0.97

0.98

0.99

1.00

peers

(
C
.I
.)

� churn � churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

1.0

rounds

(
a
n
d
C
.I
.)

� �

� �

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

1.0

rounds

(
a
n
d
C
.I
.)

� �

� �

n=20M, � =0.002, r=24, sw=2500, fo=1

�
� � �

� � � �

� �

�

�

�
�

�

�

500 1000 2000 5000

0.01

1

100

10
✹

peers

(
a
n
d
C
.I
.)

� no � no

� �

n=20M, � =0.002, sw=2500, r=24, fo=1

� � � �� � � ��

�

�

�

� � �

�

500 1000 2000 5000

0

5

10

15

peers

(
a
n
d
C
.I
.)

� �

� �

n=20M, p=2K, � =0.002, sw=2500, fo=1

�
� � �

�
� � �

�

�

�

�

� �
�

�

18 20 22 24

0.001

1

1000

10
✻

rounds

(
C
.I
.)

� churn � churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

� � �

�

� � �

�

�

� �
�

�
�

�

18 20 22 24

0.001

0.010

0.100

1

10

rounds

(
C
.I
.)

� churn � churn

� churn � churn



n=20M, � =0.002, r=24, sw=2500, fo=1

� � � �� � � �

�

�

�
��

�

�
�

500 1000 2000 5000
0.990

0.992

0.994

0.996

0.998

1.000

peers

(
)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=20M, � =0.002, sw=2500, r=24, fo=1

� � � �� � � �

�

�

� �

�

�

�
�

500 1000 2000 5000
0.990

0.992

0.994

0.996

0.998

1.000

peers
(

)

� BA, no churn � ER, no churn

� BA, churn � ER, churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

� � � �� � � ��
�

�

�

� �

� �

18 20 22 24
0.990

0.992

0.994

0.996

0.998

1.000

rounds

(
C
.I
.)

� no churn � no churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

� � � �� � � ��
�

�
�

� �
� �

18 20 22 24
0.990

0.992

0.994

0.996

0.998

1.000

1.002

1.004

rounds

(
C
.I
.)

� no churn � no churn

� churn � churn

n=20M, � =0.002, r=24, sw=2500, fo=1

�

�
�

�

�

�
�

�

�

�
�

�

�

�
�

�

500 1000 2000 5000

0.875

0.900

0.925

0.950

0.975

1.000

peers

(
C
.I
.)

� � ER,

� � ER,

n=20M, � =0.002, sw=2500, r=24, fo=1

�

�
�

�

�

�
�

�

�

� �

�

�

� �

�

500 1000 2000 5000

0.88

0.90

0.92

0.94

0.96

0.98

1.00

peers

(
C
.I
.)

� churn � churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�
�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

1.0

rounds

(
a
n
d
C
.I
.)

� �

� �

n=20M, p=2K, � =0.002, sw=2500, fo=1

�

�

�
�

�

�

�
�

�

�

�
�

�

�

�
�

18 20 22 24

0.0

0.2

0.4

0.6

0.8

rounds

(
a
n
d
C
.I
.)

� �

� �

n=20M, � =0.002, r=24, sw=2500, fo=1

� �
�

�

�

� � �

�

�

�

�

�

�
�

�

500 1000 2000 5000

0.001

0.010

0.100

1

peers

(
a
n
d
C
.I
.)

� no � no

� �

n=20M, � =0.002, sw=2500, r=24, fo=1

� � � �
�

� � �

�

�
�

�

�

�
�

�

500 1000 2000 5000

0.01

10

10
✹

peers

(
a
n
d
C
.I
.)

� no � no

� �

n=20M, p=2K, � =0.002, sw=2500, fo=1

�
� � �

�
� � �

�

� �

�
�

�
� �

18 20 22 24

0.001

0.010

0.100

1

10

100

rounds

(
C
.I
.)

� churn � churn

� churn � churn

n=20M, p=2K, � =0.002, sw=2500, fo=1

�
� � �

�
�

� �

�

�

�

�

�

� �

�

18 20 22 24

0.001

0.010

0.100

1

10

rounds

(
C
.I
.)

� churn � churn

� churn � churn






