
       -
less services, and increased demand for end-user applications, to
gether have led to rapid population growth in the Internet of things
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n
S = {z1, z2, ..., zn } m B =

{b1,b2, ...,bm }

Q = {qc ,qf }
b ∈ B

qc
qf



γt : S → {qf ,qc }
γt (z) z t t

z ∈ S ρt (z) ∈ B

ρt : S → B
t z ∈ S

z t γt (z) = qc
t + 1

• Pcf ρt+1(z)

• Pcc = 1 − Pcf
ρt+1(z) = ρt (z)

z t γt (z) = qf t + 1

• Pfc
ρt+1(z) = ρt (z)

• Pff = 1− Pfc
ρt+1(z)

Pfc = 1
Pff = 0

Pfc Pff

[0, 1]

Pf c , Pcf ∈ [0, 1]

μt (z) = |ρ−1t (ρ(z)) ∩ γ−1t (qc )|.
z

μt (z) ρ(z)

μt (z) � τ μt (z) > τ
τ

ϵ ∈ [0, 1]

τ

•
m

n
τ = n

m•
τ � n

m

•
τ = 0

ϵ τ

ϵ τ
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χ μ∗t (z)

χ

χ

z μ∗t (z)

S n

χ

χ : S → {0, 1}
z

χ(z)

μ∗t (z) =
���ρ
−1
t (ρt (z)) ∩ γ−1t (qc ) ∩ χ−1(χ(z))��� .

n m B
S0 = {s ∈

S | χ(s) = 0} m |S0 |
n B

S1 = {s ∈ S | χ(s) = 1} m
|S1 |
n B

χ = 0 χ = 1 m = 3 B

χ

z
qc

Wt =
m∑

i=1

kt (i)R(kt (i)).

kt (i) = |ρ−1t (i) ∩ γ−1t (qc )|

R(k)
def
= B · 2
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z y ω
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qc

qf
c

qf
qc Mt

t � 2

Mt = {s ∈ S | γt−1(s) = qf ∧ γt (s) = qc }
t

Ct = c |Mt |
t

It =
1

n
(Wt −Ct )



UT =
1

T

T∑

t=1

It .

W

(Wt −Ct ) n

UT

UT

UT

(X ,Y )α αn
Y (1 − α)n

X X ,Y
0 � α � 1 α

Y
X

n
m
Pz
B
C 0.3 · B
Pf c
Pcf
ϵ
τ n/m

(X , Y )α Y , X )1−α
Y X

(NF , FB)0.1

n = 220
n � 220

n = 30 	30 · α


α

30

n � 220

n = 300 	α · 300


α

α < 0.55
n = 400 α 0.55 0.85

n
α



n = 30 n = 300

n = 30
	30 · β


β

β

β
30

n

(FB, FR)0.1

n = 30

n = 300

τ = n/m

n
m

n

ñ Δ

ñt =m · 1
Δ

Δ−1∑

δ=0

μt−δ (z)

τt = ñt
m

n

τ = n/m
n

τ = 2n/m
τ = 0



τ
τ = 0

(FR, FI)0.1

n = 30
n = 300

η > 0.9

30

τ = n/m = 30/5 = 6

τ

τ
τ = 0

τ = 12
η ξ

χ

χ

n n/2
m B/2

m = 10 B = 20
n = 80

n = 120
n � 80

m = 15 m = 5
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