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f,

O(f) d

cycle

ρ,

f



f

δ

δ

0 < ρglob << 1
[u, v], (1− ρglob)(v−u) ≤ ≤ (1+ ρglob)(v−u).

ρglob ρ ρ ≈ 10−6

cycle.
f cycle

2(2f + 1)

σ

Ψp(t) p
t,

Φp(t) p
t

a, b, g, h ∈ R+

Ψp(t) Φp(t)
φi ∈ R+ ∪ {∞} 0 ≤ i ≤ n,

pi pj

φj ≡ ∞.
d ≡ δ + π, π

d

t State ≡ (t, φ0, . . . , φn−1)
G S.



N t ∀pi, pj ∈ N, φi, φj ≤
cycle
1−ρ

|φi − φj | ≤ σ,
cycle
1−ρ − σ ≤ |φi − φj | ≤ cycle

1−ρ .

∀pi, pj ∈ N,
N

s ∈ G t
tsyn [t, t + σ].

s ∈ G N t,
N tsyn

[t, t + σ].

||N || = n N,

s,

s t0

) * p, t ≥ t0,
a[Ψp(t) − Ψp(t0)] + b ≤ Φp(t) − Φp(t0) ≤ g[Ψp(t) − Ψp(t0)] + h.

0

R, Ri

i. Ri ∈ R+, i = 1 . . . n + 1,
∑n+1

i=1 Ri ≡ cycle. Rn+1

cycle * σ
Rn+1 > 2σ Rp(t)

p t R(t)
t, R R(t) = n + 1.



Mp p

k
k.

tevent Mp R
tevent Mp

Mp, tevent

Mp

t
R

t

n, f, cycle

n, f cycle
R

R;
= 0;

tevent Mp R
Mp, tevent R

Counter ≥ R(t)
Counter

R;

n



Counter 

“ Pulse ” - 
Message Sending 

a. 

cycle 

n+1 

th
re

sh
ol

d 

Refractory function 

b. 

cycle reset 

time 

n = 3f + 1.
f.

R

R

R

R

• Ci − i.



• ni − Ci

Ci

• c − c ≥ 1.
• dist(p, q) ≡ |φp − φq| a b.
• dist(Ci, Cj) ≡ dist Ci, Cj

Ri Ri ≥ Ri+1, i = 1 . . . n−1.
Ri > 3d, i = 1 . . . n − f − 1.
Ri > σ(1 + ρ) + ρ

1+ρ

∑n+1
j=1 Rj , i = 1 . . . n.

Rn+1 ≥ 2d(1 + ρ)
( 1 + ρ

1−ρ )n + 3−1

( 1 + ρ
1−ρ )−1

.

t′,

Ci Cj ,
Ci k 0 ≤ k ≤ f

Ci,

dist(Ci, Cj) ≤
1

1 − ρ

f+ni∑

g=f+1

Rg − 2ρ
1 − ρ2

n+1∑

g=f+1

Rg

Ci Cj .

n, f, cycle n − f
c > 1 t0,

t0 + (2 cycle).

Ci k ≤ f
Ci

f
f

Ci, f + ni

k
k ≤ f.



2(2f+1) cycle

cycle, f n,

R

c−1∑

j=1

f+nj∑

i=f+1

Ri +
nc∑

i=1

Ri ≥ (1 +
2ρ

1 + ρ
(n − f)) cycle,

c∑

j=1

nj = n − f .

n > 3f + 1 cycle,

Ri =






(1+ 2ρ
1 + ρ (n−f)) cycle

n−f i = 1 . . . n − f − 1
R1−Rn + 1− 2ρ

1 + ρ (n−f) cycle

f+1 i = n − f . . . n

2d(1 + ρ)
( 1 + ρ

1−ρ )n + 3−1

( 1 + ρ
1−ρ )−1

i = n + 1,

R.

f

3f + 1 f

n = 3f + 1



f

M22(n−f) M

3f + 1

O((n− f)n6(n−f))
cycle f

O(f3)

n

2n(2f + 1)

n
O(n(n − f)n6(n−f)).

O(n)

n,

d
d(1− 1/n)

d(1 + ρ)

d(1+ ρ)+2ρ(1+ ρ)R R

(n − f)d(1 + ρ).



f n = 3f + 1
≈ 1

2cycle.
1 cycle

n = 10f,
8/9

n, f cycle
Ri.

n + 1 cycle

n, f cycle.
n, f, cycle

Ri, i = 1 . . . n − f − 1,

(1 + 2ρ
1+ρ (n − f)) cycle

n − f
> max(3d, d(1 + ρ) +

ρ

1 + ρ
cycle) .

Ri, i = n − f . . . n,

R1 − Rn+1 − 2ρ
1+ρ (n − f) cycle

f + 1
> d(1 + ρ) +

ρ

1 + ρ

n+1∑

j=n−f

Rj .

Ri i = 1 . . . n − f − 1 Ri >
∑n+1

j=n−f Rj .

f
cycle n = 3f +1

4df2 < cycle .

n = 3f + 1.
d,

3f +1 m,
n ≥ m
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Sp, tarr

Mp Sp id p
tarr

Sp, t1 Sq, t2 p ,= q.

Counterq q CounterMp

Mp p

• T (p,Mp) p Mp.
• T (Mp, q) Mp q.
• MessageAge(t, p)

p. q t,
t − T (Mp, q).

• StateAge(t, k) MessageAge(t, . . .) k

• CSAge(t) t, MessageAge(t, . . .)



Mp q,
q. Mp, tarr q

(Mp, tarr)

0 > CounterMp CounterMp > n − 1
Mp

Sp, tarr

∃(Sp, t) t ,= tarr ∪RUCS

Sp, t′ t′ ,= max(T (Mp,q)
Mp

k CounterMp , τ(k) ≡ 2d(1 + ρ)
( 1 + ρ

1−ρ )k + 1−1

( 1 + ρ
1−ρ )−1

.

k < | | StateAge(tarr, k + 1) ≤ τ(k)
[tarr, tarr + d(1 + ρ)]

Mp

Mp

t

Sp, t MessageAge(t, p) >
τ(n + 2);

Sp, t
MessageAge(t, p) > τ(n + 1);

CSAge(t) ≤ τ(k − 1), k = max(1, |CS|);
Counter = |CS|;

Mp.
Mp

max(1, CounterMp −Counterq +1)

Counter = |CS|;


