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Abstract 

The Pulse Coupling Oscillator (PCO) is a synchronicity model inspired by nature. However, the PCO model has some 

limitations. The Fast PCO model is proposed in this paper. It addresses the problem of the phase swing actions in the 

original PCO model. Benefits are the fast synchronicity speed and associated energy saving. 
 

1. Introduction of PCO 

Today's computing devices are equipped with a h

ardware oscillator assisted clock. The PCO model 

[1], [2], [3], [4] regards every distributed cloc

k as an oscillator with the same fixed frequency 

but different initiate phase. “Pulse coupling” me

ans using a fired pulse as signal to transmit the

 oscillating information. The object is to let th

ese oscillators act with the same phase, same fre

quency, so-called getting synchronized. 
( )f φ

is 

the oscillator's oscillator function, φ  represen

ts the oscillator phase. Phase φ  and state 

( )fϕ φ=  both are defined on [0, 1]. The functio

n cycle period is T. The 
f
 should be monotonica

lly increasing and concave down (that is: 
'

0f >
and

''

0f < ; 
(0) 0f =

,
(1) 1f =

).  

 
Fig.1. Oscillator jump action 

 

When there is only one oscillator, the state wi

ll follow the function curve from 0 to 1 at a reg

ular rate: / 1 /d dt Tφ = . When it arrives at 1, i

t fires and emits a pulse, then resets the phase 

to 0 and runs again. However, if during the walki

ng path, at time t, it receives a pulse from the 

other oscillator, the state will jump an amount 

ε  (Figure 1). The corresponding phase becomes
1( ( ( ) ,1)

t
MIN f f φ ε−

+
. And if the state jumps be

yond 1, we set it as 1, and thinking it gets sync

hronized with the firing one. In such a way, osci

llators interact with each other and adjust their

 phases to an agreed one. 

 

2. Converging direction determinant formula 

The discussion in [2] is extended and enhanced in

 this section to more clearly describe the dynami

c nature of the converging process and get the co

nverging direction determinant formula.  

Here we give a graphic explanation on a pair node

s’ converging procedure (Figure 2) 

 

 
 

Fig. 2  A pair nodes’ phase converging procedure in one 

cycle. 
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Let | |AB

����

, the red (dark) lines in figure 2 

represent the phase distance vector from A to B. 

When oscillator B is fired, A jumps (figure 2 

(b),(c)), AB distance changes to: 

| ' ' | | |
A

A B AB φ= −Δ

������ ����

                 (1) 

Next after oscillator B firing, A jumps (Figure 

2(d),(e)), the distance becomes: 

' '

| " "| | ' ' | | |
B A B

A B A B ABφ φ φ= +Δ = −Δ +Δ

������� ������ ����

  (2) 

Using the definition of inverse function 

definition (Figure 1): 
1 1( ) ( )

k k k
f fφ ϕ ε ϕ− −

Δ = + −
          (3) 

For " 0f <  and
' 0f >

, 

1 1 '( ) '( )
' 0

'( ) '( ) '( ) '( )

f f

f f f f

ϕ ϕ ε
φ

ϕ ε ϕ ϕ ϕ ε

− +
Δ = − = >

+ +
(4) 

φΔ
 is monotonically increasing. 

1

' '
1 1 ( ( ) )

B A A
f fφ φ φ ε−

= − = − +
 

1

'
( ( ) ) 1

A B A A
f fφ φ φ φ ε−

− = + + −
       (5) 

So when B
φ

is at critical fire point (
1

B
φ =

), if 

 
1( ( ) ) 1

A A
f fφ φ ε−

+ + >
,

| " " | | |A B AB<

������� ����

, 

'A B
φ φΔ > Δ , AB will converge to 0 

 
1( ( ) ) 1

A A
f fφ φ ε−

+ + <
,

| " " | | |A B AB>

������� ����

, 

'A B
φ φΔ < Δ , AB will converge to 1 

 

3 Fast converging PCO 

From the pair oscillators’ converging procedure, 

we notice that the “phase difference” swings: 

| | | ' ' | | ' ' | | " " |AB A B and A B A B> <

���� ������ ������ �������

 The distance 

decreases and increases again in one cycle. In 

Figure 3 we draw out the phase difference 

changing procedure of a pair of oscillators’ 

convergence, the blue (upper) line describes the 

swing action. The unnecessary swing between two 

directions causes converging time to be longer 

and to consume more energy. 

Based on our determinant formula, if we know the 

converging direction in advance by calculating 

the value of
1( ( ) )

A A
f fφ φ ε−

+ +
, then we can 

avoid the unnecessary actions. To be concrete, 

when an oscillator hears one pulse, it calculates 

current 
1( ( ) )

A A
f fφ φ ε−

+ +
 value and checks that 

the coming jump is to its final converging 

direction or not. If it is, then jump the 

oscillator, otherwise, ignore it. Thus the 

reverse jump is replaced by just staying its 

original place, and the up jump fold parts in the 

blue (upper) line become the level parts in the 

red (lower) line as shown in Figure 3. 

 

 
 

Fig. 3  Swing action of the phase difference 
 

4 Conclusions 

The FPCO saves almost half of converging time in 

the two synchrony group stage. Furthermore, the 

converging cycle is reduced by half; in every 

cycle, half of the jump actions are ignored. The 

total energy consumption on synchrony stage will 

be definitely saved.  
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