
0%

20%

40%

60%

80%

100%

0 2 4 6 8 10

Time

F
ir

in
g

 o
s
c
il
a
to

r
s
 (

%
)

Cluster 3: Networked Software Systems
Coordinating Shared Media Access through Counter-Phase Coupling

Christoph Angerer
Laboratory for Software Technology, ETH Zürich

Plan: Counter-Phase Coupling 
for Coordinated Media Access

Idea: "counter"-phase coupling creates 

groups that access the shared medium 

simultaneously without interference.

Goal: more "coordinated" alternative to 

randomized backoff  strategies with no 

communication overhead.

Plan: Realization as MAC-layer add-on; 

evaluation on NS-2 and on our testbed.

Background: Peskin's Model for Self-Synchronization [1]

xi(t) = 1⇒ x j(t+) = min(1,x j(t)+ ε) ∀ j #= i

Network of  N integrate-and-fire oscillators.

Voltage-like state variable xi with dynamics:

dxi

dt
= S0− γxi, 0≤ xi ≤ 1, i = 1, . . . ,N

When xi = 1, the i-th oscillator fires and xi ! 0

Pulse  (or phase) coupling: a firing oscillator pulls 

other oscillators up by an amount " or to firing:

For arbitrary initial conditions: system 

approaches a state in which all oscillators are 

firing synchronously.

Application to
Wireless Networks [2]

Problem: transmission delays cause 

"blind spots" where no mutual coupling 

between nodes can occur.

T0: propagation delay
TTx: transmitting delay (Message length)
Tdec: decoding delay

Here, lower bound for synchronization 

accuracy is: Tdel = T0 + TTx + Tdec

These delays are the most significant difference from the

Mirollo and Strogatz model, which assumes no propagation

delay, an infinitely short transmission time and no decoding

delay [2]. The total delay is defined by:

Tdel = T0 + TTx + Tdec (3)

This total delay represents the inherent time difference

between the beginning of the transmission of a synchro-

nization burst and its successful reception. To make matters

worse, during transmission it is not possible to receive. As

a consequence a “blind spot” of duration Tdel appears in
which nodes cannot listen to the network. Within a blind

spot no mutual coupling between nodes can occur, which

implies that the attainable synchronization accuracy is lower

bounded by Tdel. If considering a transmission technology with
a short transmitting pulse, such as UWB systems, the attained

accuracy might be sufficient, as TTx would be negligible [8].
Unfortunately, for many transmission techniques, where the

time for one symbol block, TTx, cannot be assimilated as a
pulse, such an accuracy is clearly unacceptable. Therefore,

there is a need to modify the synchronization strategy.

IV. TIME ADVANCE STRATEGY

One strategy to combat the loss of accuracy is for the

transmitter to delay its transmission for a certain time equal

to:

Twait = T − (TTx + Tdec) (4)

where T denotes the synchronization period. With this ap-

proach, if T0 is neglected, the receiver will increment its phase
exactly T seconds after the transmitter has fired.

This scheme modifies the natural oscillatory period of an

oscillator, which is now equal to 2 ·T . The time during which
the phase function will increment is reduced by the waiting,

transmitting and refractory delays. It is now equal to:

TRx = 2 · T − (Twait + TTx + Trefr) (5)

Fig. 2 sums up this strategy for two oscillators that are

already synchronized.

At instant 0, oscillator 1 reaches φth. It waits until t1 = Twait
before starting to transmit a synchronization burst. At t2 =
Twait + TTx + Tdec = T , oscillator 2 has successfully received
and decoded the burst. As the two oscillators are already

synchronized, it will follow the same scheme as oscillator 1,

and wait until t3 = T + Twait before transmitting.
More generally, a transmitter waits for a time equal to

Twait = L · T − (TTx + Tdec), with L ≥ 1 being a positive
integer. Instead of directly firing, i.e. transmitting a synchro-

nization burst, the transmitter waits for L periods; taking into

account the time span which is consumed by transmitting. This

corresponds to a timing advance strategy, which ensures that

other nodes do not observe the unavoidable transmission and

decoding delay.

For a system of N oscillators firing instants are initially

randomly distributed over a period of 2 · T . Each oscillator
will follow the same rules of waiting before transmitting and

!
1
(t)

!

fire

REFRTX LISTENWAIT

!
2
(t)

!

fire

REFRTXLISTEN WAIT

Fig. 2. Description of the timing advance transmit strategy for two periods

incrementing its phase when fully receiving and decoding a

message while listening. Over time the oscillators will split

into two groups, each group firing T seconds apart and helping
each other to synchronize. Therefore T is still used as the

reference synchronization period.

Thanks to the new transmitting strategy the accuracy of

synchronization is longer limited by Tdel. Successful synchro-
nization is therefore declared when firing instants are spread

over a time interval that is equal or smaller than T0.

A. Results

Figs. 3 and 4 respectively plot the synchronization rate and

the mean time to synchrony, depending on the coupling factors

b and ε defined in (1), in a fully meshed network with 30
nodes. Results are shown for timing advance synchronization

scheme with L = 1. The simulation is done by decomposing
each period T into 1000 steps, and calculating the correspond-

ing state and interactions for each node at each step. The

initial conditions correspond to the case where all nodes have

randomly distributed state variables. The synchrony rate on

Fig. 3 was obtained by running the time advance strategy on

1000 sets of initial conditions, and successful synchronization

is detected when the timing accuracy does not exceed the

propagation delay T0.
It is seen that it is possible to identify combinations of b and

ε for which global synchronization is always achieved, and the
average time for the network to converge can be lower than

15 periods.

V. CONCLUSION

With the proposed synchronization scheme, a level of accu-

racy can be achieved that is only limited by the propagation

delay. Communication through pulses is no longer required,
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Figure 1: A system of two oscillators inter-
acting by the pulse-coupling rule (see [1])

Solution: 

nodes delay sending 

the synchronization 

burst by:

Twait = 

T - (TTx + Tdec)

Figure 2: Number of oscillators firing over 
time; N=100, S0=2, $=1, "=0.3 (see [1])

Figure 3: Timing advance 
strategy for two periods (see [2])

Oscillators split into two groups, firing T 

seconds apart, synchronizing each other.

Accuracy only bounded by T0.

Figure 4: Two oscillators 
interacting by the counter-
phase-coupling rule

Hypothesis: Pro-active collision 

avoidance increases throughput and 

fairness under high load.

Figure 5: Oscillators 
firing with counter-
phase-coupling
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Other potential applications: accessing 

shared media with expensive collision 

handling; e.g., memory, databases.
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