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Abstract: Nowadays, Wireless Local Area Networks
(WLAN) can be used to execute synchronous applications
including cooperative, video conference and wireless gam-
ing. Due to computers can bring in and out of coverage dur-
ing application execution, it is important to design a simple
and efficient mechanism that avoids the terminal equip-
ment waiting a long time for data of a computer that has
gone out of coverage. In this paper we present a novel and
simple but efficient mechanism to prevent terminal equip-
ment blocking indefinitely when receives (sends) data from
(to) a computer outside the coverage area. We apply this
mechanism to an iterative loop carried dependencies appli-
cation.

1. Introduction

Nowadays, cellular communication systems, Wireless
Personal Area Networks, Wireless Wide Metropolitan
Networks and WLAN have given rise to the Wireless
Revolution. In the scope of WLAN, a report [13] has
shown that IEEE 802.11 standard [6] is the best in prac-
tice due to its level of standardization and real market
applicability.

The traditional applications of these networks can be
read in [4]. Applications that work fine with discon-
nected devices has been widely studied [1]. Future ap-
plications of wireless networks will include extreme col-
laboration [12], realtime video conference and wireless
gaming [9] among others. Certain set of these applica-
tions can be modelled as a sequence of strong synchro-
nized steps (inside a step, a set of parallel and distributed
actions can be done) and disconnected work is not possi-
ble for these applications. Characteristics such as chan-
nel failures, the control of energy in batteries, abrupt
disconnections of terminal equipment and synchronous
communication have to be efficiently controlled in order
to applications end their tasks gracefully. The design of
this kind of applications has not been properly studied
in the literature due to they demand channel failure man-
agement mechanisms that could forewarn applications to
take corrective action and in this manner prevent abrupt
ending. In this paper, we explain a novel, simple but effi-
cient mechanism that ensures the correct data communi-
cation for this kind of applications. We illustrate its use
with an iterative loop carried dependencies application.

The rest of the paper is organized as follows. In sec-
tion 2 we review some important characteristics about
the implementation of programs on WLAN. In section
3 we present a simple but efficient mechanism to detect
the wireless channel state and we analyze its theoretical
efficiency and scalability. Then, we apply the mecha-
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nism to program a real engineering problem. Finally we
sum up the conclusions and present directions for further
research.

2. Important issues to implement applica-
tions on WLAN

We focus our work studying the efficient implemen-
tation of certain kind of applications in a heterogeneous
network consisting of an interconnection between a Lo-
cal Area Network (LAN) and an infrastructure WLAN.
In Fig. 1 we graphically show this kind of applications,
where bold circles represent the actions made in the
Master Node (MN, see Fig. 2) by the master process and
the other circles represent the actions in the slave com-
puters (slave processes running on PC and FN that stand
for Portable and Fixed Computers, see Fig. 2). The ar-
rows represent data communication and synchronization
among computers. In the step i master process com-
municates data to several parallel and distributed pro-
cesses on slave computers. At the end of step i slave
processes send data to the master to start step i+1. This
means that the application exhibits a strong synchroniza-
tion that must be done in a reduced time and the commu-
nication must not fail.
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Figure 1: Programming model
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Figure 2: Portable computers inside coverage zone and processes

In Fig. 2 we show an example of the heterogenous net-
work. In the WLAN, PC do not reassociate to a different
access point to continue seamless doing computations or
collaborations. Therefore, roaming between cells is not
considered, that is to say, the mobility of PC is restricted
to the coverage zone of its access point. Some impor-
tant considerations must be taken into account: a) Pro-
cesses should be spawned dynamically in PC just when
they bring into the coverage (for example, in Fig. 1 one
slave process is spawned at the beginning of step i+1)
and should be destroyed when PC is disassociated. b)
The PC could leave abruptly the computations or collab-
orations (leave the WLAN) and the applications would
consider them as faulty. c) The PC in the coverage area
could be spuriously disconnected.

Another important consideration is that although TCP
could inform applications about congestion and spuri-
ous disconnections, it could be done for all PC within
the coverage area. But spurious disconnections could
not be handled efficiently [5] and there is no accepted
way for a link level driver to inform TCP of packet loss
and frequent disconnections [8]. Moreover, this tech-
nique could flood the wireless channel with a lot of ir-
relevant information for these applications because not
all PC within the coverage area could be executing pro-
gram parts as shown in Fig. 2 in which only two of the
PC within the coverage area collaborate.

An interesting final remark is that an implementation
of reliable sockets [14] can recover a failed connection
after some specified time but it requires that the peers do
not lose its IP addresses. In our environment we consider
PC can change the IP address and, on the other hand, it
would be an error to try to recover the connection with a
PC that definitely leaves the WLAN.

For these reasons we propose a middleware that pro-
vides the applications with mechanisms to efficiently
control the wireless channel failures. Next, we explain
the main ideas of a particular function that applications
can call to test, for example, if the receiver of a message
can be reached.

3. The wireless channel fault detection
mechanism

In [10] we proposed initial ideas about a simple and
standard mechanism to detect the wireless channel state
between two computers. The mechanism is based on in-
jecting ICMP (Internet Control Message Protocol) echo
request packets [3] from MN to PC and waiting for the
echo replies. The main drawback of this implementation
is that it introduces a high overhead (about ten seconds
in average) to classify the channel state as a faulty one
(no connectivity between both computers).

We now show an improved version that reduces the
detection time by a factor of 3 (in presence of disconnec-
tions in the wireless channel) and a factor of 10 (when
the wireless channel connectivity is good). Shortly, this
new version is based on a client thread (running in MN)
that attempts to make a connection to a TCP socket in the
remote portable computer. If the connection succeeds,
it means there is connection to PC. On the contrary, if
the error code is such that no one is listening on the re-
mote PC (value equal to ECONNREFUSED) the thread
returns to the parent process that there is connection to
PC. Otherwise, the wireless channel is broken and an er-
ror code is returned.

The overhead of this mechanism is graphically pre-
sented in Fig. 3. The tests consider different scenarios,
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Figure 3: Average execution times (over 50 runs for Successful Wait and 20 runs for Unsuccessful Wait values) for
socket based mechanism

varying the number of computers to be tested from 1
to 15 (4 with the network interface cards disabled and
the remainder computers are not present in the network)
to test the mechanism in presence of failures (values la-
belled as Unsuccessful Wait in Fig. 3), and from 1 to 4
PC with 11 Mbps wireless cards switched on and asso-
ciated to an access point at 11 Mbps (values labelled as
Successful Wait).

It is important to show the behavior of this mechanism
in our heterogeneous target network. For this reason in
the next section we show its theoretical efficiency and
scalability.
3.1. The efficiency and scalability of the mechanism

Physical channel contention is of importance because
it influences on the flow and congestion at TCP/IP level.
The communication delay due to channel collisions is
very short and it does not influence badly in our mecha-
nism. For these reasons we now present a simple model
to observe the contention on the IEEE 802.11 channel for
our mechanism using the basic ideas proposed in [2]. We
do not analyze the congestion control of TCP, the cost to
assemble the messages into MAC (Medium Access Con-
trol) frames and the scheduling of above threads.

We consider one MN and n PC. The master transmits
n messages to PC and they will reply to these messages.
It is trivial that 2 ∗ n messages must be interleaved in
the channel. For that reason, the computers must con-
tent to gain the medium to transmit. In order to compute
the delay due to this contention we take into account the
following considerations according to the IEEE 802.11b
standard:

• A computer monitors the channel activity for a pe-
riod of time DIFS (Distributed Inter Frame Space)
equal to 50µs for DSSS (Direct Sequence Spread
Spectrum) physical medium and it transmits if the
channel is sensed idle for this period. Otherwise,

it persists to monitor the channel until it is sensed
idle for a DIFS. Then, it generates a random back-
off interval before transmitting (we refer to this in-
terval as bi-backoff interval) that is multiplied by
slot times of 20µs. The minimum value for bi is
32 and the maximum one is 1024 (bi is doubled up
to 1024 after each unsuccessful transmission for the
packet).

• The backoff time counter is decremented as long as
the channel is sensed idle, frozen when a transmis-
sion is detected, and reactivated when the channel
is sensed idle again for more than a DIFS. The com-
puter transmits when bi reaches zero.

• At the end of data transmission it waits for a SIFS
(Short IFS) period plus the propagation delay to re-
ceive an acknowledgement MAC frame (ACK).

Fig. 4.a shows an example of three PC contending to
transmit to MN. The master transmitted before t0. We
suppose that the value of bi will not increase, and there
are not other computers contending. Taking into account
these considerations, the delay of transmission can be
computed as Eq. 1:

delay = 2 ∗ n ∗ (DT ) + n ∗ biMN + max(biPC) (1)

Where

• DT = DIFS + DATA + SIFS + ACK

• biMN is the bi for the MN

• max(biPC) is the maximum value for all the bi of
PC

The structure and size of the MAC frame used in our
mechanism is shown in Fig. 4.b. In Fig. 5 we show the
delay for different number of PC communicating at 11
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Figure 4: Scalability: a) contention for three PC b) MAC frame format

Mbps and bi = 64. The obtained values are slightly
lower that the experimental results shown in Fig. 3 for
n = 1, 2, 3, 4 (socket based implementation with Succ-
cessful Wait). It is due to we have abstracted some char-
acteristics such as collisions, thread scheduling, message
buffering, and so on. But the results show a linear behav-
ior of the delay with n.

It is important to observe the low overhead of our
mechanism, so we can assent it is appropriated to be used
in a wide range of applications. In the next section we
show an efficient implementation of a numerical appli-
cation that follows the scheme of Fig. 1 and that requires
high performance.

4. Application example

MPI [7] is an standard middleware widely used by
programmers to implement efficient and portable par-
allel and distributed applications. With MPI, the de-
fault behavior in case of a process, node or network
failure is the immediate termination of the application
(abrupt ending). We pretend to continue the computa-
tion to its ending integrating the above mechanism with
the MPI parallel program. For the sake of brevity, we do
not explain in this paper how this integration has been
made and we only present some experimental results of
a master/slave MPI parallel program that finds the global

minima of a given function defined in a multidimen-
sional space (this kind of problem belongs to one of the
most interesting research areas in parallel nonlinear pro-
gramming). Our LAMGAC [11] middleware provides,
among other functionalities, the integration of the fault
detection mechanism with MPI parallel programs.

The characteristics of computers used in the experi-
ments are presented in Table 1. All the machines run un-
der LINUX operating system. The wireless cards com-
plies with IEEE 802.11b standard (11 Mbps) and LAN
speed is 10 Mbps.

For all experiments shown in Fig. 6.a we assume a null
user load and the network load is the application’s one.
The experiments were repeated 10 times obtaining a low
standard deviation.

The sequential execution time is 124′18” on the slow-
est computer and 55′54” on the fastest computer. The
stopping criteria is less strict than for the parallel pro-
gram because of the convergence is too slow in the se-
quential program, obtaining less accurate results.

For the configurations of computers presented in
Fig. 6.b, we measured the execution times for the MPI
parallel program (values labelled as A in Fig. 6.a) and
for the equivalent LAMGAC parallel program without
the integration with the wireless channel detection mech-
anism (values labelled as B in Fig. 6.a). To make com-
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Figure 5: Elapsed time for different number of PC

parisons we do not consider neither input nor output of
PC. As you can see, A and B results are similar be-
cause LAMGAC middleware does not introduce over-
head. The experimental results for the parallel program
with the integration of the mechanism are labelled as
C and D in Fig. 6.a. The execution time is slightly
higher for the C experiment compared to A and B re-
sults because of the overhead of the LAMGAC fault
detection function we name LAMGAC Fault detection
and the conditional statements added to the parallel pro-
gram to consider abrupt outputs of PC. This function im-
plements our novel mechanism and it is invoked before
synchronous send and blocking receive communication
primitives. In this experimental result we did not con-
sider the abrupt outputs of PC because we just only want
to test the overhead of LAMGAC Fault detection func-
tion and the conditional statements added to the paral-
lel program to consider abrupt outputs of PC. Values la-
belled as D in Fig. 6.a represent the execution times only
for the LAMGAC parallel program when the mechanism
of fault detection is considered (this mechanism is called
7 times, once per iteration) and abrupt outputs of PC. We
experimented with abrupt output of PC during the step 4
so the master process must restructure the computations
before starting the step 5. For all the experiments, the
parallel programs reduce the sequential execution times
and the global minima found are better.

5. Conclusions and future work

In this paper we presented a mechanism to detect the
state of the wireless channel so synchronous applications
can take corrective action in presence of communication
failures between the master process and slave processes
on PC. According to the experimental and analytical re-
sults, the implementation is appropriate because it intro-
duces low overhead with the same accuracy than our first
approach based on sending ICMP frames and waiting for
the echo replies. We have already applied the mechanism
to a real engineering problem (the unconstrained global

Characteristics

Master Node

300 MHz dual Pentium II

LAN

FC1: SMP with four 450 MHz Pentium II

FC2: 667 MHz Pentium III

FC3: 667 MHz Pentium III

WLAN

PC1: 667 MHz Pentium III

PC2: 550 MHz Pentium III

Table 1: Characteristics of the computers

optimization for n-dimensional functions) showing good
results.

Many things remain to be done. We keep in mind
to improve the mechanism to reduce the rate of false
alarms, that is to say, the percentage of time the mech-
anism believes that there is no connection to a portable
computer and in fact there is, and viceversa. To prevent
these false alarms, the mechanism should, for example,
combine other metrics, such as signal and noise strength,
before taking a decision.
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Figure 6: Experimental results for the optimization problem: a) execution times (in minutes) for different config-
urations and parallel solutions b) details about the implemented parallel programs and the computers used to make
measurements
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