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Abstract—An adaptive medium access control (MAC) pro-
tocol for broadcast networks is introduced, which can operate
efficiently under highly bursty traffic conditions and can handle
stations transmitting packets of arbitrary length. The proposed
Variable Packet Length Adaptive Protocol (VPLAP) belongs to
the family of learning-automata-based protocols, which resolves
most drawbacksthat fixed-assignment protocolslike time-division
multiple access (TDMA) and RTDMA have. LTDMA, although
belonging to this samefamily, suffersfrom reduced channel usage,
wasted timeslots as well as network equipment overloading dueto
itsfixed-sized timeslots. VPL AP, on the other hand, istested using
real LAN traffic traces and is proved not only to be successfully
resolving the above issues but also being able to achieve a high
throughput-delay performance when operating under realistic
traffic conditions.

Index Terms—Broadcast LANs, bursty traffic, learning au-
tomata, time-division multiple access (TDMA), variable packet
length.

I. INTRODUCTION

ROADCAST networks present us with the key issue

of who gets to use the common channel. Protocols like
LTDMA [1] came up with a way to dynamically assign a frac-
tion of the available bandwidth to each station proportionally
to its needs. However, LTDMA suffersfrom a couple of serious
weaknesses.

a) Since the timedlots are fix-sized, the stations are only al-
lowed to transmit fix-sized packets. This results in re-
duced performance due to stations transmitting dummy
padding bits as well as overhead for stations and net-
work components, since packets have to be properly frag-
mented prior to transmission.

b) In case an idle station is selected to transmit, a whole
timeslot is wasted.

In this letter, anew protocol resolving the aboveissuesisin-
troduced. Variable Packet Length Adaptive Protocol (VPLAP)
isaprotocol for broadcast networks based on learning automata
[2]-5] which allows stationsto transmit variable length packets
and operates efficiently even under heavy, bursty traffic condi-
tions. VPLAP uses a station-to-transmit scheme which adjusts
the frequency with which each station is selected, according to
the probability it has to be ready. A penaty system is aso ap-
plied to prevent stationstransmitting large packets from monop-
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olizing the bandwidth utilization. This way, the proper band-
width is assigned to each station according to its needs, and the
resulting throughput converges to the offered |oad.

Thisletter isorganized asfollows. In Section Il the main con-
cepts of the proposed protocol, VPLAP, are presented. In Sec-
tion 111 the inner workings of VPLAFP s learning algorithm are
given, followed by Section IV which introduces and describes
the necessity of the “idle timeslot” parameter. The next section
describes how new stations connecting to the network synchro-
nize their state and find out the number of the other stations,
as well as how stations which have long been idle are signed
out of the protocol. Section VI presents the simulation results
for VPLAP compared to other TDMA protocols like TDMA
[6]10], RTDMA [11] and alimited-contention protocol, URN
[12]. Finally the major characteristics of VPLAP are summa-
rized in Section VII.

Il. THE VPLAP ProOTOCOL

One of the main concepts that VPLAP is based on, is that
a station currently transmitting packets will probably continue
to transmit packets in the near future. This is justified by the
fact that traffic generated by computer networksis highly bursty
[13].

VPLAP takes advantage of this fact by implementing a
learning algorithm for selecting stations, which assigns dif-
ferent choice probabilities to each station according to their
needs. ldle stations are assigned a low choice probability,
whereas stations which send traffic across the network have
high choice probabilities.

For example, each time that an idle station is selected, its
choice probability will be decreased. Therefore, during the next
timedlots, this station will have reduced probability to be se-
lected, resulting in fewer wasted timeslots. At the same time,
the bandwidth saved, will be allocated to stations that will make
use of it.

The proposed protocol is based on the broadcast nature of
the network, which allows all stations to receive the same feed-
back information and updatetheir automataaccordingly. All sta-
tions always select the same station for transmission thanksto a
pseudorandom number generator, seeded with acommon initial
value.

We should observe that although VPLAP is completely de-
centralized and requires no central coordination between the sta-
tions, it is collision free, thus achieving a high performance, as
the following sections will show.
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I1l. THE VPLAP LEARNING ALGORITHM

InVPLARP, each station is provided with alearning automaton
containing the basic choice probabilities P; of al stations. Be-
fore the protocol selects a new station to transmit, the choice
probabilities are normalized. The station selection scheme is
based on a common pseudorandom number generator seeded
with acommon initial value, so that all stations select the same
station to transmit according to the choice probabilities, without
need for centralized coordination.

Each time a station that was sel ected to transmit has an empty
packet buffer, its choice probability is decreased because it is
probablethat it will also remain idle in the near future. Accord-
ingly, a station which successfully transmits a packet, increases
its choice probability. Below follow the functions, which con-
trol the choice probability changes:

P; — P; + L(1 - Py),
Pi — Pi — L(Pl - a)

if station u; transmitted a packet

if station u; did not transmit

a packet,
where L, a € (0,1)

In order for the protocol to retain the property of matching
the offered load with the resulting throughput and thus share the
available bandwidth to the stations according to their demands,
VPLAPKkeepstrack of ttb; = total transmitted bytes for each
station u;. VPLAP then imposes a penalty (decreases the choice
probability using the above formula) on stations for which ttb;
exceeds theratio in (1).

Zi\;l ttb;

tth;
TN

D

Thisway, the algorithm succeedsin making all active stations
to converge the total size of the frames they have transmitted
to the ratio in (1). Therefore, the resulting throughput tends to
match the offered load. The result is that no station transmitting
large packets can monopolize the bandwidth. Thegainin perfor-
mance is significant because stations with network applications
which require interaction and thus small response delays will
be selected very frequently, whereas other stations will be able
to transmit large data packets while being selected with alower
freguency.

The two parameters “L” and “a@ which were mentioned
above, demand further explanation. It is obvious from the above
choice probability updating scheme that as “L” increases, the
choice probability convergence gets quicker. Since the traffic
on alocal area network is bursty, it is reasonable to set L to
a high enough value (about 0.9), so that when a station turns
idle, its choice probability quickly decreases and, as a resullt,
no further timeslots are wasted. After several failures of a
station to transmit a packet, its choice probability would fall
to zero (and therefore not be selected anymore) if it were not
for the parameter “a’ which, having a near-zero value lets the
automata select the station even after many failures, in order to
sense atransition to an active state of this station in the future.

Parameter “a’ is determined with two thingsin mind: a) how
to achieve the lowest possible loss in timeslots due to stations

that get selected but are idle and b) how to achieve the lowest
possible delay when a station turns active again before it gets
selected and can transmit packets.

These two requirements are directly conflicting: If we set the
parameter “a” to arelatively high value (in order to reduce the
delay), then the stationswhich remainidlewill get selected very
frequently since their choice probability will not drop below
“a’, thus wasting a significant fraction of the bandwidth. If we
set parameter “a’ to zero, then stations which remain idle for
sometime, will havetheir choice probability droppedto zero and
will therefore not be able to transmit packets again (they should
then wait for the join period to join again).

By simulating various traffic patterns (from the real traffic
traces that we collected) using different values for the param-
eter “a’, we concluded that first, the bursty traffic model is
very insensitive to small changes of the parameter “a’ due to
the largely abrupt changes in traffic patterns, and second, that a
value around a narrow neighborhood of 0.05 represents the best
tradeoff between cases @) and b) as they were previously men-
tioned.

IV. THE IDLE TIMESLOT PARAMETER

In VPLAP, since the stations transmit packets of arbitrary
size, each transmission completes in a variable time period,
which is not already known to the other stations. That means
that a station B only understands the transmission completion
of station A, just after the last bit transmitted from station A
reaches B. Let us call thetime needed for asingle bit to traverse
the distance between the most remote points of the LAN an
“idle timeslot”.

There is no problem as long as all stations transmit packets,
but when a station does not have a packet to transmit, it has
to remain silent for a time period equal to one “idle timeslot”
in order for al stations to understand that no packet was trans-
mitted and, consequently, to update their automata accordingly
(decrease the station’s choice probability).

Inevitably, theidletimesl ot introduces an overhead to the pro-
tocol, so it is of major importance to minimize its size without
interfering with the normal function of the protocol. Supposing
that our network is based on copper wiring and taking into con-
sideration the data transmission speed on copper, we find that
one single hit needs about 5 usto traversea LAN of 1 km. So,
according to what was said above, theidle timeslot should be at
least 5 usfor suchaLAN or else the automatawould lose their
synchronization.

V. VPLAP' s STATION JOIN PERIOD

During the protocol’s normal function, every k seconds, the
station that has just been selected to transmit, transmits a Call
For Join (CFJ) packet that signifies the beginning of the station
join period.

During thisperiod, any new stationswanting to connect to the
LAN, send their join packets, declaring that after the join period
they will become active. The CFJ packet contains the learning
automaton with all the choice probabilities of the stations and
also the stationsthat were signed out dueto long-term inactivity.
Thisway, new stations connecting to the LAN fully synchronize
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Fig. 1. Delay versus throughput characteristics of VPLAPR, TDMA and
RTDMA (idletimeslot 5 i1).
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Fig. 2. Delay vsersus throughput characteristics of VPLAP and URN (idle
timeslot 5 ps).

their state with the rest of the stations and are ready to transmit
packets after the join period.

The learning automata that stations have to keep only con-
tain active stations, since stationswhich were physically discon-
nected from the LAN will be rejected from the automata after a
certain number of timesthat the station will be selected and will
(obviously) remain idle. Those stations, if again connected to
the LAN, will have to wait for ajoin period to start transmitting
packets.

Thejoin period ends after acertain amount of time has passed
(anidletimeslot, see Section 1V), without any new join packets
having been sent. During the join period, if a collision between
CFJ packets occurs, the stations retransmit their join packets
after arandom delay (smaller than an idle timeslot).

VI. SIMULATION RESULTS

This paragraph sums up the results from the simulations
which were conducted in order to compare VPLAP with
TDMA [6]-{10] and RTDMA [11], aswell as URN [12] which
is a limited contention protocol. Since these protocols use
fix-sized timeslots, they were converted in order to be able to
handle packets of variable size.

For the needs of the simulations, real traffic traces from a 10
Mbps LAN of our university were gathered using the unix tool
“tcpdump” [14]. Instead of using adatamodel producing bursty
traffic, we preferred theredl traffic tracesin order to haveamore
realistic view upon the new protocol’ s characteristics.
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Fig. 1, shows that in a wide range of throughputs, the delay
transmission times that VPLAP achieves, are only asmall frac-
tion of the corresponding times for TDMA and RTDMA, thus
proving that the available bandwidth is very efficiently man-
aged. In Fig. 2 we can seethat VPLAP outperforms even URN
which isknown to be better than both TDMA and RTDMA, and
constantly achieves better (lower) response times.

VII. CONCLUSION

A new MAC protocol, which is capable of handling packets
of arbitrary size, hasbeen presented. The proposed protocol uses
a dynamic bandwidth allocation scheme that assigns a fraction
of the available bandwidth to each station, proportional to its
needs.
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